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Juan Rodés and I conceived the idea of this book at his 
summer house in Montferri in the late 1980s, envisaging it as a
predominantly European text. We had both been active in the
organization of the European Association for the Study of the
Liver (EASL) so, not surprisingly, we chose as fellow editors 
our friends Jean-Pierre Benhamou (France), Johannes Bircher
(Switzerland) and Mario Rizzetto (Italy), all past secretaries of
EASL. The five of us met several times in different cities to plan
the book.

In the preface to the first edition, which appeared in 1991, we
noted our wish to produce a comprehensive account of clinical
hepatology, covering not only common liver problems but also
the rare conditions seen from time to time by gastroenterologists,
and general physicians and surgeons, as well as by hepatologists.
We felt it important to cover the effects of liver disease on other
parts of the body, and to describe how diseases of other systems
affected the liver, interactions which often cause confusing 
clinical pictures. We added some appendices: one listed non-
drug chemicals and toxins causing liver damage, another gave
the geographical distribution of infectious diseases, and a third
listed some rare diseases in which the liver may be involved, 
particularly in children. These appendices have been retained.

As we noted in the preface to the second edition, the first
enjoyed considerable success and achieved much critical
acclaim. I certainly found it useful in my own practice. In the
second edition the focus on clinical medicine was strengthened,
as it has been in this edition, and the emphasis in the basic 
science sections was placed on new concepts and techniques. As
a result of these changes some material has had to be left out so,
as is the case with some other reference books, the hungry reader
of this edition may well find pearls by returning to some of the
chapters in the second edition.

The present edition, which I am delighted to see is accom-
panied by a CD, has retained the general format of the two 
earlier editions, but several topics have been greatly expanded.
Clinicians will welcome the increased number of subsections 
on liver transplantation, imaging and the complex area of con-
genital and acquired non-infectious conditions which cause
fibrosis or cystic change in the liver or biliary tract. In the basic
science sections there are more contributions dealing with
molecular and cell biology, genetic aspects of liver disease and
immunology. One interesting innovation is the introduction of
a section on mathematics in hepatology, which I suspect will
lead to some interesting developments in future editions.

The number of individual contributions has risen from 146 in
the first edition to 209 in this one; the number in the basic 
science sections has doubled – from 25 to 51. The first edition
involved 193 authors; 333 have contributed to this one. Based on
past experience, the editors’ problems in getting manuscripts in
on time must have been formidable. Although the book still has
a distinctly European flavour there are contributions from many
other countries. The proportion coming from the USA has risen
from 9% in the first edition to 24% in this one; the American
influence is particularly evident in the coverage of molecular and
cell biology.

Johannes Bircher and I stepped down as editors for this edi-
tion. That our former editorial colleagues enrolled seven others
to join them, two of them based in the USA, reflects the increas-
ing complexity of our knowledge of the liver and its diseases.
This book is an attempt to clarify the field for others. I wish Juan,
Jean-Pierre and Mario and their new colleagues, and their new
publisher, Blackwell Publishing Ltd, every success with this
splendid third edition.

Neil McIntyre

Foreword 

xxi
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This is now the third edition of a textbook the first edition of
which was conceived and published back in 1992. In this edition,
important changes have been introduced to bring the style of 
the book more up to date under the guidance of Blackwell
Publishing Ltd. Their professionalism, management skills and
hard work has helped us to produce this new and exciting edi-
tion. The editors, Juan Rodés, Jean-Pierre Benhamou, Andres
Blei, Jürg Reichen, Mario Rizzetto, and associate editors, Jean-
François Dufour, Scott Friedman, Pere Ginès, Dominique-
Charles Valla and Fabien Zoulim, would like to express their
deepest gratitude, especially to Alison Brown (Publisher) and
Rebecca Huxley (Senior Development Editor).

When this book was first published, there were five editors:
Neil McIntyre, Johannes Bircher, Jean-Pierre Benhamou, Mario
Rizzetto and Juan Rodés. In this edition, two of the former 
editors have retired but we are honoured that one has con-
tinued his involvement by writing the foreword to the book.
Their collaboration on the first two editions deserves our 
grateful recognition as it set the Textbook of Hepatology in pro-
cess. This third edition has brought about significant changes to
the editorial team, which now includes friends and colleagues
from the other side of the Atlantic, Andres Blei and Scott
Friedman. This has achieved our objective of making the
Textbook more international.

At the first meeting of the editors and associate editors, it 
was quickly agreed that the Textbook should present the substan-
tial scientific progress that has taken place over the last few 
years: concepts such as genomics, proteomics, gene arrays,
metabolomics, bioinformatics, stem cells, molecular and cell
biology, and genetics are now extensively covered throughout
the book.

The most significant changes can probably be seen in the sec-
tions on functions of the liver, basic concepts of pathobiology,
assessment of hepatobiliary disease, portal hypertension and 
its complications, congenital hepatic fibrosis and non-parasitic
cystic diseases of the liver, hepatic non-alcoholic steatosis,
tumours of the liver, liver transplantation, and mathematics in
hepatology. We have encouraged the use of tables and figures to
aid interpretation and understanding. The scientific informa-
tion is current and exhaustive and is essential for clinical deci-
sion making whether diagnostic or therapeutic. We also believe
that this book fulfils the requisites necessary for it to be highly
useful for translational research.

On this occasion the book has over 200 chapters, contributed
by authors from five continents. Our objective of delivering an
excellent book has been achieved with the help of everyone who
has participated in the book. We fully understand the pressures
of time on everyone and for this reason we are very grateful to 
all of them. Our thanks in particular go to Nicki van Berckel, who
also found time to have her second baby, Dylan, and the Senior
Development Editor at Blackwell Publishing Ltd, Rebecca
Huxley, whose experience has been invaluable. Sincerest thanks
to all involved in taking this project to completion.

Juan Rodés
Jean-Pierre Benhamou
Andres T. Blei
Jürg Reichen
Mario Rizzetto
Jean-François Dufour
Scott L. Friedman
Pere Ginès
Dominique-Charles Valla
Fabien Zoulim

Preface to the third edition
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We all met several times, in different cities, to plan this book. We
wanted to produce a comprehensive account of clinical hepatol-
ogy, covering not only the common hepatological problems but
also the rare conditions which are seen from time to time by
hepatologists, gastroenterologists, and general physicians. We
thought it important to consider how the liver may be affected in
diseases of other systems, and to describe the effects of diseases
of the liver on other parts of the body, as these interactions 
often create a confusing clinical picture; these topics occupy two
large sections of the book which should be of particular value to
general physicians and specialists in other diseases. We felt a
need for a fuller than usual account of the effect of infections on
the liver; patients with bacterial, fungal and parasitic infections,
and those with viral infections other than the classical viral hep-
atitides, often have abnormal liver function tests, or symptoms
or signs suggesting liver disease.

There are chapters on other topics which have received little
attention in other texts, such as symptoms and signs, diagnostic
strategy, general management, and prescribing and anaesthesia
in liver disease. There are chapters on liver disease in children, in
the elderly, and in drug addicts and homosexual men, and one
on the history of liver disease.

We also thought it would be helpful to have some appendices:
listing non-drug chemicals and toxins causing liver damage, the
geographical distribution of infectious diseases, and the rare 
diseases in which the liver may be involved (particularly in 
children). Another appendix contains the excellent handouts
produced for patients by the American Liver Foundation.

Colleagues often remark that it is irritating, when reading
chapters with many references, to have to search at the end of the
chapter to find the original sources. We therefore decided to use
mainly short ‘text references’ to enable readers to decide quickly
if they are already familiar with the source and, if not, to allow

them to jot the reference down with the minimum of effort. We
consider this experiment to have been worthwhile, but we hope
that readers will tell us if they prefer the conventional approach.

More than 200 authors have contributed to this book; nearly
all are acknowledged internationally as experts in their field(s) of
interest. We are grateful to all of them. We believe that their
expertise is reflected in their contributions, many of which we
consider to be quite outstanding.

Our major purpose was to provide a book for practising 
clinicians. We hope this text will prove useful not only to hepa-
tologists, gastroenterologists, and general physicians, but also to
specialists in other fields. It was for this reason that we chose the
title ‘clinical hepatology’. We believe that this book will provide
solutions to many of the hepatological problems which arise in
clinical practice, but only our readers can tell whether our belief
is justified. If, when using this book, you fail to find the informa-
tion you are seeking, we would be grateful if you could draw
these omissions to our attention (using the cards enclosed), so
that they can be corrected in the next edition.

Our book is being brought out in English, French, and
Spanish. We would like to thank the staff of the Oxford
University Press, Flammarion, and Salvat, not only for their 
willingness to publish it but for their help and enthusiasm 
during the long gestation period. We are particularly grateful 
to the executive editor for the book, Irene Butcher, who dealt
initially with all the manuscripts, and later with the galleys and
page proofs of this English edition.

Neil McIntyre
Jean-Pierre Benhamou
Johannes Bircher
Mario Rizetto
Juan Rodés

Preface to the first edition
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External anatomy

Naturally enough, the human liver was first described according
to its external appearance. Under this heading, four traditional
anatomical lobes can regularly be distinguished that are demar-
cated by peritoneal folds, hepatic fissures, extrahepatic blood
vessels and extrahepatic bile ducts (Fig. 1).

In an anterior view, the liver appears to be unequally divided
into a large right and a small left anatomical lobe by the attach-
ment of the falciform ligament, which reaches the liver by
extending obliquely to the right from the midline of the anterior
body wall and the caudal surface of the anterior portion of the
diaphragm. Lying in the free edge of the falciform ligament,
from the umbilicus to the notch between the two lobes, is the
round ligament (ligamentum teres hepatis), the remains of the
left umbilical vein. The round ligament, normally avascular, is
accompanied by paraumbilical veins, which connect the portal
vein to veins of the anterior abdominal wall and form part of the
potential portocaval collateral circulation. On the visceral sur-
face of the liver, the round ligament runs in the fissure for that
ligament and joins the lower end of the umbilical part of the left
branch of the portal vein. The left lobe regularly ends in a fibrous
appendix.

Although the apparent division of the liver on its anterior 
surface is into the right and left anatomical lobes, the inferopos-
terior surface shows the liver hilus (also called porta hepatis or
transverse fissure) and four longitudinal markings that delimit

additional lobes. These landmarks together are customarily con-
sidered to form the letter H, and the parts of the liver between the
uprights of the letter are the quadrate and caudate (spigelian)
lobe. The fossa of the gallbladder separates the quadrate lobe
from the remainder of the right lobe; the left boundary of the
quadrate lobe is the fissure that lodges the round ligament (also
called the umbilical sulcus). The posterior boundary of the
quadrate lobe is the porta hepatis, where the hepatoduodenal
ligament attaches to the liver, and through which the portal vein,
hepatic arteries and bile ducts enter or leave the liver. The porta
hepatis is also the anterior margin of the caudate lobe, which
cannot easily be seen in the normally attached liver, as it lies
above and behind the lesser omentum, its posteroinferior surface
forming the anterior wall of the superior recess of the omental
bursa. The caudate lobe is largely separated from the remainder
of the right anatomical lobe by the fossa of the vena cava.
However, a bridge of liver tissue – the caudate process – con-
nects the caudate and the right lobes between the inferior vena
cava and the porta hepatis. The inferior end of the caudate lobe
sometimes forms a papillary process. The fissures of the round
and venous ligaments are usually continuous with each other
and are therefore sometimes referred to as the left sagittal fissure.

The ligamentum venosum is a fibrous cord passing from the
left branch of the portal vein to the left hepatic vein just before
this enters the inferior vena cava. It represents the remains of 
a venous shunt, the ductus venosus, established in prenatal life
to allow blood returning from the placenta to reach the heart

1.1 Macroscopic anatomy of the liver
Jean H.D. Fasel, Holger Bourquain, Heinz-Otto Peitgen and Pietro E. Majno

Fig. 1 External aspect of the liver in an
anterior (a) and an inferior view (b). Cannulas
have been inserted into the right and left
branches of the portal vein (RPV, LPV), the right
and left branches of the proper hepatic artery
(RHA, LHA) and the common bile duct.
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4 1 ARCHITECTURE OF THE LIVER

without the necessity of passing through the liver. The portal end
of the ductus venosus closes within the first 2 days of postnatal
life; the hepatic end, however, may remain patent throughout
life, and may then receive tributaries from the liver and the hep-
atogastric ligament, so that it may function as a hepatic vein in
the adult [1].

As it passes behind the liver, the inferior vena cava is embed-
ded in a sulcus on the posterior surface of the liver. It is typically
attached in the sulcus not only by loose connective tissue and 
a variable number of smaller hepatic veins that enter it, but also
by more dense tissue which forms a transverse band posterior 
to the vena cava. Sometimes, also, hepatic parenchyma extends
posterior to the vena cava, so that the vessel is partly embedded
in the liver.

As far as the peritoneal attachments of the liver are concerned,
its chief attachment to the diaphragm is by the right and 
left coronary ligament. These peritoneal bridges consist of an
anterior and a posterior layer that bound the bare area (area
nuda). In this area, the liver connects to the diaphragm mostly
by fibrous attachments and by the hepatic veins. The right and
left coronary ligaments extend laterally and form the triangular
ligaments. The posterior layer of the right coronary ligament 
is sometimes called the hepatorenal ligament, because it is in
continuity with the posterior parietal peritoneum lying in front
of the right kidney. The liver is connected to the stomach and
duodenal bulb by the lesser omentum. This extends to the porta
hepatis and the fissure for the ligamentum venosum; it is con-
tinuous with the posterior coronary ligaments. The portion
attaching to the stomach is also called the hepatogastric liga-
ment, and that attaching to the duodenum, the hepatoduodenal
ligament. In addition, peritoneal folds can extend from the liver
to the right colic flexure.

This basic description of external features of the liver should
not be mistaken for a comprehensive presentation. It has par-
ticularly to be remembered that the anatomical appearance of
the liver, as for every organ, is subject to wide variability.

Internal anatomy

Although the external aspect of the human liver has been known
for centuries, comprehensive and systematic investigations regard-

ing the internal architecture of the organ began around 1880.
Naturally enough, these studies were undertaken by anatomists
[2–4]. Fifty years later, the question was raised again, particu-
larly by surgeons willing to develop hepatic resectional tech-
niques [5–10]. In the past 20 years, we have witnessed a third
wave of interest, spurred by the dramatic developments in 
imaging techniques. These investigations were brought about
principally by radiologists and the need for accurate preoper-
ative localization of focal hepatic lesions [11–14].

Summarizing these investigations, the internal architecture 
of the human liver can be described with reference to several
structures, such as the intrahepatic branches of the portal 
vein, hepatic arteries, bile ducts and hepatic veins (Fig. 2). The
branches of the first three entities are densely interwoven within
connective tissue sheaths and form the triad credited to Glisson
[15]. The dual supply of the liver is taken over by the hepatic
artery and the portal vein.

Arterial supply

The most frequently observed pattern of arterial blood supply to
the liver consists of a purely coeliac origin, and is by a common
hepatic artery. After it has branched off the gastroduodenal
artery, it becomes the proper hepatic artery, which further
divides into a right and a left hepatic artery. This pattern is 
considered to occur in between 44% and 88% of cases. The very
different frequencies reported in the literature must be con-
sidered with caution, particularly because the terminologies and
classifications used are of the utmost variability and have led to
confusion, as demonstrated by Feigl and colleagues [16].

Variations from the standard pattern above are common. 
The two most frequent variants are the right hepatic artery 
originating from the superior mesenteric artery (11–21%) 
and the left hepatic artery arising from the left gastric artery
(10–30%). It has to be remembered that such variant arteries,
even when labelled as accessory in the literature, represent the
sole supply of a specific territory of the liver [17,18]. Their liga-
tion could produce hepatic ischaemia of the area they supply.
Arterial distribution to different hepatic territories is generally
assumed to be identical to the distribution of the portal vein
[19].

(b)(a)

Fig. 2 Internal architecture of the same liver as
in Fig. 1, seen as a corrosion cast, reproduced 
in an anterior (a) and an inferior view (b). 
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1.1 MACROSCOPIC ANATOMY OF THE LIVER 5

Portal venous supply

In its prevailing pattern, the portal vein is formed from the con-
vergence of the superior mesenteric and splenic veins. It is about
8 cm long and lies anterior to the inferior vena cava and poster-
ior to the neck of the pancreas. It runs obliquely to the right and
ascends behind the first part of the duodenum, the common bile
duct and the gastroduodenal artery. At this point, it is directly
anterior to the inferior vena cava. It enters the right border of the
lesser omentum and ascends anterior to the epiploic foramen to
reach the right end of the porta hepatis. In the hepatoduodenal
ligament, it lies, in general, posterior to both the common bile
duct and the hepatic artery. It is surrounded by the hepatic nerve
plexus and accompanied by many lymph vessels. It regularly
bifurcates into a right and a left portal branch. The right branch
is located anterior to the caudate process and enters the right
lobe. It gives rise to one to eight branches before dividing, in
general, into two major trunks of almost the same diameter
[20–22]. The left branch has a longer extrahepatic course and
lies more horizontal than the right branch, and is often of
smaller calibre. Two portions can regularly be distinguished, the
transverse and the umbilical part of the left portal vein. Two to
six branches arise from the transverse portion, the transition
from the transverse to the umbilical portion regularly gives off
one major branch, and the umbilical portion is the origin of
3–26 branches [20–23].

Venous drainage

Many studies have confirmed large variability in hepatic vein
anatomy [e.g. 24–26]. In the predominant pattern, most of the
hepatic venous effluent drains into the inferior vena cava by
means of three major hepatic veins, right, middle and left. These
veins have an extrahepatic length of about 1 cm. Within the liver,
the main trunks are considered to run between the Glissonian
territories (i.e. within the planes that lie between the areas 
supplied by a given portovenous, arterial and biliary branch) 
as the intertwining fingers of two hands. They drain adjacent
Glissonian territories. In about 70% of individuals, the middle
and left hepatic veins join each other to form a common trunk
before entering the inferior vena cava. In addition, 10–20 small
inferior hepatic veins (not only from the caudate lobe) drain
directly into the inferior vena cava at its retrohepatic portion
[19,25]. In about 20% of cases, a significant inferior right hepatic
vein has been observed. However, these inferior hepatic veins
also vary in the extent of their distribution. According to van
Leeuwen [27], the area drained by right accessory veins is inversely
proportional to the area drained by the conventional right hep-
atic vein. Sometimes (8% in the study by Masselot and Leborgne
[24]), the right hepatic vein is reduced to an accessory vein, with
a larger part of the right dorsal area of the liver being drained by
right inferior veins and branches of the middle hepatic vein. In
the era of increasing surgical demand for anatomical details,
Mehran et al. [28] emphasized the value of the minor hepatic veins.

Biliary drainage

Hjortsö [5] introduced the concept that the intrahepatic
branching of the biliary ducts follows a segmental pattern, in 
the sense that each region of the liver has its specific type of bile
drainage. This view was supported by investigations focusing 
on the biliary system within the human liver [7,29]. Because it is
generally agreed that the intrahepatic bile ducts follow an essen-
tially similar type of branching to the corresponding branches of
the portal vein and hepatic artery, the biliary territories are con-
sidered to be identical to the portalvenous and arterial territories
[30]. In contrast to the portal vein branches, which may com-
municate, no communications have been observed in biliary
branches [31].

Lymphatics

The hepatic lymphatic network – not seen at a macroscopic level
– is traditionally subdivided into a superficial and a deep system.
The superficial vessels are mainly situated in the liver capsule.
The deep ones follow the Glissonian triads or the efferent hep-
atic veins and are said to drain adjacent Glissonian territories
[19,32,33]. Lymphatic vessels may thus leave the liver at the 
inferior and superior liver hilus (porta hepatis or together with
the hepatic veins respectively), or run within the peritoneal
attachments of the liver mentioned above [34]. The existence 
of afferent lymph vessels is controversial [33]. Examples of
regional lymph nodes are thus situated at the porta hepatis, at
the junction between the hepatic veins and the inferior vena cava
or in the anterior mediastinum. Further lymphatic drainage
reaches nodes both below and above the diaphragm, the greatest
outflow being attributed to the thoracic duct.

Innervation

The liver has a dual innervation. The area nuda and adjacent
capsule are supplied by somatoafferent branches of the right
phrenic nerve, which also supply the parietal peritoneum of 
the region. The parenchyma is supplied by vegetative plexus
originating from the coeliac plexus and the vagal nerves. They
surround the branches of the portal vein, hepatic arteries and
biliary ducts or run within the cranial part of the lesser omentum
[35]. They are considered to carry sympathetic, parasympathetic
and visceroafferent fibres.

Divisions of the liver

The liver has been subdivided on the basis of both its external
aspect and its internal architecture. As mentioned, the classical
anatomical subdivision is based on external landmarks and 
discerns four lobes (Fig. 1). This partition has been largely
extended, particularly since the 1950s, by surgical classifications
based on internal hepatic architecture. Among these, the one
most commonly used originates from the work of the French
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6 1 ARCHITECTURE OF THE LIVER

surgeon Couinaud [9], which recognized a constant, idealized
subdivision of the liver into eight portal segments (Fig. 3). This
concept has been adopted worldwide by radiologists and sur-
geons [36–38]. It has the advantage of offering a scheme that 
can be easily applied as a very useful referential framework for
communication between radiologists, hepatologists and liver
surgeons to describe the localization of focal hepatic lesions and
the most common types of liver resections. Couinaud’s concept
can be summarized as follows. The liver is divided into eight ter-
ritories by means of three vertical and one transverse scissures.
The vertical planes contain the inferior vena cava and the right,
middle and left hepatic veins. The transverse plane passes
through the right and left branches of the portal vein. The liver
tissue behind the portal bifurcation is considered as a separate
segment, from which the numbering starts in a clockwise pat-
tern, reproduced in Figure 3.

Despite the general acceptance of this eight-segment scheme,
an increasing number of anatomical and clinical observations
call the concept into question. The anatomical literature shows
that Couinaud’s subdivision is largely contested [5,6,10,22],
even by Couinaud himself [39–41]. Publications from the 
field of radiology also challenge Couinaud’s concept [42–45].
Surgeons have reported discrepancies between Couinaud’s con-
cept and intraoperative reality [46–50].

Against this background, our group has reinvestigated the
question of vascular territories within the human liver [23]. A
systematic analysis of the different levels of the portal venous
branching pattern in anatomical corrosion casts allows the fol-
lowing statements to be made. The portal vein irrigates the entire
liver. At this level, the liver thus corresponds to one territory. The
portal vein then bifurcates, in general, into two branches. At the
level of these first-order vessels, the liver can thus mostly be sub-
divided into two territories (the right and left hemilivers). There

are three territories in cases of portal trifurcation. As far as the
next level of branches is concerned (i.e. vessels of the second
order), the human liver in fact consists of many more than the
eight segments generally assumed. In accordance with the obser-
vations mentioned above with regard to the detailed portal
venous branching pattern [20–23], 9–43 territories per liver
can be observed, with an average of 20 (Fig. 4). It is this large
number of territories at second-order level that has not been
considered yet. The reader may find this statement surprising,
given the attention that anatomists, surgeons and radiologists
have given to the organ for centuries and even in the recent past.
But we should quote the observation made by Skandalakis and
colleagues: ‘Despite its multiple vital functions and its regenera-
tive abilities, the liver has been misunderstood at nearly all levels
of organization and in almost every period of time since Galen.
The most paradoxical aspect of the understanding of hepatic
anatomy has not been lack of knowledge but questions of inter-
pretation; there is a tendency to ignore details that do not fit pre-
conceived ideas. Furthermore, mistaken ideas about the liver
seem to have taken longer to correct than misconceptions about
most of the other organs of the body, with the exception of the
brain’ [19].

Taking into account the systematic hierarchical organization
of intrahepatic branching patterns explains the seemingly
inconsistent observations reported in the literature of different
associations of the numerous second-order territories [23]. We
have therefore submitted a ‘1–2–20 principle’ for discussion (by
analogy with Couinaud’s ‘eight-segment scheme’). This new
working concept is intended to contribute to a better under-
standing of liver anatomy, increased exactness in radiological

7 8
2

34b

5
6

4a

Fig. 3 Schematic subdivision of the liver into eight segments according to
Couinaud [9]. From ref. 13, with kind permission of the American Roentgen
Ray Society.

Fig. 4 Anatomical territories at the level of second-order portal venous
branches. In the liver under consideration, there are 19 territories, of which
14 are visible in the anterior view illustrated. It becomes apparent that there
are many more territories than generally assumed and than suggested by
Couinaud’s ‘eight-segment scheme’ [9]. It is this large number of individual
vascular territories that has not been considered yet, but which corresponds
to anatomical reality. Taking into account this fact explains the seemingly
inconsistent observations reported in the literature of different associations
of the second-order territories.
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1.1 MACROSCOPIC ANATOMY OF THE LIVER 7

localization of hepatic lesions and improved transectional tech-
niques in liver surgery.

Conclusion

Surprisingly enough, the macroscopic anatomy of the liver is far
from being definitely described and understood. This statement
applies in particular to the concepts evoked for vascular and 
biliary territories within the organ. The authors suggest using
the commonly accepted eight-segment scheme of Couinaud to
describe the radiological localization of liver lesions and com-
mon hepatectomies, while considering a more loose 1–2–20
concept that allows a more precise description of the anatomy of
each individual liver to be given.
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General features

Liver and biliary tract histology, the study of hepatic function,
the relation between the structure and function of cells and their
organelles and of the extracellular matrix have recently been
reviewed in specialized textbooks on pathology [1], biology and
pathobiology [2,3] and liver disease [4].

The liver is a voluminous organ (1200–1500 g) that is highly
vascularized. It is surrounded by a thin capsule (Glisson’s 
capsule) composed of collagen fibres, scattered fibroblasts,
myofibroblasts, small blood vessels and lymphatics. The capsule
is thickest around the hilus (or porta hepatis) where blood 
vessels enter and bile ducts leave the liver. In the parenchyma,
the capsule merges with the connective tissue surrounding the
portal tracts.

Between the incoming vessels of the portal tracts and the 
central veins lie the hepatic sinusoids, which allow exchange
between blood and unicellular sheets of hepatocytes. In histo-
logical sections, portal tracts (which contain branches of the
hepatic artery and portal vein, one or two bile ducts, lymphatics,
nerves, a few lymphocytes and fibroblasts in loose connective
tissue), centrolobular veins (also called the terminal hepatic
venule) and the lobular parenchyma are identified (Figs 1 and
2). The apparent structural unit of the liver is the lobule, a poly-
hedral prism (0.7 × 2 mm), the boundaries of which are limited
by four to five portal triads prolonged by connective tissue septa.
The centre of the lobule contains the centrolobular vein (Figs 1
and 3). The lobular parenchyma represents approximately 93%
of the hepatic parenchyma, portal triads 3% and hepatic veins
4% [5]. At least 15 different cell types can be found in normal
liver [6].

Human liver biopsy material (needle or surgical) is usually
fixed by immersion for a few hours in 10% neutral formalin. For
detailed study of the hepatic parenchyma and sinusoidal cells by
electron microscopy (transmission and scanning), it is better to
use in situ perfusion–fixation of the liver through the portal vein
or the hepatic artery. For the localization of antigens (immuno-
cytochemistry) fixed material can be used in many instances. For
the performance of in situ hybridization and some immuno-
staining, it can be necessary to use frozen material.

1.2 Liver and biliary tract histology
Paulette Bioulac-Sage, Brigitte Le Bail and Charles Balabaud

9

The functional unit of the liver

An adequate description of the liver unit should provide not
only structural but also secretory and microcirculatory unity
[7]. Based on the lobular organization proposed by Matsumoto

Fig. 1 Hepatic parenchyma: paraffin embedding (5-mm-thick section);
haematein eosin saffron; (a) low (× 50) and (b) high (× 230) magnification.
The classic lobule cannot easily be seen. Sinusoids lie, from portal tracts (2)
to centrolobular veins (1), in between the unicellular sheets of hepatocytes.
In medio- and centrolobular zones (black star), sinusoids are larger and
radial; in the periportal zone (white star), they are narrower.
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10 1 ARCHITECTURE OF THE LIVER

[8] the liver microarchitecture is composed of primary lobules
(or modules, a term coined to ascribe considerable degrees of
variability in the shape and size of primary units as well as in the
number of primary units) [9]. Primary modules are structural
elements that are responsible for directing and the timing of
blood flow: (i) portal veins and their septal branches (and hepatic
arteries); (ii) vascular septa, which connect portal veins and 
septal branches to a continuous supplying surface and act as a
‘watershed’ between adjacent primary modules; (iii) long portal
sinusoids, which originate directly from and in the vicinity of the
portal vessels, with an initial tortuous segment and a subsequent
straight radially oriented segment; (iv) short septal sinusoids,
which are straight radial and lacking the initial tortuous segment
that originates from the vascular septum, where inflow-fronts
from neighboring portal vessels meet; and (v) a central venular
branch located in the centre of the primary module, draining the
sinusoids. Reconstruction reveals a group of primary modules
integrated into a secondary module. Integration results from a
common drainage by the branches of a central venular tree and
from the arrangement of portal venular branches and vascular
septa, which form a continuous vascular surface over the entire
module and separate it from adjacent modules. Reconstructed
primary modules are polyhedral, with seven to nine facets,
which are either plane, convex or concave. In addition to vari-
able shapes, the primary modules also vary in size (i.e., height,
surface area, volume, number and area of vascular septa). Such
morphogenetic plasticity is considered an important part of the
modular microarchitecture of the liver. Figure 4 illustrates the
classic but oversimplified representation of a primary lobule 
and Figure 5 a more realistic representation of primary modules
integrated into a secondary module. This interpretation should
permit a better interpretation of histological sections of normal
and pathological liver and provide a basis for understanding 
the metabolic heterogeneity of liver cells and their functional
integration into parenchymal units.

Hepatocytes

Hepatocytes are arranged in unicellular plates or laminae
(Remak’s plates). These hepatic laminae branch and anasto-
mose with one another to form a complicated walling system,
the hepatic muralium, a maze-like arrangement of partitions
between which the sinusoids interweave and interconnect in 
a continuous labyrinth [1,2] (Figs 3 and 6). Hepatocytes sur-
rounding the portal tract, which constitute an interface between
the connective tissue of the tract and the hepatic parenchyma,
form the limiting plate (Fig. 2).

The plates are composed of about 20 large, polyhedral 
epithelial cells, approximately 30 µm long and 20 µm wide. The
mean volume density is 5000 µm3. These cells (100 billion) make
up approximately 80% of the cell population. The hepatocyte 
is limited by a membrane in which three domains can be 
distinguished.

The sinusoidal membrane (70% of the total cell surface area)

Fig. 2 Small portal tract: (a) paraffin embedding (5-mm-thick section);
haematein eosin saffron, × 300; (b) Epon embedding (1-mm-thick section);
toluidine blue, × 340. At the periphery of the portal tract, several canals of
Hering (1), cholangioles (2) and sinusoids (3), with or without Kupffer cells,
can be seen close to venules (4). In the portal tract, arterioles (5) are close 
to interlobular bile ducts (6), which are lined by a single layer of cuboidal
epithelial cells; some inflammatory cells are present in the stroma (*). 
(7) Portal vein; (8) hepatocytes forming the periportal limiting plate.

Fig. 3 Hepatic lobule: scanning electron microscopy, × 170. A
centrolobular vein (1) is visible at the centre of the lobule limited by two
portal tracts (2).
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1.2 LIVER AND BILIARY TRACT HISTOLOGY 11

is covered with microvilli (0.5 µm long), which increase the 
surface area sixfold. This membrane burrows in between hepa-
tocytes, delimiting the interhepatocytic space (Figs 7 and 8).
Exchange of materials between the blood and hepatocytes 
(exo- and endocytosis) through the Disse space is a function
solely of the sinusoidal plasma membrane.

The canalicular membrane is the biliary pole of the hepato-
cyte. It is an intercellular space, formed by the opposition of the
edges of gutter-like hemicanals (15% of the total cell surface
area; 0.4% of the lobular parenchyma) on the surfaces of neigh-
bouring hepatocytes (average diameter, 0.5–1 µm internal
diameter in portal area and 1–1.25 µm in centrolobular area
(Figs 6, 7 and 8). The surface is covered by microvilli. The
canalicular surface is isolated from the Disse space by tight 
junctions. Using light microscopy, bile canaliculi are not visible
in normal liver; but they can be immunostained with anti-CEA
polyclonal and anti-CD10 antibodies. They become visible
when distended in cholestatic liver. Tone is provided by an
encircling mesh of contractile microfilaments fixed on the
zonula adherens, which follow the outline of the microvilli. 

The lateral membrane (15% of the cell surface area) is more 
or less straight, separated from the adjacent lateral membranes
by an intercellular space of 15 nm. The junctional complexes –
desmosomes, gap junctions, intermediate junctions (zonula
adherens) and tight junctions – are special membrane differen-
tiations that fix the liver cells together.

Terminal portal venule

Inlet venule

Portal vein

HMS
Central vein

Midseptal
region

Periportal

P

I C

(a)

(b)

Fig. 4 (a) Two-dimensional view of a pentagonal hepatic lobule. In each
corner, there is a portal tract. On each side of the lobule, in the septum,
there are two opposite-running terminal portal venules (accompanied by an
arterial branch and a ductule). The hepatic lobule is divisible into elementary
sectors: the hepatic microcirculatory subunits fed by the inlet venules
derived from the portal vein (in the portal tract) and the terminal portal
venules. Compared with the periportal region, the mid-septal region is
remote from the portal supply. (b) A typical hepatic microcirculatory subunit
shaped like a cone with a portal inlet venule (I) at the base, where one
afferent vessel spreads into many sinusoids. The cross-connecting sinusoids
(arrows) reduce, or drop out, while approaching the centrolobular vein (C).
From ref. 10, with permission.

Sub-lobular
vein

Primary
module

Secondary
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Portal tractInflow
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Portal vein
and septal
branches

Centrolobular
veins and
centrolobular
areas
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Portal sinusoids
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Fig. 5 Schematic distribution of alkaline
phosphatase activity in the portal and
centrolobular area delineating primary and
secondary modules. Portal venular branches
and vascular septa form a continuum in which
blood is distributed over the surface of the
modules and from which the sinusoids
originate. From portal vessels, blood flows
toward the centre and along the vascular septa.
Enzyme activity is highest in endothelial cells at
the beginning of the ‘portal’ sinusoids. From
there, activity decreases towards the central
venule and is higher at the end of the sinusoids.
Staining also decreases from both sides along
the vascular septum and is faintest where the
‘septal’ sinusoids originate. Along the septal
sinusoids, alkaline phosphatase activity first
decreases and then increases towards the end
of the sinusoids. Alkaline phosphatase activity
in portal areas (dark red), and in central areas
(light red). Adapted from ref. 9, with
permission.
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12 1 ARCHITECTURE OF THE LIVER

The nucleus is spherical and voluminous, occupying 5–10%
of the cell volume, with one or more prominent nucleoli and
scattered chromatin. About 25% of the cells are binucleate.
There appears to be a clear correlation between nuclear size 
and ploidy. As many as 15% can be tetraploid nuclei. The adult
liver has a very low mitotic index, with estimates ranging from 
2 mitoses per 1000 cells to 1 per 10 000 cells.

Light microscopy of the liver shows a pale-staining,
eosinophilic cytoplasm containing granular clumps of basophilic
material. This material corresponds to rough endoplasmic 
reticulum. Near the bile canaliculi, there are fine brown granules
of lipofuchsin pigment. These are more abundant with age, 
particularly in the centrolobular zone. A few hepatocytes may
contain fat vacuoles. Histochemical procedures are essential to
identify components such as glycogen, haemosiderin and lipids.
Electron microscopy is necessary to visualize organelles: there is
an abundant rough and smooth endoplasmic reticulum, a Golgi
apparatus close to the biliary pole, numerous mitochondria
(1000–1500 per cell) and peroxisomes. The hepatocyte is rich 
in glycogen, with the quantity depending on the time of the last
meal. The cytoskeleton of the cell comprises microfilaments,
intermediate filaments and microtubules, which correspond by
immunocytochemistry to actin, cytokeratin and tubulin.

The main morphometric data concerning organelles are 
presented in Figure 9 [11,12]. The whole cellular machinery 
performs many functions: uptake, transport, synthesis, bio-
transformation and degradation (proteins, lipids, carbohydrates,
hormones, xenobiotics and bile).

With age the number of hepatocytes decreases and hypertro-
phy, polyploidy, lysosomes, and smooth endoplasmic reticulum
increases. The mitochondria and microbodies remain unchanged
with age and the microsomal drug-metabolizing capabilities
decrease.

Sinusoids

Sinusoids are special capillaries with: (i) a fenestrated endothe-
lial barrier; (ii) resident macrophages (Kupffer cells) ‘guarding’
the entrance of sinusoids; (iii) liver-associated lymphocytes,
some of which are large, granular lymphocytes; and (iv) stellate
cells (considered as pericytes) that store vitamin A [13,14] 
(Fig. 10). Sinusoids have no genuine basement membrane: this
facilitates exchange between incoming blood and hepatocytes
through the Disse space, as well as immunological defence
mechanisms.

In zone 1, sinusoids are tortuous, narrow and anastomotic,
but tend to become more parallel and larger in zone 3. The mean
diameter (between 7 and 15 µm) is occasionally less than the
mean diameter of the red blood cells, which adapt their shape to

Fig. 6 Hepatic parenchyma: scanning electron microscopy, × 1300.
Unicellular sheets of hepatocytes are separated by sinusoids from different
planes of sectioning. The block often breaks in between the lateral surface
of hepatocytes, allowing visualization of the biliary hemicanaliculi (arrow). In
sinusoids, some Kupffer cells (black star) and red blood cells (white star) can
be seen. The Disse space can also be identified (arrowhead).

Fig. 7 Sinusoids and sheets of hepatocytes: Epon embedding (1-mm-thick
section); toluidine blue (a) × 340; (b) × 1250 magnification. It is possible to
identify the sinusoidal cells: endothelial cells with the cell body (1) and the
barrier (large arrow), Kupffer cells (2) and stellate cells (3); blood cells, red 
(4) and white (5), in the sinusoidal lumen (6); the Disse space (small arrow)
with the interhepatocytic recess (arrowhead); bile canaliculi (7); the
sinusoidal surface (8) and lateral (9) surface of hepatocytes.
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1.2 LIVER AND BILIARY TRACT HISTOLOGY 13

size differences [15]. The diameter can increase if necessary (up to
180 µm). The mean length is 220–480 µm. The sinusoidal lumina
occupy approximately 9–10% of the lobular parenchyma [16].

Sinusoidal cells

These represent about 6% of the lobular parenchyma (2.5%, 2%
and 1.4% for endothelial, Kupffer and stellate cells respectively)
and 26.5% of all the plasma membranes of the liver. Observation
by light microscopy is difficult. Only transmission and scanning
electron microscopy and immunocytochemical methods allow
correct identification [17].

Endothelial cells

These form the barrier of the sinusoid [18,19]. Their main 
characteristics are: (i) very thin processes covering a large area
(15% of all the plasma membranes of the liver); (ii) fenestrations
with a mean diameter of 100 nm, grouped in clusters (sieve
plates), which allow the passage of molecules of smaller diame-
ters (Fig. 11) [20]; (iii) numerous pinocytotic vesicles, indicating
a high endocytic capacity. They show immunoreactivity with
monoclonal antibody MS-1 and express the scavenger receptor,
Fc IgG receptor, and also the CD4 molecule. In capillarized 
sinusoids, where sinusoidal endothelial cells have lost their 

Fig. 8 Kupffer cells: scanning electron microscopy, × 4260. The Kupffer
cell (1) with its filipodia (arrow) is located at the branching of several
sinusoids (*). The different plasma membranes of the hepatocytes are easily
recognizable: the sinusoidal with their microvilli (2), the fairly smooth lateral
(3) and canalicular (4) membranes. It is not easy to differentiate collagen
bundles from the perisinusoidal cell processes in the Disse space (star).
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Fig. 9 Morphometric data of hepatocyte organelles. Volumetric
composition of the liver expressed as a percentage of the lobular
parenchyma (left column), an average hepatocyte (middle column) and
hepatocytic cytoplasm (right column). (a) Hyaloplasm; (b) mitochondria; 
(c) endoplasmic reticulum, rough (white star), smooth (black star); 
(d) nucleus; (e) extrahepatocytic space (sinusoids and bile canaliculi); 
(f) lysosomes; (g) lipids; (h) peroxisomes. Lysosomes, lipids and peroxisome
volume densities, expressed as a percentage of the cytoplasm, are 2%, 
2.1% and 1.3% respectively.
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Fig. 10 Diagrammatic representation of
sinusoids, sinusoidal cells and Disse space. 
(a) All four sinusoidal cells are represented in
this sinusoid (A) (it is exceptional to see all four,
with their nuclei, in the same plane of section) –
the Kupffer cell (1), the endothelial cell: cell
body (2), processes (3) and fenestrations
(arrow); the stellate cell (4) with its lipids (black
star) and processes (5); the liver-associated
lymphocytes (6). In the Disse space (white star)
containing some collagen fibres (7),
interhepatocytic recesses (8), sinusoidal
membrane microvilli (9) and the lateral
membrane (10) of the hepatocyte (B) can be
seen. (b) Schema of the sinusoidal wall. 
Arrows indicate tunnels formed by the
processes of the stellate cells and hepatocyte.
CF, collagen fibres; H, hepatocyte; HCP,
hepatocyte-contacting process of the stellate
cell; SP, subendothelial process of the stellate
cell; N, nerve fibre; * space of Disse. From 
ref. 14, with permission.
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14 1 ARCHITECTURE OF THE LIVER

fenestrations, there is a phenotypic shift towards that of vascular-
type endothelium: expression of factor VIII-related antigen,
Ulex europaeus lectin, CD34 and CD31 molecules. In the nor-
mal liver, antibodies such as anti-CD34 stains endothelial cells
of vessels but not sinusoidal endothelial cells, except at the
immediate periphery of portal tracts (Fig. 12).

Kupffer cells

Attached over a (more or less) large area of the endothelial wall,
these cells are located within the sinusoidal lumen [21] (Figs 7
and 8). They are more numerous in zone 1 than in zone 3. 

They contain numerous lysosomes (almost a quarter of all 
the lysosomes of the liver). Kupffer cells can be identified with
monoclonal antibodies such as KP1 (anti-CD68) (Fig. 13). They
phagocytose many substances, such as latex particles, denatured
albumin, bacteria and immune complexes. The extent to which
Kupffer cells fail to take up colloids in patients with chronic 
hepatocellular diseases correlates best with indices of the 
magnitude of portal–systemic blood shunting. Upon stimulation
by immunomodulators, Kupffer cells release mediators and
cytotoxic agents.

Liver-associated lymphocytes

Far fewer in number (1:10 Kupffer cells), they comprise differ-
ent types of lymphocytes, among which are large, granular 
lymphocytes (also named pit cells) [22]. They are resident 
luminal cells in contact with Kupffer and/or endothelial cells.
Liver-associated lymphocytes differ from peripheral blood lym-
phocytes (phenotype, cytotoxic activity) [19]. They play a role in
defence against tumours and viruses.

Hepatic stellate cells

Previously called perisinusoidal or Ito cells, they can be
identified by [23]: (i) their cell body, which is often located in an
interhepatocytic recess and contains lipids (Fig. 10) including
vitamin A in most (but 20% of the cells do not contain 
lipids); (ii) their long, thin, cytoplasmic processes, surrounding
endothelial cell processes; and (iii) their spines, which establish
contact with hepatocyte microvilli [14]. No basement membrane
surrounds the hepatic stellate cell. This cell, which belongs to 
the myofibroblast family, can be identified immunocytochem-
ically in human liver by the presence of cellular retinol binding
protein (Fig. 14) which stains this cell in its quiescent or 
activated phenotype [24]. There are approximately 5 to 20 
of these cells per 100 hepatocytes. They store vitamin A and 

Fig. 11 Endothelial cell: scanning electron microscopy, × 13 440. The
endothelial cell processes form the wall of the sinusoid. Fenestrations
(arrow) are grouped in clusters, forming so-called sieve plates. 

PV

A

CD34

P
V

50mm

50mm

a SMA 

Fig. 12 CD34 immunostaining: all vascular endothelial cells are stained in
the portal tract (short black arrow), but not in the sinusoidal endothelial
cells, except in a few periportal sinusoids (long black arrow). a-SMA
immunostaining (upper left corner): smooth muscle cells of vascular walls
are stained but not the hepatic stellate cells in sinusoids.

Fig. 13 Kupffer cell identification: paraffin embedding (5-mm-thick
section); immunocytochemistry (KP1), × 330. Large Kupffer cells (arrow) 
are seen in this periportal area.
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1.2 LIVER AND BILIARY TRACT HISTOLOGY 15

participate in the regulation of microvascular tonus and in the
synthesis of the extracellular matrix. This latter function increases
when they are activated and transformed into α-smooth muscle
actin-positive cells. α smooth muscle actin antibodies (α-SMA)
stain smooth muscle cells of the vessel walls, whereas hepatic
stellate cells are usually negative in normal liver (Fig. 12).

The Disse space

This lies primarily between the stellate cell sheet and the sinu-
soidal membrane of the hepatocyte, and represents 2–4% of 
the hepatic parenchyma [25]. The relatively low porosity of the
endothelial barrier (9% of the surface) is compensated for by the
presence of a great number of hepatocytic microvilli in the Disse
space, and particularly since the endothelial cell lacks a genuine
basement membrane. In this space, which is not normally dis-
cernible in biopsy material by standard light microscopy, 
one can observe the different components of the extracellular
matrix, which can be identified by immunocytochemistry [26]:
these are different types of collagens (mainly type 3 but also
types 1 and 4), proteoglycans and fibronectin. The presence of
laminin is much debated. This whole network can be visualized
by silver or Sirius red staining (Fig. 15).The role of the extracel-
lular matrix is complex: it serves to cement the cells, allows inter-
cellular communication and affects cellular differentiation.

Microcirculation

Blood flows unidirectionally in sinusoids from zone 1 to zone 3.
Microcirculation through individual sinusoids is variable [27, 28].
This irregularity is linked to: (i) the presence of inlet, sinusoidal
and outlet sphincters composed of sinusoidal lining cells
bulging into the lumen; (ii) transient leukocyte plugging; (iii)
variations in the morphology of sinusoids in the different zones;

(iv) the contribution of arterial flow at the beginning of the 
sinusoid’s pathway (Fig. 16) [27].

The average velocity of erythrocyte flow in sinusoids ranges
between 270 and 410 µm/s. There are considerable interactions
between blood cells and the sinusoidal wall. Soft, fast-moving
red blood cells could help fluid- or solid-phase droplets or 
particles to penetrate into the Disse space (forced sieving).
Compression of the Disse space by less plastic and larger cells
such as white blood cells could displace fluids within this space
in a downstream direction, promoting the transport of particles

CRBP1

20 mm

50 mm

Fig. 14 CRBP 1 immunostaining: at low magnification (right lower corner).
Many sinusoids are surrounded by cell bodies and/or processes of hepatic
stellate cells. At high magnification lipids are underlined (arrow).

Fig. 15 Identification of the extracellular matrix: paraffin embedding 
(5-mm-thick section); Sirius red, × 130. This stain allows identification of the
thin, perisinusoidal, matricial network (arrow) in between the unicellular,
unstained sheets of hepatocytes (star), and of the fibrous tissue around the
centrolobular vein (1) and the portal tract (2).
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Fig. 16 Diagrammatic representation of the microcirculation and of biliary
drainage in the lobule. PV, portal venule; HA, hepatic arteriole; BD, bile
ductule; L, lymphatic; N, nerve; AST, arteriosinous twig; S, sinusoid; 
SD, space of Disse; BC, bile canaliculus; CV, central venule. Arrows indicate
direction of flow. Note that the capillaries surrounding the bile duct
constitute the peribiliary plexus. From ref. 27, with permission.

TTOC01_02  3/8/07  6:38 PM  Page 15



16 1 ARCHITECTURE OF THE LIVER

and fluids into and out of the space through the fenestrations
(endothelial massage) [15]. Average blood pressure is about 
4.8 mmHg in terminal portal branches, 30–35 mmHg in arterial
blood and 1.7 mmHg in collecting veins.

The hepatic artery

In the portal tract , the artery feeds the bile duct as the peribiliary
vascular plexus, the portal tract interstitium including nerve,
and the wall of portal vein. Drainage of these vascular beds is col-
lected as an artery-derived portal system which joins the portal
vein in the tract or at the inlet venule on entering the lobule. 
The hepatic artery therefore can resume the portal flow via the
artery-derived portal system. Outside the portal tract, the artery
dissociates itself to supply the Glisson’s capsule which drains
into subcapsular lobules, and the walls of central sublobular and
hepatic veins. The latter is the pathway by which arterial blood
can bypass the hepatic parenchyma into the hepatic vein [29]. 

Lymphatics (see also Chapter 2.1.3)

Lymph is collected in lymphatics present in portal triads. Liver
lymph is first formed in the perisinusoidal Disse space. The fluid
then enters the periportal tissue of the Mall space, which lies
between the portal connective tissue and the limiting plate, 
and then the lymphatic capillaries. Lymph is then conveyed by
increasingly large lymphatic vessels to the collecting vessels,
which leave the liver at the hilus to reach the thoracic duct. The
liver’s capsule and portal stroma contain numerous lymphatic
vessels, which form loose plexuses that connect at intervals 
with underlying lymphatic vessels. The antibody D2-40 stains
specifically endothelial cells of lymphatics (Fig. 17) [30].

Nerves (see also Chapter 2.2.5)

Extrinsic innervation of the liver is constituted by McCuskey
[31]:
1 efferent sympathetic nerve fibres (preganglionic splanchnic
fibres and postganglionic fibres after synapse in the coeliac 
ganglion) and parasympathetic nerve fibres (preganglionic
fibres from the vagus); these play a part in the metabolism of
hepatocytes (carbohydrate and perhaps lipid metabolism),
haemodynamic regulation and biliary motility;
2 afferent fibres, which are thought to be involved in osmo- and
chemoreception; at the hilus, amyelinic fibres form the anterior
and posterior plexuses, which communicate with each other,
and these enter the liver mainly around the hepatic artery.

Intrinsic innervation is composed of fibres mainly associated
with vascular and biliary structures in the portal spaces (Fig. 18).
Certain fibres enter the liver lobule, where they form a network
around hepatocytes and extend into the sinusoidal wall, some-
times reaching the centrolobular vein. Fluorescence histochem-
istry and immunohistochemistry have revealed different types
of nerve fibres: adrenergic (the most numerous in man), cholin-
ergic and peptidergic. Some neuropeptides have been identified:
vasoactive intestinal peptide (in the pathway of cholinergic
fibres), neuropeptide Y (in that of adrenergic fibres), substance
P, glucagon and calcitonin gene-related peptide [32].

Functional aspects of liver morphology

Consideration of gradient differences in cell and matrix compo-
sition (i.e., enzyme activities) of the liver are important when
evaluating gene and protein changes as measured by genomic
and proteomic methods. Furthermore, these different functional
properties between periportal and centrilobular cells and matrix
can also help to explain the regional distribution of lesions and
susceptibility of cells to certain hepatotoxicants. Not only do
hepatocytes have gradients of gene and protein activity that
varies from the periportal region to the centrilobular region, 

D2 40 50mm

Fig. 17 D2-40 immunostaining: only endothelial cells of lymphatics 
(black arrow) are stained in this portal tract; vascular endothelial cells 
(white arrows) are negative.

Fig. 18 Large portal tract (partial view): paraffin embedding (5-mm-thick
section); haematein eosin saffron; (a) × 115; (b) × 170. (a) A nerve (5) can be
seen inside the connective tissue, not far from the limiting plate of
hepatocytes (1), a large artery (2), which is easily identifiable by its internal
elastic lamina (arrowhead), an arteriole (3) and biliary ducts (4). (b) This large
bile duct (6), which is surrounded by a thick fibrous envelope (7), is limited
by a cylindrical epithelium (arrow).
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1.2 LIVER AND BILIARY TRACT HISTOLOGY 17

but gradients also exist for sinusoidal endothelial, Kupffer and
hepatic stellate cells, and for the matrix in the space of Disse [36].

The biliary tract

Intrahepatic biliary tract

The biliary tree contributes to the formation of bile and assures
its delivery into the duodenum. It consists of the intrahepatic
and extrahepatic biliary tract. In its first and short intrahepatic
part, the biliary tree is lined by hepatocytes; it is followed by 
a series of biliary canals of growing diameter lined by biliary
epithelial cells or cholangiocytes. These cells present two distinct
poles: an apical pole facing the bile duct lumen, equipped with 
a variable number of short microvilli, and a basolateral pole 
in relation to adjacent epithelial cells and the basement mem-
brane.They express high-molecular-weight cytokeratins, and
specifically contain CK7 and CK19, in addition to CK8 and
CK18 expressed by hepatocytes. Normally, they express class I
MHC antigens but not class II, more numerous cell-matrix
adhesion molecules than hepatocytes (α2β1, α3β1, α5β1, α6β4),
as well as glutamyl transpeptidase, epithelial membran antigen,
carcinoembryonic antigen (cross-reaction at the apex with poly-
clonal antibody), and various membrane receptors/transporters
involved in bile secretion [33]. Recent research has focused 
on the expression of different types of mucins in normal and
neoplastic biliary epithelium. In the intrahepatic and extrahep-
atic bile ducts MUC1 (detected by Mb DF3) is not expressed,
nor are MUC2 or MUC4. MUC5AC and MUC6 are expressed in
a minority of cases (13% and 30% respectively), the latter being
expressed in peribiliary glands in most cases [34]. 

Bile flows in the opposite direction to that of plasma flow in
the canaliculi along the hepatocyte plates, and next enters small
ductules or cholangioles in the periportal area. The junction
between the last hepatocyte and the first spindle-shaped biliary
cells is called the canal of Hering. 

The canals of Hering begin in the lobules, are lined partially 
by cholangiocytes and partly by hepatocytes, and conduct bile
from bile canaliculi to terminal bile ducts in portal tracts. They
are not readily apparent on routine histological staining but are
highlighted by the biliary cytokeratins CK19 and CK7. There is
on average one canal of Hering per 10 µm of bile duct length.
The canals represent the true hepatocytic–biliary interface that
thus lies within the lobule and not at the limiting plate. The
canals of Hering consist of, or harbour, facultative hepatic stem
cells in humans (Fig. 19) [35].

In cross-section, cholangioles (or ductules) are lined by three
or four cells that become cuboidal and stay on a basement mem-
brane; they usually have an internal diameter of less than 15 µm.
Like the canals of Hering they are not usually apparent by light
microscopy in normal livers. On occasion, and in cholestatic 
livers, they become visible at the periphery of the portal triad,
lying in the vascular axis of the septal zone (Fig. 2). They drain
the bile into the interlobular bile ducts located in portal triads. 

Interlobular bile ducts (< 100 µm diameter), lined by a
cuboidal epithelium, are accompanied by arteries in the portal
tract; their external diameter is quite similar to that of the 
adjacent artery (ratio 0.7–0.8). 

The confluence of two or more interlobular bile ducts forms
the septal ducts (> 100 µm diameter), which are lined by a 
cylindrical epithelium.

Segmental ducts (between 400 and 800 µm diameter), as well
as left and right bile ducts, are histologically similar. Like septal
ducts, they are lined by columnar cholangiocytes, and situated
on a PAS-diastase-positive basement membrane; they are 
surrounded by dense, irregular and circumferential, but not
concentric, fibrous tissue containing many elastic fibres. A 
peribiliary plexus of capillaries (branches of the hepatic artery)
supplies all the intrahepatic bile ducts. This plexus drains prin-
cipally into hepatic sinusoids. In addition to the enterohepatic
cycle, a cholehepatic cycle for mono- and dihydroxyl bile acids
has been proposed.

Extrahepatic biliary tract

At the exit from the liver, the biliary tract is composed of three
portions with many anatomical variations (in size, position and
orientation), particularly at the different confluences [36]:
1 the left and right hepatic ducts (diameter 3–4 mm) emerge
from the corresponding lobes and after about 1 cm in the hilus,
their confluence gives rise to the common hepatic duct;
2 the accessory biliary apparatus comprises the gallbladder and
the cystic duct which joins the common hepatic duct to form the
common bile duct;
3 the terminal part of the common bile duct enters the 
duodenum at the papilla of Vater after traversing the sphincter
of Oddi.

Hepatic, cystic and common ducts
The diameter of these ducts is less than 15 mm and their walls are
very thin (0.5–1.0 mm). The mucosa is relatively flat or pleated
with some short folds; it is composed of a single layer of tall,

BD in
portal
tract

THV
Canal of Hering Bile canaliculi

Fig. 19 Proposed relationships of the canal of Hering to the hepatic
parenchyma. The terminal bile duct in the portal tract may give rise to a bile
ductule (BD), and then a canal of Hering that penetrates directly into the
parenchyma and extends on average one-third of the way to the THV.
Because the canal of Hering is by definition made up partially by bile duct
epithelial cells and hepatocytes (not shown), it can act as a ‘trough’ for the
collection of bile from hepatocellular bile canaliculi. THV, terminal hepatic
vein.
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columnar cholangiocytes resting on a dense collagenous con-
nective tissue, rich in elastic fibres and containing some small
mucous glands. The surface epithelium forms some pits (sacculi
of Beale) which are conspicuous in the extraduodenal portion of
the common bile duct and the hepatic duct. Entrerochromaffin,
serotonin-containing cells have been described in the cystic duct
epithelium. Smooth muscle fibres, circular or oblique, are scant
and variable in quantity around the common bile duct; this
muscularis is reinforced near the duodenum by circular fibres
forming the sphincter of Oddi and is most prominent near the
cystic duct, in the axis of mucosa folds, where they form the
Heister valve (which controls bile flow). The subserosa is a con-
nective tissue, less dense in periphery than in the inner portion,
containing collagen and elastic fibres, blood vessels, nerve fibres
and occasionnal ganglion cells. Around the common hepatic
ducts, the hilar ducts (and a portion of the larger septal ducts) 
it also contains some tubular and branched mucous glands 
[37] which share similarities with the Brunner glands of the 
duodenum. 

The gallbladder
Located within a fossa (on the undersurface) of the right lobe of
the liver, the gallbladder is a pear-shapped pocket firmly attached
to the liver, which stores and evacuates bile. Occasionally, the
gallbladder is freely suspended from the liver by a mesentery.
This spindle-shaped bag, measuring 6–12 cm in length and
2.5–5 cm in width, may contain 30–50 mL of bile and consists of
a fundus, a body, an infundibulum and a neck; the neck forms an
‘S’ shape that represents its transition with the cystic duct.

The wall is composed of a mucosa (made of a surface epi-
thelium and underlying lamina propria which forms primary 
and secondary folds when the gallbladder is empty) lying on a
plexiform muscularis and an adventitia (or subserosa; Fig. 20)
and a serosa. It lacks a muscularis mucosae and a submucosae.
The villosities of the mucosa are separated by herniations of the
epithelium sometimes extending through the entire width of the
muscular layer (Rokitansky–Aschoff sinuses); in normal tissues,
they are few and superficial. The mucosa is lined by a single layer
of tall (15–25 µm) ‘clear’ columnar cells supported by a basement
membrane. These cells (Fig. 20) have an ovoid basal nucleus 
and a pale cytoplasm with microvilli at the apex, filamentous
glycocalix and core rootlest, only visible by electron microscopy.
Mucosecretion can be found in small amounts, without goblet
cells. Some basal cells, quite inconspicuous, rounder and smaller
(10–15 µm) than columnar cells, are located immediately above
the basement membrane, with their nuclei parallel to it; they
should not be confused with intraepithelial lymphocytes, which
are more common. Rare pencil-like (dark) columnar cells can be
seen, consisting of retracted clear columnar cells. No endocrine
cells are present within the fundus and body. Within villosities
there is little connective tissue with capillaries. A few tubulo-
alveolar mucous glands can be found in the lamina propria but
only near the neck. Ganglion cells are rare in the lamina propria.
The muscularis is not a well-developed layer of variable thickness

composed of circular, longitudinal, and oblique smooth-muscle
bundles in an elastic loose connective tissue. The adventitia is 
a connective tissue containing lipocytes, vessels, nerve fibres,
ganglion cells, lymphocytes, and Luschka’s ducts, which are
minor bile ducts that lie in the subserosa connective tissue on 
the hepatic side; they could be embryonic remnants. On rare
occasions, ectopic hepatic, pancreatic, adrenal, gastric and even
thyroid tissues have been found in the gallbladder wall. The gall-
bladder is richly vascularized by blood and lymphatic plexuses
located in the lamina propria and in the adventitia; it is inner-
vated by sympathetic motor fibres and numerous sensory nerve
endings [38].

The transport properties of biliary epithelial cells and their
regulation vary between the various anatomical compartments

Fig. 20 Gallbladder: paraffin embedding (5-mm-thick section); haematein
eosin saffron; (a) low magnification (× 36) and (b) high magnification 
(× 560). (a) The whole gallbladder wall can be seen: the mucosa with its
numerous villosities (1) separated by crypts (2) extending into the connective
tissue forming Rokitansky sinuses (3), the muscularis (4) and the adventitia
(5). (b) The villosities are limited by a single columnar epithelium (6) with an
ovoid nucleus near the basal pole of the cell and a striated apical pole
(arrow); their axes are of delicate connective tissue (7).
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1.2 LIVER AND BILIARY TRACT HISTOLOGY 19

of the biliary tract. It is usually assumed that intrahepatic ducts
are mainly committed to fluid and electrolyte secretion, whereas
extrahepatic bile ducts and gallbladder are considered to be 
specialized in absorption and mucin synthesis. The plasticity of
the biliary epithelium is important.
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Introduction to the hepatocyte

The hepatocyte is the chief parenchymal cell of the liver, and is
responsible for maintaining a wide range of specialized func-
tions. In mature male rat liver, hepatocytes comprise approxi-
mately 87% of the volume of intralobular liver tissue, with the
remainder consisting of vascular space and non-parenchymal
cells (Fig. 1, Table 1) [1]. Hepatocytes are large, multifaceted,
polyhedral cells, with an approximate volume of 6800 µm3 and a 
diameter between 10 and 30 µm. They are arranged in anasto-
mosing plate-like cords separated by adjacent vascular sinusoids.
Within the hepatic cords, between adjacent hepatocytes, lies a
network of bile canaliculi, allowing passage of bile through
intercellular channels, which drain into the nearest branch of the
bile duct system.

This specialized architecture optimizes the liver’s parallel
functions as an exocrine gland, an endocrine gland as well as a
blood filter. Owing to the liver’s unique vascular organization,
whereby blood percolates through the sinusoids from the place
of inflow (the portal tract) to outflow (the terminal hepatic vein
system), hepatocytes are exposed to a lobular gradient of oxy-
gen, nutrients, toxins and other biologically active molecules. 
As a result, hepatocytes are not a metabolically homogeneous
population of cells, and considerable zonal heterogeneity exists

in both structure and function. Nevertheless, the hepatocyte
cytoplasm throughout the lobule is packed with the requisite
variety of organelles, and what follows is a brief description of
each organelle or inclusion.

Hepatocytes maintain a particular organization with respect
to other non-parenchymal cells residing in the sinusoid (Fig. 2).
While fenestrated sinusoidal endothelial cells (SECs) abut most
of the basal hepatocyte surface, stellate cells (SCs, also called cells
of Ito or fat-storing cells) integrate between the SECs and the
hepatocyte and can serve as contractile cells (Chapter 1.6).

1.3 Ultrastructure of the hepatocyte
Zahida Khan, James M. Crawford and Donna B. Stolz

Table 1 Volumes of mononuclear rat hepatocyte organelles and inclusions
(from ref. [1] ).

Compartment Volume Percentage 
(µm3/cell) of hepatocyte

Hepatocyte 6791 100

Nucleus 556 8

Cytoplasm 6215 92

Ground substance 4720 69

Lipid droplets 8 1

Mitochondria 1363 20

Peroxisomes 101 1–2

Dense bodies 32 0.5–1

N
n BC

BC

BC

BC

SD

Sinusoid

Sinusoid

2 µm

n

n

N

SD

SEC N
SC

Fig. 1 Low-magnification transmission electron micrograph of a rat hepatic
plate. Hepatocytes are aligned as a single layer of cells between the vascular
capillaries called sinusoids. Hepatocyte apical membrane domains encircle
the bile canaliculus (BC), basal membranes line the space of Disse (SD), 
while the lateral membranes occupy the remaining plasma membrane,
between the BC and the SD. Sinusoidal endothelial cells (SECs) are highly
fenestrated (arrows) and abut the hepatocytes along the SD. A stellate cell
(SC) is visible within the SD, situated between the SEC and the hepatocyte.
The hepatocyte nucleus (N) is centrally located and contains one or two
nucleoli (n).
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1.3 ULTRASTRUCTURE OF THE HEPATOCYTE 21

Kupffer cells, the resident tissue macrophages, attach to the
luminal aspect of the SEC surface, but can also span through 
the SEC gaps and fenestrations to contact hepatocytes and/or
stellate cells (Chapter 1.5).

Plasma membrane

Hepatocytes are polarized epithelial cells, yet they do not exhibit
the typical basolateral-to-apical axis observed in simple bipolar
epithelial cells [2]. On account of their polygonal shape, the 
hepatocyte’s plasma membrane contains domains of subspecial-
ization, which are localized to sinusoidal (basal), lateral, junc-
tional and canalicular (apical) regions (see also Chapter 1.2).
Approximately 40% of the hepatocyte surface is exposed to the
vascular sinusoids [3]. The fenestrated endothelium lining the
sinusoids is intimately associated with at least two faces of a 
hepatocyte, with no basement membrane in between them, such
that each hepatocyte is bathed in plasma on both sides (Figs 1
and 5a). The basal sinusoidal membrane surface of hepatocytes,
which delineates the perisinusoidal space (space of Disse), is
populated by numerous finger-like projections (microvilli) that
greatly enhance the surface area and the hepatocyte’s capacity
for receptor and transport functions (Fig. 3). Consequently,
both coated and uncoated pits can be found at the base of

microvilli, along with caveolae and clathrin-coated endocytic
vesicles in the adjoining cytoplasm. On rare occasions, a
microvillus may protrude through the fenestrae of a SEC and
into the sinusoidal lumen (Fig. 3d); however, the functional
significance of this finding is unknown. Other components of
the space of Disse include chylomicron remnants, scattered 
collagen bundles and nerve processes.

In contrast, the hepatocyte’s lateral membrane surface does
not contain microvilli; it does contain Na+/K+-dependent
ATPase transport activity, and is therefore capable of generating
ion gradients that influence the transport function of the entire
‘basolateral’ domain of the hepatocyte plasma membrane [4]. 
In general, the lateral membranes of adjacent hepatocytes are
relatively straight and separated by an intercellular space of 10 nm
[5]. A number of membrane specializations are also present

SD
SEC

Sinusoid

SD

Collagen
H

SC

KC

HSD

2 µm

H

Fig. 2 Non-parenchymal cell organization within the sinusoid with respect
to hepatic parenchyma. The sinusoidal endothelial cell (SEC) is fenestrated
(arrows) and interacts with the hepatocyte (H) along the space of Disse (SD).
Stellate cells (SC) occupy the area within the space of Disse between the SEC
and the hepatocytes, often under collagen bundles. The resident
macrophage, the Kupffer cell (KC), is adherent to the SEC luminal surface,
but cell extensions can protrude through the SEC fenestrations and gaps to
interact directly with hepatocytes (arrowhead) or stellate cells (double
arrowhead).

SEC

SEC

SEC

Collagen

Collagen

SEC

SD

SD

SD

SD

(a)

(b)

(c)

(d)

Fig. 3 Ultrastructure of the space of Disse. The space of Disse (SD) occupies
the area between the sinusoidal endothelial cell (SEC) and the hepatocyte.
The SD is filled with numerous microvilli originating from the hepatocyte
(a–d). The basal surface of the hepatocyte has many vesicular structures 
(a, arrowhead), indicating its capacity for trafficking proteins and other
molecules in and out of the cell (see also Fig. 13). Chylomicron remnants 
(a and b, arrows) are often found in SEC fenestrations and within the SD.
Collagen bundles are scattered within the SD (b and c). Microvilli have been
observed to protrude through the fenestrations of the SEC (d, arrowhead).
Bars: 100 nm.
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22 1 ARCHITECTURE OF THE LIVER

along this region, mainly in the form of intercellular junctions.
Saccular unions are simply interdigitating cytoplasmic protru-
sions of neighbouring plasma membranes. Junctional complexes
are also present, consisting of tight junctions, adherent junc-
tions, desmosomes and gap junctions (Fig. 4). Tight junctions,
also called zonula occludens, are crucial for limiting the lateral
movement of membrane proteins between apical and basolat-
eral domains and maintaining the blood–bile barrier, but do
demonstrate a degree of ‘leakiness’, as observed in the paracellu-
lar pathway of bile secretion [6]. Adherent junctions serve in 
an anchoring capacity and convey physical stability to the junc-
tion via actin cytoskeletal attachments. Together with the tight
junction, these two components comprise the apical junction
complex. Desmosomes, far less numerous in hepatocytes than
the other components of the apical junction complexes, are
analogous to strong ‘spot welds’ between neighbouring hepato-
cytes and are anchored by intermediate filaments. Gap junctions
are composed predominantly of connexins and are involved in
intercellular communication between hepatocytes in each cord, 
via exchange of small molecules < 1000 Da, including ions and
metabolites.

Unlike the surrounding lateral membrane intercellular junc-
tional region, the bile canalicular region is surrounded by a 
pericanalicular actin microfilament web integrated within 
and around the luminal microvilli [5]. The bile canaliculus is 
a highly specialized intercellular junction formed by plasma
membranes of contiguous hepatocytes (Fig. 5). Bile canalicular
membranes account for 15% of the hepatocyte’s total plasma
membrane surface [7]. They measure approximately 1 µm in

(a)

(b)

TJ

AJ

D

GJ

IF
100 nm

500 nm

AJ
BC

TJ

Fig. 4 Junctional components of the hepatocyte lateral membrane. 
(a) The tight junctions (TJ) surround the bile canaliculus (BC) and physically
delineate the BC components from the lateral membrane space. Adherent
junctions (AJ) are distal to the TJ and provide cytoskeletal support via
microfilament connections. Together, the TJ and AJ are called the apical
junctional complex. (b) Within the lateral membrane, desmosomes (D) serve
as spot welds between adjacent hepatocytes and stabilize the connection by
attachments with intermediate filaments. Gap junctions (GJ) allow for direct
communication between cells. Located at areas of closely apposed
membrane, gap junctions are composed of plasma membrane-spanning
channels. These channels allow for the passage of small molecules such as
ions, sugars, amino acids, etc. between cells.

(a)
(b)

(c)

S
N

N

S 5 µm 500 nm

500 nm

MV

BC

BC

BCBC
MLV

MF

Fig. 5 Ultrastructure of bile canaliculus. 
(a) Localization of the bile canaliculus within
the hepatic plate (arrows); S, sinusoid; N,
nucleus (in binucleate hepatocyte). (b) Typical
simple bile canaliculus (BC) bounded on either
side by tight junctions (between arrowheads).
Apical membrane contains many microvilli
(MV). Individual lipid vesicles are present within
the lumen. (c) Compound bile canaliculi (BC)
between adjacent hepatocytes. Each BC is
bounded by separate apical junctional
complexes (arrows). Areas around the BC 
are concentrated with microfilaments (MF). 
A multilamellar vesicle (MLV) is present within
one of the BC, the result of secondary
transformations of intraluminal biliary lipid.
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1.3 ULTRASTRUCTURE OF THE HEPATOCYTE 23

diameter and constitute the smallest passages of the proximal
biliary system, collecting bile that is apically secreted from hepa-
tocytes and channelling it towards the distal biliary tree [5]. The
canalicular diameter of periportal hepatocytes is greater than
that observed in centrolobular regions; however, structural alter-
ations in canalicular size and morphology are also dependent on
hepatocyte exposure to and secretion of bile acids, such as tauro-
cholate [8]. Unilamellar lipid vesicles (~ 60–70 nm in diameter)
can be found within the canalicular lumen and adherent to the
luminal hemileaflet of the canalicular plasma membrane; their
role in the release of phospholipids into the bile canalicular
lumen is debated (Fig. 5) [9]. In addition, each bile canaliculus is
surrounded by the pericanalicular cytoplasm. This zone (1 µm
in radius) is dense in microfilaments, and it may function in
canalicular contractility, a normal and spontaneous process that
promotes the movement of bile through the canalicular net-
work. Eventually, the bile canaliculus leads to the canals of
Hering, which link the intralobular canalicular system to the bil-
iary tree [10,11] (Fig. 6). Canals of Hering contain the purported
resident hepatic stem cell, called the oval cell (see Chapter 1.9),

which has the ability to differentiate into either a hepatocyte or a
biliary epithelial cell (cholangiocyte). The oval cell is specifically
associated with the bile canaliculus continuum and forms 
heterogeneous cell interactions with hepatocytes [12].

Other organelles found in the pericanalicular cytoplasm
include Golgi, lysosomes and clear vesicles thought to be
involved in the transport of apoproteins and ligands for biliary
secretion (see Chapter 2.6) [13,14].

Endoplasmic reticulum

In general, hepatocytes contain a substantial amount of both
rough and smooth endoplasmic reticulum (ER) (Table 2).
Individual distribution patterns can vary based on lobular dif-
ferences. The most rough ER is found in zone 1 hepatocytes.
Rough ER tends to form a perinuclear network of convoluted,
parallel, flattened sacs (cisternae) that are actually continuous
with each other, the smooth ER and the nuclear envelope (Fig. 7)
[5]. A close association of rough ER with mitochondria has been
observed, but there is no evidence of a direct communication
between them [1].

Rough ER is the site of synthesis of secreted proteins. 
Protein synthesis involves translation of mRNA on ribosomes.
Ultrastructurally, ribosomes are electron-dense granules meas-
uring 15–30 nm in diameter [15]. It is estimated that a single
hepatocyte contains over 10 million membrane-bound ribo-
somes, which cover the outer surface of rough ER (Fig. 7). In
addition, a dynamic pool of free ribosomes and polyribosomes
also exists in the cytoplasm, and these are responsible for syn-
thesizing cytoplasmic and organellar proteins for the cell.

In continuity with the rough ER, the smooth ER forms an
elaborate meshwork of small, smooth-surfaced tubules that 
are devoid of ribosomes and can communicate directly with the
Golgi complex. Zone 3 hepatocytes contain the most smooth
ER, which is often distributed in cytoplasmic regions rich in 
particulate glycogen (Fig. 7). In hepatocytes, smooth ER is spe-
cialized for several important metabolic functions, including the
synthesis of lipids and bile acids, the storage of calcium and the
glucuronidation of bilirubin. The enzyme glucose-6-phosphatase
is localized primarily in the smooth ER, thereby permitting

Portal vein

H

OC

OC
BC

5 µm 10 µm

*

H

N

N

S

*

**

N

PVEC

S
N

*

Fig. 6 Localization of canals of Hering (with bile duct epithelial cells and
bipotential oval cells) in the periportal region of the mouse liver. The lumina
of canals of Hering (*) constitute the terminal channels of the formal biliary
tree, and have heterotypical cellular interactions between canal of Hering
epithelial cells (arrows) and hepatocytes. These lumina are clearly distinct
from homotypical hepatic cellular interactions of upstream bile canaliculi
(BC, **). S, sinusoid; N, hepatocyte nucleus. Inset: high magnification of a
canal of Hering. Oval cells (OC) are ultrastructurally distinct from mature bile
duct epithelial cells or hepatocytes (H), with greatly reduced cytoplasm and a
much smaller, oval nucleus. Unlike hepatocytes, oval cells have a basement
membrane lining the basal membrane domain (arrowheads). PVEC, portal
vein endothelial cell.

Table 2 Surface areas of the major intracytoplasmic organelles in
mononuclear rat hepatocytes (from [1] ).

Compartment Surface Percentage of  
(µm2/cell) total membrane

Total intracytoplasmic membrane 120 298 100

Rough ER 23 228 19

Smooth ER 51 682 43

Golgi 3138 3

Mitochondria 

Outer envelope 7450 6

Inner membrane and cristae 34 800 29

TTOC01_03  3/8/07  6:39 PM  Page 23



24 1 ARCHITECTURE OF THE LIVER

compartmentalization of glucose dephosphorylation from the
major glucose-metabolizing systems in the cytoplasm (glycoly-
sis, gluconeogenesis, glycogen synthesis and degradation).

The most crucial function of this organelle in the liver is drug
detoxification. Smooth ER houses a number of microsomal
mono-oxygenases, including cytochrome P450 enzymes, which
are involved in hepatic phase I drug metabolism [16]. In fact, a
variety of drugs and xenobiotics, such as phenobarbital, can lead
to a massive proliferation of smooth ER, and this is reversed
after drug withdrawal via autophagic vacuoles [17]. Of growing
concern is the increased susceptibility of zone 3 hepatocytes to
toxic injury, as their abundant smooth ER can convert harmless
compounds, such as paracetamol and carbon tetrachloride, into
damaging free radicals, resulting in liver damage.

Golgi complex

The Golgi apparatus is a highly compartmentalized complex of
three to five flattened, parallel cisternae with smooth surfaces,
and each layer is separated by a narrow space (20 nm) [5]. These
closely packed saccules have dilated peripheral rims and are
associated with secretory vesicles. The primary function of the
Golgi is to accurately process and sort newly synthesized pro-
teins. This involves posttranslational modifications (e.g. glyco-
sylation, sulphation, phosphorylation), followed by packaging
into vesicles that are targeted to the appropriate organelle or
plasma membrane. Consequently, the Golgi complex is highly
polarized, containing both cis and trans cisternae (Fig. 8). The
convex cis surface (forming face) is fenestrated and receives
macromolecules delivered by vesicular transport from the ER.
Secretory vesicles arise from the concave trans surface, which has
thicker membranes and forms a trans-Golgi network (TGN). 
In this respect, the Golgi is composed of a dynamic steady-state
system of ER-derived membranes [18]. The secretory vesicles
vary in size, number and content. In hepatocytes, a large number
of Golgi secretory vesicles contain very-low-density lipoproteins
(VLDLs), which appear ultrastructurally as spheres 50–70 nm 
in diameter (Fig. 8) [1]. VLDLs are rich in triglycerides and

function in systemic lipid transport. Other vesicles can target
acid hydrolases to lysosomes (described below).

Lysosomes, multivesicular bodies and
autophagosomes

In general, lysosomes are electron-dense organelles surrounded
by a single membrane. They exhibit a high degree of pleomor-
phism on account of their heterogeneous cargo and variable 
levels of maturation (Fig. 9). Lysosomes contain an impressive
complement of luminal acid hydrolases, including proteases,
nucleases, glucosidases, lipases, phospholipases, phosphatases
and sulphatases. These hydrolytic enzymes enable the lysosome
to degrade the vast majority of biological materials. Con-
sequently, lysosomes can be difficult to identify, as their 
size and shape, as well as the contents of the individual vesicles,
may be either homogenous or heterogeneous, electron dense or

Nucleus

(a) (b)

Eu
M

Gly

M

RER

PR

MP

PR

P

RER
Gly

Gly

500 nm500 nm

SER

SER

RER

M

H

H

Fig. 7 (a) Hepatocyte nucleus showing
euchromatin (Eu), heterochromatin (H) and
nuclear pores (arrows) within the nuclear
membrane. Smooth endoplasmic reticulum
(SER) and rough endoplasmic reticulum (RER)
are in close proximity with both the nuclear
membrane and mitochondria (M). (b) SER is
contiguous with RER as this transition can be
seen (between arrows). Peroxisomes (P) and
mitochondria (M) are found in close association
with both SER and RER. Polyribosomes (PR) can
be observed within the cytoplasm as well as
particulate glycogen (Gly).

M

VLDL
TransCis

MVB

BC

MV

500 nm

Fig. 8 Golgi apparatuses (arrows) are observed in close proximity to the
bile canaliculus (BC). Cis and trans sides are labelled for one Golgi. Newly
synthesized very-low-density lipoproteins (VLDL) are observed within the
trans Golgi secretory vesicles. A multivesicular body (MVB) is observed in this
field.
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finely granular, and may contain any number of inclusions [1].
Zone 1 hepatocytes contain the greatest amount of both lyso-
somes and their associated phosphatase activity.

Primary lysosomes that bud off the TGN are acid phosphatase
positive and 25–50 nm in diameter [5]. Primary lysosomes fuse
with late endosomes, whose contents are bound for degradation.
The acid hydrolases donated by the primary lysosomes are 
activated by the acidic pH of late endosomes, thus forming a 
secondary (mature) lysosome. These can form residual bodies
that often localize in the cytoplasm surrounding the canalicular
region of hepatocytes [1,5]. A variety of secondary lysosomes
have been described. Multivesicular bodies (MVB) contain 
multiple small endocytic vesicles that have turned ‘inside-out’
and have fused with larger vesicles (Figs 8 and 10) [19]. Eventu-
ally, MVB become increasingly electron dense as their contents
are degraded. Alternatively, in many epithelial cells, MVB are
known to fuse with the plasma membrane and expel the vesicular

contents into the extracellular space. In keeping with the peri-
canalicular localization of a portion of hepatocellular lysosomes,
lysosomal contents can be discharged across the canalicular
membrane of hepatocytes into bile [20]. Autophagosomes are
involved in turnover and contain intact or partially digested
organelles (Fig. 11). Lipofuscin granules, which are associated
with ageing, are actually electron-dense lysosomes containing
lipids and a heterogeneous matrix. Interestingly, hepatic lyso-
somes also appear to function as iron-storage vacuoles (sidero-
somes) that contain ferritin-like substances [21].

Mitochondria

Mitochondria are the most abundant organelles in hepatocytes
(approximately 800 per cell), and they function in generating
energy in the form of adenosine triphosphate (ATP) via oxidat-
ive phosphorylation. Mitochondria are large organelles, with an
average diameter of up to 0.6 µm and an average length of up 
to 1.0 µm [22] (Fig. 7). They are actually highly mobile organ-
elles, which closely associate with microtubules and constantly
change their shape and position in the cell [5]. Mitochondria
undergo turnover, with a half-life of 10.5 days, and their 
remnants are often identifiable in autophagosomes (Fig. 11).
Furthermore, although the number of mitochondria decreases
with age, mitochondrial volume remains constant because of
increases in the size of the remaining organelles.

Ultrastructurally, mitochondria consist of a double mem-
brane surrounding the mitochondrial matrix (Figs 7 and 12). 
An intermembrane space exists within the double membrane,
where apoptosis-related proteins are confined (and subject to
release into the cytoplasm if the ‘mitochondrial phase transition’
is activated). The outer membrane (OM) is smooth and helps 
to maintain shape. A number of enzymes are localized to the
OM [5]. The inner membrane (IM) has numerous shelf-like

L L

L

500 nm

500 nm

M

BC

(b)

(a)

Fig. 9 (a) Lysosomes (arrows) are bounded by a single membrane and are
extremely heterogeneous with respect to size, shape and contents. (b)
Secondary lysosomes are common within the bile canalicular region of the
hepatocyte. These more mature lysosomes are more electron dense (arrows)
and often contain lipofuscin granules (arrowheads). BC, bile canaliculus; 
M, mitochondria; L, lipid.

Gly

SER BC

500 nm

Fig. 10 Multivesicular body (arrowed) close to the bile canaliculus (BC).
Glycogen (Gly) and smooth endoplasmic reticulum (SER) are also visible in
the field) (see also Fig. 8).
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invaginations (cristae), which project into the matrix and greatly
increase the IM’s surface area for housing the electron transport
chain and ATP synthases. The electron-dense mitochondrial
matrix contains numerous metabolic enzymes involved in the
urea cycle, fatty acid oxidation and the tricarboxylic acid (TCA)
or Krebs cycle. Mitochondria are self-replicating, deriving pro-
teins both from nuclear somatic genes and about 30 genes 
of mitochondrial DNA (mtDNA). In the latter instance, the
mitochondrial matrix contains circular mtDNA, RNA and ribo-
somes, all of which are necessary for synthesizing mitochondria-
encoded proteins. Mitochondria also contain electron-dense
inclusions, representing calcium stores, which disappear rapidly
during hypoxia [1]. Occasionally, other crystalloid structures
may be apparent in both normal and diseased liver [23].

Peroxisomes (microbodies)

Unlike mitochondria, peroxisomes contain a fine granular,
homogeneous matrix surrounded by a single membrane and 
are approximately 0.2–1.0 µm in diameter [1] (Figs 7 and 12).
There are approximately 200 peroxisomes per hepatocyte, 
making the liver the organ with the most peroxisomes. These
organelles are most abundant in zone 3 hepatocytes [5]. In 

contrast to the large peroxisomes found in liver and kidney, the
peroxisomes of most other mammalian cells are much smaller
(only 0.15–0.25 µm in diameter).

The peroxisomal matrix in rats contains a laminated crystal-
loid core, which is thought to represent the enzyme urate 
oxidase (Fig. 12). In contrast, peroxisomes from human livers
very rarely exhibit this nucleoid core [1]. A vast repertoire of
peroxisomal enzymes (e.g. oxidases, hydroxylases) has been
identified, and these are involved in the synthesis of bile acids,
cholesterol, carbohydrates and plasmalogen (an ether lipid), as
well as in the metabolism of amino acids and purines. The initial
steps in β-oxidation of very-long-chain fatty acids (VLCFAs)
also occur in the peroxisome. Most importantly, the enzyme
catalase, which detoxifies cellular H2O2, accounts for as much 
as 40% of total peroxisomal protein [5]. In hepatocytes, non-
conventional peroxisomal enzymes have also been described,
such as inducible nitric oxide synthase (iNOS, NOS2) [24,25].

The biogenesis of peroxisomes has been studied extensively 
in yeast [26]. Peroxisomes are continuously turned over and, in
hepatocytes, their lifespan is only about 1 day. Of particular
interest in liver is the phenomenon of peroxisome proliferation,
in which certain stimuli can increase peroxisomal volume and
density. This is observed in embryonic and postnatal liver 

(a) 500 nm 500 nm 500 nm

BC

(b) (c)

Fig. 11 Mitochondria at various stages of autophagy (arrows) in hepatocytes. (a) Early autophagosome, in which the mitochondrial ultrastructure (cristae) is
still visible inside the double-membrane vesicle. (b) More mature mitochondrial autophagosome, in which the cristae structure is less apparent, but more layers
of membrane within the autophagosome are visible. (c) More mature autophagosome with mitochondrial components highly condensed within the
autophagosome.

500 nm 500 nm 500 nm(a) (b)

M
M

M

L
LP

P

P

L
P

L L

P

P Fig. 12 (a) Peroxisomes (arrows), also called
microbodies, are approximately 500 nm in
diameter in hepatocytes. They are single
membrane-bound organelles and, in rodents
when viewed by transmission electron
micrography (TEM), a dense core of crystalline
urate oxidase is visible (inset, *). (b) Peroxisome
(P) morphology can be enzymatically enhanced
for light micrography and TEM by staining
lightly fixed cells or tissues with 3,3′-
diaminobenzidine hydrochloride using the
method described by Fahimi [29]. 
M, mitochondria; L, lipids.
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development, in recovery following partial hepatectomy and in
response to various diseases. Specifically, the fibrate class of anti-
hyperlipidaemic drugs (ethyl-α-p-chlorophenoxyisobutyrate,
Clofibrate) and salicylates, as well as endogenous fatty acids, can
induce peroxisome proliferation by activating the peroxisome
proliferator-activated receptor (PPAR) family of transcription
factors in rodents, but not in humans (discussed in later sections).

Intracellular vesicles

Casual inspection of almost any ultrastructural image of the
hepatocyte cytoplasm will reveal countless intracellular vesicles
approximately 100–200 nm in diameter (Fig. 13). These vesicles
enable the endocytosis of extracellular proteins as well as
trafficking of membrane proteins and sequestered luminal con-
tents between the many organelles of the hepatocyte. In the 
first instance, a key mechanism for endocytic internalization of
receptor-bound macromolecular ligands from the basolateral
plasma membrane is via a highly coordinated coalescence of
membrane protein receptors and recruitment of intracellular
cytoskeletal and chaperone proteins (including especially the
‘cage’ molecule, clathrin), engendering first ‘clathrin-coated pits’
(invaginations of the plasma membrane) and then ‘clathrin-
coated vesicles’ (in the cellular space directly beneath the plasma
membrane). In the second instance, the magnitude of the

trafficking between organelles such as the ER, Golgi apparatus
and plasma membrane is staggering. Overall, the estimated
internalization of basolateral plasma membrane area by endo-
cytosis is about 2%/min [14]. The estimated delivery of plasma
membrane lipid to the apical (canalicular) membrane of the
hepatocyte is 9% of apical membrane area per minute. In order
for the hepatocyte to remain at structural steady state, it is 
therefore necessary for the delivery of membrane lipid to the
basolateral plasma membrane at a similar rate of 2%/min. In 
the case of the canalicular membrane, 8% of the canalicular
membrane phospholipid is extruded into bile per minute, as
part of normal bile secretion [14]. The remainder of the lipid
mass of the canalicular membrane is retrieved back into the 
hepatocyte via apical endocytosis [27]. Hence, although attention
is largely given to defined organelles in discussing the ultrastruc-
ture of the hepatocyte, one must acknowledge the profound
dynamic contributions of intracellular vesicular traffic.

Additionally, caveolae are small invaginations found on the
surface of most cells, including hepatocytes [28]. Latin for ‘little
caves’, caveolae are small (50–100 nm), vessel-shaped invagina-
tions that mediate various aspects of endocytosis including
potocytosis, transcytosis and general membrane trafficking.

Nucleus

The nucleus in hepatocytes is round or oval and approximately
6–7 µm in diameter (Figs 1, 5 and 7) [1]. Interestingly, hepato-
cytes can exhibit one or more centrally localized nuclei, each
containing at least one nucleolus (Fig. 5). Within the nucleo-
plasm, clumps of electron-dense heterochromatin, often closely
apposed to the nuclear membrane, can be observed, indicating
tightly coiled, inactive chromosomes. Mitotic figures are rare in
resting hepatocytes. The double membrane nuclear envelope
fuses periodically to form nuclear pores, which are similar to
those of other cell types (Fig. 7). The hepatocyte nucleus can 
also contain a number of inclusions. The most common inclu-
sion is monoparticulate glycogen (30-nm particles), which can
accumulate in large or small amounts [5]. Nuclear bodies are
also frequent, consisting of 5- to 7-nm filamentous inclusions
surrounded by a clear halo [5]. Lipid droplets are rare inclusions
in normal hepatocyte nuclei.
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Introduction

Liver sinusoidal endothelial cells (LSEC) form a highly spe-
cialized layer of cells lining the plates of hepatocytes. LSEC 
constitute a mechanical filter and a metabolic organ that is 
critically involved in multiple physiological and pathological
processes such as liver organogenesis, liver regeneration,
chronic inflammatory liver disease and hepatocarcinogenesis.
This chapter will review the current knowledge of LSEC and
their role in specific liver conditions.

Role of LSEC in liver homeostasis

It is estimated that 1 × 108 (20%) of all cells in the liver are LSEC,
which is the most frequent cell type in the liver after hepatocytes.
LSEC form the hepatic microvasculature called liver sinusoids,
which consist of LSEC plates between plates of hepatocytes. 
In comparison to the microvasculature of most other organs 
and large liver blood vessels, liver sinusoids lack an underlying
basement membrane [1]. The vascular bed in the liver is charac-
terized by a discontinuous endothelial cell lining and sieve-like
endothelial cells with fenestrae (pores) (Fig. 1). These plates
filter the fluids that are exchanged between the sinusoidal 
lumen and the space of Disse, defined as the perisinusoidal space
separating the sinusoids from the adjacent hepatocytes (see
Chapter 2.1.2) [2]. Endothelial fenestrae measure 150–175 nm,
occur at a frequency of 9–13/µm2 and occupy 6–8% of the total
endothelial surface in scanning electron microscopy prepara-
tions [3]. Endothelial fenestrae have a lobular gradient in dia-
meter and frequency along a portal to central axis [3], resulting 
in a higher porosity in centrolobular regions. The diameter of 
fenestrae can be influenced by different agents, such as sero-
tonin, CCl4, alcohol, nicotine, pantetheine and pressure [2,4–6].
Because of the limited porosity (< 10%) of the endothelial cells,
they constitute a barrier that protects the parenchymal cells
from direct contact with the blood. The fenestrated lining blocks
the passage of particles larger than about 200 nm, such as 
chylomicrons [7,8]. Chylomicron remnants, which, after being
metabolized by lipoprotein lipase, are smaller (30–80 nm) than

chylomicrons, can enter the space of Disse and can be metabo-
lized further by hepatocytes [9]. Fenestrae are surrounded by 
an intracellular filamentous, fenestrae-associated cytoskeleton
ring composed of microfilaments, intermediate filaments and
microtubules [10]. The diameter of this ring can increase or
decrease, and reorganization of the cytoskeleton can form addi-
tional fenestrae within minutes upon stimulation [10–12]. 
The contraction of fenestrae after serotonin administration is
associated with an increase in calcium [10]. Vascular endothelial
growth factor (VEGF) induces fenestration in LSEC, possibly
through caveolin-1 protein [12].

LSEC represent an important blood clearance system and
possess specialized endocytotic mechanisms for uptake of 

1.4 Liver sinusoidal endothelial cells
David Semela and Vijay H. Shah

Fig. 1 Endothelial cell surrounding the sinusoidal lumen. The endothelial
cell lining is fenestrated and separates the space of Disse from the lumen. It
is thought that all transport between the lumen and the parenchymal cells
has to pass through this filter. The endothelial lining seems to be supported
by processes of fat-storing cells (asterisk). Endothelial cells of the sinusoids
have a high endocytotic and digestive capacity, reflected here by the
presence of lysosomes, which are quite abundant in these cells. Ec,
endothelial cell; g, Golgi apparatus; L, sinusoidal lumen; SD, space of Disse;
Pc, parenchymal cell.
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30 1 ARCHITECTURE OF THE LIVER

various substances (i.e. transferrin, ceruloplasmin, transcobal-
amine II, heparin, albumin, lipoproteins and hyaluronate) and
antigens. Hyaluronate is a high-molecular-mass polysaccharide
that is cleared from the circulation by LSEC through receptor-
mediated endocytosis. The ability of LSEC to take up
hyaluronate is used as a functional marker of sinusoidal
endothelial cells [13,14]. Rising serum hyaluronate levels corre-
late with decreased endocytotic capabilities of LSEC and have
been used as an adjunctive test in the assessment of patients with
alcoholic liver disease [15]. The mannose receptor has been well
studied for its role in binding and internalizing compounds 
or antigens that contain specific terminal glycoproteins [16, 
17]. Ligands are delivered to endosomes and lysosomes after
internalization for degradation, and receptors are recycled by
returning to the cell surface [17].

LSEC play an important role in immunity and inflammation
[18,19]. LSEC facilitate adhesion of leukocytes and lymphocytes
by secreting chemokines and expressing molecules such as vas-
cular cell adhesion molecule 1 (VCAM-1), vascular adhesion
protein (VAP-1) and intercellular adhesion molecule 1 (ICAM-1)
[20 –22]. LSEC are in direct contact with bloodborne antigens
that traverse the bowel mucosa and enter the portal circulation
intact. They are very efficient at antigen uptake through their
scavenging receptors [18]. Besides major histocompatibility
complex (MHC) class I molecules, they also express MHC class
II molecules and can act as antigen-presenting cells to T cells
[23,24]. They have been shown to prime naive CD4+ T cells
[25]. LSEC can cross-present exogenous antigens and render
CD8+ T cells tolerant, possibly explaining the phenomenon 
of immunological tolerance in liver transplant patients and of
avoidance of unwanted autoimmune reactions against food
antigens [24,26].

LSEC are key players in angiogenesis and vasculogenesis of the
liver, which are defined as the formation of new blood vessels
from pre-existing vascular beds and de novo organization of
endothelial cells into vascular structures respectively. Formation
of new blood vessels starts with activation of LSEC, which 
will then proliferate, migrate and, finally, assemble into vascular
structures. As described below, this process requires a complex
interplay of cells and angiogenic factors and is found in virtually
all physiological and pathological hepatic processes.

Molecular biology and signalling in LSEC

In the past decade, tremendous insight has been gained into the
molecular biology and signalling pathways of endothelial cells.
Numerous receptors and ligands [i.e. VEGF/VEGF receptors
(VEGFR), hepatocyte growth factor (HGF)/c-MET, angiopoietins/
Tie, fibroblast growth factor (FGF)/FGF receptor, nitric oxide
(NO)/integrins] and their role in proliferation, migration, sur-
vival and apoptosis of endothelial cells have been identified.
VEGF (VEGF-A), a 45-kDa homodimeric glycoprotein that can
be produced and secreted by most mammalian cells is the most
important growth and survival factor for LSEC and endothelial

cells in general [27]. VEGF expression is upregulated through
different cytokines, growth factors and hypoxia-inducible factor
(HIF)-1α (Fig. 2) [27]. Its effects are mediated mainly through
the cell surface tyrosine kinase receptors VEGFR-1 [also known
as fms-like tyrosine kinase (Flt)-1 or FLT-1 in humans] and
VEGFR-2 [also known as mouse fetal liver kinase (Flk)-1 
or kinase domain region (KDR) in humans] [27]. VEGFR-1 is
highly expressed in LSEC and in endothelial cells of hepatic 
arterioles [28,29]. VEGFR-2 expression in resting liver is limited
to endothelial cells of the larger hepatic vessels, whereas LSEC
upregulate VEGFR-2 during liver regeneration [28]. VEGFR-3
[fms-like tyrosine kinase (Flt)-4] has not been detected on LSEC
in resting or regenerating liver [28]. Most of the endothelial cell
signalling studies have used human umbilical vein endothelial
cells, so-called HUVECs, rather than LSEC. However, liver-
specific data are emerging, especially from studies using partial
hepatectomy in rodents as a model for studying LSEC and 
their cross-talk with hepatocytes during hepatic regeneration
[28–32]. The differential effects of VEGFR-1 and -2 in LSEC are
summarized in Table 1. It is now well established that VEGF

HIF-1α

LSEC

Hepatocyte O2

VEGF

Angiogenesis

Fig. 2 Hypoxia is a potent stimulator of VEGF expression and angiogenesis.
Hypoxia-inducible factor (HIF)-1a is the key transcription factor in hypoxic
states in the liver, and it induces the expression of several hypoxia response
genes such as VEGF and VEGFR1. LSEC, liver sinusoidal endothelial cells;
HIF-1a, hypoxia-inducible factor 1a; VEGF, vascular endothelial growth
factor.

Table 1 Differential effects of VEGF receptors 1 and 2 in liver sinusoidal
endothelial cells [27].

VEGF receptor 1 VEGF receptor 2

Release of HGF and IL-6 Migration

Cross-talk with VEGF receptor 2 Proliferation

Induction of MMP-9 Survival

Decoy for VEGF Angiogenesis

VEGF, vascular endothelial growth factor; HGF, hepatocyte growth factor;

IL-6, interleukin-6; MMP-9, matrix metalloproteinase 9.
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secreted by hepatocytes stimulates LSEC proliferation and liver
angiogenesis by signalling through VEGFR-2, whereas activa-
tion of VEGFR-1 on LSEC induces the secretion of liver-specific
growth factors such as HGF and interleukin (IL)-6, which will
promote survival and proliferation of hepatocytes during liver
regeneration (Fig. 3). Many of the over 70 activated genes during
liver regeneration encode angiogenic growth factors and recep-
tors other than the VEGF and HGF/c-Met signalling pathways
[i.e. angiopoietins, platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF)] (reviewed in [32]). Similar
interactions between endothelial cells and hepatocytes are at
play during liver organogenesis (see below).

NO is another key signalling pathway in LSEC. Production of
NO via endothelial NO synthase (eNOS) is limited to endothe-
lial cells among all liver cell types [21]. LSEC-derived NO regu-
lates blood flow through sinusoids via paracrine effects on
hepatic stellate cells [33]. Shear stress is a key regulator of LSEC
NO production, a characteristic that may autoregulate hepatic
blood flow [34]. For example, if sinusoidal blood flow is high,
eNOS-mediated production of NO dilates the vascular bed,
thereby decreasing resistance [34]. In cirrhosis, eNOS-derived
production in liver is decreased [35]. Other important agonists
that activate eNOS include endothelin (via the ET-B receptor),
VEGF, estrogen and others [33,36–38]. Inducible NO synthase
(iNOS) is induced upon stimulation by liver injury or cytokine
induction [39,40]. LSEC produce NO via iNOS in response 
to interferon (IFN)-γ and lipopolysaccharide (LPS) [41]. In 
contrast, tumour necrosis factor (TNF)-α and IL-1β, which
stimulates the induction of iNOS in hepatocytes, does not
induce iNOS in LSEC [41]. Thus, both eNOS and iNOS are
important regulators of NO generation in LSEC depending on
the haemodynamic/pathophysiological circumstance.

VEGF and NO have recently been shown to be necessary 
to maintain the phenotype of LSEC [42]. Inhibition of VEGF 
or NO signalling causes dedifferentiation of LSEC with loss 
of fenestrae and the appearance of CD31 on the cell surface.
Dedifferentiation is also called capillarization and occurs in 
various liver pathologies.

Recent advances in large-scale screening technologies for
genes and proteins and in the isolation of LSEC allow the invest-
igation of different expression patterns between normal LSEC
and activated LSEC in diseased liver tissue. These techniques 
can identify functional genes using cDNA expression libraries
from human LSEC isolated, for example, from hepatocellular
carcinoma (HCC) or endothelial surface markers using subtrac-
tive proteomic mapping [43–45].

LSEC in specific liver conditions

Liver organogenesis

Liver sinusoids form during liver organogenesis by vasculo-
genesis, which is defined as de novo organization of endothelial 
cells and/or angioblasts into blood vessels in the absence of any
pre-existing vascular system. Liver sinusoids develop between
gestational weeks 4 and 12 and are accompanied by recruitment
of haematopoietic cells to fulfil the intrahepatic haematopoietic
function, which begins by week 7 of gestation and reaches a
maximum by week 12 of gestation [46,47]. The differentiation
of LSEC during liver organogenesis has been studied in human
fetuses, and two phases of differentiation have been identified
[47]. In an early phase of structural differentiation (gestational
weeks 5–12), LSEC lose markers of continuous endothelium
(i.e. CD31, CD34, 1F10). The composition of the subendothelial
matrix shifts during this phase from a typical vascular basement
membrane (rich in laminin, devoid of tenascin) to that of an
adult perisinusoidal matrix (low in laminin and rich in tenascin)
[47]. A later structural differentiation (gestational weeks 10–20)
is characterized by the acquisition of the markers of adult sinu-
soidal endothelial cells (CD4, ICAM-1, FcR IgG II, CD14) [47].

Endothelial cells are also critical for normal development of
the liver parenchyma and induce the outgrowth of the liver bud
into the mesenchyme [46]. Cross-talk between LSEC and hepa-
tocytes through VEGF and HGF signalling has been shown to be
crucial during liver organogenesis. Knockout mice for VEGF
[48,49], VEGFR1 [50,51] or VEGFR2 [46] result in embryonic

Survival, proliferation

Proliferation Secretion

VEGFR-2 VEGFR-1

HGF, IL-6

Injury

VEGF

LSEC

Hepatocyte

c-Met

Fig. 3 Paracrine signalling between LSEC and
hepatocytes. During liver regeneration, VEGF is
produced by hepatocytes and induces the
secretion of growth factors such as hepatocyte
growth factor (HGF) and interleukin-6 (IL-6)
from LSEC, which in turn stimulate hepatocyte
proliferation. Activation of VEGFR-2 on LSEC
stimulates proliferation, whereas growth and
survival are mediated through VEGFR-1. LSEC,
liver sinusoidal endothelial cells; VEGF, vascular
endothelial growth factor; VEGFR-1, vascular
endothelial growth factor receptor 1; VEGFR-2,
vascular endothelial growth factor receptor 2;
c-Met, hepatocyte growth factor receptor.
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lethality at embryonic (E) days E11–E12, E8.5 and E9.5–E10.5
respectively. VEGFR2-deficient mice lack mature endothelial
cells and blood vessels and fail to develop a liver bud [46].
Knockout mice for HGF [52,53] or the HGF receptor c-Met [54]
fail to complete development and also die in utero between days
E13.5 and E16.5. The livers of these mice are small and show
extensive loss of parenchymal cells.

Liver regeneration

LSEC are key players in the process of liver regeneration and
have been studied extensively in animal models after partial 
hepatectomy. Regrowth of liver after resection or liver injury is
angiogenesis dependent and can be accelerated by proangio-
genic growth factors such as VEGF [29,55–57] or inhibited by
LSEC-inhibiting factors such as angiostatin or TNP-470 [58,59].
Detailed studies have shown that, following hepatectomy, LSEC
are activated and start to proliferate after hepatocytes, which 
initially form avascular clusters of 10–14 cells [28,60]. Attracted
by chemotactic stimuli, LSEC will migrate and finally revascu-
larize these islands [28,60]. In a final step, the normal architec-
ture of liver sinusoids with fenestrated LSEC is reconstituted
[28,60]. Endothelial progenitor cells, mobilized from bone mar-
row by systemically circulating growth factors and chemokines
produced in the regenerating liver, contribute by homing to
these sites of neovascularization in the liver and by committing
to sinusoidal endothelial cells [61].

On a molecular level, it has been shown that hepatocyte 
production of VEGF reaches a peak 2–3 days after hepatectomy
and is detected mainly in periportal hepatocytes [56,60]. At 
the same time, LSEC increase the expression of VEGFR-1 and
VEGFR-2 and release HGF, which is the most potent stimulator
of hepatocyte proliferation (see above and Fig. 3) [28,29].
Neutralizing antibodies against VEGF inhibit LSEC and hepato-
cyte proliferation, whereas administration of additional VEGF
in hepatectomized rodents increases their proliferation [55,56],
accelerates gain in liver mass [29] and improves functional 
hepatic recovery [57].

Hepatocellular carcinoma

Growth of solid tumours such as HCC is dependent on 
angiogenesis for vascular supply of the malignant tissue [62].
Proliferation of local LSEC and possibly incorporation of circu-
lating endothelial progenitor cells contribute to the formation of
new blood vessels in HCC, which is a hypervascular tumour
characterized by blood supply derived exclusively from the hep-
atic artery [62]. This process is regulated by a well-coordinated
interplay of various growth factors secreted by hepatocytes, 
neoplastic cells, hepatic stellate cells and tumour-infiltrating
inflammatory cells [63–66]: tumour hypoxia leads to stabiliza-
tion of HIF-1α with subsequent upregulation of proangiogenic
growth factors such as VEGF, which stimulate LSEC prolifera-
tion, migration and survival. In addition, genetic mutations 

in neoplastic hepatocytes lead to secretion of proangiogenic
growth factors and LSEC stimulation. Multiple studies have
shown the overexpression of VEGF and other endothelial cell
growth factors in HCC [67–76]. Various growth factors [i.e.
basic FGF, transforming growth factor (TGF)-α, epidermal
growth factor (EGF), PDGF] and cytokines (i.e. IL-1β, TNF-α,
IFN-α and -γ) increase the secretion of VEGF in HCC cell lines
[68]. Expression of VEGF increases gradually during hepatocar-
cinogenesis from low-grade dysplastic nodules to high-grade
dysplastic nodules to early HCC, and correlates with LSEC
microvessel density and sinusoidal capillarization, characterized
by loss of fenestrae and development of a basement membrane
[66,77]. Serum VEGF levels in patients with HCC correlate with
tumour expression of VEGF, stage of HCC, absence of tumour
capsule, presence of intrahepatic metastasis, presence of micro-
scopic venous invasion and postoperative recurrence [78–81].
The pretreatment serum VEGF level is a significant inverse 
predictor of survival in HCC patients undergoing resection and
in patients with unresectable HCC undergoing transcatheter
arterial chemoembolization [75,82].

Antiangiogenic therapies targeting VEGF and other signalling
pathways in LSEC are currently being evaluated in patients with
HCC [62]. Genomic and proteomic analysis of isolated LSEC
from HCC are promising new strategies for the identification 
of novel markers and LSEC targets for antiangiogenic therapy 
in HCC [43–45].

Chronic liver disease

Chronic liver disease with fibrosis and cirrhosis leads to the for-
mation of an abundant vascular network and abnormal hepatic
microcirculation [83–86]. The deposited matrix proteins of
fibrosis contain and sequester different angiogenic factors such
as VEGF, which are liberated during remodelling of the con-
nective tissue framework by proteolytic enzymes such as matrix
metalloproteinases [87,88]. Additionally, hypoxia-driven hepa-
tocyte production of VEGF is upregulated during fibrogenesis
leading to LSEC proliferation and angiogenesis [89,90]. Hypoxia
and VEGF induce the expression of type 1 collagen in activated
hepatic stellate cells [90,91]. Neutralizing antibodies against
VEGFR-1 and VEGFR-2 in murine CCl4-induced liver fibrosis
both suppressed neovascularization in the liver and significantly
attenuated the development of fibrosis and the increase in fibro-
sis markers [92]. Other studies have demonstrated that LSEC are
also able to produce extracellular matrix components such as
fibronectin, laminin and type 4 collagen when stimulated with
TGF-β [93,94].

Development of portal–systemic collateral vessels in portal
hypertension is a mechanical consequence of high vascular resis-
tance and increased portal pressure with subsequent opening of
collateral vessels [95]. However, recent evidence suggests that
active, VEGF-dependent angiogenesis also contributes to this
process as the expression of VEGF and VEGFR-2 increases in
splanchnic organs after partial portal vein ligation in mice in a
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time-dependent fashion during the evolution of portal hyper-
tension [96]. Antibodies against VEGFR-2 and VEGFR-2-specific
tyrosine kinase inhibitor, given to these animals after ligation,
inhibit the formation of portal–systemic collateral vessels [96].
In liver cirrhosis, NO production from LSEC is diminished,
whereas production of the constrictor ET-1 is increased, which
contributes to the high vascular resistance in portal hyper-
tension [33,35]. This most likely occurs through defects in 
posttranslational processing of eNOS [38,39].

LSEC in the ageing liver

With ageing, a decrease in the number of fenestrae in LSEC 
has been described (pseudocapillarization) [97]. It has been
hypothesized that this process may lead to disordered lipid
metabolism and enhance atherosclerosis as chylomicron 
remnants are less and less able to traverse the liver sieve [97,98].
The cause of these age-related changes is unclear, although
chronic exposure to oxidants and alcohol have been shown 
to induce changes in LSEC [9,99].

It is beyond the scope of this chapter to cover all diseases
affecting LSEC. Veno-occlusive disease (VOD), drug toxicity,
ischaemic–reperfusion injury and rejection after liver transplan-
tation will be discussed in other chapters.
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Morphological characteristics and
localization of Kupffer cells

Kupffer cells (KC), the largest fixed tissue macrophage popu-
lation in the body, are located in hepatic sinusoids. They are
anchored to the luminal surface of sinusoidal endothelial 
cells through cytoplasmic processes, some of which can also
reach through the fenestrae of the endothelial cells and contact
stellate cells and parenchymal cells [1,2]. Other processes can
reach across the lumen of the sinusoids to anchor the cell to
other endothelial cells [1]. Thus, in contrast to other tissue
macrophages, KC are continuously in contact with blood. KC
have the typical morphology of macrophages with microvilli,
lamellopodia and filopodia on the surface and large numbers of
lysosomes and pinocytotic vesicles in the body of the cell (Fig. 1)
[1]. In addition, KC show characteristic ‘worm-like structures’,
which represent invaginations of plasma membranes (Fig. 1).
The location and the morphological characteristics reflect the
main function of KC, which is effectively to remove all foreign
material from the blood by phagocytosis or pinocytosis and to
eliminate it by lysosomal degradation.

Based on cell number, KC represent approximately 30% of
the non-parenchymal cell fraction and about 15% of all liver
cells. However, KC account for only 2.5% of the total protein
content of the liver [2,3]. The distribution of KC within the sinu-
soid is variable. The periportal area contains 43% of the cells, the
midzonal region about 32%, and the remaining 25% of KC are
located in the centrolobular area [4]. The periportal KC are the
largest cells, have the highest content of lysosomal enzymes 
and show the most active phagocytosis [4]. Furthermore, they
also generate more superoxide in response to most stimuli [5].
Destruction of predominantly periportal KC reduced hepatic
tumour necrosis factor (TNF)α formation during endotoxaemia
in vivo by 90%, suggesting that the large, periportal KC are also
the most active cytokine-producing cells [6].

The origin of KC in the liver is controversial [7–9]. In 
normal livers, KC have a half-life of several months, which 
correlates with the small mitotic index [8]. Even when the 
liver was stressed with partial hepatectomy or zymosan, mitosis

accounted for almost all cell recovery during the initial phase
[9]. Mononuclear cell recruitment from blood and bone mar-
row became more important at later time points [9]. On the
other hand, it was suggested that KC do not proliferate and are
always replaced by blood-derived monocytes with a half-life 
of 21 days [7]. Furthermore, KC have the sex karyotype of 
the donor after bone marrow transplantation, supporting the
hypothesis that KC are derived from bone marrow cells [10].

1.5 Kupffer cells
Hartmut Jaeschke

Fig. 1 Kupffer cell (KC), sinusoidal endothelial cell (SEC) and fat-storing cell
(FSC) in a sinusoid of rat liver. The Kupffer cell shows characteristic features
of macrophages including filopodia, ‘worm-like structures’ (invaginations of
cell membranes) and a high content of lysosomes. Magnification × 5000
(picture courtesy of Dr Robert McCuskey, University of Arizona).
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Together, the data indicate that KC can proliferate and can be
recruited from the bone marrow. The relative contribution of
each pathway depends on the experimental conditions.

Functions of Kupffer cells in the liver

KC, as the resident macrophages, have many functions that are
essential for homeostasis in the liver and the innate immune
response including phagocytosis, pinocytosis (receptor-mediated
endocytosis) and mediator formation [2,11,12]. KC and sinu-
soidal endothelial cells (SEC) express several receptors, e.g. 
scavenger receptors and mannose receptors, which can bind
endogenous soluble waste molecules (e.g. fibronectin, chon-
droitin sulphate, collagen) and even viruses, lipopolysaccharide
(LPS) and other pathogenic substances. However, internaliza-
tion and degradation of these soluble molecules by receptor-
mediated endocytosis occurs mainly in SEC [11,13]. The main
function of KC is to bind and remove particles (> 1 µm in 
diameter) from blood by phagocytosis, which does not occur in
SEC [11].

Phagocytosis

KC in vivo phagocytose mainly opsonized particles, which 
bind to specific receptors [2]. Similar to SEC, KC express Fc-γ
receptors [14]. These receptors interact with the Fc domain of 
immunoglobulin G (IgG) and bind IgG-coated particles and 
soluble bloodborne IgG–immune complexes. KC phagocytose
IgG-coated particles and potentially larger aggregates of immune
complexes. Although KC can take up soluble IgG–immune com-
plexes [14], SEC remove them more effectively through endo-
cytosis [11]. KC express scavenger receptors, which are a group 
of receptors that recognize negatively charged ligands [15].
Oxidized lipoproteins from blood, apoptotic bodies and a 
variety of pathogens are taken up into KC through scavenger
receptors [15,16]. Similarly, scavenger receptors can bind LPS
and internalize it without inflammatory mediator formation
[17]. Complement is a major host defence system in plasma, and
its activation leads to opsonization of pathogens, immunoglob-
ulins and DNA, with larger fragments derived from complement
factors C3 and C4, i.e. C3b and C4b. KC express a number of
complement receptors, including CR1, CR3 (CD11b/CD18) and
CR4 (CD11c/CD18) [18–20]. KC bind, internalize and degrade
complement-coated pathogens through receptor-mediated
endocytosis or phagocytosis [20]. Fibronectin in plasma is also
able to opsonize various endogenous and exogenous substances,
which are then bound to fibronectin-specific receptors on KC and
internalized through phagocytosis [21]. Although it was gener-
ally assumed that KC with their receptors are mainly responsible
for the clearance of pathogens from the blood [18], more recent
evidence suggests that some bacteria are bound to the surface of
KC, where they are internalized and destroyed by infiltrating
neutrophils [22]. KC ingest the neutrophils, thus preventing the
release of toxic mediators from dying neutrophils [22].

Formation of inflammatory mediators

Upon activation, KC can generate a large amount of inflamma-
tory mediators including cytokines [e.g. TNFα, interleukin 
(IL)-1, IL-6, IL-10], chemokines (e.g. IL-8), nitric oxide, super-
oxide and prostanoids [12]. In turn, some of the mediators can
bind to KC in an autocrine fashion and either further activate
these macrophages (e.g. TNFα) or downregulate proinflamm-
atory mediator formation (e.g. IL-10, IL-13 or prostaglandin
E2) [12,23]. Two pathophysiologically important activating
pathways in KC will be discussed.

One of the most relevant activators of KC is LPS, a wall com-
ponent of gut-derived Gram-negative bacteria. LPS activation
involves LPS-binding protein (LBP), CD14 and the Toll-like
receptor 4 (TLR4) [24]. LBP binds the lipid A portion of LPS
with high affinity and can mediate the transfer of LPS to 
the cell surface receptor CD14 on KC. This activity decreases 
the amount of LPS necessary to activate KC in vitro [25]. 
On the other hand, LBP can also facilitate the transfer of LPS 
to lipoproteins [24]. Functional studies in LBP gene knockout
mice in vivo showed that TNFα formation in response to LPS 
is unaffected [26]. In addition, administration of recombinant
LBP to mice attenuated LPS-induced cytokine formation and
protected against LPS-induced liver injury [27]. Thus, the main
function of LBP in vivo appears to be more to protect against the
deleterious effect of LPS and other pathogens rather than being
an obligatory mediator for LPS signalling in KC [24,28].

Although rodent or human KC show a low baseline expres-
sion of CD14, LPS-induced TNFα formation is still dependent
on CD14 [29]. In support of this finding, CD14-deficient mice
are insensitive to LPS in vivo [30]. CD14 can be upregulated in
KC by LPS; increased expression of CD14 was observed in
human and rodent livers with inflammatory diseases [24]. The
functional significance of CD14 induction could be demon-
strated by the reduced inflammatory response and attenuated
liver injury in CD14-deficient mice after chronic alcohol treat-
ment [31]. As CD14 is a protein without a transmembrane com-
ponent, it requires interaction with other proteins, i.e. Toll-like
receptors (TLRs), to induce KC activation. Among the 10 cur-
rently identified TLRs, TLR2 and TLR4 are highly expressed on
macrophages [32]. However, natural mutants of TLR4 and
TLR4 gene knockout mice but not animals deficient in TLR2 are
completely resistant to LPS [24,32]. TLR4 is specific for LPS
[24]. Signalling through TLR4 requires the presence of MD-2 on
the cell surface (Fig. 2) [33]. In addition, the cytoplasmic tail of
TLR4, which has similarities to the IL-1 receptor family, recruits
adapter molecules including MyD88, which binds the serine/
threonine kinase IL-1 receptor-associated kinase (IRAK)-1 
and -4 [32]. IRAK-4 phosphorylates IRAK-1, which then recruits
TNFα receptor-associated factor-6 (TRAF6) to the complex. 
The IRAK-1/TRAF6 complex dissociates from the receptor 
and binds transforming growth factor-beta-activated kinase 1
(TAK1) and TAK1-binding proteins (TAB1 and TAB2) (Fig. 2).
Whereas IRAK-1 remains at the membrane, the complex of
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TRAF6/TAK1/TAB1/TAB2 moves into the cytosol and binds
additional proteins such as Ubc13 and Uev1A [32], which
induces the activation of TAK1 and eventually causes NF-κB
activation, its translocation to the nucleus and subsequent 
formation of various proinflammatory cytokines (Fig. 2) [32].
The critical role of these adapter molecules for LPS signalling in
KC is supported by reduced TNFα formation in mice deficient
in MD-2 [35], MyD88 [36], IRAK [37] or TAK1 [38]. Despite
the importance of the MyD88-dependent signalling pathway 
for cytokine formation in response to TLR4 activation, MyD88-
independent signalling also occurs in macrophages [32,34].
Animals with mutations or a deficiency in the TLR4 receptor 
are protected against various liver pathogenesis including LPS
hepatotoxicity, alcohol-induced liver damage and ischaemia–
reperfusion injury [24,34].

Other important stimulators for KC are components of 
the complement cascade, which can be activated by immune
complexes through the classical pathway or by LPS and other
microbial surfaces through the alternative pathway [20]. The
larger complement fragments C3b and C4b are involved in 
the opsonization of pathogens, which leads to binding to the

complement receptors CR1, CR3 and CR4 on KC and subsequent
phagocytosis [20]. On the other hand, the smaller fragments
(anaphylatoxins), e.g. C5a, bind to specific high-affinity recep-
tors, e.g. C5aR/CD88, which are members of the rhodopsin 
subfamily of G protein-coupled receptors [39]. C5aR is consti-
tutively expressed on human and rodent KC [39]. Activation of
KC with C5a leads to activation of phospholipases with release 
of intracellular messengers [40]. Although the detailed intra-
cellular signalling mechanisms for activation of nicotinamide
adenine dinucleotide phosphate dehydrogenase (NADPH) 
oxidase, especially in KC, are not well established, it involves 
a number of kinases, including protein kinase C, which phos-
phorylate components such as p40phox and p47phox [40]. These
phosphorylation steps trigger translocation of individual 
components to the cell membrane and induce the assembly 
of the active enzyme [40].

Pathophysiological role of Kupffer cells

KC activation has been implicated in a growing number of 
liver diseases with both detrimental and beneficial impacts. The
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specific involvement of KC in three relevant injury mechanisms
will be highlighted.

Hepatic ischaemia–reperfusion injury

Periods of warm and cold ischaemia can activate KC [41].
Whereas the larger KC of the periportal region are fully activated
and generate reactive oxygen, the smaller KC are mainly primed
[41,42]. Functional inactivation of KC with gadolinium chloride
and other intervention strategies attenuated this oxidant stress
and reduced the early reperfusion injury phase [41,42]. Further
support for the critical role of a KC-derived vascular oxidant
stress in the pathophysiology comes from the observation that
reduced glutathione (GSH) released into the sinusoid can de-
toxify these reactive oxygen species and attenuate reperfusion
injury (Fig. 3) [42]. In fact, the enhanced release of GSH from
hepatocytes under inflammatory conditions appears to be a 
general endogenous mechanism to limit a potential detrimental
effect of KC-mediated vascular oxidant stress [41]. Con-
sequently, intravenous infusion of GSH attenuated hepatic
reperfusion injury by scavenging reactive oxygen in sinusoids
[41–43]. Although KC generate mainly superoxide through
NADPH oxidase, the major oxidant for GSH in plasma is hydro-
gen peroxide (H2O2) [42]. In addition, H2O2 can diffuse into
nearby hepatocytes and trigger an intracellular oxidant stress,
which is responsible for parenchymal cell damage [44]. Thus, in
addition to the interception of vascular reactive oxygen spe-
cies, strengthening of intracellular defence mechanisms against

oxidant stress is a second important intervention strategy to
limit tissue injury due to KC activation [45].

Activated KC also generate cytokines and chemokines, which
enhance the inflammatory response and promote the infiltra-
tion of neutrophils [23,41]. Although more cell death occurs
during the later, neutrophil-mediated injury phase, cytotoxic
and proinflammatory mediators derived from activated KC
determine the severity of the overall inflammatory response 
and tissue damage. Thus, limiting early KC activation could be
an effective intervention strategy. However, KC are activated
through multiple mechanisms during ischaemia–reperfusion
(Fig. 3). Exposure of isolated KC to hypoxia leads to reactive
oxygen formation during reoxygenation [42]. Although this
effect is short-lived in vitro, the prolonged oxidant stress in vivo
suggests additional stimuli. The early cell content release during
reperfusion induces activation of complement in plasma [46].
Complement factors such as C5a bind to C5aR on KC and induce
superoxide formation [42,46]. More recently, it was shown that
high-mobility group Box 1 (HMGB1), a nuclear protein, is released
from necrotic cells during hepatic ischaemia–reperfusion and
triggers cytokine formation [47]. This effect is mediated through
binding of HMGB1 to the TLR4 receptor [48]. Thus, KC can be
activated through cellular stress during ischaemia and through
mediators generated during reperfusion triggering a non-
microbial inflammatory response, which is a critical determi-
nant of the overall tissue injury and potential organ failure (Fig. 3).

Although the overall effect of KC activation is in part direct
tissue injury and in part the promotion of the inflammatory
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response, endogenous IL-13 derived from KC can limit the for-
mation of TNFα during reperfusion [49]. In addition, pharma-
cological doses of IL-10 or IL-13 suppress the inflammatory
response during ischaemia–reperfusion by inhibiting cytokine
and chemokine formation [23]. On the other hand, cytokines
such as IL-6 were shown to be critical for a regenerative response
after reperfusion and, therefore, also have beneficial effects [50].
Thus, KC activation is a critical event in the pathophysiology 
of hepatic ischaemia–reperfusion injury with both pro- as well
as anti-inflammatory mediators being generated by these
macrophages (Fig. 3). However, the majority of the literature
supports the view that inactivation of KC has an overall
beneficial effect in the pathogenesis of this condition.

Alcohol-induced liver disease

Acute and chronic exposure to alcohol (ethanol) causes activa-
tion of KC, as indicated by enhanced cytokine and chemokine
formation and increased generation of reactive oxygen species
[51–53]. However, under certain circumstances, chronic ethanol
consumption can also induce tolerance in KC [53]. As alcohol
increases the permeability of the mucosal barrier to intestinal
microbes and toxins, it is generally accepted that, in animal
models of chronic ethanol exposure, e.g. the intragastric feeding
model, LPS is one of the key activators of KC and tissue
macrophages in alcoholic liver disease (ALD) [54]. The import-
ance of LPS in ALD was demonstrated by reduced liver injury in
animals treated with antibiotics [55].

The molecular mechanism of KC activation during alcohol
exposure starts with the binding of endotoxin to LBP in 
plasma. The LPS/LBP complex binds to the CD14 receptor and
TLR4, which then transmits the signal intracellularly (Fig. 2).
Increasing the expression of CD14 can enhance the sensitivity 
of ethanol-exposed KC to LPS [52]. Activation of the TLR4
receptor by LPS through CD14 induces the activation of the
transcription factors NF-κB and AP-1, which leads to the forma-
tion of pro- and anti-inflammatory cytokines, including TNFα,
IL-1 and IL-10, CC and CXC chemokines, and priming for 
reactive oxygen formation [56]. Reduced cytokine formation
together with reduced tissue injury in mouse strains deficient in
CD14, TLR4 or LBP supports the importance of these signalling
events in the development of ALD [51,52]. NF-κB activation
together with cytokine and chemokine formation was shown
during ALD [56], and inhibition of NF-κB activation with an 
I-κB superrepressor reduced pathological changes [52]. In addi-
tion, enhanced NF-κB activation and cytokine formation in
hepatic macrophages isolated from alcohol-fed rats was attenu-
ated after treatment with an iron chelator, suggesting that a
labile iron pool within the cell is critical for NF-κB activation
and cytokine formation in macrophages [57]. However, LPS
may not be the only factor involved in KC activation during
ALD [58]. In KC isolated from chronically ethanol-fed rats,
LPS-induced TNFα mRNA and protein formation is increased
compared with cells from control animals [58]. However, a 

similar priming effect was also observed when macrophages
were exposed to ethanol in culture, indicating that the changes
in TNFα formation in vivo may not be entirely due to LPS but
could at least in part result from a direct effect of ethanol on KC
[59]. Interestingly, exposure of KC to ethanol in vitro had no
effect on TNFα transcription, but prolonged the half-life of the
mRNA through a p38 MAP kinase-dependent mechanism [59].
In addition, treatment of hepatic macrophages with retinoic
acid inhibited LPS-induced mRNA formation of TNFα and
other cytokines [60]. Thus, retinoic acid deficiency during
chronic alcohol consumption can contribute to TNFα mRNA
stability and promote increased cytokine formation [60].

Acute and chronic ethanol exposure leads to the increased
formation of reactive oxygen by KC [51]. Priming and activation
of KC for superoxide formation by NADPH oxidase can be 
triggered in vivo by endotoxin, cytokines such as TNFα or com-
plement factors [5,46]. Despite the importance of KC as a source
of the oxidant stress during the development of ALD, KC are
only one of several critical sources of reactive oxygen formation
[51]. Nevertheless, rats treated with inhibitors of NADPH oxi-
dase or mice deficient in p47phox, a component of the NADPH
oxidase complex, showed less oxidant stress and reduced injury
after chronic alcohol exposure [51]. These data suggest that
superoxide derived from NADPH oxidase (KC and neutrophils)
is critically involved in the injury process. This may be caused by
tissue damage by oxidants, e.g. peroxynitrite and hypochlorous
acid, or indirectly by promoting cytokine and chemokine for-
mation with recruitment of mononuclear cells and neutrophils
[51,58,61]. Taken together, there is clear evidence that hyper-
activation of KC after ethanol exposure contributes to the 
development of inflammatory tissue injury during ALD. On 
the other hand, KC-derived anti-inflammatory cytokines such
as IL-10 exert a beneficial effect in the pathophysiology [62].
Nevertheless, the majority of evidence mainly suggests a detri-
mental effect of KC activation during ALD.

Drug-induced liver failure

A variety of drugs and chemicals can induce liver injury involv-
ing an inflammatory component in the pathogenesis [63,64].
The clinically most relevant drug hepatotoxicity is caused by
paracetamol overdose. Within 24–48 h after a toxic dose of
paracetamol in rats, liver macrophages are activated [63]. These
liver macrophages consist of the resident KC population and
newly recruited monocyte-derived cells [63]. The activated
macrophages can generate reactive oxygen, cytokines and
chemokines [63–66]. As treatment with gadolinium chloride
attenuated paracetamol-induced liver injury, it was concluded
that liver macrophages contributed to the injury by generating
peroxynitrite, as indicated by the formation of nitrotyrosine
protein adducts in necrotic hepatocytes [63]. However, more
recent experimental evidence suggests that peroxynitrite is actu-
ally formed in the mitochondria of centrolobular hepatocytes
[67]. Because at least some of the nitric oxide (NO) generated in
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hepatocytes is formed by the inducible NO synthase (iNOS),
which can be transcriptionally induced by KC-derived cytokines,
KC activation may be a critical factor in the pathogenesis.
However, formation of IL-10 by KC limits TNFα formation
after paracetamol overdose and therefore reduces iNOS induc-
tion and peroxynitrite-mediated injury [68]. Complete elimina-
tion of KC with liposomally encaspulated chlodronate or the
deficiency of the IL-10 gene enhances iNOS induction and
aggravates paracetamol-induced liver injury [68,69]. These data
suggest that activation of KC during the early phase of para-
cetamol hepatotoxicity is more beneficial than detrimental [69].

Cytokine formation by activated KC occurs early during
paracetamol administration [63,64]. Initially, it was thought
that these cytokines contributed to the injury, but the mechan-
isms remained unclear [64]. As paracetamol toxicity does not
involve relevant apoptotic cell death [70], indirect mechanisms
such as neutrophil activation may be an explanation. However,
although recruited into the liver after paracetamol-induced liver
injury, no significant contribution of neutrophils was found [64].
On the other hand, more recent data suggest that TNFα may 
be important in the regenerative response after paracetamol-
induced cell death [71]. In addition, cytokines promote the 
formation of chemokines responsible for mononuclear cell
recruitment in the liver [72]. These macrophages do not appear
to cause additional damage, but are involved in removing cell
debris and in cell cycle activation and regeneration [72].
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1.6 The hepatic stellate cell
Massimo Pinzani

Historical notes and nomenclature

The history of hepatic stellate cells (HSC) has not been an easy
one. The first trace of their recognition is in a letter that Carl 
Von Kupffer wrote to the anatomist Waldeyer in 1876 [1]. Von
Kupffer, who was studying the hepatic nervous system, observed
perisinusoidal star-shaped cells that stained dark with a gold
chloride technique used to reveal nerves (Fig. 1). Accordingly,
Von Kupffer’s first interpretation was that these cells were part
of the perivascular nervous network of Waldeyer. In later stud-
ies, Von Kupffer changed his view and concluded that HSC were
rather a type of phagocyte (as they shared the same distribution
of gold particles with true phagocytic cells, today correctly
defined as ‘Kupffer cells’) or, more generally, a ‘special endo-
thelial cell of the sinusoids’. Following this brief and confused
moment of glory, the concept of HSC fell into limbo for several
decades. Between 1928 and the late 1950s, additional key fea-
tures of HSC (still defined as ‘Kupffer cells’) were reported: the
morphology of a pericyte [2], the presence of intracytoplasmic
lipid droplets (i.e. ‘fat-storing cells’) [3] and the close relation-

ship with branches of the autonomic nervous system [4]. In the
early 1970s, work by Kenjiro Wake led to the conclusion that the
star-shaped phagocytes described by Kupffer were identical to
the fat-storing cells described by Ito, and that the lipid droplets
were largely composed of retinoid esters. During the same
period, several morphological studies suggested that this cell
type could play a role in the pathogenesis of hepatic fibrosis
[5–7]. Regardless, liver researchers and clinicians were rather
refractory to this concept, in an era in which very little was
known about the aetiology and pathogenesis of liver diseases,
and the hepatocyte was considered the only relevant liver cell
type. The real physiological and pathophysiological relevance of
HSC has emerged only in the last 20 years, and there are still
many potential issues concerning their role to be resolved. In
these years, the knowledge about HSC and, particularly, their
profibrogenic role has grown exponentially, and their glory is
finally established to the point at which any area of liver disease
can now be revisited with respect to the role of HSC. It is quite
remarkable that, as for many things, history does not follow a
straight line. Although the first intuition of Von Kupffer proved
to be misleading, the possible relationship between HSC and the
autonomic nervous system has now in fact been validated: nerve
endings in the intralobular spaces are localized mainly in the
Disse spaces and are oriented towards HSC [3,8]; they express
neural cell markers [9], secrete norepinephrine and express a
variety of neuroadrenergic receptors [10].

Because of this rather controversial and tortuous history, HSC
have been referred to by many different names (the most famous
being Ito cells, lipocytes, fat-storing cells, perisinusoidal stellate
cells). Each of these names bore sources of potential misunder-
standing and, finally, in 1996, an international group of investig-
ators actively working on this topic made the recommendation
to refer to this cell type as ‘hepatic stellate cell’ [11].

Anatomy and ultrastructure

Hepatic stellate cells are located in the space of Disse in close
contact with hepatocytes and sinusoidal endothelial cells. In
human liver, HSC are disposed along the sinusoids with a

43

Fig. 1 Reproduction of Kupffer’s drawing of the hepatic stellate cells
(Sterzellen) in dog liver. Adapted from ref. 4.
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nucleus-to-nucleus distance of 40 µm, indicating that the sinu-
soids are equipped with HSC at certain fixed distances [12] (Fig. 2).
Therefore, although the total number of HSC constitutes a small
percentage of the total number of liver cells (approximately
5–8%), their spatial disposition and spatial extension may be
sufficient to cover the entire hepatic sinusoidal microcirculatory
network.

The three-dimensional structure of HSC consists of the cell
body and several long and branching cytoplasmic processes 
(Fig. 3). Two main types of cytoplasmic processes are recognized
according to their spatial disposition: the intersinusoidal or
interhepatocellular processes and the perisinusoidal or suben-
dothelial processes. The interhepatocellular processes penetrate
the hepatic cell plates and extend to nearby sinusoids [12]. A 
single HSC may provide interhepatocellular processes to two 
or more neighbouring sinusoids. The perisinusoidal processes

encircle the sinusoid located on the same cell plate by means of a
series of adjacent periodic side-branches extending subendothe-
lially. In general, the subendothelial processes appear to adhere
to the sinusoidal wall by narrow strands of material resembling 
a basement membrane. These latter structures, although not
continuously distributed, seem to ensure a strong connection
between HSC and the sinusoidal endothelium [13]. The minute
thorn-like microprojections or spines, termed hepatocyte-
contacting processes [14], are an important and distinctive ele-
ment of this cell type. These spines face the microvillous facet of
hepatocytes and establish close intercellular contacts between
HSC and parenchymal cells [15]. Although the functions of
these microprojections are presently unknown, several lines 
of evidence suggest that they may play a role in epithelial–
mesenchymal interactions that promote cell differentiation
[15,16]. Another possible function of these processes is to serve
as part of a mechanism of contact inhibition of HSC [17].

The most relevant ultrastructural feature of HSC in adult nor-
mal liver is the presence of cytoplasmic lipid droplets ranging in
diameter from 1 to 2 µm (Fig. 4). This feature is related to one of
the main known physiological functions of HSC, i.e. the hepatic
storage of retinyl esters. However, in both rat and human liver,
the number of HSC-containing evident lipid droplets varies up
to 75% [4,18]; these are mainly located in lobular zone 2. Two
types of lipid droplets have been identified: membrane-bound
(type 1) and non-membrane-bound (type 2). Membrane-bound
lipid droplets appear to derive from multivesicular bodies [4].
The nucleus of HSC in normal liver is oval and frequently
indented by lipid droplets in the cytoplasm. One or more nucle-
oli and, in general, a tendency to a clumped heterochromatin
pattern are often observed. Another important ultrastructural
feature of these cells is a well-developed rough endoplasmic
reticulum, suggesting active protein synthesis. Numerous
microtubular structures are present in the cytoplasm together

Fig. 3 Drawing of the three-dimensional structure of two hepatic stellate
cells of porcine liver. The drawing was made according to the findings
obtained by Golgi’s silver method. From [73].

Fig. 2 Stellate cells in the porcine liver. 
The long cytoplasmic processes encompass
sinusoids at regular intervals. Golgi’s silver
method (× 840). From ref. 72.
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with bundles of microfilaments (5 nm thick), particularly along
the subsurface cytoplasmic matrix apposed to the neighbouring
sinusoidal endothelial cell. Other 10-nm-thick filaments are
widely distributed in the cytoplasm, especially around the
nucleus and among the rough endoplasmic reticulum area.
These microtubules and microfilaments may function as the
cytoskeleton of dendritic processes and play a role in lipid 
synthesis and/or transport. Finally, ultrastructural analysis of
the subendothelial processes revealed that these peculiar struc-
tures are equipped with massive 5-nm actin-like filaments, thus
raising the hypothesis that they may contribute to reinforcing
the endothelial lining and/or enhancing the efficiency of con-
traction of sinusoidal capillaries [4].

Retinoid storage and metabolism 
(see also Chapter 2.3.11, Vitamins and the liver)

HSC play a key role in the metabolism and storage of retinoids
[19]. In mammals, some 50–80% of total retinol is stored in the
liver under normal circumstances. Retinyl esters, derived from
esterification of retinol in the intestine, are transported to the
liver via the lymphatic route in chylomicrons. Several studies
have shown that chylomicron remnant retinyl esters are taken
up by hepatocytes. After binding of the newly endocytosed
retinoids with specific retinoid-binding proteins (RBP), these
compounds are transferred to the neighbouring HSC [20]. In
these cells, the uptake as well as the storage and the mobilization
of retinoids are mainly regulated by intracellular retinol-binding
proteins (CRBP), whose concentration in HSC is 20 times
higher than that found in parenchymal cells [21,22]. In addition,
in vitro experiments have shown that retinol and retinyl acetate
can be taken up by HSC through a concentration-dependent
gradient [23,24]. In adults, about 80% of total liver retinoids are
stored as retinyl esters in HSC [21]. Retinyl esters are a major
component of the total lipid mass present in the lipid droplets 
of HSC. However, the relative percentage of this compound is
also dependent on the vitamin A status of the animal. Triacylgly-

cerol is another main component, and its concentration in the
droplets does not seem to reflect the nutritional and/or the 
vitamin A status of the animal. Minor components of the lipid
droplets are unesterified retinol, cholesteryl esters, cholesterol,
free fatty acids and various phospholipids [25]. Any physiolo-
gical condition that requires an increased utilization of retinoids
at the periphery will result in the mobilization of these com-
pounds from HSC through unknown mechanisms. Several
retinoid-related proteins have been identified in stellate cells,
including CRBP, retinol palmitate hydrolase, cellular retinoic
acid-binding protein (CRABP), bile salt-dependent and 
-independent retinol ester hydrolase and acyl coenzyme 
A:retinal acyltransferase [26,27]. Whether stellate cells produce
RBP is still in question, because of contradictory reports on the
presence of RBP mRNA in stellate cells from different studies
[27,28]. Stellate cells also express nuclear retinoid receptors
[30], including retinoic acid receptors (RAR)α, β and γ [27,29]
and retinoid X receptors (RXR)α and β, but not γ [31].

Intralobular heterogeneity of HSC

Several characteristics of HSC vary according to their location
within the liver lobule [32–34]. Considering the classic division
of the liver lobule into three zones (zone 1: periportal; zone 2:
intermediate; zone 3: pericentral), HSC located in zone 1 appear
to be small and contain minute vitamin A–lipid droplets.
Perisinusoidal branching processes are short and smoothly con-
toured with few hepatocyte-contacting processes (Fig. 5), whereas
desmin immunoreactivity is present but not particularly
intense. HSC located in lobular zone 2 store abundant vitamin
A–lipid droplets and extend encompassing processes that show
intense desmin immunoreactivity (in the rat). These processes
display conspicuous branching and abundant hepatocyte-
contacting spines. Proceeding towards the centrilobular vein,
HSC become more elongated, assuming a dendritic appearance,
whereas their desmin immunoreactivity and vitamin A storage
are progressively reduced becoming virtually absent around the
centre of the lobule (Fig. 5). It has been reported that the 
administration of excess vitamin A to rats induces a progressive
increase in the number and size of vitamin A–lipid droplets 
in HSC located in the central zone. Therefore, the intralobular
heterogeneity of HSC may reflect, at least, differences in the
metabolic handling of vitamin A and in the regulation of sinu-
soidal blood pressure in different areas of the liver lobule.

Isolation and culture of HSC

HSC isolated from normal liver and activated in culture rep-
resent an excellent model for investigating their profibrogenic
properties. Nearly all isolation procedures include a first step
aimed at obtaining a suspension of non-parenchymal liver cells.
For this purpose, adult rat liver is perfused, through the portal
vein, with a combination of collagenase (type 4) and pronase.
Different technical approaches have been proposed for further
purification of a homogeneous population of HSC [35–37].

Fig. 4 Transmission electron microphotographs of hepatic stellate cells. Rat
hepatic stellate cell in primary culture 3 days after plating. The cell contains
numerous large lipid droplets (× 9600). From ref. 74.
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However, all these purification procedures are based on the low
buoyant density of these cells as a result of their large fat content.
Accordingly, the final yield of HSC obtained from a single rat
liver will vary according to the age, body weight and nutritional
status of the animal. The highest yield is usually obtained by
employing older rats maintained on a normal diet or younger
rats fed on a vitamin A-supplemented diet. Modifications of the
methods used to isolate HSC from rat liver have been intro-
duced for the isolation of HSC from mice [38] or from wedge
sections of normal human liver [39,40]. In particular, concern-
ing the isolation of HSC from human liver, the use of wedge 
sections obtained at surgery does not offer the possibility of 
performing an adequate perfusion of the tissue. Therefore, the
total yield/g of tissue and the purity of the cell preparation are
generally lower than those obtainable from rat liver. However, a
virtually 100% pure HSC culture is obtained from the first sub-
culture (passage 1) by plating the cells on plastic substrata and
supplementing the culture medium with rather high concentra-
tions of fetal bovine serum (10–20%). These culture conditions
appear to be quite selective for HSC and tend to eliminate con-
taminating endothelial and Kupffer cells [40]. In case higher cell
purity is required (i.e. to obtain a pure population of ‘freshly 
isolated’ HSC), it is possible to perform further purification by
centrifugal elutriation [41] or cell sorting [42].

Identification of HSC and related
hepatic fibrogenic cells

The original method for the identification of HSC isolated from
liver tissue was based on the detection of their distinctive mor-
phological features and, particularly, the presence of intracyto-
plasmic lipid droplets [35]. In addition, the effective presence of
vitamin A in the lipid droplets could be verified with additional
techniques such as the demonstration of quick-fading green

autofluorescence at 330 nm and the demonstration of intense
cathodoluminescence on frozen section by electron microscopy
[43]. However, as described above, the presence of lipid droplets
depends on the nutritional status and, more importantly, is a key
feature of only a portion of the total HSC population present in
the liver lobule. It has become increasingly apparent that HSC
are one subtype within a continuum of related mesenchymal
cells that collectively comprise the population of fibrogenic cells
in normal and diseased liver. Therefore, the identification of
cytoskeletal or surface markers able to differentiate HSC from
other liver non-parenchymal cells represents an important issue.
The first step should be directed towards the identification 
of vimentin-positive and cytokeratin/factor VIII/monocyte–
macrophage cell marker-negative cells. This approach can
enable investigators to restrict their analysis to a subclass of 
mesenchymal cells including HSC, smooth muscle cells, myo-
fibroblasts and fibroblasts [44]. Further steps are then aimed 
at differentiating HSC from the other subtypes. Among other
cytoskeletal constituents, the intermediate filament desmin,
characteristic of cells of muscle origin, is considered as a selective
marker for the identification of HSC [45]. Desmin is definitively
a reliable marker for the identification of HSC in rat or mouse
liver tissue, although, as noted above, some intralobular hetero-
geneity in the intensity of the immunostaining is present.
Unfortunately, none of the commercially available antibodies
against desmin permits the reliable staining of desmin in human
HSC cultures as well as in human liver tissue. The results range
from no staining when using monoclonal antibodies to diffuse
cytoplasmic staining (not adequate for intermediate filaments)
when employing polyclonal antibodies [39,40]. As the majority
of these antibodies produce positive immunostaining in human
vascular smooth muscle cells, it is possible that human HSC 
are either desmin negative or their desmin possesses specific 
epitopes not recognized by the available antibodies.

Fig. 5 Camera lucida drawings of Golgi-
stained hepatic stellate cells in zone 3 (left) and
in the terminal region of the sinusoids (right).
Note the spine-like microprojections from the
lateral edges of subendothelial processes.
Porcine liver (× 1200). From ref. 72.
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Consolidated evidence indicates that the smooth muscle iso-
form of α-actin (α-SMA) represents an additional cytoskeletal
marker for the identification of HSC [46,47]. However, α-SMA
is not expressed in HSC early after isolation but only after some
time in culture. Consequently, α-SMA is commonly employed
as a marker of HSC activation.

While these and other markers are still largely employed [45],
the problem of HSC identification in both liver tissue and cell
isolates has grown remarkably complex in recent years. As noted
above, this is related to increasing evidence for the profibrogenic
role of other extracellular matrix (ECM)-producing cells, each
with a distinct localization and a characteristic immunohisto-
chemical and/or electron microscopic phenotype [9]. These
include fibroblasts and myofibroblasts (MF) of the portal tract,
smooth muscle cells localized in vessel walls and MF localized
around the centrilobular vein. It is also increasingly evident that
the relative participation of these different cell types is depen-
dent on the development of distinct patterns of fibrosis [48]. An
important advancement in the identification of HSC and other
ECM-producing cells (particularly portal MF) in normal and
fibrotic liver (rat and human) was provided by Cassiman and
Roskams [9]. In an extensive study of the immunohistochemical
expression profiles of mesenchymal (myo)fibroblast-like sub-
populations in fibrotic/cirrhotic human and rat liver, these
authors confirmed the existence of distinct lineages, with the
addition of a new entity defined as ‘interface’ MF [49]; whether
these lineages actually derive from different developmental
sources is uncertain. The main cell population present in the
perisinusoidal space of liver lobules, defined as ‘HSC’, stained
with all tested markers (Table 1) and showed most intense and
most widespread staining with α-SMA and neural cell adhesion
molecule (N-CAM) antibodies in human liver, while in rat liver,
the largest proportion of HSC was stained by glial fibrillary
acidic protein (GFAP) and desmin antibodies. The second 

subpopulation identified was the ‘interface MF’, (myo)fibrob-
last-like cells located at the interface between the portal tract and
the parenchyma, or at the interface between the fibrotic septa
and the parenchyma. When compared with HSC, interface MF
showed no expression of synaptophysin (SYN), neurotrophin
receptor tyrosine kinases Trk-B or Trk-C, low-affinity nerve
growth factor receptor p75 or neurotrophin (NT) 3, but they did
express GFAP, N-CAM, α-SMA, nerve growth factor (NGF),
brain-derived nerve growth factor (BDNF), NT-4 and alpha B-
crystallin (ABCRYS) in a varying proportion of cells [50,51].
The third subpopulation was the ‘septal MF’, the (myo)fibrob-
last-like cells populating the fibrotic septa. They only stained
with α-SMA, GFAP, BDNF, ABCRYS, N-CAM and desmin (the
last two only in rat) in a varying proportion of cells. This expres-
sion profile was identical to that seen in (myo)fibroblast-like
cells populating the portal tracts of cirrhotic livers. It is therefore
likely that septal MF derive from the expansion of the MF popu-
lation of the portal tract. On the other hand, interface MF, pre-
sent in areas of piecemeal necrosis and active fibrogenesis, are
likely to derive from the recruitment and activation of HSC. The
information derived from this detailed analysis performed in liver
tissue can be employed for the identification of HSC and other
ECM-producing cells in isolates from human and rat liver [9].

The embryonic origin of HSC

The embryonic origin of HSC still constitutes a rather mysteri-
ous issue, which is closely related to the discovery of cell markers
able to identify HSC and to differentiate them from other liver
ECM-producing cells. In addition, identification of the embry-
onic origin of stellate cells will improve our understanding of
their relationship to other fibrogenic liver cells and will also raise
the possibility of using cell lineage-specific promoters to drive
transgene expression selectively in stellate cells in vivo with a
view to applying gene therapy. Based on morphological similar-
ities and positivity for desmin, vimentin and α-SMA, HSC have
been considered for many years to be of mesenchymal origin,
derived embryologically from septum transversum (in turn 
arising from cardiac mesenchyme) as it invades the endoderm-
derived hepatic bud. However, when HSC were found to con-
tain a host of neural marker proteins, it was speculated that HSC
could be of neuroectodermal origin [52]. Other studies have
suggested the possibility that hepatocytes and stellate cells may
derive from a common endodermal precursor [53]. Finally,
recent studies in humans and animal models suggest that HSC
may also derive from bone marrow precursors [54–56].

Rodent, human and HSC lines:
differences and similarities

Most of the established experience with HSC cultures derives
from cells isolated from normal rat or human liver and activated
by culture on plastic substrata. It is not possible to make a
clearcut distinction in the behaviour of rat, mouse and human

Table 1 Immunohistochemical expression profile of subpopulations of
mesenchymal myofibroblast-like cells in fibrotic human and rat liver 
(from [42] ).

HSC Interface MF Septal MF Portal MF

Desmin (human/rat) −/+ −/+ −/± −/±
α-SMA + + + +
GFAP + + ± ±
BDNF + ± ± ±
ABCRYS + + ± ±
N-CAM (human/rat) +/+ ± /+ ± /+ ± /+
NGF + ± − −
NT-4 + ± − −
NT-3 + − − −
Trk-B + − − −
Trk-C + − − −
p75 + − − −
Synaptophysin + − − −
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HSC preparations, although it is likely that there are several dif-
ferences. As a general rule, observations based on rodent HSC
cultures are not necessarily true for human HSC and vice versa,
and findings must be validated directly between species. There is
still quite a lot of uncertainty about the fate of rat HSC after 
the first culture on plastic, with some authors supporting the
possibility of their extinction by apoptosis [57] and others sup-
porting their final differentiation into MF-like cells. On the
other hand, human HSC seem to progress to their activated 
phenotype without showing signs of apparent apoptosis (actu-
ally being very resistant to proapoptotic stimuli) and showing
cell markers of the so-called ‘interface’ MF [9]. It is also relevant
that human HSC preparations derived from the liver of different
individuals show quantitative differences in gene/protein ex-
pression and in response to profibrogenic cytokines. It is there-
fore very much recommended to perform experiments on 
more than one human HSC preparation to account for these
interindividual differences when describing features of this cell
type or its response to specific stimuli.

Several groups have proposed the use of HSC lines as an altern-
ative to working with primary cells (for a review see [45]). The
use of HSC lines allow easier manipulation, sharing of cells to
validate results and transfectability. However, HSC lines always
derive from spontaneously or artificially immortalized HSC, and
any specific observation needs to be carefully interpreted and
not transferred to the biology of primary cells without valida-
tion of key findings. Four human HSC lines have been intro-
duced and characterized recently. The LX-1 and LX-2 lines were
generated by either SV40 T-antigen immortalization (LX-1) or
spontaneous immortalization in low serum conditions (LX-2)
[58]. Both lines express α-SMA, vimentin and GFAP. Similar 
to primary HSCs, both lines express key receptors regulating
hepatic fibrosis and also proteins involved in matrix remod-
elling. Transforming growth factor β1 stimulation increased
their α1(I) procollagen mRNA expression. LX-2, but not LX-1,
cells are highly transfectable. The human HSC line TWNT-4 was
immortalized by retrovirally introducing human telomerase
reverse transcriptase (hTERT) into LI 90 cells established from 
a human liver mesenchymal tumour [59]. TWNT-4 express
platelet-derived growth factor receptor β (PDGF-Rβ), α-SMA
and type 1 collagen (α1). Another human HSC line was obtained
by infecting human HSC with a retrovirus expressing hTERT
[60]. When compared with control human HSC, telomerase-
positive HSC did not show signs of senescence and could be 
cultured for at least 69 passages. Telomerase-positive HSC did
not undergo oncogenic transformation and exhibited morpho-
logical and functional characteristics of activated HSC.

Extrahepatic HSC and the ‘stellate cell
system’

Stellate cells also exist in extrahepatic organs such as pancreas,
lung, kidney, intestine, spleen, adrenal gland, ductus deferens
and vocal cords. Hepatic and extrahepatic stellate cells form

what has been defined as the ‘stellate cell system’. In recent years,
particular attention has been given to pancreatic stellate cells
and their potential pathogenic role in chronic pancreatitis and
pancreatic cancer [61]. Considering the current uncertainty on
the origin of HSC, it is even more difficult to know whether or
not all these stellate cells derive from a common precursor.

HSC and extracellular matrix
homeostasis

In normal liver, the ECM constitutes about 0.5% of liver wet
weight. This specialized tissue component can be subdivided
into the pericellular matrix interacting with cell membrane
components, the classic interstitial matrix structuring the inter-
stitial spaces and basement membranes supporting epithelial,
endothelial and mesenchymal cells. In addition to collagens, 
ECM is made up of minor amounts of several non-collagenous
components. These include large glycoproteins such as fib-
ronectin, laminin, nidogen (entactin), tenascin and undulin,
several types of sulphated proteoglycans and, as a pure carbohy-
drate polymer, hyaluronic acid. The space of Disse, where HSC
are located, is a virtual space constituted by an ECM network
composed of type 4 collagen, associated with non-collagenous
components such as laminin and nidogen. In this context, the
presence of collagen I and III, although quantitatively relevant,
is limited to large-diameter bundles of fibres reinforcing the
architecture of the perisinusoidal space. The resulting complex,
defined as ‘non-fibrillar’, ensures an optimal diffusion between
hepatocytes and the bloodstream. In normal liver, all the cellular
components delimiting the space of Disse, including hepato-
cytes, appear to be involved in the synthesis of the main ECM
components [62,63]. However, the large majority of collagen III,
IV and laminin is synthesized by HSC (III > IV > laminin > I)
and sinusoidal endothelial cells (IV > III > laminin > I), whereas
all cell types synthesize small amounts of collagen I, supporting
the concept that, in normal liver, synthesis of this type of colla-
gen is minimally active. In addition, sinusoidal endothelial cells
appear to synthesize collagen IV and laminin in much higher
amounts than HSC [64]. These observations are fundamental
when considering that, during active liver fibrogenesis, HSC
become the major ECM-producing cell type, with a predomin-
ant production of collagen I [62–64]. Normal ECM turnover
implies that the synthesis of new individual components is asso-
ciated with their continuous slow degradation. In normal liver,
HSC and possibly other sinusoidal cells may contribute to the
continuous remodelling of the ECM of the space of Disse by 
producing matrix metalloproteinase 2 (gelatinase or type 4 
collagenase) [65] (see also Chapter 6, Cirrhosis).

HSC as liver-specific pericytes

The possible role of HSC as liver-specific pericytes is suggested
by their anatomical location, ultrastructural features and close
relationship with the autonomous nervous system (Fig. 6).
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Studies performed over the past decade have shown that HSC
isolated from rat or human liver and maintained in culture 
contract in response to several vasoconstricting stimuli [66].
Contraction of HSC in response to these stimuli has been
demonstrated independently from the cell attachment substrata
(glass, plastic, silicone membranes or collagen lattices). Import-
antly, at least after stimulation with thrombin, endothelin-1 and
angiotensin II, cell contraction is coupled with an increase in
intracellular calcium concentration [67]. These observations
contribute greatly to the central issue of considering HSC as 
pericytes. It should be noted, however, that cultured HSC are
characterized by an activated phenotype resembling transitional
or MF-like cells rather than quiescent HSC. Therefore, the 
contractile properties demonstrated in these experiments are
likely to be more representative of HSC contractile status in
fibrotic liver. Whether or not HSC contract in normal liver tissue
still represents a matter for discussion. From the morphological
standpoint, some observations argue against the role of HSC in
the regulation of sinusoidal blood flow [68]. First, in their in vivo
tridimensional orientation, HSC do not have a stellate form
(typical of their aspect in bidimensional culture on plastic) but
rather a ‘spider-like’ appearance (‘arachnocytes’) with a small
cell body and a series of radiating and parallel slender processes.
According to the authors of these observations, cells with this
tridimensional appearance are not likely to be ‘contraction
ready’. Additional limitations to effective cell contraction 
are offered by the spatial constraints of the space of Disse, by 
the intracytoplasmic presence of lipid droplets that prevent
microfilaments from assembling in a long span and by the ultra-
structural evidence of a limited development of contractile
filaments in quiescent HSC. Regardless, studies evaluating the
hepatic microcirculation by intravital microscopy techniques
have suggested that HSC could be involved in the regulation of
sinusoidal tone in normal liver [69,70]. An additional matter 

of debate is provided by studies aimed at quantifying HSC 
contraction with techniques able to detect the development 
of contractile forces in response to vasoconstrictors [71]. The
results of these studies indicate that the magnitude and kinetics
of contraction and relaxation are consistent with the hypothesis
that HSC may affect sinusoidal resistance. However, for under-
standable technical reasons, these data were obtained in rat HSC
in primary culture 7 days after isolation, when a certain degree 
of activation in culture has already occurred. In conclusion,
although HSC could be proposed as liver-specific pericytes
based on their location, spatial distribution, relationship with
the peripheral nervous system and ultrastructural features, 
no conclusive evidence establishes a role in regulating normal
sinusoidal blood flow.
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accumulate in cholangiocytes at the basolateral side through
Na+/K+/2Cl– transporters. At the apical pole, opening of the 
cystic fibrosis transmembrane regulator (CFTR) channel lets 
Cl– out of the cell into the lumen [1]. This activity is coupled
with the activity of an anion exchanger, which exchanges Cl– for
HCO3

–. This net release of HCO3
– carries along water. Bile con-

sisting of more than 98% water and aquaporins (AQP), which
form water channels, plays an important role in cholangiocellu-
lar bile formation. AQP4 is constitutively expressed on the baso-
lateral membrane, whereas AQP1 is targeted to the apical side 
of the cholangiocytes. Other proteins support these movements
of Cl– and HCO3

–: on the basal side, a symporter takes up Na+

and HCO3
– and an exchanger takes up Na+ against H+ (NHE-1);

on the apical side, another exchanger takes up Na+ against H+

(NHE-2). Apical Cl– channels form the principal method of 
regulation of cholangiocellular secretion. Phosphorylation of
CFTR by cyclic adenosine monophosphate (cAMP)-dependent
protein kinase (PKA) increases the open permeability of this 
Cl– channel. Moreover, cAMP translocates subapical vesicles
sequestering CFTR, Cl–/HCO3

– anion exchanger and AQP1 to
the apical plasma membrane [2,3]. In contrast, ATP depletion,
as is the case during ischaemia, results in internalization of these
apical membrane proteins [4]. Cl– channels other than CFTR
have been discovered. Among these additional Cl– channels,
CIC2 is regulated by cell volume and protein kinase C (PKC)
[5], and another is calcium activated [6]. The importance of
these Cl– channels in liver pathobiology is demonstrated by 
cystic fibrosis, a disease characterized by mutations in the CFTR
gene and with clinical liver disease occurring in only about 30%
of the patients (see Chapter 16.4).

Cholangiocytes not only secrete solutes into the biliary lumen,
but also reabsorb bile components. The same transporters that
reuptake bile acids in the terminal ileum (ASBT) retrieve con-
jugated bile acids from the bile [7]. It has been found that an 
alternatively spliced form of ASBT (t-ASBT) is targeted to the
basolateral membrane and functions as a bile acid efflux protein
[8]. The heteromeric organic solute transporter OSTalpha–
OSTbeta, which is also localized in the basolateral membrane of
cholangiocytes, may play a similar role in the vectorial transport

An important minority

The bile duct epithelial cells, also called cholangiocytes, are 
the cells that cover the biliary tree. At the level of the canal of
Hering, they appose to hepatocytes and/or oval cells to collect
the bile from the bile canaliculi, which are themselves a space
between hepatocytes where the primitive bile is formed. The bile
circulates through a maze of conduits that progressively merge 
into larger ductules and bile ducts lined by cholangiocytes 
to finally reach the extrahepatic duct, the gallbladder and 
the choledochus, which are also covered by cholangiocytes.
Morphometric studies revealed that biliary epithelial cells rep-
resent only 3–5% of the cells present in the liver.

Cholangiocytes are polarized cells with a side facing the bile,
which comes from the hepatocytes, and a side facing the portal
space and its nourishing peribiliary plexus, whose blood arises
from the hepatic artery and flows thereafter in hepatic sinusoids.
Not surprisingly, cholangiocytes have important vectorial trans-
port functions secreting and resorbing solutes. Cholangiocytes
also possess immunological properties by participating in the
immune response and being the target of this response in 
several important liver diseases such as primary biliary cirrhosis,
primary sclerosing cholangitis and chronic rejection after liver
transplantation. In this sense, cholangiocytes can be seen as the
Achilles’ heel of the liver.

Transporters and polarity

The biliary epithelium modifies the primitive bile, which has
been secreted by hepatocytes at their bile canalicular membrane.
In humans, the contribution of the biliary epithelium to the bile
flow is estimated to represent 40% of the bile flow. In contrast to
hepatocellular secretion, which accumulates in bile complex
molecules such as bile acids, phospholipids, cholesterol and glu-
tathione, cholangiocellular secretion transports essentially water
and electrolytes. This secretion relies on the correct arrangement
of numerous transporters at the apical and at the basolateral
sides of the cholangiocytes. Transepithelial transport of Cl– ions
forms the primary driving force for this secretion. Cl– ions 

1.7 Biliary epithelial cells
Jean-François Dufour
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of conjugated bile acids and sterols [9]. Translocation of ASBT
to the apical membrane increases bile acid absorption by bile
ducts, which amplifies bile acid-induced choleresis via chole-
hepatic shunting [10]. Bile ductular epithelium reabsorbs glucose
by the coordinated expression of SGLT1 on the apical domain
and GLUT1 on the basolateral domain [11]. SGLT1 has been
implicated in invasion of cholangiocytes by Cryptosporidium
parvum. C. parvum recruits SGLT1 and AQP1 to generate 
a localized water influx near its attachment site [12].
Cholangiocytes can also retrieve glutamate, which is produced
by the luminal degradation of glutathione [13].

The cytoskeleton plays an important role in establishing and
maintaining polarity by directing integral proteins to specific
locations. Scaffolding proteins tether transporters to the under-
lying cytoskeleton. The ezrin–EBP50 complex accumulates at
the apical pole of cholangiocytes. Ezrin concurrently binds actin,
EBP50 and PKA. EBP50 is a PSD95-Dlg-ZO1 (PDZ) domain-
containing protein that interacts with the carboxy tail of CFTR.
This scaffold not only anchors CFTR to the cytoskeleton, but
also fixes PKA near CFTR. Disruption of this association ablates
cAMP-activated Cl– channel activity [14]. On the lateral sides 
of the cholangiocytes, tight junctions restrict the movement 
of solutes between adjacent cells, maintaining the blood–bile
barrier and preventing the apicobasal diffusion of integral 
membrane proteins. Permeability of the tight junctions in 
bile ducts is increased by tumour necrosis factor (TNF)α [15].
On their lateral side, cholangiocytes establish contacts through
gap junctions. In contrast to hepatocytes, which form gap 
junctions with connexin 32 and connexin 26, cholangiocellular
gap junctions are made of connexin 43 [16]. Finally, biliary
epithelial cells are equipped with non-motile cilia. This impor-
tant structural feature protrudes into the lumen and functions 
as a mechanoreceptor bent by bile flow. It is now established 
that polycystic liver and kidney diseases are ciliary diseases 
(see Chapter 8.1). Polycystin-1 and polycystin-2, which are
defective in autosomal dominant polycystic kidney disease,
localize to cilia. Loss of fibrocystin, as occurs in autosomal 
recessive polycystic kidney disease, results in distorted biliary
cilia [17].

Regulation of cholangiocyte secretion

Several hormones regulate cholangiocellular secretion. Receptors
for secretin, somatostatin, bombesin, vasoactive intestinal
polypeptide (VIP), acetylcholine, dopamine and nucleotides 
are localized on the basolateral membrane of cholangiocytes.
Secretin receptors are coupled with G proteins, which activate
adenylyl cyclase to produce cAMP, resulting in increased activity
of PKA [18]. By favouring the opening of CFTR and by mobiliz-
ing subapical vesicles containing CFTR, Cl–/HCO3

– exchanger
and AQP1, secretin is the principal choleretic hormone; in
humans, it more than doubles bile flow. The stimulation of 
biliary secretion by secretin is inhibited by other hormones
linked to G protein-coupled receptors, such as somatostatin

[19], gastrin [20] and endothelin-1 [21], which interfere with
the production of cAMP. Insulin activates PKC in a calcium-
dependent manner, and this inhibits the secretin-induced ductal
secretion [22]. The neuropeptides bombesin and VIP stimulate
fluid and HCO3

– secretion from rat cholangiocytes by activating
the luminal Cl–/HCO3

– exchanger [23,24]. Cholangiocytes ex-
press cholinergic M3 receptors, and administration of acetyl-
choline to rats through the hepatic artery increased HCO3

–

biliary secretion [25]. Using bile duct-ligated rats, it was found
that an agonist of the D2 receptor inhibited PKA activity and
secretin-induced choleresis via calcium-dependent PKC [26].
Exposure of human cholangiocytes to natriuretic peptide elicits
the formation of cGMP, which in turn stimulated Cl– efflux
[27], suggesting a role for this second messenger in biliary 
physiology.

Nucleotides can be secreted into bile by either hepatocytes 
or cholangiocytes [28]. Bile contains ATP in micromolar con-
centrations. Exposure of cholangiocytes to ATP elicits cytosolic
calcium oscillations [16]. These signals may be mediated
through purinergic P2X receptors [29], which are ATP-gated
cation channels, and P2Y receptors [30], which are G protein-
coupled receptors linked to phospholipase C and the production
of inositol trisphosphate. Stimulation of purinergic receptors
enhances ductular secretion via the stimulation of calcium-
dependent Cl– efflux channels and basolateral NHE-1 [31,32].
Importantly, the P2Y receptors are localized in the apical 
membrane of biliary epithelial cells [31]. Then, nucleotides
secreted into the bile canaliculus by hepatocytes modulate, 
in a paracrine manner downstream, the secretion of biliary
epithelial cells.

Inositol trisphosphate elicits complex calcium signals such 
as calcium oscillations and calcium waves. These signals rely 
on inositol trisphosphate receptors, which are intracellular
channels releasing calcium from the endoplasmic reticulum.
Similarly to gap junctions, it appears that biliary epithelial cells
use different isoforms from hepatocytes. In contrast to hepato-
cytes, which express mostly the inositol trisphosphate receptor
isoform 2, biliary epithelial cells abundantly express inositol
trisphosphate receptor isoform 3 [33]. Cholestasis has been
associated with loss of inositol trisphosphate receptors in
cholangiocytes and, consequently, impaired calcium signalling
[34].

Portal inflammation may participate directly in cholestasis 
by impairing ductal secretion. A combination of cytokines 
[interleukin (IL)-6, interferon (IFN)-gamma, IL-1 and TNFα]
inhibits cAMP formation and cyclic AMP-dependent Cl– efflux
in isolated bile duct units, but does not affect purinergic/
calcium-dependent Cl– efflux [35].

Cholangiocyte proliferation

Cholangiocyte proliferation is not proportionate to cell death in
chronic cholestatic liver leading to the progressive disappearance
of intrahepatic bile ducts, which is the hallmark of late-stage
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cholangiopathies. Most of the in vivo studies investigating
cholangiocyte proliferation have been performed in rodents
with the bile duct ligation model. Humoral factors are at play,
and pressure is not the only trigger in this model as, after 
selective ligation of lobar ducts, proliferation also occurs in 
non-ligated lobes [36]. The same second messenger cAMP that
plays a central role in stimulating ductular secretion stimulates
cholangiocyte proliferation [37]. The density of secretin recep-
tor is increased fivefold on cholangiocytes after bile duct 
ligation [38], but this seems to have more of a choleretic effect
than a proliferative one. The parasympathetic and sympathetic 
nervous systems both promote cholangiocyte proliferation.
Vagotomy markedly impaired expression of cholinergic M3
receptors and cholangiocyte proliferation after bile duct ligation
[39]. Chemical adrenergic denervation also decreased cholan-
giocyte growth, and this effect could be rescued by stimulating
adenylyl cyclase with forskolin [40]. This trophic effect of the
nervous system on the biliary epithelium is lacking after liver
transplantation. Factors counter-regulating adenylyl cyclase,
such as gastrin via the CCK-B/gastrin receptor and somatostatin
via the SSTR2 receptor, inhibit cholangiocyte hyperplasic 
reaction in bile duct-ligated rats [19,41]. Biliary epithelium is a
target for growth hormone. Activation of growth hormone
receptor stimulates the production of insulin-like growth 
factor (IGF)1, which has an autocrine proliferative effect on
cholangiocytes [42]. Hepatocyte growth factor has also been
reported to stimulate the proliferation of human cholangiocytes
[43].

Bile acids are trophic substances for the biliary epithelium.
Taurocholic acid and taurolithocholic acid, which increase
cAMP in cholangiocytes, support their proliferative capacity
[44,45]. Deoxycholic acid can transactivate epidermal growth
factor via a transforming growth factor (TGF)-α-dependent
mechanism and induces cell growth [46]. A diet enriched 
in ursodeoxycholic acid enhanced cholangiocyte proliferation
after partial bile duct ligation [47]; the opposite effect has also
been reported [48].

In addition, cholangiocytes possess intracellular steroid hor-
mone receptors. Estrogen receptor alpha and beta are expressed
in cholangiocytes, whereas only the alpha subtype is expressed in
hepatocytes. Estrogens stimulate in vitro cholangiocyte prolif-
eration, and in vivo administration of the estrogen antagonist,
tamoxifen, inhibited cholangiocyte proliferation after bile duct
ligation [49]. Nerve growth factor was found to have an additive
proliferative effect to estrogens. Nerve growth factor is secreted
by cholangiocytes and acts in an autocrine manner to stimulate
the ERK pathway [50].

Besides the typical cholangiocyte proliferation, which is a
hyperplasic reaction increasing the number and length of the
intrahepatic bile ducts, cholangiocytes from the terminal
cholangioles show impressive proliferation ability in cases of
severe hepatic necrosis. This ductular reaction occurs at the
periphery of the portal tracts. It recruits precursor cells and may
even leads to hepatocyte metaplasia. It is better visualized on

liver biopsies by specific immunohistochemistry (cytokeratin 7
for example) and correlates with the severity of liver damage.
These reactive cholangiocytes display specific phenotypical fea-
tures. They express neuroendocrine markers (chromogranin A,
glycolipid A2-B4, S-100 protein, neural cell adhesion molecule
[51]), acquire a multidrug-resistant phenotype by upregulating
efflux proteins such as MDR1, MRP1 and MRP3 [52] and 
have been claimed to produce numerous proinflammatory and
chemotactic factors (TNFα, IL-6, IL-8 and monocyte chemo-
tactic protein-1) as well as growth factors [hepatocyte growth 
factor, platelet-derived growth factor-BB, vascular endothelial
growth factor (VEGF) and endothelin-1] but, for some of these
factors, definitive evidence has not yet been published. Among
these factors, some, such as IL-6, may act in an autocrine manner
to stimulate further cholangiocytes [53]. Other mediators enable
reactive cholangiocytes to influence neighbouring cells, espe-
cially portal fibroblasts and endothelial cells [21], and to attract
inflammatory cells, in particular polymorphonuclear cells [54].
Human cholangiocytes in cases of polycystic liver disease pro-
duce VEGF and angiopoietin-1; these factors have an autocrine
proliferative effect on cholangiocytes that express cognate re-
ceptors (VEGF receptors 1, 2 and Tie-2), as well as a paracrine 
effect on the portal vasculature, thus promoting growth of the
cysts [55].

Cholangiocyte apoptosis

Cholangiocyte apoptosis is an important physiological and
pathophysiological process in the maintenance of tissue home-
ostasis. In fetal liver, cholangiocyte apoptosis occurs normally
during ductal plate remodelling (see Chapter 1.9). After relief 
of a biliary obstruction, the hyperplasic biliary tree is subjected
to remodelling by apoptosis to eliminate superfluous cholangio-
cytes [56]. In the bile duct ligation model, vagotomy or adminis-
tration of tamoxifen deprives cholangiocytes of growth stimuli
and leads to apoptosis. Pathophysiologically, excessive cholan-
giocyte apoptosis is an important feature of immune and
ischaemic cholangiopathies resulting in ductopenia (a decrease
in the number of bile ducts per portal tract). Human cholangio-
cytes express the Fas receptor, and IFN-gamma and TNFα
upregulate its expression, making cholangiocytes a target of 
T-cytotoxic lymphocytes bearing Fas ligand [57]. In primary 
biliary cirrhosis, antimitochondrial antibodies of the IgA type
translocate through cholangiocytes, and it has been suggested
that these antibodies could intracellularly trigger apoptosis 
by activating caspases [58]. Conjugated bile acids, which are
secreted by hepatocytes, may also affect the sensitivity of 
cholangiocytes to apoptosis. The taurine conjugate of the widely
prescribed ursodeoxycholic acid, tauroursodeoxycholic acid,
was found to activate the transcription factor CREB in cholan-
giocytes, protecting these cells from apoptotic stress [59].
Resistance to apoptosis is equally important as it is a central 
feature of cholangiocyte transformation in cholangiocarcino-
genesis (see below).

TTOC01_07  3/8/07  6:40 PM  Page 54



1.7 BILIARY EPITHELIAL CELLS 55

Cholangiocyte transformation

Cholangiocarcinoma complicates the course of cholangiopath-
ies characterized by inflammation of the bile ducts. Chronic
inflammation induces inducible nitric oxide synthase (iNOS)
expression in cholangiocytes. This has several consequences: 
it causes ductular cholestasis by inhibiting cAMP-dependent
HCO3

– and Cl– secretory mechanisms [60]; it potentiates DNA
damage by inhibiting 8-oxodeo-oxyguanine repair [61]; it 
nitrosylates caspase-9, blocking apoptosis [62]; and, finally, it
contributes to cyclo-oxygenase type 2 (COX-2) overexpression
[63]. Cholangiocellular expression of COX-2 is also upregulated
by deoxycholic acid via transactivation of the epidermal growth
factor receptor [64]. This is relevant because COX-2 has been
implicated in cholangiocarcinogenesis and is a potential target
for oncological therapy. Prostaglandin E2 prevents Fas-mediated
apoptosis of cholangiocytes by increasing the expression of the
antiapoptotic factor myeloid cell leukaemia-1 (Mcl-1) [65]. This
factor can also be upregulated by the inflammatory mediator 
IL-6, which has been implicated in cholangiocarcinogenesis
[66]. Several other antiapoptotic proteins, such as FLIP, Bcl-2
and Bcl-XL, are overexpressed in malignant biliary epithelium,
providing these cells with a survival advantage by evading apop-
tosis [67].

Immunological aspects

The biliary epithelium is a frontier separating the hepatic
parenchyma from a lumen which is in continuity with the
intestinal content. Even if this continuity is with the relatively
sterile small intestine and even if the bile is an inhospitable
milieu for microorganisms with its low glucose concentration,
biliary epithelial cells participate in the defence of the organism
against invaders. The principal protein in bile is IgA, which
binds to pathogens in the biliary and intestinal lumen. 
In humans, IgAs transit through biliary epithelial cells.
Cholangiocytes endocytose IgAs via a specific receptor expressed
in their basal membrane. These complexes are transported
through the cell to be dispersed into the bile. Peribiliary glands
secrete additional mucosal defence factors such as lactoferrin
and lysozyme [68].

Toll-like receptors are central to the innate immune response
by recognizing pathogen-associated molecular patterns. Normal
human cholangiocytes express Toll-like receptors, which medi-
ate the upregulation of beta-defensin-2 via activation of nuclear
factor kappaB [69]. Cholangiocytes maintain close cooperation
with cells of the immune system. They express adhesion
molecules to engage interactions with lymphocytes (ICAM-1,
LFA-3). Cytokines such as IFN-gamma and TNFα upregulate
the expression of major histocompatibility complex (MHC)
class II in biliary epithelial cells [70], but it is unclear to what
extent cholangiocytes act as antigen-presenting cells, as they are
lacking the co-stimulatory molecules B7-1 (CD80) and B7-2
(CD86). Biliary epithelial cells do not normally express CD40, a

member of the TNF receptor superfamily, but do express it in
cases of primary biliary cirrhosis [57]. Portal mononuclear cell
infiltrate in this disease contains T cells and macrophages pos-
itive for CD40 ligand [57]. Immunohistochemistry on biopsies
from patients with primary biliary cirrhosis revealed an induc-
tion of the expression of MHC II as well as of ICAM-1, the ligand
for LFA-1, on biliary epithelial cells, whereas portal lymphocytes
stained positive for LFA-1 [71,72].

Cholangiocyte heterogeneity

Not all cholangiocytes are the same. Cells lining small ductules
are different from cells lining large ducts. By isolating cholangio-
cytes according to size, Alpini and co-workers were able to 
characterize two populations of cholangiocytes with specific
functional properties. Small cholangiocytes, which are found 
in small ducts (15–300 µm), have a diameter around 8 µm,
whereas large cholangiocytes, which populate larger ducts
(300–800 µm), have a diameter of 15 µm. Both cell types 
express markers defining biliary epithelial cells: cytokeratins 
7 and 19 and γ-glutamyl-transpeptidase. However, in many
aspects, these cells appear to be different. The small cholangio-
cytes are devoid of secretin receptors (SR) and somatostatin
receptors (SSTR2), in contrast to the large cholangiocytes whose
bile secretion is regulated by these hormones. Consequently,
large cholangiocytes express CFTR and Cl–/HCO3

– exchanger.
The cytochrome P4502E1, an enzyme that participates in 
redox stress, is expressed only in large cholangiocytes [73]. It is
likely that the distribution of the phase I and phase II drug-
metabolizing enzymes, which is heterogeneous among cholan-
giocytes, segregates preferentially between the two populations,
explaining why small and large ducts are differently affected 
by injury and toxins. The proliferative response of small and
large cholangiocytes is different. Clinical extrahepatic obstruc-
tion such as the experimental model of bile duct ligation 
results in preferential multiplication of large cholangiocytes. In
humans, most of the cholangiocarcinomas arise in large ducts
and are probably derived from large cholangiocytes. In contrast,
small cholangiocytes display considerable phenotypical plastic-
ity and form a compartment with an important proliferative
reserve. Immunological diseases of the biliary epithelium such
as primary biliary cirrhosis and autoimmune cholangiopathy
primarily affect small cholangiocytes.
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When a stem cell replicates, its mitosis can be symmetrical
(producing two stem cells) or asymmetrical (producing one
stem cell and one progenitor cell or differentiated cell) (Fig. 1).

A good model to study stem cells is provided by the cells of the
blood-forming line; knowledge in this field is so far advanced
that therapeutic applications of stem cells are already standard
medical practice in haematology [4]. This has happened because
the blood’s stem cells are relatively easy to find: they have a
specific marker, the surface protein CD34, and can be harvested
from adult blood, where they represent about 0.01% of the
mononuclear cells, and from blood in the umbilical cord and
placenta (neonatal blood), where they are more abundant and
more prolific [5]. After they have been expanded ex vivo, they
can be reinjected intravenously, because they know how to
home into the bone marrow where they are needed, for example
to repopulate a bone marrow destroyed by chemotherapy [6].

This ‘sympathy’ between blood stem cells and bone marrow
runs deeply, and it has taught us something about stem cell 
biology in general. In vitro, blood stem cells totally deprived of a
bone marrow-like environment will not survive very long: they 
need the company of endothelial cells, fat cells, fibroblasts,
macrophages, osteoblasts and even some matrix. Normally, 
in the bone marrow, each haematopoietic stem cell lives in a

Introduction

Professor Bizzozero, a pupil of Professor Golgi, linked the pres-
ence of mitotic figures in a given cell type to the cell’s capacity to
regenerate. He classified cells into three types. Labile cells divide
so as to continually renew the tissue. Typical examples are 
epidermis and the epithelium of the gastrointestinal tract. Stable
cells normally do not divide, but under certain stimuli they still
have the capacity to do so. A typical example is the liver, which
normally is a silent organ, but which harbours an enormous
regenerative capacity after injuries like partial hepatectomy 
or toxic injury. Permanent cells like neurones or muscle cells
‘never’ divide. In biology, however, ‘never’ does not exist and in
the 1990s, in vitro experiments showed that almost all tissues
and organs, even the brain and muscle, contain cells with a huge
growth potential: tissue-specific stem cells.

Different types of stem cells and their
niches

What is a stem cell? A stem cell is an undifferentiated cell capable
throughout life of renewing itself as well as of generating 
one or more types of differentiated cells [1–3]. Every adult cell 
has a ‘mother’ (who may have parted from her years ago), and 
a line of ancestors – stem cells – of increasing differentiation
potential. The ultimate stem cells are those of the early embryo,
which are totipotential. Further down the line, in the fetus 
and also in the adult, we find multipotential (pluripotential)
stem cells. Those closer to final differentiation are called pro-
genitor, committed or transit cells. This nomenclature is still
changing. 

In continuously renewing lining epithelia, such as the epi-
dermis, stem cells are easy to find because they squat against 
the basement membrane. In other tissues, such as the liver, 
the search is frustrating because, by definition, stem cells look 
bland and undifferentiated. However, they can be visualized 
by immunohistochemistry, which reveals distinctive proteins
(antigens) on their surface or in their cytoplasm (see Plate 1.8.1,
facing p. 72). 

1.8 Hepatic stem cells 
Tania Roskams 
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Fig. 1 Schematic representation of symmetrical versus asymmetrical
division of stem cells. In symmetrical stem cell division (left), a stem cell (S)
generates two stem cells. This happens early in embryonic life. Later on
(right), a stem cell generates a stem cell and a committed, somewhat
differentiated cell (C). The stem cell niche keeps the stem cell in an
undifferentiated state.
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microscopic ‘niche’ of stromal cells that nurse it and provide 
it with the proper instructions [4,7,8]. Stem cell niches prob-
ably also exist in other tissues, but have not been characterized
yet.

In the following paragraphs, stem cell properties of hepato-
cytes and the local progenitor cell compartment in the liver,
called ‘oval cells’ in rodents and the canal of Hering/ductules in
human liver, will be discussed (Fig. 2). 

Hepatocytes have ‘stem cell’ properties

In normal circumstances, the liver hardly proliferates and was
therefore classified as a ‘stable’ organ. Hepatocytes in normal
adult liver have a lifespan of over a year. After partial hepatec-
tomy, however, proliferation of the main epithelial compartments
(hepatocytes and cholangiocytes), followed by proliferation of
the mesenchymal cells (hepatic stellate cells and endothelial
cells), quickly restores the liver. In rodents, the liver can restore
its original volume after two-thirds hepatectomy in approxi-
mately 10 days [9,10]. Serial transplantation experiments have
shown that hepatocytes have a near infinite capacity to prolifer-
ate [11,12]. Since at least 69 doublings can occur, the clonogenic
potential of hepatocytes, one of the crucial properties of a stem
cell, is confirmed. 

Hepatic progenitor cells: localization
and activation

When the mature epithelial cell compartments of the liver, 
hepatocytes and/or cholangiocytes, are damaged or inhibited in
their replication, a reserve cell compartment is activated [13].
This compartment, in humans called the progenitor cell com-
partment and in rodents the oval cell compartment, resides in
the smallest and most peripheral branches of the biliary tree, the
ductules and canals of Hering [14] (Fig. 2). The canal of Hering
is a channel lined partly by hepatocytes and partly by cholangio-

cytes. It represents the anatomical and physiological link between
the intralobular canalicular system and the biliary tree. Cells 
of morphology and immunophenotype intermediate between
hepatocytes and cholangiocytes (‘intermediate cells’, see below)
are not recognized in normal tissue. A corollary is that the true
interface of hepatocytes and the biliary tree does not reside, as
has been assumed, at the ‘limiting plate’, but rather along an
array of sites that project starlike from the portal tracts, along the
canals of Hering.

Wilson and Leduc were the first to describe this activation of 
a ‘reserve cell compartment’ in mouse after severe dietary injury
[15]. Subsequently, several models of so-called oval cell reaction
in rodents have been described. Mostly, these models employed
potential carcinogenic agents to inhibit the proliferation of
mature hepatocytes after a regenerative stimulus: for example,
acetaminofluorene intoxication of rats after partial hepatec-
tomy or after administration of a necrogenic dose of carbon
tetrachloride [16] or ethionine intoxication in mice. Also, 
models of fatty liver disease like Ob/Ob mice or PARP-1(–/–)
mice are characterized by inhibition of the replication of mature
hepatocytes, caused by oxidative stress, and show a striking oval
cell response [17,18]. 

The activation of oval cells, or in human liver the ‘ductular
reaction’, comprises expansion of a transit-amplifying cell 
compartment of small biliary cells that can differentiate into 
at least biliary epithelial cells and hepatocytes. The progenitor
cells are labelled by biliary type cytokeratins (CK) CK7 and 19,
oval cell markers OV6 and OV1, neuroendocrine markers chro-
mogranin A, neural cell adhesion molecule and parathyroid
hormone-related peptide, and connexin 43. A subpopulation 
of ductular/progenitor cells express markers of haematopoietic
cells (CD34, c-kit, flt-3, Thy-1), which raised the question of
whether progenitor cells could be directly derived from bone
marrow stem cells. Most studies, however, are concordant with 
a progenitor cell niche in the ductules/canals of Hering, at 
the interface between the parenchyma and the portal tract 

BD

A

PT

Canaliculus

V

Canal of Hering

Intralobular ductule

Portal ductule

HSCFig. 2 Anatomy and terminology in human
liver. The left side of the figure illustrates the
portal tract (PT), containing a branch of the
portal vein (V), the hepatic artery (A) and
accompanying bile duct (BD). The smallest,
most peripheral branches of the biliary tree, 
the ductules, consist of a portal part (portal
ductule) and an intralobular part (intralobular
ductule). The canal of Hering is lined partially 
by hepatocytes and partially by cholangiocytes
and forms the connecting piece between the
ductules and the canaliculi in between
hepatocytes. The progenitor cells are located in
the most peripheral branches of the biliary tree,
the ductules and the canal of Hering.
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mesenchyme. This is also the location where, during embryonic
development, bipotential hepatoblasts form the primitive ductal
plate, which has the same phenotype as progenitor cells in adult
life: ductal plate cells express biliary markers and (immature)
hepatocytic markers like alpha-fetoprotein and also haemato-
poietic markers like CD34.

Progenitor cell activation or ductular reaction is seen in the
majority of chronic human liver diseases. Reactive ductules
form strands of small cholangiocytes with an oval nucleus and a
small rim of cytoplasm [19]. The degree of progenitor cell acti-
vation increases with the severity of the disease [20]. In chronic
hepatitis, progenitor cell activation correlates with the degree 
of inflammation [21]. In a variety of chronic liver diseases 
like chronic hepatitis C, haemochromatosis and (non)alcoholic
steatohepatitis, the degree of progenitor cell activation also cor-
relates with the degree of fibrosis and the stage of the disease
[17,20]. In moderate and severe degrees of inflammation, inter-
mediate hepatocytes occur, having a phenotype intermediate
between progenitor cells/ductular cells and mature hepatocytes
(see Plate 1.8.1, facing p. 72). The number of these inter-
mediate hepatocytes gradually increases with greater degrees of
inflammation, and also with increasing necrosis in necrotizing
hepatitis and with more advanced stages of (non)alcoholic
steatohepatitis [17,20,21] (see Plate 1.8.1, facing p. 72). This
strongly suggests a greater degree of differentiation of pro-
genitor cells into hepatocytes when there is more hepatocyte
damage. In cirrhotic livers, especially in (non)alcoholic steato-
hepatitis, whole cirrhotic nodules can be composed of inter-
mediate hepatocytes, which ultrastructurally look strikingly
‘normal’, without Mallory body formation and without fatty
change. This suggests that these intermediate hepatocyte-
nodules originate from progenitor cells [17]. In parallel,
Falkowski et al. showed, in a three-dimensional reconstruction
study, that sequestered hepatocyte ‘buds’ in cirrhosis are always
in continuity with reactive ductules, strongly suggesting a 
progenitor cell origin [22]. 

A trigger for progenitor cell activation is certainly a lack of
ability of the mature cell compartments to proliferate. Alongside
what we know from rodent models, human liver diseases also
exhibit inhibition of replication of mature hepatocytes. Recently,
it has been shown that hepatocytes are senescent in the cirrhotic
stage of a wide variety of chronic human liver diseases because 
of telomere shortening. Intriguingly, mesenchymal cells, like
endothelial cells and hepatic stellate cells, do not show this
replicative senescence [23,24]. Probably, this hepatocyte replica-
tive senescence is in part the result of ongoing proliferation dur-
ing 20–30 years of chronic liver disease. Chronic inflammation,
the presence of growth factors and DNA-damaging agents like
reactive oxygen species and nitrogen species also play a role. So,
similar to rodent models, replicative senescence of hepatocytes
triggers progenitor cell activation in humans as well [13,25].

There have been a number of papers illustrating the role 
of bone marrow stem cells in producing hepatocytes, both in
animal models and in humans. The precise role of these stem

cells is not clear, because in several models it has been shown
that cell fusion of bone marrow stem cells with damaged hepato-
cytes took place [26]. 

The society of liver cells and the
surrounding stroma; the liver stem cell
niche

The liver consists of epithelial cell types (hepatocytes, cholangio-
cytes and progenitor cells), mesenchymal cell types (Kupffer
cells, endothelial cells, hepatic stellate cells) and stroma. Stroma
is present in the portal tracts and in the Disse space (Fig. 3).

The importance of this ‘society’ of cells and the stroma is illus-
trated by the fact that hepatocytes, which have a huge growth
potential in vivo, are very hard to keep alive and differentiated
when isolated and placed in culture. When hepatocytes are
injured, Kupffer cells secrete interleukin (IL)-6 and trans-
forming growth factor α (TGF-α), which activate hepatic 
stellate cells. Hepatic stellate cells produce growth factors for
hepatocytes and progenitor cells (e.g. hepatocyte growth factor).
They also produce matrix components and transforming growth
factor β (TGF-β), which inhibits the growth of hepatocytes.
Growth factors like hepatocyte growth factor and epidermal
growth factor also come from the circulation. The matrix 
harbours growth factors for hepatocytes and progenitor cells
bound to, for example, proteoglycans, which can be quickly
released when needed. Release of hepatocyte growth factor by
the matrix is in turn inhibited by tissue inhibitor of metallopro-
teinase (TIMP). Hepatocytes and progenitor cells produce growth
factors for endothelial cells, like vascular endothelial growth 
factor, in order to maintain their vascularization. Recently, a
specific growth factor for ‘oval cells’, TWEAK (transforming
growth factor-like weak inhibitor of apoptosis), was described,
which does not act on hepatocytes [27]. This is an important 
step in our understanding of the regulation of oval cell reaction
versus hepatocyte proliferation. This growth factor is produced
by sinusoidal lining cells. Sinusoidal lining cells, like hepatic 
stellate cells, proliferate in close anatomical relationship with
progenitor cells; in addition, stellate cells produce growth fac-
tors for which progenitor cells have the receptors, suggesting 
a true interaction between these cell compartments [13]. We
also know that there are different subtypes of hepatic stellate
cells/myofibroblasts [28] (see also Chapter 1.6). Studies identi-
fying the stellate cell subtypes that surround the progenitor cells
are underway. In general, defining the so-called ‘stem cell niche’
for adult human liver progenitor cells will be an important goal
for the near future.

Progenitor cells seem to be able to survive when hepatocytes
are lost as a result of toxic damage or viral infections. Adenosine
triphosphate binding cassette (ABC) transporters play both a
secretory and a protective role, and a strong upregulation of 
apical MDR1 and basolateral multidrug resistance protein
(MRP)1 and MRP3 in human hepatocytes and in progenitor
cell-related bile ductules was observed [29,30]. We hypothesized
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that this change in expression offers protection against the accu-
mulation of toxic bile constituents and may render these cells
resistant to oxidative stress.

The possible role of progenitor cells in
liver cancer

In the 19th century, pathologists like Virchow observed that
some tumours exhibit features of a range of different organs
(teratocarcinoma) and hypothesized that these tumours ori-
ginated from embryonal rests [31]. Today’s stem cells are the
modern equivalent of embryonal rests: tumours can originate
from malignant transformation of a stem cell on its way to a dif-
ferentiated mature cell type in a given organ (maturation arrest).
In continuously renewing systems like the epidermis, gut and
haematopoietic tissue, it is widely accepted that cancer arises
from stem cells, because stem cells are the only cells that have a
lifespan long enough to acquire the requisite number of genetic
changes for neoplastic development. The liver, however, is a
silent organ in which several cell types have longevity: hepato-
cytes and cholangiocytes, but also bipotential progenitor cells 
residing in the most terminal branches of the biliary tree, the
ductules and/or canals of Hering [14]. This implies that, in the
liver, several cell types can be carcinogen targets. We know 
from animal experiments that cell proliferation during carcino-
gen exposure is a prerequisite to ‘fix’ any genotypic injury into 
a heritable form.

Animal models show that hepatocytes are implicated in some
models of hepatocellular carcinoma (HCC), while other models,
using direct injury to the essentially unipotent cholangiocytes,

induce cholangiocarcinoma (CC). Progenitor cells (oval cells in
rodents) are activated in many animal models, just like in many
instances of human liver damage, irrespective of aetiology, mak-
ing such cells very likely carcinogen targets. If progenitor cells 
do give rise to cancer during their maturation/differentiation
process (maturation arrest theory), one would expect a range of
neoplastic phenotypes, recapitulating stages in normal devel-
opment, a prediction supported experimentally [32], as well as
in human liver tumours (see below). Direct evidence for the
involvement of oval cells (progenitor cells) in the histogenesis of
HCC was obtained by Dumble et al. [33], who isolated oval cells
from p53-null mice. When these cells were transplanted into
athymic nude mice they produced HCCs. 

In humans, chronic viral hepatitis B and C, alcoholic and 
nonalcoholic steatohepatitis, metabolic diseases and mutagens
like aflatoxins (toxic metabolites of the food mould Aspergillus)
are the most important risk factors for the development of 
HCC (Fig. 4). Chronic inflammatory biliary diseases like 
primary sclerosing cholangitis, hepatolithiasis (gallstones) and
infestation by the liver flukes Opisthorchis viverrini and
Clonorchis sinensis are known risk factors for the development 
of CC. This underscores the point that oxidative stress and
chronic inflammation are common carcinogenic risk factors in
all primary liver cancers. 

As in rodents, HCC and CC in humans evolve from focal pre-
cursor lesions that reflect the stages of multistep carcinogenesis
[34] (Fig. 4). Because progenitor cells are activated in most
chronic liver diseases that are known risk factors for the develop-
ment of HCC as well as CC, progenitor cells are potential target
cells for carcinogenesis. 
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HSC/MF
produce HGF+,
TGF-b–,
neurotrophins

Kupffer cells: TGF-a, IL-6

Circulating growth factors
EGF, HGF

Matrix–
bound HGF

–
TIMP

VEGF+

VEGF+

Fig. 3 Society of liver cells. When hepatocytes
are injured, Kupffer cells secrete interleukin 6
(IL-6) and transforming growth factor a (TGF-
a), which activate hepatic stellate cells. Hepatic
stellate cells produce growth factors for
hepatocytes and progenitor cells (e.g.
hepatocyte growth factor, HGF), matrix
components and transforming growth factor b
(TGF-b), which inhibits the growth of
hepatocytes. Growth factors, such as
hepatocyte growth factor and epidermal
growth factor (EGF), also come from the
circulation. The matrix harbours growth factors
for hepatocytes and progenitor cells bound to,
e.g. proteoglycans, which can be quickly
released when needed. Release of hepatocyte
growth factor by the matrix is in turn inhibited
by tissue inhibitor of metalloproteinase (TIMP).
Hepatocytes and progenitor cells produce
growth factors for endothelial cells, such as
vascular endothelial growth factor (VEGF), 
in order to maintain their vascularization. 
A, hepatic artery; BD, bile duct; PT, portal tract;
PV, portal vein.
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Most tumours still show phenotypical features of their cell of
origin and the histopathological classification of tumours is
largely based on this. Several studies using detailed immunophe-
notyping of HCCs showed that a substantial number (28–50%)
of human HCCs express markers of progenitor/biliary cells like
cytokeratins (CK) 7 and 19, and OV6 [35–38].

Morphologically, these tumours consist of cells with a very
immature phenotype and a range of cells with phenotypes 
intermediate between progenitor cells and hepatocytes. CK19
expression in HCC especially has been associated with a worse
prognosis and faster and more recurrence after surgical treat-
ment. Wu et al. [39] observed a significantly shorter survival in
patients with HCCs expressing cytokeratin antibody AE1–AE3
and CK19 without any treatment. Uenishi et al. recently reported
that HCCs expressing CK19 and CK7 have a lower tumour-free
survival rate after curative resection and demonstrated that
CK19 expression was an independent predictor of postoperative
recurrence [40]. A recent study by Ding et al. [41] correlated
overexpression of CK19 with HCC metastasis. In our own con-
secutive series of 109 HCCs, CK19-positive tumours (in more
than 5% of tumour cells) had a higher rate of tumour recurrence
after liver transplantation, compared with CK-negative HCCs.

CK19 expression was significantly associated with elevated
serum alpha-fetoprotein (>400 ng/mL) and expression of

alpha-fetoprotein by the tumour. The association with alpha-
fetoprotein, which is also a marker of progenitor cells, is com-
patible with a progenitor cell origin of these tumours. 

Of course, the presence of progenitor cell features in a tumour
can be explained in two ways: either the cell of origin is a pro-
genitor cell (maturation arrest theory) or alternatively, tumours
dedifferentiate and acquire progenitor cell features during car-
cinogenesis (dedifferentiation theory). When progenitor cells
are the cell of origin of a subtype of primary liver tumours, one
would expect that the earliest premalignant precursor lesions
would also consist of progenitor cells and their progeny. This 
is indeed the case: 55% of small-cell dysplastic foci (smaller 
than 1 mm), the earliest premalignant lesions known to date in
humans, consist of progenitor cells and intermediate hepato-
cytes. This is a very strong argument in favour of the progenitor
cell origin of at least part of the HCCs. Large-cell ‘dysplastic’
foci, on the other hand, consist of mature senescent hepatocytes,
being a result of continuous proliferation in chronic liver dis-
eases and not the true precursor lesions of HCC [42]. 

Moreover, in hepatoblastomas, the most common liver
tumour in childhood, cells resembling progenitor cells have
been noted [43–45]. This tumour is widely believed to be of 
stem cell origin, because it can comprise both epithelial and
mesenchymal tissue components. 

Early–advanced HCC

Hepatocyte

Accumulating genetic alterations

Dysplastic
focus <1 mm

Dysplastic nodule
> 1 mm
Low-grade–high-grade DN 

Progenitor cell

Microscopic level Macroscopic level

Fig. 4 Hepatocarcinogenesis is a multistep process. The different steps towards malignancy include the microscopically small large-cell and small-cell
dysplastic foci (<1 mm). At the macroscopic level, these lesions can evolve into dysplastic nodules (low-grade and high-grade dysplastic nodules). Most of the
high-grade dysplastic nodules evolve into cancer (early-advanced stage). The cells of origin can be either hepatocytes or progenitor cells. If progenitor cells give
rise to cancer, the earliest premalignant lesions should consist of progenitor cells and their progeny. Indeed about half of the small-cell dysplastic foci, the
smallest premalignant lesions known to date, consist of progenitor cells and intermediate cells. DN, dysplastic nodule.
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Aberrant expression of p63, a marker for basal/stem cells in
several organs including prostate and skin, and of c-kit, a stem
cell marker, has been described in CCs, also suggesting a pro-
genitor cell origin of part of these tumours [46].

In many human tumours, it has become apparent that only
tumour stem cells are capable of transferring the disease to
NOD/SCID mice, so it would not be surprising if hepatic pro-
genitor cells in HCCs are the only cells capable of propagating
the tumour in immunodeficient mice [47].

Conclusions

In a wide variety of acute and chronic human liver diseases, 
progenitor cells proliferate, whereas hepatocytes become senes-
cent in the cirrhotic stage of chronic liver diseases. Because of
their bipotential differentiation capacity, progenitor cells are
ideal candidates for cell therapy. Alternatively, this cell compart-
ment can be stimulated in vivo to stimulate liver regeneration.
Better knowledge of the mechanisms of progenitor cell activa-
tion and differentiation is needed before these cells can be
exploited for regeneration therapy.
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From endoderm to hepatoblast

Hepatic specification of the endoderm is evidenced by the
expression of albumin and α-fetoprotein, which starts in the
ventral endoderm region that is adjacent to the developing heart
and to the septum transversum mesenchyme. Transcription 
factors of the FoxA (forkhead-box factors, formerly HNF-3) and
GATA families bind to regulatory regions of the albumin gene in
the endoderm, at a stage preceding the onset of albumin mRNA
synthesis [11,12]. As FoxA and GATA factors are able to bind 
to condensed chromatin and to induce its decompaction [13], 
it is likely that FoxA and GATA factors decondense endoderm
chromatin to give access to another set of transcription factors,
which subsequently allow transcription of the albumin gene to
be initiated, and so contribute to hepatic specification of the
endoderm [3].

Pioneering tissue transplantation experiments performed by
LeDouarin [14], and more recent experiments addressing the
molecular mechanisms of early hepatogenesis, revealed that
fibroblast growth factors (FGF)-1 and -2, which are expressed by
the cardiogenic mesoderm, can induce hepatic gene expression
in cultured endoderm, provided that threshold concentrations
of FGFs are reached [15,16]. The septum transversum mesen-
chyme, which is located caudally to the cardiogenic mesoderm
and in the vicinity of the prehepatic endoderm at the time of
hepatic induction, is a source of bone morphogenic proteins
(BMP)-2 and -4. BMPs act cooperatively with FGFs in hepatic
induction [17]. Interestingly, BMPs induce expression of the
transcription factor GATA4 in cultured endoderm [17], thereby
establishing a link between BMP signalling from the septum
transversum and GATA-mediated chromatin remodelling in
the endoderm.

Expansion of the liver bud

The liver bud, which becomes detectable around the 20th day of
gestation in humans or at embryonic (E) day 9 in the mouse,
mainly consists of a population of hepatoblasts that is delineated
by a continuous basement membrane, and is separated from the

In the embryo, the liver develops from the endoderm, one of the
three germ layers formed during gastrulation [1]. The endo-
derm is constituted of a single cell-layered epithelium that 
delineates the primitive gut, and shows a regionalized, antero-
posterior (cephalocaudal) gene expression profile [2]. Indeed,
the endoderm gives rise to a number of organs, such as the 
lungs, the thyroid gland, the liver, the intestine and the pancreas,
and genes that are specifically active in these organs become
expressed in the endoderm before organ morphogenesis is initi-
ated. Thus, endodermal domains are specified, that is they are
committed to a differentiation fate, before organ morphogenesis
proceeds.

The outgrowth of the liver from the ventral wall of the 
endoderm gives rise to a bud consisting mainly of liver pre-
cursor cells called hepatoblasts [3]. Proliferation of these cells 
is dependent on interactions with blood vessels, mesenchymal
cells and extracellular matrix, and is followed by invasion 
of the hepatoblasts into the nearby septum transversum 
mesenchyme.

Further growth of the liver is associated with differentiation of
the hepatoblasts into either hepatocytes or biliary cells [4,5]. The
hepatocytes progressively acquire their mature morphology and
line up to adopt the typical cord-like architecture that is estab-
lished in concert with the development of the hepatic sinusoids
(see Chapter 1.2). The biliary cells differentiate around the
branches of the portal vein and, after a multistep morphogenic
process, give rise to the intrahepatic bile ducts, which are located
in the portal tracts and drain the bile from the bile canaliculi 
to the extrahepatic biliary tract [6,7]. Development of the 
hepatocytes and biliary cells is tightly controlled by a network 
of transcription factors [5,8–10] and by interactions with the 
extracellular matrix and with non-parenchymal cells such as 
the haematopoietic cells, which infiltrate the liver during 
development.

In this chapter, the various steps leading from endoderm
specification to the acquisition of a mature liver architecture 
will be described, and the focus will be on mammalian liver
development with specific reference to the mouse as a mam-
malian model organism.

1.9 Embryology of the liver and
intrahepatic biliary tract
Frédéric P. Lemaigre
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septum transversum mesenchyme by an irregular layer of
endothelial cells (Fig. 1). The hepatoblasts proliferate, the base-
ment membrane is disrupted, and the cells invade the septum
transversum. Expansion of the liver bud requires the activity of
the proteins Hex, GATA6 and Prox-1, which are transcription
factors expressed in the hepatoblasts [18–21]. Hex and GATA6
control cell proliferation and differentiation, respectively, and
Prox-1 regulates cell adhesion. The role of Prox-1 was revealed
by the analysis of Prox1–/– knockout embryos, which display a
phenotype characterized by a lack of delamination of the hepa-
toblasts from the liver bud. The Prox1–/– cells fail to migrate
through the basement membrane and remain clustered together,
most probably as a result of the overexpression of the cell adhe-
sion protein E-cadherin.

Interactions between hepatoblasts and mesoderm-derived
cells also regulate liver bud expansion. As yet unidentified signals
from the endothelial cells are required to stimulate hepatoblast
proliferation, as evidenced by the lack of expansion of the liver
bud in Flk1–/– embryos, which lack endothelial cells [22].
Septum transversum cells continue to play a role in liver devel-
opment beyond the endoderm specification stage, as shown 
by the stimulation of hepatoblast proliferation by BMPs and
FGFs [15,17]. How these factors control proliferation is not well
understood, but the identification of BMP-responsive cis-acting
sequences within regulatory sequences of the Hex gene suggests
that signalling factors control hepatoblast proliferation by 
regulating the expression of liver-specific transcription factors.

At later stages of liver development, beyond the stage of bud
formation, proliferation and survival of the hepatic cells persis-
tently require the activity of a number of transcription factors in
hepatoblasts as well as tight control mechanisms orchestrated by

interactions involving the mesenchymal cells, the extracellular
matrix and the hepatoblasts. FoxM1B , Xbp1 and β-catenin are
transcriptional regulators that stimulate hepatoblast prolifera-
tion [23–25]. Another transcription factor, Hlx, which is expressed
in mesenchymal cells, indirectly stimulates hepatoblast pro-
liferation [26], most probably by controlling the activity or 
production of growth factors.

Growth factors secreted by the mesenchymal cells include
scatter factor/hepatocyte growth factor (HGF). HGF binds to 
its receptor c-Met at the hepatoblast cell surface and activates a
cascade involving the transcription factor c-jun. Mutations in
the genes coding for HGF, c-Met or c-jun induce severe liver
hypoplasia leading to embryonic lethality [27–30]. Moreover,
HGF can stimulate hepatoblast proliferation cooperatively 
with Wnt-3a, a growth factor involved in a host of develop-
mental processes, which controls gene expression by activating
β-catenin [31]. Another growth factor, namely transforming
growth factor (TGF)-β, also controls hepatoblast proliferation,
as evidenced by the reduced proliferation rate observed in livers
of mouse embryos doubly heterozygous for the TGF-β media-
tors Smad2 and Smad3 [32]. Moreover, deficiency in Smad2 and
Smad3 activity is associated with strongly decreased expression
of β1-integrin, a receptor for extracellular matrix components.
β1-integrin is needed to allow normal hepatogenesis, as 
β1-integrin-deficient cells fail to colonize the liver [33].

Liver growth also depends on a balance between proliferation
and apoptosis. Cell survival relies on the integrity of NF-κB-
mediated signalling pathways, as shown by the fact that disrup-
tion of the RelA or IκB kinase genes is associated with intense
apoptosis and liver failure [34–37]. When the NfκB gene is 
disrupted in the absence of tumour necrosis factor (TNF) or 

Hex, GATA, Prox-1,
FoxM1B, β-catenin, Xbp1,
c-Met, c-jun, NF-κB, Smad
TNF-R1, β1-integrin

Hlx, endothelial signal,
FGF, BMP, HGF, TNF, Wnt

ST
LB

E

H

EC BM

HB HB

S

Fig. 1 Expansion of the liver bud is controlled
by cell-autonomous and cell-extrinsic
mechanisms. When the liver bud (LB) emerges
from the endoderm (E) in the vicinity of the
developing heart (H), the hepatoblasts (HB)
invade the septum transversum (ST). The liver
bud is initially delineated by a continuous
basement membrane (BM) and is surrounded
by an irregular layer of endothelial cells (EC).
Cell-autonomous (above the arrow) and 
cell-extrinsic (below the arrow) regulators
modulate differentiation, proliferation and
apoptosis of the hepatoblasts. Sinusoids (S)
start to develop within the septum
transversum.
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of TNF receptor-1, apoptosis is no longer observed, indicating
that NF-κB is protective against TNF-induced apoptosis [38,39].
β-catenin, besides its role as a mediator of Wnt in stimulat-
ing proliferation of hepatoblasts, is also protective against 
apoptosis, as evidenced by the high number of apoptotic cells 
in embryonic liver explants in which β-catenin expression is
inhibited [25].

Taken together, the above data indicate that a complex inte-
gration of cell-autonomous and cell-extrinsic cues allow the
liver to emerge from the endoderm and to grow until it reaches
the stage at which the bipotent hepatoblasts enter the hepato-
cytic or biliary differentiation programme.

Differentiation of hepatoblasts into
hepatocytes or biliary cells

Around the eighth week of gestation in humans or around E14
in mouse embryos, the hepatoblasts start to differentiate into
either hepatocytes or biliary cells (Fig. 2). The biliary cells are
first detected around the branches of the portal vein (see below),
while the hepatocytes differentiate in the rest of the parenchyma.
Despite intense investigations, this process of cell fate decision
remains poorly understood. Hepatocyte differentiation largely
depends on the transcription factor HNF-4α [40]. The absence
of HNF-4α at the stage when hepatocytes should enter the dif-
ferentiation programme is associated with a failure to express
numerous hepatocytic functions. Another transcription factor,
FoxM1B, is critical for biliary differentiation because, in its
absence, no biliary cells become detectable [23]. A different role
is played by the transcription factor HNF-6, which prevents the
premature appearance of biliary markers in the liver and so
determines the timing of biliary differentiation [41]. Genes 
that are controlled by HNF-6 include those coding for HNF-1β,
a transcription factor involved in bile duct morphogenesis [42],
as well as mediators and regulators of TGF-β signalling [43,44].

Hepatoblast differentiation into either hepatocytes or biliary
cells does not exclusively rely on cell-autonomous mechanisms.
The Jagged/Notch signalling pathway, which implicates cell–cell
regulatory events, is a candidate regulator of hepatoblast fate
decisions in the developing liver. This hypothesis stems from 
the observations that, in patients affected by mutations in the
JAGGED1 gene and suffering from Alagille syndrome (see
Chapters 16.10 and 22.1), the liver presents with bile duct pau-
city (OMIM #118450). Also, mice doubly heterozygous for a
Jagged1 null allele and a hypomorphic Notch2 allele show lack 
of bile ducts at birth [45], but it is not yet known what stage of
biliary differentiation is affected in these mutant mice. Work
with cultured cells revealed that activation of the Notch pathway
in isolated mouse hepatoblasts results in repression of hepato-
cytic differentiation and stimulation of biliary differentiation
[46]. There is good evidence that Jagged-1, a Notch ligand, 
is expressed in the portal mesenchyme when biliary cells start 
to differentiate. Therefore, a plausible model proposes that 
hepatoblasts expressing Notch2 interact with the portal mesen-
chyme cells expressing Jagged-1, and that this triggers biliary 

FoxM1B, Notch2, HNF-6,
OC-2, HNF-1b, b-catenin

TGF-b, Jagged-1,
Wnt, integrins

TenascinHes-1

DP

PV
PM

Parenchyma

HA
BD

Fig. 2 Development of the bile ducts is controlled by cell-autonomous and
cell-extrinsic mechanisms. The hepatoblasts differentiate into biliary cells
around the portal mesenchyme (PM) surrounding the branches of the portal
vein (PV). The biliary cells form the ductal plate (DP), which becomes
bilayered and gives rise to the bile ducts (BD). The branches of the hepatic
artery (HA) are associated with the bile ducts. Cell-autonomous (above the
arrows) and cell-extrinsic (below the arrows) regulators modulate
differentiation and morphogenesis of the bile ducts. The progressive
darkening of the parenchyma illustrates the maturation of the hepatocytes.
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differentiation of the hepatoblasts while repressing hepatocytic
differentiation. However, whether Jagged/Notch signalling is
involved in modulating hepatoblast fate decisions in vivo awaits
further confirmation.

The hepatoblasts express high levels of the Wnt signalling
mediator β-catenin [25], which, as mentioned above, promotes
proliferation and protects against apoptosis. Experiments with
embryonic liver explants revealed that Wnt-3a and β-catenin
stimulate expression of the biliary marker cytokeratin 19
(CK19), implicating Wnt/β-catenin signalling in hepatoblast
fate decisions [31]. This hypothesis is supported by the observa-
tion that liver explants treated with Wnt-3a show a reduced
expression of the stem cell marker c-kit, suggesting that Wnt 
signalling induces the hepatoblasts to exit their bipotential 
status to enter the biliary differentiation programme. However,
this model still needs to be validated by in vivo data.

Around the time of hepatoblast cell fate decision, TGF-β
signalling occurs as a gradient of activity, which peaks in the 
hepatoblasts adjacent to the branches of the portal vein. Lower
signalling activity is detected at a distance from the portal vein
[44]. Increasing TGF-β signalling throughout the parenchyma,
as is the case in knockout mice for the Onecut transcription fac-
tors HNF-6 or OC-2, induces the expression of biliary markers
in all the hepatic cells. The cells then coexpress hepatocyte and
biliary markers and are hybrid ‘hepatobiliary’ cells. In addition,
blocking TGF-β signalling inhibits biliary differentiation of the
hepatoblasts [44]. Therefore, the intensity, the timing and the
location of TGF-β signalling activity are key determinants of
hepatoblast fate decision. It is not yet clear how the gradient of
TGF-β activity is established and how this gradient interacts
with other cell signalling pathways involved in hepatoblast 
differentiation.

As biliary differentiation occurs around the branches of the
portal vein (see below), the portal mesenchyme may promote
biliary differentiation, not only by Wnt, Jagged/Notch or TGF-
β-mediated signalling, but also via interactions with the extra-
cellular matrix. When the hepatoblasts differentiate into biliary
cells, a switch in the expression of integrins is observed. Indeed, 
hepatoblasts express integrin dimers α1β1, α5β1, α6β1 and
α9β1, while the biliary cells show a progressive increase in α6β1
and a decrease in α1β1. In addition, the ductal plate cells start to
express the α2β1, α3β1, αVβ1 and α6β4 integrins, which are
absent from the hepatoblasts. The increase in α6β1 expression
and the biliary-specific expression of α2β1, α3β1 and α6β4,
which are laminin receptors, correlate well with the presence of
laminin in the portal mesenchyme, suggesting that laminin may
be involved in biliary cell development [47].

Maturation of hepatocytes

When the hepatocyte lineage becomes separated from the biliary
lineage, the hepatocytes enter a maturation phase that extends
beyond birth and consists of the acquisition of a proper mor-
phology and of hepatocyte functions such as urea synthesis, 

production of apolipoproteins or gluconeogenesis. A set of 
liver-enriched transcription factors, organized in a dynamic net-
work of auto- and cross-regulatory loops [48], is instrumental 
in hepatocyte maturation. These factors include those from 
the HNF-1, FoxA, HNF-4, C/EBP and Onecut families [8–10].
Much is known about the function of these factors as a result 
of the analysis of mutant mice and from the identification of 
the factor binding sites in target genes. In some cases, human
patients with mutations in genes coding for liver-enriched tran-
scription factors were found. For instance, mutations in the
HNF1a, HNF1b and HNF4a genes are associated with maturity-
onset diabetes of the young. HNF-1α and HNF-4α control 
the expression of glucose metabolism-regulating proteins, but
they also control a host of liver functions that include amino
acid and lipid metabolism. HNF-4α also determines the epithe-
lial morphology of hepatocytes, as a lack of HNF-4α in mice is
associated with major alterations in liver architecture [49].
HNF-1β is a regulator of bile duct development (see below), but
is also essential for bile acid sensing and fatty acid oxidation [42].
The three FoxA factors (FoxA-1, -2 and -3) have overlapping
DNA-binding properties and functions and, like the other 
liver-enriched transcription factors, they regulate numerous
hepatic functions. C/EBP factors also constitute a family of pro-
teins with overlapping functions (reviewed in [50]). C/EBPα is a
regulator of glucose and glycogen metabolism, of lipid home-
ostasis and hepatocyte proliferation. In addition, lack of C/EBPα
perturbs the epithelial organization of the liver, but much less 
so than the absence of HNF-4α. C/EBPβ is a regulator of glu-
coneogenesis and a critical stimulator of phosphoenolpyruvate 
carboxykinase gene expression. Finally, with regard to Onecut
factors, the function of HNF-6 has been determined mainly 
by the analysis of Hnf6 knockout mice, which show abnormal
glucose metabolism and major alterations in biliary develop-
ment [41,51,52]. The Onecut factor OC-2 regulates biliary
development [44].

Liver-enriched transcription factors form a regulatory net-
work that is modulated by signalling from the environment.
Starting around E12 in the mouse, hepatocytes are in close con-
tact with haematopoietic cells. These cells persist in the liver
until birth and exert a paracrine control on hepatocyte matura-
tion (reviewed in ref. 53). Oncostatin M, an interleukin (IL)-6-
related cytokine secreted by the haematopoietic cells, synergizes
with glucocorticoid hormones to induce liver-specific functions
and to control the morphology and cell adhesion properties 
of hepatocytes [54,55]. The response induced by oncostatin M
requires the integrity of the Jumonji gene, which codes for a 
transcription factor expressed in hepatocytes [56]. Conversely,
the integrity of hepatocytic functions is required to allow
haematopoietic cell differentiation to proceed, as evidenced by
the fact that hepatic B lymphopoiesis is impaired when hepato-
cytes are devoid of HNF-6 [57]. Also, when hepatocytes have
matured, they no longer support differentiation of haematopoi-
etic cells [55], indicating that haematopoietic cells and hepato-
cytes cross-regulate each other dynamically.
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Development of the intrahepatic bile
ducts

The biliary cells differentiate all around the branches of the 
portal vein, closely apposed to the portal mesenchyme (Fig. 2).
Around the eighth week of gestation in humans, or E15 in mice,
biliary cells form a monolayered and nearly continuous ring of
cells, called the ductal plate. The ductal plate then becomes
bilayered, and it enters a phase of remodelling around the 12th
week of gestation in humans (E16 in mice). Lumina start to form
between the two cell layers, giving rise to tubular structures that
will develop into the intrahepatic bile ducts. Those portions of
the ductal plate that are not involved in duct formation progres-
sively disappear, and the ducts become surrounded by portal
mesenchyme.

As stated above, transcription factors, cell signalling and
cell–matrix interactions promote differentiation of hepatoblasts
into biliary cells. Further steps in bile duct morphogenesis are
regulated by the transcription factors HNF-6, OC-2, HNF-1β
and Hes-1. Indeed, in Hnf6–/– and Hnf1b–/– mice, biliary cells
are present, but the ductal plates fail to develop properly; tran-
sient biliary cysts are formed and, at birth, biliary cells surround
the portal tracts without giving rise to ducts [41,42]. The biliary
histology in these mice is similar to that described in human
ductal plate malformations (see Chapter 8.1). In Oc2–/– mice,
the ductal plate presents with premature dilations [44]. Hes-1, a
transcription factor and target of Notch signalling, is dispens-
able for ductal plate formation, but is critically required for the
development of tubular structures from the ductal plate [58].

The identification of transcription factors regulating bile duct
morphogenesis has not yet allowed the characterization of sev-
eral key aspects of duct formation. For instance, the mechanism
promoting the formation of the second layer of cells forming the
ductal plate is unknown. This most probably occurs by differen-
tiation rather than proliferation, as very few proliferating cells
are found in the ductal plate [41,59]. Another unresolved issue is
what triggers the regression of those ductal plate portions that
are not implicated in duct formation. Apoptosis is involved [60],
but the rather low amount of apoptosing cells may not suffice to
explain the regression of the ductal plate. Tube formation from
the ductal plate requires the activity of the transcription factor
Hes-1, but may also be controlled by extracellular matrix com-
ponents. Indeed, tenascin is specifically found at the interface
between the portal mesenchyme and the biliary cells of the
developing ducts, but is absent near the ductal plate cells not
involved in duct formation [61]. In addition, tubulogenesis is
controlled by soluble factors, and there is in vitro evidence that
HGF, insulin and EGF may participate in this process in the
liver, but these results need to be confirmed in vivo.

Finally, novel insights into the mechanisms of bile duct mor-
phogenesis may derive from the understanding of diseases that
present with biliary cysts in the liver. Biliary cells have a primary
cilium at their apical surface, and deficiencies in cilium forma-
tion or function are associated with bile duct anomalies [62].

Such diseases include the autosomal recessive form of polycystic
kidney disease (ARPKD). ARPKD patients have mutations in
the PKHD1 gene, which codes for polyductin/fibrocystin, a pro-
tein associated with the primary cilium. The function of the cil-
ium is not well understood, but some data favour the hypothesis
that they sense fluid flow and induce a cellular response that
controls tubulogenesis. Animal models such as the PCK rat [62]
or transgenic mice with a targeted mutation of the Pkhd1 gene
[63] show biliary cysts and ductal plate malformations. The
study of these animals should provide more insight into the role
of the cilium in bile duct morphogenesis.

Vascular development in the liver

The right vitelline vein gives rise to the portal vein, which
ramifies into several branches that connect with the hepatic
sinusoids [64]. The precursors of the hepatic sinusoids become
detectable around the fourth week of gestation in humans, i.e.
during liver bud expansion [65,66]. They form sinusoid-like
vessels that separate the hepatoblasts. At this stage, the endothe-
lial cells express markers of continuous endothelia. Later, when
the hepatocytes become organized in cords, the sinusoidal
endothelium expresses markers of adult sinusoids, indicating
that sinusoids undergo a process of maturation [66]. Inter-
estingly, morphogenesis of the hepatic sinusoids depends on
interactions with hepatocytes. This was concluded from the
analysis of Hnf4a–/– mouse livers, in which abnormal differenti-
ation of hepatocytes is associated with profound malformations
of the hepatic sinusoids [49].

Sinusoids are separated from hepatocytes by the space of
Disse, within which the hepatic stellate cells are found. These
cells become detectable in the prenatal period, namely around
the 12th week of gestation in humans or E13.5 in mice [67].
Their embryological origin is not well established but, on 
the basis of their gene expression profile, it has been suggested
that they originate from the mesenchyme or from the neuro-
ectoderm [68].

The hepatic artery usually arises from the coeliac trunk and
ramifies in the portal tracts of the liver. There are differences
between rodents and humans as to the timing of hepatic artery
branch formation. In mice, the hepatic artery branches develop
within a few days of birth in the vicinity of well-formed bile
ducts [69], while in humans they become detectable around 
the 20th week of gestation, adjacent to the ductal plate [70].
Interestingly, hepatic artery branch development is dependent
on the integrity of the biliary structures. Indeed, treatment of
rats with a drug that promotes cholangiocyte proliferation
induces a parallel remodelling of the hepatic artery branches
[71]. In Hnf6–/– or Hnf1b–/– mouse livers, the bile ducts fail 
to form, and hepatic artery branches are either hyperplastic 
or absent [69]. Moreover, in humans, the ductal plate malfor-
mations found in Meckel syndrome or in Jeune syndrome 
are associated with anomalies of the hepatic artery branches
[69].
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It can be concluded that, throughout liver development, 
differentiation and morphogenesis of the hepatocytes, bile 
ducts and blood vessels depends on cross-regulations involv-
ing dynamic cell-intrinsic and cell-extrinsic mechanisms. The
characterization of these mechanisms is ongoing and is a pre-
requisite for the full understanding of the pathophysiology of
liver diseases.
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2.1 Hepatic circulation

2.1.1 Regulation of hepatic blood flow
Christophe Bureau, Jean-Marie Péron and Jean-Pierre Vinel

Approximately 100 mL of blood passes through 100 g of liver
every minute, which represents 25–30% of the cardiac output
(CO). This very large flow is brought from two different sources:
• the hepatic artery provides roughly one-third of the blood and
50% of the oxygen delivered to the liver;
• the portal vein accounts for two-thirds of total hepatic blood
flow (HBF) and 50% of hepatic oxygen supply. It drains blood
from the spleen, the omentum and splanchnic organs, carrying
to the liver most substances absorbed through the gut.

Significant changes in HBF are observed under physiological
conditions. Thus, HBF decreases during sleeping and during
exercise [1]; it increases after a meal [1]; it is enhanced during
expiration and reduced by inspiration [2,3]. Finally, it dimin-
ishes as age increases [4].

In the normal liver, resistance to blood flow is low, with a
pressure gradient below 5 mmHg between the portal vein and
the hepatic veins. HBF is regulated through three different sites
of resistance:
• terminal hepatic arterioles, richly supplied in smooth muscle
cells, for arterial flow;
• arterioles of splanchnic organs for portal venous flow;
• sinusoids and terminal hepatic venules [5,6] for intrahepatic
resistance, which influences both total HBF and flow distribu-
tion within the liver.

Changes in resistances, hence in HBF, are under the com-
mand of so-called ‘intrinsic mechanisms’, neural and humoral
factors, and can be caused by drugs.

Intrinsic mechanisms

Pressure flow autoregulation

Within the physiological range of pressures, resistance is
adapted so that blood flow through a vascular bed remains 

constant. This autoregulatory mechanism has been demon-
strated in the hepatic artery, but not in the portal venous vascu-
lar bed. It has been suggested that perivascular smooth muscle
cell tone changes as a response to stretching. This response could
be mediated by adenosine [7].

Hepatic arterial buffer response

It has been shown almost a century ago [8] that occlusion of the
portal vein induces an immediate increase in the blood flow to
the hepatic artery. The hepatic artery is almost fully dilated at
low portal flows, as evidenced by the inability of adenosine infu-
sion to induce further dilatation; it is almost fully constricted at
high portal flows, as shown by lack of further constriction to
norepinephrine [9]. Such a compensatory mechanism cannot
maintain total liver blood flow, but oxygenation of the liver
parenchyma is generally considered to be improved by an
increased efficiency of oxygen extraction [10,11]. Using different
models of blood flow reduction in pigs, Bracht et al. [12]
observed a 52% reduction in portal venous flow, which was
associated with a 100% increase in hepatic arterial flow.
However, hepatic oxygen extraction changed with the cause of
decreased blood flow: it increased in a model of tamponade, but
did not when abdominal flow was reduced [12]. In such con-
ditions, hepatic oxygenation could therefore be compromised.

Several mechanisms could account for this autoregulation:
• changes in resistance in the terminal vessels in response to
changes in sinusoidal pressure;
• changes in po2, which might in turn change vascular resistance
through a direct action on perivascular smooth muscle cells;
• changes in the concentration of vasoactive molecules second-
ary to changes in blood flow.

Accordingly, a fall in portal blood flow would induce an
increase in the local concentration of vasodilators, which would
in turn increase arterial blood flow. Conversely, an increase 
in portal flow would remove vasodilators, causing arterial 
vasoconstriction.

Experimental data support the role of adenosine in mediating
this autoregulation. Intraportal injections of adenosine elicit
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hepatic arterial vasodilatation. Adenosine is released at a con-
stant rate in the space of Mall, which contains the hepatic arteri-
oles and portal venules, and its concentration is regulated by
washout into these vessels, principally the portal vein. If flow in
the portal vein is reduced, the concentration of adenosine rises,
causing dilatation of the hepatic arteriole [13–15]. It has been
shown in the rabbit [16] that 8-phenyltheophylline, an adeno-
sine receptor antagonist, inhibited this response which, on the
contrary, was potentiated by dipyridamole, an adenosine uptake
inhibitor. Adenosine triphosphate (ATP) is also able to dilate
the hepatic arterial vascular bed [16], at least in part through
nitric oxide (NO) production [17]. A non-selective P1-
purinoreceptor antagonist [8-(p-sulphophenyl)-theophylline]
has been found to inhibit the ATP-mediated arterial buffer
response. These results suggest that hepatic artery dilatation
induced by ATP is partly mediated through activation of P1-
purinoreceptors after catabolism of ATP to adenosine [16].

In patients with cirrhosis, hepatic artery vascular respons-
iveness to altered portal blood flow seems to be blunted [18].
However, this impairment in acute hepatic arterial buffer
response (HABR) could be accounted for by the continuous
activation of HABR, which has been observed in cirrhotic
patients [19]. Accordingly, HABR seems to be preserved in cir-
rhosis and could play a protective role in hepatic circulation
[20].

Such a buffer response has not been found in the portal vein.
Actually, changes in hepatic arterial flow do not cause significant
changes in the portal venous flow [14].

Veno-arterial response

Elevation of hepatic vein pressure induces an increase in hepatic
arterial resistance and a decrease in arterial blood flow [21]. The
precise mechanism of this response remains unknown.

It has also been shown that an increase in portal pressure
increases resistance in the splanchnic vascular bed [22] which, 
in turn, tends to decrease portal venous inflow.

After a meal, total HBF increases, owing to enhanced mesen-
teric (hence portal) blood flow, but also hepatic arterial blood
flow [23]. This suggests that autoregulation can be overcome by
mechanisms as yet unknown. It could be due to the presence in
the portal blood of substances with vasodilating properties on
the hepatic artery, for example bile salts [24] and hormones such 
as glucagon or vasoactive inhibitory polypeptide (VIP) [25].
Furthermore, after a meal, po2 tends to decrease, and pco2, pH
and osmolarity to increase in portal blood. All these changes
have been shown to augment hepatic arterial blood flow [26].

Neural regulation

Hepatic denervation after liver transplantation has no major
deleterious effects on HBF [27], which suggests that, in normal
subjects, neural regulation probably plays little role in the regu-
lation of HBF.

Parasympathetic nerves

Parasympathetic nerves play no major role in the regulation 
of HBF as neither denervation nor electrical stimulation of
parasympathetic nerves nor drugs with anticholinesterase activ-
ity affect HBF [28]. However, hepatic vagal nerves could play a
role in the distribution of blood flow within the liver by dilating
sinusoids [29], thereby increasing the ratio of perfused to non-
perfused sinusoids.

Sympathetic nerves

Denervation of the hepatic sympathetic nerves in urethane-
anaesthetized rats has no influence on HBF, indicating that the
sympathetic nerves have no tonic influence on HBF [28]. Their
stimulation induces constriction of both arteries and, to a 
lesser extent, portal vessels [30]. This results in a decrease in 
HBF through activation of α-adrenergic receptors, as it can be
prevented by treatment with phentolamine, an α-adrenoceptor
antagonist [28].

Carneiro and Donald [31] showed an inverse relationship
between carotid sinus pressure, on the one hand, and resistance
in liver vessels, on the other hand, so that hypotension induces
vasoconstriction of the hepatic arterial and portal systems. The
maximum increase in resistance was 45% and 22% for the arte-
rial and portal beds respectively. Because of vasoconstriction
mediated through activation of both α2-adrenergic receptors
and the renin–angiotensin system, up to 40% of blood volume
can be expelled from the liver into the systemic circulation with-
out compromising liver function [32]. This phenomenon may
play an important role in the control of haemodynamics because
about 30% of the liver volume is blood, making this organ the
major blood reservoir of the body.

The importance of liver innervation in the regulation of sys-
temic haemodynamics is further exemplified by the interactions
between portal blood flow and renal function. Actually, it has
been shown in rats that a 50% decrease in intrahepatic portal
flow decreased urine flow by 38% and sodium excretion by 44%,
although systemic arterial blood pressure was not significantly
changed [33]. This so-called ‘hepatorenal reflex’ (HRR) is medi-
ated through activation of hepatic afferent nerves by adenosine,
which results in a sympathetic reflex to the kidneys causing fluid
retention. HRR is abolished by hepatic denervation. In cirrhotic
rats exhibiting water and sodium retention, renal dysfunction
was partially corrected by intrahepatic administration of 
8-phenyltheophylline, an adenosine receptor antagonist [34].
HRR could therefore play a role in water and sodium retention
observed in cirrhosis.

Humoral regulation

Secretin, cholecystokinin-pancreozymin (CCK-PZ) and glucagon
[35] have a vasodilator effect on the hepatic artery and increase
arterial blood flow. Furthermore, glucagon, at a dose too low to
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induce vasodilatation, antagonizes the vasoconstrictor response
to several stimuli (such as sympathetic nerve stimulation or vaso-
pressin infusion) [36]. It could therefore play a protective role in
hepatic blood flow, when systemic conditions induce reduction
of blood flow in most other territories [37]. Prostacyclin [38]
and epinephrine at low doses [39] also have a vasodilator effect.
In contrast, epinephrine at high doses [39], dopamine [40],
norepinephrine [38], angiotensin [36] and vasopressin [41]
reduce liver blood flow through vasoconstriction of splanchnic
and hepatic arteries. The role of these humoral factors under
physiological conditions remains to be determined. Animal
studies suggest that histamine, angiotensin II as well as hepatic
nerve stimulation induce constriction of hepatic venous sphinc-
ters, which could contribute to flow regulation and protect the
liver from changes in central venous pressure.

NO plays a key role in the regulation of HBF. It increases
splanchnic blood flow by its vasodilating action at the level of 
the mesenteric arterioles [42]. Furthermore, it increases flow
within the sinusoids, and regulation of intrahepatic resistance is
ascribed to a precise equilibrium between the production of NO, 
a potent vasodilator [43], and endothelin, a powerful vasocon-
strictor [44]. This is achieved by contraction or relaxation of
perisinusoidal stellate cells [43,45]. Carbon monoxide (CO), a
byproduct of the breakdown of haem by haem oxygenase, could
also play a role in smooth muscle relaxation [46]. In the normal
rat, NO has been shown to be a potent vasodilatory mediator in
the hepatic arterial circulation, although it had little effect in the
portal venous vascular bed [47]. In the same set of experiments,
CO was shown to have no effect on the hepatic artery, whereas it
maintained portal venous vascular tone in a relaxed state [47].

An imbalance between increased endothelin production and
a decrease in NO production, added to an exaggerated contrac-
tility of stellate cells, is considered to play a major role in the
increased hepatic resistance that characterizes portal hyperten-
sion [48].

Effects of drugs

Several factors determine the effects of drugs on HBF:
• their action on blood pressure elicits baroreflex constriction
or dilatation in the hepatic arterial bed, which tends to mask any
direct effect on hepatic vasculature;
• interactions between arterial and portal flow regulation may
hinder the specific effect of a drug on one of these flows;
• in human subjects, only total hepatic blood flow is measured,
which may further obscure different changes in the hepatic 
arterial and the portal venous vascular beds.

Volatile anaesthetics can significantly alter hepatic perfusion.
Halothane causes a dose-dependent decrease in portal venous
blood flow, and hepatic arterial flow may decrease simultane-
ously [49].

β-Adrenergic stimulants such as isoproterenol, salbutamol
and terbutaline cause intrahepatic arterial vasodilatation
[50,51]. Dopamine has been found to induce hepatic arterial

vasodilatation and to increase HBF [52]. Angiotensin-converting
enzyme (ACE) inhibitors, such as captopril, reduce HBF [53].
Calcium antagonists, such as nifedipine [54] or verapamil [55],
have a direct vasodilating effect on the hepatic arterial bed, so
that, in spite of a reduction in systemic arterial pressure, HBF 
is increased. Glyceryl trinitrate reduces HBF [54], probably
through a reflex vasoconstrictor response to a decrease in blood
pressure.

Finally, it is to be noted that ethanol has been shown to
increase portal blood flow without changing hepatic arterial
blood flow [56].
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2.1.2 Hepatic microcirculation
Yoshiya Ito and Robert S. McCuskey

Hepatic circulation (see also Chapter 2.1.1)

The mammalian liver has a dual blood supply. Approximately
80% of the blood entering the liver is poorly oxygenated venous
blood supplied by the portal vein, whereas the remainder is well
oxygenated and supplied by the hepatic artery. These blood ves-
sels enter at the hilus (porta hepatic), where efferent bile ducts as
well as lymphatics also exit the organ. The venous drainage of
the liver courses independently of the above structures to drain
into the inferior vena cava near the diaphragm.

Within the liver, distributing branches of the portal vein and
hepatic artery course in parallel and, after repeated branching,
terminal branches of these vessels (portal venules and hepatic
arterioles) supply blood to the hepatic sinusoids (Fig. 1). The
sinusoids are the principal vessels involved in transvascular
exchange between the blood and the parenchymal cells. Branches
of hepatic arterioles also supply the capsule of the liver as well as
the bile ducts, where they feed a peribiliary plexus of capillaries
which, in turn, drains into the sinusoids. Portal and arterial
blood flowing through the sinusoids is collected in small
branches of the hepatic veins (central or terminal hepatic
venules) through which the blood is returned through larger
hepatic veins to the inferior vena cava (Fig. 1). Lymphatic vessels
originate as blind-ending capillaries in the connective tissue
spaces (portal tracts) associated with the portal veins and hepatic

arteries (Fig. 1). The fluid contained in these lymphatics flows
toward the hepatic hilus and eventually into the cisternae chyli.

Hepatic microvascular system

The hepatic microvascular system comprises all the intrahepatic
vessels with internal diameters < 300 µm. It thus includes all
blood and lymphatic vessels immediately involved in the deliv-
ery and removal of fluids to and from the hepatic parenchyma,
namely portal venules, hepatic arterioles, sinusoids, central
venules and lymphatics. The principal sites for regulating blood
flow and solute exchange are in the sinusoidal network, which
exhibits structural and functional heterogeneity. Although the
factors that regulate blood flow through the hepatic microvascu-
lar system and their relation to hepatic structure and function
are incompletely understood, perturbations of the hepatic
microcirculation in many disease states results in alterations 
in the perfusion of the sinusoids, hepatic oxygenation and the
exchange processes between the blood contained in the sinu-
soids and surrounding parenchymal cells [1–3].

Figure 1 illustrates the hepatic microvascular system: afferent
and efferent microvascular connections to the sinusoids within a
single hepatic lobule as determined principally by in vivo micro-
scopic studies. Most blood enters the sinusoids from portal
venules. These inlets are reported to be guarded by sphincters
composed of sinusoidal lining cells termed the afferent or inlet
sphincters (Fig. 1) [4–6]. Arterial blood enters some of the 
sinusoids, principally through branches of hepatic arterioles,
arteriosinus twigs that terminate in sinusoids near their origins
from portal venules (Fig. 1) [6–8]. In addition, occasional 

Inlet sphincter

Bile canaliculus
Sinusoid

Perisinusoidal space
Intersinusoidal sinusoid
and sphincter

Outlet sphincter
Bile canaliculus

Hepatic cell

Sinusoid

Arteriosinus twig

Arterioportal
anastomosis

HA
BD

L

PV

CV

SLV
N

Fig. 1 Hepatic microvasculature as
determined by in vivo microscopic studies over
a period of more than 50 years [4–7]. PV, portal
venule; HA, hepatic arteriole; L, lymphatic; BD,
bile ductile; N, nerve; CV; central venule; SLV,
sublobular hepatic venule. Arrows indicate
direction of flow.
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direct connections (arterioportal anastomoses, APA) have been
observed within the terminal portal venules [6,8]. The frequency
of these APAs appears to be species dependent [8]. As all these
structures are independently contractile, the sinusoids receive a
varying mixture of portal venous and hepatic arterial blood
[6,8]. Some evidence suggests that, between the hilus and
periphery of hepatic lobes, the fraction of blood delivered to the
sinusoids by the hepatic artery differs [9]. Finally, occasional
branches of hepatic arterioles cross the lobule to supply capillar-
ies in the walls of large hepatic veins [10].

The organization of the sinusoid network exhibits hetero-
geneity. Near portal venules and hepatic arterioles, sinusoids 
are arranged in interconnecting polygonal networks; further
away from the portal venules, the sinusoids become organized as
parallel vessels that terminate in central venules (terminal hep-
atic venules) (Fig. 2) [11–13]. Short intersinusoidal sinusoids
connect adjacent parallel sinusoids (Figs 1 and 2) [6].

Blood leaving the sinusoids and flowing into the central
venules passes through outlet or efferent sphincters composed
of sinusoidal lining cells (Fig. 1) [6]. Sinusoidal lining cells are
also reported to serve as sphincters within the sinusoid network
and to regulate the distribution of blood flow in short segments
of sinusoids [6].

Hepatic microvascular functional units

The organization of the hepatic microvasculature into structural
or functional units related to liver function and disease has been
the subject of some debate during the past century (Fig. 2) [2]. 

It should be noted, however, that none of the proposed concepts
is mutually exclusive. Studies using three-dimensional recon-
struction of sectioned livers, scanning electron microscopic
examination of corrosion casts and in vivo microscopy of several
species support the concept of the functional unit being a 
conical microvascular subunit of the classic lobule [14] (Fig. 
2). Recently, these ‘primary lobules’ were renamed ‘hepatic
microvascular subunits (HMS)’ and were demonstrated to con-
sist of a group of sinusoids supplied by a single inlet venule and
its associated termination of a branch of the hepatic arteriole
from the adjacent portal space (Fig. 2) [15].

Morphological sites for regulating the
hepatic microcirculation

There are several potential morphological sites for regulating
blood flow through the sinusoids. These include the various 
segments of the afferent portal venules and hepatic arterioles,
the sinusoids themselves, as well as central venules. These vessels
contain several types of contractile cells.

Portal venules and central venules contain in their walls lim-
ited amounts of smooth muscle relative to their luminal size 
but, nevertheless, they are contractile and responsive to pharma-
cological agents. Hepatic arterioles are more responsive because
of a complete investment of smooth muscle and relatively small
lumina. The principal site of regulation of blood flow through
the sinusoids, however, is thought to reside in the sinusoid itself,
where the major blood pressure fall occurs in the liver [6,16]. 
In vitro primary culture studies and in vivo microscopic studies

CV
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Classic
lobule

Primary
lobule
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Portal
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Fig. 2 Contiguous hepatic lobules illustrating the interconnecting network of sinusoids derived from two portal venules (PV). Note that the sinusoids become
more parallel as they course towards the central venule (CV), which forms the axis of the classic lobule (centre). Hepatic arterioles (HA) supply blood to
sinusoids near the periphery of the lobule, usually by terminating in inlet venules or terminal portal venules. As a result, three zones (1,2,3) of differing
oxygenation and metabolism have been postulated by Rappaport [20] to comprise a hepatic acinus, with its axis being the portal tract (lower left). Several 
acini would comprise the portal lobule (lower right) described by Mall [61]. Matsumoto and Kawakami [14] proposed that each classic lobule contains several
cone-shaped subunits with convex surfaces fed by portal and arterial blood at the periphery and with their apices at the central venule (upper left). A, B and C
represent haemodynamically equipotential lines in a ‘primary lobule’. Recently, a modification by Ekataksin et al. [15] further subdivided lobules into conical
hepatic microcirculatory subunits (HMS), each being supplied by a single inlet venule.
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of the hepatic microcirculation have also identified the sinusoid
as a principal site of regulation within normal and injured livers
[3,17,18].

The structure of the hepatic sinusoids is mainly composed 
of endothelial cells, Kupffer cells and hepatic stellate cells. The
sinusoidal endothelial and Kupffer cells are responsive to a wide
variety of pharmacodynamic substances. By contracting (or
swelling), they may selectively reduce the patency of the sinusoid
lumen, thereby altering the rate and distribution of blood flow
[6,19]. Evidence for sphincters at the inlet of sinusoids from
portal venules and at the outlets of sinusoids into central venules
was initially reported by a number of investigators using in 
vivo microscopy [4,5,7], but others failed to find any evidence
for such sphincters [20]. Most methods, including electron
microscopy, have failed to demonstrate either smooth muscle
fibres or other contractile cells at these locations in healthy ani-
mals. Sinusoidal endothelial cells were subsequently identified
by high-resolution in vivo microscopy to act as sphincters by
swelling or contracting in response to vasoactive substances,
thereby narrowing the sinusoidal lumen and limiting blood 
flow [6]. The relative role of Kupffer vs. endothelial cells in this
process is not resolved, but both appear to be involved.

Recently, attention has focused on the hepatic stellate cell as
the cell responsible for controlling sinusoidal diameter, being
located in the space of Disse. Hepatic stellate cells possess exten-
sively long, branching cytoplasmic processes, surrounding the
sinusoidal wall [21]. These structural features of hepatic stellate
cells are similar to pericytes in other organs, indicating that 
hepatic stellate cells are specialized pericytes in the liver. Hepatic
stellate cells exhibit contractile properties, which have been
demonstrated in in vitro primary culture systems [22–24] and in
the perfused liver [17,18]. Both their anatomical location and
contractility or relaxation in response to various vasoactive sub-
stances have led to the proposal that hepatic stellate cells serve to
regulate the diameters and blood flow at the sinusoidal level.

As a result of these structures, blood flow through individual
sinusoids is variable. At sites where the lumen is narrowed by 
the bulging, nuclear regions of sinusoidal lining cells, flow may
be impeded by leukocytes that transiently plug the vessel and
obstruct flow [25]. Transient leukocyte plugging is more fre-
quent in the periportal sinusoids, which are narrower and more
tortuous than those in the centrolobular region. The more plastic
erythrocytes usually flow easily through such sites unless the
lumen is reduced or near zero. Some sinusoids, however, may
act as thoroughfare channels and have relatively constant rates
of blood flow, while others have more intermittent flow [26].
This may depend not only on the distribution of intrasinusoidal
sphincter cells but also on the distribution of arteriosinus twigs
(AST) and the contribution of arterial blood flowing to indi-
vidual sinusoids. For example, arterial blood flowing into an 
individual sinusoid through a dilated AST may increase the rate
of sinusoidal blood flow [27]. Because of the delivery of arterial
blood at higher pressure, some arterial blood may even reverse
the entry of portal blood into the sinusoids. As a result, the AST,

in concert with the initial segment of the sinusoid in which it 
terminates, may form a ‘functional’ arterioportal anastomosis 
so that arterial blood is delivered into the portal venules [6,28].
In the anaesthetized healthy animal, however, terminal branches
of the hepatic arteriole containing flow are seen infrequently so
that most blood delivered to the sinusoids is derived from the
portal venules [28]. Consistent with this is the in vivo micro-
scopic observation that the velocity of flow in sinusoids as well 
as in portal and central venules located near the capsule of the
liver is not significantly altered by hepatic arterial occlusion in
healthy anaesthetized rats [29]. However, arterial inflow to the
sinusoids may be more significant in regions near the hepatic
hilum [9].

The frequency distribution of the wide variations in blood
flow in the sinusoids exhibits a polymodal pattern composed 
of several Gaussian distributions [26]. These wide variations in
flow are due to the structural features previously described for
the sinusoids and also to intermittent arterial inflow into the
sinusoids [6,27]. Blood pressure in portal and central venules
has been measured to be about 6–7 cm H2O and 1.5–3.0 cm H2O
respectively [16,17]. Arterial blood enters the sinusoid at pres-
sures ranging from 12 to 25 cm H2O [27].

Regulation of sinusoidal perfusion by
vasoactive mediators

As mentioned previously, various sinusoidal lining cells includ-
ing sinusoidal endothelial cells, Kupffer cells and hepatic stellate
cells play a role in regulating the diameters of sinusoids and
influencing the distribution and velocity of blood flow in these
vessels [2,3,30]. Recently, hepatic stellate cells have received the
most attention in the liver as the cell responsible for controlling
the diameters of sinusoids [31,32]. A number of vasoactive sub-
stances have been reported to change intrahepatic vascular resis-
tance by affecting the hepatic stellate cells. Among them are
three vasoactive mediators, endothelin, nitric oxide and carbon
monoxide, which contribute to the regulation of sinusoidal
blood flow and will be discussed in this section. With respect to
other mediators, including eicosanoids, cytokines and neural
and humoral elements, see Chapter 2.2.5 and other reviews
[2,32,33].

Endothelins (ETs)

Endothelin is a potent and longlasting vasoconstrictor. Hepatic
stellate cell contractility in response to ET has been established
in primary culture system [20–22]. In vivo microscopic studies
have demonstrated that ET-1 narrows the lumens of sinusoids 
in isolated perfused livers [17], as well as in livers with intact
afferent and efferent vessels [34]. The constricted sites of the
sinusoids elicited by ET-1 are colocalized with the sites of hep-
atic stellate cells [17]. The active constriction of the sinusoids in
response to ET-1 contributes to the reduction in sinusoidal per-
fusion and results in insufficient hepatic tissue oxygenation [34].
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Two classes of ET receptors have been identified, namely the
ETA receptor subtype and ETB receptor subtype. ETA receptor,
which is expressed on the vascular smooth muscle cells, medi-
ates vasoconstriction. On the other hand, ETB receptor, which 
is expressed on the endothelial cells, mediates vasodilatation
through nitric oxide (NO) production. In the sinusoids of the
liver, both ETA and ETB receptors are expressed. The ETA recep-
tor is expressed only on hepatic stellate cells and hepatocytes,
whereas the ETB receptor is expressed on all hepatic cell types
including Kupffer cells, endothelial cells, hepatic stellate cells
and hepatocytes. Of particular interest is that both ETA and ETB

receptors are predominantly identified in the hepatic stellate
cells [35]. In the intact liver, ET-1-induced vasoconstriction 
of the sinusoids is mediated by ETA receptors, but not by ETB

receptors [36]. However, sinusoidal constriction in response to
ETB receptor agonist is revealed when endothelial nitric oxide
synthase (eNOS) is inhibited simultaneously [37]. A critical bal-
ance between ETs and NO may be a determinant that regulates
sinusoidal perfusion.

Some controversy exists regarding the principal site of ET-1-
induced vasoconstriction within the normal liver, because ETs
act not only on hepatic stellate cells but also on upstream preter-
minal portal venular smooth muscles and portal venular actin
filaments [38]. In fact, the preterminal portal venules [39] or
portal venules [40–42] constrict in response to ETs. This raises
the question of whether or not the diameters of sinusoids may
decrease as a result of passive recoil when inflow is reduced or
eliminated and intrasinusoidal pressure falls. An in vivo micro-
scopic study reported that clamping of the portal vein dramat-
ically reduced sinusoidal blood flow in most sinusoids to near
zero [30]. Then, the lumina of these vessels rapidly returned to
their initial diameters upon restoration of portal blood flow.
Thus, it appears that sinusoidal blood pressure normally dis-
tends the sinusoidal wall, which can recoil when the pressure
drops. In the absence of elastic fibres in the space of Disse, it is
likely that hepatic stellate cells are responsible for this reaction
given the nature of their attachment to parenchymal cells by
obliquely oriented microprojections from the lateral edges of
their subendothelial processes [43].

In chronic liver diseases including fibrosis and cirrhosis, hep-
atic stellate cells are activated to transform into myofibroblasts,
which are characterized by the expression of smooth muscle-
type contractile proteins such as α-actin. The phenotypical
changes in hepatic stellate cells as well as upregulation of a con-
tractile intracellular signalling pathway enhance the contractile
response of hepatic stellate cells to ETs [31,44]. In addition,
upregulated expression of ET receptors [45] as well as decreased
activity of eNOS [46] also contribute to the exacerbated
response of hepatic stellate cells to ETs. Therefore, during
chronic liver injury, hepatic stellate cells are thought to be
responsible for the pathogenesis of increased intrahepatic vas-
cular resistance.

In acute liver injury elicited by endotoxaemia and hepatic
ischaemia/reperfusion [47,48], sinusoidal constriction in

response to ET-1 is increased despite no evidence of phenotypi-
cal transformation of hepatic stellate cells. The mechanisms of
increased response to ET during acute liver injury appear to be
dependent on an increased expression of ETB receptor together
with disassociation of the ETB receptor from activation of eNOS
[3,37]. This disassociation is, at least in part, the result of over-
expression and binding of caveolin-1 to eNOS. Increased
response to ET occurring in the hepatic microcirculation
reduces sinusoidal blood flow, leading to the development of
ischaemia and the progression of injury.

Nitric oxide (NO)

The main biological effect of NO is relaxation of vascular
smooth muscle cells, thereby reducing the vascular tone, through
activation of soluble guanylate cyclase (sGC). In the liver, sinu-
soidal endothelial cells constitutively produce NO, which is 
synthesized by eNOS [46]. NO causes relaxation of isolated 
hepatic stellate cells in vitro [23]. Endogenous NO production in
sinusoidal endothelial cells modulates the intrahepatic vascular
resistance in the perfused liver [49,50] and regulates the sinu-
soidal diameters in the intact liver [51]. In addition to the
vasodilative effect of NO, it also exerts a protective role in liver
microcirculation by preventing leukocyte and platelet adhesion
to the sinusoidal endothelium. However, several studies have
shown that NO exhibits a minor vasodilatory effect on the 
sinusoids in the perfused liver [18] as well as in the intact liver
[52]. The low level of biologically active NO in and around the
sinusoids might not serve as a major endogenous modulator 
of sinusoidal vascular resistance in the normal liver [53].
Haemoglobulin in erythrocytes flowing through the sinusoids
would rapidly trap NO released from the sinusoidal endothelial
cells [54]. Rather, NO is thought to play an important role in
regulating the sinusoidal vascular tone within the normal liver
by counterbalancing the local vasoconstrictors such as ETs 
[37] and norepinephrine [49]. Thus, sinusoidal vascular tone
appears to be maintained under the fine balance between vaso-
constrictors and vasodilators. Conversely, an imbalance of NO
and ETs contributes to changes in vascular tone characteristic 
of the disease process. In the cirrhotic liver, decreased activity 
of eNOS results in reduced generation of NO [46,50], and the
vasodilative response to NO is impaired [55]. As a result,
reduced bioavailability of hepatic NO in liver cirrhosis con-
tributes to sinusoidal constriction and increased intrahepatic
vascular tone [50]. The reduced production of hepatic NO in
cirrhotic livers is attributed not only to upregulated expression
of caveolin-1, an NOS inhibitory protein [56], but also to a
decrease in eNOS activator, Akt, and phosphorylation of eNOS
[57].

Carbon monoxide (CO)

CO has been considered a gaseous mediator analogous to 
NO. Like NO, CO serves as an endogenous factor that keeps
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sinusoids in a relaxed state [58]. In the perfused liver, endogen-
ously generated CO from the haem oxygenase (HO) reaction
serves as a vasorelaxant to the hepatic sinusoids. The principal
sites of action of CO in the hepatic sinusoids colocalize with 
the hepatic stellate cells [18]. Isolated hepatic stellate cells are
relaxed by CO in vitro [18]. The mechanism by which CO main-
tains the low vascular tone of the sinusoids appears to involve
sGC-mediated relaxation of hepatic stellate cells.

CO is produced by HO, which is an enzyme responsible for
the degradation of protohaem IX to form biliverdin, free dival-
ent ion (Fe2+) and CO. HO mainly exists as two isoforms, HO-1
and HO-2. In the liver, HO-1 is induced ubiquitously among all
types of hepatic cells by stressors, but prominently in Kupffer
cells, whereas HO-2 is constitutively expressed on hepatocytes
[54]. It is likely that CO constitutively generated by HO-2 in
hepatocytes maintains sinusoidal blood flow under ordinary
conditions. Considering the anatomical orientation of the hep-
atic parenchymal cells in and around the sinusoids, HO-2 in
parenchymal cells is positioned where CO released by HO-2 can
directly access the hepatic stellate cells to modulate their con-
tractility without being captured by haemoglobulin in the circu-
lation [54]. However, in the innervated liver in vivo, CO appears
to exhibit a minimal vasodilatory effect on the sinusoids [59].
The sinusoidal blood flow in vivo is finely regulated and is
affected by various factors including neural and humoral regula-
tion, the hepatic arteriolar inflowing and the haemodynamics
from the splanchnic circulation. Instead, in the stressed liver, CO
overproduced by HO-1 appears to be necessary to protect the
liver microcirculation [48,59,60]. Under stressed conditions in
the liver, the HO/CO system counterbalances the vasoconstric-
tive effect of ET-1 to regulate sinusoidal vascular tone [59,60].
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2.1.3 Hepatic lymph and lymphatics
Glen A. Laine and Charles S. Cox Jr

Basic lymphatic biophysics

Lymphatic vessels are found throughout the body, developing
embryologically from the venous system. Lymphatics are thin-
walled vessels lined by endothelium and, with the exception of
initial or collecting lymphatics, they are surrounded by lym-
phatic smooth muscle. A series of valves divides segments of
lymphatic vessels into ‘lymphangions’, the operational unit of
the lymphatic system. Lymphatic valves ensure unidirectional
flow of lymph from the periphery of the body and organ systems
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to the central venous circulation. Lymph nodes are located at
various points along lymphatic vessels. Lymphatics serve three
major functions: (i) removal of oedema fluid from all body sys-
tems; (ii) transport of lipids from the gastrointestinal lacteals to
the central venous circulation; and (iii) transportation of anti-
gens to lymph nodes for processing and formation of sensitized
lymphocytes, which are also returned to the central venous cir-
culation. Lymphatics serve to maintain normal interstitial fluid
volume, normal fat metabolism and a normal immune system.

Figure 1 (see also Plate 2.1.3.1, facing p. 72) shows a photo-
graph of the liver (on the left) covered by ascites fluid. The portal
vein runs across the field flowing from right to left into the liver.
A large number of translucent lymphatics are seen exiting the
liver at the hilus, coursing over the portal vein and flowing from
left to right in the photograph. Lymphatic valves can be seen as
points of constriction in some of the lymphatic vessels. One of
the large lymphatics in this photograph has been cannulated for
the purposes of lymph collection. The lymphatic catheter is tied
in place with lengths of black suture. A large lymph node can be
seen at the right of the photograph.

The hepatic lymphatic system is quite unique, generating
approximately 75% of total body lymph. Approximately 80% of
hepatic lymph exits the liver via the hilar lymphatics, then enters
the cisterna chyli. The remaining 20% of lymph flows through
lymphatics along the hepatic veins. The hepatic sinusoids (also
referred to as hepatic capillaries) are very permeable to plasma
proteins with pores of approximately 100–200 µm or larger
opening from the sinusoids into the hepatic interstitium or
‘space of Disse’ [1]. The ‘reflection coefficient’ is a term used 
to describe the permeability of capillaries to plasma proteins.

The reflection coefficient ranges from 0 to 1, with 0 describing a
system totally permeable to plasma proteins (e.g. the liver) and a
reflection coefficient of 1 being a capillary bed totally imperme-
able to protein (e.g. the brain). As the hepatic sinusoids or capil-
laries have a reflection coefficient of near 0, plasma, along with a
full complement of plasma proteins and clotting factors, moves
freely from the hepatic vasculature into the space of Disse and is
collected by the hepatic lymphatics [2]. This also explains the
well-documented ability of hepatic lymph to clot.

Should the liver develop excess interstitial fluid volume, it is
one of the few organs that can move this excess fluid across the
Glisson’s capsule as a transudate, resulting in ascites. As plasma
proteins cross the sinusoids without restriction, there is some
controversy as to why hepatic lymph and hepatic ascites fluid 
is not identical to circulating plasma. Sieving of proteins at
another barrier such as the hepatic interstitium or Glisson’s cap-
sule could explain this phenomenon.

In pathological conditions causing increased sinusoidal pres-
sures and overproduction of interstitial fluid, the liver can alter
sinusoidal permeability, increasing the sinusoidal reflection
coefficient by decreasing the size of sinusoidal openings into the
space of Disse. This change in hepatic sinusoidal permeability is
secondary to collagen deposition or fibrosis, i.e. sinusoidal capil-
larization [3,4]. Unfortunately, decreasing the size of pores from
the sinusoids into the hepatic interstitium limits the movement
of antigenic material into the hepatic interstitium and, ulti-
mately, into the lymphatic system, thus minimizing exposure of
the lymph nodes to antigens and compromising the immune
response. This is of particular importance in the liver because
the portal blood from the intestine may carry pathogens or other
antigenic material from the intestine, which can be caught by
Kupffer cells and broken down for potential delivery to lymph
nodes, thus stimulating lymphocyte production. It should be
pointed out that pathogens or toxic substances may also reach
the circulation via the lymphatic system. New techniques for
cannulating the lymphatics from various organs, particularly the
intestine, and shunting the lymph to the outside of the body
removes these toxic substances, particularly in trauma patients,
thus minimizing secondary organ damage [5]. These cannula-
tion techniques should be applied with caution as shunting
lymph to the exterior of the body can have several negative 
consequences. In particular, excessive fluid volume may be lost,
plasma proteins can be depleted, thus reducing plasma colloid
osmotic pressure, and patients may become immunologically
compromised secondary to removal of lymphocytes. Mechanically
separating and reinfusing lymphocytes can overcome immune
issues, while intravenous volume infusion, including concen-
trated albumin, will address fluid volume and colloid osmotic
pressure issues.

Lymphatic contractions

Lymphatics throughout the body and in the liver have additional
unique characteristics not found in other vessels. Lymphatics are

Fig. 1 Photograph of the liver (on the left) covered with ascites fluid. 
The portal vein runs across the field flowing from right to left into the liver.
A large number of translucent lymphatics are seen exiting the liver at the
hilus, coursing over the portal vein and flowing from left to right in the
photograph. Lymphatic valves can be seen as points of constriction in some
of lymphatic vessels. One of the large lymphatics in the photograph has
been cannulated for the purposes of lymph collection. The lymphatic
catheter is tied in place with lengths of black suture. A large lymph node can
be seen at the right of the photograph. See also Plate 2.1.3.1, facing p. 72.
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capable of rhythmic contractions similar to the heart, yet
respond to preload or stretch like smooth muscle. Lymph can
thus be propelled forwards by either external compression or
rhythmic contractions of the lymphatics, with valves ensuring
unidirectional flow. The lymphatic pump has finite capabilities:
much as the heart cannot overcome very high afterloads, the
lymphatic system cannot overcome central venous pressures at
their physiological extremes. The importance of lymph being
able to respond to elevated outflow pressures including lym-
phatic obstructions or elevated central venous pressure cannot
be overemphasized. Lymphatics can employ the standard mech-
anisms or techniques used by muscles to generate greater force
of contraction and more flow, including hypertrophy and
increasing contraction frequency. Bypassing lymphatic obstruc-
tions by growing new lymphatic vessels is often observed. When
central venous pressure is elevated throughout the body, grow-
ing new lymphatics or ‘lymphangiogenesis’ is of no significant
value as all new lymphatic vessels will be presented with elevated
outflow pressures no matter where they enter the venous 
circulation.

Importance of central venous pressure

To demonstrate the importance of maintaining a low central
venous pressure to ensure normal lymph flow and decrease the
chances of oedema formation and organ dysfunction, a simple
experiment was performed. As seen in the schematic Figure 2,
lymph from both the liver and the gut flows into the cisterna
chyli. Lymph then enters the thoracic duct and returns to the
subclavian vein or central venous circulation. Introducing a
fluid-filled catheter into a lymphatic – taking care not to cause
obstruction – we can measure fluid flow into or out of the cis-
terna chyli. The fluid-filled and calibrated pipette may be raised
or lowered to adjust the outflow pressure experienced by the
lymphatic system. The hydrostatic zero is set at the point of cis-
terna chyli cannulation. In Figure 3, flow from the cisterna chyli

through the pipette (µL/min) was recorded as hydrostatic pres-
sure was increased (cmH2O). As pipette height – and thereby
outflow pressure – is increased, flow from the lymphatic system
decreases. When the hydrostatic pressure head in the elevated
pipette overcomes cisterna chyli pressure, flow in the pipette
reverses direction and begins flowing into the lymphatic system.
The contents of the pipette along with lymph from the liver and
intestine then flow together into the thoracic duct and central
veins. This is a scenario for a normal or low central venous pres-
sure of approximately 4 cmH2O. Figure 4 presents data from the
same system in which central venous pressure has been elevated
to 14 cmH2O. Again, as pipette height is elevated, flow into the
pipette from the cisterna chyli decreases until flow stops. At this
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Fig. 2 Schematic representation of the liver
and gut lymphatic system. Liver and gut lymph
both flow into the cisterna chyli, through the
thoracic duct and into the central venous
circulation. Lymphatic valves prevent
retrograde lymph flow.
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Fig. 3 Flow through the calibrated pipette (µL/min) plotted as a function of
the hydrostatic pressure head (cmH2O) developed by elevating the pipette
connected to the cisterna chyli. Low central venous pressure (CVP) model, 
4 cmH2O.
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point, the force driving lymph from the liver and gut cannot
overcome the hydrostatic pressurehead of the catheter and
pipette and cannot overcome central venous pressure. Further
elevation of the pipette results in a state of no lymph flow until
the hydrostatic pressure within the catheter and pipette reaches
the same level as the central venous pressure, in this case 
14 cmH2O. At this time, flow from the pipette into the cisterna
chyli, thoracic duct and central venous circulation begins.
Retrograde flow into the liver and the gut is prevented by unidi-
rectional valves. This experiment was performed to demonstrate
the critical role that central venous pressure plays in maintaining
lymph flow and minimizing oedema and ascites formation. This
is particularly important in patients receiving large-volume fluid
resuscitations or vasoactive drugs, which can increase central
venous pressure. It should be pointed out that the hepatic vascu-
lature is also highly sensitive to central venous pressure elevation
as there is no restriction for fluid movement from the sinusoids
into the hepatic interstitium. Any change in venous outflow
pressure results in large fluid fluxes from the hepatic circulation
into the hepatic interstitium and lymphatic vessels.

We should also point out the concept of ‘lymphatic inter-
action’. When lymphatics from two or more organs converge,
lymphatic interaction takes place. Some organs are capable of
producing larger lymph flows at higher driving pressures, while
others produce small volumes of lymph at low driving pressures.
For example, the lymph from the liver and gut converges in the
cisterna chyli. As the liver can generate a greater lymph driving
pressure and volume lymph flow, lymph flow from the intestine
can be compromised because of its lower driving pressure. A
study by Stewart and Laine [6] clearly demonstrated that an
increase in liver lymph flow can reduce gut lymph flow, through
hepatic lymphatic interaction, thus potentiating gut oedema.
This mechanism could potentially potentiate oedema in the

spleen, pancreas and gallbladder or any other organ system with
lymph entering the cisterna chyli when the liver is producing
large volumes of lymph.

Clinical conditions impacting on 
hepatic fluid balance and lymphatic
function

Factors that affect fluid balance within the hepatoportal circula-
tion include intra- and extrahepatic venous outflow obstruction.
Intrahepatic diseases/conditions such as cirrhosis and schistoso-
miasis cause portal venous hypertension and an alteration in
intestinal microvascular fluid balance. Extrahepatic processes
include the Budd–Chiari syndrome, constrictive pericarditis/
right heart failure and the abdominal compartment syndrome
(which is both a cause and an effect of altered hepatoportal fluid
flux). To discuss these specific entities, it is useful to consider
how intra-abdominal physical forces affect hepatoportal lymph
flow.

Extrahepatic causes of increased hepatoportal
microvascular fluid flux

Budd–Chiari syndrome
The Budd–Chiari syndrome can be the cause of hepatoportal
venous hypertension resulting from hepatic vein obstruction.
Hepatic venous obstruction leaves no route for egress of hepatic
arterial and portal venous inflow. Hepatic congestion, ascites
and portal hypertension result. The extent and rapidity of occlu-
sion determine the clinical presentation.

Abdominal compartment syndrome
The abdominal compartment syndrome (ACS) is defined as 
the combination of (i) intra-abdominal pressure greater than 
25 mmHg, (ii) progressive organ dysfunction and (iii) improved
organ dysfunction after decompression. Primary ACS is a com-
plication of damage control laparotomy for trauma. The space-
occupying nature of abdominal packs together with ongoing
bleeding and progressive bowel oedema all contribute to increased
intra-abdominal pressure (IAP). Primary ACS can occur in
patients who fail non-operative management of abdominal solid
organ injuries because of ongoing bleeding either within the
abdominal cavity or into the retroperitoneum. Secondary ACS is
the development of increased IAP due to resuscitation-induced
bowel oedema and ascites. We have shown that alterations in
hepatoportal lymph flow are critical in the pathophysiology of
both syndromes. In a series of experiments, we demonstrated
that abrupt elevation in IAP, as with primary ACS, stopped
lymph flow through the cisterna chyli. In contrast, with sec-
ondary ACS, lymph flow via the cisterna chyli is increased as 
the result of an increased lymph driving pressure that exceeds
the lymphatic outflow (intra-abdominal) pressure. However, the
increase in lymph flow is not sufficient to prevent the develop-
ment of gut oedema and ascites.
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Fig. 4 Flow through the calibrated pipette (mL/min) plotted as a function of
hydrostatic pressure head (cmH2O) generated secondary to pipette
elevation with an elevated central venous pressure (CVP) of 14 cmH2O. 
Note the decrease and then cessation of flow prior to elevated driving
pressure becoming greater than CVP. Decreased or arrested lymph flow
must accumulate as oedema or ascites fluid.
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Pathophysiology of extrahepatic causes of
increased hepatoportal fluid flux
Internal occlusion of the hepatic veins/suprahepatic inferior
vena cava or external compression of the abdominal venous
outflow due to ACS serve to increase microvascular filtration
across the liver and intestinal microcirculation. Elk et al. [7]
studied lymphatic function in the liver after hepatic venous
pressure elevation. Using a model that measured lymph flow
and lymphatic driving pressure, the effects of venous pressure
elevation could be studied. Their studies showed that small
increases in hepatic venous pressure substantially increased 
liver lymph flow. The increased liver lymph flow was associated
with both increased effective lymphatic driving pressure and
decreased effective resistance to lymph flow. One reason why the
liver is exceptionally sensitive to any increase in venous pressure
is that the hepatic sinusoids are almost freely permeable to pro-
tein. Therefore, the plasma protein osmotic pressure opposing
fluid filtration from the microvessels is ineffective in opposing
fluid filtration from the sinusoids. Two other considerations
affect hepatoportal lymph flow/fluid flux: ascites formation and
hepatic–intestinal lymphatic interactions. Microvascular fluid
flux that overwhelms the ability to maintain fluid balance in the
liver results not only in organ congestion/oedema but also in
transudation of fluid into the abdominal cavity as ascites. When
this occurs in large volumes, further extrahepatic compression
of the venous outflow may occur. The lymphatic vessels that
drain the intestine and liver empty into the cisterna chyli and,
from there, into the thoracic duct. Therefore, pressure within the
cisterna chyli is outflow pressure for both hepatic and intestinal
lymphatics. The finding that elevating lymphatic outflow pressure
to an organ undergoing increased microvascular filtration has 
a marked oedemagenic effect is important. Increasing hepatic
lymph flow serves to increase pressure within the cisterna chyli
to 6 mmHg. With moderately increased portal vein pressures,
intestinal lymph flow increased, but the elevated cisterna chyli
pressure results in a marked increase in intestinal oedema and
intestinal ascites formation. The interaction between intestinal
and hepatic lymphatics becomes significant because extrahep-
atic causes of increased hepatoportal lymph flow often increase
intestinal microvascular fluid flux and lymph flow as well.

Intrahepatic causes of increased hepatoportal
fluid flux

The main clinical problem associated with portal hypertension 
– most commonly due to alcoholic or postviral cirrhosis – is

variceal haemorrhage. However, the focus of this section is on
the effects of disease processes on microvascular and lymphatic
function. The increased resistance to portal flow is caused by
deposition of collagen in the space of Disse (sinusoidal) and 
by regenerating nodules that distort the small hepatic veins
(postsinusoidal). Thus, in cirrhosis, there is both sinusoidal
hypertension and splanchnic portal venous hypertension. As
noted above, small increases in hepatic microvascular pressures
drastically increase hepatic lymph flow on account of the unique
nature of the sinusoidal microvasculature. If hepatic microvas-
cular pressures rise high enough, the amount of trans-sinusoidal
fluid flux overwhelms the lymphatic flow capacity, and ascitic
fluid (hepatic lymph) passes through the hepatic capsule into
the peritoneal cavity. Over time, as collagen is laid down in the
space of Disse, the microvasculature undergoes a process termed
capillarization. This results in a reduction in the hydraulic con-
ductivity and permeability to proteins across the sinusoidal
microvascular barrier. Ultimately, the protein concentration of
hepatic lymph (and ascitic fluid) decreases. Both the liver and
the intestine are important sites of ascites formation. Clinically
significant ascites is uncommon in patients with prehepatic 
portal hypertension. Reasons for this clinical phenomenon
include the lack of increased hepatic lymph flow and maintained
hepatic protein synthesis.
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2.2.1 Functional organization of 
the liver
Paulo Renato A. V. Correa and Michael H. Nathanson

Introduction

Liver architecture is characterized by a few key anatomical fea-
tures: the portal triad, the central vein and the sinusoids. This
apparent simplicity is in contrast to the vast number of functions
performed by the liver. Considered one of the central organs 
of metabolism, the liver is able to synthesize or degrade a wide
variety of molecules in a regulated way. This includes substances
as different as carbohydrates, lipids, amino acids, bile acids and
exogenous compounds. In addition, the liver produces most of
the circulating plasma proteins, including its most abundant
component, albumin. It may seem paradoxical that this basic
structure is associated with such complex functions. However,
with the development of more sophisticated experimental
methods, the molecular heterogeneity of hepatocytes is now
appreciated, and a much more subtle organization of the liver
has been revealed, which in fact shows an intricate pattern of 
distribution for the different liver functions. In this chapter, the
ideas regarding the relationship between structure and function
in the liver will be reviewed.

Liver structure, circulation and
microcirculation

Liver cells

The liver contains a number of cell types including hepatocytes,
cholangiocytes, stellate cells, portal fibroblasts, endothelial cells,
macrophages, pit cells and oval cells. Nevertheless, a single cell
type, the hepatocyte, accounts for two-thirds of the liver mass
[1]. The importance of hepatocytes results not only from the 

fact that they are the principal constituent of liver, but also from
the number, variety and complexity of biological processes that
they perform. They synthesize and secrete plasma proteins,
including albumin, coagulation factors, lipoproteins and acute
phase reactants. It is in the hepatocytes that the metabolism of
carbohydrates, lipids, amino acids, bilirubin and xenobiotics
takes place. Finally, bile, the main exocrine secretory product of
liver, is produced by hepatocytes.

Liver cell plates

The portal triad is composed of terminal branches of the two
blood vessels that perfuse the liver, the portal vein and the 
hepatic artery, plus a bile duct, which drains the bile produced
by hepatocytes. The central veins drain the blood from the sinu-
soids towards the hepatic vein and inferior vena cava [2]. The
sinusoids are special vessels lined by fenestrated and discontinu-
ous endothelial cells [3]. In cross-sectional view, the hepatocytes
form cords of cells oriented as if radiating from the central vein.
Each of these cords of hepatocytes forms a plate of cells in three
dimensions (Fig. 1). The cell plate is formed in such a way that
each hepatocyte has its apical or canalicular border facing other
hepatocytes, where they form a bile canaliculus. The basolateral
region of each hepatocyte is separated from the sinusoidal
endothelium by the space of Disse. The cell plates anastomose
extensively, although each cell plate is typically one hepatocyte
in thickness. The plates are limited on both sides by sinusoids
[4].

Functional unit of hepatic parenchyma

A functional unit should represent the simplest element into
which the organ can be divided that still reflects the organ 
function as a whole. In the case of the liver, several structures
have been proposed as the functional unit, including the hepatic
lobule and the hepatic acinus. However, on a cell and molecular
level, the cell plate can be seen as the functional unit of the 
liver [5].
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Protein synthesis and gene expression

Gene expression in the cell plate

The liver secretes 1.2 g of albumin per kg of body weight per day
[6]. In addition, the enzymatic machinery necessary to maintain
metabolic processes has to be modified constantly, as the hor-
monal stimuli change to reflect the metabolic demands of the
body. This ongoing, adaptive process of protein synthesis means
that the expression of numerous genes has to be tightly regulated
in hepatocytes. This matching of functional demand and protein
synthesis is controlled by both hormonal and metabolic signals.
It also creates the opportunity for the differential expression of
genes across the liver cell plate and, therefore, the compartmen-
talization of the various metabolic and synthetic pathways to
specific regions along the cell plate. This concept has been called
the ‘metabolic zonation’ of the liver [7]. The main idea for this
model was derived from studies on carbohydrate metabolism, in
which it was demonstrated that two physiologically opposite
metabolic processes, gluconeogenesis and glycolysis, could be
performed simultaneously by hepatocytes in the periportal and
pericentral regions respectively [8]. Further research, including
of other metabolic pathways, confirmed that the concept of
metabolic zonation is applicable to many liver functions and
reflects an important level of metabolic control [7]. This 

compartmentalized expression of proteins has been demon-
strated for a number of enzymes and receptors, including
hydroxymethylglutaryl (HMG)-CoA reductase [9], cholesterol
7α-hydroxylase [10], glutamine synthetase [11], the glucose
transporter GLUT-1 [12], carbamoylphosphate synthetase [13],
the epidermal growth factor (EGF) receptor [14] and the V1a

vasopressin receptor [15].

Regulation of compartmentalized gene
expression in the cell plate

Identification of the stimuli responsible for the differential tran-
scription of genes across the liver cell plate has been an area of
interest, in order to understand how metabolic zonation is gen-
erated. This differential gene expression that results in zonation
can be understood in part by analysing the microcirculation of
the liver. The liver structure creates a specific pattern of blood
circulation. Blood arrives through the hepatic artery and portal
vein, spreads through the sinusoids and is drained by the central
vein. In this trajectory from the portal pole of the cell plate to the
central vein, the composition of blood changes as it bathes the
hepatocytes. This change in composition results in a biochemi-
cal and gaseous gradient along the cell plate. Consequently, the
hepatocytes located near the portal pole of the liver cell plate will
be exposed to blood with different concentrations of oxygen,
carbon dioxide and many other factors from those near the cen-
tral vein pole. According to the current model, this difference 
in the microenvironment to which hepatocytes are exposed is
responsible for functional differences noted across the cell plate.
One example that has been well characterized is blood oxygen
level-dependent gene expression [16]. This is illustrated by ery-
thropoietin (EPO) gene transcription in the livers of anaemic
mice [17]. EPO is a hormone normally secreted by the kidneys
that stimulates the production of red blood cells by the bone
marrow [18]. EPO expression is dependent on oxygen tension in
blood, and its mRNA levels increase when the oxygen tension is
decreased [19]. In the case of anaemic animals, in situ hybridiza-
tion identified copies of EPO mRNA in hepatocytes close to the
central vein, but not in those near the portal region. This experi-
ment demonstrates that the level of oxygen tension is not the
same along the liver cell plate, and that gene expression differs 
in hepatocytes located near the central vein because they are 
subjected to lower oxygen tensions. The result described for
EPO can be extrapolated to other genes with the identification of
the DNA sequence called hypoxia-responsive element (HRE)
[20–22]. HRE is in the promoter region of certain genes and
works as an anchoring site for the hypoxia-inducible factor
(HIF), a transcription factor of the helix–loop–helix family. In
situations where the oxygen level is decreased, the levels of HIF
increase. HIF then binds HRE and directs the synthesis of mRNA
for the corresponding gene [23]. HIF mRNA is most concen-
trated among hepatocytes near the central vein, although there is
not a zonal distribution of HIF at the protein level [24]. Other
mechanisms by which differential gene expression can be

Central venule

Portal
venule Hepatic

arteriole

Bile
ductule

Hepatocytes

Fig. 1 The liver cell plate. The basic structural and functional unit of the
liver is the liver cell plate, which is the sheet or plate of hepatocytes
extending from the portal triad (portal venule, hepatic arteriole and bile
ductule) to the central venule. Note that blood flows through the sinusoids,
from the portal triad to the central venule, while bile (dark red) flows
through bile canaliculi, in the opposite direction to the bile ductule.
Gradients in protein expression along the liver cell plate result in zonal
differences in biochemical, metabolic and signalling pathways.
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attained are by changes not only in the microenvironment, but
also in the intrinsic sensitivity of hepatocytes to hormones. The
effects of hormones, growth factors and cytokines on cells are
generally mediated by the corresponding receptors on the
plasma membrane. One of the known effects of receptor stimu-
lation is to modify the expression of other genes, allowing the
cell to adapt to the demands of that specific moment. By express-
ing different levels of receptors, cells can respond in different
ways to the microenvironment and therefore express distinct
sets of genes [25,26]. Glucagon, V1a vasopressin, insulin and α1
and β1 adrenergic receptors predominate in the areas surround-
ing the central vein, while EGF and adenosine triphosphate (ATP)
receptors are more concentrated near the portal vein [14,15].

Metabolism

Metabolic considerations deal with the differential metabolism
of the main categories of small molecules across the liver cell
plate. These include metabolism of oxidative energy, carbohy-
drates, lipids, amino acids and nitrogen, bile formation and
metabolism of xenobiotics.

Oxidative energy metabolism

The liver has a high metabolic activity and, therefore, its energy
demands are significant. Oxygen is the final substrate oxidized 
in the respiratory chain, and its gradient decreases from the 
periportal to pericentral region, so hepatocytes located near the
portal region have higher levels of oxidative metabolism. As a
result, hepatocytes near the portal region not only have higher
activities of succinate dehydrogenase and cytochrome oxidase,
but they also contain mitochondria that are larger, rounded and
have more cristae to sustain higher levels of oxidative reactions
[27,28].

Carbohydrate metabolism

The most important aspect of zonation of carbohydrate
metabolism in the liver is the spatial segregation of gluconeoge-
nesis in periportal hepatocytes and glycolysis in the pericentral
region. This zonation is essential for the liver to regulate the
blood glucose concentration properly [29]. There is consider-
able evidence that enzymes involved in gluconeogenic reactions,
such as glucose-6-phosphatase, fructose-1,6-biphosphatase and
phosphoenolpyruvate carboxykinase (PEPCK), predominate 
in the periportal area. The activity of glucose-6-phosphatase is
twofold higher in periportal areas, in both rats and humans [30].
Studies using perfused rat livers confirm the periportal zonation
of gluconeogenesis, although the directional flow of blood has
been shown to be important for the location of gluconeogenesis
induced by glucagon. The zonal heterogeneity of glucose-6-
phosphatase and PEPCK starts at postnatal days 5 and 1, respec-
tively, and is fully developed by the second week of age. This is
believed to be a consequence of a change to a diet rich in fat and

protein after birth, as opposed to the constant source of glucose
during pregnancy. By the time of weaning, the adult pattern has
been established [13].

Glycolysis is localized to the pericentral region, with enzymes
such as glucokinase and pyruvate kinase showing levels of
around twice that observed in the periportal areas [31,32]. In
terms of glucose uptake, the glucose transporter GLUT-2 is
expressed in all hepatocytes, while the GLUT-1 isoform is
expressed only in the subset of the most pericentral hepatocytes
[12]. Another important aspect is the zonation of glycogen 
synthetase and glycogen phosphorylase in periportal areas,
although this distribution may play a minor role in determining
glycogen deposition secondary to the availability of glucose-
6-phosphate.

Lipid metabolism

Lipid metabolism can be subclassified into lipogenesis, β-
oxidation, ketogenesis, cholesterol biosynthesis and lipoprotein
metabolism. In contrast to carbohydrate metabolism, the 
zonation of lipid metabolism is much less pronounced [33].

Lipogenesis, the synthesis of lipids, requires enzymes such as
ATP-dependent citrate lyase and acetyl-CoA carboxylase. These
two key enzymes are expressed to a slightly greater extent in
pericentral regions [34,35]. This difference is more pronounced
in female animals than in males. Similarly, fatty acid synthase
activity is twice as high in pericentral hepatocytes than in peri-
portal hepatocytes in females, but not in males.

β-Oxidation of fatty acids is active throughout the cell plate,
because the enzymatic activity of 3-hydroxyacyl-CoA dehydro-
genase does not show a portal to central gradient [34]. However,
the higher volume of mitochondria in the periportal zone sug-
gests a slightly higher level of β-oxidation in this region [36].
Studies with the enzyme carnitine palmitoyltransferase I are
inconsistent, with some showing higher periportal activity,
while others do not [37,38]. There is also variability in the results
depending on the experimental design. Results using bezafibrate
and clofibrate, showing increased carnitine acetyltransferase in
periportal compared with pericentral hepatocytes, could not be
reproduced with the drug clofibrate [39]. In addition, the results
showing higher periportal activity first observed in rats have not
been reproduced in humans [40]. Finally, although there is a
gradient in the expression levels of fatty acid binding protein
(FABP), with higher levels in the periportal region, this finding
may not represent increased utilization of fatty acids in the 
periportal area but, rather, a gradient in the concentration of
fatty acids due to directional blood flow [41].

Ketogenesis is another example of a process with a poorly
defined gradient. β-Hydroxybutyrate dehydrogenase, a key
enzyme of ketogenesis, is preferentially expressed in the pericen-
tral region. However, the rate of ketogenesis is almost equal in
hepatocytes isolated from the pericentral and periportal regions,
in the absence of glucagon [34]. In the presence of that hormone,
ketogenesis is significantly higher in periportal hepatocytes [42].
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Ketogenesis is important during periods of starvation or dia-
betes, and the study of its distribution in those conditions might
provide a clearer picture, but such studies are lacking.

Cholesterol biosynthesis is a metabolic pathway controlled
primarily by the activity of the enzyme HMG-CoA reductase
[43]. This enzyme is distributed predominantly in periportal
hepatocytes, coinciding with the periportal expression of
another enzyme involved in cholesterol synthesis, HMG-CoA
synthase [9,44]. Drugs such as cholestyramine and mevinolin
initially induce the expression of these two enzymes in per-
iportal hepatocytes, although regions more pericentral are even-
tually affected as well, until a homogeneous distribution is
achieved. This probably means that, under normal circumstances,
cholesterol synthesis is a periportal event, although other hepa-
tocytes might be recruited in periods of increased demand.

Lipoprotein metabolism involves the synthesis of apoen-
zymes that combine with lipids to form lipoprotein particles.
Lipoprotein metabolism also involves the synthesis and degra-
dation of cholesterol esters [45]. No zonation is observed for
very-low-density lipoprotein (VLDL) secretion in normal rats,
while there is a twofold ratio for the lipase implicated in choles-
terol transport from high-density lipoproteins to tissues when
comparing periportal with pericentral hepatocytes [46]. In norm-
ally fed rats, there is no zonation in the activity of lysosomal
cholesteryl ester hydrolase (CEH) and acyl-CoA:cholesterol
acyltransferase (ACAT), while the activity of both cytosolic 
and microsomal CEH is increased in the pericentral region.
However, concentrations of free and esterified cholesterol in
homogenates, cytosol and microsomes of periportal and peri-
central cells are similar. Treatment with cholestyramine raises
the pericentral/periportal ratio of ACAT and abolishes the 
heterogeneity in microsomal CEH, whereas the pericentral
dominance of cytosolic CEH and the homogeneous distribution
of lysosomal CEH are not affected [47].

Amino acid and nitrogen metabolism

The distribution of two enzymes related to nitrogen
metabolism, carbamoylphosphate synthetase, involved in the
synthesis of urea, and glutamine synthetase, involved in the 
synthesis of glutamine, is one of the best examples of liver 
function zonation. Glutamine synthase is expressed in very few
hepatocytes surrounding the central vein, while carbamoylphos-
phate synthetase is present in the remainder of the parenchyma.
Treatment of liver with CCl4 destroys the pericentral hepatocytes
and abolishes glutamine synthetase activity, without evidence 
of compensatory expression in the remaining cells. Glutamate
dehydrogenase activity forms a gradient with increased levels of
expression towards the pericentral region. Glutaminase activity
predominates in periportal hepatocytes [11]. Periportal pre-
dominance of urea synthesis has also been demonstrated in the
perfused rat liver. Therefore, there is practically no overlap
between the hepatocytes involved in the synthesis of urea and
glutamine. This clear separation is accompanied by zonation 

of the membrane transporters and enzymes associated with the
uptake and processing of substrates in those pathways. The
uptake of glutamine and glutamate displays a pronounced het-
erogeneity and shows a strong correlation with the metabolism
of ammonia [48]. Sodium-independent transport of glutamine
is two- to threefold higher in pericentral hepatocytes. There is
also considerable evidence that the sodium-dependent uptake 
of glutamate is exclusively pericentral, showing a direct correla-
tion with glutamine synthetase distribution. In addition, α-
ketoglutarate is almost exclusively taken up by pericentral,
glutamine synthetase-containing hepatocytes. Up to 60% of 
α-ketoglutarate taken up by pericentral hepatocytes can be 
converted to glutamine [49].

Bile formation and secretion

Metabolism of key components of bile, including bile acids,
bilirubin and glutathione, is compartmentalized along the liver
cell plate. The expression of cholesterol 7α-hydroxylase, an
enzyme involved in the synthesis of bile acids, is highly zonated.
The ratio of expression in the pericentral to periportal region is
approximately 8:1. Treatment with cholestipol leads to induc-
tion of expression in the periportal region, with the pericentral/
periportal ratio dropping to 2. The production of bile acid is
more than fourfold higher in pericentral compared with peri-
portal hepatocytes. The enzyme cholesterol 26-hydroxylase
shows a pericentral/periportal ratio of around 3 before and 
4 after stimulation with cholestipol. These results indicate that
bile acid synthesis is predominantly pericentral [10]. Conjuga-
tion of bilirubin is a central aspect of its metabolism in terms 
of bile secretion. Total activity of UDP-glucuronyl transferase,
the enzyme responsible for the conjugation of bilirubin to 
glucuronic acid, is more intense in the pericentral region [50].
Glutathione is an important factor that protects hepatocytes
from oxidative injuries. It is also the main component of bile
acid-independent bile flow. The intracellular glutathione con-
centration is significantly higher in periportal hepatocytes,
although there is no difference in the activity of glutathione 
synthetase or glutamylcystein synthetase. Glutathione-mediated
antioxidant reactions are catalysed by the enzymes glutathione-
S-transferases (GST) and glutathione peroxidases. The pericen-
tral predominance of GST has been demonstrated for several
isoforms [51]. Contrasting with the GST distribution, gluta-
thione peroxidase activity is around twofold higher in periportal
hepatocytes, and a selenium-dependent isoform has been local-
ized by immunohistochemistry to that region as well [52].

Metabolism of xenobiotics

Phase I in the biotransformation of xenobiotics is catalysed 
by microsomal cytochrome P-450 mono-oxygenases. Total
cytochrome P-450 content shows a slight increase from the 
periportal to the pericentral region. Pericentral hepatocytes also
have a larger area of smooth endoplasmic reticulum and a higher
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surface density of cytochrome P-450 [53]. In addition, pheno-
barbital increases cytochrome P-450 in pericentral areas and
induces the proliferation of endoplasmic reticulum. Several
cytochrome P-450-dependent reactions have been localized to
the pericentral region. Pericentral localization has also been
shown for 7-ethoxycoumarin-O-demethylase, 7-ethoxyresofurin-
O-deethylase, aniline p-hydrolase, benzphetamine N-demethylase
and microsomal ethanol oxidation [54]. These and other
enzymes are more prominently induced in periportal cells 
after phenobarbital. These findings, along with immunohisto-
chemistry and in situ hybridization, indicate that most enzymes
of the cytochrome P-450 family are predominantly expressed 
in pericentral hepatocytes, although each specific enzyme has 
its characteristic pattern of distribution that can be modified 
during induction with drugs. NADPH-cytochrome c reductase
activity is also higher in pericentral hepatocytes of both rats 
and humans.

Signalling

Signalling is central to the understanding of the liver as a func-
tional unit and involves both the response of hepatocytes to
external hormonal stimuli and the internal coordination of
those responses coded in the form of second messengers [55].
Hepatocytes express a wide range of plasma membrane recep-
tors, many of which share common second messengers [56].
Agonists or ligands for these receptors include glucagon, vaso-
pressin, ATP, insulin and growth factors such as EGF, hepato-
cyte growth factor (HGF) and insulin-like growth factor (IGF).
The chemical messages generated by these agonists often consist
of one or more of a few main types: phosphorylation or dephos-
phorylation of kinases, phosphatases and other proteins [57];
generation of inositol 1,4,5-trisphosphate and an associated
increase in free cytosolic calcium [58]; stimulation or inhibition
of cAMP production [59]; stimulation or inhibition of nitric
oxide and cGMP production [59]; phosphorylation of phospho-
lipids [60]; and changes in membrane polarity [61]. Every aspect
of hepatocyte function is regulated by these messengers, includ-
ing secretion, gluconeogenesis, glycogenolysis, protein syn-
thesis, gene transcription, cell cycle progression and apoptosis
[62–65]. There is evidence in both isolated hepatocyte couplets
and triplets [66] and the intact liver [67,68] that second messen-
ger signals are coordinated among hepatocytes. Calcium oscilla-
tions are synchronized in isolated hepatocyte couplets, and
calcium waves travel from cell to cell without delay [66]. In 
the intact liver, there is a similarly coordinated progression of
calcium oscillations [68] and calcium waves [67] along cords of
hepatocytes. Intercellular coupling via gap junctions is import-
ant for coordination of second messenger signals [66] but it is
not the sole determinant. The direction of calcium waves along
the hepatic acinus depends upon the agonist. For example, vaso-
pressin induces calcium waves that travel from the pericentral 
to the periportal region [67,69], whereas ATP-induced calcium
signals begin at random locations within the hepatic acinus [69].

The V1a vasopressin receptor is expressed most heavily among
pericentral hepatocytes [67], so agonist-specific patterns of cal-
cium signalling in vivo have been attributed to such differences
in receptor distribution. The molecular mechanism by which
calcium signals are coordinated and oriented along the liver cell
plate has been examined in detail in isolated triplets of primary
hepatocytes [70,71] and in liver cell lines [72]. Collectively, these
studies suggest that three factors are necessary. First, adjacent
cells must communicate directly via gap junctions. This is con-
sistent with the observations that second messengers such as 
calcium and inositol 1,4,5-trisphosphate can cross gap junctions
in hepatocytes [73]. Second, in order for signals to propagate
over distances greater than one or two cells, each cell must be
stimulated, so that all the cells are in an excitable state. Third,
one cell or group of cells must have increased expression of 
hormone receptor relative to the other cells. This feature allows
that particular cell to have increased sensitivity to agonist, so
that it will serve as a pacemaker for the other hepatocytes [72].
As the lobular distribution of different hormone receptors
varies, this final feature allows the respective agonists to generate
distinct signalling patterns across the hepatic lobule, which can
in turn allow agonist-specific tissue responses even though dif-
ferent agonists activate the same second messengers. There are
several examples illustrating how liver function depends on the
coordinated response to second messengers. In the isolated 
perfused rat liver, hormone-induced changes in both bile flow
and glucose release are altered by agents that block gap junctions
[74]. However, gap junction blockers do not alter bile secretion
or glucose release in livers treated with agents that increase sec-
ond messengers independent of hormone receptors [74]. These
results suggest that the lobular pattern of second messenger acti-
vation is an important component of the liver’s response to hor-
monal stimulation. Only subtle changes in glucose release and
bile flow occur in mice lacking connexin 32, the predominant
gap junction in hepatocytes [75,76], but connexin 32 knockout
mice treated with endotoxin have slightly worse hypoglycaemia
and much worse cholestasis than wild-type mice treated with
endotoxin [77]. Intercellular signalling may also be important
for liver regeneration. It has been shown that the lobular gradi-
ent of V1a vasopressin receptors is accentuated after partial 
hepatectomy and that the organized calcium wave generated 
is important in promoting choleresis during the initial phase 
of the postoperative period [78]. Thus, intra- and intercellular
signalling that is properly coordinated across the hepatic lobule
shapes liver function in health as well as in disease.

Conclusion

Characterizing the effects of agonists and intracellular mes-
sengers on gene expression will probably help to answer the 
fundamental question of how gradients of enzymes, receptors
and even cell structure are generated across the liver cell plate.
Comparison of regulatory sequences of genes expressed in 
the pericentral and periportal region and identification of 
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transcription factors acting on those elements will probably 
provide additional insights. Progress has been made in charac-
terizing the transcription factors involved in the differentiation
of epithelial cells into hepatocytes [79], but those factors respon-
sible for the phenotype variation along the liver cell plate still
remain unidentified.
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2.2.2 Cell biology of the hepatocyte
Allan W. Wolkoff and Phyllis M. Novikoff

The hepatocyte has been a classical subject for cell biological
study [1]. In great part, this is a result of its abundance, availabil-
ity for experimental examination and diversity of function. The
cell biology of the hepatocyte is a large area that could not be
covered in its entirety in a single brief overview. Consequently,
this chapter will focus on the biology of the hepatocyte as it
relates to cell polarity, cell–cell junctions and communication,
the cytoskeleton and plasma membrane function as related to
receptor-mediated endocytosis.

Cell polarity

Although the hepatocyte functions as a typical polarized epithe-
lial cell, its organization is unique (Fig. 1). Unlike most polarized
epithelial cells (e.g. intestinal epithelial cell), with distinct basal
and apical plasma membrane domains on opposite sides of the
cell, the apical domain of the hepatocyte represents a small 
portion of the plasma membrane (approximately 10%) and lies
between cells, set off from the basolateral plasma membrane by
tight junctions (see below) and forming the bile canaliculus. The
basolateral (sinusoidal) and apical (canalicular) plasma mem-
branes have distinct lipid and protein compositions, and these
help to define their differential functions (Fig. 2). In general, the
basolateral plasma membrane has transporters that remove sub-
stances (e.g. bile acids, drugs) from the portal venous blood by
facilitated diffusion along a concentration gradient, whereas the
apical plasma membrane has transporters that pump substances
against a steep concentration gradient from the cell interior into
the bile canaliculus using adenosine triphosphate (ATP) hydrol-
ysis as the source of energy. Once in the bile canaliculus, there is
little return of these substances to the portal blood, because of
the seal that is produced by the tight junction between cells (see
below).

The factors that lead to the differential sorting of proteins to
specific plasma membrane domains in the hepatocyte are not
entirely understood. Although most polarized epithelial cells
sort proteins directly to their final destination from the site of

synthesis [2], initial evidence suggested that plasma membrane
proteins trafficked to the basolateral plasma membrane after
synthesis, and that those destined for the apical plasma mem-
brane were subsequently internalized into a vesicle and delivered
to the apical plasma membrane by a transcytotic process 
[2]. Subsequent studies revealed that a number of the apical 
transport pumps were delivered directly to the apical plasma
membrane after synthesis [3]. Further studies suggested that
apical plasma membrane proteins that had only a single 
transmembrane-spanning region, such as dipeptidyl peptidase
IV (DPPIV), rather than the multimembrane-spanning excre-
tory pumps, took the indirect route [4]. Interestingly, DPPIV
targets directly to the apical plasma membrane in most epithelial
cells other than hepatocytes [5]. The lipid compositions of baso-
lateral and apical plasma membranes from hepatocytes are also
distinct [6,7]. Cholesterol content of the apical membrane is
substantially higher than that of the basolateral membrane [6],
and this is reflected in reduced membrane fluidity of apical 
compared with basolateral membranes [7]. The mechanisms for
differential sorting of lipids to these plasma membrane domains
are not known.

BM

M

L

JC

AM
P

ER

Fig. 1 Electron micrograph of a hepatocyte. The apical–basal polarity of
hepatocytes is delineated by two different domains of plasma membrane, 
a basolateral (sinusoidal) membrane (BM) and an apical (bile canalicular)
membrane (AM). Both plasma membrane domains have microvilli. Those at
the BM are more numerous, longer and more slender than those at the AM.
The BM microvilli project into the space of Disse where they come into direct
contact with sinusoidal blood flow. The AM microvilli from adjacent
hepatocytes project into a lumen to form the bile canaliculus and are
exposed to bile. Junctional complexes (JC) are found adjacent to the apical
membrane at the periphery of the bile canaliculus. Also labelled are
endoplasmic reticulum (ER), lysosomes (L), mitochondria (M) and
peroxisomes (P). Bar = 1 mm.
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Cell–cell junctions and communication

Hepatocytes interact with each other by specific intercellular
junctional complexes that serve to establish cellular polarity as
well as structure the organ into well-defined plates of cells [8].
These complexes surround the bile canaliculi (apical plasma
membrane) and include desmosomes as well as gap, tight and
adherens junctions. Tight junctions are the most apical of these
junctional complexes, establishing cell polarity and providing a
barrier function that prevents solute and water flow through the
paracellular space [9]. They form a continuous band around
each cell and are composed of a complex of several integral
membrane proteins that include occludin and claudins [9,10]. 
A number of peripheral membrane proteins, including ZO-1,
ZO-2 and ZO-3, are found in this complex [9,10]. Interestingly,
gap junctional proteins have been found to interact with occludin
and ZO-1, and coordinate regulation of these complexes has
been suggested [8–11]. Desmosomes are found in areas that
resemble dense plaques and are localized towards the basolateral
side of tight junctions. They are attached to the cytoplasmic
intermediate filament network and are composed of proteins
from at least three distinct gene families, namely cadherins,
armadillo proteins and plakins [12]. The adherens junction is
another contact structure localized towards the basolateral side
of tight junctions where it serves to anchor bundles of actin
filaments. These junctions also represent large complexes of
proteins that include cadherins and catenins [13,14].

Gap junctions are the major subcellular structures that per-
mit the transfer of low-molecular-weight molecules between
adjacent cells [9,15,16]. These molecules include various signal
transduction agents such as inositol 1,4,5-triphosphate (IP3)
and cyclic adenosine monophosphate (cAMP), as well as Ca2+

and electrical signals [16–18]. The gap junctions are constituted
by binding of hexamers of a connexin protein that form hemi-
channels at the surface of each of two adjacent cells. Although
over 20 connexins have been described, the major connexin 
in hepatocytes is connexin 32, although there is a small amount
of connexin 26 as well [16]. Recent studies have indicated that
mutations in the connexin 32 gene are responsible for the X-
linked form of Charcot–Marie–Tooth syndrome, a neurological

disorder presenting as a peripheral neuropathy [19].
Interestingly, there is no evidence for liver dysfunction in these
individuals. However, when liver from connexin 32 knockout
mice was stressed following endotoxin administration, a more
prolonged hypoglycaemia and cholestasis were observed, when
compared with wild-type animals [16]. These alterations in 
hepatic stress response probably result from uncoupling of
intercellular signalling mechanisms and suggest that similar
abnormalities may be seen in connexin 32-deficient patients
under conditions of stress.

Cytoskeleton

The hepatocyte cytoskeleton is an important determinant 
of polarized cell function. The major components of the
cytoskeleton are intermediate filaments, microtubules and
microfilaments. In contrast to microfilaments and microtubules
that are polymers of actin and tubulin, respectively, over 50 dif-
ferent intermediate filament proteins have been described, and
they are expressed in a cell type-specific manner. On the basis of
structural characteristics, the intermediate filament proteins
have been divided into five types [20,21]. Types 1 and 2 consist
of two groups of keratins, representing the largest subgroups of
intermediate filament proteins. Epithelial cells express at least
one type 1 (acidic) and one type 2 (neutral/basic) keratin which,
in the case of hepatocytes, are keratin 8 (type 2) and keratin 
18 (type 1). These proteins form a complex network residing 
just below the actin-based microfilaments that surround the
plasma membrane and are anchored to the plasma membrane at
desmosomes, which are specialized junctions between adjacent
cells. Although the function of intermediate filaments in hepato-
cytes is not known, several transgenic mouse models have 
indicated that altered expression of the hepatocyte keratins is
associated with increased hepatocyte mechanical fragility and
susceptibility to injury [20,22–24].

Microfilaments, polymers of actin, form a thin belt around
the periphery of hepatocytes [25]. Interestingly, these actin
filaments are especially concentrated around the bile canalicular
(apical) plasma membrane (Fig. 2) [26]. Although it has been
suggested that this abundant bile canalicular distribution might

(a) (b)

Fig. 2 Colocalization of (a) actin and (b) the
organic anion transporter OATP1A1 [55] in a
section of rat liver by fluorescence confocal
microscopy. A section of rat liver was aldehyde
fixed, and OATP1A1 was visualized by
exposure to primary antibody followed by 
Cy3-coupled secondary antibody. Actin
filaments were subsequently visualized using
fluorescein isothiocyanate (FITC) phalloidin. 
As seen from the arrowheads in (a), actin is
especially abundant around the bile canaliculi
(apical plasma membrane). As seen from the
arrows in (b), OATP1A1 is present on the
sinusoidal (basolateral) plasma membrane and
is not present in areas identified as bile
canaliculi (arrowheads). Bar = 10 mm.
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be important for contraction of the canaliculus and the conse-
quent force that initiates bile flow [27,28], there has been little
recent work in this potentially important area. Within the hepa-
tocyte, actin filaments are organized into networks and bundles,
under the regulation of a number of proteins that bind to actin.
Although actin structures are important determinants of cell
shape and motility in many cell types, their function in the 
hepatocyte remains to be clarified. As these bundles of actin 
lie immediately below the hepatocyte plasma membrane [25],
they form a barrier to entry into the cell of structures such as
endocytic vesicles (see below). Myosins are molecules that can
bind to actin and move on microfilaments in the presence of
ATP [29]. They have the ability to bind specific vesicular cargo
and facilitate its movement thorough the microfilamentous 
barrier [29]. Directly below and arranged perpendicular to the
actin layer is a network of microtubules [25].

Microtubules are polymers of tubulin that emanate from an
organizing centre. In hepatocytes, this microtubule organizing
centre is near the nucleus. Owing to the biochemical character-
istics of tubulin, its polymers (microtubules) have a directional
polarity in which what has been termed the minus end is at the
microtubule organizing centre near the cell nucleus, while the
plus end is towards the cell surface [25,30]. Functionally, these
polarized regions of the microtubule can be differentiated by the
rate at which extension in the presence of unpolymerized tubu-
lin occurs: the minus end grows slowly, while the plus end grows
rapidly, on account of its preferential binding of tubulin. Recent
studies have indicated an important role for microtubules in
serving as ‘railway tracks’ along which intracellular vesicles 
and organelles can ride, powered by kinesins and dyneins,
microtubule-based motors [31].

Receptor-mediated endocytosis

Receptor-mediated endocytosis is a process in which the 

binding of a ligand to a specific cell surface receptor initiates an 
intricate series of events resulting in internalization of the 
ligand–receptor complex into a vesicle that is processed to dis-
crete destinations within the cell (Fig. 3). A hepatocyte-specific
ligand that has been the subject of much investigation is
asialoorosomucoid (ASOR). ASOR is prepared by removal of
the terminal sialic acid residues on the carbohydrate chains of
orosomucoid (α1-acid glycoprotein). This desialylated glyco-
protein binds virtually irreversibly to a receptor on the hepa-
tocyte surface plasma membrane that has been termed the
asialoglycoprotein receptor [32]. Although the physiological
function of this receptor is not known, it mediates internal-
ization and processing of its bound ligand by a process that 
serves as a prototype for receptor-mediated endocytosis of other 
ligands, including low-density lipoproteins [33,34]. Following
binding of ASOR to its cell surface receptor, the ligand–receptor
complex is internalized into a vesicle that is coated with the pro-
tein clathrin [35–37]. Following uncoating, this vesicle acidifies
[38], and this results in the unbinding of ligand from receptor
[39]. This endocytic vesicle then undergoes a series of fissions,
the consequence of which is the eventual segregation of ligand
from receptor, resulting in their localization into separate
daughter vesicles [33,35,36]. Following segregation, one group
of daughter vesicles that contain the majority of receptor and 
a reduced content of ligand recycles to the cell surface. The 
other group of daughter vesicles that contain little receptor but
most of the ligand [40] traffics through the cell to the lysosome,
where ligand is degraded [33,36,39]. Lysosomes are spherical
membrane-delimited organelles, first discovered in hepatocytes
by biochemical procedures and then demonstrated in intact
hepatocytes by microscopy [41,42]. Subsequently, these
organelles were shown to be ubiquitous in virtually all cell types,
where they play a major role in degradation of endocytosed and
endogenous macromolecules [42,43]. This degradative function
is mediated by enzymes within lysosomes that include a variety

Internalization* * *
*

*

Dissociation

Recycles

Lysosomes

Segregation

Fig. 3 Pathway of receptor-mediated endocytosis. Asialoorosomucoid (ASOR) is a hepatocyte-specific ligand that has been the subject of much investigation.
ASOR (indicated by *) binds virtually irreversibly to a receptor on the hepatocyte surface plasma membrane that has been termed the asialoglycoprotein
receptor. Binding to its receptor initiates internalization of the complex into an endocytic vesicle. Following acidification of this vesicle, ligand dissociates from
receptor. This endocytic vesicle then undergoes a series of fissions that result in the eventual segregation of ligand from receptor and their localization into
separate daughter vesicles. Following segregation, one group of daughter vesicles that contain the majority of receptor and a reduced content of ligand
recycles to the cell surface. The other group of daughter vesicles that contain little receptor but most of the ligand traffics through the cell to the lysosome,
where ligand is degraded [33,36,39]. Although the physiological function of the asialoglycoprotein receptor is not known, it mediates internalization and
processing of its bound ligand by a process that serves as a prototype for receptor-mediated endocytosis of many other ligands.
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of acid hydrolases capable of breaking down the major classes of
biological macromolecules (e.g. carbohydrates, lipids, proteins,
nucleic acids) into smaller components. In hepatocytes, lysosomes
are distributed throughout the cytoplasm with a greater concen-
tration near the bile canaliculus. Lysosomes exhibit a hetero-
geneous morphological appearance, and the different types are
referred to in the literature as dense bodies, autophagic vacuoles,
phagocytic vacuoles, pinocytic vacuoles, multivesicular bodies,
residual bodies and tubular lysosomes. All types of lysosomes
contain at least one acid hydrolase. Defects in their membrane
or deficiencies in their enzyme content have resulted in the
development of a number of human pathologies including a
variety of lysosomal storage diseases [44].

Although little was known about the mechanism by which
endocytic vesicles undergo fission and sort ligand from receptor,
a number of studies suggested a role for microtubules and
molecular motors in this process [25,30,33,45–52]. After inter-
nalization of ligand–receptor complexes, endocytic vesicles
attach to and move along microtubules (Fig. 4). In recent stud-
ies, the process of segregation of ligand and receptor in early
endocytic vesicles was reconstituted in vitro on microtubules
using a novel fluorescence microscopy procedure in which
microtubules have been attached to the surface of glass
microscopy chambers (Fig. 5) [53,54]. In these studies, rat liver

Fig. 4 Association of an endocytic vesicle with a microtubule in a
hepatocyte. This is a transmission electron micrograph obtained 60 min
after single-wave endocytosis of gold-conjugated ASOR by overnight
cultured rat hepatocytes. An endocytic vesicle containing the gold label
(arrow) is found in close proximity to a microtubule (arrowheads). In the
endocytic vesicle shown in this micrograph, label is localized to one pole. 
Bar = 200 nm. Reprinted from ref. 30, with permission.

Fig. 5 Fission of a microtubule-bound endocytic vesicle in vitro. Texas red asialoorosomucoid (ASOR)-containing vesicles and rhodamine-labelled
microtubules are in the top row. The bottom row shows the asialoglycoprotein receptor as visualized following incubation with a primary antibody and a 
Cy2-labelled secondary antibody. Time in seconds after addition of 50 mM ATP is shown at the upper left of each panel. Initially, the arrowhead points to a
single vesicle that contains both ligand and receptor. Following the addition of ATP, this vesicle is seen to elongate and eventually to split into two daughter
vesicles. Although both these daughter vesicles contain fluorescent ASOR, the one on the right contains almost all the receptor. Bar = 10 mm.
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endocytic vesicles were fluorescently labelled by injection of rats
with fluorescent ASOR for 5 or 15 min prior to liver harvest and
vesicle purification. It was found that 5-min vesicles contained
both ASOR and its receptor, indicating that they were early 
(presegregation) endocytic vesicles. In contrast, 15-min vesicles
contained ligand but little receptor, indicating that they were
late (postsegregation) endocytic vesicles. These two groups of
vesicles bound to microtubules in the microscopy assay, and a
substantial fraction of each group moved along the microtubules
following ATP addition. However, only the early endocytic vesi-
cles underwent fission into daughter vesicles [53,54]. Evidence
suggested that this fission event was mediated by a classical
kinesin motor molecule that moves towards the plus end of
microtubules and a novel minus-end directed kinesin known as
KifC2 [54]. The activity of KifC2 was regulated by Rab4, a small
guanosine 5′-triphosphate (GTP) binding protein that is present
on these early endocytic vesicles [31,54]. The late endocytic 
vesicles had a different complement of motor molecules and 
Rab proteins [31], being highly associated with dynein, a motor
molecule that mediates minus end-directed movement on
microtubules, Rab7, and Kif3A, a plus end-directed kinesin that
was not present on the early endocytic vesicles [31,54]. These
studies indicate that, over this relatively short time (10 min),
acquisition and exchange of specific motor and regulatory pro-
teins regulates the transition of early to late endocytic vesicles.
The mechanism by which these important processes occur is
currently under investigation.

Summary
Although simple in appearance, the hepatocyte is a complex and
unique epithelial cell with subcellular structures that support
important and life-sustaining biological processes. There has
been much recent progress in the elucidation of these cellular
components at the molecular level, and it has become apparent
that there is a great deal of interaction and cross-talk between
these structures within the cell. Despite this progress and novel
insight into structure–function relationships within the hepato-
cyte, much remains to be learned regarding areas that include
mechanisms to define and maintain cell polarity, cytoskeletal
and motor function and interaction, and trafficking mechan-
isms for subcellular components. The importance of such 
investigation is not just theoretical, but may have major implica-
tions regarding the pathobiology and treatment of the many 
disorders characterized by disruption of normal hepatocyte
function and homeostasis.
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2.2.3 Molecular biology of the 
liver cell
Sundararajah Thevananther and Saul J. Karpen

Introduction

The diversified and specialized liver functions are primarily 
supported by hepatocytes, which exhibit enormous capacity to
respond to stressors and environmental cues effectively by acti-
vating discrete cell signalling cascades initiated at the cell surface
receptors. Eventually, short-term and long-term changes occur
within the cell, by modification of the activity of a broad variety
of resident proteins (such as kinases, phosphatases and P-450
enzymes), modulation of the transcription of mRNA molecules
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and synthesis of new proteins and by changes in the function 
or expression of nuclear transcription factors. Altogether, these
processes are known as molecular adaptation, and the molecular
arsenal within hepatocytes applied to cell signalling is inter-
related, balanced and poised for the ultimate goal of reducing 
toxicity and restoring homeostasis in the most effective and
expedient fashion possible. Without such an integrated, complex
and balanced set of signalling responses, hepatocytes may be
underdeveloped or over-reaching in their responses to stressors.

In essence, the general plan of cell signalling is to spread out
the signal to as many proteins and effector molecules as possible
in order to provide the maximum effective response. In some
ways, it is tempting to think that the processes of cell signalling
are deeply ingrained in the hepatocyte’s central position at the
crossroads of metabolism, which involves the production, han-
dling and detoxification of dietary products and potential toxins
from within (endobiotics) as well as from the environment
(xenobiotics). The scope of this chapter will be limited to high-
lighting the role of signal transduction in the regulation of 
gene expression by its influence on the activity of transcription 
factors. This will include a description of key components of
prototype signal transduction pathways in the liver cell with
specific details regarding receptor activation, generation of 
second messengers, activation of kinases and phosphatases,

posttranslational modification of critical hepatic transcription
factors and their role in the regulation of gene expression in the
liver (Fig. 1). A detailed description of all the interrelated and
competing mechanisms at play in the hepatocyte that constitute
cell signalling is beyond the scope of this chapter, and the reader
is referred to several recent excellent reviews [1–10].

Signal transduction

Activation of cell surface receptors and ion
channels

Receptors and ion channels expressed at the cell surface ‘sense’
changes in the extracellular milieu of hepatocytes and modify
the biological response to a multitude of physiological and
pathological factors. Initiating changes in cell function and gene
expression in response to environmental cues is one of the cen-
tral and evolutionarily conserved ways in which the hepatocyte
enacts its responses.

G protein-coupled receptors
G protein-coupled receptors are heptahelical transmembrane
proteins whose activity is modulated via changes in agonist 
concentrations at the cell surface. Receptor–agonist interactions
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Fig. 1 General outline of liver cell signalling. See main text for definitions of abbreviations.
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initiate a cascade of downstream events that is critically depend-
ent on the subset of trimeric G proteins (α, β, γ) that interact
with receptors. Receptor–Gα protein interaction leads to the
activation and dissociation of Gα from Gβγ and generation of
second messengers such as cyclic adenosine monophosphate
(cAMP), inositol 1,4,5-triphosphate (IP3) and diacylglycerol
(DAG). Cellular responses to fluctuations in hormones and
growth factors are dependent on the types and abundance of 
G protein-coupled receptors expressed at the sinusoidal and
canalicular surface of hepatocytes [11].

Receptor tyrosine kinases
Peptide growth factor signalling is transduced mostly via the
activation of receptor tyrosine kinases (RTKs). RTKs are a class
of cell surface receptors with a single transmembrane domain
separating the extracellular domains, with affinity for peptide
growth factors such as insulin and epidermal growth factor,
from the intracellular cytoplasmic domains with tyrosine kinase
activity. Autophosphorylation of RTKs activates a cascade of
small GTPases such as Ras, Rac, RhoA and Cdc42 [9].

Ion channels
Ion channels play integral roles in modulating a variety of 
synthetic and secretary functions of hepatocytes. Hepatocytes
express ligand-gated and voltage-sensitive anion and cation
channels that regulate ion exchange with the extracellular
milieu. Cell volume regulation is one of the most fundamental
homeostatic mechanisms and essential for normal hepatocyte
function [12]. Cell swelling evokes a series of signalling events
resulting in the activation of K+ and Cl– efflux via ion channels,
which plays a key role in the regulatory volume decrease and
restoration of homeostasis [13]. Ion fluxes induced by the activ-
ity of ion channels influence several key events in the life cycle 
of hepatocytes, such as cell cycle control, proliferation, survival
and apoptosis [14]. Several ion channels are linked to the
cytoskeleton, and ion channel function is greatly affected by the
changes in the submembranous cytoskeleton.

Generation of second messengers

Activation of cell surface receptors and ion channels results in
the generation of second messengers such as cyclic nucleotides
(cAMP, cGMP), lipids (IP3, DAG), Ca2+, prostaglandins and
nitric oxide (NO).

cAMP
A large number of hormones, peptides and neurotransmitters
interact with several G protein-coupled receptors. The αs sub-
unit of G proteins (Gαs) activates adenylate cyclase, which catal-
yses the generation of cAMP from adenosine triphosphate (ATP).
Increase in intracellular cAMP levels leads to the activation of 
a cAMP-dependent kinase, protein kinase A (PKA). The effects
of cAMP are primarily mediated via the activation of PKA 
and influence a wide range of metabolic, synthetic and secretory

functions of hepatocytes. For example, PKA phosphorylates
hormone-sensitive lipase and perilipin, and results in increased
lipolysis. Conversely, activation of the αi subunit of G proteins
(Gαi) inhibits lipolysis via the inhibition of adenylate cyclase and
reductions in the intracellular cAMP levels. Phosphodiesterases
participate in the termination of cAMP/PKA signalling by
hydrolysing and reducing intracellular cAMP levels [4].

Lipids
IP3 and DAG play important roles in the activation of Ca2+

signalling and protein kinase C (PKC). Agonists such as ATP
and vasopressin binding at the Gαq protein-coupled cell surface
receptors lead to the generation of IP3 and DAG. The αq subunit
of G protein interacts with the enzyme phospholipase C (PLCβ)
and activates the translocation of the enzyme to the plasma
membrane. In addition, the dimeric βγ subunits enhance the
membrane tethering of PLCβ, promote the hydrolysis of phos-
phatidylinositol 4,5-bisphosphate and stimulate the production
of Ca2+-mobilizing second messengers IP3 and DAG. IP3, in turn,
activates the release of Ca2+ via the activation of IP3 receptors
(IP3Rs) located in the endoplasmic reticulum, whereas DAGs
play a role in the activation of conventional and novel PKCs.

In addition to G protein-coupled receptors, the phospho-
inositide signalling pathway can be activated by the agonist-
induced dimerization and tyrosine autophosphorylation of RTKs,
creating high-affinity docking sites for SH2-containing PLCγ,

which in turn catalyses the generation of IP3 and DAG [15].

Ca2+

Intracellular Ca2+ is a versatile second messenger in hepatocytes
that plays a central role in regulating multiple hepatic functions
and influencing varied processes such as secretion, contraction,
metabolism, gene transcription and cell proliferation and apop-
tosis [16]. Intracellular cytosolic Ca2+ levels are influenced by
upstream signalling events that activate the release of Ca2+ from
intracellular stores (endoplasmic reticulum, Golgi, nucleoplas-
mic reticulum) as well as the Ca2+ influx from the extracellular
milieu. The spatial and temporal patterns of calcium signals are
believed to be responsible for determining the specificity and
functional outcome of Ca2+ signalling. The subcellular distribu-
tion of the three isoforms of IP3 receptors (types 1, 2 and 3),
which differ in their affinity for IP3 and regulation by Ca2+, shape
the amplitude, duration and wave patterns of Ca2+ transients in
the cytosol. Nucleoplasmic reticulum enriched in type 2 IP3Rs
serves as a distinct reservoir of Ca2+ within the nuclei and is
responsible for the localized generation of Ca2+ signals within
the nucleus. The versatility of Ca2+ signalling within hepatocytes
is underlined by their distinct ability to independently modulate
Ca2+ signalling in the cytosolic vs. nuclear compartments
[6,17,18].

Prostanoids
Prostaglandins are believed to play a role in mitogenic signal
transduction in the regenerating liver and hepatocellular 

TTOC02_02  3/8/07  6:47 PM  Page 103



104 2 FUNCTIONS OF THE LIVER

carcinoma. Phospholipase A2 (PLA2) activity leads to arachi-
donic acid release from the plasma membrane. Metabolism 
of arachidonic acids by the cyclo-oxygenases (COXs) leads to 
the generation of prostanoids, including prostaglandins and
thromboxanes, in the liver. Hepatocyte growth factor receptor-
mediated activation of mitogen-activated protein kinases
(MAPKs) and elevations in intracellular Ca2+ are believed to play
a role in the activation of PLA2 [19,20].

Nitric oxide (NO)
The free radical NO has emerged in recent years as a small 
signalling molecule playing protective roles against hepatocyte
apoptosis induced by tumour necrosis factor α (TNFα) and Fas
ligand [21]. NO is synthesized in the cytosol and mitochondria
by constitutive and inducible nitric oxide synthases (cNOS and
iNOS). Under normal conditions, lower levels of NO generated
act as a messenger and cytoprotective (antioxidant) factor, via
direct interactions with transition metals and other free radicals.
However, proinflammatory signalling leads to elevations in NO,
which in turn binds and activates soluble guanylyl cyclase, lead-
ing to the conversion of guanosine triphosphate (GTP) into
cyclic GMP (cGMP). Increased cGMP levels via the activation of
protein kinase G (PKG) protect hepatocytes against ischaemia–
reperfusion injury [22].

Activation of signalling cascades

Protein kinases influence cellular functions by catalysing the
addition of a phosphate group to proteins at serine, threonine or
tyrosine residues, thus serving as molecular switches discretely
turning ‘on’ and ‘off ’ protein function in a specific manner [23].
Hepatocellular signalling cascades often consist of multiple pro-
tein kinases acting in tandem, facilitating signal amplification
and target protein modification in order to adapt and respond 
to the changes in the environment. Among the multiple protein
kinases expressed in hepatocytes, the following are discussed
below based on their functional significance for hepatocytes.

Protein kinase A
PKA is a tetrameric holoenzyme consisting of two regulatory
and two catalytic subunits. cAMP binding at the regulatory sub-
units results in the dissociation of the PKA–protein complex.
The activated catalytic subunits are released from cytoplasmic
anchoring sites and phosphorylate a variety of cytoplasmic 
and nuclear substrates on serine sites within the canonical sequ-
ence X-Arg-Arg-X-Ser-X. Binding of MgATP at the regulatory 
subunit I (RI) stabilizes the holoenzyme by raising the 
threshold for cAMP concentrations required for activation.
Autophosphorylation of the regulatory subunit II (RII) leads to
the destabilization of the holoenzyme and activation of catalytic
subunits. The specificity of PKA action is determined in part by
anchoring PKA to subcellular sites through the association of
the regulatory subunits with A-kinase anchoring proteins. PKA
activity plays a key role in the polarized localization of proteins

and lipids into distinct apical and canalicular membrane
domains in hepatocytes [24,25].

Protein kinase C (PKC)
PKCs are a family of serine/threonine kinases and consist of a
family of at least 12 isoforms, classified into classical, novel and
atypical PKCs based on their distinct mode of activation. The
conventional PKC isoforms (cPKCα, βI, βII and γ) are activated
by Ca2+ and phospholipids such as DAGs. The novel PKC 
isoforms (nPKCδ, ε, η and θ) are Ca2+ independent, and the
atypical PKC isoforms (aPKCζ and λ) are independent of both
Ca2+ and DAG [26].

Mitogen-activated protein kinases
MAPKs are important signal transducing enzymes connecting
cell surface receptors to critical regulatory targets within hepato-
cytes. MAPK activity is controlled by a three-tiered cascade of
MAPKs, MAPK kinases (MAPKK, MKK or MEK) and MAPKK
kinase or MEK kinase (MAPKKK or MEKK). Several effector
kinases such as MAPK-activated protein kinases (MAPKAPs)
are activated by MAPKs, and MAPK signalling is attenuated by
the action of MAPK phosphatases [5].

Hepatocytes express at least four distinct groups of MAPKs,
i.e. extracellular signal-regulated kinases (ERK1/2 or p44/42
MAPK), c-jun N-terminal kinases (JNK1 and 2), p38 MAPK
(p38α/α/γδ) and ERK5 [27–29]. Several growth factor and
cytokine actions are mediated via the activation of multiple
MAPK signalling pathways, influencing hepatocyte survival and
proliferation. ERK1/2 activation in response to the activation of
receptor tyrosine kinases by growth factors stimulates hepatocyte
proliferation and survival [30]. Whereas JNK1/2 and p38 MAPK,
collectively known as the stress-activated protein kinases (SAPKs),
are activated by ultraviolet radiation, inflammatory cytokines
and DNA damaging agents are linked to divergent liver func-
tions such as the downregulation of gene expression during
acute phase response, hepatocyte proliferation during liver
regeneration and hepatocyte apoptosis [3,31–33].

Several distinct mechanisms ensure the specificity of MAPK
activation. First, scaffolding proteins such as JIP1 organize
JNK1/2 (MAPK), MKK7 (MAPKK) and MLK1 (MAPKKK) 
into a specific signalling cassette. Second, sequential physical
interaction between members of a given cascade ensures the
effective activation of a signalling pathway, as in the case 
of JNK1/2, which is bound by the N-terminal extension of
MKK4 (MAPKK), which also interacts with the catalytic domain
of MEKK1 (MAPKKK). Typically, the phosphoacceptor sites 
of MAPKs are composed of serine or threonine followed by 
a proline, and the neighbouring amino acids further increase 
the specificity of binding by the catalytic pocket of the 
kinase. Finally, full specificity is ensured through a docking
interaction mediated by an additional site in the kinase that 
recognizes a distinct site other than the phosphoacceptor 
site in the substrate. For example, JNK recognizes and inter-
acts with a short sequence that precedes the two principal 
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phosphoacceptor sites, Ser63 and Ser73, outside its catalytic
pocket,[2,8].

Phosphatidylinositol-3-kinases (PI3Ks)
PI3Ks are heterodimers consisting of a catalytic subunit (p110)
and a regulatory subunit (p85), and they phosphorylate at the 
3′-OH group of the inositol ring in inositol lipids. Upon activ-
ation of receptor tyrosine kinases, PI3Ks associate with the
receptor through its SH2 domains in the regulatory subunit,
leading to the activation of the catalytic subunit of the enzyme.
PI3K activity is responsible for the generation of the second 
messenger phosphatidylinositol 3,4,5-trisphosphate (PIP3) from
phosphatidylinositol 4,5-biphosphate at the inner leaflet of the
plasma membrane. PIP3 binding at the PH domain of proteins
such as Akt/protein kinase B (PKB) and activation of down-
stream signalling play important roles in tumorigenesis and
tumour progression in hepatocellular carcinoma. The PTEN
phosphatase is a natural antagonist of the PI3K/Akt signalling
pathway, and hepatitis B virus X protein (HBx)-mediated acti-
vation of Akt signalling is associated with a decrease in PTEN
levels [34]. In addition to their effects on hepatocyte prolifera-
tion and metastasis, PI3K/Akt pathways influence vesicular
trafficking, bile formation and bile acid secretion [35,36].

Rho GTPases
Apart from the heterotrimeric G proteins, which transduce sig-
nals from the serpentine G protein-coupled receptors (GPCRs),
another superfamily of small G proteins, consisting of the Rho
family of GTPases (Rho, Rac, Cdc42), plays key roles in the regu-
lation of a variety of cellular processes in hepatocytes. Activation
of receptor tyrosine kinases and GPCRs leads to the activation of
Rho guanine nucleotide exchange factors (GEFs) and their Rho
GTPase substrates. GEFs destabilize the inactive GDP–G protein
complex, inducing the release of GDP and the binding of cyto-
solic GTP, activating the G proteins. GTPase-activating proteins
(GAPs) induce the hydrolysis of GTP bound to G proteins and
inactivate them [9].

The Rho family of GTPase-mediated signalling molecules
plays key roles in the organization of the cell cytoskeleton 
and the cell–cell and cell–matrix interactions, which influence 
hepatocyte polarity, gene transcription and growth regulation.
Additionally, small GTPases play integral roles in the activation
of JNK signalling and stimulation of DNA synthesis in primary
hepatocytes in response to known agonists such as TNFα and
hepatocyte growth factor [37].

Transcription factors and regulation of
gene expression

In addition to alterations in the activity of cell surface receptors,
second messengers and intracellular kinases, one of the major
ways in which hepatocytes respond to external stimuli in a 
sustained fashion is to reprogramme mRNA transcription. In
general, the primary mediators of gene regulation are nuclear

proteins, typically referred to as transcription factors. In many
ways, transcription factors can be thought of as proteins that
bridge the gap between DNA regulatory sequences in genes
(promoter regions) and the freely mobile proteins in the cell 
that execute changes initiated by cell signalling cascades [38,39].
Although, in a general sense, transcription factors can be
thought of as DNA-binding proteins, they cannot effect tran-
scription alone [40]. It is best to consider these DNA-binding
proteins as anchors for the transcription factor complex, which
includes co-regulators, cofactors, chromatin-modifying proteins
and RNA polymerases, which together constitute a transcription 
initiation complex. Recent evidence even indicates that small
RNA molecules are components of the transcription initiation
complex [41,42]. A detailed review of the role of all members of
the transcription initiation complex in regulating gene expres-
sion in hepatocytes is beyond the scope of this chapter, but 
highlighting a few select transcription factors, families and their
interactions and responses to cell signalling processes will serve
as informative examples of hepatocyte response [7,43,44]. Given
their central roles as the ultimate effector molecules of cell sig-
nalling cascades, we will focus on the following target transcrip-
tion factors and families: AP1, NFκB, the forkhead family and
multiple members of the nuclear receptor superfamily.

AP1 and NFkB

These two transcription factor complexes have become 
recognized as the centrepieces of the hepatocyte’s response 
to inflammation and infection, but they also play pivotal roles 
in cell survival, growth response to injury and apoptosis
[3,31,45–51]. Nearly all cells in the body engage AP1 and NFκB
complexes in response to stressors and injury, and their central
role in hepatocyte functions ranges from acute phase response
and intermediary metabolism to toxin disposal. In addition, it is
important to recognize that AP1 and NFκB are both critically
involved in the development of the liver, as single gene deletions
in critical components of these two proteins are lethal in utero,
and the mice do not form livers [32,52–54].

AP1 is a complex of two proteins that contains either homo-
dimers of c-jun or heterodimers of c-jun with c-fos. These are
potent regulators of gene transcription for those genes that 
have AP1 response elements, but they also interact with multiple
different proteins in order to spread out the signal [55]. It is
important to note that there are many different pathways that
lead to the activation of AP1, and they generally involve phos-
phorylation of pre-existing components of the AP1 complex
that then activates it. The one that appears to be most relevant 
is one of the MAPKs, in particular c-jun N-terminal kinase or
JNK [33]. Once JNK is activated, it phosphorylates c-jun. AP1
target genes are numerous in the liver and are present not only in
hepatocytes, but also in Kupffer cells, stellate cells, cholangio-
cytes and all associated inflammatory cells. In Kupffer cells 
and inflammatory cells, activated AP1 induces the expression of
a broad variety of cytokines and other secreted inflammatory
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proteins. In hepatocytes, activation of both c-jun and AP1 alters
the expression of several genes essential for cell survival, whereas
sustained activation of JNK and AP1 can be deleterious to the
cell [50].

The other primary component of the two-pronged induction
of intracellular signalling associated with inflammation is 
NFκB. Similar in concept to AP1, activation of select kinases 
activates NFκB by releasing it from an inactive complex. Like
AP1, NFκB is a two-part transcription factor assembly (p50 and
p65) that is retained in the cytoplasm in an inactive form in
complex with other proteins including an inhibitor, IκB [47,56).
In response to the activation of certain cell surface receptors 
(e.g. cytokine receptors), upstream kinases activate IκB kinase
(IKK), which leads to the phosphorylation and degradation of
inhibitory IκB and releases NFκB, which then targets to the
nucleus. Once in the nucleus, NFκB can change gene expres-
sion by binding to target sequences within appropriate pro-
moter contexts. As is the case for AP1, the NFκB protein 
complex has activities that extend far beyond those of binding to
DNA elements in promoter regions, and also has broad interac-
tions with a variety of proteins involved in transcription as well
as basic cellular functions and cell survival. Finally, NFκB plays a
critical role in cell cycle regulation and hepatocellular carcino-
genesis, perhaps best understood in its role as an antiapoptotic
agent [51,57]. Although we now understand a lot more about
NFκB and AP1, it is quite apparent that the competing, overlap-
ping and contradictory target gene regulations of these two
potent transcription factors are still being determined. One
example of NFκB activation leading to export of toxins is the
rapid and profound activation of the MDR1b gene by NFκB
[58]. This multispecific substrate transporter is responsible 
for the export of a broad variety of toxins and drugs from the
hepatocyte.

Among the more interesting and exciting findings over the
past few years is an ongoing relationship between adaptive
immunity and innate immunity, which extends beyond T and 
B cells to incorporate hepatocytes as the central components of
the immune system. This is an ancient arrangement, conserved
through evolution, with homologies between the fat body in
Drosophila and mammalian livers [59,60]. With respect to
innate immunity, hepatocytes have receptors for pathogens 
and pathogen-specific molecules on their cell surface, generally
grouped as members of the Toll-like receptor (TLR) family
[10,61,62]. This makes intuitive sense, recognizing where the
liver is anatomically, the constant delivery of foods, toxins, bac-
teria and bacterial products to the portal circulation and its 
role as an excretory organ. Among the more recent findings is
that activation of TLR4, the cell surface receptor for lipopolysac-
charide, activates a broad variety of changes in cell signalling
within hepatocytes. This central player in innate immunity acti-
vates many components of the acute phase response, including
activation of AP1 and NFκB. The other overlapping means 
of responding to inflammatory signals is generally referred to 
as adaptive immunity, via activation of receptors for the central

proinflammatory cytokines TNFα, interleukin (IL)-1β and 
IL-6, the three main cytokines involved in the liver’s response to
inflammation. In liver disease, complex and overlapping activa-
tions of multiple intracellular signalling pathways from the
TLRs and cytokine receptors may be ‘firing’ simultaneously.

Forkhead (HNF3) family

The HNF3 α, β and γ isoforms identified as key regulators of 
the expression of serum proteins (e.g. transferrin, albumin,
transthyretin) are more accurately referred to as members of the
forkhead (FOXa) family of transcription factors [63,64]. These
transcription factors are involved in growth, development, neo-
plasia, inflammation, regeneration and response to injury, and
are themselves regulated by posttranslational modifications
such as phosphorylation and interaction with other cellular 
proteins.

Nuclear receptors

Members of the nuclear receptor (NR) superfamily are inti-
mately involved in orchestrating the transcriptional programme
of a broad range of processes and functions within hepatocytes
[65]. These ligand-regulated transcription factors can directly
modulate the response to either excess or insufficient endobi-
otics, nutritional substances and inflammation, as well as engag-
ing the protective response to exogenous substances such as
drugs and toxins (xenobiotics) [7,66]. Nuclear receptors are
present in all metazoans, and there are 48 members of the
human nuclear receptor superfamily. The structural organiza-
tion of nuclear receptors has been relatively preserved among 
its members, and includes activation domains, DNA-binding
domains and, of particular interest, the ligand-binding domains.
The nuclear receptor activity is regulatable by small molecule
ligands. Many of these ligands are substances involved in liver
metabolism such as fatty acids, sterols and bile acids. There is
overwhelming evidence in recent years suggesting that several
genes involved in diverse cellular processes in the liver, such 
as regulation of glucose metabolism, fatty acid synthesis and 
oxidation, cholesterol metabolism and bile acid homeostasis, 
are all regulated by NR superfamily members [38,67–71]. For
example, intracellular bile acid homeostasis is primarily regu-
lated by three nuclear receptors, CAR, PXR and FXR, of which
the last two can be activated directly by primary bile acids 
acting as ligands. Over the past few years, it has been clear 
that the nuclear receptors CAR, PXR and FXR are central to 
the adaptive response to cholestasis, orchestrating changes in
membrane transport, metabolism, conjugation and export of
bile acids in states where bile acids are inappropriately retained
intracellularly [66].

These three nuclear receptors cannot function alone, or as
homodimers, but function as heterodimers partnering with the
central nuclear receptor, RXR. It is likely that the ligand for RXR
is 9 cis-retinoic acid, whereas PXR is activated by a broad variety
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of xenobiotics, including drugs such as rifampicin, whereas CAR
activation is complex and may not involve any ligand binding
[72]. These nuclear receptors are not immune to interactions
with cell signalling cascades. Most nuclear receptors are phos-
phoproteins and, in particular, the nuclear receptor partner,
RXR, is highly regulatable by a cell signalling cascade such as
JNK [1,73]. Moreover, activation of cell signalling molecules
such as JNK, AP1 and NFκB, can directly regulate several of
these nuclear receptors either by direct interactions or by com-
petition for binding to sites in promoter regions. Animal models
of activation of inflammation with either lipopolysaccharide or
cytokines generally reduce the functional activity and occasion-
ally the mRNA expression of CAR, FXR and PXR. In the context
of inflammation, activation of certain cell signalling pathways
negatively affects the capacity of hepatocytes to handle bile acids,
exacerbating the ongoing liver disease. Thus, there seems to be 
synergy, in a negative fashion, between chronic inflammatory 
signalling and ongoing liver disease from any initiating cause.
Recent evidence suggests that there may be ways of interfering
with this impaired response using a variety of nuclear receptor 
ligands.

In addition to direct modification of nuclear receptors by cell
signalling pathways, there are known direct interactions of key
signalling intermediates and nuclear receptors. Among the more
relevant interactions is the NFκB binding to the DNA-binding
domain of RXR, which interferes with its function [74].
Moreover, there are components of the transcription factor
assembly, which not only include nuclear receptors and core
regulators but also AP1 and other small molecules, that can
shuttle between the cytoplasm and the nucleus and participate in
transcription.

Conclusions of integration of cell
signalling and transcription

In addition to rapid activation of signal transduction cascades
that facilitate the hepatocyte to elicit a quick response to stres-
sors, long-term changes and cellular adaptation appear to be
best effected by changes in the transcriptional programme, by
ultimately altering the function and efficacy of regulatory tran-
scription factors. These, in turn, can alter the expression and
function of cellular proteins involved in signal transduction,
thereby providing an effective feedback mechanism. Some of the
cellular responses are components of the acute phase response,
and are generally thought to be beneficial in the short term but,
if prolonged and persistent, could be detrimental. It is a delicate
balancing act that the hepatocytes perform in order to safely and
effectively perform their duties as the central responders to
xenobiotics and stressors. Of therapeutic interest is that cell 
signalling cascades (kinases), as well as NR family members, 
are potential therapeutic targets, which may be able to augment
the beneficial aspects of the integration of cell signalling 
and transcriptional reprogramming and minimize the negative
consequences.
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2.2.4 Hepatic transport processes
Ronald P.J. Oude Elferink

The liver takes up amino acids, sugars and nucleic acids that 
are absorbed in the small intestine. For each of these classes of
nutrients, specific transporters are present in the sinusoidal
membrane of the hepatocytes. Similarly, transporters are pre-
sent that mediate the secretion of metabolites from the hepato-
cyte to the blood for delivery to peripheral tissues. The apical
membrane of two adjacent hepatocytes forms the bile canalicu-
lus in which primary bile is secreted. Evidently, this also involves

a large set of transporters for the highly diverse spectrum of
compounds that are excreted into bile.

In general, four types of transport processes across mem-
branes can be discerned [1]:
• simple diffusion;
• facilitated diffusion;
• secondary active transport;
• primary active transport.

Simple diffusion

The plasma membrane bilayer, mainly made up of phospho-
lipids and cholesterol, forms a tight barrier for hydrophilic com-
pounds. Hence, all hydrophilic and amphipathic compounds
need transporter proteins in order to enter cells. In principle,
hydrophobic compounds are able to diffuse through plasma
membrane. However, it is becoming more and more evident
that most, if not all, bioactive compounds in the body are trans-
ported in and out of cells through transporter proteins. This
does not exclude the possibility that hydrophobic compounds
(including certain drugs) can enter cells partly or entirely
through simple diffusion. An important difference between 
simple diffusion and protein-mediated transport is that the rate
of entry into cells is linearly related to the concentration outside
the cell. In contrast, protein-mediated transport of organic com-
pounds can be saturated at sufficiently high concentrations of
the transported compound.

Facilitated diffusion

This is the simplest form of transport mediated by transporter
proteins and always follows the concentration gradient. Two
types of transporters can be discerned in this context: channels
and exchangers (Fig. 1).

Channels

Channels simply represent pores in the membrane that are made
up of one or more protein subunits. Certain regions of these

Passive
diffusion

channel Simple
carrier

X

X

Na+ X

X

ATP

Cotransporter

Carriers

Pump
(ATPase)

Fig. 1 Different classes of transporter
proteins.
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proteins form cylindrical α-helices that pass through the mem-
brane. The simplest channels consist of six such transmembrane
regions, which are arranged in such a way that they form a pore
in the membrane bilayer. The pores can be in an open and a
closed state. The transition between these two states is highly
regulated by intracellular messengers, voltage, pH or ion con-
centration. In the opened state, the pore only allows passage of
ions for which the channel has affinity. Typically, channels only
transport electrolytes such as Na+, K+ and Cl– and not organic
compounds such as glucose or amino acids, which are too big to
pass through a channel. Most channels are highly specific for
certain ions. Thus, a chloride channel only transports Cl– and
not Na+ or K+. Channels do not undergo a change in conforma-
tion during the transport of a single molecule across the mem-
brane. They simply represent a pore that is in the open or closed
state. As a consequence, transport through channels is virtually
insaturable. In addition, transport rates through channels are
orders of magnitude faster than through carrier proteins.

An important example of a channel is the cystic fibrosis 
transmembrane regulator (CFTR); this is a channel specific 
for Cl– ions that is regulated by intracellular cyclic adenosine
monophosphate (cAMP) and by intracellular adenosine triphos-
phate (ATP) levels. This channel is defective in cystic fibrosis.
The functioning of many cell types depends on proper channel
function of CFTR and, therefore, many tissues are affected in
patients with cystic fibrosis. CFTR is also expressed in cholan-
giocytes and contributes to bile flow generated by these cells [2].

Carrier proteins

A second form of facilitated diffusion is through carrier pro-
teins. In contrast to channels, these proteins bind a substrate 
and subsequently undergo a conformational change to release
the substrate at the other side of the membrane. Substrates can
be either electrolytes or organic compounds. Usually, carriers
can transport in either direction, although the affinity of binding
on each side of the membrane may be different. Simple carriers
transport substrates only down their concentration gradient.
Usually, carriers are much less tightly regulated than channels.
An example of a carrier is the glucose transporter GLUT2 that is
present in the basolateral membrane of hepatocytes [3]. This
carrier can mediate either the uptake of glucose into the hepato-
cyte or the release from cells depending on the prevailing con-
centration in the cytosol and the sinusoidal blood.

Secondary active transport

Cotransport (symporters) and
countertransport (antiporters)

More complicated forms of carriers are the symporters and
antiporters (Fig. 1). These transporters bind two different sub-
strates either on the same side of the membrane (symporter) or
on the opposite side of the membrane (antiporter). In this way,

the transport of one substrate is coupled to that of the other.
This mechanism can be used to derive energy from a concentra-
tion gradient of the first substrate and use this to drive the trans-
port of the second substrate. Many symporters have the Na+ ion
as the driving force for transport of a second substrate. As the
sodium concentration outside the cell is high whereas it is low
within the cell, transport of the sodium ion down its concentra-
tion gradient (into the cell) can be used to transport a second
substrate up its concentration gradient. An example of this 
coupled transport is the system A transporter for neutral amino
acids [4]. By coupling transport of amino acids to that of
sodium, the cell is capable of concentration of the amino acid 
in the cytosol (uphill transport).

An example of an antiporter or countertransport system is 
the anion exchanger AE2, which is present in the apical mem-
brane of hepatocytes and cholangiocytes [5]. This transporter
exchanges Cl– ions for HCO3

– ions and is important for intracel-
lular pH homeostasis. Because the intracellular Cl– concentra-
tion is much lower than that outside the cell, this transporter 
can mediate the extrusion of bicarbonate. In this way, inward
chloride transport down the concentration gradient is coupled
to outward and uphill bicarbonate transport.

Primary active transport

ATPases

The most complex type of transport is primary active transport,
which is always mediated by transport ATPases (Fig. 1). These
transporters use the energy liberated by the hydrolysis of ATP to 
drive transport against the concentration gradient. In this way,
enormous concentration gradients (100- to 1000-fold) can be
generated. Examples of such transporters are the Ca2+ ATPases
that pump calcium ions outside the cell and inside the endoplas-
mic reticulum. This transport can involve more than one type of
substrate. For example, the Na+-K+ ATPase, which is the motor
of many transport processes in the cell, extrudes Na+ ions from
the cell and allows entry of K+ ions. This causes the large concen-
tration difference of these two ions between the cytosol and the
extracellular milieu, which is used by many different secondary
active transporters. Transport ATPases not only exist for elec-
trolytes but also for organic compounds. Notably, the super-
family of ATP binding cassette (ABC) transporters mediates 
a host of different transport processes involving drugs, lipids,
peptides and many other compounds [6].

Relevant transport systems in the
hepatocyte

As described above, the main motor of transport across the
plasma membrane of all cells including the hepatocyte is the
Na+-K+ ATPase (Fig. 2). Potassium concentrated in the cell 
is partly lost via the potassium channel in the basolateral 
membrane. This creates an inside negative membrane potential,
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which is also used by many transport processes. Maintenance of
a proper intracellular pH (slightly lower than the external pH) 
is of crucial importance to many enzymatic reactions in the
cytosol. As hepatocytes take up and extrude many acidic com-
pounds, pH homeostasis must be quite active in hepatocytes.
Intracellular acidification can be counteracted by sodium-
dependent bicarbonate uptake across the basolateral membrane
as well as by sodium-proton exchange (NHE1 exchanger) 
across this membrane, although the latter seems to be less active
in hepatocytes. The canalicular membrane harbours a chloride–
bicarbonate exchanger (AE2) that is capable of acidifying the

intracellular milieu. The latter transporter is activated by alka-
line pH and cAMP [7].

There are two kinds of glucose carriers: one type (SGLT fam-
ily) mediates active uptake by cotransport with sodium. This is
important, for example, in the apical membrane of enterocytes
that need to concentrate glucose from the lumen. The second
type of glucose carriers are bidirectional transporters (the GLUT
family), which merely transport glucose down the concentration
gradient The liver is a professional glucose-producing organ
and, therefore, the latter class (more specifically GLUT2) is
active in this cell type (Fig. 3). There is a large family of amino

Bile

Na+ HCO3
–

HCO3
–

CI–

–

+
Na+

K+ K+

ATP

CI–

Na+ H+

Na+ =          ± 10 mM
K+ =            ± 140 mM
CI– =            ± 5 mM
HPO4

– =       ± 95 mM

Na+ =          ± 140 mM
K+ =            ± 10 mM
CI– =            ± 120 mM
HPO4

– =       ± 5 mM

Fig. 2 The main transporters for electrolytes in
hepatocytes.
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acid transporters (members of the solute carrier family; SLCs),
some of which are mere exchangers and others which are sodium
driven and therefore concentrative. The difference between these
transporters mainly involves different substrate specificity [8].

The liver expresses concentrative (sodium-dependent) trans-
porters for nucleosides from the CNT family. Concentrative
uptake of nucleosides is particularly important during cell 
division, as illustrated by the fact that these transporters are
upregulated during hepatic regeneration [9].

The liver plays an important role in homeostasis and disposi-
tion of metal ions. Copper is taken up into hepatocytes by the
carrier CTR1 [10]. Heavy metals are also taken up by hepatocytes
and disposed into bile. For some heavy metals, the latter process
is mediated by ABCC2 (MRP2, the canalicular pump for organic
compounds), which transports cadmium, zinc and copper in 
a glutathione-dependent mechanism [11]. Under normal con-
ditions, however, most copper secretion into bile is mediated 
by a vesicular pathway in which copper is first sequestered into
vesicles by the ATP-dependent copper transporter ATP7B,
which is deficient in Wilson’s disease (see Chapter 16.1).

The hepatocyte is also a major supplier of glutathione (GSH)
to peripheral tissues. GSH is very important in all cells for
detoxification of peroxides via GSH-dependent peroxidases.
GSH is also important for detoxification of drugs and toxins via

conjugation with this tripeptide. To this end, the hepatocyte
secretes relatively large amounts of this valuable tripeptide 
into the circulation. The mechanism has not been fully eluci-
dated, but may involve the members of the OATP family, 
which are involved in the uptake of a major spectrum of 
drugs [12].

The hepatocyte fulfils a very important role in the detoxifica-
tion of drugs, toxins and waste products. To this end, it is har-
nessed with a spectrum of transporters, both in the basolateral
and in the apical membrane (Fig. 4). The transporters in the
basolateral membrane involve members of the OATP, the OAT
and the OCT families, which are all members of the superfamily
of solute carriers (SLCs) [13]. These transporters are largely
thought to be simple carriers, although they can also be secon-
darily active. An example of the latter case is the OATPs, which
may take up drugs by simultaneous countertransport of GSH.
As the intracellular GSH concentration is more than 100-fold
higher than the plasma concentration, this represents a very
powerful concentrative mechanism for drug uptake into the
liver. These noxious compounds can be conjugated with charged
moieties such as glucuronide, glutathione and sulphate, and
subsequently pumped into bile across the canalicular membrane
by different ABC transporters. These involve ABCC2 (MRP2),
which largely transports organic anions (stimulated or not by

OATPs

ABCC3
(MRP3)

ABCB1
(MDR1 P-gp)
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Fig. 4 Transporters in hepatocytes for drugs
(left) and bile salts (right).
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GSH), ABCG2 (breast cancer-related protein, BCRP), which
transports many charged and uncharged compounds, and ABCB1
(MDR1 P-glycoprotein), which mainly transports uncharged or
cationic amphilic compounds [6]. Conjugated compounds can
also be transported back into the blood by pumps such as
ABCC3, ABCC4 and ABCC5, resulting in urinary excretion after
filtration or active excretion in the kidney.

Finally, bile salts are taken up into the hepatocyte via a
sodium-dependent mechanism involving NTCP (SLC10A1).
This secondary active transport ensures concentration within
the hepatocyte. At the canalicular pole of the cell, the ABCB11
(or bile salt export pump, BSEP) pumps the bile salts into the
canaliculus. ATP hydrolysis provides sufficient energy to reach
concentration gradients of more than 100-fold. This combined
secondary active transport across the basolateral membrane 
and primary active transport across the canalicular membrane
leads to concentration gradients across the hepatocyte of more
than 1000-fold (from low micromolar to high millimolar 
concentrations). More detailed information on the transporters
involved in bile formation can be found in Chapter 2.6.

Transport in cholangiocytes

Cholangiocytes modify bile mainly by excretion of bicarbonate.
Net bicarbonate excretion is thought to occur by simultaneous
action of the chloride bicarbonate exchanger AE2 and the chlo-
ride channel CFTR (Fig. 5), although there are also data to 
suggest that CFTR is capable of excreting bicarbonate by itself.
The localization of AE2 in the apical membrane of hepatocytes
and cholangiocytes [5] is striking, as this transporter is localized
in the basolateral membrane of various other epithelia, such as
parietal cells and enterocytes [14]. Similar to the situation in
hepatocytes, bicarbonate can be taken up across the basolateral
membrane via sodium-dependent bicarbonate transport (NCB1).

It is postulated that water channels (aquaporins) contribute to
the net water flow into bile ducts. Indeed, aquaporin 1 (AQP1, in
the apical membrane) and aquaporin 4 (AQP4, in the basolat-
eral membrane) are expressed in the cholangiocyte, but it is not
clear how much these channels contribute to water flow [15].

Bile flow is stimulated by the hormone secretin, which
induces intracellular production of cAMP upon binding to its
receptor. It has become clear recently that cAMP induces the
mobilization of various transporter proteins from intracellular
stores to the plasma membrane. Insertion of CFTR, AE2 and
aquaporin provides a mechanism to stimulate bicarbonate
excretion by cholangiocytes and subsequent water flow [16].

Cholangiocytes are able to absorb bile salts via the sodium-
dependent bile salt transporter ASBT followed by transport via
the bile salt exchanger OSTα/β in the basolateral membrane
[17]. It is not clear how bile salt absorption by bile ducts 
quantitatively compares with excretion by hepatocytes. Probably
only minor amounts of bile salt are reabsorbed in the bile ducts.

Cholangiocytes also reabsorb glucose that has entered bile via
the sodium-dependent glucose transporter SGLT1 in the apical
membrane of these cells. The absorbed glucose is then released
into the blood via the glucose carrier GLUT1 in the basolateral
membrane [18].
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2.2.5 Modulation of liver function by
hepatic nerves
Gerhard P. Püschel

Anatomical background

Hypothalamic centres

The two principal hypothalamic regions where the signals for
the neural control of liver functions are generated are the ven-
tromedial hypothalamic nucleus and the lateral hypothalamic
area. The former sends signals to the liver via sympathetic 
autonomic nerves and, in general terms, enhances the release of

fuel substrates from the liver. The latter sends parasympathetic
signals to the liver which favour the replenishment of hepatic
energy stores. The function of the ventromedial and lateral
hypothalamic nuclei is modulated and coordinated by the
periventricular region which receives nervous and humoral (e.g.
leptin, insulin, glucose) signals from the periphery and other
brain regions.

Afferent hepatic nerves

There are two types of afferent nerves emerging from the liver:
vagal and spinal afferent nerves.

The vagal afferent neurons are located in the nodose ganglia.
They project their central processes to the nucleus of the solitary
tract. Their axons travel with the common hepatic branch of the
vagus nerve, to which, however, they contribute only a minor
portion. The vagal afferents terminate in the outer layers of the
larger branches of the extrahepatic and intrahepatic bile ducts
and in the adventitia of the portal vein. They transmit informa-
tion about metabolite, hormone or cytokine concentration to
the hypothalamus. Terminals of the vagal afferents have not
been detected in the intralobular area of the liver parenchyma in
rat. Because rat parenchyma is scarcely innervated in general,
this might not reflect the intralobular distribution of vagal 
afferent nerves in other vertebrate species including man [1].

The spinal afferents stem from the dorsal root of the lower
half of the thoracic medulla. Calcitonin gene-related peptide
(CGRP) appears to be an accepted specific marker that has been
used for immunohistochemical studies on their distribution
along with retrograde labelling studies. Both techniques indicate
that the intrahepatic distribution of spinal afferents is similar to
that of vagal afferents. No CGRP-positive fibres were detected in
the parenchyma of rodents or guinea pig and, in human liver,
few fibres were detected in the portal tract [2].

Efferent hepatic nerves

Sympathetic hepatic nerves originate from the ventromedial
hypothalamic nucleus. Fibres descend via the medullary reticu-
lar formation to the intermediolateral cell column in the thora-
columbar spinal cord. From here, preganglionic neurons project
to a collateral ganglia, i.e. the coeliac ganglion and superior
mesenteric ganglion, where the postganglionic sympathetic
nerve fibres originate [3,4]. The postganglionic nerves enter the
liver via an anterior and a posterior portal plexus accompanying
the hepatic artery and portal vein. A few fibres also enter the liver
together with the hepatic vein. In most mammals including
man, aminergic nerves enter the liver lobules to a varying 
extent. They are found in close vicinity to stellate cells but also
contact hepatocytes, sinusoidal endothelial cells and Kupffer
cells. Density is highest close to the portal fields and declines
along the sinusoid.

Parasympathetic hepatic efferent nerves originate in the lat-
eral hypothalamic area, whence connections aim at the nucleus
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vagus/ambiguous. These vagal nuclei supply efferent parasym-
pathetic nerves to the hepatic branch of the vagal nerve. The
parasympathetic fibres form a plexus that is separate from that
of the catecholaminergic nerves [4] and enter the liver at the
hilus together with the sympathetic fibres. Parasympathetic
nerves normally synapse on postsynaptic nerves at intramural
ganglia. Few reports exist about hilar or intrahepatic parasym-
pathetic ganglia, and their existence is still a matter of debate [4].
Functional evidence argues in favour of their existence. It has
been assumed, however, that part of the parasympathetic fibres
of the hepatic branch of the vagus nerve indirectly affect liver
function by modulating sympathetic nerve activity in the coeliac
ganglion [5]. Cholinergic fibres terminate at the terminal
branches of the hepatic artery, portal vein and bile duct or in the
portal area. In no vertebrate species have intralobular cholinergic
nerves been detected histochemically [3].

Species differences

One has to keep in mind that the intrahepatic distribution and
density of liver nerve terminals varies greatly between species.
Man and guinea pig, among mammals, have the highest density
of intralobular nerves, followed by dog and cat, whereas the
most commonly used rodent animal models have a rather scarce
intralobular innervation [6]. This holds true for a large array of
neurotransmitters, i.e. catecholamines, and various neuropep-
tides. The density of intralobular innervation is inversely corre-
lated with the density of gap junction between hepatocytes [4,7],
indicating that a cell-to-cell signal propagation might compen-
sate for direct innervation in animals with sparse innervation.

Regulation by hepatic nerves of liver
haemodynamics

Regulation of macrovascular 
haemodynamics

In vivo stimulation of sympathetic splanchnic nerves in cats and
dogs reduced hepatic blood flow and lowered the blood volume
in intrahepatic capacitance vessels, thereby replenishing the 
systemic circulation [8] (Fig. 1). In isolated liver perfused with
constant pressure, stimulation of sympathetic hepatic nerves
reduced portal and arterial flow, whereas stimulation of sympa-
thetic hepatic nerves in livers perfused with constant flow
increased perfusion pressure. Independent of the perfusion
model, a redistribution of flow was observed as a consequence 
of the regulation of the sinusoidal haemodynamics.

Regulation of sinusoidal haemodynamics

In vivo microscopy revealed that stimulation of the vagus dilated
sinusoids and opened previously closed sinusoids in rat liver,
reducing the erythrocyte flow velocity in each individual liver
sinusoid without affecting the total volumetric flow in the

observed microscopic field. In contrast, stimulation of sym-
pathetic hepatic nerves in isolated perfused rat liver resulted in 
a redistribution of flow, apparently closing some sinusoids and
leaving part of the parenchyma hypoxic [8] (Fig. 1). The regula-
tion of the sinusoidal blood flow occurs at the level of presinu-
soidal sphincters [9] or by contractile cells, most probably stellate
cells, along the sinusoid [10]. In addition to the intrasinusoidal
haemodynamics, the fluid exchange between the sinusoid and
the Disse space may be regulated by variation in the size of the
fenestrae and, hence, the porosity of the sinusoidal endothelial
cell in response to, for example, serotonin and nitric oxide [9].
Thus, the access of macromolecular complexes to the hepatocyte
may be regulated [11]. Via these haemodynamic changes, hep-
atic nerve action may secondarily affect liver metabolism.

Regulation of liver metabolism by
hepatic nerves

Liver metabolism is tightly regulated. It is subject to control 
by metabolite levels, circulating hormones and efferent hepatic
nerves. These different modes of control are tightly interrelated.
This makes it difficult to discern the contribution of one par-
ticular branch of this control system, i.e. the direct modulation
of liver metabolism by hepatic efferent nerves (Fig. 1). In 
addition, haemodynamic variations in response to circulating
mediators or locally released neurotransmitters may affect 
liver metabolism because they lead to hypo- or hyperperfu-
sion of the parenchyma with subsequent changes in oxygen 
and substrate supply or metabolite washout. Different experi-
mental approaches have been taken to eliminate these con-
founding factors in order to assess the direct impact of 
hepatic nerves on liver metabolism. Studies in whole animals
with removed or clamped endocrine organs have been used 
as well as different models of isolated perfused liver. All these
systems have their particular limitations [12]. Nevertheless, 
all the data taken together provide strong evidence for the 
possibility of a direct control by efferent nerves of hepatic
metabolism.

On the other hand, afferent hepatic nerves in whole animal
studies and liver perfusion systems have been shown to convey
information about portal or hepatic metabolite levels to the cen-
tral nervous system (CNS) or to locally integrate information
about metabolite levels.

Regulation by efferent sympathetic hepatic
nerves

Carbohydrate metabolism
In whole animal studies in cat, dog, pig, sheep, rabbit, rat and
man, stimulation of splanchnic nerves or liver nerves increased
systemic blood glucose levels or hepatic glucose output deter-
mined by microdialysis [12, and references therein]. The major-
ity of experiments were performed under conditions that
supposedly precluded indirect humoral modulation of hepatic
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glucose output, i.e. in adrenalectomized and/or pancreatec-
tomized animals or by hormonal clamp of the pancreas.
Similarly, in perfused guinea pig, mouse, rat or tree shrew, liver
electrical field stimulation of nerve bundles around the liver
hilus enhanced hepatic glucose output and, depending on the
perfusion medium (erythrocyte-free vs. erythrocyte-containing),
increased hepatic lactate output or shifted lactate uptake to out-
put [12]. The increase in glucose output was independent of
haemodynamic alterations. It was accompanied by a nora-
drenalin spillover and was blocked by α adrenergic receptor
antagonists. Glycogenolysis was the primary source of nerve
stimulation-dependent released glucose, whereas gluconeo-
genesis, which was inhibited by mercaptopicolinic acid, con-
tributed only a minor fraction to nerve stimulation-dependent
glucose output but accounted for almost 100% of the basal 
hepatic glucose output in rat livers perfused with erythrocyte-
containing media.

Conflicting evidence exists concerning the physiological
significance of direct neural sympathetic control of hepatic 
glucose output for systemic glucose supply in response to stress
or activity. The activity of sympathetic hepatic nerves is sup-
pressed by high and increased by low blood glucose levels. Direct
stimulation of hepatic glucose release by sympathetic hepatic
liver nerves appears to be able to blunt insulin- or activity-
induced hypoglycaemia in in vivo animal models, in which 
hormonal response is impaired as a result of surgical removal 
or pharmacological clamping of endocrine pancreas and

adrenals. However, if the endocrine axis is intact, an activity- 
or hypoglycaemia-dependent increase in circulating glucagon
rather than hepatic sympathetic nerve action was the main 
stimulus to augment hepatic glucose production [12]. With
functionally intact adrenals and endocrine pancreas, the action
of hepatic nerves appeared to be dispensable for stress-induced
glucose release in different animal and human models.

Lipid metabolism
Much less information is available about the modulation by
sympathetic hepatic nerves of hepatic lipid metabolism. In
whole animal studies, liver denervation caused a reduction in
hepatic carnitine palmitoyltransferase activity, fatty acid oxida-
tion and very-low-density lipoprotein (VLDL) formation. This
was taken as indirect evidence that sympathetic hepatic nerves
might increase hepatic fatty acid utilization. In perfused liver,
however, ketone body formation and the secretion of the VLDL
apolipoprotein B was suppressed rather than increased by stim-
ulation of sympathetic hepatic nerves or infusion of sympathetic
neurotransmitters [12]. The different timeframe might account
for this apparent discrepancy. Also, cholesterol production from
14C acetate decreased after surgical dissection of the splanchnic
nerve, indicating that an elevated sympathetic tone might aug-
ment hepatic cholesterol synthesis. No information is available
concerning the relative contribution to the control of hepatic
lipid metabolism of hepatic nerves compared with humoral
control systems; however, as for the control of carbohydrate
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metabolism, direct control of lipid metabolism by hepatic
nerves is presumably of minor importance.

Other metabolic functions
Independently of the accompanying haemodynamic alterations,
stimulation of sympathetic hepatic nerves in perfused liver
increased urate formation, reduced bile acid synthesis and bile
flow and attenuated xenobiotic extraction [12]. Stimulation 
of sympathetic hepatic nerves led to a rapid swelling of hepato-
cytes and stellate cells as a result of a redistribation of electrolytes
and a compensatory release of the organic osmolytes taurine and
myoinosital from these cells [13]. Amino acid and ammonia
metabolism were also affected by sympathetic nerve stimula-
tion; however, the effects were largely dependent on haemo-
dynamic alterations. Thus, urea and glutamine output as well as
ammonia uptake were reduced, while glutamate and glutathione
output was increased [12].

Mechanism of intrahepatic signal propagation
of efferent sympathetic nerves

The apparent lack of intralobular nerve terminals, especially in
rodents, was inconsistent with the observation that electrical
stimulation of hepatic nerves elicited pronounced metabolic
changes that were independent of haemodynamic alterations.
Two models were proposed to explain the apparent discrepancy:
a hepatocyte-to-hepatocyte signal propagation via gap junc-
tions; and a signal propagation by paracrine stimulation of 
hepatocytes with mediators released from non-parenchymal
liver cells in response to stimulation of hepatic nerves. Evidence
for both models was brought forward.

Inositol trisphosphate, which is generated in hepatocytes in
response to noradrenalin released from nerve terminals in the
periportal region, can diffuse via gap junctions and propagate
the signal from hepatocyte to hepatocyte to the perivenous
region along the acinus. Pharmacological blockade of gap junc-
tional conductivity as well as downregulation or elimination 
of the gap junction protein connexin 32 inhibited the nerve
stimulation-dependent increase in glucose output [12].

The other model supposes that nerves ending close to non-
parenchymal liver cells, specifically hepatic stellate cells, elicit
the release of eicosanoids, which can act on hepatocytes further
downstream in the sinusoid. In support of this hypothesis, nerve
stimulation-dependent increase in glucose output from isolated
perfused liver was attenuated by inhibition of phospholipase 
A2 or cyclo-oxygenase in rat and in the more densely innervated
guinea pig liver. Prostaglandin F2α, which was released from
hepatic stellate cells in response to synaptic concentrations of
noradrenalin and adenosine triphosphate (ATP) and appeared
as spillover in perfused rat liver after electrical field stimulation
of hepatic nerves, stimulated glucose output from perfused rat
livers and glycogen phosphorylase activity in isolated rat hepato-
cytes via the prostaglandin F2α (FP) receptor. In contrast to 
hepatic stellate cells, Kupffer cells appeared not to contribute to
nerve stimulation-dependent eicosanoid formation [12].

Regulation by efferent parasympathetic
hepatic nerves

Much less information is available on the contribution of
parasympathetic hepatic nerves in the control of liver
metabolism. Most information concerns the hepatic glucose
balance (Fig. 1). The insulin-dependent glycogen deposition in
isolated perfusion systems or hepatocyte cultures is surprisingly
low when compared with the in vivo situation. A possible explana-
tion for this enigma may be that in vivo parasympathetic efferent
nerves act in parallel to insulin to warrant an efficient glucose
clearance from the portal blood. In favour of such a model, stim-
ulation of the parasympathetic nuclei in the lateral hypothala-
mus or the peripheral cut end of the hepatic branch of the vagus
nerve activated glycogen synthase in rabbit, and acute hepatic
vagotomy diminished the rate of glycogen deposition after a glu-
cose load [14]. In rats that had undergone acute selective hepatic
vagotomy, replenishment of glycogen stores after refeeding was
severely impaired [15], and incorporation of labelled glucose
into glycogen was decreased [16]. In perfused rat liver, the small
insulin-dependent glucose uptake was markedly potentiated by
stimulation of hepatic nerves after α and β adrenergic receptor
blockade. In support of a physiological significance of these
experiments, it was also found that the firing rate of the hepatic
efferent branch of the vagus nerve was linearly related to blood
glucose concentrations between 3 and 25 mM, the physiological
range of (portal) glucose concentrations [17]. However, a sim-
ple synergism between the parasympathetic neurotransmitter
acetylcholine and insulin has been excluded [18].

Parasympathetic control of hepatic glucose balance is not
restricted to the increase in glucose uptake. In the postresorptive
phase, liver produces glucose from gluconeogenesis by default.
Part of this gluconeogenesis depends on the presence of
glucagon. After pharmacological blockade of sympathetic signal
transmission, electrical field stimulation of hepatic nerves inhib-
ited the glucagon-elicited glucose release from perfused rat liver.
Similarly, stimulation of hepatic nerves in vivo in cat decreased
basal glucose output if sympathetic nerve fibres were destroyed
prior to the experiment [12]. Conversely, selective hepatic 
vagotomy increased basal glucose output [16] or attenuated the
suppression by insulin of glucagon-induced glucose output [15]
from rat livers in vivo. Most recent evidence suggests that an
impairment of this parasympathetic control of hepatic glucose
production might contribute to the fatty acid-induced hepatic
overproduction of glucose in type 2 diabetes [19]. It was sug-
gested that hypothalamic sensing of elevated free fatty acids
increases the vagal output to the liver, which results in a decrease
in glycogenolysis to compensate for the fatty acid-dependent
increase in hepatic gluconeogenesis.

Contribution of afferent nerves to metabolic
regulation

Many studies show the existence of portal sensors for metabo-
lites or hormones. These sensors modulate the discharge rate of
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afferents in response to portal infusions of glucose [17], amino
acids [20], fatty acids and, to a lesser extent, lipids [21] as well as
hormones [22,23]. Integration of these signals in the CNS affects
feeding behaviour and hepatic metabolism (Fig. 1).

As an example, portal infusion of 2,5-anhydro-d-mannitol
increased the discharge rate of vagal afferents, inhibited hepatic
glucose release and augmented food intake. The last effects were
abolished after hepatic branch vagotomy [24]. Similarly, portal
infusion of fatty acid [25] or mercaptoacetate [26] augmented
the discharge rate of vagal afferents and inhibited feeding. The
afferents might thus be physiologically relevant for fat-induced
hypophagia, and an improper function of hepatic afferents has
been implicated as one possible cause contributing to aberrant
feeding behaviour in diabetic animals [27]. Central registration
of the abundance of hepatic glycogen stores via hepatic afferents
has also been implicated in fasting-induced mobilization of free
fatty acids from adipose tissue.

The existence of two types of osmo- (or sodium-) sensitive
afferent fibers has been firmly established with electrophysiolo-
gical methods in the hepatic branch of the vagus nerve: one
increasing the discharge rate in response to hyperosmolarity, the
other increasing the discharge rate in response to hypoosmolar-
ity. Although both fibres have been implicated in the regulation
of vasopressin release [28], the evidence is, however, somewhat
controversial [29], and a physiological relevance might be limited
to a very short-term reaction to an oral hypo- or hyperosmolar
load.

Metabolite sensing in the portal area also allows the distinc-
tion between exogenous gut-derived glucose, which reaches the
liver via the portal vein, and endogenous glucose, which enters
the hepatic circulation via the hepatic artery. Delivery of exo-
genous glucose builds up a portal–arterial glucose gradient with
higher glucose concentration in the portal vein that generates a
portal signal. This portal signal increases the insulin-dependent
hepatic glucose extraction in living dogs [30], isolated rat liver
simultaneously perfused via portal vein and hepatic artery [31]
and in conscious freely moving rats [32]. Conversely, increase 
in the glucose concentration in the hepatic artery abolishing 
the gradient between portal vein and hepatic artery attenuated
hepatic glucose uptake in comparison with the same glucose
load administered solely via the portal vein [33], despite an
equally high glucose load to the liver. The size of the gradient
seems to be irrelevant as long as the portal glucose concentra-
tion is about 1 mM above the arterial concentration [34]. A 
further increase did not result in a parallel increase in frac-
tional glucose extraction. The increase by the portal signal in
insulin-dependent glucose uptake is most probably mediated by
parasympathetic fibres [35]. The portal signal is probably gen-
erated by glucose-sensitive neurons in the portal vein whose 
discharge rate is inversely correlated with the portal glucose con-
centration. Because the isolated perfused liver is disconnected
from signal input from the CNS, it was assumed that the 
portal–arterial glucose gradient might be sensed by an intrahep-
atic neuronal network [35]. However, the hypothalamus cannot

be excluded as an additional arterial reference site. There is 
evidence that GLP-1 might be involved in the generation of 
the signal in response to the portal–arterial glucose gradient
[36]. The portal signal was absent in mice lacking the GLP-1
receptor [37]. A recent study showed that, in humans, hepatic
glucose extraction was not greater after duodenal glucose
administration than after peripheral glucose administration
[38]. Assuming that duodenal glucose administration, in con-
trast to peripheral glucose administration, will create a
portal–arterial glucose gradient, this might indicate that a portal
signal does increase hepatic glucose uptake in humans.

The portal signal might not only be relevant to insulin-
dependent hepatic glucose disposal but also to the coordination
between hepatic and peripheral glucose deposition. Two oppos-
ing observations were made in this regard. In dog, a portal–
arterial glucose gradient increased hepatic but decreased 
peripheral (hind limb) glucose utilization [39], whereas in mice,
the portal signal increased peripheral but not hepatic glucose
extraction and resulted in hypoglycaemia. Sensing of the 
portal–arterial gradient was dependent on the Glut2 glucose 
transporter and GLP-1 receptor (probably in the portal sensing
area). For the portal signal to increase peripheral glucose uptake,
the Glut4 transporter and AMP kinase but not the insulin 
receptor were required in skeletal muscle [40].

Interplay between hepatic nerves and
humoral control of extrahepatic metabolism

Hepatic afferent and efferent nerves may modulate the hormone-
dependent regulation of extrahepatic metabolism either by
altering the level of circulating hormones or by adjusting 
the sensitivity of peripheral tissues to circulating hormones.
Evidence was provided for both routes. Thus, adrenaline release
from suprarenal glands in response to insulin-induced hypo-
glycaemia in dogs was attenuated by hepatic denervation [41].
However, this was not observed in exercise-induced hypo-
glycaemia in vagotomized rats [42]. There is indirect evidence
that autonomous nerve activity might influence the hepatic
extraction rate of glucoregulatory hormones, however, direct
evidence is lacking [12]. Although signalling by hepatic nerves
appears not directly to influence insulin degradation by the 
liver or pancreatic insulin release after portal (prandial) glu-
cose delivery, it might modulate insulin-dependent glucose 
utilization. A putative hepatic factor called hepatic insulin 
sensitizing substance (HISS) that was released in response to 
the stimulation of vagal efferents increased insulin-dependent
glucose deposition in skeletal muscle in rat, cat and dog [43,44].
In an insulin sensitivity assay, the amount of glucose needed 
to achieve euglycaemia after injection of an insulin dose was
reduced by about 50% in animals that either underwent
mechanical hepatic denervation or vagotomy or received the
parasympathetic antagonist atropine or the NO synthase
inhibitor L-NAME (N-nitro-l-arginine methyl ester). The effect
of pharmacological or mechanical denervation was reversed by
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an intraportal infusion of either acetylcholine or the synthetic
NO source SIN-1 (3-morpholinosydnonimine) or nitroglyc-
erin, thus implying the sequential action of muscarinergic and
nitrergic parasympathetic nerve fibres in the release of HISS
[12,43]. The role of parasympathetic nerves in glucose handling
is summarized in Figure 2.

Regulation by hepatic nerves of hepatic
immune function and liver repair

From in vivo studies, it has long been evident that the hepatic
nerves may impact on the severity of toxic liver injury [45].
Elevation of the sympathotonus in spontaneously hypertens-
ive rats [46] or by electrical stimulation of the ventromedial
hypothalamic area aggravated CCl4– or demethylnitrosamine-
induced liver damage. In vitro studies with perfused rat liver
indicate that this effect was not entirely due to elevated circulat-

ing catecholamine levels but could be attributed, at least in part,
to a direct action of hepatic nerves [47]. In contrast, sympathetic
hepatic nerves conferred a protection rather than a sensitization
to immune cell-mediated liver injury, while peptidergic afferent
nerves sensitized to immune cell-dependent liver injury [48].
Thus, depending on the noxious principle, hepatic nerve activity
may be either protective or detrimental in the development of
liver damage. Possible explanations for this ambiguous role of
hepatic nerves are given below.

Regulation by hepatic nerves of regeneration
of parenchyma and scar formation

In response to an acute toxic damage, the liver attempts to com-
pensate for the loss of parenchyma by hepatocyte proliferation.
If the hepatocyte compartment loses its capacity to divide,
another progenitor cell compartment comes into play, the oval
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Fig. 2 Parasympathetic control of hepatic and
extrahepatic glucose utilization. Glucose
delivery from the gut is sensed by portal
glucose sensors either as absolute glucose
concentration or as a portal–arterial glucose
gradient. Thereby, a portal signal is generated
which is integrated either locally by a putative
intrahepatic neuronal network or by the brain.
Via the efferent parasympathetic nerves, this
signal suppresses the glucagon-stimulated
glycogenolysis and gluconeogenesis, and
potentiates the insulin-dependent glycogen
synthesis. Parasympathetic efferents also
stimulate the release of a putative hepatic
insulin sensitizing substance (HISS), which
augments skeletal muscle insulin-dependent
glucose uptake. The portal signal, by an ill-
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parasympathetic efferents to the skeletal
muscle, appears to inhibit insulin-dependent
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glycogen; ha, hepatic artery; Ins, insulin; Lac,
lactate; pv, portal vein; …… vagal afferents; 
– – – – vagal efferents; stimulation;

inhibition.
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cell compartment. Recent work has demonstrated that the acti-
vation of the oval cell compartment is enhanced by decreasing
the sympathetic impact on the liver [49]. Proliferation of a hep-
atic progenitor cell compartment was enhanced by activation 
of the parasympathetic input (Fig. 1). Similarly, hepatocyte pro-
liferation, which was dependent on an intact parasympathetic
supply to the liver, was observed after lesioning the sympathetic
nuclei in the ventromedial hypothalamic area [50]. Liver may
also react to loss of parenchyma by scar formation. The principal
sources of fibrous material for this scar formation are hepatic
stellate cells. Indirect evidence was provided that both parasym-
pathetic and sympathetic hepatic nerves, which terminate in
close proximity to hepatic stellate cells, might increase scar 
formation by stimulating hepatic stellate cell proliferation and
collagen synthesis [49] (Fig. 1).

Both inhibition of parenchymal cell proliferation and stimu-
lation of hepatic stellate cell proliferation and collagen forma-
tion might contribute to the exacerbation by sympathetic
hepatic nerves of toxic liver damage observed in vivo.

Regulation by hepatic nerves of immune cell
function

Resident macrophages (Kupffer cells) that are a rich source of
cytokines during local and systemic inflammation are the major
immune cell population of the liver. They are in close contact
with hepatic nerve endings. Stimulation of the efferent branch of
the parasympathetic nervous system attenuated the endotoxin-
elicited cytokine production in non-parenchymal liver cells and
thereby prevented the development of an endotoxinaemic shock
[51]. Apart from Kupffer cells, T cells contribute significantly to
the immune cell compartment of the liver. While their number
is low under normal conditions, their number dramatically
increases during inflammation due to recruitment from the cir-
culation. Although, in contrast to Kupffer cells, they appear not
to be in direct contact with hepatic nerve endings, their function
may be modulated by neurotransmitters released into the tissue.
Immune cell function may be modulated by sympathetic neuro-
transmitters and opioids, which might inhibit the cytokine
release from hepatic immune cells and prevent their activation
[48] (Fig. 1). Thereby, sympathetic neurotransmitters may
attenuate the immune cell-dependent liver injury caused in 
hepatitis models such as endotoxin/galactosamine hepatitis. 
In contrast to the potentially beneficial effect of sympathetic
efferent nerves on immune cell-mediated liver injury, peptider-
gic afferent nerves appear to be of crucial importance to induce
and maintain galactosamine/endotoxin hepatitis in mice.
Elimination of spinal afferents by capsaicin treatment of neona-
tal mice completely abolished the development of inflammation
in this model. The deleterious effect of peptidergic afferents
seems to be mediated by neurokinins [52]. In addition to stimu-
lating immune cells, peptidergic afferent nerves may act directly
on the hepatocyte to increase apoptosis. They also appear to
increase hepatic fibrosis [53]. Along with the modulation of

immune cell function, these last two mechanisms may con-
tribute to the aggravation of liver injury by peptidergic afferent
nerves in hepatitis models.

Impact of hepatic denervation after
transplantation

During liver transplantation all hepatic nerves are transected and
reinnervation of allografts is scarce. Although this apparently
does not lead to a gross dysregulation of hepatic functions, some
side-effects of liver transplantation might possibly be attributed
to the persisting denervation [54], although unequivocal evid-
ence is still lacking. Thus the hepatic vasoconstrictory response
to hypovolemia is lacking, making patients more susceptible 
to hypovolemic shock. The transplanted liver appears to be
insulin-resistant due to the lack of a parasympathetic input and
patients who have undergone liver transplantation in compar-
ison with kidney transplant patients are prone to weight gain as a
result of an increased fat intake, which may be due to the missing
portohypothalamic signalling in response to fatty acid ingestion.
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2.2.6 In vitro techniques: isolated
organ perfusion, slices, cells and
subcellular elements
Bruno Stieger

The liver simultaneously fulfils a variety of functions. It is 
an important mediator of energy homeostasis, is central in 
the biosynthesis of plasma proteins, plays a key role in the
metabolism of endogenous metabolic endproducts and xenobi-
otics and produces bile [1]. The liver consists of a variety of 
different cell types, the vast majority being hepatocytes comple-
mented with endothelial cells, stellate cells and Kupffer cells. The
elucidation of the mechanisms involved in the interplay of these
various cell types, as well as understanding the physiological
processes running in parallel, requires a variety of different 
in vivo and in vitro methods. An early successful example of the
application of in vitro techniques was the demonstration with 
an isolated perfused liver setup that the liver is the predominant
site of albumin synthesis in the body [2]. In vitro methods 
use systems ranging from those with great complexity such as 
perfused liver or primary hepatocytes to sometimes seemingly
simple approaches such as membrane vesicles isolated from
plasma membrane domains or intracellular organelles, as well as
cloned proteins studied in heterologous expression systems.

This chapter intends to give an overview of commonly used 
in vitro methods in the delineation of the various functions of
the liver. All topics covered in this chapter have been reviewed
extensively. Therefore, the reader is referred to the references to
retrieve in-depth information. In some cases, references will be
made to individual findings. They will often relate to problems
of transport research, as our laboratory has gained most of its
methodological experience in this area. Owing to space lim-
itations, a selection of references had to be made.

Perfused liver

The perfused liver permits the investigation of liver function
under conditions that resemble normal physiology. There are
examples in which liver function can be studied in an almost in
vivo situation, e.g. by the in vivo determination of the clearance
of asialorosomucoid from the circulation by the asialoglyopro-
tein receptor [3], in the bile fistula rat with collection of bile 
and testing for the clearance of cholephilic substances [4] or
assessing the integrity of tight junctions using markers such as
dextrans [5]. There are, however, critical limitations to these

models: there is only a limited amount of blood that can be 
sampled and the number of data points that can be obtained in a
single experiment is limited. Also, the composition of the blood
cannot be controlled or altered without possibly harming the
animal. Diversion of bile leads to a depletion of the bile salt pool
and, consequently, to alterations in bile formation.

Perfusion of the liver is possible in situ or in an isolated setup
[6–10]. The first setup allows the study of the liver in a condition
with intact innervation in a living animal. In all setups, the
essential components are a pump, an oxygenator, a system to
control the temperature of the perfusate and a flow regulator.
Two directions of perfusate flow are possible. In the antegrade
mode, the inflow of the perfusate is via the portal vein with efflux
via the hepatic vein, whereas in the retrograde mode, the direc-
tion of flow is reversed to influx via the hepatic vein and efflux
via the portal vein. The perfusate may be delivered to the organ
in an open (non-recirculating or single-pass perfusion) or in a
recirculating manner. The recirculating setup is useful for the
study of compounds which are slowly taken up by the liver or 
are slowly secreted. Accumulation of such compounds in the
perfusate will facilitate their detection. The drawback of this
setup is the accumulation of toxic metabolites in the perfusate,
which will consequently impair the vitality of the perfused
organ. The perfused organ is unique in that the relative contri-
bution of various compartments of the liver to the clearance of
substances from the perfusate can be studied. Such experiments
are performed and analysed by the multiple indicator dilution
method [11]. Furthermore, using specific inhibitors or activ-
ators, the contribution of various different cell types to whole
organ physiology can be studied.

Methods have been developed to perfuse lobes or parts of
human liver [12]. The human liver samples have to be of high
quality and high viability for successful perfusions and good
results.

Liver slices

The investigation of liver functions using the perfused liver
setup is a powerful methodology, in particular with respect to
the elucidation of whole organ homeostasis. However, it is 
limited to organ availability, which is particularly difficult for
studies with human liver. Samples of high-quality human livers
are limited for in vitro studies by ethical considerations and by
the severe shortage of donor organs. An alternative approach is
to use liver slices [13–15]. Liver slices are used to study hepatic
drug metabolism as well as hepatotoxicity of xenobiotics [15],
but they are also applied to transport research [14,16]. A par-
ticular advantage of liver slices is that they can be used to isolate
intermediate metabolites of drugs or endogenous substances, as
such metabolites accumulate in the culture medium during the
culture period. However, this also occurs with toxic metabolites,
which can become a limiting factor of the culture time.

The slices have a diameter of about 6–10 mm and a thickness
of a few 100 µm. For best results, they are prepared by specialized
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equipment employing mechanical high-precision tissue slicers.
Using a mechanical device allows the preparation of multiple
slices with very similar thickness from small tissue cylinders 
and is important to increase the reproducibility of results. The
mechanical preparation of the liver slices has the advantage that
it allows the investigation of liver tissue with its different cell
types in a physiological architecture. Hence, cell types different
from hepatocytes can be investigated [17]. Furthermore, tissue
slicing can be applied to livers of various species without
modifications. This is different from enzymatic methods for cell
isolation, which require adaptations to different species. Hence,
liver slices are ideally suited to investigate species differences.
Additionally, liver slices can also be used to assess interorgan as
well as intraorgan differences in hepatic functions. The optimal
thickness of the slices is determined by the following considera-
tion, which is crucial for the viability and survival time. Slices
exceeding a certain thickness will lead to damaged cells in their
core as a result of limited supply of nutrients and/or oxygen with
consequent ischaemia and will lead, ultimately, to necrosis. In
contrast, slices below a certain thickness will have a large pro-
portion of damaged cells in comparison with the total number
of cells in one slice. The thickness of the slices also influences 
the access of macromolecules (e.g. proteins) to the cells in the
interior of the slice.

Isolated hepatocytes and liver cell lines

The perfused liver and liver slices allow us to study liver function
in a context close to an in vivo situation. The availability of
human liver samples for in vitro studies is limited. However, 
if such material is available, the amount may exceed what is 
necessary for in vitro experiments. Owing to the large number of
hepatocytes available from one perfusion, many more experi-
mental data points can be obtained from one single liver (or
experiment). Therefore, studies with isolated hepatocytes are an
important tool in in vitro liver research.

Primary hepatocytes can be isolated from many species with
collagenase perfusion. This is usually done with the two-step
procedure or a modification thereof developed by Berry and
Friend [18–22]. Primary hepatocytes can be used immediately
after isolation to perform the investigations in suspension. This
system allows experiments to be performed for only a few hours.
However, primary hepatocytes can also be stored in suspension
at 4°C in University of Wisconsin solution (up to 48 h for 
primary rat hepatocytes) [23,24]. Alternatively, primary hepato-
cytes can be cultured in a monolayer configuration for a few
days. It is important to realize that primary cultured hepatocytes
gradually lose many liver-specific functions [19,25] leading,
among other problems, to downregulation of the expression of
hepatocellular transport systems [26].

To improve the degree of differentiation over extended culture
times, various culture methods have been used. Hepatocytes can
be cultivated in a so-called sandwich configuration [20,27]. In
this setup, hepatocytes are cultivated on collagen for a short time

period and thereafter covered with a layer of collagen. This leads
to a marked improvement in cell polarity and expression of
liver-specific functions. An alternative approach is to cultivate
hepatocyte couplets rather than monolayers of single hepato-
cytes [28]. This system has the advantage of being polar and
competent for canalicular secretion. It also offers the unique
potential to study intracellular processes at the light microscopic
level [29]. Coculturing of hepatocytes with other cells can be
used to improve the state of differentiation of primary cultured
hepatocytes [30]. However, this setup has an important limita-
tion. Investigations of hepatocyte-specific functions in such
mixed culture systems require careful control experiments to
demonstrate hepatocyte specificity of findings.

As in the intact liver, the lack of direct accessibility of the
canalicular lumen in primary cultured hepatocytes and in cul-
tured liver slices is basically problematic. This lack of access
becomes important in experiments in which transport of
metabolites or cholephilic substances across the canalicular
membrane is to be investigated. In order to circumvent this
problem, primary cultured hepatocytes have been cultured 
on gas-permeable, porous supports, and canaliculi were sub-
sequently punctured with microneedles to collect primary bile
[31]. Alternatively, the dependence of the functional integrity 
of tight junctions on the presence of millimolar calcium has
been explored [32]. Transport experiments in the presence and
absence of calcium chelators were used to determine canalicular
transport in sandwich-cultured primary hepatocytes [33].

Isolation of cells from the liver is not restricted to hepatocytes.
It is also possible to isolate cholangiocytes and functional bile
duct units for in vitro experiments [34]. A combination of sev-
eral methods is necessary to obtain highly purified Kupffer 
cells [35]. For the study of the structure and function of hepatic
endothelial fenestrae, isolation and culture of endothelial cells
was instrumental [36].

Experiments with primary cultured hepatocytes require a
sufficient supply of fresh liver tissue of high quality for cell isola-
tion. In the case of human hepatocytes, this is often difficult.
Therefore, many different hepatoma cell lines were established.
All these cell lines can be cultured and propagated easily.
However, all of them show different and variable degrees of 
differentiation [37,38]. This variable differentiation requires
selection of hepatomas expressing the functions to be studied.
Bile acids in the culture medium may induce, to some degree,
differentiation of hepatoma cell lines [39]. As an alternative
source of hepatocyte cell lines, primary hepatocytes have been
transformed by transfection with simian virus 40 large T antigen
[40].

Primary cultured hepatocytes are hard to expand. Using cul-
ture conditions in the presence and absence of serum, it was pos-
sible to expand first dedifferentiated hepatocytes and to obtain,
after expansion, some degree of hepatocytic differentiation by
changing to a chemically defined culture medium containing
growth factors [41]. Alternatively, generation of cell hybrids has
been used to establish cell lines stably expressing hepatocyte-
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specific functions [42,43]. Among them, WIF-B cells and clones
thereof have proved to be a most valuable tool in the study of
hepatocytic functions and the generation of hepatocyte polarity
in vitro.

Recently, a new avenue for obtaining a large number of hepa-
toctyes has opened. Adult stem cells, in particular bone marrow-
derived stem cells, have demonstrated an unexpected plasticity.
Evidence has been presented that subpopulations of bone 
marrow-derived stem cells can be differentiated in vivo and 
in vitro into hepatocytes [44–47]. Similar results were reported
for stem cells derived from umbilical cord blood [48,49] or for
monocytes [50]. However, these findings are controversially
debated [51,52]. If in vitro differentiation of stem cells into hepa-
tocytes can be established as a routine method, this would pro-
vide a seemingly unlimited source of hepatocytes. Hepatocytes
derived from adult stem cells could potentially also be used for
autologous transplantation and, hence, avoid the necessity of
lifelong immunosuppression after heterologous cell (or organ)
transplantation. The adult liver contains progenitor cells at 
different stages of differentiation [53]. Mitaka and coworkers
were able to isolate so-called small hepatocytes from rat liver. In
contrast to hepatocytes, small hepatocytes can be expanded into
differentiated hepatocytes in culture [54]. These hepatocytes
also become competent for bile secretion [55]. It seems unlikely,
however, that small hepatocytes will constitute a major source 
of differentiated hepatocytes, as their rate of expansion is very
slow and does not exceed a limited number of cell divisions.
Michalopoulos and coworkers developed a method to obtain
organoids in culture in a two-step procedure [56]. This pro-
cedure led to aggregates of different cell types, some of which
resembled liver cell plates. This approach could be useful for
studying the interaction of different cell types in vitro.

Isolated subcellular fractions

In order to study single cellular processes under well-defined
and controlled conditions, working with subcellular fractions
offers an ideal complementation to experiments with isolated
cells. This is particularly important if experimental conditions
are to be controlled on either side of biological membranes.
There are many different methods for isolating subcellular frac-
tions [57]. It should be kept in mind that subcellular fractions
are usually heterogeneous and not free from contaminating
membranes of different subcellular origin [58–60]. By combin-
ing different isolation procedures, the purity of the isolated frac-
tions can be significantly improved, but at the expense of the
yield of the subcellular fraction of interest.

Using isolated subcellular fractions allows us to perform
experiments in conditions such as, for example, broad pH
ranges, which are not compatible with cell vitality. Such con-
ditions are required, for example, to investigate the energetics of
transport processes or to investigate leak permeabilities of mem-
branes. However, the latter may be introduced by the isolation
method [61]. Additionally, experiments can be performed in the

absence of cytosolic binding proteins [62]. This is important for
the liver, which handles a large variety of poorly water-soluble,
but tightly protein bound, substances. Subcellular fractions also
allow us to study the sidedness of membrane-associated pro-
cesses, in particular transport processes [63]. Transport experi-
ments using subcellular fractions are performed with the rapid
filtration technique [64,65]. This methodology allows us to
work with very short incubation times, which are often shorter
than what can be achieved in isolated organs or cells.

A prominent example of the power of isolated subcellular
fractions is the dissection of hepatocellular processes involved 
in vectorial bile acid transport [62,66]. While work with the 
isolated perfused rat liver and isolated hepatocytes clearly estab-
lished the uptake mechanisms for bile acids into hepatocytes, 
the elucidation of the secretory step across the canalicular 
membrane was only possible with isolated canalicular mem-
brane vesicles. It was only possible to demonstrate with isolated
vesicles that canalicular bile salt secretion is a primary active,
adenosine triphosphate (ATP)-dependent process [67].

Additionally, it is also possible to identify the subcellular
localization of proteins (such as, for example, the bile salt export
pump) or cellular processes in the absence of antibodies [68,69].
Also, experiments with isolated plasma membrane fractions
from the basolateral (sinusoidal and lateral) membrane and
from the canalicular plasma membrane vesicles allow the study
of domain-specific transport processes without the complica-
tion of simultaneous efflux of transported substrates, as occurs
in other setups. Experiments with subcellular fractions are not
restricted to experiments with plasma membrane-derived ves-
icles, but can also be performed with isolated organelles.

Cloned proteins

In order to characterize an individual protein functionally, it is
necessary to obtain the pure protein in a sufficient amount for
biochemical experiments. This requires the purification of the
protein of interest. This is not feasible in many cases for mem-
brane proteins. An attractive alternative approach is to clone
membrane proteins and subsequently to study them in heterol-
ogous expression systems. A very powerful method for isolating
proteins is to use functional expression cloning of the transport
protein of interest in Xenopus laevis oocytes [70,71]. This tech-
nique is particularly well adapted to clone uptake transport 
systems, for example from hepatocytes [72]. This method of
cloning starts by expressing total mRNA in oocytes in order to
test whether the desired transport function is expressed. After
enrichment of the mRNA of interest, a cDNA library is con-
structed and subsequently screened by in vitro translation of
cRNA, which is expressed in oocytes. Once a single clone is
obtained, the cDNA can be sequenced and cRNA used for tran-
sient expression of the cloned transport protein in oocytes for
full characterization. In the case of proteins belonging to gene
families or where limited sequence information is available,
cloning of desired proteins is possible by homology screening of
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libraries. Such an approach was used, for example, to clone rat
organic anion transport protein 1a4 (Oatp1a4, formerly Oatp2
[73,74], or the bile salt export pump (Bsep) [75]).

For full characterization of transport proteins mediating
uptake of, for example, bile acids or amino acids, transporters
are heterologously expressed transiently or permanently in
mammalian cells (for examples, see Table 1). It is important that
the expression system does not contain an endogenous trans-
port activity. In cases where endogenous transport systems are
present, e.g. in oocytes, it may be difficult to characterize the
exogenous transporter clearly. This is, for example, the case for
amino acids [76]. Interestingly, oocytes show barely any uptake
activity for bile acids but express an export system [77].

Many export systems in the canalicular membrane belong 
to the superfamily of ATP-binding cassette (ABC) transport
proteins. To demonstrate the ability of Bsep to transport bile
acids in an ATP-dependent manner and to characterize this
transporter functionally, it was transiently expressed with the
baculovirus system in the Sf9 cell line from insects [75]. As 
conjugated bile acids are poorly membrane permeable, isolated
membrane vesicles are used to perform transport studies. Thus,
there is no need to isolate specifically inside-out vesicles.

In order to demonstrate that the transport protein of interest
was cloned, a full characterization with respect to kinetic para-
meters and driving forces is required. This necessitates complete
information on the properties of the transport protein of inter-
est in its ‘natural’ environment in organs, cells or membrane
vesicles. As an example, the rat sodium bile acid cotransporter
Ntcp, heterologously expressed in various expression systems, is
compared with respect to its kinetic parameters as determined in
situ in Table 1. Comparison of Ntcp expressed in amphibian X.

laevis oocytes and mammalian cell lines revealed similar trans-
port properties for all the different expression systems. These
data indicate that membrane composition may not necessarily
be a critical parameter for the characterization of transport pro-
teins in heterologous expression systems.

Heterologous expression of membrane proteins also works
well for intracellular proteins such as, for example, cytochrome
P-450s (e.g. a recent example in [78]). Cells transfected with 
individual human CYPs are the starting material for the 
preparation of microsomal fractions expressing individual
CYPs. Such microsomes are widely used to study in vitro drug
metabolism.

Epithelial transport is unidirectional or vectorial for many
substrates. Polar expression of transport systems in polarized
cell lines such as the renal Madin Darby canine kidney (MDCK)
cell line or the pig kidney cell line LLCP-K1 allows the reconsti-
tution of ‘secretory’ units. For example, Ntcp and organic anion-
transporting polypeptides are expressed in the basolateral plasma
membrane of hepatocytes and are sorted to the basolateral
plasma membrane domain in transfected MDCK cells [79,80].
The organic anion transporter multidrug resistance protein 2
(Mrp2) and Bsep are expressed in the canalicular membrane of
hepatocytes and are sorted to the apical domains of transfected
MDCK cells [80,81]. Coexpression of basolateral uptake systems
with these apical transporters allows the study of vectorial trans-
port of Mrp2 and Bsep substrates [80,81]. Such systems can 
be viewed as ‘columnar hepatocytes’ and have the advantage 
of direct experimental access to the apical membrane domain.
Additionally, in epithelial cell lines transfected with uptake 
and export transport systems, transcellular flux of substrates is
reconstructed. In principle, multiple transport systems can be
stably transfected into heterologous expression systems, as has
been demonstrated for coexpression of Oatps and Mrps [82].

Outlook

With the development of powerful methods for large-scale
sequencing, for the analysis of the entire transcriptome or 
protein pattern of cells or for the simultaneous detection of
intermediates of different metabolic pathways, additional
important tools have been made available for the study of 
hepatic functions in health and disease [83–85]. Utilizing these
new methods together with the established methods of in vitro
techniques will undoubtedly lead to important synergies and,
consequently, to a much better understanding of physiological
and pathophysiological hepatocellular processes. Ultimately,
these new approaches should improve both diagnostics and
treatment of patients.
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2.3.1 Carbohydrates and the liver
Guenther Boden

Introduction

After a carbohydrate-containing meal, the liver maintains plasma
glucose concentration within a narrow range by taking up one-
quarter to one-third of the absorbed glucose, oxidizing some of
it and storing the rest as glycogen or converting it into fat. In the
postabsorptive state, the liver provides much needed glucose to
the central nervous system and other glucose-utilizing tissues by
breaking down glycogen (a process called glycogenolysis, GL)
and/or by new formation of glucose from non-glucose precursors
(a process called gluconeogenesis, GNG). Disturbances of any
one of these processes can result in either hyperglycaemia or
hypoglycaemia. This chapter focuses on glucose, the physiologi-
cally most important carbohydrate, and gives a brief overview of
the pivotal role of the liver in glucose metabolism under normal
and abnormal conditions.

Hepatic glucose metabolism in the
postprandial state

After a meal, the liver plays a pivotal role in maintaining blood
glucose homeostasis by regulating, minute by minute, hepatic
glucose production and uptake.

Glucose production

After a mixed meal (~ 60% carbohydrate, ~ 20% fat and ~ 15%
protein), endogenous glucose production (EGP; over 90% of
which comes from the liver, with the remainder derived from
the kidneys) falls to very low rates (0–20% of basal) (reviewed in
[1]). During this period, blood sugar concentrations are pre-
dominantly maintained by absorption of meal-derived glucose,
while EGP decreases to 20% or less of basal (postabsorptive

rates). As intestinal absorption of carbohydrate decreases 
several hours after the meal, EGP rises slowly towards basal 
levels.

These changes in EGP are controlled primarily by two 
pancreatic hormones, insulin and glucagon.

Insulin is secreted by the pancreatic β cells directly into the
portal circulation. The liver extracts and degrades between 50%
and 80% of the insulin entering it on first pass [2,3] and, thus,
even basal insulin concentrations are approximately three times
higher in the portal than in the peripheral circulation [1].
Insulin secretion is stimulated by changes in blood levels of 
glucose, fatty acids and amino acids (with glucose being the
strongest secretagogue). Insulin secretion can be modified by an
as yet unidentified portal signal (presumably mediated by the
parasympathetic nervous system) [4], by several gastrointestinal
hormones including glucose-dependent intestinal peptide (GIP)
and glucagon-like peptide 1 (GLP1) [2,5], and by the central
nervous system (cephalic phase).

Hepatic glucose production is exquisitely sensitive to changes
in insulin levels. The four- to 10-fold rise in hepatic sinusoidal
insulin typically seen after a carbohydrate-rich meal almost
completely inhibits hepatic glucose production. There is little
information on the effect of insulin on renal glucose production,
but insulin presumably suppresses renal glucose production as
well. Insulin suppresses EGP through direct and indirect ac-
tions. In the direct pathway, insulin lowers glucose production
primarily by stimulating glycogen synthesis [6]. In the indirect
pathway, by inhibiting proteolysis and lipolysis, insulin
decreases the supply of gluconeogenic precursors such as amino
acids and free fatty acids (FFAs) to the liver. This results in 
a decrease in glucose production, presumably by reducing 
GNG [7,8]. In addition, insulin can lower hepatic GNG and
blood glucose levels by direct action on adenosine triphosphate
(ATP)-sensitive K channels in the mediobasal hypothalamus
[9].

Glucagon is secreted by the pancreatic α cells. Like insulin,
glucagon is secreted directly into the portal circulation but,
unlike insulin, the liver degrades only ~ 15–25% of the gluca-
gon entering it [10]. Glucagon secretion is stimulated by 
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hypoglycaemia, amino acids, and sympathetic and parasympa-
thetic nervous stimulation. Glucagon secretion is decreased by
hyperglycaemia, and high FFA and somatostatin levels. Glu-
cagon rapidly increases EGP by promoting glycogenolysis via an
increase in the phosphorylase reaction [6]. After a mixed meal
containing carbohydrates, protein and fat, both insulin and
glucagon concentrations rise in the portal circulation, but the
rise in insulin exceeds that of glucagon. The net effect is an
increase in the insulin/glucagon ratio and a sharp decrease 
in EGP. After a protein/fat-rich meal containing little or no 
carbohydrates, glucagon rises much more than insulin. The 
low insulin/glucagon ratio results in a rise in EGP, which pre-
vents the hypoglycaemia that would occur if the amino acid-
stimulated insulin secretion was unopposed by a larger amino
acid-stimulated glucagon secretion.

Glucose uptake

The liver takes up one-quarter to one-third of an ingested 
glucose load during the initial 4–5 h after ingestion of a mixed
meal. Most of this glucose is stored as glycogen; the remainder is
oxidized or converted into fat.

Postprandial glycogen synthesis is driven by portal ven-
ous hyperglycaemia and by high insulin/glucagon ratios.
Hyperinsulinaemia stimulates glycogen synthase flux, while
hyperglycaemia inhibits glycogen phosphorylase flux [6]. Thus,
postprandial hyperglycaemia and hyperinsulinaemia together
stimulate glycogen synthesis and inhibit GL, resulting in a rapid
and profound decrease in EGP.

Glycogen is synthesized via two different pathways. The direct
pathway (glucose to glucose-6-phosphate to glucose-1-phosphate
to UDP glucose to glycogen) accounts for ~ 50% of glycogen
synthesis during the postabsorptive phase and increases post-
prandially to 60–70% of glycogen synthesis, while the indirect
pathway (three carbon glucose precursors to glucose-6-phosphate
to glucose-1-phosphate to UDP glucose to glycogen) accounts
for the remainder [1].

Hepatic glucose metabolism in the
postabsorptive state

During the postabsorptive state, all macronutrients have ceased
to enter the circulation from the digestive tract and all meal-
associated changes in hormone secretion have returned to basal.
For practical purposes, it is the time after an overnight fast and
before breakfast. Under these conditions, the liver of a healthy
person weighing ~ 70 kg produces glucose at a rate of ~ 10 g/h, of
which ~ 6 g/h is taken up by the central nervous system, with the
rest going to all other tissues including skeletal muscle, adipose
tissue, red blood cells, renal medulla, etc. [11]. The postabsorp-
tive blood glucose concentration of a person weighing 70 kg is 
~ 90 mg/dL, and ~ 19 g of glucose, i.e. less than a 2-h supply, is
present in the extracellular space (assumed to be ~ 30% of body
weight).

The vital role of the liver in supplying glucose for use mainly
in the central nervous system during an overnight fast is regu-
lated by insulin and glucagon. The low postabsorptive insulin
levels reduce glycogen synthesis to very low rates and allow
glucagon to stimulate GL, resulting in an increase in EGP to 
~ 10 g/h. Hence, it has been estimated that, after an overnight
fast, basal plasma glucagon levels are responsible for 75% or
more of EGP [12].

Gluconeogenesis (GNG) and 
glycogenolysis (GL)

EGP has two components. GNG, which is the formation of glu-
cose from non-glucose precursors (lactate, pyruvate, glucogenic
amino acids and glycerol), and GL, which is glucose derived
from the breakdown of glycogen stored in the liver. Despite its
physiological importance, accurate and quantitative informa-
tion from human subjects on rates of GNG and GL is limited,
primarily because of methodological problems. Specifically, the
labelled precursors used to measure GNG are diluted to an
unpredictable degree in the oxalocetic acid pool, which is shared
by GNG and the tricarboxylic acid cycle [13]. Recently, however,
several methods have become available that allow non-invasive
measurement of in vivo rates of GNG and GL in humans
[14–17]. Of those, the 2H2O method, which was developed and
validated by Landau et al. [17] to measure GNG, is currently
most widely used. This method depends on the incorporation of
2H from 2H2O into carbon 5 of glucose (Fig. 1). It measures
GNG from all sources, including lactate, pyruvate, glucogenic
amino acids and glycerol, and avoids the problems related to
precursor dilution. On the other hand, the 2H2O method deter-
mines only GNG-derived glucose that enters the glucose space,
that is the glucose-6-phosphate to glucose flux. It does not detect
GNG-derived glucose that is deposited in glycogen or cycles
from glucose-6-phosphate to glycogen and back to glucose-6-
phosphate and thus does not enter the blood. When GNG is
determined by this method, GL can be calculated by subtracting

Glycogen

Glucose-1-P

Glucose-6-P

Glycerol
Pyruvate

Lactate Glucogenic amino acids

Glucose

Fig. 1 Schematic representation of GNG as measured with 2H2O. This
method determines glucose derived from pyruvate and glycerol, which
enters the glucose space.
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GNG from EGP (GL = EGP–GNG). GL can also be obtained 
by directly measuring liver glycogen concentration with 
13C-nuclear magnetic resonance spectroscopy in combination
with magnetic resonance imaging of the liver volume and iso-
topic measurement of EGP [14]. Use of these newer methods
have shown the following:
1 In healthy people after an overnight fast, GNG and GL 
contribute about equally to EGP. As fasting progresses, the 
absolute contribution of GNG (in µmol/h) remains essentially
unchanged, whereas GL decreases as glycogen stores become
depleted. As a result, after more than 40 h of fasting, GNG
accounts for over 90% of EGP.
2 Acutely rising serum insulin levels reduce EGP primarily by
suppressing GL and, to a much lesser extent, GNG [18,19].
3 Acute elevations of plasma FFA levels raise GNG and lower
GL, whereas acute lowering of FFA levels lower GNG and raise
GL [20]. Because of the reciprocal changes in GNG and GL, EGP
remains essentially unchanged [21]. This so-called hepatic
autoregulation of EGP seems to be regulated by insulin in the
following way. Rising FFA levels stimulate GNG and insulin
secretion. The rise in insulin levels suppresses GL.
4 Abnormally elevated plasma FFA levels cause hepatic insulin
resistance, i.e. they inhibit insulin-mediated suppression of
EGP, which is due to inhibition by FFA of the normal insulin
suppression of GL [19].
5 After a mixed meal, net hepatic glycogen synthesis increases
by ~ 50% resulting in about 20% of the ingested glucose being
deposited as glycogen in the liver [22].

Diabetes

Patients with type 2 diabetes frequently have higher rates of
GNG and EGP than non-diabetic control subjects [23–26].
There is, however, a great deal of overlap in GNG and EGP

between diabetic patients and non-diabetic control subjects, and
absolutely higher than normal rates of GNG and EGP are usually
seen only in patients with fasting plasma glucose concentrations
of > 10 mmol/L [26] (Fig. 2). It needs to be recognized, however,
that the ‘normal’ rates of GNG and EGP in patients with type 2
diabetes are abnormal in view of the fact that insulin and glucose
levels are commonly elevated in these patients and that both
hyperglycaemia and hyperinsulinaemia inhibit EGP in healthy
subjects. In addition, patients with type 2 diabetes also seem to
have dysfunctional hepatic autoregulation. For instance, when
plasma FFA levels were lowered in patients with type 2 diabetes,
these patients were unable to compensate for the decrease in
GNG with an increase in GL; when FFA levels were raised, GNG
rose but GL did not decrease appropriately [27].

In patients with type 1 diabetes mellitus, injection of insulin
resulted in an acute decrease in EGP, which was due to a
decrease in GL with little change in GNG (glucose concentra-
tions were clamped at 6.5 mmol/L) [28]. In patients with type 1
diabetes during a phase of acute insulin deficiency, which de-
veloped 4–8 h after the last insulin injection, EGP rose from 9.5
to 14.3 mmol/L, which was again due to an increase in GL with
little change in GNG, and glucose rose from 6.2 to 10.5 mmol/L.
Thus, acute regulation of EGP in patients with type 1 diabetes 
is brought about primarily by changes in GL with little or no 
participation of GNG [28].

The reason for the increased EGP in patients with type 2 
diabetes is incompletely compensated hepatic insulin resistance.
Although the causes of the hepatic insulin resistance are not
completely understood, there are known defects in postre-
ceptor insulin signalling. The normally functioning direct and 
indirect insulin pathways (see above), which result in insulin-
induced suppression of EGP, involve tyrosine phosphorylation
of several intracellular proteins including insulin receptor 
substrates (IRS-1/2), phosphoinositide-3 kinase (PI3K), 
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Fig. 2 Plasma glucose, GNG, GL and EGP in 14
patients with type 2 diabetes mellitus (T2DM)
who had fasting plasma glucose levels of 
< 10 mM, in 13 patients with T2DM with
fasting plasma glucose levels of > 10 mM and
in seven non-diabetic control subjects. Shown
are means ± SE. Broken horizontal lines
represent mean ± 2 SD of control subjects. The
data show that higher rates of GNG and EGP
are seen mostly in patients with fasting plasma
glucose levels > 10 mmol/L who have more
than modest degrees of insulin deficiency [26].
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phosphoinositide-dependent kinase (PDK-1), protein kinase B
(Akt) and glycogen synthase kinase-3 (GSK-3) [29]. In obesity-
associated insulin resistance, the most common type of hepatic
insulin resistance, instead of tyrosine phosphorylation, there is
serine phosphorylation of IRS-1/2 by several serine kinases
including pyruvate kinase C (PKC) and IκB kinase (IKK). Serine
phosphorylation results in degradation of IRS-1/2 and thereby
interrupts insulin signalling [30].

Non-alcoholic fatty liver disease
(NAFLD) (see also Chapter 13)

NAFLD refers to a series of liver disorders ranging from simple
steatosis to steatohepatitis, advanced fibrosis and cirrhosis 
in patients who do not abuse ethanol. In the United States,
steatosis has been estimated to occur in more than two-thirds 
of the obese population and in more than 90% of morbidly
obese subjects. Steatohepatitis affects ~ 20% of obese and ~ 50%
of morbidly obese people. All obese diabetic patients have at
least some degree of steatosis, while ~ 50% have steatohepatitis
and ~ 90% have cirrhosis (reviewed in [31]).

Hepatic insulin resistance and increased generation of
inflammatory cytokines are currently believed to be important
for the development of steatohepatitis. In that respect, high 
fat feeding in rodents results in hepatic and systemic insulin
resistance, as well as hepatic steatosis associated with subacute
hepatic inflammation, activation of the proinflammatory 
NF-κB pathway and the production of several cytokines [32].

Cirrhosis

Cirrhosis of the liver is the result of many different causes,
including hepatitis induced by toxins (most frequently by
ethanol), NAFLD (see above), by viral infections (hepatitis A, B
and C) [33] and by autoimmune inflammatory disorders (see
Section 6, Cirrhosis). Thus, it is a heterogeneous disorder, 
which makes discussion of carbohydrate metabolism in cirr-
hosis difficult. In general, however, many patients with moderate
liver disease, who are in a reasonably normal nutritional state,
have normal or near-normal EGP rates (1.8–2.2 mg/kg/min after
an overnight fast) and blood glucose levels. As most of these
patients are insulin resistant [34], their normal rate of EGP and
blood glucose levels are the result of compensated hepatic, as 
well as peripheral, insulin resistance. A significant proportion of
cirrhotic patients, however, are glucose intolerant, indicating
that they are unable to meet the increased insulin requirements
of a carbohydrate load [35].

Several studies have reported that the contribution of GL to
EGP is decreased and the contribution of GNG is increased in
patients with cirrhosis. For instance, Petersen et al. [35] have
determined changes in hepatic glycogen content with 13C-
nuclear magnetic resonance spectroscopy [14] before and after
an overnight fast and found that net hepatic GL was 3.5 times
lower (13% vs. 40% of EGP) in cirrhotic patients than in healthy

control subjects whereas GNG was increased (87% vs. 60% of
EGP). Comparable results were obtained in the same patients
when GNG was measured with the 2H2O method [35]. Earlier,
Owen et al. [36] had determined EGP and GNG by measuring
arterial venous differences of glucose and GNG precursors
across the liver. They found that, after an overnight fast, GNG
accounted for 67% and GL for 33% of hepatic glucose produc-
tion in cirrhotic patients. This was an increase in GNG and a
decrease in GL compared with healthy subjects studied with the
same technique by Wahren et al. [37]. The reason for the relative
decrease in GL is not clear, but may be related to a decrease in
glycogen content in patients with cirrhosis of the liver. Thus, it
appears that many patients with cirrhosis of the liver maintain a
relatively normal hepatic glucose production by increasing
GNG to compensate for a decrease in GL. This may be one 
reason why these patients have a tendency to become protein
depleted.
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2.3.2 Lipoprotein metabolism
Erez F. Scapa, Keishi Kanno and David E. Cohen

Introduction

Lipoproteins are macromolecular aggregates of lipids and 
proteins that function to transport otherwise insoluble lipid
molecules through the plasma. This chapter will discuss the
structure and function of lipoproteins. Emphasis will be placed
on the transport of triglycerides and cholesterol, which con-
stitute the principal lipids carried by lipoprotein particles.

Triglycerides, which consist of three fatty acids esterified to a
glycerol molecule, are insoluble in water [1]. Triglycerides are
either absorbed from the diet following a meal or assembled by
the liver. Lipoproteins transport triglycerides to muscles, which
utilize the fatty acids as a key source of energy. Triglycerides 
are also transported to adipose tissue, where the fatty acids are
taken up by adipocytes, reassembled and stored for later use by
the body.

Cholesterol is a critical regulator of membrane structure 
and function. Its concentration in membranes preserves bilayer
fluidity and governs the formation of microdomains.
Microdomains facilitate the association of plasma membrane
proteins that participate in critical cell functions, including 
signal transduction and receptor–ligand binding. In addition to
its role in membrane biology, cholesterol is the substrate for bile
salt and steroid hormone biosynthesis (see also Chapter 2.3.6)
[2]. Oxidized cholesterol molecules (i.e. oxysterols) serve as 
ligands for nuclear hormone receptors, which regulate cellular
lipid metabolism [3]. Although cholesterol is absorbed in sub-
stantial amounts by the intestine, there does not appear to be a
dietary cholesterol requirement. This is because virtually all cells
in the body synthesize cholesterol molecules.

An important determinant of the physical state of cholesterol
is whether the hydroxyl group is esterified to a long-chain fatty
acid. For cholesterol to reside in membranes, this hydroxyl
group must be unesterified. Molecules of esterified cholesterol
(i.e. cholesteryl esters) are too insoluble even to be accommo-
dated within membrane bilayers in more than trace quantities.

The liver is the only organ capable of degrading cholesterol
and eliminating it from the body. As a result, excess cholesterol
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must be transported by lipoproteins through the plasma to the
liver. This process is commonly referred to as reverse cholesterol
transport.

Lipoprotein structure

Overview

Although different types of lipoprotein particles circulate in the
plasma, their structures are similar (Fig. 1), reflecting common
physicochemical mechanisms for transporting water-insoluble
lipids. Lipoproteins are assembled from polar and neutral lipids,
as well as specific proteins, which are referred to as apoproteins
or apolipoproteins. Apolipoproteins are amphiphilic proteins
capable of interacting with both lipids and the surrounding

aqueous environment of the plasma. The principal lipid com-
ponents of lipoproteins include the non-polar lipids, triglycerides
and cholesteryl esters, and the polar lipids, phospholipids and
unesterified cholesterol [1]. The hydrophobic core of a lipopro-
tein particle contains non-polar lipids. The amphiphilic coat
comprises polar lipids and apolipoproteins, which create a stable
emulsion of the core. The phospholipids orient themselves as a
monolayer surrounding the hydrophobic core, and the apopro-
teins align themselves at the lipid–plasma interface [4]. Because
it is a polar lipid, unesterified cholesterol resides within the
phospholipid monolayer of the surface coat of the lipoprotein.

The lipoproteins present in plasma are: chylomicrons (CM),
very-low-density lipoproteins (VLDL), low-density lipoproteins
(LDL), intermediate-density lipoproteins (IDL) and high-density
lipoproteins (HDL). The characteristics of lipoproteins [4],
which are categorized by density using ultracentrifugation or by
electrophoretic mobility using agarose gels, are listed in Table 1.
Lipoprotein size increases in proportion to the triglyceride and
cholesteryl ester contents of the core, whereas the percentage of
phospholipids comprising the coat decreases as a result of the
corresponding decrease in surface-to-volume ratio. The density
of lipoproteins is proportional to their protein contents, and
inversely proportional to their lipid contents, whereas mobility
on agarose gels depends upon both size and charge [4].

Apolipoproteins

Apolipoproteins are commonly identified using the abbrevia-
tion ‘apo’ followed by a capital letter identifying the particular
protein (e.g. apoA-I). From a structural standpoint, an import-
ant common feature of these proteins is their amphiphilicity 
(i.e. their capacity to interact with both lipids and water). This
property is primarily attributable to α-helical secondary struc-
tural elements with distinct hydrophobic and hydrophilic sur-
faces. These allow apolipoproteins to orient themselves at the
lipid–water interface of lipoproteins and stabilize the particles.
In general, apolipoproteins associate reversibly with lipids and,

Cholesteryl ester

Phospholipid

Unesterified
cholesterol

Apolipoprotein

Triglyceride

Fig. 1 Lipoprotein structure. The surface coat of lipoprotein particles
comprises the polar lipids, unesterified cholesterol and phospholipids, as
well as apolipoproteins. The non-polar lipids, cholesteryl esters and
triglycerides, are contained in the core. Unless otherwise indicated in
subsequent figures, phospholipid and whesterified cholesterol molecules
are not shown for clarity.

Table 1 Characteristics of plasma lipoproteins.a

CM VLDL IDL LDL HDL

Density (g/mL) < 0.95 0.95–1.006 1.006–1.019 1.019–1.063 1.063–1.210

Diameter (nm) 75–1200 30–80 25–35 18–25 5–12

Total lipid (% wt) 98 90 82 75 67

Composition (% dry weight)

Protein 2 10 18 25 33

Triglyerides 83 50 31 9 8

Unesterified cholesterol 8 22 29 45 30

plus cholesteryl esters

Phospholipids (% wt lipid) 7 18 22 21 29

Electrophoretic mobilityb None Pre-b b b a or pre-b

aAdapted from ref. 4 with permission.
bElectrophoretic mobility of lipoprotein particles is designated relative to migration of plasma a- and b-globulins.

TTOC02_03  3/8/07  6:47 PM  Page 134



2.3 METABOLISM 135

thereby, may exchange among lipoprotein particles in plasma.
The exceptions are apoB-48 and apoB-100. Hydrophobic 
β-sheet elements contained in apoB-48 and apoB-100 embed
within the lipid aggregate of lipoprotein particles, so that these
apolipoproteins remain tightly associated with their respective
lipoprotein particles and do not exchange [5].

Triglyceride delivery to muscle and
adipose tissue: metabolism of apoB-
containing lipoproteins

Overview

The apoB-containing lipoproteins include CM, VLDL, IDL 
and LDL. Their primary function is the delivery of dietary and
endogenous triglycerides to muscle and fat tissue. As will be 
discussed later, a secondary function of apoB-containing lipo-
proteins is to assist with reverse cholesterol transport.

ApoB

A single apoB gene is transcribed principally in the intestine 
and liver. Other than its tissue-specific expression, regulation of
apoB expression is largely posttranscriptional. As depicted in
Figure 2, a key point in the posttranscriptional regulation of
apoB metabolism occurs when mRNA transcripts from the
apoB gene undergo an editing process [6]. A cytosine within the
mRNA coding sequence is converted to a uracil. As a result, a
codon that is normally translated into a glutamine is instead
converted to a stop codon, resulting in a truncated apoB protein.
The editing process is the result of tissue-specific expression of
proteins collectively known as the apoB editing complex. The
catalytic protein apobec-1 is responsible for deaminating cyto-
sine [6]. In humans, apoB editing occurs in the intestine and 
not the liver. As a result, the edited apoB transcript in the intes-
tine is translated into a 2152-amino-acid (aa) protein. Owing 
to the absence of apobec-1 expression in liver, the full-length
4536-aa protein is translated. Because intestinal apoB is 48% 
of the length in aa of the apoB expressed in liver, the proteins 
are referred to as apoB-48 and apoB-100 respectively.

Assembly and secretion of apoB-containing
lipoproteins

ApoB-48 and apoB-100 undergo posttranslational modification
in the endoplasmic reticulum. Disulphide bond formation
appears to occur cotranslationally and requires the presence of
protein disulphide isomerase (PDI), which is a luminal protein
in the endoplasmic reticulum that mediates protein folding [7].

The secretion of apoB-containing lipoproteins depends crit-
ically upon the availability of triglycerides and the presence of
microsomal transfer protein (MTP). MTP is a heterodimeric
protein consisting of M and P subunits. The P subunit of MTP is
PDI. The M subunit of MTP catalyses intermembrane transfer
of triglycerides and other lipids in vitro. Whereas the precise 
role of MTP in lipoprotein assembly and secretion is incom-
pletely understood, it appears that MTP–apoB binding and
MTP lipid transfer activity are required for particle formation.
Figure 3 illustrates a schematic model of how MTP participates
in the assembly of apoB-containing lipoproteins, a process com-
monly referred to as lipidation. Consistent with its critical role 
in the assembly of CM and VLDL, mutations in MTP result in
abetalipoproteinaemia, which is characterized by hypolipidaemia
and absence in plasma of apoB-containing lipoproteins [8]. Dur-
ing lipoprotein assembly within the hepatocyte or enterocyte, a
single apoB-100 or apoB-48 becomes embedded in a VLDL or
CM particle respectively [9].

Once assembled, secretion of CM and VLDL occurs by exo-
cytosis. CM particles first enter the lymph and subsequently the
blood via the thoracic duct. In contrast, VLDL particles are
secreted from the liver directly into the bloodstream. CM par-
ticles are generally larger and more variable in size than VLDL
[10]. Whereas particle assembly occurs by a similar mechanism,
the cellular pathways for secretion of CM and VLDL differ.
Anderson’s disease (also known as CM retention disease) rep-
resents a failure of exocytosis of CM from enterocytes in the 
setting of normal VLDL secretion [10]. Moreover, CM secretion
can be inhibited pharmacologically without affecting VLDL
secretion [10].

When the intracellular supply of triglyceride molecules is
reduced, degradation of apoB-48 and apoB-100 occurs by both

apoB gene

Transcription Liver and intestine

No editing

Translation

apoB-100

LiverEditing

apoB-48

apoB mRNA

Intestine
XX

Fig. 2 Editing of apoB mRNA. The apoB gene,
with exons represented by squares and introns
by lines, is transcribed in both the intestine and
the liver. In the intestine, but not the liver, a
protein complex containing apobec-1 modifies
a single nucleotide in the apoB mRNA. As a
result, the codon containing this nucleotide 
is converted to a premature stop codon, 
as indicated by the position of the ‘X’. The
protein that is translated in the intestine 
(apoB-48) is only 48% as long as the full-length
protein that is translated in the liver (apoB-100).
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proteasomal and non-proteasomal pathways [11]. Similarly, the
genetic absence of MTP results in rapid intracellular degrada-
tion of apoB-48 and apoB-100 [12]. In either case, lipoprotein
secretion is reduced. Constitutive translation of apoB-48 allows
for the prompt and highly efficient absorption of large quantities
of triglycerides from the diet following a meal [10]. During 
fasting, apoB-48 is degraded in the intestine, whereas, in liver,
continued lipidation of apoB-100 with endogenous triglycerides
ensures that the metabolic demands of muscle tissue are met.
When insulin levels are low, fatty acids are released from adipose
tissue through the action of hormone-sensitive lipase and deliv-
ered to the liver via plasma. Among the metabolic fates of these
fatty acids is incorporation into VLDL particles for delivery to
muscle tissue. In the setting of insulin resistance, an inappro-
priately high flux of fatty acids from adipose tissue to the liver
serves to increase VLDL secretion [13].

Intravascular metabolism of apoB-containing
lipoproteins

As depicted in Figure 4, the delivery of triglycerides by apoB-
containing lipoproteins to muscle and adipose tissue is deter-
mined to a large extent by tissue-specific expression and activity
of lipoprotein lipase (LPL). LPL is abundantly expressed only 
on the vascular surface endothelia that line the capillary beds of
cardiac, skeletal muscle and adipose tissues [14]. This enzyme
hydrolyses triglycerides in the cores of CM and VLDL to form
monoglycerides and fatty acids. Fatty acids that are taken up by
muscle cells are consumed by oxidative metabolism as a direct
source of energy. Within adipose tissue, fatty acids are re-
esterified and stored as triglyceride droplets.

LPL is synthesized in parenchymal cells of muscle and adipose
tissues. Within each tissue, the LPL expression level depends on

metabolic demand for fatty acids and can vary severalfold. 
Once translated, the protein is exocytosed and translocated
across both the intercellular space and the endothelial cell. LPL 
is then anchored to the vascular surface of the endothelial 
cell by electrostatic interactions with charged sulphated proteo-
glycans on the plasma membrane. When infused intravascu-
larly, heparin displaces LPL by competing for binding to these
proteoglycans.

The relative expression of LPL in muscle vs. adipose tissue
plays a key role in the preferential trafficking of triglycerides 
to muscle tissue during fasting and to adipose tissue in the 
postprandial state [14]. This is achieved principally by posttran-
scriptional mechanisms. In the fed state, insulin increases LPL
mRNA levels in adipocytes, apparently by increasing mRNA 
stability. In the fasted state, altered glycosylation patterns of 
LPL in adipocytes lead to cellular retention of the enzyme and
decreased expression on the endothelial surface.

Before encountering LPL, triglyceride-rich CM and VLDL
particles must first acquire apoC-II (Fig. 4a), which is required
for LPL activity (Fig. 4b). In contrast to apoB molecules, which
remain embedded in CM and VLDL, apoC-II is an exchangeable
apolipoprotein. ApoC-II molecules are acquired by CM and
VLDL by exchange from HDL particles, which serve as a reser-
voir for exchangeable apoproteins in addition to their functions
in cholesterol transport which are described below [15,16].
Within approximately 5 min following lipoprotein secretion,
CM and VLDL acquire the content of apoC-II that is required
for optimal LPL activity [16]. This lag period appears to be
important for allowing widespread vascular distribution of
apoB-containing lipoproteins to occur prior to hydrolysis [16].
Consistent with a central role in promoting lipoprotein–LPL
interactions, patients with genetic defects in apoC-II manifest
high plasma triglyceride concentrations [17].

Ribosome

Cytosol

Endoplasmic reticulum

ApoB

CM

VLDLMTPMTP

Presence of triglycerides

Lipidation

ApoB

Absence of triglycerides

Degradation

Fig. 3 Assembly and secretion of CM and
VLDL particles. CM and VLDL particles are
assembled and secreted by similar mechanisms
in the enterocyte and hepatocyte respectively.
The apoB protein (i.e. apoB-48 or apoB-100) is
translated by ribosomes and enters the lumen
of the endoplasmic reticulum. If triglycerides
are available, the apoB protein is lipidated by
the action of microsomal triglyceride transfer
protein (MTP) in two distinct steps,
accumulating triglyceride as well as cholesteryl
ester molecules. The resulting CM or VLDL
particle is secreted by exocytosis into the
lymphatics by enterocytes or into the plasma 
by hepatocytes. In the absence of triglycerides,
the apoB protein is degraded.
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detachment events during catabolism. Because several molecules
of LPL simultaneously catabolize triglycerides from VLDL or
CM, hydrolysis occurs at a rapid rate so that half the core triglyc-
erides are consumed in approximately 10–15 min.

Whereas apoC-II promotes LPL-mediated hydrolysis of
triglycerides in the cores of CM and VLDL, apoC-III functions
to inhibit LPL activity [16]. ApoC-III appears to be secreted in
association with CM and VLDL particles, and concentrations of
apoC-III in plasma correlate directly with plasma triglyceride
concentrations [15]. The function of apoC-III may be to help
promote the widespread distribution of these triglyceride-rich
particles throughout the body.

The activity of LPL reduces the triglyceride contents of CM
and VLDL particles, which become relatively enriched in
cholesteryl esters. Lipolysis of apoB-containing particles con-
tinues until about 80% of the initial triglyceride content has
been removed from CM and about 50% from VLDL [16]. At 
this point, apoC-II is transferred to HDL, and HDL-associated
apoE is acquired (Fig. 4c) [18]. The resulting CM and VLDL 
particles that contain apoE but lack apoC-II are referred to as
‘remnants’ [19].

Removal of apoB-containing lipoproteins from
the circulation

ApoE plays a central role in CM and VLDL remnant uptake by
receptor-mediated pathways. It is expressed in most tissues, but
most prominently in liver and brain. In humans, apoE exists as
three isoforms, apoE-2, apoE-3 and apoE-4 [20]. These isoforms
differ in primary structure as a result of amino acid substitutions
that influence the physical–chemical properties of the molecule
by altering intramolecular disulphide bond formation [20].
Epidemiologically, inheritance of apoE-4 has been correlated
with increased risk of developing Alzheimer’s disease [21].

As illustrated in Figure 5, the liver efficiently removes CM
remnants through receptor-mediated clearance [22]. Once the
activity of LPL has sufficiently reduced particle size, CM rem-
nants enter the space of Disse via endothelial fenestrations [19].
Within the space of Disse, CM remnants interact with heparan
sulphate proteoglycan (HSPG) molecules. This represents the first
of three steps in the process of CM uptake and is referred to as
sequestration. Sequestration accounts for the rapid disappearance

Owing to the large sizes of triglyceride-rich lipoproteins, 
a single particle interacts with multiple LPL molecules [16].
Each LPL is bound and activated by one molecule of apoC-II
(Fig. 4b). VLDL and CM also undergo a series of binding and

VLDL CM

apoB-100

apoE

apoC-II

apoAI

Liver

Intestine

apo-B48

a-HDL

VLDL CM

apoB-100

Fatty
acids

Lipoprotein
lipase

Fatty
acids

Capillary in muscle or adipose tissue

apo-B48

VLDL CM

Remnant

apoE apoC-II

apoAI

Remnant
apoB-100 apoB-48

a-HDL

(a)

(b)

(c)

Fig. 4 (opposite) Metabolism of apoB-containing lipoproteins. (a)
Following secretion, CM and VLDL particles are activated for lipolysis when
they encounter HDL particles in the plasma and acquire the exchangeable
apolipoprotein apoC-II. (b) When CM and VLDL circulate into capillaries of
muscle or fat tissue, apoC-II promotes binding of the particle to lipoprotein
lipase, which is bound to the surface of endothelial cells. Lipoprotein lipase
mediates hydrolysis of triglycerides, but not cholesteryl esters, from the core
of the lipoprotein particle. The resulting fatty acids are taken up into muscle
or fat tissue. (c) Upon completion of hydrolysis, CM and VLDL lose affinity
for lipoprotein lipase. When an HDL particle is encountered, apoC-II is
transferred back to HDL particles in exchange for apoE. The resulting
particles are CM and VLDL remnants.
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of CM remnants from plasma. The second phase of CM clear-
ance is a lipolytic processing step that occurs within the space of
Disse. CM remnants bind to hepatic lipase, which is expressed
by hepatocytes. It promotes CM remnant uptake by further 
modifying the lipid content of the particle. Finally, remnant 
particles are taken up into hepatocytes. The LDL receptor is a
high-affinity receptor for apoE [23] that is expressed mainly 
in the liver, but also on a variety of cell types [22]. The LDL
receptor-related protein (LRP) also plays a central role in the
uptake of remnant particles through apoE-mediated interactions
[19,20,24]. In addition, CM remnant uptake occurs through
interactions with HSPG alone or in combination with LRP [19].
On account of these redundant mechanisms for CM remnant
uptake, CM remnant particles do not tend to accumulate, even if
one of the receptor pathways is disrupted [19].

About half of VLDL remnants are cleared directly by the liver,
essentially as described for CM remnant particles. However, the
remaining VLDL remnants are subjected to additional LPL-
mediated triglyceride hydrolysis to form IDL particles, which are
smaller remnant particles that may be cleared from the plasma
by the same mechanisms [25]. A fraction of IDL is subject to 
further triglyceride hydrolysis by hepatic lipase. Presumably

because of the decrease in size that ensues, apoE dissociates 
from the particles, forming LDL. LDL are cholesteryl ester-rich
particles that contain apoB-100, but no other apolipoproteins
[16].

Plasma clearance of LDL particles occurs as the result of inter-
actions with the LDL receptor [23]. Because the LDL receptor is
the only receptor that effectively clears LDL particles from the
plasma, mutations in the LDL receptor or proteins that support
its function constitute the genetic basis for familial hypercholes-
terolaemia [23,26]. The LDL receptor is regulated in response to
cellular cholesterol levels. When intracellular cholesterol levels
are reduced, such as occurs during therapy with statin drugs, the
LDL receptor is upregulated as a result of the proteolytic pro-
cessing and activity of sterol response element binding protein 2
(SREBP-2) [27].

Reverse cholesterol transport: 
HDL metabolism

Overview

Whereas apoB-containing lipoproteins function primarily in

HSPG

HSPG

LRP
LDLr

Hepatocyte

Sequestration

Lipolysis

Uptake

Sinusoidal
endothelium

CM or VLDL
remnant

Hepatic lipase

Space
of

Disse

Fig. 5 Hepatic uptake of remnant particles.
The activity of lipoprotein lipase results in
remnant lipoprotein particles that are small
enough in size to enter the space of Disse.
Remnant lipoproteins are sequestered in the
space of Disse by binding to high-molecular-
weight heparan sulphate proteoglycan (HSPG)
molecules. This is followed by binding of
hepatic lipase, which promotes lipolysis of
some residual triglycerides in the core of the
remnant lipoproteins and the release of fatty
acids (as indicated by the dashed arrow).
Uptake of remnant lipoprotein particles into
hepatocytes is mediated by the LDL receptor
(LDLr), the LDL-related protein (LRP), a complex
formed between LRP and HSPG or HSPG alone.
Figure adapted from ref. 19, with permission.
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the delivery of triglycerides to muscle and adipose tissue, HDL
particles are largely responsible for reverse cholesterol transport
[28], whereby excess cholesterol molecules from tissues are
removed and delivered to the liver for elimination via bile.

Apolipoproteins associated with HDL

ApoA-I is the major structural protein of HDL particles. It is 
the principal determinant of particle structure and receptor
binding. ApoA-II is also a major apolipoprotein of HDL, 
but its precise role in the structure and metabolism of HDL is
not well understood [29]. ApoA-I and apoA-II are both
exchangeable apolipoproteins, and HDL particles may contain
apoA-I alone or both apoA-I and apoA-II. As described above,
other exchangeable apolipoproteins that are critical for apoB-
containing particle metabolism variably associate with HDL
particles.

Formation of HDL particles

The process of HDL formation begins when lipid-poor apoA-I
secreted by the liver interacts with adenosine triphosphate
(ATP) binding cassette protein A1 (ABCA1) on the plasma
membrane of hepatocytes (Fig. 6) [30]. Although ABCA1 is
expressed on the plasma membrane of a variety of cell types, its
presence in hepatocytes regulates HDL formation [31]. In
patients with Tangier disease, genetic inactivation of ABCA1
leads to a marked reduction in plasma HDL concentrations [32].
ABCA1 is required for cellular efflux of phospholipids and 
unesterified cholesterol in response to interactions between
apoA-I in plasma and the hepatocyte plasma membrane [30,32].
The interaction of apoA-I and ABCA1 results in the formation
of small pre-β-migrating HDL (pre-β-HDL) particles that are
discoidal in shape [33].

Formation of pre-β-HDL is an essential step in reverse choles-
terol transport, but these particles are not optimized for the
removal of cholesterol from plasma membranes of extrahepatic
tissues. Therefore, it is critical that pre-β-HDL undergo a 
maturation process to form spherical α-migrating HDL. α-HDL 
particles are referred to as HDL for simplicity and are highly
efficient acceptors of excess cholesterol from cells. The mat-
uration process is accomplished by the activity of lecithin–
cholesterol acyltransferase (LCAT) [16]. LCAT is a circulating
enzyme that is synthesized in liver. As shown in Figure 6b, it
binds to HDL particles and catalyses the transfer of a fatty 
acid from phosphatidylcholine (also known as lecithin) to the
hydroxyl group of unesterified cholesterol. The result is the 
formation of a cholesteryl ester and a lysophosphatidylcholine
molecule [34]. The lysophosphatidylcholine is transferred to
albumin in the plasma [16]. The newly formed cholesteryl ester
spontaneously relocates from the surface of HDL to the core of
the particle. As a result, LCAT transforms discoidal pre-β-HDL
to spherical HDL particles.

HDL-mediated removal of cholesterol 
from cells

Efflux of unesterified cholesterol from plasma membranes to 
α-migrating HDL particles is the principal mechanism for
cholesterol removal from cells in extrahepatic tissues (Fig. 6a
and b) [35]. When the particle is in close proximity to a cell,
unesterified cholesterol molecules within the plasma membrane
desorb and traverse the aqueous plasma until they are incorpor-
ated into the phospholipid-rich surface coat of HDL. This is a
process of passive diffusion that is controlled principally by the
cholesterol concentration gradient between plasma membranes
and HDL. Scavenger receptor class B type 1 (SR-BI) is expressed
on a variety of cell types. In vitro, this receptor mediates the 
bidirectional flux of unesterified cholesterol between cells and
HDL particles [30]. It has been proposed that HDL particles in
the plasma may become tethered by SR-BI to cells [30] and,
when the concentration gradient favours cellular efflux, this
could promote the net movement of unesterified cholesterol to
HDL [30]. Recent studies in vitro also suggest that ATP binding
cassette proteins G1 and G4 may play significant roles in promot-
ing cholesterol movement from cells to HDL particles [36].

Optimization of HDL-mediated cholesterol
removal from cells

Ongoing cholesterol removal from cells to the surface coat of
HDL requires a sustained concentration gradient [37]. This is
achieved by the collective activities of three circulating plasma
proteins (Fig. 6a and b). In addition to allowing HDL to mature
from a discoidal to a spherical particle, LCAT activity allows
unesterified cholesterol that is transferred to the surface of
spherical HDL particles to be relocated to the core.

Whereas LCAT removes unesterified cholesterol from the
surface of the particle, its enzymatic activity also consumes 
surface phosphatidylcholines, which are essential for HDL to
increase in size and to accept additional cholesterol molecules
from cells [16]. Phospholipid transfer protein (PLTP) is a
plasma protein that replenishes the surface coat of HDL using
phospholipids from remnant apoB-containing lipoprotein 
particles. The gradient for this transfer of phospholipids is 
established by the activity of LPL. As triglycerides contained
within the cores of VLDL and CM are hydrolysed by LPL, their
surface-to-volume ratio increases. PLTP removes excess surface
phospholipids and transfers them to HDL particles [38]. This
replaces phosphatidylcholine molecules that are hydrolysed by
LCAT, allowing for particle growth. Based on studies in genet-
ically engineered mice, PLTP activity constitutes the source 
of as much as 80% of HDL phospholipids [38].

Cholesterol ester transfer protein (CETP) promotes the 
transfer of cholesteryl esters from the cores of HDL particles 
to remnants of apoB-containing lipoproteins in exchange for
triglyceride molecules from the cores of the remnant particles.
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Fig. 6 Reverse cholesterol transport. (a) The
process of reverse cholesterol transport begins
when apoA-I is secreted from the liver. ApoA-I
in plasma interacts with ATP binding cassette
protein AI (ABCA1), which incorporates a small
amount of phospholipid and unesterified
cholesterol from hepatocyte plasma
membranes to form a discoidal-shaped pre-b-
HDL particle. On account of the activity of
lecithin–cholesterol acyltransferase (LCAT) in
plasma, pre-b-HDL particles mature to form
spherical a-HDL. Spherical a-migrating HDL
particles function to accept excess unesterified
cholesterol from the plasma membranes 
of cells in a wide variety of tissues. The
unesterified cholesterol is transferred from the
cell to nearby HDL particles by diffusion
through the plasma. As explained in (b), LCAT
and phospholipid transfer protein (PLTP)
increase the capacity of HDL to accept
unesterified cholesterol molecules from cells by
allowing for expansion of the core and the
surface coat of the particle. Cholesteryl ester
transfer protein (CETP) exchanges some of the
cholesteryl ester molecules from the core of
HDL for triglycerides from the core of remnant
particles. Whereas remnant particles are taken
up by a variety of receptors on the liver (Fig. 5),
HDL particles interact with scavenger receptor
class B type I (SR-BI), which mediates selective
hepatic uptake of cholesteryl esters, but not
apoA-I. This process is facilitated when hepatic
lipase hydrolyses triglycerides from the core of
the particle. The remaining apoA-I molecules
may begin the cycle of reverse cholesterol
transport again. In (a), solid arrows indicate
metabolic events in HDL metabolism, whereas
dashed arrows denote transfer of molecules.
(b) LCAT, PLTP and CETP promote the removal
of excess cholesterol from the plasma
membranes of cells. LCAT removes a fatty acid
from a phosphatidylcholine molecule in the
surface coat of a- (or pre-b-)HDL and esterifies
an unesterified cholesterol molecule on the
surface of the particle. The resulting
lysophosphatidylcholine (lyso-PC) becomes
bound to albumin in the plasma, whereas the
cholesteryl ester migrates spontaneously into
the core of the lipoprotein particle. The
unesterified cholesterol molecules that are
consumed by LCAT are replaced by unesterified
cholesterol from cells. HDL phospholipids that
are consumed by LCAT action are replaced with
excess phospholipids from remnant particles by
the activity of PLTP. As described in (a), CETP
increases the efficiency of cholesterol
movement to the liver by exchanging
cholesteryl ester molecules from the core 
of a-HDL for triglycerides from the core of
remnant particles. In (b), solid arrows denote
protein-mediated lipid transfer, whereas
dashed arrows indicate that lipids move by
diffusion through the plasma.

(a)

(b)
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This transfer of cholesteryl esters allows HDL to continue to
accept cholesterol from tissues. Moreover, it utilizes remnant
particles, which have completed their function in triglyceride
delivery and are destined for hepatic clearance, for the ancillary
purpose of assisting with reverse cholesterol transport. The
activity of CETP also enriches HDL with triglycerides, forming
the more buoyant HDL particles. As described below, this helps
to increase the efficiency with which HDL delivers cholesterol to
the liver [39,40]. Considering that a fraction of VLDL remnants
are ultimately transformed into LDL particles, the activity of
CETP also increases plasma LDL cholesterol concentrations,
while decreasing the plasma concentrations of HDL cholesterol.

Hepatic uptake of HDL cholesterol from
plasma

In addition to the cholesterol that is delivered to the liver by
remnant particles via CETP, HDL transports cholesterol directly
to the liver. As illustrated in Figure 6a, SR-BI, which is highly
expressed in liver, promotes the selective uptake of lipids, but
not protein, from HDL particles [41].

The process of SR-BI-mediated selective lipid uptake into
hepatocytes is facilitated by the activity of hepatic lipase. Hepatic
lipase promotes hydrolysis of HDL triglycerides and phospho-
lipids, and this optimizes the SR-BI-mediated hepatic uptake of
cholesteryl esters [42]. When the HDL particle decreases in size,
apoA-1 molecules dissociate and interact with ABCA1 to pro-
mote the formation of new pre-β-HDL particles [33].

Summary and conclusions

This chapter has described how the structures of lipoproteins are
optimally suited for their functions in the transport of insoluble
triglyceride and cholesterol molecules through the plasma. 
The primary role of apoB-containing lipoproteins is to deliver
dietary triglycerides from the intestine and endogenous triglyc-
erides from the liver to muscle or adipose tissue depending 
upon metabolic needs. HDL metabolism facilitates the transport
of excess cellular cholesterol from extrahepatic tissues to the
liver. Owing to the activity of CETP in plasma, remnants of
apoB-containing lipoproteins also assist with reverse cholesterol
transport. An appreciation of these principles should provide
the foundation for understanding genetic and acquired dis-
orders of lipoprotein metabolism, as well as the molecular and 
cellular mechanisms of lipid-lowering therapies.
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2.3.3 Protein and amino acid
metabolism
Margaret E. Brosnan and John T. Brosnan

Introduction

The liver is a major organ of amino acid metabolism. It is
responsible for the disposal of much of the dietary amino acid
load; it is the only organ with a complete urea cycle; it is capable
of synthesizing some amino acids; and it produces glucose 
from muscle-derived amino acids during starvation and in dia-
betes. Hepatic amino acid metabolism is finely regulated. There
is evidence that the liver is largely responsible for maintaining 
circulating amino acid homeostasis. The liver also plays a critical
role in the biosynthesis of key molecules from amino acids, e.g.
creatine and glutathione. It also uses amino acids and glu-
tathione in the conjugation of xenobiotics and toxic molecules
to ensure their elimination from the body. In addition, there is
good evidence that amino acids play a crucial regulatory role in
controlling the turnover of hepatic proteins.

Amino acid pools and amino acid
transport

Rapidly frozen rat liver contains a total of 20 µmol/g, which
translates into an intracellular concentration of about 40 mM
[1]. This figure ignores compartmentation between and within
cells, however. Nevertheless, it gives an accurate picture of the
magnitude of the hepatic intracellular amino acid pool. Given
that the liver cell, like plasma, experiences an osmotic pressure
of about 305 mOsM, it is apparent that free amino acids account
for about 13% of all intracellular osmolytes. The amino acids
with the highest hepatic concentrations include taurine (7.5 mM),
aspartate (6.3 mM), glutamate (2.8 mM), glutamine (10.6 mM),
glycine (4.0 mM) and alanine (4.7 mM). By also measuring
plasma amino acids, intracellular/extracellular concentration
ratios can be calculated (Table 1). Very high ratios (> 10) were
identified for taurine, aspartate, glutamate, glutamine, glycine,
alanine and histidine. No amino acid displayed a ratio sig-
nificantly less than 1. These ratios are largely a result of the 
operation of hepatic amino acid transporters.

Hepatocytes communicate with their environment via their
plasma membranes, either by signal transduction or via trans-
port. Enormous progress has been made in the field of amino
acid transport as our knowledge has advanced from kinetic to
molecular characterization. Different amino acid transporters
are responsible for the transport of groups of structurally similar
amino acids. Transport of the three classes of amino acids 
(zwitterionic, cationic and anionic) is effected by a number 
of different transporters with different (though overlapping)
specificities. Energetically, we can divide these transport systems
into two classes: sodium-linked transporters (an example of 
secondary active transport) that employ the Na+ electrochemical
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gradient to drive inward amino acid translocation against a 
concentration gradient; and sodium-independent transporters
that facilitate amino acid transport in either direction, depend-
ing on the concentration gradient (an example of facilitated 
diffusion).

Among the most important hepatic amino acid transporters
are systems A, ASC, L and N for neutral (zwitterion) amino
acids, system y+ for cationic amino acids and X –

AG and X –
C for

anionic amino acids [2]. System A is a sodium-dependent trans-
porter with preference for neutral amino acids with small side-
chains (e.g. alanine and serine). System ASC is also sodium
dependent and exhibits a preference for alanine, serine, cysteine
and threonine, although it can also transport bulky amino acids
such as leucine, valine and methionine at a lower rate. This
transporter exhibits a marked trans-stimulation and is thought
to exchange the extracellular and intracellular pools of a number
of amino acids. System L favours amino acids with bulky side-
chains (branched-chain and aromatic amino acids). It is not
sodium dependent, and its active exchange properties suggest
that it may mediate efflux from cells rather than influx. System N
is a sodium-dependent transporter with rather narrow substrate
specificity. It transports glutamine, asparagine and histidine –
amino acids that contain nitrogen in their side-chains. The most
active cationic transporter is system y+, a high-affinity sodium-
independent transporter that acts on lysine, histidine and 
arginine. Two anionic transporters are of note. System X –

AG

transports glutamate and aspartate, and this is accompanied by
sodium cotransport and potassium countertransport. System
X –

C transports cystine into hepatocytes in exchange for glutamate

and is thought to provide the limiting substrate (cysteine) for
hepatic glutathione synthesis. Much progress has recently been
made in the molecular and kinetic characterization of these
transporters. Nevertheless, it is apparent that the combination
of a multitude of transporters with overlapping specificity and
differing energetics, as well as facilitation of both uptake and
exchange, makes the physiological interpretation of the roles of
these transporters challenging.

These amino acid transporters are regulated with regard to
both their expression and the cell types in which they are
expressed. For example, system A activity is rapidly stimulated
by glucagon via a mechanism that does not require protein 
synthesis. System A activity is also upregulated by insulin via 
a mechanism that requires gene transcription. Uptake of the
anionic amino acids, glutamate and aspartate, is much more
rapid in hepatocytes at the perivenous terminus of the hepatic
acinus than in the periportal hepatocytes [3].

Metabolic disposal of dietary amino
acids

Adults ingesting a typical western diet consume ~ 80–100 g of
protein per day. The common textbook statement that these
amino acids are oxidized in the liver cannot be true because,
even if no other fuel were oxidized there, it would oblige the con-
sumption of more oxygen than the liver actually consumes [4].
The solution to this conundrum is threefold. First, there is
appreciable oxidation of a number of amino acids in the gas-
trointestinal tract [5]. Secondly, the branched-chain amino

Amino acid Hepatic concentration (mM) Intracellular/extracellular ratio

Taurine 7.53 57

Aspartate 6.27 412

Threonine 0.46 1.8

Serine 0.53 3.0

Asparagine 0.13 3.2

Glutamate 2.83 29

Glutamine 10.63 18

Proline 1.21 6.5

Glycine 3.97 17

Alanine 4.65 11

Citrulline 0.09 1.4

Valine 0.27 1.7

Methionine 0.18 3.3

Isoleucine 0.19 2.4

Leucine 0.30 2.2

Tyrosine 0.09 0.8

Phenylalanine 0.12 2.1

Ornithine 0.31 5.2

Lysine 0.98 2.9

Histidine 1.01 20

Arginine 0.10 0.8

From ref. 1.

Table 1 Hepatic intracellular amino acid
concentrations and intracellular/extracellular
concentration ratios.
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acids (which comprise about 20% of total dietary amino acids)
largely escape splanchnic metabolism and are mostly metabo-
lized in skeletal muscle. Thirdly, even in the fed state, the hepatic
disposal of amino acids involves the conversion of their carbon
skeletons to glucose and to ketone bodies, which are released, as
universal fuels, for other tissues. This enables the liver to accom-
modate dietary amino acid disposal within the bounds of its
oxygen consumption. In an adult in nitrogen balance, the daily
dietary amino acid intake must be oxidized in a 24-h period. If
the liver were too efficient in the clearance of absorbed amino
acids, none would be available for peripheral tissues. Rather,
after meals, the liver must consume only excess amino acids. An
equal priority, however, is to have sufficient amino acids avail-
able for protein synthesis both in peripheral tissues and in the
liver itself. In the postprandial period, the liver will metabolize
amino acids released by peripheral tissues, principally muscle.

The catabolism of individual amino acids is tightly controlled,
particularly the essential amino acids. This control is accom-
plished in a number of ways. An important role may be ascribed
to glucagon, which is secreted at a higher rate upon ingestion 
of a high-protein meal. Glucagon activates phenylalanine
hydroxylase by means of phosphorylation; it stimulates glycine
and glutamine catabolism; and, together with glucorticoids, it
induces the synthesis of a number of amino acid-catabolizing
enzymes. Glucagon can also regulate the catabolism of a variety
of amino acids, as evidenced by the generalized hypoaminoaci-
daemia in patients suffering from glucagonoma. A variety of
mechanisms prevent the depletion of amino acids, in particular
the essential amino acids. Many enzymes that initiate amino acid
catabolism exhibit rather high Kms for their amino acid sub-
strates. However, simple Michaelis–Menten kinetics do not pro-
vide sufficient sensitivity to substrate concentrations. A number
of additional mechanisms have evolved to conserve these amino
acids. The hepatic isoform of S-adenosylmethionine synthase,
the first enzyme of methionine catabolism, is activated by its
product, S-adenosylmethionine. This regulatory feature pro-
vides the necessary sigmoidal dependence on amino acid con-
centrations [6]. Another regulatory stratagem is provided by 
the inducibility of some of the enzymes of essential amino 
acid catabolism. Enzymes such as tyrosine aminotransferase,
ornithine aminotransferase, tryptophan dioxygenase, threonine
dehydratase and histidase exhibit large-amplitude (as much as
10-fold) changes in activity. They also have short half-lives, 
so that they promptly return to very low activities when the
stimulus is removed. The importance of these effects is clear –
the induction of these enzymes permits increased catabolism 
of these amino acids when the supply is high, whereas the return
to very low activities when the supply is low conserves these
essential amino acids [7].

Covalent modification of key enzymes is also employed as 
a regulatory strategem. The branched-chain α-keto acid dehy-
drogenase (BCKDH), the controlling enzyme complex of
branched-chain amino acid catabolism, is inhibited by phos-
phorylation; removal of the phosphate by a protein phosphatase

reverses the inhibition. The BCKDH phosphatase is activated by
α-ketoisocaproate. This mechanism produces a system that is
particularly sensitive to α-keto acid concentration as it serves
both as a substrate and as an agent that facilitates the conversion
of the BCKDH to the active form. Phenylalanine hydroxylase, 
the flux-generating step in phenylalanine catabolism, affords
another example of regulation by substrate concentration and
by covalent modification. The enzyme can exist in both dimeric
and tetrameric forms. Glucagon activates the enzyme by means
of protein kinase A phosphorylation. In addition to its role as a
substrate, phenylalanine promotes its conversion to the more
active, tetrameric form. Both types of activation appear to act
synergistically. Again, as in the control of BCKDH, this mechan-
ism produces a regulatory system that is particularly sensitive 
to substrate (phenylalanine) concentration, much more so than
could be accomplished via Michaelis–Menten kinetics alone.

Hepatic zonation of amino acid
metabolism

Metabolic heterogeneity of hepatocytes along the hepatic acinus
is also an important feature of hepatic amino acid metabolism.
This phenomenon is well established for both glutamine and
ornithine metabolism. The liver contains both glutaminase and
glutamine synthetase. However, they are not expressed in the
same hepatocytes. Glutaminase is found in the periportal region,
for about the first third of the hepatic acinus, and can efficiently
provide ammonia to carbamoylphosphate synthetase for urea
synthesis. Glutamine synthetase is found in the perivenous 
hepatocytes where it is restricted to a layer of no more than 
one or two cells, which surround the terminal hepatic venule.
Glutamine synthetase plays an important role in determining
the low ammonia concentration of blood that leaves the liver, 
as it removes ammonia which has escaped the urea cycle [8].
Ornithine aminotransferase is also restricted to the same peri-
venous hepatocytes as glutamine synthetase; indeed, the entire
pathway of arginine catabolism occurs in these hepatocytes [9].
Thus, the localization of the arginine catabolic pathway in 
hepatocytes that do not contain the urea cycle ensures that urea
synthesis is not compromised by catabolic depletion of the cycle
intermediates.

Hepatic amino acid metabolism during
starvation

Gluconeogenesis from amino acids plays a crucial role during
starvation in providing glucose for obligatory glucose-utilizing
tissues, particularly the brain. These amino acids are primarily
derived from skeletal muscle although, in the very short term,
amino acids derived from hepatic proteolysis are also employed.
The pattern of amino acids released by muscle is not a reflection
of the amino acid composition of muscle protein. Rather, there
is a considerable intramuscular amino acid metabolism that
reconfigures the pattern of released amino acids. More than 50%
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of the released amino acids consist of alanine and glutamine.
The carbon skeleton of alanine primarily arises from pyruvate of
glycolytic origin. Its amino group arises, via transamination,
from other amino acids, principally the branched-chain amino
acids. This alanine is converted to glucose by the liver. This 
‘glucose–alanine cycle’ plays a major role in ferrying these amino
groups to the liver for detoxification, without the risk of hyper-
ammonaemia. However, it does not really produce ‘new’ glu-
cose; rather, it recycles glucose carbon, and some investigators
have referred to it as ‘glucopalaeogenesis’ to emphasize the point
that it produces ‘old’ glucose. The glutamine released by muscle
has a variety of fates, including renal metabolism for acid–base
regulation and use as a fuel by the small intestine. Alanine is an
important product of intestinal glutamine metabolism and also
becomes available to the liver for gluconeogenesis. Alanine is,
therefore, generally acknowledged as the principal glucogenic
amino acid. Yet, the role played by other amino acids should 
not be overlooked. Such amino acids as glycine, lysine, proline,
threonine, histidine, arginine, phenylalanine and tyrosine are
released by muscle and converted to glucose by the liver (Fig. 1).
Although individually of less importance than alanine and glu-
tamine, together they make a substantial contribution to hepatic
gluconeogenesis [10].

Specialized functions of amino acids

Amino acids display considerable metabolic plasticity and,
therefore, play a variety of roles. These include roles in one-
carbon metabolism, biosyntheses, glutathione function and cell
signalling. A number of these roles are highlighted below, rather
than providing an exhaustive account.

Amino acids, methylation reactions and 
one-carbon metabolism

The folic acid, one-carbon pool provides cells with considerable
flexibility in providing one-carbon groups of different oxidation
states for biosynthetic and other purposes. Amino acids are the
key providers of these one-carbon groups, which are generated
during the catabolism of glycine, serine, histidine and trypto-
phan. The catabolism of serine and glycine probably supplies the
bulk of the one-carbon pool by the reactions catalysed by serine
hydroxymethyltransferase (reaction 1) and the glycine cleavage
enzyme (reaction 2):

Serine + THF↔glycine + N5,N10-methylene THF (1)

Glycine + NAD+ + THF→CO2 + NADH 
+ N5,N10-methylene THF + NH4

+ (2)

(Tetrahydrofolate is abbreviated as THF). In addition, labile
methyl groups are provided directly in the diet as methionine
and choline. The one-carbon pool provides one-carbon groups
for functions such as the synthesis of purine nucleotides and
thymine. However, it is the abundance and variety of methyla-
tion reactions that best illustrate the importance of one-carbon
metabolism.

Figure 2 provides an outline of methionine metabolism (also
see Chapter 2.3.9). The key first step is the conversion of methio-
nine to S-adenosylmethionine (SAM). SAM is the universal
methyl donor for a remarkably large number of methylation
reactions. Indeed, a recent bioinformatic analysis of a number 
of genomes, including human, suggests that between 0.6% 
and 1.6% of all genes may code for methyltransferases.
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Reproduced, with permission, from ref. 10.
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Methyltransferases catalyse the transfer of methyl groups from
SAM to an acceptor to produce the methylated acceptor and 
S-adenosylhomocysteine (SAH) [11]. These methyltransferases
include enzymes involved in the synthesis of small molecules
(e.g. creatine, carnitine, phosphatidylcholine, epinephrine),
methylation of nucleic acids (DNA methylation is a major
mechanism for the regulation of gene expression, chromosome
inactivation and genomic imprinting), RNA methylation (e.g.
RNA capping), methylation of specific amino acid residues 
of proteins (e.g. protein repair, intracellular localization) and
detoxification (e.g. methylation of arsenite and xenobiotic 
compounds).

Although methylation reactions occur in all cells of the body,
they are of the greatest quantitative significance in the liver.
Creatine synthesis (reaction 3) and phosphatidylcholine syn-
thesis (reaction 4) account for about 70% of SAM utilization in
the body:

Guanidinoacetate + SAM→creatine + SAH (3)

Phosphatidylethanolamine + 3 SAM→
phosphatidylcholine + 3 SAH (4)

Reaction (3) is catalysed by guanidinoacetate methyltrans-
ferase (GAMT) and reaction (4) by phosphatidylethanolamine
methyltransferase (PEMT). The liver is the dominant site of
both GAMT and PEMT expression.

SAH, once produced by methylation reactions, is hydrolysed
to adenosine and homocysteine [11]. Some of this homocysteine
is released into the plasma. We now appreciate that the liver is
the principal source of plasma homocysteine because of the
quantitatively dominant role played by the liver in methylation
reactions. This is significant because elevated plasma homocys-
teine has been implicated as a risk factor for cardiovascular 
disease, Alzheimer’s disease and fractures. Metabolism of homo-
cysteine, rather than its release into the circulation, is the fate 
of most of the homocysteine that arises within the liver. Homo-
cysteine may be metabolized in two different ways – by trans-
sulphuration and by remethylation. The trans-sulphuration
pathway consists of two enzymes, cystathionine β-synthase 
and cystathionine γ-lyase. This sequence of reactions is irre-
versible, which means that methionine can be converted to 
cysteine but cysteine cannot be converted to methionine. This,
in turn, provides the biochemical basis for the well-known
nutritional observation that methionine is an essential amino
acid but that cysteine is not essential, provided that an adequate
supply of methionine is available.

Homocysteine metabolism also occurs via remethylation to
methionine [11]. In the liver, this can occur via two quite sep-
arate enzymes. Methionine synthase, one of only two vitamin
B12-requiring enzymes in mammals, employs N5-methylTHF
as a methyl donor. This N5-methylTHF arises as a result of the
reduction of N5,N10-methyleneTHF by reduced nicotinamide
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adenine dinucleotide phosphate (NADPH), a reaction catalysed
by methylenetetrahydrofolate reductase (MTHFR). Methionine
synthase occurs ubiquitously throughout the body. However, 
a second enzyme, betaine:homocysteine methyltransferase
(BHMT), which is found in the liver and kidneys of humans, 
can also remethylate homocysteine to methionine. In this case,
the methyl group is provided by betaine, which arises during
choline catabolism and is also a minor dietary constituent.

Methionine metabolism provides a fascinating example of the
interplay between amino acid metabolism and vitamin status.
Deficiencies of a number of B vitamins are known to cause 
elevated plasma homocysteine. As the two enzymes of the 
trans-sulphuration pathway contain pyridoxal phosphate as
prosthetic groups, pyridoxal deficiency impairs this pathway
and increases homocysteine levels. As methionine synthase 
contains methylcobalamin as its prosthetic group and employs
N5-methylTHF as a substrate, it is hardly surprising that
deficiency of either vitamin B12 or folic acid results in elevated
plasma homocysteine [12].

Deeper analysis reveals more sophisticated interactions.
Methionine synthase can be viewed as playing two critical roles.
On the one hand, homocysteine retains the carbon skeleton of
methionine, and its methylation conserves this essential amino
acid. Support for this function of methionine synthase is
afforded by findings that a higher proportion of homocysteine 
is remethylated to methionine on feeding a diet low in meth-
ionine. However, methionine synthase also plays a crucial role 
in folate metabolism. This is best exemplified by the methyl 
trap hypothesis, which accounts for the fact that cobalamin
deficiency often results in a functional folate deficiency [13].
This hypothesis postulates that cobalamin deficiency, which
leads to decreased methionine synthase activity, will result in an
accumulation of much of a cell’s folate as N5-methylTHF, with
consequent depletion of the other THF coenzymes. The methyl
trap is exacerbated by the fact that N5-methylTHF is the prin-
cipal folate form that is provided to cells from the circulation
and must be metabolized by methionine synthase to provide 
the other THF coenzymes that are required by the cell. Clearly,
there is a very close interrelationship between the metabolism of
methionine, homocysteine and folate.

Creatine synthesis

Although the liver does not employ the creatine kinase system
for its energy metabolism, it is very much involved in creatine
synthesis. Creatine and creatine:phosphate break down spon-
taneously to creatinine, which is excreted in the urine. In young
adults, some 1.5–2 g of creatinine are excreted each day, which
means that a comparable quantity of creatine must be replaced.
Replacement occurs by a combination of diet and synthesis in
omnivores, but strict vegetarians need to synthesize all their 
creatine. Creatine synthesis involves a very simple metabolic
pathway, but it requires no fewer than three amino acids. The
first step, catalysed by the glycine:l-arginine amidinotransferase

(AGAT), involves the transfer of an amidino group from arginine
to glycine to produce guanidinoacetate and ornithine (reaction 5):

Glycine + arginine→guanidinoacetate + ornithine (5)

The second reaction involves the methylation of guanidin-
oacetate to produce creatine (reaction 3). This reaction is pre-
dominantly found in the liver, which is the principal site of 
creatine synthesis. However, in humans, both liver and kidney can
produce guanidinoacetate. A consideration of the quantitative
aspects of creatine synthesis is revealing. After accounting for the
0.5 g of creatine that may be obtained in the diet, it is calculated
that an 18- to 29-year-old man will synthesize about 1.5 g of 
creatine per day. This requires 2 g of arginine, which is about
40–50% of all the arginine ingested by an individual with a 
typical North American protein intake. In addition, as noted
above, creatine synthesis consumes approximately 35% of 
SAM-derived methyl groups. Creatine synthesis is clearly a
major pathway in amino acid metabolism.

Glutathione synthesis and function 
(see also Chapter 2.3.9)

Glutathione (γ-glutamyl-cysteinyl glycine) plays important
roles in many tissues but is particularly important in the liver. It
exists in both reduced (GSH) and oxidized glutathione dis-
ulphide (GSSG) forms, which are interconverted by the enzyme
glutathione reductase (reaction 6):

GSSG + NADPH + H+⇔2 GSH + NADP+ (6)

In cells, the great bulk of glutathione (~ 95%) occurs in the
reduced form.

A detailed review of glutathione metabolism is found in
Chapter 2.3.9.

Regulatory functions of amino acids in
liver

In addition to their roles as substrates for key biosyntheses (e.g.
protein, glutathione and creatine synthesis) and in intracellular
metabolism (urea cycle, malate–aspartate shuttle), amino acids
are important regulatory molecules that act through signalling
pathways. In the liver, this is particularly apparent in the control
of protein synthesis and proteolysis, as both are very active pro-
cesses. Although the liver only accounts for about 2% of body
weight, it is responsible for about 18% of total body protein 
synthesis (53 g/day in a 70-kg man) [14]. This rate of hepatic
protein synthesis can increase substantially during inflamma-
tion and infections when the synthesis of acute-phase proteins 
is greatly increased. In healthy individuals, the liver produces
about 15–20 g of albumin per day; this is very sensitive to nutri-
tional status, in particular to protein intake. Hepatic proteolysis,
which is a highly active process, is also sensitive to nutritional
status, being markedly increased early in starvation. Amino
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acids, together with insulin, are major controllers of both hep-
atic protein synthesis and proteolysis.

The synthesis of individual proteins is generally regulated by
rates of gene expression, which affect the abundance of individ-
ual mRNAs. In addition to this primarily transcriptional control
of the synthesis of specific proteins, regulation also occurs 
at the translational level and can affect the synthesis of classes 
of proteins or even of all proteins. Amino acids and insulin
increase hepatic protein synthesis through partly shared sig-
nalling networks. Leucine is the principal amino acid that pro-
motes protein synthesis in a variety of tissues, including the liver.
Its effects in liver are not as global as in muscle, although it does
increase the synthesis of a number of strategically important
proteins. An outline of the mechanism of this effect has become
apparent through the work of Kimball and Jefferson [15],
although much remains to be learned.

Provision of leucine to hepatocytes results in enhanced phos-
phorylation of 4E-BP1 (the binding protein for the eukaryotic
initiation factor, eIF4E) and S6K1, the ribosomal protein S6
kinase. Enhanced phosphorylation of 4E-BP1 releases eIF4E,
which is required for the binding of mRNA to the 43S preinitia-
tion complex. Phosphorylation of S6K1 results in its activation
and, subsequently, in the phosphorylation of ribosomal protein

(rp) S6. In turn, the phosphorylation of rpS6 results in the
enhanced translation of mRNAs that contain an uninterrupted
stretch of pyrimidine bases adjacent to the 5′ cap. Proteins
encoded by these mRNAs include ribosomal proteins, elonga-
tion factors and polyA-binding proteins. Both 4E-BP1 and S6K1
are downstream targets of the serine/threonine protein kinase,
mTOR, which is viewed as a key target of leucine’s action.
Amino acids that increase cell volume (vide infra) can also 
stimulate hepatic protein synthesis.

Hepatic protein turnover is mediated both by proteosome-
catalysed proteolysis and by macroautophagy; the latter process
is dominant in the liver and is regulated by both insulin and
amino acids [16]. Macroautophagy is a complex process in
which cytoplasmic material is sequestered in autophagosomes,
followed by acidification of these organelles and their fusion
with lysosomes. It is a non-specific process in that most con-
stituents of the cytosol are engulfed and degraded. However,
proteins constitute the great bulk of cytoplasmic material, so
that macroautophagy is rightly characterized as a means of
effecting protein turnover. There seem to be two parallel means
whereby amino acids suppress macroautophagy. Amino acids
that are transported into cells via sodium-linked, concentrative
transporters tend to increase cell hydration and inhibit
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macroautophagy via a mitogen-activated protein (MAP)
kinase-mediated mechanism. The other mechanism involves
amino acids (e.g. leucine, phenylalanine and tyrosine) that are
not concentrated within the liver but appear to exert their
actions via an mTOR-mediated pathway.

Recent studies have clarified the mechanism by which glu-
tamine and system A substrates affect macroautophagy. The
accumulation of these amino acids within cells, together with
the cotransported Na+ (which is partly exchanged for K+), is fol-
lowed by a flux of water into the cell to equilibrate the osmotic
pressure on both sides of the cell membrane. The resulting
increase in cell volume (cell hydration) results in an immediate
activation of MAP kinases, in particular ERK and p38MAPK. This
latter kinase brings about the inhibition of macroautophagy at
the level of the formation of the autophagosome [17]. More
work is needed to elucidate the complete mechanism, but the
key role of cell swelling is confirmed by experiments that
demonstrated a comparable degree of inhibition of proteolysis
when cells were swollen in hypo-osmotic media.

Amino acids such as leucine, phenylalanine and tyrosine are
agonists for another mechanism whereby amino acids inhibit
macroautophagy [16,18]. The mechanism appears to involve
mTOR, as rpS6, which is downstream from mTOR, becomes
rapidly phosphorylated with the same kinetics as the inhibition
of proteolysis. Rapamycin, an inhibitor of mTOR, could partly
overcome the inhibition of autophagic proteolysis by amino
acids. Again, much work remains before we will have a complete
picture of the mechanism. The phosphorylation of rpS6 does
not implicate this protein in the inhibition of macroautophagy;
rather, it should be taken as indicating an efficient regulatory
system in which mTOR activation plays a role in both the stimu-
lation of protein synthesis and the suppression of proteolysis.
There is also evidence for an mTOR-independent mechanism
whereby these amino acids can suppress macroautophagy. This
appears to be another example of redundant cell signalling 
systems. Figure 3 summarizes these mechanisms.

These new insights into amino acid-mediated cell signalling
have considerable physiological significance. Amino acids signal
their availability for anabolic processes, not only by being avail-
able as substrates, but also by more sophisticated mechanisms.
Simultaneously, they signal the need to suppress catabolic pro-
cesses. mTOR and cell hydration emerge as important ‘inter-
preters’ of amino acid availability. Recent studies also suggest
that leucine may act via mTOR-independent mechanisms. It is
clear that mTOR is not only an amino acid-responsive kinase
but also a more general nutrient sensor; it can be antagonized 
by the adenosine monophosphate (AMP)-stimulated kinase
which responds to the AMP/ATP ratio. The interaction and 
synergy of amino acid signalling with that of insulin remains 
to be fully elucidated. Finally, a crucial unsolved issue is the
identification of the precise molecule(s) that interact(s) with
regulatory amino acids such as leucine. However, it can be
confidently asserted that recent work on amino acid signalling
has revealed a new vista in amino acid metabolism that is likely
to become even more important in the future.
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2.3.4 Mitochondria and energy
formation
Dominique Pessayre

Mitochondria are double-membrane organelles derived evolu-
tionarily from bacteria. They have their own DNA and repro-
duce asexually, but only women transmit mitochondrial DNA.
Mitochondria represent remarkable biochemical machines that
are able to harness the energy produced by the oxidation of fat
and other energetic substrates in a form usable by the cell.
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Origin and structure of mitochondria

Some 1.5 billion years ago, photosynthesizing cyanobacteria
began releasing oxygen in the earth’s atmosphere (Fig. 1) [1].
Oxygen is an atypical molecule (Fig. 1). Although it is a diradical,
its two unpaired electrons are located on different orbitals and
have a parallel spin, making oxygen a relatively stable molecule
[2]. Yet, oxygen is avid for electrons. Its incomplete reduction by
one, two or three successive electrons produces reactive oxygen
species (ROS), which react with biological molecules to cause
oxidative stress and gene mutations (Fig. 1) [1]. However, the
full reduction of oxygen by four successive electrons forms a 
stable product (water) and releases considerable energy (Fig. 1).
Therefore, the advent of oxygen evolutionarily was both a severe
threat to life (due to the toxicity of ROS) and also a great oppor-
tunity (due to the energetic potential of fuel oxidation).

Thanks to their short lifespan and rapid turnover, bacteria
took advantage of the high mutation rate triggered by ROS to
adapt quickly to the new oxygen environment (Fig. 1). They

developed biochemical machines enabling them indirectly to
burn fuels with oxygen and produce usable energy, while minim-
izing ROS formation and toxicity. Rather than trying to emulate
the biochemical perfection of bacteria, other forms of life have
associated with them. Through a symbiotic partnership, these
adapted bacteria have become our present-day mitochondria
(Fig. 1) [3].

Like their bacterial ancestors, mitochondria have two 
membranes. The circular outer membrane surrounds the inter-
membrane space, while the folded inner membrane invaginates
into cristae, which protrude into the mitochondrial matrix.

Like bacteria, mitochondria also have their own circular DNA
located in the mitochondrial matrix [4].

Mitochondrial DNA (mtDNA)

Sperm cell mitochondria are ubiquitinated and are degraded 
in the fertilized ovum, so that mtDNA is only transmitted by
women [5]. Most somatic cells, including hepatocytes, contain
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Fig. 1 Oxygen and the origin of mitochondria.
Some 1.5 billion years ago, photosynthesizing
cyanobacteria began releasing oxygen in the
atmosphere. Although oxygen is a diradical, 
it is relatively stable because its two unpaired
electrons are located on different orbitals and
have a parallel spin. Yet, oxygen is avid for
electrons. Its full reduction into water (by four
successive electrons) releases considerable
energy. However, its incomplete reduction by
one, two or three electrons produces reactive
oxygen species (ROS), which cause oxidative
stress and gene mutations. The resulting high
mutation rate, combined with the short
lifespan and rapid turnover of bacteria, has
enabled them to adapt quickly to the oxidizing
environment. Thanks to a symbiotic
partnership, these adapted bacteria have
become our present-day mitochondria. They
indirectly burn fuels with oxygen to provide
considerable energy, with limited ROS
formation and no immediate toxicity.
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hundreds of mitochondria, and each mitochondrion usually
contains a few copies of mtDNA. All mtDNA copies are identical
in healthy young persons. However, in persons with inborn
mitochondrial cytopathies and in elderly subjects, intact
mtDNA copies coexist with mtDNA genomes with point muta-
tions or DNA rearrangements, such as deletions or duplications.

The human mtDNA is a small (16 569 bp), circular, double-
stranded DNA (Fig. 2), which is normally twisted into a super-
coiled form [4]. The proportion of heavy vs. light DNA bases

differs slightly between the two mtDNA strands. Their different
buoyancies on denaturing caesium chloride gradients have led
to their appellation as the ‘heavy strand’ and the ‘light strand’
respectively. At the so-called ‘displacement loop’ (D-loop),
mtDNA contains a third DNA strand. This localized triplex
structure is due to the interrupted replication of the heavy
strand, as discussed below.

Although most of the ancient bacterial genes have been lost,
or have migrated to nuclear DNA [6], the human mtDNA still
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Fig. 2 Transcription and replication of 
the mitochondrial genome. The human
mitochondrial DNA (mtDNA) is a double-
stranded circular DNA of 16 569 bp. Its
transcription is mediated by a mitochondrial
RNA polymerase and is enhanced by the
binding of mitochondrial transcription factor A
(mtTFA) to enhancer elements located
upstream of the heavy strand promoter (HSP)
and the light strand promoter (LSP).
Transcription of the heavy strand starts at
nucleotide 561 (within the HSP) and proceeds
counterclockwise. After synthesis of the two
ribosomal RNAs, transcription may be arrested
by the binding of mitochondrial termination
factor (mtTERM), or it may proceed to form a
large polycistronic precursor RNA encoding for
12 polypeptides and 14 tRNAs. Transcription of
the light strand starts at nucleotide 407 (within
the LSP) and proceeds clockwise to form a
single polycistronic precursor RNA, encoding
one polypeptide and eight tRNAs. The
replication of mtDNA is mediated by DNA
polymerase g and is asymmetrical. Only the
heavy strand is replicated initially. Replication
starts at the origin of replication of the heavy
strand (OH), after a short RNA primer formed by
the transcriptional machinery. The need for this
RNA primer explains why mtTFA also
modulates the replication of mtDNA.
Mitochondrial single-stranded binding protein
(mtSSB) binds to the single-stranded heavy
chain and also activates replication. Replication
of the heavy strand proceeds clockwise. It may
arrest after a few hundred basepairs (thus
forming the basal ‘D-loop’), probably due to
the binding of regulatory factors to the
termination-associated sequence (TAS).
Alternatively, replication may continue to form
the whole daughter heavy strand. When the
displacement front has gone beyond the origin
of replication of the light strand (OL), the
replication of the light strand then starts
counterclockwise after a short RNA primer
introduced by a DNA primase. A6 and A8,
subunit 6 or 8 of ATP synthase; cyt b,
cytochrome b; COx, subunit of cytochrome c
oxidase; ND, subunit of NADH dehydrogenase;
rRNA, ribosomal RNA. Grey dots represent the
22 different mitochondrial tRNAs, which also
serve as punctuations.

TTOC02_03  3/8/07  6:47 PM  Page 151



152 2 FUNCTIONS OF THE LIVER

encodes for the two ribosomal mitochondrial RNAs, all 22 
mitochondrial tRNAs and 13 of the polypeptides of the respir-
atory chain, including adenosine triphosphate (ATP) synthase
[4]. Information is tightly packed on mtDNA (Fig. 2). With the
exception of a few regulatory sequences, mtDNA consists
mainly of coding sequences with no introns. Furthermore, the
short DNA sequences encoding for mitochondrial tRNAs also
serve as punctuation dots [4].

The transcription of mtDNA is mediated by a mitochondrial
RNA polymerase and is enhanced by the binding of mitochon-
drial transcription factor A (mtTFA) to enhancer sequences
located upstream of the heavy strand promoter and the light
strand promoter [4]. Mitochondrial transcription factor B
(mtTFB) may favour the interaction with RNA polymerase [4].
As shown in Fig. 2, the transcription of the heavy strand pro-
ceeds counterclockwise, while the transcription of the light
strand runs clockwise.

DNA polymerase γ replicates mtDNA. It has proofreading
activity, enabling it to remove the last added nucleotide, if mis-
paired [4]. The replication of mtDNA is asymmetrical (Fig. 2).
Only the heavy strand is initially replicated. Replication starts at
the origin of replication of the heavy strand (OH), after a short
RNA primer. This primer is formed by the transcriptional
machinery and begins at the site for the initiation of transcrip-
tion of the heavy strand. The need for this RNA primer explains
why mtTFA enhances not only the transcription, but also 
the replication of mtDNA (Fig. 2). Other factors enhancing
mtDNA replication are mitochondrial single-stranded binding
protein (mtSSB) and the DNA helicase, twinkle. Replication 
of the heavy strand proceeds clockwise. It can arrest after a few
hundred basepairs, thus forming the basal D-loop, or can 
proceed further on. The arrest or continuation of replication
may be modulated by the binding of regulatory factors to the
termination-associated sequence (TAS) (Fig. 2). When about
two-thirds of the heavy strand has been replicated, and the 
displacement front has gone past the origin of replication 
of the light strand (OL), the light strand begins to be replicated
counterclockwise, after a short RNA primer introduced by a
mitochondrial DNA primase [4].

Whereas mitochondria contain all the enzymes necessary for
base excision repair, they cannot remove some bulky DNA
lesions, such as pyrimidine dimers and interstrand cross-links
[7,8]. However, heavily damaged mtDNA molecules can be
degraded by mitochondrial nucleases, and then replaced by the
synthesis of new mtDNA molecules replicated from unaltered
mtDNA templates [8].

Mitochondrial protein import

With the exception of the 13 polypeptides encoded by mtDNA,
the thousand or so other proteins present in mitochondria are
encoded by nuclear DNA, synthesized within the cytoplasm 
and imported into the mitochondria, either cotranslationally 
or posttranslationally (Fig. 3) [9,10]. Although all imported
polypeptides enter the mitochondria through the Tom40

(translocase of outer membrane 40) complex, import routes
then differ with the destination of the protein (Fig. 3) [9].
• Polypeptides that are destined to form β-barrel proteins inside
the outer membrane are carried by small Tim (translocase of the
inner membrane) proteins of the intermembrane space to the
SAM (sorting and assembly machinery) complex, which inserts
these proteins into the outer membrane (Fig. 3).
• Polypeptides that are destined to form multispanning proteins
in the inner membrane are carried by the same small Tim pro-
teins to the Tim22 (translocase of inner membrane 22) complex
(also called the ‘twin-pore translocase’ because of its two pores),
which inserts these proteins inside the inner membrane (Fig. 3) [9].
• Finally, polypeptides that are destined for the mitochondrial
matrix are usually synthesized with an N-terminal, positively
charged presequence achieving an α-helical configuration.
These polypeptides cross the inner mitochondrial membrane
through the Tim23 complex (also called the ‘presequence
translocase’). Their import is driven by the membrane potential
and also by an ATP-driven pulling mechanism mediated by
mitochondrial Hsp70, which is bound to Tim44. Mitochondrial
processing peptidase (MPP) then removes the presequence
inside the matrix (Fig. 3).

Most enzymes responsible for the tricarboxylic acid cycle, and
all the proteins or enzymes involved in the replication, stability,
translation and repair of mtDNA, are targeted to the mitochon-
drial matrix. Respiratory chain polypeptides are targeted to the
inner mitochondrial membrane, except for cytochrome c, which
is targeted to the intermembrane space but mostly associates
with cardiolipin on the cytosolic face of the mitochondrial inner
membrane. Finally, some β-oxidation enzymes are targeted to
the mitochondrial inner membrane, while others are directed 
to the mitochondrial matrix.

Mitochondrial b-oxidation of fatty acids

Although peroxisomes contribute to the oxidation of fatty 
acids (particularly that of very-long-chain fatty acids), fatty acid
oxidation mainly occurs within mitochondria.

Unlike medium-chain or short-chain fatty acids, long-chain
fatty acids cannot directly enter the mitochondria. They must
first be activated into a CoA thioester and then transported into
the mitochondria by a carnitine-dependent shuttle (Fig. 4) [11].
On the cytosolic face of the outer mitochondrial membrane,
acyl-CoA synthetase initially synthesizes an acyl-adenylate 
intermediate and then forms the acyl-CoA thioester, with the
concomitant degradation of one ATP into AMP and pyrophos-
phate. Carnitine palmitoyl transferase I (CPT I), which is located
on the cytosolic face of the outer mitochondrial membrane, 
next transfers the acyl group from CoA to carnitine (Fig. 4). 
The acyl-carnitine formed is then translocated across the inner 
mitochondrial membrane by carnitine acyl-carnitine translo-
case, in exchange for free carnitine. Finally, carnitine palmitoyl
transferase II, which is located on the matrix side of the inner
membrane, reforms the long-chain fatty acyl-CoA derivative
inside the mitochondrial matrix (Fig. 4).
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Fig. 3 Mitochondrial import of proteins. The
mitochondrial proteins, which are encoded by
nuclear DNA, are synthesized by cytosolic
ribosomes and are imported cotranslationally
or posttranslationally into the mitochondria. In
the latter case, cytosolic chaperones (hsp)
maintain the polypeptide in an import-
competent form. All imported polypeptides
cross the mitochondrial outer membrane (OM)
through the translocase of outer membrane 40
(Tom40) complex. Import routes then differ
with the destination of the polypeptide. (1)
Polypeptides that are destined to form b-barrel
proteins in the OM are brought by small Tim
(translocase of the inner membrane) proteins
(Tim9 and Tim10) to the sorting and assembly
machinery (SAM) complex, which inserts these
proteins into the OM. (2) Polypeptides that are
destined to form multispanning proteins in the
inner membrane (IM) are brought by the same
small Tim proteins (Tim9 and Tim10) to the
translocase of inner membrane 22 (Tim22)
complex. Tim22, which is also called the ‘twin
translocase’ on account of its two pores, inserts
these proteins into the IM. (3) Finally,
polypeptides that are destined for the
mitochondrial matrix usually contain an N-
terminal, positively charged presequence. They
cross the inner membrane through the Tim23
complex (also called the ‘presequence
translocase of the inner membrane’). Their
mitochondrial import is driven both by the
membrane potential (Ay) and by an ATP-driven
pulling mechanism mediated by mitochondrial
hsp70 (mtHsp70), which is anchored to Tim44.
Mitochondrial processing peptidase (MPP) then
removes the presequence in the matrix.
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Fig. 4 Activation and mitochondrial uptake of
long-chain fatty acids. (1) On the cytosolic face
of the mitochondrial outer membrane (OM),
the long-chain fatty acid (LCFA) is transformed
by acyl-CoA synthetase into acyl-CoA. 
(2) Carnitine palmitoyl transferase I (CPT I),
which is located on the cytosolic face of the
outer membrane, transfers the acyl group from
CoA to carnitine. It is unclear whether the acyl-
carnitine formed is released directly into the
intermembrane space by CPT I or whether it is
first released outside and then crosses the outer
membrane. (3) The acyl-carnitine derivative is
translocated across the mitochondrial inner
membrane (IM) by carnitine acyl-carnitine
translocase (CACT) in exchange for free
carnitine. (4) Carnitine palmitoyl transferase II
(CPT II), which is located on the matrix side of
the inner membrane, then reforms acyl-CoA
inside the mitochondrial matrix.
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Mitochondrial β-oxidation progressively shortens the 
acyl-CoA by two carbon units at each cycle (Fig. 5) [11]. Each 
β-oxidation cycle involves a first dehydrogenation leading to
trans-2-enoyl-CoA, a hydration step forming l-3-hydroxyacyl-
CoA, a second dehydrogenation leading to 3-ketoacyl-CoA and,
finally, thiolytic cleavage by CoA, releasing acetyl-CoA and an
acyl-CoA shortened by two carbon atoms.

First membrane-bound and then soluble enzymes succes-
sively shorten a saturated long-chain fatty acyl-CoA (Fig. 5)
[12]. The membrane-bound, very-long-chain acyl-CoA dehydro-
genase (VLCAD) is also very active with long-chain fatty acids
and mediates the first dehydrogenation step of the β-oxidation
cycle. The membrane-bound, trifunctional β-oxidation com-
plex (TOC) then completes the β-oxidation cycle through its
enoyl-CoA hydratase, 3-hydroxyacyl-CoA dehydrogenase and
3-ketoacyl-CoA thiolase activities. This membrane-bound sys-
tem (VLCAD and TOC) may shorten the saturated long-chain
fatty acid into a medium-chain fatty acid (Fig. 5). Further short-
ening is then mediated by matrix enzymes, including medium-

chain and short-chain acyl-CoA dehydrogenases (MCAD and
SCAD) and soluble enoyl hydratases, 3-hydroxyacyl-CoA dehy-
drogenases and 3-ketoacyl-CoA thiolases specific for long-,
medium- or short-chain fatty acids (Fig. 5) [11,12].

Owing to the high activity of the membrane-bound system,
the soluble, long-chain acyl-CoA dehydrogenase (LCAD) is
redundant for the β-oxidation of saturated long-chain fatty
acids. However, LCAD is involved in the β-oxidation of unsat-
urated long-chain fatty acids, thus compensating for the poor
activity of VLCAD for unsaturated substrates [12].

The two main steps regulating the β-oxidation flux are carni-
tine palmitoyl transferase I, which modulates the entry of 
long-chain fatty acids into the mitochondria, and acyl-CoA
dehydrogenases, whose activities are relatively sluggish com-
pared with the high activities of other β-oxidation enzymes [13].

Each β-oxidation cycle removes four electrons. The two 
electrons removed by acyl-CoA dehydrogenases transiently form
an enzyme-bound E-FADH2. These electrons are then shuttled
by electron transfer flavoprotein (ETF) and ETF-ubiquinone
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Fig. 5 Mitochondrial b-oxidation of long-
chain fatty acids. (a) Successive action of
membrane-bound and then soluble b-oxidation
enzymes. (1) The saturated, long-chain fatty
acyl-CoA (LCFA-CoA) is shortened to a
medium-chain fatty acyl-CoA (MCFA-CoA) 
by the membrane-bound, very-long-chain 
acyl-CoA dehydrogenase (VLCAD) and the
membrane-bound, trifunctional b-oxidation
complex (TOC), which has enoyl-CoA hydratase
(EH), 3-hydroxyacyl-CoA dehydrogenase (HD)
and 3-ketoacyl-CoA thiolase (KT) activities. 
(2) The MCFA-CoA is then further split into its
acetyl-CoA subunits by soluble matricial
enzymes, including medium-chain and short-
chain acyl-CoA dehydrogenases (MCAD and
SCAD) and soluble EH, HD and KT enzymes
specific for long-chain (LC), medium-chain
(MC) and short-chain (SC) fatty acids. (b). 
b-Oxidation intermediates and fate of
electrons. The b-oxidation cycle successively
involves a first dehydrogenation, a hydration
step, a second dehydrogenation and, finally,
thiolysis, which releases acetyl-CoA. Electrons
coming from acyl-CoA dehydrogenases are
transferred to an enzyme-bound FAD, thus
forming E-FADH2, and are then shuttled 
by electron transfer flavoprotein (ETF) and 
ETF-ubiquinone oxidoreductase (ETF:QO), to
the ubiquinone (Q) of the respiratory chain,
thus forming ubiquinol. Electrons coming 
from 3-hydroxyacyl-CoA dehydrogenases are
transferred to NAD+, thus forming NADH,
which feeds electrons into complex 1 of the
respiratory chain.
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oxidoreductase (ETF:QO) to the ubiquinone (Q) of the respira-
tory chain close to complex III, thus forming ubiquinol (Fig. 5).
In contrast, the electrons removed by 3-hydroxyacyl-CoA dehy-
drogenases are transferred to NAD+ to form nicotinamide ade-
nine dinucleotide (NADH), which feeds electrons into complex
I of the respiratory chain (Fig. 5). As discussed below, electrons
coming from E-FADH2 will produce about two ATP molecules,
while those coming from NADH will form about three ATP
molecules [14]. Therefore, each round of mitochondrial 
β-oxidation eventually leads to about five ATP molecules and
one molecule of acetyl-CoA. The latter can either condense into
ketone bodies, as discussed below, or may eventually undergo
the tricarboxylic acid cycle to generate much more energy.

Tricarboxylic acid cycle

The final oxidation of acetyl-CoA by the tricarboxylic acid cycle
(also termed the ‘citric acid cycle’, starts with the condensation
of acetyl-CoA with oxaloacetate to form citrate (Fig. 6) [14].
This reaction is carried out by citrate synthase and involves the
formation a citryl-CoA intermediate, which is then hydrolysed
into CoA and citrate.

The tricarboxylic acid cycle then proceeds with the isomeriza-
tion of citrate into isocitrate (mediated by aconitase), the oxidative

decarboxylation of isocitrate into CO2 and α-ketoglutarate
(mediated by isocitrate dehydrogenase), and the CoA-
supported oxidative decarboxylation of α-ketoglutarate into CO2

and succinyl CoA (mediated by the α-ketoglutarate dehydro-
genase complex). The cycle further proceeds with the cleavage of
the thioester bond of succinyl-CoA to form succinate and one
high-energy guanosine 5′-triphosphate (GTP) (mediated by 
the reversibly acting, succinyl-CoA synthetase). Finally, the cycle
ends up with three steps resembling those involved in the β-
oxidation process, with the dehydrogenation of succinate into
fumarate (mediated by succinate dehydrogenase), the hydration
of fumarate into malate (mediated by fumarase) and the dehy-
drogenation of malate into oxaloacetate (mediated by malate
dehydrogenase). The overall stoichiometry of the tricarboxylic
acid cycle is: acetyl-CoA + 2 H2O + 3 NAD+ + FAD + GDP + Pi →
2 CO2 + 3 NADH + FADH2 + GTP + 2 H+ + CoA. As each 
of the three NADH molecules will eventually give about three
ATP molecules and the single FADH2 will form about two ATP
molecules, the global energy yield of one citric acid cycle is about
11 ATP molecules, as well as one energy-rich GTP molecule,
which can be used as such or can generate one more ATP
molecule [14].

It is noteworthy that molecular oxygen is not immediately
used in this cycle nor in the β-oxidation cycle. The oxygen
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atoms, which end up in CO2, come from water. However, as 
discussed below, the electrons, which are passed by NADH and
FADH2 to the respiratory chain, end up in molecular oxygen to
form water. This transfer of electrons regenerates the oxidized
cofactors (NAD+ and FAD), which are necessary to sustain 
β-oxidation and the tricarboxylic acid cycle. Thus, even though
molecular oxygen is not involved in the tricarboxylic acid cycle,
oxygen is mandatory at the next step, explaining why the tricar-
boxylic acid cycle can only function in the presence of oxygen. 
In the absence of oxygen, the only metabolic pathway that can
transiently provide some feeble energy is glycolysis.

Cytosolic glycolysis and the
mitochondrial oxidation of pyruvate

Glycolysis is defined as the process that converts glucose into
pyruvate [14]. This process, which occurs in the cytoplasm,

starts with the phosphorylation of glucose into glucose-6-
phosphate. This reaction is catalysed by glucokinase in the liver
and hexokinase in other organs (Fig. 7). Glucose-6-phosphate is
a branching point in glucose metabolism. Its reversible isomeriza-
tion to glucose-1-phosphate can lead to UDP-glucose formation
and glycogen synthesis, whereas its reversible isomerization into
fructose-6-phosphate can lead to glycolysis. The first committed
step in glycolysis is the irreversible phosphorylation of fructose-
6-phosphate into fructose-1,6-bisphosphate by phosphofruc-
tokinase. After a series of enzymatic reactions detailed in Figure
7, including the reduction of NAD+ into NADH by glyceralde-
hyde-3-phosphate dehydrogenase, glycolysis ends up with the
irreversible transformation of phosphoenol pyruvate into pyru-
vate, a reaction catalysed by pyruvate kinase (Fig. 7). Both phos-
phofructokinase and the liver-type pyruvate kinase are tightly
regulated (through allosteric and phosphorylation events) to
prevent the liver from consuming glucose when glucose is more
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Fig. 7 Glycolysis. The glycolysis of glucose 
in the cytoplasm forms two molecules of
pyruvate. Unless the generated NADH and
pyruvate are further oxidized in mitochondria,
glycolysis itself only generates two net
molecules of ATP.
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urgently needed by brain or muscle [14]. The net stoichiometry
of glycolysis is: glucose + 2 NAD+ + 2 ADP + 2 Pi → 2 pyruvate +
2 NADH + 2 H+ + 2 ATP + 2 H2O [14].

Glycolysis cannot proceed unless the formed NADH is reoxi-
dized into the NAD+ required by glyceraldehyde-3-phosphate
dehydrogenase. When there is a transient incapacity of mito-
chondria to reoxidize the formed NADH (for example, during
strenuous muscular exercise or during tissue ischaemia), some
transient relief can be obtained from the reversible reaction
catalysed by lactate dehydrogenase: NADH + H+ + pyruvate →
NAD+ + lactate. The regeneration of NAD+ allows glycolysis to
continue, while the formed lactate can be oxidized at later times
in the same organ (e.g. in the resting muscle) or in other organs,
such as the liver. In the meantime, however, the energy yield is
only two molecules of ATP for one molecule of glucose con-
sumed, so that anaerobic glycolysis is a most wasteful way of
generating energy.

However, under normal aerobic conditions, mitochondria
reoxidize the NADH formed by glycolysis. Because the inner

mitochondrial membrane is impermeable to NADH, its elec-
trons rather than NADH are transferred to mitochondria. 
This can be achieved by two mitochondrial shuttles: the
malate–aspartate or the glycerol phosphate shuttles [14]. In the
cytosol, NADH regenerates NAD+ by transferring its electrons
to either oxaloacetate or dihydroxyacetone phosphate, which
then diffuse into the mitochondria, where they release their 
electrons to regenerate either NADH (in the malate–aspartate
shuttle) or an enzyme-bound FADH2 molecule (in the glycerol
phosphate shuttle) [14]. These reduced cofactors then form
ATP through oxidative phosphorylation, as discussed below.

Under normal aerobic conditions, mitochondria also oxidize
the pyruvate (or lactate) formed by glycolysis (Fig. 8).
Mitochondrial carriers transport pyruvate or lactate into the
mitochondria, where the pyruvate dehydrogenase complex
catalyses the reaction: pyruvate + NAD+ + CoA → acetyl-CoA +
NADH. The oxidation of this acetyl-CoA in the tricarboxylic
acid cycle will then generate considerable energy. Whereas the
anaerobic glycolysis of glucose into pyruvate and lactate only
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forms two ATP molecules, the complete aerobic oxidation of
glucose can provide up to 38 ATP molecules, thanks to the
oxidative phosphorylation system [14].

Oxidative phosphorylation system

Oxidative phosphorylation is the process whereby the electrons
stored in NADH or enzyme-bound FADH2 are reacted with
oxygen to form water, while part of the energy released by this
exergonic reaction is harnessed to form ATP. To achieve this
aim, electrons are first transferred through different respiratory
chain complexes, where the electron transfer potential is con-
verted, step by step, into an electrochemical proton gradient,
which is finally converted into a phosphate transfer potential by
forming energy-rich ATP molecules [14]. An analogy may be the
pumping up of water behind a dam by a thermal engine, and
then the opening of water valves allowing the hydrostatic flow of
water into a hydroelectric turbine that generates electricity used
to charge small batteries.

A total of five complexes constitute the oxidative phosphory-
lation system [15]. Complexes 1–4 constitute the respiratory
chain, while complex 5 is ATP synthase. Depending on their
original sources (NADH or enzyme-bound FADH2), electrons
enter the respiratory chain at different sites.
• The two electrons coming from NADH are transferred to
complex 1 (also termed ‘NADH-ubiquinone oxidoreductase’ or
‘NADH dehydrogenase’). Within this large, L-shaped complex,
electrons are successively transferred to one flavin mononu-
cleotide (FMN) and several iron–sulphur clusters to be finally
donated to ubiquinone (Q), thus forming ubiquinol (QH2).
Concomitantly, four protons are pumped from the mitochon-
drial matrix into the intermembrane space. Therefore, the 
stoichiometry of the reaction catalysed by complex I is: NADH 
+ 5 H+

in + Q → NAD+ + 4 H+
out + QH2 [16].

• The two electrons coming from the enzyme-bound FADH2 of
succinate dehydrogenase are given to complex 2. Unlike com-
plexes 1, 3 or 4, complex 2 does not translocate protons from the
mitochondrial matrix into the intermembrane space. It only
transfers two electrons to ubiquinone, thus forming ubiquinol.
• Finally, the electrons coming from the enzyme-bound FADH2

of acyl-CoA dehydrogenases are directly transferred by ETF 
and ETF:QO to ubiquinone, thus forming ubiquinol. Thus,
whatever their initial site of entry (complex 1, complex 2 or
ubiquinone), electrons end up in ubiquinol.

Q and QH2 are highly mobile molecules within the inner
mitochondrial membrane, allowing QH2 to transfer its two 
electrons to complex 3 (also termed ‘ubiquinol:cytochrome c
oxidoreductase’ or ‘cytochrome bc1’). The redox active sites of
complex 3 include a cytochrome b with two haems (b-562 and b-
566), an iron–sulphur protein (ISP) and a membrane-anchored
cytochrome c1. The ‘Q cycle’ theory postulates that complex 3
contains two sites for Q/Q–/QH2: an outside Qo site located in
close proximity to the intermembrane space and an inner Qi

site located in close proximity to the matrix (Fig. 9) [15]. At the

outside Qo site, ubiquinol would produce ubiquinone by releas-
ing its two protons into the intermembrane space and by giving 
one electron to the ISP (to be given next to cytochrome c1 and
then cytochrome c) and the second electron to cytochrome b
[17]. Cytochrome b would then recycle this electron in the Qi

site, as explained in the legend to Figure 9. Another theory holds
that ubiquinol donates its two electrons to cytochrome b, which
then gives them to the ISP, en route for cytochrome c1 and
cytochrome c (Fig. 9) [18]. Whatever the path(s) of electrons,
the net stoichiometry of the reaction catalysed by complex 3 is:
QH2 + 2 oxidized cytochrome c (Fe3+) + 2 H+

in → Q + 2 reduced
cytochrome c (Fe2+) + 4 H+

out [15].
Four reduced cytochrome c molecules finally transfer four

electrons to complex 4 (cytochrome c oxidase), where the four
electrons are successively, but quickly, reacted with an oxygen
molecule, which is held in a tight cage so that partially reduced
oxygen species are not released, but only water is safely formed
[15]. The generation of water also consumes four protons,
which are taken from the matrix side. Concomitantly, complex 4
transports four protons from the mitochondrial matrix into 
the intermembrane space. Therefore, the stoichiometry of the
reaction catalysed by complex 4 is: 4 reduced cytochrome c
(Fe2+) + O2 + 8 H+

in → 4 oxidized cytochrome c (Fe3+) + 2 H2O 
+ 4 H+

out [15].
Thus, the transfer of electrons through complexes 1, 3 and 4 of

the respiratory chain is coupled with the extrusion of protons
from the mitochondrial matrix into the mitochondrial inter-
membrane space. This creates a large electrochemical potential
across the inner membrane, thus creating a reservoir of latent,
potential energy (Fig. 8).

When energy is needed, the increase in ADP stimulates 
the re-entry of protons through ATP synthase (also called 
‘F1F0-ATPase’, ‘H+-ATPase’ or ‘complex 5’), and the energy that
is liberated by this re-entry is harnessed in the synthesis of 
ATP from ADP. The ATP formed is then extruded from mitoch-
ondria by the adenine nucleotide translocator in exchange for
cytosolic ADP (Fig. 8). ATP is then used by all the cellular 
processes that require energy (e.g. maintenance of transmem-
brane ion gradients, anabolic syntheses, cell motility, muscular
contraction).

ATP synthase is a wonderful biological engine (Fig. 10)
[19,20]. Its transmembrane F0 portion contains a non-rotating
moiety consisting of the a subunits and a rotor made of a dozen
or so c subunits (c-ring rotor). The re-entry of protons through
a channel located at the junction of the a subunits and the c-ring
triggers the rotation of the c-ring and the attached γ stalk. The 
γ stalk rotates within a cap made of three pairs of alternating α
and β subunits (α3β3 cap), which is kept immobile by the a/b2/δ
stator [20]. The rotating stalk is asymmetrical. When the stalk
rotates within the α3β3 cap, it causes rhythmic deformations of
the catalytic β subunits, which may alternatively tighten around
ADP and Pi, close to form ATP and fully open to release ATP. As
there are three catalytic sites, one 360° rotation of the γ stalk
gives rise to three ATP molecules [19].
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Because the driving force for ATP synthesis is the re-entry of
protons, and because the flow of electrons along the respiratory
chain extrudes protons at three different sites, the number of
ATP molecules that can be synthesized differs with the site of
electron entry into the chain. The electrons that are transferred
from NADH cause the extrusion of protons at complex 1, com-
plex 3 and complex 4 and can lead to the synthesis of about three
ATP molecules for one molecule of NADH reoxidized [14]. In
contrast, the electrons that are transferred by enzyme-bound
FADH2 bypass complex 1 and only permit the synthesis of about
two ATP molecules for one FADH2 reoxidized [14].

Interestingly, ATP synthase is a reversible machine. When the
mitochondrial membrane potential is low, for example during
ischaemia, ATP synthase functions in the reverse mode. Its
ATPase activity consumes the meagre amounts of ATP formed
by glycolysis to pump protons into the intermembrane space
and partially to restore the mitochondrial membrane potential,
which is needed to maintain mitochondrial protein import 
and mitochondrial viability. This ATP-depleting effect can be

prevented by the binding of a matricial protein termed the
inhibitor of F1F0-ATPase (IF1) [21]. When the membrane
potential is low (e.g. during ischaemia) and when anaerobic 
glycolysis causes extensive lactate formation and matrix
acidification, IF1 then binds to the F1 moiety of ATP synthase 
to inhibit its ATPase activity. This attenuates the selfish use of
cell ATP by deenergized mitochondria.

Except for these extreme circumstances, when mitochondria
consume cell ATP for their own needs, mitochondria instead
provide the cell with energy.

Regulation of fuel oxidation by energy
demands

Mitochondria are thrifty organelles. They only burn fuels inas-
much as fuel oxidation is needed to satisfy the energy demands
of the cell. This balance is achieved through several mechanisms,
including built-in, autoregulatory mechanisms adapting fuel
oxidation (and thus ATP generation) to ATP consumption.
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electrons within complex 3. (a) The classical 
‘Q cycle’ theory postulates that complex 3
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redox partners, the ubisemiquinone anion
radical (Q·–) and ubiquinol (QH2). The outside
Qo site would be close to the intermembrane
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Two successive ubiquinol molecules coming
from other complexes may enter the outside 
Qo site of complex 3, where each ubiquinol
molecule would produce ubiquinone by
releasing its two protons into the
intermembrane space. In the process, ubiquinol
would give one electron to the iron–sulphur
protein (ISP), which then transfers this electron
to cytochrome c1, which in turn gives it to
cytochrome c. The semiubiquinone anion
radical formed from ubiquinol would then give
its electron to cytochrome b (cyt b), thus
forming ubiquinone, which would be returned
to the region between complex 1 and complex
3. Concomitantly, cytochrome b would recycle
the electrons that it receives at the Qo site by
sending them to the Qi site. At this Qi site,
cytochrome b would first give one electron to
Q, thus forming Q·-, and the next electron to 
Q·-, thus forming QH2. The formed ubiquinol
would then move to the Qo site to be oxidized
in exchange for ubiquinone coming from the 
Qi site to be reduced. Thus, according to this
scheme, for two ubiquinol molecules releasing
their protons through their oxidation at the 
Qo site, one molecule of ubiquinol would be
regenerated at the Qi site. (b) Another theory
holds that ubiquinol instead donates its two
electrons to cytochrome b, which then gives
them to the iron sulphur protein (ISP), en route
for cytochrome c1, and cytochrome c.
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When energy demands are high, and ADP is high, a mass-
ive re-entry of protons into the matrix through ATP synthase
decreases the mitochondrial membrane potential. This
unleashes the flow of electrons in the respiratory chain, with
three consequences. First, the increased flow of electrons
increases the rate of proton extrusion by the respiratory chain,
thus allowing the continued re-entry of protons through ATP
synthase to sustain high rates of ATP generation. Second, the
increased flow of electrons ends up in cytochrome c oxidase,
thus increasing oxygen consumption. Finally, the increased rate
of respiration is associated with an increased reoxidation of
NADH and FADH2 into NAD+ and FAD, which are required 
to drive the oxidation of glucose, pyruvate, acyl-CoA and 
acetyl-CoA.

In contrast, when little energy is needed by the cell, ATP 
synthase is barely active and only translocates a few protons back
into the matrix. The high mitochondrial membrane potential
blocks the extrusion of protons into the matrix. Electrons are
stuck in the respiratory chain. Oxygen consumption is low. 
The limited reoxidation of NADH into the NAD+ required for
mitochondrial β-oxidation and the tricarboxylic acid cycle may
limit the capacity of mitochondria to oxidize fat and pyruvate.
Thus, the tricarboxylic acid cycle and oxidative phosphorylation
system have built-in mechanisms that automatically adapt fuel
oxidation to energy consumption.

This automatic adaptation is further tuned by the regulatory
effects of ATP on several critical enzymatic steps [14]. Indeed,
the activities of pyruvate dehydrogenase, citrate synthase, isoci-
trate dehydrogenase and α-ketoglutarate dehydrogenase are
modulated by ATP levels, in order to increase fuel oxidation
when ATP is low and, instead, to prevent fuel oxidation when
ATP is high [14].

A last level of regulation involves the effects of nuclear genes
on mitochondrial function and biogenesis.

Nuclear control of mitochondrial
function and biogenesis

Both mitochondrial function and mitochondrial biogenesis 
are controlled by nuclear genes [22]. When mitochondrial func-
tion is insufficient to sustain the cellular drain of ATP, cell ADP
increases. Adenylate kinase then converts two ADP molecules
into one ATP molecule and one AMP molecule [23]. The
increase in AMP is sensed by AMP-activated protein kinase
(AMPK), which turns off ATP-consuming pathways and switches
on ATP-producing catabolic pathways [23]. In particular,
AMPK phosphorylates and inactivates acetyl-CoA carboxylase,
thus decreasing the synthesis of malonyl-CoA. This prevents the
inhibition of CPT I by malonyl-CoA, thus allowing the trans-
location of long-chain fatty acyl-CoA into the mitochondria 
and extensive β-oxidation [23]. Finally, AMPK increases several
mitochondrial oxidative enzymes, such as succinate dehydroge-
nase, citrate synthase and cytochrome c [24,25].

Several other factors may also modulate mitochondrial func-
tion and biogenesis in the liver, although their roles have mostly
been studied in skeletal muscles, whose energy requirements
vary widely with the degree of physical activity. These other 
factors include the Ca2+/calmodulin-dependent protein kinase
(CaMK), the peroxisome proliferator-activated receptor γ coac-
tivator 1 (PGC-1) and nuclear respiratory factors 1 and 2 (NRF-
1 and NRF-2). In muscles, it has been shown that CaMK induces
the expression of PGC-1, which itself induces the expression of
NRF-1 and NRF-2. NRF-1 and NRF-2 increase the synthesis of
nuclear DNA-encoded polypeptides of the respiratory chain and
also induce mtTFA [22,26]. PGC-1 binds to, and coactivates, the
transcriptional function of NRF-1 on the promoter for mtTFA,
which increases the transcription and replication of mtDNA
[26]. Finally, PGC-1 binds to, and cooperates with, peroxisome
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proliferator-activated receptor-α (PPAR-α) in the transcrip-
tional activation of nuclear genes encoding peroxisomal and
mitochondrial β-oxidation enzymes, including CPT I and
medium-chain acyl-CoA dehydrogenase [27]. As a consequence
of these concerted actions on both nuclear genes and mtDNA
genes, PGC-1 increases both the number of cardiac mitochon-
dria and also their individual capacity to oxidize fat and to 
generate energy through oxidative phosphorylation [28].
Interestingly, both the AMPK- and the CaMK-mediated signals
seem to act coordinately, as AMPK was required for energy
deprivation-induced increases in the expression of CaMK and
PGC-1 [29]. Together with the immediate regulations described
in the preceding section, these nuclear changes may allow cells to
increase or decrease fuel consumption depending on the energy
demands of the cell.

Yet a last type of regulation concerns the different use of ener-
getic fuels under fasted, fed or overfed conditions.

Different use of fuels by hepatic
mitochondria in fasted, fed or overfed
conditions (see also Chapter 13)

The handling of fuels by hepatic mitochondria is regulated in
order to deliver ketone bodies and glucose to other organs when
food is not available, but to store energy as glycogen and fat after
meals.

In the fasting state, low insulin levels allow the massive release
of free fatty acids from adipose tissue [30]. During fasting con-
ditions, hepatic malonyl-CoA levels are low, allowing extensive
mitochondrial import of long-chain free fatty acids, and thus
active fatty acid β-oxidation. However, the acetyl-CoA moieties
generated by hepatic mitochondrial β-oxidation are not fully
oxidized in the liver, which would not be able to use this enor-
mous amount of energy. Instead, acetyl-CoA moieties condense
into ketone bodies (acetoacetate and β-hydroxybutyrate), which
are secreted by the liver to be oxidized later in muscles 
and other peripheral tissues by the tricarboxylic acid cycle, thus
sparing glucose [30]. The liver concomitantly provides other
organs, such as the brain, with glucose formed from glycogen
and gluconeogenesis.

In contrast, after meals, a slight increase in blood glucose
increases the release of insulin by pancreatic β cells. In
adipocytes, insulin inhibits hormone-sensitive lipase, thus
blocking adipose tissue lipolysis. In the liver, glucose inactivates
glycogen phosphorylase and activates glycogen synthetase, thus
increasing glycogen stores [14]. Furthermore, both insulin and
glucose trigger free fatty acid synthesis from glucose [31]. This 
is due to the posttranslational activation of several enzymes 
[14] and also to translational regulation [31]. Indeed, glucose 
activates carbohydrate response element binding protein
(ChREBP), with two consequences. First, ChREBP stimulates
liver-type pyruvate kinase, thus increasing the glycolysis of 
glucose into pyruvate [32]. In mitochondria, pyruvate forms
acetyl-CoA, which condenses with oxaloacetate to form citrate

that translocates to the cytoplasm. Citrate lyase then catalyses
the reaction: citrate + ATP + CoA + H2O → acetyl-CoA +
oxaloacetate + ADP + Pi. The acetyl-CoA, which is thus regener-
ated in the cytosol, is then used by acetyl-CoA carboxylase to
form malonyl-CoA, which is required for the elongation of free
fatty acids by fatty acid synthase. Second, ChREBP stimulates
the transcription of all lipogenic genes, including acetyl-CoA
carboxylase, fatty acid synthase and stearoyl-CoA desaturase,
thus further increasing hepatic fatty acid and triacylglycerol 
synthesis [33]. Insulin cooperates with glucose in increasing
fatty acid synthesis. Indeed, insulin increases the transcription 
of sterol regulatory element-binding protein-1c (SREBP-1c),
which increases the transcriptional activation of all the enzymes
required for the hepatic synthesis of fatty acids [31]. Thus, both
glucose via ChREBP and insulin via SREBP-1c can increase the
hepatic synthesis of free fatty acids. Furthermore, the malonyl-
CoA generated by acetyl-CoA carboxylase also prevents 
mitochondrial β-oxidation. Malonyl-CoA inhibits CPT I, 
which controls the entry of long-chain fatty acids into mito-
chondria [30]. After a carbohydrate meal, high malonyl-CoA
levels inhibit CPT I and prevent fatty acid β-oxidation [30]. Free
fatty acids are not degraded, but are instead directed towards the
formation of triglycerides, which are partly stored in the liver
and partly secreted as very-low-density lipoproteins.

Teleologically, these various changes can be viewed as main-
taining/increasing fat and glycogen stores when food is plentiful
and, in contrast, using up fat and sparing glucose when food is
not available. In the past, these changes have provided a satisfac-
tory balance between energy storage and energy use, when high
physical activity ensured high rates of fuel oxidation by skeletal
muscle mitochondria. Nowadays, however, food intake often
exceeds the limited capacity of mitochondria to burn fuels in
inactive persons, causing a progressive increase in body fat stores
[34].

In relatively overfed subjects, the increased hepatic synthesis
of free fatty acids causes the accumulation of triglyceride
droplets in the cytoplasm of hepatocytes [34]. However, the liver
does not enlarge indefinitely. A new equilibrium is reached
when the increased synthesis of fat is compensated by increased
output pathways, including an increased mitochondrial β-
oxidation of fatty acids [34]. Several adaptive changes may allow
hepatic mitochondria to oxidize more fat in overfed subjects
[34]. A first mechanism could be the increased hepatic concen-
trations of free fatty acids (FFAs) in these subjects, which may
force the entry of FFAs into the mitochondria [34]. A second
mechanism may involve changes in CPT I expression and its
sensitivity to malonyl-CoA inhibition. CPT I is upregulated in
rodent models of diabetes, and its affinity for its physiological
inhibitor, malonyl-CoA, is decreased [35,36]. Loss of CPT I
inhibition by malonyl-CoA could explain why β-oxidation can
increase in plethoric subjects, despite high insulin and malonyl-
CoA levels, which would normally block the entry of long-
chain fatty acids into mitochondria [34]. An important
upstream mediator of these diverse changes may be PPAR-α.
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PPAR-α is activated by long-chain free fatty acids and increases
the expression of enzymes involved in peroxisomal and mito-
chondrial β-oxidation, including CPT I [35]. PPAR-α activation
also increases uncoupling protein 2 mRNA [37]. This uncou-
pling protein might allow the re-entry of protons from the inter-
membrane space into the mitochondrial matrix. This could
decrease the mitochondrial membrane potential, unleash the
flow of electrons in the respiratory chain, increase mitochon-
drial respiration and allow better reoxidation of NADH into 
the NAD+ required for fatty acid oxidation.

Although these adaptive changes prevent further expansion of
hepatic fat stores in overfed subjects, they do not prevent some
steatosis. The unsaturated lipids of fat deposits can then be 
oxidized by the ROS formed by mitochondria, thus triggering
lipid peroxidation and oxidative stress [34].

Formation of reactive oxygen species

The incomplete reduction of oxygen by one, two or three 
electrons produces ROS. The strategy devised by bacteria and
mitochondria to limit ROS formation is initially to store elec-
trons in a form (NADH or E-FADH2) that is unreactive with
oxygen, then to transport these electrons through a respiratory
chain, which is mostly insulated from oxygen, and, finally,
quickly to react four electrons with oxygen within cytochrome c
oxidase to safely produce water. However, the insulation of
upstream respiratory complexes from oxygen is not perfect 
(Fig. 11). A small fraction of the electrons that pass through
complex 1 and complex 3 react with oxygen to form the super-
oxide anion [38]. Complex 1 releases the superoxide anion into
the mitochondrial matrix, while complex 3 releases superoxide
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Fig. 11 Formation and inactivation of reactive
oxygen species (ROS) in mitochondria. Most of
the electrons that enter the respiratory chain
finish in cytochrome c oxidase (complex 4),
where four electrons are added quickly and 
in a tight cage to oxygen, so that ROS are 
not released, but only water is safely formed.
However, upstream to complex 4, a few of the
electrons donated to the respiratory chain react
with oxygen to form the superoxide anion
radical (O2·

–). Complex 1 generates O2·
– on the

matrix side. Complex 3 forms O2·
– both in the

matrix and in the intermembrane space. In the
matrix, manganese superoxide dismutase
(MnSOD) dismutates two molecules of the
superoxide anion into one oxygen molecule
and one molecule of hydrogen peroxide
(H2O2). Glutathione peroxidase 1 (GPx1) then
reduces H2O2 into water while oxidizing two
reduced glutathione (GSH) molecules into
glutathione disulphide (GSSG). Glutathione
reductase (GR) then regenerates GSH at the
expense of NADPH. Finally, an energy-linked
NAD(P)+ transhydrogenase (TH) uses NADH 
and the mitochondrial membrane potential 
to regenerate NADPH from NADP+. In the
intermembrane space, the superoxide anion is
detoxified by its reaction with oxidized (ferric)
cytochrome c to form reduced (ferrous)
cytochrome c, which donates its electron to
complex 4 of the respiratory chain, thus
regenerating oxidized cytochrome c. Although
copper zinc superoxide dismutase (CuZnSOD) is
mostly cytosolic, it is also imported into the
intermembrane space of mitochondria, where
it dismutates O2·

– into H2O2. Although most of
the ROS formed by mitochondria are detoxified
within mitochondria, some molecules of H2O2

can cross the outer membrane. In the acidic
intermembrane space, O2·

– may be protonated
to the uncharged, hydroperoxyl radical (HO2·),
which may also cross the outer membrane to
regenerate O2·

– in the cytosol. IM, inner
membrane; OM, outer membrane.
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into both the mitochondrial matrix and the intermembrane
space (Fig. 11) [38]. Other possible site(s) for superoxide 
formation may be ETF (electron transfer protein) and/or
ETF:QO (ETF:quinone oxidoreductase) [38]. Superoxide gen-
eration by ETF and/or ETF:QO has been proposed as one 
possible explanation for the higher formation of superoxide
when muscle mitochondria are energized with palmitoyl 
carnitine than with complex 1 substrates [38]. Overall, it is 
estimated that 1–2% of the oxygen consumed by mitochondria
may be transformed into the superoxide anion, and that 
mitochondria represent the most important source of ROS in
cells [39].

Being unable to completely prevent ROS formation, mito-
chondria have devised several systems to eliminate these ROS
(Fig. 11). In particular, the superoxide radical anion is dis-
mutated by mitochondrial manganese superoxide dismutase
into hydrogen peroxide, which is detoxified into water by mito-
chondrial glutathione peroxidase 1 (Fig. 11) [39].

Nevertheless, residual levels of ROS can impair mitochondrial
structure and function. The superoxide anion can remove 
one iron molecule from the cubane (4Fe–4S) cluster of 
mitochondrial aconitase, thus inactivating aconitase and ham-
pering fuel oxidation in the tricarboxylic acid cycle [40]. ROS can
also damage mitochondrial proteins, cardiolipin and mtDNA,
thus progressively impairing mitochondrial function [41]. 
In some pathological conditions, a very large formation of 
mitochondrial ROS can trigger, or can help to trigger, mito-
chondrial permeability transition, which irreversibly disables
mitochondria and leads to their autophagic degradation [42].

Finally, some molecules of hydrogen peroxide and possibly
also of the superoxide anion (the latter probably crossing the
membrane as the hydroperoxyl radical) may leak out of mito-
chondria [43,44] and may eventually damage extramitochondrial
cell constituents, such as nuclear DNA. However, mitochondrial
constituents, including mtDNA, are the main targets of mito-
chondrial ROS.
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Fig. 12 Ageing of mtDNA. Reactive oxygen
species (ROS) formed by the mitochondrial
respiratory chain damage mtDNA. They form
oxidized mtDNA bases, which may occasionally
cause point mutations, and they also form
mtDNA strand breaks, which may occasionally
cause mtDNA deletions. Eventually, these
mtDNA lesions and mutations may decrease
the synthesis of mtDNA-encoded polypeptides,
thus partially hampering the flow of electrons
in the respiratory chain. In the overly reduced
complex 1 and complex 3, the accumulated
electrons may increasingly react with oxygen 
to form the superoxide anion radical. The
increased ROS formation may further damage
mtDNA. This vicious cycle, together with a
decreased import of DNA repair enzymes as a
consequence of the decreased membrane
potential, could explain why mtDNA deletions
and point mutations, which are exceptional
before 40 years of age, then start to
accumulate exponentially during old age.
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Ageing of mitochondrial DNA

Mitochondrial ROS play an important role in the ageing process
(Fig. 12). ROS oxidize mtDNA bases to form, in particular, 
8-oxo-deoxyguanosine. During mtDNA replication, this modi-
fied guanine can mispair with an adenine (instead of a cytosine),
and this mispairing can cause mtDNA point mutations. ROS
also cause mtDNA strand breaks, which can occasionally lead 
to mtDNA deletions.

As these mutations accumulate over the years, they may even-
tually decrease the synthesis of mtDNA-encoded polypeptides,
thus partially blocking the flow of electrons in the respiratory
chain (Fig. 12). The over-reduction of upstream respiratory
complexes may then increase mitochondrial ROS formation.
Furthermore, as the mitochondrial membrane potential de-
creases, the membrane potential-driven import of DNA repair
enzymes from the cytosol into the mitochondrial matrix may
become impaired [45]. Thus, both increased mtDNA damage
(due to the increased mitochondrial ROS formation) and
decreased mtDNA repair (due to decreased import of repair
enzymes) could explain why mtDNA deletions and point muta-
tions increase exponentially during old age [46,47].

Overview

When photosynthesizing cyanobacteria began releasing oxygen
in the atmosphere, bacteria took advantage of their quick
turnover, and the high mutation rate caused by oxygen-derived
ROS, to mutate and adapt to the oxygen environment. They
developed truly wonderful biochemical machines, enabling
them first to survive and then to thrive with energy in the 
new oxygen environment. Instead of trying to emulate the 
biochemical perfection of bacteria, other forms of life have 
associated with them. Assisted and controlled by nuclear genes,
our mitochondrial partners oxidize or save fuels as needed, just
to provide cells with the exact amount of energy they need.

However, as in all partnerships, there is some hardship. We
are totally dependent on mitochondria, so that their failure is
also a significant threat to health. Inborn defects, drugs or
cytokines that impair mitochondrial function can cause steato-
sis, cell dysfunction or cell death. Furthermore, although mito-
chondria provide energy, they also form reactive oxygen species
that contribute to ageing and death.

Death and reproduction have permitted the slow selection
and adaptation of the host, providing mitochondria with an
ever-adapting environment. While new species of the host have
arisen and then become extinct, the mitochondrial clones have
endured.
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2.3.5 Bilirubin metabolism
Namita Roy-Chowdhury, Yang Lu and Jayanta Roy-Chowdhury

Bilirubin in medical history

Bilirubin has attracted the attention of physicians since anti-
quity. Its chemistry, metabolism and disposal have been studied
systematically during the last two centuries as a model for hep-
atic disposal of biologically important organic anions of limited
aqueous solubility [1]. The discovery of several inherited disor-
ders of bilirubin metabolism and excretion during the twentieth
century has led to renewed interest in inherited diseases associated
with jaundice, some of which continue to pose a therapeutic
challenge, providing impetus for further research. While physi-
cians are mainly concerned with the toxic effect of bilirubin 
and its importance as a liver function test, the antioxidant prop-
erty of bilirubin may provide a physiological defence against
oxidative injury.

Formation of bilirubin

Sources of bilirubin

Bilirubin is the breakdown product of the haem moiety of
haemoglobin, other haemoproteins, such as cytochromes, cata-
lase, peroxidase and tryptophan pyrrolase, and a small pool of
free haem. In humans, 250–400 mg of bilirubin is produced
daily, of which approximately 20% is produced from non-
haemoglobin sources [2]. Following the injection of radio-
labelled porphyrin precursors (glycine or δ-aminolaevulinic
acid), an ‘early-labelled peak’ of bilirubin (ELP) is excreted in
bile within 72 h [3]. The initial component of ELP is derived
mainly from hepatic haemoproteins. This is followed by a slower
component, derived from both erythroid and non-erythroid
sources, which becomes prominent in conditions associated
with ‘ineffective erythropoiesis’, e.g. congenital dyserythropoi-
etic anaemias, megaloblastic anaemias, iron-deficiency anaemia,
erythropoietic porphyria and lead poisoning [4], and in acceler-
ated erythropoiesis [5]. The ‘late-labelled peak’ appears at
approximately 110 days in humans and coincides with the half-
life of erythrocytes.

Enzymatic mechanism of bilirubin formation

The microsomal haem oxygenase (HO) enzymes catalyse the
oxidation of haem (Fig. 1). Three molecules of O2 are consumed
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in this reaction and a reducing agent, such as nicotinamide 
adenine dinucleotide phosphate hydrogenase (NADPH), is
needed. The α-methene bridge carbon is eliminated as CO 
and the iron molecule is released [6]. Of the three forms of HO,
HO-1 is ubiquitous and inducible by haem [8] and stress [7];
HO-2 is a constitutive protein, expressed mainly in the brain
and the testis. The catalytic activity of HO-3 is low, and this 
protein may function mainly as a haem binding protein. CO
produced by HO activity has a vasodilatory effect and regulates
the vascular tone in the liver, heart and other organs during
stress. Similarly, biliverdin and its product bilirubin are potent
antioxidants, which may protect tissues under oxidative stress
[7,9] (see below).

Biliverdin is reduced to bilirubin by the action of cytosolic
biliverdin reductases, which require NADH or NADPH for
activity [10]. As discussed later, bilirubin requires energy-
consuming metabolic steps for excretion in bile. Thus, the 
physiological advantage of its formation is not clear. The strong
antioxidant activity of bilirubin may be particularly important
during the neonatal period, when other antioxidants are scarce
in body fluids.

Measurement of bilirubin production

Bilirubin production can be quantified from the turnover of
intravenously administered radioisotopically labelled bilirubin.
Plasma bilirubin clearance is proportional to the reciprocal of
the area under the radiobilirubin disappearance curve [11].
Bilirubin removal is calculated as the product of plasma bil-
irubin concentration and clearance. At a steady state of plasma
bilirubin concentration, bilirubin removal equals bilirubin 

production. More conveniently, bilirubin formation can be
quantified from CO, which is generated in equimolar amounts
with bilirubin. Following rebreathing in a closed system, CO
production is calculated from the CO concentration in the
rebreathing mask and/or the increment in blood carboxy-
haemoglobin saturation [12]. A small fraction of the CO may be
formed by intestinal bacteria, which can be a significant source
of CO in intestinal bacterial overgrowth syndromes [13].

Inhibition of bilirubin production

Substances, such as tin-protoporphyrin and tin-mesoporphyrin,
that bind irreversibly to HO, but are not broken down, serve 
as ‘dead-end’ inhibitors of the enzyme and reduce bilirubin 
production [14]. Injection of tin-mesoporphyrin lowers serum
bilirubin levels by 76% in neonates [15].

Chemical characteristics of bilirubin

The tetrapyrrole structure of bilirubin IXα (1,8-dioxo-1,3,6,7-
tetramethyl-2,8-divinylbiladiene-a,c-dipropionic acid [17]) was
solved by Fischer and Plieninger [18]. X-ray crystallography has
revealed that the propionic acid side-chains of bilirubin form
hydrogen bonds with the pyrrolic and lactam sites on the op-
posite half of the molecule, giving rise to a distorted ‘ridge tile’
structure [19] (Fig. 2). Formation of hydrogen bonds requires
the interpyrrolic bridges at the 5 and 15 position of bilirubin to
be in trans or ‘Z’ configuration, whereby bilirubin is termed
bilirubin IXα-ZZ. Engagement of all polar groups (two propi-
onic acid carboxyls, four NH groups and two lactam oxygens) of
bilirubin by the hydrogen bonds makes the molecule insoluble
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in water, necessitating chemical modification for excretion in
bile. Disruption of the hydrogen bonds is accomplished in vivo
by enzyme-catalysed esterification of the propionic acid car-
boxyl groups with a glycosyl moiety, mainly glucuronic acid
(vide infra).

The hydrogen bonds ‘bury’ the central methane bridge, so
that the unconjugated bilirubin reacts very slowly with diazo
reagents, whereas bilirubin glucuronides, which lack hydrogen
bonds, react rapidly (‘direct’ van den Bergh reaction). The addi-
tion of ‘accelerators’ such as methanol, ethanol, 6 M urea or

dimethyl sulphoxide to plasma disrupts the hydrogen bonds of
bilirubin, so that both conjugated and unconjugated bilirubin
react rapidly with diazo reagents (‘total’ van den Bergh reaction).

Bilirubin glucuronides in normal bile are 1-O-acyl conjugates
linked to the propionic acid carboxyl of bilirubin in a β-d-ester
linkage, which is hydrolysable by β-glucuronidase. However,
during cholestasis, the migration of the 1-O-acyl bond from the
C1 position to the C2, C3 or C4 position results in the generation
of β-glucuronidase-resistant pigments [20], which are detect-
able in serum and bile by chromatographic analysis [21].
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oxygen, thereby engaging all polar groups of
the molecule and making it insoluble in water.
Upon exposure to light, configurational
changes (Z to E) occur at the C4 and C15
interpyrrolic bridges, disrupting the hydrogen
bonds. The bilirubin IXa-4E,15Z configurational
isomer can be cyclized forming the so-called
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isomers are more polar than the hydrogen-
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in bile without requiring glucuronidation.
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In cases of prolonged accumulation of conjugated bilirubin in
plasma, as in cases of cholestasis or Dubin–Johnson syndrome,
the pigment may become covalently bound to albumin [22].
This irreversibly protein-bound form, often termed delta-
bilirubin, is included in the ‘direct’ fraction of bilirubin and is
not eliminated in the bile or urine, which results in delayed
clearance even after biliary obstruction or cholestasis is resolved.

Effect of light

The main absorption band of unconjugated bilirubin IXα is at
450–474 nm in most organic solvents. Upon exposure to light,
the ‘Z’ (trans) configuration of the 5 and/or 15 carbon bridges of
bilirubin switches to the ‘E’ (cis) configuration. The resulting
configurational isomers, ZE, EZ or EE, lack internal hydrogen
bonds, are more polar than bilirubin IXα-ZZ and can be
excreted in bile without conjugation [23]. The non-hydrogen-
bonded molecule can be stabilized slowly by cyclization of the
vinyl substituent in the endovinyl half of bilirubin IXα-EZ 
with the methyl substituent on the internal pyrrole ring, forming
the stable structural isomer, E-cyclobilirubin. Because of its 
stability, this molecule is quantitatively important during photo-
therapy for neonatal jaundice [24]. Light and oxygen can also
degrade a fraction of the bilirubin molecules into colourless
fragments and biliverdin [25].

Quantification of bilirubin

Bile pigments can be quantified as native or derivatized
tetrapyrroles, or after conversion to azoderivatives. Conversion
to azodipyrroles by reaction with diazo reagents is the most
common method of measuring serum bilirubin levels in 
clinical laboratories. Electrophilic attack on the central bridge
splits bilirubin into two diazotized azodipyrrole molecules. As 
discussed above, conjugated bilirubin reacts rapidly (‘direct’
fraction), while total bilirubin is determined after adding an
accelerator. Unconjugated bilirubin is calculated by subtracting
the direct fraction from total bilirubin. As 10–15% of unconju-
gated bilirubin may give a ‘direct’ diazo reaction, this method
slightly overestimates conjugated bilirubin.

Bilirubin and its conjugates in serum or bile can be quantified
more accurately as intact bilirubin tetrapyrroles by high-pres-
sure liquid chromatography [26–28]. Bilirubin mono- and
diconjugates can be converted to methyl esters by alkaline
methanolysis prior to separation [29] but, because the sugar
groups are cleaved off, this method does not permit
identification of specific conjugates.

For repeated bilirubin measurements in jaundiced infants, as
an extension of clinical evaluation of jaundice, bilirubin levels
can be assessed by measurement of the intensity of yellow dis-
coloration of the skin using a special reflectance photometer
[30]. Two slide tests (Ektachem) are available for determination
of total bilirubin and the unconjugated, conjugated and irre-
versibly protein-bound fractions.

Bilirubin toxicity

Unconjugated bilirubin is toxic to many cell types, intracellular
organelles and physiological processes. Bilirubin inhibits DNA
synthesis [31] and ATPase activity of brain mitochondria [32],
and uncouples oxidative phosphorylation. It has been reported
to inhibit Ca2+-activated, phospholipid-dependent protein
kinase C activity and cAMP-dependent protein kinase activ-
ity [33]. Which of these toxic effects is the predominant cause 
of bilirubin encephalopathy remains unclear at this time.
Clinically, toxic effects of bilirubin, particularly on the brain, are
seen in neonates and patients with severe inherited deficiency of
bilirubin conjugation. Yellow discoloration of the hippocam-
pus, basal ganglia and nuclei of the cerebellum and brain stem,
found in infants with acute bilirubin encephalopathy, is termed
kernicterus. Such discoloration is not found in patients with
chronic encephalopathy, in whom focal necrosis of neurons and
glia is seen [34].

As all toxic effects of bilirubin are abrogated by tight binding
to albumin, cerebral toxicity is usually seen when there is a
molar excess of bilirubin over albumin in plasma. At serum-
unconjugated bilirubin concentrations over 20 mg/dL, newborn
babies are at risk of kernicterus. However, kernicterus can occur
at lower concentrations in the presence of substances such as
sulphonamides, radiographic contrast dyes and coumarin, which
inhibit albumin–bilirubin binding by competitive or allosteric
displacement [35,36]. Although immaturity of the blood–brain
barrier in neonates has been implicated in the increased sus-
ceptibility of neonates to kernicterus, evidence to support this
concept is insufficient. Normally, bilirubin entering the brain 
is cleared rapidly, but the pigment may bind to damaged and 
oedematous brain inhibiting its clearance, thereby increasing
the susceptibility to bilirubin encephalopathy [37].

Potential beneficial effects of products
of haem breakdown

Although clinicians are mainly concerned with the importance
of bilirubin levels as a marker of liver disease and with the toxic
effects of the pigment, biliverdin and bilirubin may exert some
beneficial effects by virtue of their strong antioxidant properties.
This may be relevant during the newborn period, when the level
of other natural antioxidants is low. Bilirubin, which is toxic to
neuronal cells at high concentrations, has been reported to have
cytoprotective activity at lower concentrations. An inverse rela-
tionship between serum bilirubin levels and risk of ischaemic
coronary artery disease has been observed [38], although
whether such a protective effect extends to subjects with Gilbert
syndrome is questionable [39]. Study of a large number of 
subjects in the United States has shown that the odds ratio 
for colorectal cancer is reduced to 0.295 in men and 0.186 in
women per 1 mg/dL increment in serum bilirubin levels [40].
Similarly, a previous large study showed an inverse relationship
between serum bilirubin levels and cancer mortality in a Belgian
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population [41]. However, such associations do not conclusively
prove a causative role for bilirubin, because possible confounding
variables may exist.

Bilirubin in body fluids

About 4% of bilirubin in normal plasma is conjugated, but 
the clinical diazo-based methods overexpress this fraction (see
above). In haemolytic jaundice, there is a proportional increase
in plasma-unconjugated and -conjugated bilirubin. In contrast,
in inherited disorders of bilirubin conjugation, the conjugated
bilirubin is absent or reduced in proportion. In biliary obstruc-
tion or hepatocellular diseases, both conjugated and uncon-
jugated bilirubin accumulate in plasma. Bilirubin is present in
exudates and other albumin-containing body fluids and binds 
to the elastic tissue of skin and sclera. Haem in subcutaneous
haematomas is sequentially converted to biliverdin and biliru-
bin, resulting in a transition from green to yellow discoloration.
Because of tight binding to albumin, unconjugated bilirubin is
not excreted in urine in the absence of albuminuria, but conju-

gated bilirubin, which is less strongly bound to albumin, appears
in urine. Bilirubin is present in normal human bile predomin-
antly as diglucuronide, with bilirubin monoglucuronide and
unconjugated bilirubin accounting for less than 10% and 1–4%
of the pigments respectively. In the presence of reduced biliru-
bin glucuronidating capacity of the liver, as in Gilbert syndrome
and Crigler–Najjar syndrome type 2 (see Chapter 16.6), the pro-
portion of bilirubin monoglucuronide increases to 30% or above.
In addition to the glucuronides, small amounts of glucosyl, xylo-
syl and mixed conjugates of bilirubin are found in human bile.

Disposition of bilirubin

Disposition of bilirubin by hepatocytes comprises several
specific steps, including transport of bilirubin to hepatocytes
from sites of production, uptake by and storage within hepato-
cytes, enzyme-catalysed conjugation with glucuronic acid,
active transport into the bile canaliculus and degradation in the
intestinal tract. These steps are summarized in Figure 3 and 
discussed briefly below.
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Fig. 3 Glucuronidation disrupts internal
hydrogen bonding of bilirubin.
Glucuronidation of the propionic acid carboxyl
groups results in disruption of the internal
hydrogen bonds, making the molecule more
polar and secretable in bile. Disruption of
hydrogen bonding exposes the central CHH
bridge to diazo reagents, whereby bilirubin
glucuronides give the direct van den Bergh
reaction.
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Transport in plasma

Unconjugated bilirubin circulates in plasma bound tightly but
reversibly to albumin, which prevents its excretion in urine,
except during albuminuria. Albumin binding keeps bilirubin 
in solution and abrogates its toxic effects. Conjugated bilirubin
is bound less tightly to albumin, and the unbound fraction is
excreted in the urine. As mentioned above, during prolonged
conjugated hyperbilirubinaemia, a fraction of conjugated biliru-
bin becomes irreversibly bound to albumin. This fraction,
termed delta-bilirubin, is not excreted in the bile or urine and
disappears slowly, reflecting the long half-life of albumin [22]. 
A small unbound fraction of unconjugated bilirubin is thought
to be responsible for its toxicity [42]. Albumin has one high-
affinity primary binding site for bilirubin. Additional sites are
occupied when bilirubin is in molar excess. Normal plasma con-
centration of albumin (500–700 µmol/L) exceeds that of bil-
irubin (3–17 µmol/L). However, during exaggerated neonatal
jaundice and in patients with Crigler–Najjar syndrome, the
molar concentration of unconjugated bilirubin may exceed that
of albumin. Hypoalbuminaemia resulting from inflammatory
states, chronic malnutrition or liver disease may precipitate
bilirubin toxicity. Sulphonamides, anti-inflammatory drugs,
cholecystographic contrast media, fusidic acid, azapropazone,
sodium caprylate and N-acetyl tryptophan displace bilirubin
from albumin and increase the risk of kernicterus in jaundiced
infants [43]. Binding of short-chain fatty acids to albumin
causes conformational changes, decreasing bilirubin binding.
Because of its pathophysiological importance, various methods
have been devised to measure the unbound fraction of bilirubin
and the reserve albumin binding capacity. These include
ultrafiltration, ultracentrifugation, gel chromatography, affinity
chromatography on albumin agarose polymers, dialysis and
electrophoresis. Rapid degradation of unbound bilirubin by
H2O2 and horseradish peroxidase has been used to distinguish 
it from the bound fraction.

Uptake by hepatocytes

At the sinusoidal surface of the hepatocyte (Fig. 4), bilirubin 
dissociates from albumin and is taken up by the hepatocyte 
by facilitated diffusion that requires inorganic anions, such as
Cl–. The protein(s) involved in sinusoidal bilirubin uptake 
have not been identified. A member of the organic anion trans-
port protein family, termed OATP2 (also termed SLC21A6), 
has been proposed as the sinusoidal bilirubin transporter [44],
but its importance in bilirubin transport has been questioned
[45].

Storage within the liver cell

After entering the hepatocyte, bilirubin binds to the major
cytosolic proteins, glutathione-S-transferases (GSTs, formerly
designated ligandin or Y-protein). The GST proteins, which

constitute 5% of the liver cytosol, bind various drugs, hormones,
organic anions [46], a cortisol metabolite [47] and azo-dye car-
cinogens [48]. Bilirubin is a ligand for GSTs, but not a substrate
for glutathione transfer. Binding to GSTs reduces the efflux of
bilirubin from hepatocytes, thereby increasing its net uptake
(Fig. 4). GST binding inhibits non-specific diffusion of bilirubin
into various subcellular compartments, thereby preventing
specific organellar toxicity, such as inhibition of mitochondrial
respiration by bilirubin that is seen in vitro [49].

Conjugation of bilirubin

Conversion of unconjugated bilirubin to bilirubin diglucur-
onide or monoglucuronide by esterification of both or one of
the propionic acid carboxyl groups is critical for efficient biliary
excretion of bilirubin (Fig. 4).

Bilirubin uridine diphosphoglucuronate
glucuronosyltransferase
Bilirubin is one of the many endogenous and exogenous sub-
strates whose conjugation with glucuronic acid is mediated 
by one or more isoform of uridine diphosphoglucuronate glu-
curonosyltransferase (UGTs). UGTs are enzymes concentrated
in the endoplasmic reticulum (ER) and nuclear envelope of
many cell types [50]. They catalyse the transfer of the glucuronic
acid moiety of UDP-glucuronic acid to the aglycone substrates,
forming polar and usually less bioreactive products. Bilirubin
glucuronidation is catalysed predominantly by a single UGT iso-
form, UGT1A1 [51]. The UGT superfamily of genes comprises
two major families, UGT1 and UGT2. Nine isoforms within the
UGT1A subfamily are expressed from a series of exons clustered
in a unique manner on chromosome 2 at the 2q37 region [61].
Four consecutive exons (exons 2–5) located at the 3′ end of the
UGT1A locus are used in nine different mRNAs. These encode
the identical carboxy-terminal domains of these UGT isoforms,
which contain the UDP-glucuronic acid binding site. Upstream
of these four common region exons is a series of unique exons,
each preceded by a separate promoter. Only one of these exons is
utilized in a specific UGT mRNA. The unique exon encodes the
variable N-terminal domain of the nine different UGT isoforms
that impart aglycone specificity to the individual isoforms.
Depending on which promoter is used, transcripts of various
lengths are generated. In all cases, the unique exon, located at the
5′ end of the transcript, is spliced to exon 2, and the intervening
sequence is spliced out. The genes are named according to the
unique first exon. Thus, UGT1A1 utilizes the unique exon 1A1,
UGT1A6 utilizes exon 1A6, etc. [53].

The presence of a separate promoter upstream from each
unique region exon permits differential regulation of individual
UGT isoforms during development and in response to inducing
agents. UGT1A1 is expressed after birth [54] and is induced 
by phenobarbital and clofibrate [55]. Delayed expression of
UGT1A1 is a major cause of neonatal hyperbilirubinaemia in
primates. Treatment of rats with triiodothyronine markedly
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reduces UGT activity towards bilirubin, whereas the activity
towards 4-nitrophenol is increased [56].

In humans, the expression of UGT1A1 is limited to hepato-
cytes and, to a lesser extent, the proximal small intestine. UGTs
are integral to ER membranes. In addition to the enzyme 
content, UGT1A1 activity is affected by the lipids of the ER
membrane. UGT activity in native microsomal vesicles is latent
[57], probably because the ER membranes pose a barrier to the
polar sugar donor UDP-glucuronic acid or as a result of the 
constraint of the enzyme by the membranes. Based on hydro-
phobicity analysis, the major portion of mature UGT molecules,
including the UDP-glucuronic acid and the aglycone binding
sites, is thought to be located within the ER cisternae. There 
is a single 17-amino-acid membrane-spanning segment and 
a 26-amino-acid cytoplasmic tail at the carboxy-terminal 
end of the molecule. Full enzyme activity is manifested 
in vitro by treatment of the microsomes with membrane-
permeabilizing agents, such as digitonin or alamethacin. UDP-
N-acetylglucosamine (UDP-glucNac) stimulates the internal-
ization of UDP-glucoronic acid into intact microsomal vesicles
and is thought to be the natural activator of UGTs within hepa-
tocytes. UGT1A1 forms homodimers within the ER membrane,
which may be required for its full catalytic activity [58]. In addi-
tion, it may interact with other UGT isoforms, as well as other
proteins of the ER.

Canalicular excretion of conjugated bilirubin

Conjugated bilirubin undergoes unidirectional transport into
the bile against a concentration gradient, so that bilirubin con-
centration in the bile can be as high as 150-fold that in the hepa-
tocyte. The electrochemical gradient of –35 mV, generated by
the sodium pump, may help in the canalicular transport but, by
itself, is too small to account for this large concentration gradi-
ent. The energy for the uphill transport of bilirubin and many
other non-bile salt organic anions is derived from adenosine

triphosphate (ATP) hydrolysis by the canalicular ATP-binding
cassette protein, ABCC2 [also termed the MDR-related protein
2 (MRP2) or the multispecific organic anion transporter,
MOAT]. ABCC2 pumps glutathione-, glucuronic acid- or 
sulphate-conjugated compounds across the canalicular mem-
brane [59,60]. Canalicular transport of organic anions is uni-
directional from the cytoplasm of the hepatocyte into the bile.
Canalicular transport may be assisted by the membrane poten-
tial, but the contribution of membrane potential in organic
anion transport has not been quantified. Mutant animals that
lack ATP-dependent canalicular transport of non-bile acid
organic anions retain normal activity with respect to potential-
driven canalicular transport of non-bile acid organic anions,
including bilirubin glucuronides [60]. The ATP-dependent
canalicular organic anion transport is mediated by a canalicular
membrane protein, termed canalicular multispecific organic
anion transporter (cMOAT) or MRP2 [61].

Maximal bilirubin secretory capacity (Tmax) into the bile
canaliculus depends on bile flow, which has bile salt-dependent
and non-bile salt-dependent components. Bile acids increase 
the trafficking of vesicles containing MRP2 and the bile salt
export pump (BSEP) from the Golgi apparatus to the apical
domain of hepatocyte plasma membranes, thereby increasing
the concentration of the transporters in the canalicular mem-
brane [61].

Fate of bilirubin in the gastrointestinal tract

Although conjugated bilirubin is not substantially absorbed
from the intestines, a fraction of the small amount of unconju-
gated bilirubin that is excreted in bile is absorbed and undergoes
enterohepatic circulation. In situations in which increased
amounts of unconjugated bilirubin are excreted in bile, such as
e.g. during phototherapy for neonatal jaundice or Crigler–
Najjar syndrome, absorption of unconjugated bilirubin from
the intestine may be clinically significant [62]. In these cases,
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Fig. 4 Bilirubin throughput by hepatocytes.
Bilirubin is transported from sites of production
to hepatic sinusoids bound to albumin (1). 
At the sinusoidal surface of hepatocytes,
bilirubin dissociates from albumin and enters
hepatocytes by facilitated diffusion (2). Binding
to cytosolic glutathione-S-transferases (GSTs)
increases net uptake of bilirubin by inhibiting its
efflux (3). Bilirubin is converted to mono- and
diglucuronide by the action of UGT1A1, which
catalyses the transfer of the glucuronic acid
moiety from UDP-glucuronic acid (UDPGA) to
bilirubin (4). Bilirubin glucuronides are actively
transported into bile against a concentration
gradient by the ATP-utilizing pump ABCC2
(also termed MRP2) (5).
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interruption of bilirubin reabsorption by ingestion of various
substances, including calcium salts, can enhance the effect of
phototherapy [63].

Degradation of bilirubin by intestinal bacteria generates 
urobilinogen and related products [64]. A major portion of the
urobilinogen reabsorbed from the intestine is excreted in bile,
but a small fraction is excreted in urine. Urobilinogen is colour-
less; its oxidation product, urobilin, contributes to the colour of
normal urine and stool. During severe intrahepatic cholestasis
or complete obstruction of the bile duct, urobilinogen and uro-
bilin are absent in urine and stool, resulting in pale (so-called
clay-coloured) stool. In liver disease and states of increased
bilirubin production, urinary urobilinogen excretion is increased.

Alternative routes of bilirubin elimination

In the absence of bilirubin glucuronidation, a fraction of biliru-
bin is excreted as hydroxylated products [65], probably by the
action of microsomal P450s [66] and mitochondrial bilirubin
oxidase in liver [67] and other tissues.

During intrahepatic or extrahepatic cholestasis, conjugated
bilirubin accumulates in plasma. In total biliary obstruction,
renal excretion becomes the major pathway of bilirubin excre-
tion [68]. Renal excretion of conjugated bilirubin depends on
glomerular filtration of the non-protein-bound fraction of con-
jugated bilirubin.
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2.3.6 Metabolism of bile acids
Peter L.M. Jansen and Klaas Nico Faber

Introduction

Bile acids are synthesized in the liver from cholesterol; they are
secreted in bile and stored in the gallbladder. After a meal, the
gallbladder contracts, and stored bile is transferred to the duo-
denum and via the jejunum to the ileum. This movement is
stimulated by intestinal propulsion. In the ileum, 90–95% of
bile salts are reabsorbed and returned to the liver. The remainder
is lost to the colon, where primary bile salts are transformed by
bacterial metabolism into secondary bile salts. Some of the sec-
ondary bile salts are also reabsorbed, and the rest is removed
with the faeces. Primary and secondary bile salts return to the
liver via the portal circulation. In the liver, bile salts are taken up
into hepatocytes, thereby completing the enterohepatic cycle.

Bile acids serve a number of functions: (i) they are the main
solutes in bile and, as such, they are important for the generation
of the so-called bile salt-dependent bile flow; (ii) bile salts are
indispensable for the secretion of cholesterol and phospholipids
from the liver; (iii) in bile, bile salts form mixed micelles that
keep fat-soluble organic compounds in solution, including fat-
soluble vitamins; (iv) in the intestine, bile salts promote the dis-
solution and hydrolysis of triglycerides by pancreatic enzymes;
(v) bile salts act as signalling molecules in the regulation of
enzymes and transporters of drug and intermediary metabolism.

The adult human liver produces about 500 mg of bile acids
per day [1,2]. About three times this amount represents the total
bile acid pool size that cycles through the enterohepatic circula-
tion [2]. Bile acids complete an enterohepatic cycle about eight
times per day. Enterohepatic cycling represents an efficient 
system for reusage of active components. Enterohepatic cycling
not only serves to reclaim bile acids, but it also enables bile acids
to act as messengers that carry signals from intestine to liver.
Thus, they regulate their own synthesis and transport rates. Bile
acids are also able to repress hepatic fatty acid and triglyceride
synthesis [3,4].

Biosynthesis and metabolic defects

At least 16 different enzymes are involved in the biosynthesis of
bile salts [1,5,6]. Most of these enzymes are active in the neutral
(or classic) and acidic (or alternative) pathways, the two main

routes for the conversion of cholesterol to the primary bile acids
cholic acid (CA) and chenodeoxycholic acid (CDCA) (Fig. 1).
The neutral pathway starts with the hydroxylation of the sterol
nucleus of cholesterol by 7α-hydroxylase (CYP7A1) in the
endoplasmic reticulum. CYP7A1 is regarded as the rate-limiting
enzyme in bile acid biosynthesis, exemplified by the fact that
mice deficient for Cyp7a1 have a 75% reduced bile acid pool 
size causing vitamin deficiencies, lipid malabsorption and liver
failure [7–9]. The acidic pathway starts with the hydroxylation
of the cholesterol side-chain by sterol 27-hydroxylase (CYP27).
The CYP27 product, 5-cholesten-3β-27-diol, is not a substrate
for CYP7A1, but is hydroxylated at the C7 position by an alter-
native P450 enzyme, CYP7B1. From here on, the neutral and
acidic pathways largely overlap. Double hydroxylated CDCA and
triple hydroxylated CA are the principal bile acids. Their ratio
depends on the activity of sterol 12α-hydroxylase (CYP8B1). Bile
acid synthesis is completed in hepatocyte peroxisomes, where
bile acid coenzyme A:amino acid N-acyltransferase (BAAT)
conjugates either taurine or glycine to CA or CDCA. At least
95% of the bile acid pool is generated through these two path-
ways. Extensive intracellular transport of bile acid intermediates
occurs between various organelles. Transport in and out of these
organelles may be mediated by transport proteins, but these
have not been characterized in detail yet.

Bile acid synthesis defects (BASD) are rare genetic disorders
that are the underlying cause of approximately 2% of persistent
cholestasis in infants (see also Chapter 16.10, Genetic cholestatic
diseases). BASDs are recognized by the absence or reduction of
normal primary bile salts in serum and/or urine. Instead, non-
typical bile acids and sterols are often detected in the body fluids
of these patients. These can be identified by fast atom bombard-
ment ionization–mass spectrometry (FAB-MS) and gas chro-
matography–mass spectrometry (GC-MS). Disease-causing
mutations have been identified in 9 out of the 16 bile acid
biosynthesis enzymes (Table 1). Cholestasis is a common clin-
ical presentation of these diseases. The associated liver diseases
may vary from mild to life-threatening but, in many cases, can
be managed by replacement of deficient primary bile salts. This
not only leads to restoration of normal bile function, but also
induces feedback inhibition on the production of toxic bile acid
intermediates.

Patients with CYP7A1 deficiency have a markedly reduced bile
acid synthesis rate [10]. Symptoms include hyperlipidaemia,
premature vascular disease and gallstones. A mutation in the
CYP7A gene that results in truncation of the enzyme has been
detected in these patients. Only one case of CYP7B1 deficiency
has been reported to date [11]. This child produced no primary
bile acids, and serum concentrations of the toxic 27α-hydroxy
cholesterol were increased. A mutation was identified in the
CYP7B1 gene that truncates and inactivates the enzyme. In 
addition, it was found that expression of CYP7A, at both the
mRNA and activity level, was absent. Bile acid treatment was
ineffective, suggesting that the biosynthesis of toxic 27α-
hydroxy cholesterol cannot be suppressed.
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Mutations in the gene encoding 3β-hydroxy C27-steroid
dehydrogenase/isomerase (3βHSD) represent the most com-
mon disorders of bile acid biosynthesis [12–16]. Clinical mani-
festations may start at any age and include cholestasis, fat
malabsorption, vitamin deficiency, pruritus and poor growth.
Urine and plasma bile acid levels are high and consist of 
abnormal conjugates of the unoxidized precursors di- and 
tri-hydroxy-∆-5-cholenic acids. These abnormal bile acids are
poorly transported across the canalicular membrane and inter-
fere with the adenosine triphosphate (ATP)-dependent trans-
port of cholic acid. 3βHSD deficiency can be treated successfully
by administration of primary bile acids. Patients with ∆4-3-
oxosteroid 5β reductase deficiency (AKR1D1) present with
neonatal cholestasis [17,18]. Urine and serum levels of primary
bile acids were low but ∆4-3-oxo bile acid concentrations were
elevated. Administration of primary bile acids constitutes suc-
cessful therapy in these patients. Treatment by ursodeoxycholic
acid is not sufficient, probably because this bile acid does not
feedback to inhibit bile acid synthesis and thus does not prevent
the production of hepatotoxic ∆4-3-oxo bile acids.

Cerebrotendinous xanthomatosis (CTX) is caused by a
deficiency of mitochondrial CYP27 [19,20]. CTX is a slowly 
progressive chronic disease characterized by early dementia 
and xanthomata. Bile acid synthesis is reduced, but the clinical
manifestations are caused by the accumulation of cholesterol
and cholestenol in the brain. This gradually disrupts the myelin
sheets surrounding the neurons. If diagnosed early, CTX can 
be treated effectively with bile acid therapy. Deficiency of the
conjugation enzyme BAAT has been reported to cause familial
hypercholanaemia (FHCA). Patients present with high serum
bile salt concentrations, fat malabsorption and vitamin K
deficiency [21].

The final enzymatic steps of bile acid biosynthesis take place
in peroxisomes. Zellweger syndrome (ZS) is a genetic disorder
that affects the formation of these organelles. Mutations in over
a dozen different genes have been shown to be the molecular
cause of ZS or the related disorders neonatal adrenoleucodystro-
phy and Refsum disease [22]. These genes encode proteins that
are involved in transporting newly synthesized enzymes to per-
oxisomes or are essential for the formation of the peroxisomal
membrane. Indirectly, these mutations also affect the enzymes
in peroxisomes. This may also affect bile acid synthesis. Patients
present with cerebral neuronal migration disorder, craniofacial
dysmorphism, psychomotor retardation and chronic liver dis-
ease. ZS is generally fatal in the first 2 years of life. Biochemically,
these patients are characterized by increased levels of very-long-
chain fatty acids, atypical mono-, di- and tri-C27 hydroxy bile
acids (such as cholestanoic acid) and hyperpipecolic acidaemia.

Hepatic secretion and enterohepatic
cycling of bile salts

Although bile salts can diffuse through membranes, hepatocytes
and ileal mucosal cells express proteins that efficiently pump 
bile salts in and out of these cells. The sodium-dependent 
taurocholate cotransporting polypeptide (NTCP, SLC10A1) is
located at the sinusoidal plasma membrane domain of hepato-
cytes (Fig. 2). The apical sodium-dependent bile salt transporter
(ASBT, SLC10A2) is similar to NTCP, but is specifically
expressed at the luminal surface of mucosa cells in the ileum
[23,24]. These are high-affinity bile salt transport systems that
allow the absorption of bile salts from the portal blood or the
bowel lumen respectively. Both are sodium dependent with 
an out-to-in sodium gradient that drives this transport. In 

Bilirubin

Bile acids

Bile acids
ASBT

OSTab

FIC1

Mixed micelle

OATP-C
Bilirubin Cholesterol

MDR3
Bile acids PC

MRP2 ABCG5/G8

NTCP

Na+

PS
FIC1

BSEP

FIC1

Fig. 2 Transporters involved in bile formation
in liver and intestine. PC, phosphatidylcholine;
PS, phosphatidylserine; GGT, gamma-
glutamyltransferase.
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addition, hepatocytes contain other transport proteins that 
may import bile salts, including the organic anion transport-
ing polypeptide-C (OATP-C, SLC21A6), OATP-A (SLC21A3),
OATP-B (SLC21A9) and OATP8 (SLC21A8) [25]. These trans-
porters have a broad substrate specificity, they are bidirectional
and do not need sodium for their transport activity. NTCP is
believed to be the predominant bile salt transporter responsible
for efficient hepatic uptake. Only a small fraction of portal blood
bile salts spills over in the general circulation. Even the high bile
salt concentrations that enter the portal circulation after a meal
are efficiently dealt with by the liver.

No clinically important genetic defects of NTCP have been
recognized thus far. In two children with familial hyper-
cholanaemia, NTCP was normal [26]. In acquired forms of
cholestasis, such as autoimmune, alcoholic and drug-induced
hepatitis, obstructive cholestasis and primary biliary cirrhosis,
NTCP levels are reduced [27–29]. This is a meaningful adapta-
tion as it prevents the intracellular accumulation of bile salts.

How bile salts traverse the interior of the hepatocyte is not
clear. In the simplest model, bile salts just dissolve in the cytosol.
In this model, the cytosolic bile salt concentration is governed 
by the net balance between passive influx and active efflux. 
As bile salts are cytotoxic, influx and efflux of bile salts has to 
be well coordinated in order to avoid accumulation. This calls
for a well-organized short-term regulation of influx and efflux
transport proteins.

Bile salt secretion from hepatocytes to bile is mediated by the
bile salt export pump BSEP (ABCB11). This is a bile salt-specific
pump with the highest affinity for tauro- and glycochenodeoxy-
cholic acid [30,31]. However, it also transports taurocholic acid,
glycocholic acid and tauroursodeoxycholic acid and even
unconjugated bile acids, albeit with lower affinity [31,32]. BSEP
is a member of a large family of proteins known as the ATP-
binding cassette (ABC) transporters, which have a wide range of
transport functions. These proteins use ATP to pump their sub-
strates against steep concentration gradients. This enables BSEP
to build up a biliary bile salt concentration into the millimolar
range, a concentration well above the critical micellar concen-
tration. Pure bile salt micelles are extremely cytotoxic because 
of a detergent-like membranolytic activity. This activity has to

be neutralized, and this is accomplished by incorporation of
phospholipids, cholesterol and other organic molecules.

In the canalicular lumen, bile salt micelles interact with 
the lumen-facing leaflet of the canalicular membranes that is
enriched with phosphatidylcholine and cholesterol [33]. These
are extracted into the bile salt micelle and contribute to the for-
mation of the characteristic bile salt–phospholipid–cholesterol
mixed micelle. Phospholipid transfer from the inner to the 
outer leaflet that faces the canalicular lumen is mediated by 
multidrug-resistant protein 3, MDR3 (ABCB4; in rodents mdr2,
abcb4) [34]. Genetic deficiency of MDR3 causes a disease called
progressive familial intrahepatic cholestasis (PFIC) type 3
[35,36] (Table 2). In this disease, phospholipid transfer through
the canalicular membrane is abrogated, and this results in bile
without phospholipids. Bile salt transfer is undisturbed, and the
bile that is produced under these conditions is extremely cyto-
toxic. It damages surrounding hepatocytes and bile duct epithe-
lial cells. Hence, liver histology of these patients shows portal
inflammation, bile duct proliferation and periportal fibrosis.

BSEP gene mutations are the cause of PFIC type 2 or 
benign recurrent intrahepatic cholestasis (BRIC) type 2 (see 
also Chapter 16.10, Genetic cholestatic diseases). PFIC type 2 is 
characterized by neonatal hepatitis and persistent cholestasis
with malabsorption, stunted growth and haemorrhagic diathe-
sis as a result [37,38]. Patients often present with subdural
haematoma in the first months of life. This can be prevented by
early vitamin K supplementation. This disease provides proof
for the functional importance of BSEP. Less severe defects cause
a more benign type of relapsing cholestasis, BRIC type 2 [39].

PFIC type 1 and BRIC type 1 result from mutations of the
FIC1 gene affecting the FIC1 (ATP8B1) protein [40,41]. As an
aminophospholipid translocator, malfunction of FIC1 affects
the distribution of phosphatidylserine (PS) across the two plasma
membrane leaflets. Too much PS in the outer membrane leaflet
makes the outer membrane leaflet unstable. Fic1–/– mice have
excessive outer leaflet-anchored proteins in their bile [42]. How
cholestasis develops from FIC1 deficiency is not well understood.

Drug-induced cholestasis is a frequently observed, clinically
relevant adverse effect of drugs. A great number of drugs and
complementary medication can cause this disease. Many BSEP

Table 2 Transport defects.

Transport protein

FIC1

BSEP

MDR 3

Abbreviation

ATP8B1

ABCB11

ABCB4

Membrane 
domain

Canalicular

Canalicular

Canalicular

Tissue

Liver, bile duct,

intestine, pancreas

Liver

Liver

Disease symptoms

PFIC type 1, cholestasis first episodic later

permanent, low GGT; BRIC type 1, episodic

cholestasis; intrahepatic cholestasis of pregnancy

PFIC type 2, permanent cholestasis, low GGT;

BRIC type 2, episodic cholestasis

PFIC type 3, cholestasis, pruritus, high GGT;

intrahepatic cholestasis of pregnancy;

intrahepatic cholelithiasis

Mouse knock-out
[ref.]

[70]

[71]

[34]
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gene mutations and polymorphisms have been described
[43–46]. However, a relation between these polymorphisms 
and drug-induced cholestasis or hepatitis remains difficult to
prove and, to date, no clear connection between these and drug-
induced cholestasis has been established.

The ASBT (SLC10A2) mediates the uptake of bile salts in the
terminal ileum and is responsible for the preservation of bile
salts in the enterohepatic circulation [24,47]. Mutations that affect
the function of this protein cause bile acid-induced diarrhoea
[48]. Jejunum also expresses OATP-B. However, OATP-B has a
rather narrow substrate specificity and is not a good bile salt car-
rier [49,50]. Rat jejunum expresses Oatp3 that can serve as alter-
native transporter for glycine- and taurine-conjugated bile salts.

Organic solute transporter (OST) α and β act as heterodimers
and mediate bile salt transport across the serosal membrane,
thus allowing bile salt entry into the portal circulation [51]. They
are specifically expressed in the ASBT-containing cells of the 
terminal ileum but also in hepatocytes. ASBT and OSTαβ are
responsible for the vectorial transport of bile salts from the
intestinal lumen to the portal circulation.

Bile acids as signalling molecules

It has long been known that bile acid synthesis and entero-
hepatic cycling are highly regulated processes. In recent years,
important progress has been made in understanding the mole-
cular mechanism involved in this process, recognizing that bile
salts themselves are the crucial signalling molecules.

The nuclear hormone receptors (NHR) belong to a family of
proteins that, upon binding an appropriate ligand, can activate
or suppress gene expression [52] (see also Chapter 3.4, Cellular
cholestasis). Promoter regions of genes contain characteristic
nucleotide sequences for binding NHRs. These consist of two
hexamers separated by a spacer of 0–8 nucleotides. Class II
NHRs function as heterodimers in which the common retinoid
X receptor RXRα complexes with a partner that can be farnesoid
X receptor (FXR), constitutive androstane receptor (CAR),
pregnane X receptor (PXR), the liver X receptor (LXR), the
retinoic acid receptor (RAR), the peroxisomal proliferator-
activated receptor (PPAR) or the vitamin D receptor (VDR)
[53]. These members of the NHR family have received their
names from the first ligands identified. Natural and much more
potent ligands have been characterized for these NHRs, making
their historic names deceptive as they do not reflect their actual 
function. A typical example is FXR, which is strongly activated
by bile acids. NHRs reside either in the nucleus (PXR) or in the
cytoplasm and move to the nucleus upon binding a ligand
(CAR) [54]. Drugs, bile acids and intermediates of bile acid bio-
synthesis, the oxysterols, are major ligands for these NHRs. 
FXR binds bile salts with high affinity and thus serves as a 
bile acid biosensor. FXR affects a great number of target genes,
with an emphasis on genes related to bile acid synthesis and
transport, lipid and carbohydrate metabolism.

In the human small intestine, ASBT expression is negatively
regulated by bile salts; at high bile salt concentrations, the

expression of ASBT is downregulated [55,56]. This is medi-
ated by the FXR-dependent induction of a protein called small 
heterodimer partner-1 (SHP-1). This protein negatively inter-
feres with the RAR:RXR-dependent transcription of ASBT.
Expression of the export proteins OSTαβ is also controlled by
FXR [57]. Activation of FXR leads to an increased expression of
OSTαβ. Thus, bile acids regulate their own intestinal absorp-
tion, and FXR regulation protects ileum cells from high bile salt 
concentrations.

After intestinal absorption, bile acids are taken up from 
the portal blood into the liver. Here they also bind and activate
FXR, which induces SHP-1 expression. SHP-1 then interferes
with LXR-dependent transcription of CYP7A1 and with
RAR:RXR-dependent transcription of NTCP, thus reducing 
bile acid biosynthesis as well as bile acid uptake [52,58]. NTCP 
is downregulated during cholestasis, and this is caused by 
SHP-dependent and SHP-independent mechanisms. For the 
short-term regulation, it is relevant to note that Ntcp is a cAMP-
dependent phosphoprotein. This allows the rapid regulation of
Ntcp activity by phosphorylation [59].

While hepatic bile acid synthesis and uptake are negatively
regulated by FXR, bile acid export is positively regulated. The
BSEP gene contains a bile acid response element that provides a
site for interaction with FXR:RXRα that increases transcription
of this gene [60,61]. The combined downstream effects of bile
acid-activated FXR results in the protection of hepatocytes
against bile acid toxicity. Bile acids and drugs also serve as 
ligands for PXR, CAR and VDR [62]. The main function of 
these proteins is to provide protection against bile salt and drug
toxicity. They have overlapping ligand specificity and regulate
the transcription of an overlapping number of target genes,
which includes many members of the cytochrome P450 family
and ABC transport proteins. Induction of these proteins allows
detoxification by biotransformation and secretion of harmful
substances. Proof of these concepts comes from studies with
PXR–/– and CAR–/– knockout mice, which are quite vulnerable
to bile salt and drug toxicity [63,64].

Conclusions

Bile acids are important as emulsifiers of fat in the intestine, and
an intact enterohepatic cycling of bile salts is indispensable for
daily nutrition. Without bile, patients rapidly lose weight and
become catabolic. Bile acids are also necessary for the intestinal
uptake of fat-soluble vitamins. Therefore, infants with cholestasis
often present with haemorrhagic complications due to vitamin
K deficiency.

In view of the many proteins associated with bile acid
metabolism, it is perhaps not surprising that there are many
genetic diseases that affect bile acid biosynthesis or secretion.
Cholestasis is a common phenotype in these diseases. A proper
admixture of the three main components of bile – bile acids,
phospholipids and cholesterol – is needed not only to prevent
gallstone formation but also to avoid hepatocyte and bile duct
damage. Retention of bile acids due to impaired secretion may
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transporters in normal physiology and liver disease. Gastroenterology
126 (1), 322–342.
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sodium-dependent-bile acid transporter expression in two unusual cases
of hypercholanemia and in extrahepatic biliary atresia. Hepatology
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27 Kojima H, Nies AT, Konig J et al. (2003) Changes in the expression and
localization of hepatocellular transporters and radixin in primary biliary
cirrhosis. J Hepatol 39 (5), 693–702.

28 Zollner G, Fickert P, Silbert D et al. (2003) Adaptive changes in hepato-
biliary transporter expression in primary biliary cirrhosis. J Hepatol
38 (6), 717–727.

29 Zollner G, Fickert P, Zenz R et al. (2001) Hepatobiliary transporter
expression in percutaneous liver biopsies of patients with cholestatic
liver diseases. Hepatology 33 (3), 633–646.

30 Gerloff T, Stieger B, Hagenbuch B et al. (1998) The sister of 
P-glycoprotein represents the canalicular bile salt export pump of 
mammalian liver. J Biol Chem 273 (16), 10046–10050.

31 Noe J, Stieger B, Meier PJ (2002) Functional expression of the canali-
cular bile salt export pump of human liver. Gastroenterology 123 (5),
1659–1666.
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result in hepatocyte injury. However, the liver possesses a num-
ber of adaptations that function to prevent the accumulation of
bile acids. Liver injury occurs when adaptation fails.

For the treatment of cholestatic liver disease, the repertoire 
of drugs and interventions is limited. Primary bile salts are used
for the treatment of the genetic bile acid synthesis defects.
Ursodeoxycholic acid is useful for the treatment of chronic
cholestatic liver diseases, in particular primary biliary cirrhosis.
Also, patients with intrahepatic cholestasis of pregnancy and
patients with MDR3 deficiency benefit from ursodeoxycholic
acid treatment. Partial external biliary diversion is a therapeutic
option for patients with PFIC types 1 and 2. For severe genetic
forms of cholestasis, liver transplantation is a life-saving pro-
cedure. Gene therapy and hepatocyte transplantation remain
unfulfilled promises. New insights into transcriptional regula-
tion by NHRs offer an opportunity for drug development, and
this will be likely to expand the number of drugs available for the
treatment of cholestatic liver disease.
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2.3.7 Ammonia, urea production and
pH regulation
Dieter Häussinger

Ammonia plays a central role in nitrogen metabolism. It is a
major byproduct of protein and nucleic acid catabolism, and its
nitrogen can be incorporated into urea, amino acids, nucleic
acids and many other nitrogenous compounds. Ammonia is
present in body fluids as both NH3 and NH4

+, and these are in
equilibrium according to the equation:

NH3 + H+ ↔ NH4
+

The pKa of this reaction is 9.25, so that at physiological pH there
is a great excess of the ionized form. NH3 can diffuse freely
across membranes via aquaporins [1] and NH4

+ is carried in 
liver by an active transport system, the RhB glycoprotein [2]. 

The blood ammonia concentration is normally below 35
µmol/L; this is important as ammonia is neurotoxic at higher
concentrations. Excessive cerebral ammonia uptake in hyper-
ammonaemic states leads to astrocytic glutamine accumulation
and cerebral oedema, which is important in the pathogenesis of
hepatic encephalopathy [3–5]. 
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The liver is the most important site of ammonia metabolism;
it removes much of the toxic ammonia presented to it by urea
and glutamine synthesis. By doing so, the liver also plays a major
role in the metabolic regulation of systemic pH, because hydro-
gen ions released from NH4

+ during the synthesis of urea neutral-
ize the excess bicarbonate produced by the breakdown of amino
acids (see below).

Urea is electroneutral and is transported across biological
membranes by facilitated diffusion. A phloretin-sensitive urea
transporter is also present in liver [6], and an aquaglyceroporin,
AQP9 [7], and UT-B1 [8] have also been identified as urea trans-
porters in liver. Although urea is not further metabolized by
mammalian enzymes, it interferes with the activity of K+ chan-
nels in the plasma membrane [9] and can cause liver cell shrink-
age at concentrations found in uraemia. Urea is excreted by the
kidney, and is normally present in plasma and body fluids at a
concentration of 3.0–6.5 mmol/L.

Sources of ammonia

Whereas urea production takes place largely within the liver,
much of the ammonia used in urea synthesis is derived, directly
or indirectly, from extrahepatic tissues. Ammonia is released
from the intestine and the kidneys, whereas liver, resting muscle,
and brain remove ammonia from the blood [10]; 25% of the
nitrogen utilized in urea synthesis reaches the liver via the portal
vein, from ammonia formed in the small intestine and colon (see
below) [10–13]. Most of the nitrogen transported to the liver for
incorporation into urea is carried not as ammonia but as amino
acids, such as alanine or glutamine (see also Chapter 2.3.3).

Within the liver, glutamate and glutamine are major sources
of ammonia. Glutamate is released directly from protein, but
more importantly it is formed from other amino acids (except
lysine and threonine) released from protein breakdown in
aminotransferase reactions. Glutamate is directly formed by
deamidation of glutamine, and from proline and histidine.
Ammonia is released from glutamate by its oxidative deamina-
tion by glutamate dehydrogenase, a mitochondrial enzyme.
Glutamate dehydrogenase is present in most tissues, but its
activity is highest in the liver.

Amino acids can also be transaminated with glyoxalate to
form glycine, which is deaminated by glycine oxidase to yield
ammonia; this pathway is thought to be quantitatively import-
ant in mammalian ammonia production. Ammonia is gener-
ated by the deamidation of glutamine and asparagine and in the
histidine lyase reaction. Ammonia is also generated from serine,
threonine, cysteine, cystathione and homoserine, in pyridoxal
phosphate-dependent deamination reactions, which occur mainly
in the liver. Ammonia is also produced by amine oxidases, but
the amounts involved are small. In addition, ammonia can be
generated from the metabolism of purines and pyrimidines.
Most of the ammonia produced from purine nucleotides is
derived from adenosine monophosphate (AMP), in a reaction
catalysed by adenylate deaminase. This pathway becomes par-

ticularly important during exercise when ammonia formation
and release from muscle is increased [14].

Ammonia from the intestine

The intestine is a major site of ammonia production. Some
15–30% of the urea synthesized by the liver is degraded by 
bacterial ureases in the gut, with the liberation of ammonia and
carbon dioxide [3,15]. Urea is hydrolysed in the mucosa or the
juxtamucosal area of the colon, and to a lesser extent in the small
intestine [16]. The ammonia generated in these reactions is
completely absorbed and returns to the liver to be converted
back to urea. The oral administration of antibiotics, such as
neomycin, reduces the bacterial degradation of urea in the 
intestine [17].

A second source of ammonia from the gut, quantitatively of
equal importance, is the intestinal mucosa itself. The small intes-
tine produces a significant quantity of ammonia, which comes
primarily from the metabolism of glutamine removed from
arterial blood. The fractional glutamine extraction in the human
jejunum and ileum is 24% and 9% respectively [18]. The small
intestine also produces ammonia from the intraluminal amino
acids, alanine, leucine and glutamine, but not from threonine,
serine and glycine [19]. Most of the ammonia produced in the
colon comes from bacterial degradation of urea and other
nitrogenous substances; nonbacterial production accounts for
only 10% of the ammonia produced in the colon; in the dog,
ammonia produced by the small intestine is approximately
equal to that produced in the uncleansed colon [18]. The
ammonia from the intestine enters the portal circulation and 
the ammonia concentration in the portal vein is up to 10-fold
greater than elsewhere in the circulation.

Ammonia detoxication by the liver

There are two major pathways for ammonia detoxication by 
the liver: urea and glutamine synthesis [10–13,20,21]. Both
pathways are embedded into a sophisticated structural and
functional organization in the liver acinus [10–13,20,21].

Urea production

Approximately 90% of surplus nitrogen in humans enters the
urea cycle for irreversible conversion to urea, which is excreted
by the kidneys. Approximately 30 g of urea is excreted daily in
healthy adults. Using tracer techniques, it has been observed that
calculated urea production exceeds urinary urea excretion by
about 20–30% [22]. This difference is attributed to extrarenal
losses, largely accounted for by the intestinal hydrolysis of urea.

The urea cycle and its enzymes
The urea cycle comprises five enzymes (Fig. 1): carbamoyl-
phosphate synthetase I (CPS I), ornithine transcarbamylase
(OTC), argininosuccinate synthetase (ASS), argininosuccinate
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lyase (ASL) and arginase. For efficient functioning of the path-
way in vivo, however, further proteins are required, such as 
liver glutaminase [23], mitochondrial carbonic anhydrase V
[24], N-acetylglutamate synthetase [25], the mitochondrial
ornithine/citrulline antiporters ORNT1 and ORNT2 [26,27]
and citrin, the mitochondrial aspartate/glutamate antiporter [28]. 

The liver is quantitatively the major organ involved in urea
synthesis and it is doubtful whether other cell types, such as
enterocytes, can produce significant amounts of urea [29].
However, at least some urea cycle enzymes are found in extra-
hepatic tissues, where they are involved in providing arginine 
for nitric oxide (NO) synthesis (the so-called citrulline–NO
cycle) [30].

The initial reaction of the urea cycle is the formation of 
carbamoyl phosphate from ammonia and bicarbonate (not
CO2), a reaction catalysed by CPS I, which requires N-acetylglu-
tamate as an allosteric cofactor. Condensation of carbamoyl
phosphate with ornithine yields citrulline (by OTC); this in turn
condenses with aspartate to give argininosuccinate (by ASS), a
reaction that requires the cleavage of two further high-energy
phosphate bonds. Argininosuccinate is hydrolysed to fumarate
and arginine (by argininosuccinase). Arginine is cleaved by
arginase to give urea and ornithine. OTC, like CPS I, is also a

major mitochondrial protein [31]; the remaining enzymes are 
in the cytoplasm of hepatocytes. This necessitates the entry of
ornithine into mitochondria and the exit of citrulline, which is
brought about by the ornithine/citrulline transporters ORNT1
and 2.

This series of reactions, returning to ornithine, is known as
the ‘urea cycle’. It takes part not only in the removal of poten-
tially toxic ammonia, but also in the irreversible removal of
bicarbonate [32,33]. Although the arginase reaction is the major
fate of arginine in liver, arginine can also be used for NO synthe-
sis or undergo decarboxylation to form agmatine. Agmatinase
converts arginine to putrescine and urea; however, the physio-
logical role of this pathway is unclear [34]. 

Regulation of urea synthesis
Short-term regulation of urea synthesis occurs at the levels of
substrate provision and enzyme activities, whereas long-term
control is transcriptionally effected by changes in enzyme con-
centrations. Substrate provision for the urea cycle depends on
amino acid delivery, the activity of amino acid transport sys-
tems, and amino acid metabolizing enzymes, and these factors
are therefore important determinants of urea synthesis in vivo.
The hepatic ureagenic response in humans is acutely sensitive to
the plasma amino-nitrogen concentration, and urea production
from an exogenous amino acid load is directly related to the
plasma amino-nitrogen concentration, up to at least a concen-
tration of 15 mmol/L [35]. Urea synthesis cannot therefore be
saturated at realistic substrate concentrations.

In vitro, ASS seems to be the rate-limiting enzyme of the urea
cycle at saturating ammonia concentrations. At physiologically
low ammonia concentrations, however, carbamoyl phosphate
synthesis is the rate-controlling step in urea synthesis [36]. 

Short-term regulation of urea synthesis primarily takes place
at the level of ammonia and bicarbonate provision for mito-
chondrial CPS I, which presumably is the rate-controlling
enzyme for the cycle at physiological substrate concentrations
[11,12,21]. The Km (NH4

+) of CPS I is 1–2 mmol/L, that is, far
above the portal NH4

+ concentration of 0.2–0.3 mmol/L. Thus,
the urea cycle has a low affinity for ammonia. This low affinity is
in part compensated for by mitochondrial glutaminase, which 
is activated by its own product, ammonia, in the physiological
concentration range [37]. This unique feature of liver glutami-
nase makes this enzyme a mitochondrial amplification system
for ammonia, and glutaminase activity becomes an important
determinant of urea cycle flux [12,13,21,23]. All factors known
to increase urea synthesis, such as glucagon, ammonia, in-
creased amino acid loads or alkalosis, activate glutaminase and
accordingly, via amplification, ammonia provision for CPSI.
Urea synthesis is also controlled at the level of mitochondrial
bicarbonate supply, which is determined by pH, the CO2 con-
centration and the activity of mitochondrial carbonic anhydrase
V. This enzyme is required for the fast conversion of CO2 into
HCO3

–, which is the substrate for CPS I. Its inhibition by acetazo-
lamide blocks urea synthesis [24,38].
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small in the hepatocyte. Flux through this citrulline–NO cycle in
nonhepatic tissues is controlled by the expression of arginase
and ASS and, like inducible nitric oxide synthase, is primarily
regulated by cytokines [30]. 

Arginine protects against ammonia intoxication by stimulat-
ing N-acetylglutamate synthetase [70]. Carnitine reduces plasma
ammonia and protects against acute ammonia intoxication by
increasing urea synthesis [71]. Juvenile visceral steatosis mice
with a defect in carnitine transport exhibit decreased expression
of urea-cycle enzymes [72]. Here, probably, the accumulation of
long-chain fatty acids results in an activated protein (AP)-1-
dependent inhibition of the glucocorticoid activation of tran-
scription [73]. In addition, CPS I is irreversibly inhibited by fatty
acylation at physiological concentrations of palmitoyl-CoA [74].
Such phenomena provide a link between fatty acid metabolism
and urea synthesis. 

Drugs may influence urea synthesis. Sodium valproate
increases plasma ammonia concentrations and reduces urea
synthesis by 30% [75] due to a decrease of CPS I activity, but 
renal ammoniagenesis is also affected [76]. There is a dose-
dependent inhibition of urea synthesis by acetylsalicylic acid.

Studies using isolated perfused liver preparations have shown
that the pH of the perfusate influences the rate of urea pro-
duction [24,77,78]. Such observations are consistent with the
hypothesis that the liver plays a central role in the metabolic 
regulation of systemic pH (see later). Acetazolamide and loop
diuretics containing a sulfonamide moiety inhibit the activity 
of mitochondrial carbonic anhydrase V and act as inhibitors of
urea synthesis by impairing bicarbonate supply for carbamoyl
phosphate synthesis [79].

Ammonia detoxication by glutamine
synthesis

The other major pathway for ammonia fixation in liver is 
glutamine synthesis. Liver glutamine synthetase is a cytosolic
enzyme and its localization in liver is restricted to a small hepa-
tocyte subpopulation at the perivenous end of the liver acinus
[23,80]. These cells are free of urea-cycle enzymes [12,21]. Thus,
following the direction of sinusoidal blood flow, the two 
ammonia detoxication systems, urea and glutamine synthesis,
are anatomically switched behind each other and present the
sequence of a low- and high-affinity system for ammonia detox-
ication respectively [12,21]. The cells that contain glutamine
synthetase have been termed perivenous scavenger cells [81],
because they eliminate with high affinity the ammonia that 
was not used by the upstream urea-synthesizing compartment.
They are of crucial importance for the maintenance of nontoxic
ammonia levels in the hepatic vein: selective damage of periven-
ous scavenger cells does not impair upstream urea synthesis, 
but leads to hyperammonaemia due to a failure of scavenger
function [82]. Both in vivo and in vitro, some 7 to 25% of the
ammonia delivered via the portal vein escapes periportal urea
synthesis and is used for glutamine synthesis [23,83]. In line

Short-term increases in ureagenesis are also thought to be
mediated via N-acetylglutamate, a cofactor that stimulates CPS I
activity [39], although its role as a short-term regulator of 
overall flux through the urea cycle has been disputed [40]. An
intraperitoneal injection of a complete amino acid mixture
causes rapid activation of ureagenesis. N-Acetylglutamate
increases fivefold, causing a fivefold increase in the activity of
CPS I [41]. Because the half-life of N-acetylglutamate in the 
liver is about 20 min, there is also a rapid response to a reduced
protein intake. The concentration of ornithine may also play a
role in the regulation of CPS I activity, and of flux through the
urea cycle [42]. 

The activities of CPS I, ASS, and ASL are subject to allosteric
regulation by MgATP and free Mg2+. There is no feedback 
inhibition of the urea cycle by urea within the physiological con-
centration range. Only at very high urea concentrations is there
some inhibition of ASL [43].

In the longer term, there are changes in urea-cycle enzyme
expression following alterations in dietary protein [43–46].
Glucagon, insulin and glucocorticoids are major mediators of
these responses [47]. When protein intake is increased, there is 
a proportional increase in the total hepatic content of all five
urea-cycle enzymes, resulting in increased urea production.
Long-term regulation of urea-cycle enzymes [20] primarily
occurs at the level of transcription [48,49], and several proteins
associated with the urea cycle such as ORNT1 [26] or glutami-
nase [50] are regulated in parallel. mRNA levels for CPS I and
ASS also increase immediately following partial hepatectomy
[51]. Glucagon, which increases during starvation, and gluco-
corticoids, which increase protein breakdown, are both associ-
ated with increased enzyme levels [52] and urea production.
Glucagon also regulates urea synthesis by rapid mechanisms, by
activation of mitochondrial glutaminase [53], amino acid trans-
port [54], N-acetylglutamate synthesis [55], and stimulation of
hepatic proteolysis [56]. Insulin probably has no direct effect on
urea synthesis, but is a powerful modulator of other known hor-
monal regulators such as glucagon and a potent inhibitor of liver
proteolysis [57], and is therefore still a major regulator of urea
synthesis in vivo. Hypothyroidism is associated with increased
activity of the urea-cycle enzymes in rat liver. There is no change
in urea-cycle activity with hyperthyroidism [58], although urea
synthesis from infused amino acids increases [59]. Growth hor-
mone lowers urea production, possibly by reducing the supply
of nitrogen to the liver [60,61]. Pregnancy and ageing are also
associated with reduced urea synthesis [62,63]. Caloric restric-
tion upregulates CPS I and glutaminase [64], whereas reduction
in protein intake decreases urea synthesis [65]. 

Endotoxaemia [66] and interleukin-1 increase urea synthesis
from amino acids in vivo [67]. In livers from endotoxaemic rats,
arginase and nitric oxide synthetase can compete for arginine
[68,69]. A short circuit of the urea cycle occurs under these con-
ditions, because arginine is converted directly to citrulline and
NO by inducible nitric oxide synthase; however, compared with
total urea-cycle flux, this pathway of arginine metabolism is
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with their specialization to scavenge ammonium by glutamine
synthesis, the perivenous scavenger cells strongly express the
NH4

+ transporter RhB glycoprotein [2], ornithine aminotrans-
ferase [84] and the glutamate transporter GLT1 [85], and exhibit
high-affinity uptake systems for α-ketoglutarate, malate and
other dicarboxylates [86,87], which serve as carbon precursors
for glutamine synthesis. The mechanisms underlying the strict
zonal expression of glutamine synthetase are not settled [88],
but may involve an intronic silencer element of the gene [89]
and the Wnt/β-catenin pathway [85,90]. 

Small amounts of glutamine synthetase are also expressed 
by Kupffer cells [91]. Glutamine synthetase is strongly induced
in activated hepatic stellate cells, which may significantly con-
tribute to ammonia detoxication in fibrotic liver injury [92]. 

Short-term regulation of glutamine synthesis occurs at the
level of substrate supply [87] and covalent modifications of the
enzyme [93]. Because of the exclusive downstream localiza-
tion of glutamine synthetase in the liver acinus, flux through 
the urea cycle in the periportal compartment will determine 
the amount of ammonia reaching the perivenous scavenger
cells. Accordingly, all factors that regulate urea synthesis will
indirectly exert control on glutamine synthesis. Also, the avail-
ability of carbon skeletons can control the rate of glutamine 
synthesis.

In vivo, glutamine synthetase activity is downregulated by

hypophysectomy [94], endotoxaemia [93] and following porto-
caval anastomosis [95,96]. Glutamine and cell swelling decrease,
whereas insulin and glucocorticoids increase, the levels of glu-
tamine synthetase expression [97–99]. The age-related increase
in oxidized protein in the liver and brain is accompanied by a
loss of glutamine synthetase activity [100] and acetaminophen
inhibits its catalytic activity [101]. 

The intercellular glutamine cycle and
ammonia detoxication [12,13,21]

Whereas glutamine synthetase is localized in perivenous hepato-
cytes, glutaminase is located in periportal hepatocytes and in 
the mitochondria together with CPS. Here, glutaminase acts 
as a pH- and hormone-modulated ammonia amplifier and is an
important determinant of urea-cycle flux in view of the physio-
logically low ammonia concentrations, which are about one
order of magnitude lower than the Km (ammonia) of CPS.
Periportal glutaminase and perivenous glutamine synthetase are
simultaneously active (the so-called intercellular glutamine
cycle) [23]: glutamine utilized for ammonia amplification in
periportal hepatocytes is resynthesized in perivenous scavenger
cells from the ammonia that escaped upstream urea synthesis
(Fig. 2). The regulatory properties of the intercellular glutamine
cycle allow the liver to become a net producer or net consumer
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of hepatic ammonia and glutamine
metabolism. Periportal hepatocytes contain
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scavenger cells. Urea and glutamine synthesis
are anatomically switched behind each other
and represent functionally the sequence of a
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glutaminase flux equals glutamine synthetase
flux (the so-called ‘intercellular glutamine
cycle’): portal ammonia is completely converted
into urea. In acidosis, glutaminase flux and urea
synthesis decrease, whereas glutamine
synthetase flux increases due to an increased
ammonia delivery to perivenous hepatocytes:
the liver switches ammonia detoxication from
urea to net glutamine synthesis. From ref. 21.
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of glutamine depending on the nutritional and hormonal con-
ditions [53,102]. Intercellular glutamine cycling also provides
an effective means to shift hepatic ammonia detoxication from
urea to net glutamine synthesis in acidosis.

Urea and ammonia metabolism in liver
disease

Urea synthesis is reduced in severe liver disease [103] in parallel
with glutamine synthesis [104], and this tends to be correlated
with deterioration in other markers of hepatocellular function
[105,106]. The metabolic zonation in the human hepatic lobules
with respect to urea and glutamine metabolism is preserved in
fibrotic lesions, but is lost in cirrhotic nodules [107].

In patients with well-compensated cirrhosis, urea production
rates are similar to those of healthy controls under basal condi-
tions, but the maximal urea production capacity in response to a
protein or amino acid load is significantly reduced [35,108,109].
Reduction in the maximal capacity for urea production in
patients with cirrhosis is due to a decreased activity of all five
urea-cycle enzymes [110,111]. Near-normal urea production
rates in cirrhosis, despite the reduced capacity of the urea cycle,
are in part achieved by increased ammonia amplification due to
a 4–5-fold increase in glutaminase activity [104,112,113]. Zinc
supplementation speeds up the kinetics of nitrogen conversion
from amino acids into urea in those with cirrhosis, but not in
healthy individuals [114]. This can be explained by the zinc
dependence of several urea-cycle enzymes and carbonic anhy-
drase V, and zinc deficiency, which is frequently found in 
cirrhosis.

In patients with liver disease, there is a tendency for blood
ammonia levels to rise. The main reason for this is presumably
the failure of the liver, because of portosystemic shunting and
hepatocellular dysfunction, to remove ammonia from the portal
venous blood. Liver cirrhosis is characterized by a severe scav-
enger cell defect [104], which also occurs after portocaval shunt-
ing [95,115]. Intestinal ammonia production is only slightly
altered in liver cirrhosis [10], but may increase upon intestinal
overgrowth with urease-containing bacteria [116,117]. In the
presence of severe liver impairment and portosystemic shunt-
ing, skeletal muscle becomes an important organ in ammonia
homeostasis [118]. In patients with chronic liver failure, muscle
takes up more ammonia and releases much more glutamine
than in control subjects [119,120]. The extraction of ammonia
from the circulation is significantly less in patients with cirrhosis 
and muscle wasting [121]. Exercise causes a greater release of
ammonia from muscle in patients with cirrhosis than in control
subjects [122].

In patients with cirrhosis the blood ammonia, which is
already high, may occasionally rise further as a result of gastroin-
testinal bleeding, renal failure, acid–base disturbances, diuretics
and infections. Such infections inhibit perivenous glutamine
synthetase, due to an inactivating tyrosine nitration of the
enzyme [93]. 

Urea-cycle disorders [123,124]

Deficiencies in all five urea-cycle enzymes, N-acetylglutamate
synthetase [125,126] and glutamine synthetase [127] have been
described in humans. A genetic defect of ORNT1 leads to the 
hyperornithinaemia–hyperammonaemia–homocitrullinaemia
syndrome [26,27], and citrin mutations can cause adult-onset
type 2 citrullinaemia [29] and idiopathic neonatal hepatitis
[128]. These disorders are rare and their clinical features are 
discussed in Chapter 22.1.

pH regulation and the liver [12,21,129,130]

The regulation of the acidity of the extracellular fluid is due 
primarily to the control of plasma CO2 and HCO3

– by the lungs,
liver and kidneys. Despite its modest buffer capacity at physio-
logical pH, the bicarbonate buffer is of special interest because
the concentrations of its constituents, HCO3

– and CO2, can 
be regulated very effectively. According to the Henderson–
Hasselbalch equation: 

pH = 6.1 + log[HCO3
–]/[CO2]

Mechanisms for the maintenance of extracellular pH must
keep the [HCO3

–]/[CO2] ratio constant. Thus, CO2 and HCO3
–,

which are continuously generated during the oxidation of
energy fuels, need to be eliminated from the body at the same
velocity as they are generated metabolically. Whereas the com-
plete oxidation of fat and carbohydrates yields CO2 and water 
as the only products and the lungs fulfil the role of regulating
PCO2

, the hydrolysis of proteins yields bipolar amino acids,
whose complete oxidation generates not only CO2 and water,
but also HCO3

– and NH4
+. The latter are derived from the car-

boxylic and amino/amido moieties of amino acids, respectively,
and arise in almost equal amounts. The daily oxidation of 
100 g of protein produces about 1 mol of HCO3

– and 1 mol of
NH4

+. Thus, protein oxidation creates a strong alkali burden 
for the body, and the major pathway for removal of HCO3

– is
hepatic urea synthesis, which consumes 2 mol of HCO3

– per mol
of urea produced:

2NH4
+ + HCO3

– 2 NH2CONH2 + H+ + 2H2O

HCO3
– + H+ 2 CO2 + H2O

Summary: 2NH4
+ + 2HCO3

– → NH2CONH2 + CO2 + 3H2O

In chemical terms, urea synthesis is an irreversible, energy-
driven neutralization of the strong base HCO3

– by the weak acid
NH4

+, and the average daily excretion of 30 g of urea is equivalent
to the disposal of about 1 mol of HCO3

– per day. Thus, a major
function of hepatic urea synthesis is to effect this neutraliza-
tion, without which the body would otherwise be confronted by
a major load of alkali [32]. In vitro studies showed a sensit-
ive control of hepatic urea formation by extracellular pH, which
establishes a homeostatic feedback control loop between 
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bicarbonate-consuming urea synthesis and the actual acid–base
status. In this respect, it is important that the structural and
functional organization of the pathways of ammonia detoxica-
tion in the liver acinus uncouples urea synthesis from the vital
need to detoxify ammonia [33]. Whenever the pH and/or the
HCO3

– concentration drop in the extracellular space, the liver
responds with a decrease of urea synthesis relative to the rate of
protein catabolism and oxidation. Consequently, a fraction of
the bicarbonate generated during protein breakdown is retained
in the body and can be used to correct the underlying acidosis.
The efficiency of such a mechanism is high: a 10% inhibition of
ureogenesis relative to protein breakdown in acidosis will retain
about 100 mmol HCO3

– per day. In a well-balanced acid–base
situation, however, the rate of bicarbonate removal (urea syn-
thesis) from the organism must match the rate of bicarbonate
production (protein catabolism) and the regulation of urea-
cycle flux appears to be controlled by the rate of protein break-
down only.

pH control of urea synthesis occurs at the level of substrate
provision, but not within the urea cycle itself. The mechanisms
involved include pH-dependent changes in the NH3/NH4

+ ratio,
the pH dependence of amino acid transport across the hepato-
cyte membrane, and the regulatory properties of mitochondrial
glutaminase and carbonic anhydrase V. These enzymes adjust in
a pH-dependent manner the input of the substrates ammonia
and HCO3

– into the CPS reaction, which is, in vivo, the rate-
controlling step of urea synthesis. Lowering the extracellular 
pH from 7.4 to 7.3 already inhibits ammonia formation by liver
glutaminase by 70% [33], mainly due to an inhibition of 
glutamine transport across the plasma and mitochondrial 
membranes [131]. Uptake across the plasma membrane is ac-
complished by SN1, which couples glutamine/Na+ symport to
H+ antiport [132], and these transport characteristics may explain
the inhibition of glutamine uptake by periportal cells and simul-
taneous augmentation of glutamine export from perivenous
hepatocytes in acidosis [133]. Also, the uptake of other amino
acids into the liver is inhibited in acidosis. This shifts the 
site of amino acid catabolism from the liver to nonhepatic 
tissues [134–136]. The other enzyme, mitochondrial carbonic
anhydrase V, is also sensitively controlled by pH and plays an
important role in providing HCO3

– inside the mitochondria for
CPS [24], because the mitochondrial membrane is impermeable 
to HCO3

– but not to CO2 [137] and the rate of spontaneous
(uncatalysed) conversion of CO2 into HCO3

– is by far not fast
enough to meet the bicarbonate requirements for intramito-
chondrial biosynthetic pathways [24]. In acidosis, both carbonic
anhydrase and glutaminase are inhibited and, consequently, also
irreversible bicarbonate consumption and urea synthesis. The
regulatory properties of catalysed and uncatalysed intramito-
chondrial bicarbonate formation also allow discrimination of
respiratory from metabolic acidosis, such that urea synthesis is
inhibited much more strongly in metabolic than in respiratory
acidosis. Even at a normal extracellular pH in vitro, the liver can
respond to a decrease in buffer capacity of the extracellular

HCO3
–/CO2 system with an inhibition of urea synthesis and a

sparing of bicarbonate.
The structural and functional organization of the pathways of

nitrogen metabolism in the liver eliminates the threat of hyper-
ammonaemia, which would otherwise result from an acidosis-
induced inhibition of urea synthesis: perivenous scavenger cells
maintain ammonia homeostasis by glutamine synthesis when
upstream urea synthesis is switched off (Fig. 2). Acidosis shifts
hepatic ammonia detoxication from bicarbonate-consuming
urea synthesis to net glutamine synthesis, which is the result of
both increased perivenous glutamine formation and reduced
glutamine consumption at periportal glutaminase. Thus, inter-
cellular glutamine cycling in the liver is an elegant means to
adjust ammonia flux into either urea or glutamine depending 
on the acid–base situation. Glutamine formed by the liver and
other organs during acidosis is hydrolysed in the kidney and 
the NH4

+ is excreted as such into the urine. This process of 
so-called renal ammoniagenesis has long been known to be
stimulated in acidosis and involves the action of kidney glutami-
nase, which is regulated by pH in an opposite way to the liver
enzyme [138]. 

Thus, the kidneys function as a spillover for surplus NH4
+,

which cannot be disposed of by urea synthesis [130] (Fig. 3).
This renal contribution is critical for the pH-stat function of 
the liver, because otherwise accumulation of surplus NH4

+ in the
organism, albeit in the form of glutamine, would override the
acid–base control of hepatic HCO3

– elimination by an inadae-
quate NH4

+- (or glutamine-)driven stimulation of urea synth-
esis. With respect to ammonia and HCO3

– homeostasis, the 
liver and kidney act as a team and impairment of one organ’s
function will give rise to acid–base disturbances. It is important
to stress that it is the change of urea synthesis relative to pro-
tein breakdown that affects the bicarbonate pool in the body,
whereas absolute changes of urea synthesis do not allow con-
clusions on bicarbonate homeostasis unless the rate of protein
oxidation is assessed simultaneously. Failure to do so has led in
the past to erroneous conclusions.

Clinical consequences [139–141]

Alkalosis is reportedly present in up to 70% of cirrhotic patients,
whereas acidosis is found in less than 10%, which is usually 
a metabolic acidosis [139–141] and follows sepsis, shock and
lactate accumulation. In alkalotic cirrhotic patients, the alkalosis
was 13–60% metabolic, 20–50% respiratory and 10–30% mixed
respiratory/metabolic [139–143]. In fulminant hepatic failure,
alkalosis is present in about 75% of patients; in 30% of these
cases, the alkalosis is metabolic [140]. Clearly, the acid–base 
status in patients with liver disease is influenced not only by the
severity of liver disease itself, but also by many variables includ-
ing accompanying morbidities and drugs. 

Metabolic alkalosis in cirrhosis is often attributed to potas-
sium deficiency and hyperaldosteronism, particularly as a result
of diuretic therapy [144], but it may also be found without these
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factors. Metabolic alkalosis in liver cirrhosis may be the result of
an impaired urea synthesis [145], as suggested by an inverse rela-
tionship between plasma bicarbonate concentration in humans
in vivo and the capacity for hepatic urea synthesis in vitro
[104,112,146]. In view of the relationship between urea syn-
thesis and bicarbonate homeostasis, metabolic alkalosis may 
not only be seen as a consequence of impaired urea synthesis, but
also as representing an important driving force for residual urea
synthesis in cirrhosis. This may explain why acidotic episodes
can provoke hyperammonaemia in cirrhosis. In view of this,
careful attention has to be paid to the acid–base status, and
metabolic acidosis requires treatment [147].

The pathogenesis of respiratory alkalosis in cirrhotic patients
is less clear, but elevated progesterone and oestradiol levels
[148], hypoxaemia and hyperammonaemia may play a role
[144,149]. It was hypothesized that hyperventilation and re-
spiratory alkalosis represent a compensatory response of the 
cirrhotic patient in order to counteract the low-grade cerebral
oedema that develops in response to hyperammonaemia and
other precipitating factors of hepatic encephalopathy [5]. 

Although the liver plays a key role in lactate metabolism and
lactate levels tend to be moderately elevated, overt lactic acidosis
is relatively uncommon in liver disease and is usually found only
when there are other factors that would increase lactate produc-
tion or cause further decreases in hepatic uptake of lactate, such
as shock, sepsis and bleeding [144]. In fulminant hepatitis, the
development of lactic acidosis is associated with a uniformly
high mortality; it has been attributed to tissue hypoxia resulting
from arteriovenous shunting, as it occurred in patients with an
apparently adequate systemic blood pressure, blood flow and
arterial oxygen tension [150].
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2.3.8 Protein synthesis and
degradation in the liver
Armin Akhavan and Vishwanath R. Lingappa

Introduction

The proper physiological function of various organs relies on the
expression of biologically active molecules such as antibodies,
hormones and neurotransmitters as well as various ligands and
receptors, and the signalling and other molecules by which they
act. Many of these molecules are proteins, encoded in genes.
Some are non-protein molecules (e.g. lipids, sugars and other
small molecules such as nitric oxide gas) whose existence
requires the action of proteins (e.g. enzymes that are involved 
in their synthesis). The DNA of the genes encoding these 

proteins must be transcribed and processed into mRNAs and
exported out of the nucleus into the cytoplasm, as a prerequisite
for gene expression. This occurs by complex mechanisms that
are outside the scope of this review. Once in the cytoplasm,
mRNAs can be either quiescent, as a result of binding proteins
that prevent their translation into proteins, or actively engaged
in making their encoded polypeptides.

One important function of the liver is the synthesis and secre-
tion of a wide range of proteins into the bloodstream, including
blood clotting factors and transporter proteins such as lipopro-
teins and albumin. Another important function is the synthesis
and correct localization of integral membrane proteins of the
plasma membrane and other compartments. A common feature
of these classes of proteins is that their fates are determined 
very early during translation of the mRNAs in which they are
encoded. The nascent chains of these proteins are targeted to 
the membrane of the endoplasmic reticulum (ER), a specialized
intracellular compartment that initiates their journey by subse-
quent vesicle fission and fusion through the secretory pathway
(Fig. 1). Regulatory steps along the way ultimately determine the
amount, function and/or localization of these proteins. Some of
these steps, such as the initial event of translocation across (for a
secretory protein) or integration into (for a membrane protein)
the membrane of the ER, are, in their simplest manifestation,
irreversible events. However, under certain conditions, these
irreversible steps are overcome by cellular machineries that
degrade undesired proteins, and thereby end their action. In 
this chapter, we describe first the fundamentals of early events 
in mRNA translation and degradation of newly synthesized
secretory and membrane proteins. Subsequently, we discuss 
regulatory mechanisms of protein synthesis and degradation
with emphasis on examples relevant to liver function and 
pathophysiology.

Principles of posttranscriptional gene
expression

Translation of mRNA to protein

Translation of mRNA into protein starts by (i) binding of
methionyl-tRNA (tRNAMet) to the small ribosomal subunit
(40S), (ii) recruitment of the complex to mRNA at the first AUG
codon and (iii) joining of the large ribosomal subunit (60S) 
to the mRNA–40S complex. The eukaryotic initiation factors
(eIF) are involved in all three steps of translation initiation [1].
Shortly before the start of translation, the eIF2 (composed of α,
β and γ subunits) forms a complex with GTP and tRNAMet to
facilitate binding to the small ribosomal subunit. The bind-
ing of this preinitiation complex, known as the 43S complex, 
to mRNA is assisted both in cis and in trans. The cis element
referred to is the ‘cap’, a modified guanine nucleotide at the 5′
end of mRNA, which in many cases is critical for the recruitment
of 43S by the eIF4 complex [2]. The eIF4 complex is composed
of several proteins including: eIF4E, which physically binds the
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cap structure; eIF4A, which unwinds the secondary structures in
the 5′ untranslated region (UTR); and eIF4G, which plays a 
scaffolding role by interacting with other eIFs. Subsequent to the
formation of the ribosome–mRNA complex, the ribosome starts
translation at the AUG codon corresponding to the first methio-

nine. According to one proposal, the ribosome scans the mRNA
molecule at the 5′ UTR until it reaches the first AUG codon in 
a favourable context (known as the Kozak sequence) [3]. An
alternative mechanism for translation initiation has also been
proposed (described below).
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Fig. 1 Synthesis, maturation and degradation
of a membrane glycoprotein. A schematic
diagram of a hepatocyte is shown indicating
numbered key compartments relevant to
protein synthesis and degradation. Let us
consider the pathway involved in integral
membrane protein biogenesis and illustrate the
roles of each compartment. First, the mRNA is
transcribed, processed and exported from the
nucleus (1) via the nuclear pores (see arrow).
Translation is initiated in the cytoplasm on free
ribosomes (2) in the cytosol. Secretory and
integral membrane protein nascent chains 
are targeted to the ER (3) via the signal
recognition particle (SRP), which 
binds the signal sequence and is released 
upon interaction with the SRP receptor at the
cytoplasmic face of the ER membrane (4). This
results in opening of the translocon in the ER
membrane and translocation/integration of the
nascent polypeptide into the ER membrane.
Concurrently, the nascent chain interacts 
with luminal proteins (such as molecular
chaperones) and undergoes posttranslational
modifications (such as glycosylation and signal
sequence cleavage). The maturation of
polypeptides continues as they exit the ER and
transit the Golgi complex, composed of cis (6),
medial (7) and trans (8) stacks, by vesicle fission
and fusion. Vesicles (9) leaving the trans-Golgi
network can take a number of different 
paths depending on various determinants 
of trafficking pathways. Thus, the mature
protein is transported to its final destination at
the lysosome (10) or apical (11) or basolateral
(12) plasma membrane. All these events involve
vesicle fusion (13). Vesicles also form by
internalization from the plasma membrane
(14), leading to various endosome-related
compartments (15) including the lysosome
(10). Before exit from the ER, membrane
proteins are scrutinized by proteins termed
molecular chaperones for abnormal structural
features and/or covalent modifications. If
recognized as misfolded or unassembled, the
protein is bound by the molecular chaperone,
transported out of the ER through the
translocon ‘in reverse’ and sent for degradation
by the 26S proteasome (5). There are multiple
forms of the proteasome in multiple locations
within the cytoplasm. Also shown are the
endothelial cells (16) and red blood cells (17) on
the basolateral side of the hepatocyte. Note
that the apical plasma membrane comprises
the bile canaliculus in the hepatocyte and
represents a very small surface area compared
with the much larger basolateral surface on the
bloodstream side.
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Targeting to the secretory pathway

While the basic aspects of translation initiation and elongation
of secretory and membrane proteins are identical to those of the
cytoplasmic proteins, the biogenesis of these different classes of
proteins diverges shortly after the start of translation. Sorting
and targeting of membrane and secretory proteins to the ER
starts when the signal sequence emerges from the ribosome.
Despite very little sequence homology between them, signal
sequences can be best characterized as an extension of 20–50
amino acids containing a stretch of hydrophobic residues (the
H-domain) sandwiched between a charged (N-domain) and a
polar (C-domain) region, typically predicted to have a beta bend
in secondary structure [4]. Extensive biochemical analyses in
cell-free systems have established that the H-domain of the sig-
nal sequence is recognized by a cytoplasmic trans-acting factor
termed the signal recognition particle (SRP). Mammalian SRP 
is a ribonucleoprotein consisting of six polypeptides (SRP9,
SRP14, SRP19, SRP54, SRP68 and SRP72, where the numbers
correspond to their molecular weight) and an RNA (SRP-RNA)
[5]. Signal sequence recognition and SRP-RNA binding is
attained through SRP54, a GTPase that mediates ER targeting 
of the ribosome–nascent chain complex when bound to GTP.
During targeting, GTP hydrolysis is inhibited by both the ribo-
some and the signal sequence. Thus, translation is transiently
arrested until targeting is completed. Following targeting, the
interaction between the SRP and SRP receptor (SR) stimulates
GTP hydrolysis, SRP release and the resumption of protein 
synthesis. SR is also composed of two GTPase subunits. The α
subunit (SRα) is closely related to the GTPase domain of SRP54.
SRα interacts with SRβ, which is an integral membrane protein
with a GTPase domain related to Sar1 and the ARF family.

Translocation across the ER

Following ER targeting, translation resumes, with the chain
entering the aqueous environment of the translocation channel,
also termed the translocon. During translocation of the
polypeptide chain, the ribosome is classically viewed as forming
a tight seal with the translocon. This seal shields the nascent
chain from the cytosolic environment [6]. At this point, many
irreversible decisions are taken, and the nascent chain is folded,
covalently modified and assembled into a functional unit
through a dynamic network of protein–protein interactions [7].
Signal peptidase and oligosaccharyl transferase (OST) are
responsible for cleavage of the signal sequence at the C-domain
and addition of sugar residues to the consensus N-linked glyco-
sylation sites respectively. The folding and assembly of the
nascent chain is assisted by ER resident proteins such as 
calnexin, immunoglobulin heavy chain binding protein (BiP),
protein disulphide isomerase (PDI) and others. In addition, in
the course of translocation, whereas secretory proteins com-
pletely cross the ER membrane to enter the lumen, individual
segments of topologically distinct membrane proteins are parti-

tioned between the cytosol, the lumen and the ER membrane. In
order to accommodate these modifications and cope with the
complexity of the topology of membrane proteins, the translocon
must provide a dynamic environment for the growing poly-
peptide [8]. In eukaryotes, the translocon is formed from het-
eromeric membrane proteins referred to as the Sec61 complex
(with α, β and γ subunits) [9]. This complex is necessary and, in
some cases, sufficient for translocation. The translocation of the
majority of proteins is facilitated by the translocating chain-
associating membrane (TRAM), a multispanning glycoprotein
that aids the formation of a tight ribosome–membrane junction
through a signal sequence-dependent process [10]. In addition,
the translocon complex interacts with the ribosome, the signal
peptidase complex and the OST, as well as the translocon-
associated protein (TRAP), in a manner that accommodates the
enormous diversity of proteins that transit the secretory path-
way. Therefore, the profile of secretory and membrane protein
synthesis is dependent not only on signals encoded by the pri-
mary amino acid sequence (such as the signal sequence) but also
on a dynamic interplay between cellular factors whose inter-
actions with the nascent chain during translocation ultimately
determine protein topology and folding. Mutations in the genes 
that encode components of the ER translocation and processing
machinery have been identified in patients with autosomal-
dominant polycystic liver disease [11]. The precise mechanism
of integration into the ER membrane remains unclear. The 
simple-minded notion that hydrophobic domains are stabilized
in the bilayer as they emerge from the ribosome seems untenable
in the light of evidence that the translocation channel is aqueous
[12,13], that multiple transmembrane loops are positioned in
some cases before integration occurs [14,15] and the occurrence
of discrete charged, extracytoplasmic sequences (termed stop
transfer effector sequences) that are necessary for integration at
subsequent hydrophobic domains, at least in some cases [16,17].
However, a specific integration receptor has yet to be identified
for transmembrane protein biogenesis. Of particular interest 
is evidence of trans-acting factors that can alter the fate of a
nascent chain, taking a polypeptide that would be destined to 
be an integral membrane protein and, instead, directing it to a
different translocation/folding pathway by which it is secreted
[18,19].

Beyond the ER

During and subsequent to translation and translocation, the
newly synthesized proteins are either degraded (described in 
the next section) or further processed and matured in order to
contribute to the protein’s physiological function. Maturation
involves non-covalent folding and covalent, post- and cotransla-
tional modifications, as well as trafficking through the secretory
pathway to the correct final destination. These events may be
interconnected, for example some posttranslational modifications
occur in specialized compartments (e.g. sialylation of proteins 
in the trans-Golgi network). In other cases, a posttranslational
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membrane [28]. The proteasomal degradation pathway, on the
other hand, is largely involved in processes that require fine con-
trol of protein degradation. The 26S proteasome consists of a
central hollow cylinder (the 20S proteasome) and two caps on
each end (the 19S caps). The 20S proteasome is composed of dis-
tinct proteases arranged with their active sites facing the inner
chamber. The 19S cap includes protein subunits with ATPase
activity, which unfold proteins and move them to the interior
chamber. Perhaps the best understood function of proteasomes
is in ER-associated degradation (ERAD) [29]. It is generally
believed that the ER is equipped with machinery for the selection
of misfolded or unassembled proteins that are recognized
through exposure of structural tags (such as disulphide bonds)
or posttranslational modifications (such as signal sequence
cleavage and glycosylation) [7]. These proteins are generally
believed to be misfolded forms recognized by the ER molecular
chaperones that exercise a ‘quality control’ function over pro-
tein products before they enter the later stages of the secretory
pathway. The journey of such misfolded molecules through the
secretory pathway is blocked at the level of ER where they are,
instead, targeted for return to the cytoplasm and destruction 
by the 26S proteasome complex. For example, the majority of
mutations in the low-density lipoprotein receptor, which cause
familial hypercholesterolaemia, result in its intracellular reten-
tion and, hence, the inability of the liver to maintain lipoprotein
metabolism [30]. Other liver disorders that are caused by defec-
tive trafficking of secretory and membrane proteins include 
α-1-antitrypsin deficiency [31] and Laron syndrome (as a con-
sequence of mutations in growth hormone receptor) [32].

The details of the ERAD machinery are best understood in 
the case of glycoproteins (Fig. 1) [33]. The lectin chaperones cal-
nexin and calreticulin identify aberrant sugar residues on glyco-
proteins and retain these proteins in the ER through successive
cycles of removal and readdition of glucose residues to the core
sugars initially added during translocation across the ER mem-
brane. These cycles offer the misfolded protein an opportunity
to refold in a productive manner. If successful, the correctly
refolded molecule is deglycosylated, released and exported to the
vesicles destined for the Golgi apparatus. If refolding is unsuc-
cessful, the consequence can be degradation by the 26S protea-
some. Before degradation by the proteasome, however, these
polypeptides must recross the ER membrane through a process
referred to as retrotranslocation or dislocation [34]. Numerous
genetic and biochemical studies have suggested that Sec61, 
in addition to its well-established role in translocation, is also
critical for the disposal of unwanted proteins from the ER into
the cytosol. Recently, two parallel reports identified Derline-1 
as an ER membrane protein responsible for retrotranslocation
of certain substrates [35,36]. In all cases, the driving force for
extracting the polypeptide from the ER membrane is likely to 
be provided by the p97 ATPase complex [34]. During extraction
from the ER membrane, unwanted proteins are covalently
modified by the addition of a chain of small molecules referred
to as ubiquitin (Ub). The polyubiquitylated proteins are targeted

modification is a requisite for a particular compartmental
trafficking event (e.g. the role of mannose residue phosphoryla-
tion in directing lysosomal enzymes out of the secretory path-
way and to those organelles; see [20]).

Proteins destined for posttranslational maturation leave the
ER either by a signal-mediated event (i.e. receptor–ligand inter-
action) or by bulk flow through budding and fusion of vesicles
with consecutive organelles [21]. Budding of ER vesicles is
driven by polymerization of a protein called coat protein II
(COPII) from specialized ER exit sites. These vesicles lose their
coat and fuse to the so-called vesicular tubular clusters (VTCs),
also known as the ER–Golgi intermediate compartment. The
cargo is then taken from VTCs in vesicles to the Golgi complex.
ER resident proteins, however, recycle back to the ER in vesicles
coated with a different protein, termed COPI.

The processing and sorting of proteins continues at the Golgi
complex by sequential progress through the cis-, medial- and
trans-Golgi cisternae. Transport of the cargo from trans-Golgi to
the plasma membrane, lysosome or to other endomembranes
takes place by clathrin-coated vesicles. In addition to COP
coatomers and clathrin, various adapter proteins are involved 
in the transport of cargo between secretory compartments. The
lectin ERGIC-53, for example, is involved in the transport 
of various glycoprotein cargo including clotting factors V and
VIII [22]. Mutations in ERGIC-53 or an associated protein
(MCFD2) cause a bleeding disorder, probably by disrupting the
secretion of blood clotting factors by the liver [23].

An important dimension of postsynthetic sorting that is 
particularly prominent in the liver, but will not be discussed 
in detail here, involves directing proteins to the apical vs. the
basolateral aspects of the plasma membrane [24] (see Chapter
2.2.2). In the liver, the apical plasma membrane is limited to the
bile canalicular membrane, while the much larger basolateral
aspect is in contact with the bloodstream via the sinusoidal 
space (discussed in Chapter 2.2.2). The exocyst is a cytoplasmic
particle comprising multiple proteins that is involved in the
trafficking of vesicles during apical vs. basolateral sorting [24].
Recent evidence suggests a regulatory connection between pro-
tein synthesis and trafficking, by which, perhaps, cells are able 
to ‘keep count’ of proteins synthesized and targeted to one
membrane face vs. another [25–27]. Thus, Sec61β, a component
of the translocon complex, has been associated with binding
components of the exocyst, although the molecular mechanism
of this interaction and the regulatory feedback loops involved
remain unclear.

Degradation
Among a large number of proteases involved in protein degra-
dation, the best understood are the lysosomal and the 26S pro-
teasomal degradation pathways. The former takes place in
lysosomes, a membrane-enclosed acidic environment filled with
hydrolytic enzymes. The lysosomal degradation pathway is crit-
ical for bulk proteolysis by visceral tissues such as the liver 
and for clearance of unwanted proteins recycled from the plasma
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to the 26S proteasome, which ultimately cleaves them into small
peptides but spares the Ub moiety. In order to facilitate protea-
somal degradation, N-glycans are removed prior to proteolysis
by a ubiquitous cytosolic N-glycanase [37].

In some cases, unwanted proteins are selected for degradation
at sites other than the ER, such as in the nucleus. A recent study
has identified that the characteristics of nuclear degradation
machinery resemble those of ERAD [38].

Translational control of gene expression

In order to cope with the environmental and physiological chal-
lenges constantly encountered by organs and cells, the produc-
tion of proteins is subject to regulation at all levels of synthesis.
Since protein synthesis requires both amino acids and metabolic
energy, in some instances, such as in starvation, regulation of
translation initiation is an important survival factor. Regula-
tion of protein synthesis is also important in cases where varia-
tions of protein levels are essential for the progress of cells
through specific stages, such as the steps of the cell cycle and
development.

Regulation of translation initiation in cis and
in trans

Control of translation initiation is widespread, relying on both
the structural features of individual mRNAs (cis-regulatory fac-
tors) and the molecules involved in the translation initiation
process (trans-regulatory factors). Alternative models for the
recruitment of ribosomes to mRNA have been proposed that are
independent of the cap, such as use of an internal RNA structure
known as the internal ribosomal entry site (IRES) [39]. These
structures were first found in picornavirus mRNA [40] and later
in hepatitis C virus and related pestiviruses [41]. These viruses
manipulate cellular eIFs, either by phosphorylation or through
degradation, in a manner that blocks the cap-dependent transla-
tion without compromising IRES-mediated translation [42]. 
By doing so, the essential eIFs, which are normally engaged by
the cap-dependent translation of host mRNA, are now hijacked 
for the translation of viral mRNA through IRES-dependent 
initiation. IRES-dependent translation initiation has also been
described for a number of cellular mRNAs including BiP,
fibroblast growth factor 2, vascular endothelial growth factor
and so on [2]. Some cellular mRNAs contain a 5′ cap-dependent
initiation site in addition to an IRES element located in their
coding region [43]. This enables proteins of distinct functions 
to be generated by alternative translation initiation of a single
mRNA molecule. In an extreme case, the translation of the
fibroblast growth factor 2 can generate five different products
through four IRES sites in addition to cap-dependent translation.

In eukaryotes, IRES-dependent translation initiation is mainly
involved in the expression of a selective number of genes under
conditions in which cap-dependent protein synthesis is blocked,
such as during stress, some stages of the cell cycle and apoptosis

[42]. At least four kinases have been identified that are activated
in response to viral infection, low levels of haem in red blood
cells, amino acid starvation and during the ER stress response.
These kinases typically inhibit translation initiation through
phosphorylation of eIF2α. In addition, degradation of eIF4G,
which prevents cap-dependent translation, has been reported in
cells undergoing apoptosis or infected with certain viruses [43].
Thus, the rate and the level of translation, as well as the site of
translation initiation, are governed by structural elements of
mRNA and modification of eIFs.

Regulation of protein degradation

Examples of cellular processes regulated by degradation include
apoptosis, development, cell cycle, antigen processing and lipid
metabolism by the liver [44]. In addition, the half-life of norm-
ally short-lived proteins is thought to be determined by degra-
dation through recognition of signals inherent in their amino
acid sequence. Among these signals, the best characterized is the
N-degron of the N-end rule pathway, in which the half-life of a
protein is determined by the identity of its N-terminal amino
acid [45].

Lipid metabolism by the liver is a prime example of regulated
degradation [46]. The liver enzyme 3-hydroxy-3-methylglutaryl
coenzyme A reductase (HMGR) is an integral membrane pro-
tein of the ER, and it functions as a rate-limiting enzyme for the
synthesis of cholesterol. HMGR degradation is accelerated in the
presence of sterol precursors of cholesterol when production is
unnecessary. This process, which is similar to ERAD, is inhibited
when the flux through the sterol pathway is low and HMGR
activity is essential for cholesterol production. In addition to
HMGR, sterol regulation by the liver is subject to regulated
degradation at other levels. For example, apolipoprotein 100
(ApoB) is also degraded by the ERAD if not assembled into very-
low-density lipoprotein particles in the liver secretory pathway
[47,48]. Therefore, proteolysis directs many cellular processes,
primarily by controlling the levels of intracellular proteins, a
function that was originally solely assigned to transcription and
translational control.

Future prospects: regulation of translocation
and targeting

Relative to translation initiation and degradation, regulatory
events at the level of targeting and translocation have primarily
been limited to examples involving proofreading (accuracy)
functions. However, because many important and irreversible
events govern targeting and translocation steps, regulation at
this stage may influence key features of proteins including local-
ization, structure and function. In the following section, we will
discuss the stages of translocation and targeting that could be
points of regulation. We will also present a new view, in which
these regulatory stages could control protein conformation, a
concept that may provide a rationale for many phenomenological
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observations of protein function that cannot be explained by
conventional views [49].

The opportunity to regulate targeting begins as soon as the
signal sequence emerges from the ribosome. Recognition of the
signal sequence by the SRP results in a transient arrest in transla-
tion [50]. At this point, the time window of translation arrest
and, hence, the rate of synthesis could be regulated by signalling
events. The strength of interaction between SRP and the signal
sequence could also be modified in a manner preferable for
some signal sequences over the others. In extreme cases, disso-
ciation of SRP from the signal sequence may prevent targeting
and generate a cytoplasmic protein that serves a different func-
tion, the same function at a distinct cellular location or that 
may be rapidly degraded. The last possibility has been described
recently for PrP as a result of the inefficiency of signal sequence
function, which generates proteasomally degraded cytosolic
protein [51]. Alternatively, in the absence of bound SRP,
polypeptide chains may be synthesized in the cytoplasm and,
hence, available for signalling molecules and posttranslational
modifications that would otherwise be inaccessible during
cotranslational translocation. These modified molecules may
than be translocated across the ER through posttranslational
translocation [52]. Posttranslational modifications will not 
necessarily provide steric hindrance for translocation across 
the Sec61 channel, as N-linked glycosylation moieties are well
tolerated for retrotranslocation through the same channel.

The next opportunity for regulation comes after targeting
when the nascent chain–ribosome complex is docked at the
translocon. According to the dogma, the growing chain is pro-
tected from cytosolic factors by virtue of a tight seal formed
between the ribosome and the ER membrane. However, it 
has been shown recently that the length of the polypeptide 
chain accessible to cytosolic proteases varies depending on the 
heterogenous signal sequence [53]. Although a physiological
significance for this phenomenon remains to be demonstrated,
it can promote the exposure of an otherwise shielded mature
domain to cytosolic factors. Indeed, pause transfer sequences
have been identified in ApoB that mediate sufficient temporal
and spatial opening of the ribosome membrane junction to allow
for interaction with cytoplasmically applied macromolecules
[54].

Each step in protein biogenesis represents a unique opportun-
ity for regulation. Translation initiation, for example, is the last
step at which a cell can decide whether to express a particular
gene or not. Degradation, on the other hand, is the only way to
diminish the amounts of an already existing protein. What could
the regulatory process at the level of translocation accomplish
that is unique and inaccessible during translation initiation or
degradation? During translocation, a nascent polypeptide must
acquire its proper structure through an array of interactions and
modifications by ER resident proteins and cytosolically accessible
molecules, as well as the ribosome. At this stage, a nascent chain
is directed to multiple folded states, some of which are thermo-
dynamically unfavourable. With reference to most developing

processes, plasticity is conceivable for early translocational events
that shape the structure of a protein. For instance, trans-acting
factors (such as TRAM) could influence the energetics of protein
folding by changing the environment of the translocon in favour
of one structure over the others [55,18]. By doing so, for any
unique amino acid sequence, multiple structures and, hence,
functions could be assigned. Functionally and conformationally
distinct proteins could be selected either by signalling molecules
that impinge on trans-acting factors during translocation or by
selective degradation during or after synthesis. There is prece-
dence for both these mechanisms. First, in the case of PrP, at
least three conformationally distinct forms have been identified
arising from a single amino acid sequence. Two of these forms
span the membrane once in the opposite direction, and the 
third form is fully translocated across the membrane [56]. An
ER membrane protein (TRAP alpha) has been identified that
favours the expression of secretory PrP over the membrane
forms [18,19]. Consistent with the existence of different struc-
tures, multiple functions have been identified for PrP as both a
proapoptotic and an antiapoptotic factor [57]. Second, degrada-
tion is another way in which functionally desired proteins can be
selected. Cotranslational degradation is commonly observed for
a large fraction of newly synthesized proteins [58,59]. In the case
of the cystic fibrosis transmembrane conductance regulatory
(CFTR) gene, less than 30% of newly synthesized molecules
transit to post-ER compartments, with the majority of the wild-
type molecules retained in the ER [60]. Whereas the ER-retained
fraction degrades rapidly (half-life = 20–40 min), the post-ER
fraction is remarkably stable with a half-life of hours. This quan-
titative heterogeneity persists even after inhibiting ER-to-Golgi
traffic, indicating that differential stability is not a mere con-
sequence of distinct localization. Instead, differential stability
reflects different structural states, each with a unique folding
thermodynamic. Although in the case of CFTR, the energetically
unfavourable structural variant is retained in the ER, energet-
ically unfavourable mutant proteins have been identified that
exit the ER with an efficiency similar to wild type in a tissue-
specific manner [61]. Together, these findings imply that the
commonly observed cotranslational degradation is not merely a
way to rid the cell of non-functional molecules that are struc-
turally unstable. ERAD and other degradative machinery may
serve to prune gene expression and eliminate functional protein
conformations that are not desired at that precise time or by 
certain cell types. More studies are needed to see whether this
and other alternative notions of regulated gene expression are
generally valid or represent unusual variations observed for a
small number of specialized proteins.
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2.3.9 Glutathione
José C. Fernández-Checa and Carmen García-Ruiz

Introduction

The tripeptide glutathione (GSH) is one of the most intensively
studied intracellular non-protein thiols on account of the critical
role that it plays in cell biochemistry and physiology. GSH is a
tripeptide found in high concentrations in all cells. It is syn-
thesized from glutamate, cysteine and glycine in the cytosol in two
steps, each requiring adenosine triphosphate (ATP) hydrolysis.
GSH has certain structural features responsible for its stability
and biological functions. For instance, the peptide bond linking
the amino-terminal glutamate and the cysteine residue of 
GSH is through the γ-carboxyl group of glutamate rather than

the conventional α-carboxyl group (Fig. 1). This unusual
arrangement resists degradation by intracellular peptidases 
and is subject to hydrolysis by only one known enzyme, 
γ-glutamyltranspeptidase (GGT). Furthermore, the carboxyl-
terminal glycine moiety of GSH protects the molecule against
cleavage by intracellular γ-glutamylcyclotransferase. As a conse-
quence, GSH is only metabolized extracellularly by GGT, which
acts on the external face of certain cell types. Moreover, the 
sulphydryl group of cysteine is required for GSH’s functions, 
in particular the regulation of disulphide bonds of proteins and
the disposal of electrophiles and oxidants.

Despite its exclusive synthesis in the cytosol, GSH is dis-
tributed in intracellular organelles, including endoplasmic retic-
ulum (ER) and mitochondria. GSH is found predominantly in
its reduced form except in the ER, where it exists mainly as oxid-
ized glutathione (GSSG) to provide the adequate environment
necessary for protein metabolism. A tight connection between
ER and cytosol is necessary to ensure an appropriate secretory
function of the ER, as GSH in the cytosol reduces protein 
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Fig. 1 Structure of GSH and its constituent amino acids. The bond between
glutamate and cysteine determines the stability and resistance of GSH to
hydrolysis, while its functions are mainly determined by the SH group of
cysteine in its reduced form.
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ATP

L-Glutamate g-Glutamyl-L-cysteine
g-GCS GS

GSH

L-Cysteine L-Glycine

ADP+Pi ADP+PiATP

Fig. 2 GSH synthesis. The biosynthesis of GSH
needs glutamate, cysteine and glycine, which
are bound in two steps catalysed by g-GCS and
GS, which adds glycine to g-glutamylcysteine.
Both enzymes require ATP hydrolysis and,
hence, the synthesis of GSH is energy
consuming. In addition to g-GCS, which is the
rate-limiting enzyme, the availability of cysteine
regulates GSH synthesis.

disulphide isomerase and restores normal disulphide formation
and secretory rates. In mitochondria, however, GSH is mainly
found in reduced form and represents a minor fraction of the
total GSH pool (10–15%). Considering the volume of the mito-
chondrial matrix, the concentration of mitochondrial GSH
(mGSH) may be similar to that of cytosol (10–14 mM). Owing
to the widespread roles of GSH in cell physiology, changes in
GSH homeostasis have been implicated in the aetiology and 
progression of a number of human diseases. In this chapter, 
we review its regulation and functions and its role in oxidative
stress, hepatocyte death and liver diseases.

GSH homeostasis

GSH biosynthesis

GSH exists in high concentrations in all types of cells and is 
synthesized from precursor amino acids in the cytosol in two
steps. The regulation of GSH biosynthesis is dependent mainly
on cysteine availability and enzymatic activity [1,2]. The liver
has unique features regarding GSH regulation, as hepatocytes
are able to convert methionine to cysteine through the trans-
sulphuration pathway. In addition, the rate of GSH biosynthesis
in the hepatocyte is balanced by its rate of export, mainly into
plasma and bile. The synthesis of GSH from its constituent
amino acids, l-glutamate, l-cysteine and l-glycine, involves two
ATP-requiring enzymatic steps (Fig. 2). The first step in GSH
biosynthesis is rate limiting and catalysed by γ-glutamylcysteine
synthetase (GCS), which exhibits an absolute requirement for
either Mg2+ or Mn2+. GCS is composed of a heavy (GCS-HS) and
a light (GCS-LS) subunit, and each is encoded by different genes
in both rat and human. The heavy subunit exhibits all the cat-
alytic activity of the isolated enzyme and feedback inhibition by
GSH. The light subunit, on the other hand, plays an important
regulatory role in the overall function of the enzyme and allows
the holoenzyme to be catalytically more efficient and less subject
to inhibition by GSH than the heavy subunit alone.

GCS is regulated physiologically by two important factors:
GSH inhibition and cysteine availability. Thus, inhibition by
GSH is non-allosteric and involves binding of GSH to the gluta-
mate site of the enzyme. A second binding site for GSH has been
described and involves interaction with the thiol moiety of GSH.
On the other hand, the availability of its precursor, l-cysteine,
also regulates GCS. The apparent Km values of GCS for gluta-
mate and cysteine are 1.8 and 0.1–0.3 mM respectively. The

intracellular glutamate concentration is severalfold higher than
the Km value of GCS for glutamate, but the intracellular cysteine
concentration approximates the apparent Km value of GCS for
cysteine. Hence, both the availability of intracellular cysteine and
the activity of GCS greatly influence the rate of GSH synthesis.

The second step in the synthesis of GSH is catalysed by GSH
synthetase (GS) (Fig. 2). This enzyme has not been studied as
extensively as GCS. However, GS is not subject to feedback 
inhibition by GSH. Overexpression of GS fails to increase 
GSH levels as opposed to overexpression of GCS, which
increases GSH. However, GS deficiency in humans can result 
in dramatic metabolic consequences because the accumulated 
γ-glutamylcysteine is converted to 5-oxoproline, which can
cause severe metabolic acidosis [3].

Because the availability of cysteine is a critical determinant of
GSH synthesis, factors that regulate intracellular cysteine levels
ultimately contribute to GSH biosynthesis and, hence, cellular
GSH levels. Among these, the transport of cysteine or cystine
(and its subsequent reduction to cysteine intracellularly) or
methionine transport modulate the intracellular levels of GSH.
The transport of methionine is effective in regulating GSH
biosynthesis through the subsequent conversion of methionine
into cysteine by the trans-sulphuration pathway (Fig. 3), which
operates only in hepatocytes. In addition to the intracellular 
cysteine availability, the regulation of GCS is a critical step in
GSH homeostasis. The activity of GCS is regulated at both the
transcriptional and the posttranscriptional levels, and hormones
may modulate hepatic GSH biosynthesis through GCS regula-
tion [4].

GSH degradation

In contrast to GSH synthesis, GSH degradation occurs exclu-
sively in the extracellular space and only in cells that express the
enzyme GGT. GGT, which is abundant on the apical surface 
of most transporting epithelia, including liver canalicular and
bile ductular membranes, is the only enzyme that can initiate
catabolism of GSH, glutathione-S-conjugates and glutathione
complexes under physiological conditions. Because GGT is a
plasma membrane-bound enzyme with its active site on the
extracellular surface of the membrane, export of GSH and its
adducts into the extracellular space is the initial, and presumably
regulated, step in their turnover in all mammalian cells. GGT
removes the glutamyl moiety from GSH and GSH-containing
compounds to yield cysteinylglycine or cysteinylglycine-S-
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conjugates. These compounds are substrates for dipeptidases,
which hydrolyse the peptide bond between cysteine and glycine.
Dipeptidases are also ectoproteins; thus, these reactions also
occur in the extracellular space. The hepatic transport of GSH
into plasma and bile thus contributes to its extrahepatic meta-
bolism, which has been reviewed elsewhere [5].

Biological functions

Detoxification of Michael electrophiles and
metals

Detoxification of xenobiotics or their metabolites is one of 
the major functions of GSH. GSH, being a nucleophile, targets
electrophiles with αβ unsaturated carbonyl moieties or Michael
electrophiles. These compounds form conjugates with GSH
either spontaneously or enzymatically in reactions catalysed by
GSH S-transferases [1]. This reaction results not only in the
removal of the electrophile via its subsequent metabolism or
transport out of the cell, but also in the potential depletion of
GSH, particularly if GSH biosynthesis does not match the rate of
electrophile elimination. The metabolism of GSH conjugates
begins with cleavage of the γ-glutamyl moiety by GGT, leaving 
a cysteinyl–glycine conjugate. The cysteinyl–glycine bond is
cleaved by dipeptidase, resulting in a cysteinyl conjugate. This 
is followed by N-acetylation of the cysteine conjugate, forming 
a mercapturic acid. The metabolism of GSH conjugates to 
mercapturic acid begins in the biliary tree, intestine or kidney,
but the formation of the N-acetylcysteine conjugate usually
occurs in the kidney.

In addition to exogenous compounds, many endogenously
formed compounds also follow similar metabolic pathways.
Some examples include estradiol-17-β, leukotrienes and
prostaglandins [4,6]. GSH also forms metal complexes via 
non-enzymatic reactions. GSH is one of the most versatile and
pervasive metal-binding ligands and plays an important role 
in metal transport, storage and metabolism. GSH functions in

the mobilization and delivery of metals between ligands, in 
the transport of metals across cell membranes, as a source of 
cysteine for metal binding and as a reductant or cofactor in
redox reactions involving metals. The sulphydryl group of the
cysteine moiety of GSH has a high affinity for metals, forming
thermodynamically stable but kinetically labile mercaptides
with a number of metals, including mercury, silver, cadmium,
arsenic, lead, gold, zinc and copper.

Maintenance of thiol status

As the dominant non-protein thiol in mammalian cells, GSH is
essential in maintaining the intracellular redox balance and the
essential thiol status of proteins [1,4,6]. To achieve this, GSH
undergoes thiol–disulphide exchange in a reaction catalysed by
thiol-transferase, as follows:

Protein–SSG + GSH → protein–SH + GSSG

As this reaction is reversible, the equilibrium is determined by
the redox state of the cell, which depends on the concentrations
of GSH and GSSG [proportional to the log of (GSH)2/(GSSG)].
Normally, cellular GSSG is kept very low (< 1% of the total GSH
pool) so that protein mixed disulphide formation is limited. The
thiol–disulphide equilibrium within the cell is known to regu-
late a diverse number of metabolic processes, including enzyme
activity, transport activity and gene expression, via alteration of
redox-sensitive trans-activating factors.

Antioxidant function

As a consequence of aerobic metabolism, all aerobic organisms
are subject to a certain level of physiological oxidative stress.
Mitochondrial respiration of xenobiotic transformation through
cytochrome P450s yields reactive oxygen species (ROS) such 
as superoxide (O2

–·) and hydrogen peroxide, and can lead to the
further production of toxic oxygen radicals that can cause 
lipid peroxidation and cell injury. The endogenously produced

Methionine

Alcohol
(LPS)
TNF

SAM

SAH

Homocysteine

Other functions

S-adenosyl-L-methionine,SAM
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Fig. 3 The trans-sulphuration pathway and
role of S-adenosyl-L-methionine (SAM) in
alcohol-induced GSH regulation. In addition to
the limited availability of cysteine in the
biosynthesis of GSH, methionine meets the
need for cysteine. It is channelled for GSH
biosynthesis through the trans-sulphuration
pathway, in which the sulphur of methionine is
converted into cysteine. A key component of
this process is SAM, which acts as a GSH
precursor in hepatocytes and, hence, prevents
GSH depletion induced by agents such as
alcohol. LPS, lipopolysaccharide; ROS, reactive
oxygen species; TNF, tumour necrosis factor.
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hydrogen peroxide is reduced by GSH in the presence of 
selenium-dependent GSH peroxidase. As a result, GSH is 
oxidized to GSSG, which in turn is reduced back to GSH by
GSSG reductase at the expense of nictoinamide adenine dinu-
cleotide phosphate hydrogenase (NADPH), forming a redox
cycle. Either GSH peroxidase or GSH S-transferase can reduce
organic peroxides. Hydrogen peroxide can also be reduced by
catalase, which is present only in the peroxisome. In the mito-
chondria, GSH is particularly important because there is no
catalase and, therefore, GSH is responsible for maintaining a
functionally competent organelle [7,8]. Because mitochondria
are essential for cell function, mitochondrial GSH is a vital
antioxidant that regulates cell death pathways and, hence, is of
significance in disease progression. In addition, GSH also works
as a coenzyme for several other antioxidant enzymes such as
glutaredoxins and thioredoxins.

Cysteine storage and the g-glutamyl cycle

One of the most important functions of GSH is to store cysteine.
Cysteine is extremely unstable in the extracellular space and
rapidly auto-oxidizes to cystine, in a process producing poten-
tially toxic ROS. The γ-glutamyl cycle, first described by Meister
in the early 1970s, allows GSH to serve as a continuous source 
of cysteine [6]. In this cycle, GSH is released from the cell by 
carrier-mediated transporter(s), and the ectoenzyme GGT then
transfers the γ-glutamyl moiety of GSH to an amino acid (the
best acceptor being cystine), forming γ-glutamyl amino acid 
and cysteinylglycine. The γ-glutamyl amino acid can then be
transported back into the cell to complete the cycle. Once 
inside the cell, the γ-glutamyl amino acid can be metabolized
further to release the amino acid and 5-oxoproline, which can 
be converted to glutamate and used for resynthesis of GSH.
Cysteinylglycine is broken down by dipeptidase to generate 
cysteine and glycine, and cysteine is then taken up and converted
back to GSH, a process that occurs in most types of cells. Once
inside the cell, the majority of cysteine is incorporated into GSH;
some is incorporated into protein, depending on the need of the
cell, and some is degraded into sulphate and taurine. For most
cells, this mechanism provides a continuous source of cysteine.
Thus, the γ-glutamyl cycle allows the efficient utilization of GSH
as cysteine storage.

GSH compartmentation: 
mitochondrial GSH

GSH is synthesized exclusively in the cytosol of cells; however, 
it is distributed intracellularly, including in the ER and mito-
chondria. While GSH in the ER is important for the assembly
and secretory pathway for proteins, GSH in mitochondria
(mGSH) plays an essential role in the maintenance of a 
functionally competent organelle and has been recognized 
more recently to regulate cell death/survival pathways [8].
Mitochondria are the main consumers of molecular oxygen 

in the cell, and this process functions as a transducing device 
to provide the energy required for ATP synthesis in oxidative
phosphorylation. Most of the oxygen consumed during oxidat-
ive phosphorylation is fully reduced to water; however, a minor
percentage of oxygen is partially reduced by a single electron,
generating superoxide anion that acts on the matrix side of
mitochondria and from which other ROS and oxidants (e.g.
hydrogen peroxide) arise as byproducts of aerobic respiration.
Although mitochondria are exposed to the constant generation
of oxidant species, the organelle remains functional because of
the existence of an antioxidant defence system, starting with
transformation of superoxide anion into hydrogen peroxide 
by manganese superoxide dismutase (MnSOD). If the accumu-
lation of hydrogen peroxide is not limited, it may either oxidize
mitochondrial components (proteins, lipids, DNA) or participate
in a chain of reactions (Haber–Weiss–Fenton) that generate
more reactive free radicals, e.g. hydroxyl radical.

The task of controlling endogenous ROS in mitochondria 
is mainly accomplished by GSH, because mitochondria lack
catalase, and because GSH is an integral component of the 
redox cycle with the participation of the GSH peroxidase and
NADPH-dependent GSSG reductase. Moreover, a balance
between the activity of MnSOD and the GSH redox cycle must
exist to ensure the efficient disposal of hydrogen peroxide [7]. As
mGSH concentration is high, moderate depletion of mGSH
would not be expected to have a negative impact on the disposal
of hydrogen peroxide by GSH peroxidase or on mitochondrial
function. However, the depletion of mGSH below a critical level
would compromise the adequate reduction of hydrogen per-
oxide, particularly in conditions of stimulated ROS generation
from the mitochondrial electron transport chain. Thus, under
complex 3 inhibition by antimycin A, stimulated hydrogen 
peroxide generation is only observed when GSH is depleted to
2–3 nmol/mg protein [9], which corresponds to the range of the 
Km of GSH peroxidase for GSH (3 mM). Furthermore, because
of the existence of GSH S-transferases (GST) in mitochondria,
GSH also ensures the reduction of organic hydroperoxides,
including products of lipid peroxidation [7].

Thus, as inferred from its versatility in reducing oxidants and
in conjugating electrophiles, mGSH plays an essential role in
maintaining mitochondria in a healthy state, and its depletion
may be a key event in disease pathogenesis and sensitization 
of cells to oxidant and drug-induced cell injury. In addition, by
regulating the redox environment, mGSH influences the mito-
chondrial cell death pathway through mitochondrial membrane
permeabilization (MMP), which is recognized to play a role in
pathophysiology.

mGSH transport

The concentration of mGSH is in the range of cytosolic GSH.
However, unlike cytosol, mitochondria do not contain the 
enzymatic machinery to synthesize GSH from its constituent
amino acids. Therefore, mGSH arises from the cytosol by 
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carrier-mediated transport located in the inner membrane that
overcomes the unfavourable entry against an electrochemical
gradient [10]. The earlier characterization of the transport of
GSH into rat liver mitochondria indicated an active, energy-
dependent process stimulated by ATP and inhibited by gluta-
mate and upon collapse of the protonmotive force with
protonophores [7,10].

Although hepatic mGSH transport has been functionally
expressed in Xenopus laevis oocytes, the identification of the 
carrier(s) responsible had remained elusive until recently [11].
Indeed, the functional expression of the hepatic 2-oxoglutarate
carrier in mitochondria from Xenopus laevis, demonstrating the
transport of reduced GSH in a phenylsuccinatesensitive man-
ner, further confirmed the suggestion that the 2-oxoglutarate
carrier contributes to the transport of GSH in liver mitochondria
[11]. The initial rate of 2-oxoglutarate transport in rat liver
mitochondria was reduced following depletion of mGSH, 
suggesting a 2-oxoglutarate/GSH exchange. In contrast to the 
transport of GSH in kidney mitochondria, which occurs with 
a single kinetic component, the kinetics of GSH in rat liver 
mitochondria display a high-affinity and a low-affinity com-
ponent. Moreover, the kinetics of 2-oxoglutarate transport in 
rat liver mitochondria exhibited a single Michaelis–Menten
component with sensitivity to phenylsuccinate and GSH. Inter-
estingly, the transport of 2-oxoglutarate was dependent on
mitochondrial membrane fluidity, a characteristic feature of 
the hepatic mitochondrial transport of GSH (see below).

Thus, these studies suggest that the 2-oxoglutarate carrier
may be responsible for the low-affinity transport of GSH in rat
liver mitochondria in exchange for matrix 2-oxoglutarate.
However, the identification of alternative carriers that account
for the high-affinity transport of GSH in liver mitochondria
remains to be established. In this regard, uncoupling protein 2
(UCP2) has been suggested to favour the mitochondrial trans-
port of GSH. Although it may be conceivable that the transport
of protons back into the matrix by UCP2 may favour the move-
ment of GSH, the role of UCP2 in the transport of GSH into
mitochondria remains speculative.

Regulation of mGSH transport

Recent cumulative evidence in hepatocytes and isolated mito-
chondria indicates that the transport of mGSH is highly depen-
dent on appropriate membrane physical properties [8]. The
function of membrane proteins including carriers can be modu-
lated by the microenvironment of the membrane in which they
are inserted, and lipid composition determines the dynamic
properties of biological membranes. Both the cholesterol/
phospholipid molar ratio and the (un)saturation of fatty acyl
groups in phospholipids contribute to the membrane fluidity
changes that correspond to the transition of membranes from
gel to a liquid crystalline state. Cholesterol enrichment of cel-
lular membranes or large multilamellar liposomes have been
shown to decrease membrane fluidity monitored by fluores-

cence polarization of specific probes without an effect on the
lifetime of the excited state of the probe. On the other hand,
highly unsaturated fatty acyl chains (e.g. 20:4 and 22:6) in phos-
pholipids are unlikely to associate with cholesterol and may thus
create fluid membrane domains.

As the function of the electron transport chain can be affected
by the lipid composition of the mitochondrial inner membrane,
the regulation of mitochondrial GSH transport by membrane
fluidity has been examined in isolated rat liver mitochondria
enriched in cholesterol (reviewed in [8]). Cholesterol incor-
porated into mitochondria by incubation with a cholesterol–
bovine serum albumin (BSA) mixture results in increased
cholesterol content (two- to threefold). Although the bulk of
cholesterol (70–80%) is found in the outer membrane after
exposure to the cholesterol–BSA complex, the cholesterol incor-
porated in the inner membrane is twice as great as that present in
control mitoplasts. The measurement of fluorescence polariza-
tion of fluorescent probes indicates decreased membrane fluidity
in the cholesterol-enriched mitochondria. Cholesterol-enriched
mitochondria display impaired initial rates of GSH uptake at
different GSH concentrations, whereas the uptake of adenosine
diphosphate (ADP) through the adenine nucleotide translocator
remains unaffected. Moreover, the fluidization of cholesterol-
enriched mitochondria by A2C restored the mitochondrial 
transport of GSH despite increased cholesterol content. Thus, 
in addition to its regulation by the protonmotive force, ATP
hydrolysis and glutamate, the mitochondrial transport of GSH is
dependent on appropriate membrane fluidity.

GSH and cell death regulation

Through the maintenance of protein sulphydryls in the appro-
priate redox state, GSH can regulate important death/survival
pathways, which modulate the fate of cells in response to apop-
totic stimuli. A number of studies have shown that intracellular
GSH loss, such as that induced by stimulated efflux out of the
cell or its consumption, sensitizes different cell types to a variety
of apoptotic stimuli (reviewed in [12]). For instance, epithelial
HeLa cells expressing mutated cystic fibrosis transmembrane
conductance regulator (CFTR) display resistance to hydrogen
peroxide-mediated apoptosis accompanied by higher intracellu-
lar GSH stores and lower mitochondrial Bax levels. Recent studies
in mouse hepatocytes in which the GSH levels were depleted 
by diethylmaleate or paracetamol indicated a sensitization to
tumour necrosis factor (TNF)-induced apoptosis. In examining
the activation of stress kinases and NF-κB-dependent survival
genes, GSH depletion in the cytosol/nuclei resulted in sustained
activation of Jun N-terminal kinase (JNK) by TNF. Intriguingly,
while GSH depletion did not impair the nuclear DNA binding of
NF-κB induced by TNF, it did prevent the induction of NF-κB-
dependent survival genes such as inducible nitric oxide synthase
(iNOS). These data show a differential dependence on GSH 
levels between the NF-κB DNA-binding activity and its transac-
tivation, with the latter showing a requirement for critical GSH
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levels. Although the DNA binding of NF-κB can be modulated
by the redox environment, recent findings indicate a novel path-
way for the redox regulation of NF-κB based on mass spectrom-
etry and molecular modelling of the S-glutathionylation of
cysteine 62 of the p50 subunit of NF-κB. Thus, depending on the
extent and mechanism of GSH depletion (efflux from cytosol of
cells vs. decreased GSH/GSSG ratio), a limited storage of cell
GSH can promote cell death through sustained JNK activation
and/or suppression of NF-κB-dependent survival pathways.

In addition to the redox regulation of these death-promoting
components, the engagement of the death-inducing signalling
complex (DISC) and caspase-8 activated by ligation of death
receptors relies on the appropriate redox environment for
proper function. Through this mechanism, adequate GSH levels
are required to ensure active DISC and caspase-8 activity after
Fas stimulation in CEM and H9 cells. However, this dependence
has not been observed in HepG2 or Hepa1–6 cells, indicating
that the requirement of GSH for active DISC is cell-type specific.
In hepatocytes, for instance, the role of GSH in sensitization to
Fas or TNF is controversial. The length (prolonged vs. acute)
and extent of GSH depletion (cytosolic vs. mitochondrial) may
determine the fate of hepatocytes after Fas or TNF challenge.
Thus, the existence of additional factors, e.g. the presence of
redox-active thioredoxin in different cell types, may determine
the outcome of the delicate balance between physiological
antioxidants (GSH) and endogenously produced oxidants (ROS
and nitric oxide) in the progression of apoptosis signalling.

Role of mGSH and susceptibility to cell death

Recently, pharmacological approaches have been used selec-
tively to deplete mGSH in order to examine its role in the sus-
ceptibility of primary hepatocytes to death stimuli. By exploiting
the selective biotransformation of (R,S)-3-hydroxy-4-pentenoate
(HP) into a Michael acceptor within mitochondria by the (R)-3-
hydroxybutanoate NAD+ oxidoreductase (3-HBD) (Fig. 4), 

it has been possible selectively to deplete the mGSH pool in
intact hepatocytes while sparing cytosolic GSH, underscoring
the specific role of mGSH in apoptosis induced by TNF [13].
Preincubation of primary cultured rat hepatocytes with HP
results in sensitization to TNF-mediated cell death in the
absence of any other sensitization approach such as blocking
protein or total RNA synthesis or NF-κB activation. mGSH-
depleted hepatocytes exposed to TNF exhibit a significant and
early generation of peroxides that precedes the loss of mitochon-
drial membrane potential, release of cytochrome c and apoptotic
and necrotic demise. Similar findings have been observed when
the depletion of mGSH is induced by chronic ethanol intake,
which are reversed upon repletion of mGSH. On the other hand,
overexpression of a mitochondrial GSH transporter, the dicar-
boxylate carrier, which results in substantially higher mGSH 
levels, protects NKK-52E cells from oxidant-induced apoptosis.
In addition, mGSH depletion by triterpenoid derivatives in pan-
creatic cancer cells enhances apoptosis by a redox-dependent
mechanism, thus further validating the crucial role of mGSH in
controlling cell survival [14]. Moreover, mGSH depletion by HP
has been shown to sensitize cultured hepatocytes to hypoxia-
induced cell death [15]. Thus, mitochondria are both a source
and a target of ROS. Through the maintenance of superoxide
anion-induced hydrogen peroxide generated on the matrix side
of the mitochondrial inner membrane, the pool of mGSH serves
as a critical line of defence that controls the fate of cells in
response to apoptosis stimuli.

In addition to ensuring the appropriate redox state of critical
mitochondrial proteins (e.g. components of the mitochondrial
permeability transition pore complex), GSH in mitochondria
may also be vital in guarding the integrity of lipids. A recent
study demonstrated the critical role of cardiolipin, in collabora-
tion with proapoptotic Bcl-2 family members, in the formation
of supramolecular openings in the outer mitochondrial mem-
brane [16]. In addition to its fundamental role as a housekeeping
lipid in the organization of individual complexes into functional
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units of the respiratory chain, cardiolipin has a defined distribu-
tion pattern within mitochondria and may serve as a functional
link in the action of BH1–3 multidomain proteins, e.g. Bax, or
BH3-only Bid, to elicit the release of cytochrome c. Cytochrome
c is bound to the inner membrane by cardiolipin. Recent studies
in rat liver mitochondria have characterized a two-step process
in the release of cytochrome c, consisting of the detachment of
this protein from its membrane-anchoring lipid, cardiolipin,
followed by permeabilization of the outer membrane allowing
the release of cytochrome c into the extramitochondrial envi-
ronment. As the peroxidation of cardiolipin contributes to the
transition from tight to loose conformation of cytochrome c, an
additional aspect of the protective role of mGSH might involve
protection of cardiolipin from ROS attack. In this regard, hepa-
tocellular mGSH depletion by HP leads to intact cardiolipin 
loss and subsequent accumulation of peroxidized cardiolipin 
in mitochondrial membranes. Whether this step is essential for
mitochondrial membrane permeabilization (MMP) and, hence,
apoptosome assembly by TNF is currently being investigated in
liposomes reconstituted with intact vs. peroxidized cardiolipin.
Thus, either through the maintenance of vital mitochondrial
proteins and/or cardiolipin, mGSH depletion associated with
disease states (such as hypoxia–reperfusion injury, toxic bile
acid-induced damage and chronic alcohol intake) will favour
conditions for cell damage.

GSH depletion in liver diseases

Because GSH is a critical antioxidant, and ROS are recognized 
in the pathophysiology of liver diseases, GSH depletion is asso-
ciated with, and contributes to, the progression of liver diseases. 
In this capacity, GSH depletion may contribute to bile acid-
induced liver damage, ischaemia–reperfusion liver injury and
hepatitis B and C-induced liver damage [17,18].

Alcohol-induced liver damage is among the best character-
ized of diseases associated with GSH depletion (see also Section
12, Alcoholic liver disease). Hepatic mitochondria are recog-
nized targets of ethanol metabolism in the liver. Studies in animal
models of chronic ethanol feeding demonstrate functional 
alterations in oxidative phosphorylation, while patients with
alcoholic hepatitis display mitochondria with morphological
aberrations. Therefore, we examined the regulation of mGSH
status and transport in experimental models of chronic alcohol
feeding (reviewed in [19]). Our earlier observations more than 
a decade ago indicated that chronic ethanol intake selectively
reduced the levels of mGSH in hepatocytes. Furthermore, 
similar findings have been observed in rats fed ethanol intragas-
trically, reproducing some of the pathological findings seen in
patients ranging from steatosis to inflammation and fibrosis.
These studies demonstrate a progressive depletion of mGSH
with ethanol intake that precedes signs of liver injury in the
ethanol-fed mice. Moreover, intragastric alcohol-fed mice also
exhibit mGSH depletion that is prevented by MnSOD overex-
pression, indicating that mGSH levels are regulated by oxidative

stress. The depletion of mGSH caused by chronic alcohol feed-
ing is seen preferentially in perivenous hepatocytes and results
from a defective transport of GSH from cytosol into mitochon-
dria, as demonstrated in in vitro and in vivo tracer kinetic studies.
Consistent with the observations that mGSH depletion caused
by alcohol intake is secondary to impaired transport of GSH, we
have documented decreased membrane fluidity in alcohol-fed
livers [19]. Furthermore, acetaldehyde stimulates de novo syn-
thesis of cholesterol in HepG2 cells, which then traffics to the
mitochondrial inner membrane resulting in increased order
parameter and impaired transport of GSH into mitochondria
[20]. The fluidization of mitochondria from alcohol-fed livers
or from acetaldehyde-treated HepG2 cells with A2C restores the
ability of mitochondria to transport GSH. In agreement with the
impairment of mitochondrial GSH transport by alcohol intake,
raising cytosolic GSH levels with N-acetylcysteine, a GSH pre-
cursor, does not increase the mGSH level in hepatocytes from
alcohol-fed livers. However, S-adenosyl-l-methionine (SAM),
which, in addition to its role in promoting GSH synthesis, can
prevent alterations of membrane lipid composition including
cholesterol/phospholipid increase, prevents alcohol-induced
membrane fluidity loss in alcohol-fed rats and normalizes the
mGSH levels. Exogenous SAM prevents TNF-induced MAT1A
downregulation [21], which can also contribute to the depletion
of SAM and subsequent GSH levels (Fig. 3). Interestingly, 
treatment of alcohol-fed rats with tauroursodeoxycholic acid
replenishes mGSH levels through restoration of mitochondrial
membrane fluidity.

Thus, alcohol-stimulated cholesterol increase and subsequ-
ent deposition in mitochondrial membranes accounts for 
the impairment of GSH transport in mitochondria, leading to
depleted mGSH levels. In addition to the observations in 
hepatocytes, the depletion of mGSH has also been observed 
in alveolar type 2 cells from alcohol-fed rats resulting from
impaired transport of GSH into mitochondria.

In cirrhosis, which is also associated with mitochondrial dys-
function, similar findings of mGSH dysregulation may occur.
For instance, secondary biliary cirrhosis in rats induced by bile
duct ligation will deplete mGSH, which occurs earlier than the
observed decrease in GSH levels in liver homogenates. Although
the mechanism is not entirely clear, mitochondria from bile
duct-ligated rats exhibit altered lipid composition, with a two-
to threefold increase in the cholesterol/phospholipid ratio in the
mitochondrial inner membrane, thus raising the possibility of
impaired transport of GSH into mitochondria.

Thus, as cholesterol influences the mitochondrial transport of
GSH via the modulation of membrane physical properties, the
transport of cholesterol to mitochondria may be significant in
pathological states such as alcohol-induced liver disease (ALD).
Most of the cholesterol in membranes is located in the plasma
membrane, representing 65–80% of the total cellular choles-
terol. Mitochondria, however, are cholesterol-poor organelles,
with the outer mitochondrial membrane containing more
cholesterol than the inner membrane.
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Although the transport to and function of cholesterol in mito-
chondria is best understood in steroidogenic cells, the transport
of cholesterol to hepatic mitochondria may be important in 
the bile acid synthesis pathway through its conversion into 
27-hydroxycholesterol by the sterol 27-hydroxylase (Cyp27). 
In addition to its function as a precursor for bile acid syn-
thesis, 27-hydroxycholesterol regulates liver steatosis by acting
as a ligand of the liver X receptor (LXR) transcription fac-
tor via induction of sterol regulatory element-binding protein
(SREBP)-1c. While steroidogenic acute regulatory protein
(StAR) is key for the transport of cholesterol in steroidogenic
cells, a recently purified protein from rat liver mitochondria has
been shown to transport cholesterol to the mitochondrial inner
membrane [22]. An intermembrane protein of 57.5 kDa, which
transports cholesterol between mitochondrial membranes, has
been purified by cholesterol affinity chromatography. In addi-
tion, a recent study has reported the detection of StAR in human
liver cells, correlating its presence with the 27-hydroxylation 
of cholesterol, a process that occurs in the mitochondria and is
considered the rate-limiting step in bile acid synthesis via the
CYP27A1-initiated ‘acidic’ pathway [23]. A better understand-
ing of this process and its regulation may identify novel thera-
peutic targets to maintain mitochondrial function and improve
mGSH transport in liver diseases.

There is also a novel mechanism for cholesterol enrichment 
of mitochondrial inner membrane. Acetaldehyde can stimulate
de novo cholesterol synthesis in HepG2 cells through ER stress
[20], a process characterized by the accumulation of unfolded 
or misfolded proteins in the ER, which signals the induction 
of responsive genes [24]. Acetaldehyde increases the levels of
GADD153 and the ER-associated transcription factor SREBP,
which regulates cholesterol synthesis by activation of the 
rate-limiting enzyme hydroxymethylglutaryl-CoA reductase
(HMGCoAR). The acetaldehyde-stimulated mitochondrial
cholesterol content in HepG2 is preceded by increased levels of
GADD153 and SREBP1, mimicked by the ER stress-inducing
agents tunicamycin and homocysteine and prevented by the
HMGCoAR inhibitor lovastatin. In addition, homocysteine, 
a toxic non-protein sulphur-containing amino acid formed
exclusively upon demethylation of the essential amino acid
methionine, contributes to alcohol-induced liver injury through
ER stress [25]. Indeed, feeding mice betaine to promote 
methylation of homocysteine into methionine ameliorates 
alcohol-induced ER stress in mouse livers, indicating that
homocysteine-induced ER stress contributes to alcohol-induced
liver injury. Hence, alcohol intake leads to hyperhomocys-
teinaemia, which in turn may elicit ER stress, thereby promoting
alcohol-induced liver injury.

GSH and hepatotoxicity (see also Section 14,
Toxic liver injury)

mGSH is of critical relevance in hepatotoxicity because of 
its role in downregulating ROS and oxidants generated in the 

mitochondrial electron transport chain and maintaining 
overall mitochondrial function. For instance, patients taking
LipoKinetix, a dietary supplement marketed as a weight loss
agent, developed acute hepatotoxicity, which improved spon-
taneously after its use was discontinued. Usnic acid, a meta-
bolite found in lichen, is a key constituent of LipoKinetix; usnic
acid induces hepatocyte necrosis associated with disruption 
of mitochondrial respiration and energy metabolism, leading 
to ATP depletion and GSH depletion [26]. Furthermore, usnic 
acid increases hydrogen peroxide production in mitochondria,
indicating that the depletion of mGSH is necessary for the 
sensitization of hepatocytes to usnic acid cytotoxicity. These
findings suggest that usnic acid may be responsible, at least in
part, for hepatotoxicity and liver failure seen in patients taking
LipoKinetix.

Paracetamol (N-acetyl-p-aminophenol, APAP) is a widely
used analgesic that is considered safe when taken at therapeutic
doses. However, hepatocellular necrosis occurs at higher doses
or under conditions that enhance the susceptibility to APAP.
APAP hepatotoxicity is mediated by its metabolite N-acetyl-
p-benzoquinone imine (NAPQI), which is generated by liver
cytochrome P450, particularly cytochrome P450 2E1 (CYP2E1),
and is detoxified by conjugation with GSH. NAPQI initiates its
toxicity by first attacking mitochondria, followed by mGSH
depletion. Although APAP can decrease GSH in both cytosol
and mitochondria, the kinetics of GSH depletion in hepatocytes
exposed to APAP indicate that the depletion of mGSH precedes
that of cytosolic GSH, establishing the relevance of this GSH
pool in the hepatotoxicity of APAP [27]. Interestingly, N-acetyl-
m-aminophenol (AMAP), a non-hepatotoxic regioisomer of
APAP, depletes cytosolic GSH but not mGSH. Like many other
drugs, APAP cytotoxicity in hepatocytes is mediated through
MMP, and agents that block it, such as ciclosporin A, protect
hepatocytes against APAP-induced cell death. The synergism
between alcohol intake and susceptibility to APAP further 
illustrates the sensitization to APAP hepatocellular toxicity 
by mGSH depletion. Selective depletion of mGSH caused by
chronic ethanol feeding contributes to the enhanced susceptib-
ility to APAP toxicity. Furthermore, ethanol induces CYP2E1,
and the enhanced APAP toxicity induced by chronic ethanol is
closely associated with the magnitude of both CYP2E1 induc-
tion and mGSH depletion, as the APAP toxicity disappears when
CYP2E1 and the mGSH pool return to control levels after alco-
hol withdrawal [28]. Thus, these observations not only explain
the likely mechanisms by which ethanol potentiates the toxicity
of APAP, but also help to explain the low frequency with which
the interaction is observed given the high incidence of con-
comitant use of alcohol and APAP.
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2.3.10 Haem biosynthesis and
excretion of porphyrins
Hervé Puy and Jean-Charles Deybach

Introduction

Synthesis of porphyrins occurs in nearly all living cells: in 
animals for haem production and in plants for chlorophyll pro-
duction. Porphobilinogen (PBG) and δ-aminolaevulinic acid
(ALA) are linear porphyrin precursors, whereas porphyrins are
molecules that are cyclic precursors of haem. In mammalian
cells, haem synthesis occurs mostly in liver and erythropoietic
tissues. Eight enzymes are involved in haem synthesis from suc-
cinyl CoA and glycine; the biosynthetic pathway starts in the
mitochondrion and, after passing through three cytoplasmic
stages, re-enters the mitochondrion for the final steps of haem
formation. Therefore, the first and last three enzymes are found
in mitochondria and the others in the cytosol (Fig. 1). All these
enzymes are encoded by nuclear genes, and their full-length
human cDNA and genomic sequences have been isolated and
characterized [1]. Haemoproteins, including haemoglobin or
myoglobin, mitochondrial or microsomal cytochromes, catalase,
peroxidase, nitric oxide synthase, prostaglandin endoperoxide
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synthase, guanylate cyclase or tryptophan pyrrolase, play very
important roles in electron and oxygen transport, in the 
activation of oxygen or hydrogen peroxide and, finally, in
hydrogen peroxide decomposition.

Haem biosynthesis

Structure of porphyrins

Porphyrins are cyclic tetrapyrroles in which the pyrrole rings,
conventionally designated as A, B, C and D, are linked through
their carbon atoms by methene (–CH=) bridges (Fig. 1). All the
cyclic tetrapyrrole intermediates of the biosynthetic pathway,
with the exception of protoporphyrin IX, the last intermediate,
are porphyrinogens, which are reduced forms that are rapidly
oxidized to porphyrins when exposed to air with the loss of 
six protons. Porphyrins emit intense red fluorescence when
exposed to light at around 400 nm. Thus, spectrofluorometric
methods provide very sensitive detection and quantification of
porphyrins (Soret band).

The naturally occurring porphyrins all have side-chains on
the carbon atoms of the pyrrole rings. The porphyrin isomers
differ in the arrangement of the side-chain substituents (e.g.
acetyl and propionyl in uroporphyrins; methyl and propionyl in
coproporphyrins). Water solubility of porphyrins is favoured 
by the presence of carboxylic acid side-chains. Uroporphyrin,
the most water-soluble of the porphyrins, is excreted predom-
inantly in urine, coproporphyrin mostly in urine and partly in
bile, whereas protoporphyrin, the least soluble, is excreted only
in the bile. There are four isomers of each of these porphyrins;
only the I and III isomers occur in nature. In isomer I, the side-
chains are arranged symmetrically around the ring; in isomer
III, the substituents on ring D are reversed [2]. In animals, the
complex between ferrous iron and protoporphyrins is usually
called haem.

Biosynthesis

The two types of cells in the body that are responsible for syn-
thesizing most of the haem are the erythropoietic cells (80%)
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and the liver parenchymal cells (20%). The steps in the pathway
are outlined in Figure 1.

Synthesis of porphyrin precursors: 
d-aminolaevulinic acid and porphobilinogen
ALA synthase (EC 2.3.1.37), the first enzyme in the pathway, is 
a mitochondrial protein that requires pyridoxal phosphate as a
cofactor. Two different isoenzymes, erythroid-specific or house-
keeping, are encoded by two separate genes on different chro-
mosomes (see below). It catalyses the condensation of glycine
and succinyl-CoA, which is produced by the tricarboxylic acid
cycle, to form ALA, which is exclusively committed to the syn-
thesis of haem. ALA dehydrase (EC 4.2.1.24) then catalyses the
condensation of two molecules of ALA to form monopyrrole
PBG. The ALA dehydrase gene, situated on chromosome 9, has
two codominant alleles, 1 and 2 [3]. The isoenzymes produced
in the liver and erythroid tissue through tissue-specific alterna-
tive splicing are identical, with the form of splicing determined
by activation of an untranslated region. The ALA dehydrase-2
isoenzyme is more electronegatively charged than ALA 
dehydrase-1, and its affinity for lead, which inhibits its 
activity by competing with the zinc atoms needed for catalytic
action, is therefore higher. As a consequence, individuals with
the ALA dehydrase-2 genotype are more vulnerable to lead
exposure.

Synthesis of coproporphyrinogen III
Two cytoplasmic enzymes, PBG deaminase (EC 4.3.1.8) and
uroporphyrinogen III cosynthetase (cosynthetase; EC 4.2.1.75),
convert four molecules of PBG to uroporphyrinogen III (with
liberation of four molecules of ammonia). PBG deaminase
catalyses the polymerization of four molecules of PBG, yielding
a linear tetrapyrrole intermediate, hydroxymethylbilane (Fig. 1).
In this reaction, four units of PBG are assembled head-to-tail by

the deaminase, starting with ring A and building round to ring
D, to form the unrearranged bilane. The deaminase furnishes a
straight-chain tetrapyrrole, hydroxymethylbilane, but it is not
an enzyme for ring closure. The PBG deaminase contains, at its
catalytic site, a dipyrrolomethane cofactor. The function of the
dipyrrolomethane cofactor appears to be that of anchoring the
substrate molecules at the catalytic site and directing the con-
densation of PBG to form the tetrapyrrole. Uroporphyrinogen
III cosynthase then rapidly converts the intermediate into 
uroporphyrinogen III, a cyclic tetrapyrrole with eight carboxyl
side-chains. In the absence of this ring-closing and side-chain-
rearranging enzyme, an abortive I isomeric uroporphyrin is
formed spontaneously, and, after partial decarboxylation to I
isomeric coproporphyrinogen, is excreted via the hepatobiliary
route as well as in urine. Uroporphyrinogen decarboxylase (EC
4.1.1.37), encoded on the short arm of chromosome 1, catalyses
the stepwise decarboxylation of uroporphyrinogen III and con-
verts the four acetic acid side-chains to methyl groups to form
coproporphyrinogen III. The reactions, passing through 7-, 6-
and 5-carboxylic states of the porphyrin molecule, take place at a
single catalytic site. Only isomer III can be used in the remaining
steps [3].

Synthesis of haem
Coproporphyrinogen oxidase (EC 1.3.3.3), encoded by a gene
on chromosome 9, selectively converts two propionic acid
chains to vinyl groups on the III isomeric form of copropor-
phyrinogen and then catalyses the stepwise decarboxylation to
produce protoporphyrinogen IX. This mitochondrial enzyme,
which requires copper for its action, is not membrane bound
and was shown to be present in the intermembrane space. This
localization implies that protoporphyrinogen oxidase (EC
1.3.3.4) must cross the inner membrane because haem is formed
within the inner membrane (Fig. 2). Protoporphyrinogen 
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Fig. 2 Haem biosynthetic pathway. Association of the three terminal enzymes (coproporphyrinogen oxidase CPO, protoporphyrinogen oxidase PPOX,
ferrochelatase FECH) with the inner mitochondrial membrane.
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oxidase, encoded by a gene on chromosome 1, catalyses the 
oxidation of protoporphyrinogen IX to protoporphyrin IX: six
hydrogen atoms are removed (four from methylene bridges and
two from pyrrole rings). Only oxidized molecules (porphyrins)
are brightly coloured, whereas reduced porphyrins (por-
phyrinogens) are colourless. The final enzymatic step in haem
synthesis is the insertion of iron by the enzyme ferrochelatase
(EC 4.99.1.1), which is encoded by a gene on chromosome 18
and is localized to the inner membrane of mitochondria. Unlike
the three preceding enzymes in the haem biosynthetic pathway,
which use porphyrinogens as substrates, ferrochelatase uses pro-
toporphyrin IX; other dicarboxyl porphyrins, such as deutero-
and mesoporphyrin IX, serve as good substrates for this enzyme
in vitro. Only the reduced form of iron (Fe2+), and not Fe3+, 
is incorporated into protoporphyrin IX by the enzyme. Co2+

and Zn2+ are more efficient substrates for the enzyme than 
Fe2+. Therefore, various rates of ferrochelatase activity can be
obtained in vitro, depending upon which metal and porphyrin
substrates are used. Moreover, in humans, ferrochelatase
deficiency leads to free protoporphyrin accumulation, whereas
iron deficiency leads to zinc protoporphyrin accumulation. 
The biosynthesis of haem requires 8 mol of glycine and 8 mol 
of succinic acid [3]. Each of the enzymes and their respective
deficiency diseases are described in Chapter 16.5, Human hered-
itary porphyrias.

Haem catabolism

All cells are able to handle haem left over from the breakdown 
of haem proteins, thus preventing toxic accumulation of the
compound. Haem oxygenase 1 (HO-1, EC 1.14.99.3), situated
in the endoplasmic reticulum, is considered as a heat shock 
protein that is ubiquitously expressed, but is present in 
especially large amounts in liver and spleen, where the main
degradation of haemoglobin takes place. Combined with 
nicotinamide adenine dinucleotide phosphate hydrogenase
(NADPH) cytochrome 450 reductase, it cleaves one of the
methene bridges of the porphyrin ring and generates carbon
monoxide. The linear tetrapyrrol, biliverdin, is oxidized to
bilirubin and excreted via the liver–bile route, whereas the 
liberated iron is reutilized. HO-1 activity is induced by a variety
of stimuli, including haem itself, heavy metals, organic chem-
icals, endotoxins, hyperthermia, hypoglycaemia, burns and
oxidative stress. Stimuli that increase HO-1 gene expression
could accelerate the flux of metabolites through the haem
biosynthetic pathway, and may thereby trigger clinical symp-
toms in some forms of hepatic porphyria by overload of the
deficient enzyme [4]. The isoenzyme haem oxygenase 2 (HO-2),
encoded by another gene, is not induced by the same agents that
increase the transcription of the ubiquitous gene. This HO-2
gene is strongly expressed in brain, where it may serve to supply
the tissue with carbon monoxide, a neuronal messenger that
binds to the haem prosthetic group of guanylate cyclase generat-
ing cyclic GMP.

Regulation of haem synthesis

The mechanisms applied in the control of haem biosynthesis
differ between liver and bone marrow, the two tissues that make
haem in the largest amounts. Both erythroid-specific and non-
erythroid or ‘housekeeping’ transcripts have been identified for
each of the first four enzymes in the pathway. ALA is the first
intermediate in the haem biosynthetic pathway exclusively 
committed to haem synthesis, and the rate of ALA synthesis is 
an important controlling step for haem formation. Erythroid-
specific and housekeeping transcripts for the first step enzyme 
ALA synthase are encoded by two separate genes on different
chromosomes: the erythroid-specific gene, expressed only in
fetal liver and adult bone marrow (ALA synthase-2 on 
chromosome X), and the housekeeping gene, expressed in all
cells (ALA synthase-1 on chromosome 3). For ALA dehydrase,
porphobilinogen deaminase and uroporphyrinogen synthase,
each transcript is activated from the same gene [5].

In the liver

In the liver, the haemoprotein enzymes formed, including
cytochrome P450s, are rapidly turned over in response to cur-
rent metabolic needs. ALA synthase-1 has many features of a
rate-limiting enzyme in the production of haem. The rate of this
enzyme turnover is very rapid; the half-life of mitochondrial
ALA synthase-1 is among the shortest of all mitochondrial pro-
teins. The ALA synthase-1 activity in normal liver is the lowest
among all enzymes in the haem biosynthetic pathway. The free
intracellular haem pool inhibits ALA synthase-1 activity via a
negative feedback regulation (Fig. 3). Four potential targets for
regulating the formation of the enzyme by haem have been
identified: regulation of the production of ALA synthase at
either (i) the transcriptional level or (ii) the translational level
with a destabilization of ALA synthase mRNA by haem; (iii)
modulation of the rate of entry of the enzyme into the mito-
chondria; or (iv) direct inhibition (Fig. 4). Basal or uninduced
hepatic ALA synthase-1 provides sufficient ALA and haem to
maintain normal levels of liver haemoproteins but, when the
synthesis of the cytochrome P450 enzymes is induced and more
haem synthesis is required, ALA synthase-1 is induced. The
activity of PBG deaminase, the third enzyme in the pathway, is
close to that of ALA synthase-1. Increased hepatic ALA synthase
activity has been described during acute attacks in patients 
with acute porphyrias. ALA synthase induction is a secondary
phenomenon; it is the result of exposure to several factors 
(such as drugs, hormones) that act on an enzyme more or less
derepressed by haem deficiency. Under these conditions of ALA
synthase-1 induction and increased ALA production, such as in
an acute attack of an acute hepatic porphyria, PBG deaminase
can become a rate-limiting metabolic step. This would account
for the especially marked increases in ALA and PBG that are 
produced and excreted in acute intermittent porphyria (see
Chapter 16.5). The activity of HO, the rate-limiting enzyme for
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haem degradation to CO, iron and bile pigment, can also
influence the level of regulatory free haem in hepatocytes.
Starvation leads to increased HO activity, which may contribute
to precipitating a crisis in acute hepatic porphyrias by depleting
haem [6]. Conversely, attacks of these disorders can be pre-
vented by a high carbohydrate diet. Thus, mechanisms for both
haem synthesis and degradation can regulate haem formation.

In erythroid cells

In the erythroid cell, the synthesis of the enzymes participat-
ing in the formation of haem is under the control of iron and
erythropoietin, formed under hypoxic conditions. Indeed, 

regulatory influences in the erythrocyte act during cell differen-
tiation and, in contrast to the liver, the erythrocyte also responds
to stimuli for haem synthesis by increasing its cell numbers to
meet changing requirements for haemoglobin. The haemoglobin-
ization of the erythroid cell is controlled by the ALA synthase-2
isoenzyme, which exhibits a 75% identity in the C-terminal part
with ALA synthase-1. This enzyme, produced by a gene on the 
X chromosome, is not inducible by the drugs that induce ALA
synthase-1 in the liver and is not repressed by exogenous haem
treatment. ALA synthase-2 activity is induced only during the
period of active haem synthesis of the red cell, and its rate of 
formation, and thus its activity in the cell, is in the end regulated
by the amount of free iron present. The erythroid ALA synthase-
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mRNA
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Pre-ALAS1
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Fe2+

Haemoproteins

Gly + succinyl CoA

Fig. 4 Retroinhibition of hepatic ALA
synthase-1 (ALAS1) activity via a negative
feedback regulation mediated by the free
intracellular haem pool. Four potential targets
for regulating the formation of the enzyme by
haem are identified: (1) the transcriptional level
(trans-regulating factor haem responsive
element: HRE), (2) the translational level with 
a destabilization of ALA synthase mRNA by
haem, (3) modulation of the rate of entry of 
the enzyme into the mitochondria (mediated 
by a haem regulatory motif: HRM), (4) direct
inhibition of the enzyme activity.
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Fig. 3 Regulation of haem biosynthesis in the liver. ALA synthase-1 is rate limiting and feedback regulated by the intracellular concentration of haem. 
NE, non-erythroid form; TRP, tryptophan; NO, nitric oxide.
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Fig. 5 Regulation of ALA synthase-2
translation by free iron/IRE/IRE-BP. In iron
deficiency, the mRNA of erythroid ALA
synthase-2 is blocked by attachment to an iron
responsive element (IRE) of an IRE-binding
protein (IRE-BP), and translation of this key
enzyme is inhibited. In the presence of an
excess of iron, the lack of attachment leads to
an increase in the translation of the enzyme.
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Fig. 6 Gene structure of the human
porphobilinogen deaminase gene and its two
transcripts produced by alternative splicing. NE,
non-erythroid promoter; E, erythroid promoter.

2 gene encodes an iron-responsive element (IRE), which is 
a stable stem–loop structure on the mRNA with affinity for a
specific cytosolic protein, the IRE-binding protein (IRE-BP). If
there is enough free iron present in the erythroid cell, the IRE-
BP is modified by the formation of sulphur/iron clusters; it then
loses its ability to bind the IRE sequence. ALA synthase-2 trans-
lation is increased as a result, and the rate of formation of haem,
and thus of globin chains as well, is activated. In iron deficiency,
the unmodified IRE-BP blocks ALA synthase-2 translation by
associating with its mRNA, and haem synthesis is consequently
inhibited by lack of ALA synthase activity (Fig. 5). ALA dehy-
drase and PBG deaminase are other sites of regulation mediated
by alternative splicing. The single PBG deaminase gene is located
at chromosome 11q24.1–24.2 and contains 15 exons. It encodes
erythroid-specific and ubiquitous isoforms of PBG deaminase
that are generated by the use of separate promoters and alterna-
tive splicing of the two primary transcripts. The isoforms differ
only at their NH2 ends where the ubiquitous isoform extends for

an additional 17 residues, making a polypeptide of 361 amino
acids (Fig. 6).

The upstream promoter is active in all tissues, and thus the
enzyme encoded by the larger transcript was termed the ‘house-
keeping PBG deaminase’. The other promoter, located 3 kb
downstream, is active only in erythroid cells. It displays some
structural homology with the β-globin gene promoter, suggest-
ing that some common trans-acting factors may coregulate the
transcription of these genes during erythroid development. The
expression of ALA synthase-2, ALA dehydrase and PBG deami-
nase erythroid isogenes is determined by trans-activation of
nuclear factor GATA-1, CACC box and NF-E2 binding sites 
in the promoter areas [7]. Ferrochelatase, the final enzyme in
haem biosynthesis, may also play a significant role in controlling
the rate of haem formation in erythroid cells. Ferrochelatase
deficiency in human protoporphyria results in the accumulation
of protoporphyrin almost exclusively in erythroid tissue, even
though ferrochelatase is deficient in all other tissues in these

TTOC02_03  3/8/07  6:47 PM  Page 212



2.3 METABOLISM 213

patients. This finding suggests that ferrochelatase activity can
become rate limiting in erythroid cells, but not in other tissues,
when the enzyme itself or its substrate, iron, is partially deficient.
Although protoporphyrin is excreted only in the bile and accu-
mulates in the liver in some patients, it presumably originates in
the bone marrow.

Excretion of porphyrins and of
porphyrin precursors

Porphyrins and porphyrin precursors are excreted in urine
and/or bile (Table 1). In relation to the total rate of haem 
synthesis, excretion of porphyrins is very small; in other words,
few porphyrins (and porphyrin precursors, ALA, PBG) ‘escape’
during haem formation and therefore are not transformed into
bilirubin. Each day, bone marrow and liver synthesize about 
375 mg of haem. In humans, the mean level of ALA excreted 
in urine is ~ 3 mg/day; this means that less than 0.5% of ALA
synthesized each day has not been used for haem synthesis [8].

Urine

Porphyrin precursors
ALA and PBG are excreted only in the urine. After injection of
labelled precursors, a large fraction of labelled ALA is excreted
unaltered in urine; a small fraction is much more efficiently
incorporated into hepatic haem than into haemoglobin in 
erythropoietic cells, probably because of the relative imperme-
ability of the erythropoietic cell membrane to ALA. Injection-
labelled PBG cannot be demonstrated in the liver, probably
because it also does not pass the liver cell membrane; the imper-
meability of the cell membrane is only relative as, in instances

where the amount of endogenous PBG is considerably increased
(for instance acute porphyrias), huge amounts of PBG are found
in urine. Moderately increased excretion of precursors is also
observed in patients with hepatic diseases [8].

Porphyrins
Coproporphyrin is the predominant porphyrin in normal
human urine (Table 1). However, urine contains only 30–35%
of the total coproporphyrin; the remainder is found in bile. This
urinary and faecal distribution is combined with a differential
excretion of coproporphyrin isomers. The type 3 isomer pre-
dominates (70%) over the type 1 in urine, whereas the reverse is
found in bile. It is now widely accepted that the unequal excre-
tion rates of the isomers can be attributed to a hepatic carrier
that favours the excretion of the I isomer [9]. In several human
liver diseases with impaired hepatic excretory mechanisms,
there is an increase in the total isomer ratio towards a predom-
inance of the type 1 compound [2]. Other porphyrins present 
in normal human urine include uroporphyrin and traces of 
porphyrins with seven, six and five carboxyl groups. The inter-
mediates (porphyrinogens) are unstable and rapidly oxidize 
to their corresponding porphyrins, and a large fraction of the
porphyrins present in urine are excreted in this form of reduced
colourless precursors. Freshly voided urine from patients with
acute porphyria may have little if any increase in concentrations
of preformed porphyrin; this probably explains why urine is 
frequently normal in colour when freshly passed, but darkens
gradually on exposure to light and air. PBG can also be con-
verted non-enzymatically to porphyrins (mostly uroporphyrin
type 1): it is therefore very important to protect urine from light
and to store it between 4 and 10°C if measurement of precursors
has to be carried out.

Table 1 Normal values of haem pathway metabolites in humans: data from the Centre Français des Porphyries.

Urine Faeces Red blood cell Plasma
(per mmol creatinine) (per g dry weight) (per L) (per L)

Normal Method Normal Method Normal Method Normal Method
value value value value

d-Aminolaevulinic acid 0–3 Ion- – – – – –

(µmol) exchange 

Porphobilinogen 0–1 chromatography – – – – –

(µmol)

Total porphyrin – – 10– 200 Quantitative 500–1900 Quantitative 10–20 Quantitative

(nmol) spectrophotometry fluorimetric fluorimetric

scanning scanning

Uroporphyrin 0–10 Quantitative 0–2 HPLC 0–6 HPLC

(nmol) spectrophotometry Lack of fluorescence 

Coproporphyrin 0–20 0–60 HPLC 50–180 HPLC emission spectroscopy

(nmol) (620–630 nm)

Protoporphyrin – – 0–150 HPLC 300–1800 HPLC

(nmol)

HPLC, high-pressure liquid chromatography.
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Faeces

Significant amounts of porphyrins are excreted in faeces (mostly
all of the protoporphyrin and 70% of coproporphyrin; Table 1).
They may represent pigments that have reached the intestinal
tract with the bile, except dicarboxylic porphyrins, which are
mainly of dietary origin and may be derived from haem proteins
of ingested food or intestinal haemorrhages; they may also be
formed by intestinal microorganisms. Because of this, faecal
porphyrins should be measured only if the patient’s food has
been devoid of bleeding or ingestion of meat in the past 3 days.

The mechanism by which protoporphyrin is excreted into bile
has been studied mostly after description(s) of fatal liver disease
in erythropoietic protoporphyria (see Chapter 16.5). Among
haem-forming tissues, the bone marrow is the major source of
protoporphyrin, a very poorly water-soluble compound: in the
plasma, over 90% of protoporphyrin is bound to albumin with
some bound to haemopexin. Hepatic uptake may occur through
a process similar to that for other organic anions (such as biliru-
bin) that are bound to albumin. In the isolated, in situ-perfused
rat liver, the overall disappearance of protoporphyrin follows
first-order kinetics. Within the hepatocyte, protoporphyrin is
associated with several proteins, among them one of the Z 
class of liver cytosolic proteins [10]. The rate-limiting step for
the overall transport of protoporphyrin from plasma to bile
appeared to be canalicular secretion, as less than 5% of the 
protoporphyrin extracted by liver was secreted into bile. This
secretion should be mediated by the ABCG2/BCRP transporter,
a member of the ATP-binding cassette (ABC) family [11]. The
basal rate of bile secretion of porphyrins has been studied in
healthy humans [12]: the flow of protoporphyrin is slightly
higher than the flow of coproporphyrin; the flow of uropor-
phyrin is the lowest. Hepatic conjugation with glucuronic acid
does not occur for protoporphyrin and coproporphyrin.
Approximately 85% of hepatic protoporhyrin remains meta-
bolically unaltered before being eliminated by bile secretion;
15% of protoporphyrin extracted by the liver may be converted to
bilirubin, with non-haemoglobin haem species as intermedi-
aries, and is also excreted in bile.

Hepatic infusion of micelle-forming bile acids facilitates
canalicular protoporphyrin secretion [13]: the micelle-forming
taurocholate increased biliary protoporphyrin concentration
(by more than six times) and secretion (by more than 12 times)
considerably more than dehydrocholate (a non-micelle-forming
bile acid). Some bile acids (taurocholate and glycocholate)
increase protoporphyrin metabolism 1.7- to 2.7-fold over con-
trol values. There are a number of direct and indirect ways in
which bile acids might alter the metabolism of protoporphyrin,
including either the stimulation of the activity of enzymes 
such as ferrochelatase and HO or the solubilization of proto-
porphyrin [14]. Before its final faecal excretion, a significant
proportion of protoporphyrin is reabsorbed in the intestine and
may circulate through the enterohepatic system [13]. However,
it is not yet known how much intestinal microorganisms or food
contribute to the total fecal porphyrin excretion.
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2.3.11 Vitamins and the liver (A and D)
Masataka Okuno, Rie Matsushima-Nishiwaki and Soichi Kojima

Summary

The metabolism, pathological relevance and therapeutic appli-
cations of retinoids (vitamin A and its derivatives) and vitamin
D are reviewed in human hepatic disorders. Both vitamins have
profound effects on cell activities, including cell growth, differ-
entiation and apoptosis. Retinoids consist of several molecular
species, including retinoic acid (RA), retinol and retinylesters.
Dietary retinoids are packed in nascent chylomicrons that are
taken up by the liver, in which hepatic stellate cells (HSC) store
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the majority of body retinoids as retinylesters. The liver supplies
retinoids as retinol to meet the requirements of peripheral 
tissues through binding to its specific binding protein, retinol-
binding protein. RA is biosynthesized from retinol in target cells
and exerts its biological functions through two distinct nuclear
receptors, RA receptor (RAR) and retinoid X receptor (RXR).
An isomer of RA, 9,13-di-cis-RA, is involved in the devel-
opment of liver fibrosis. Retinoids are prime candidates for 
cancer chemoprevention by reversing the carcinogenic processes
through regulating cell proliferation and differentiation. Acyclic
retinoid, a synthetic retinoid, successfully suppresses the 
development of hepatocellular carcinoma (HCC) in cirrhotic
patients. Eradication of malignant clones by inducing apoptosis
(‘clonal deletion’) is suggested as a mechanism of the chemopre-
ventive effect. Photolysis of provitamin D3 to previtamin D3 and
its thermal isomerization to vitamin D3 take place in the skin.
Vitamin D3 is metabolized in the liver to 25-hydroxyvitamin 
D3, and then in the kidney to its biologically active form, 1,25-
dihydroxyvitamin D3 [1,25(OH)2D3]. As the liver plays a major
role in the formation of 1,25(OH)2D3, osteodystrophy often
occurs in patients with chronic liver diseases. 1,25(OH)2D3
binds to its nuclear receptor, vitamin D receptor (VDR), which
forms a heterodimer with RXR and regulates downstream genes
mainly related to calcium metabolism. VDR is expressed in 
non-parenchymal liver cells but not in hepatocytes. Vitamin D
also has immunomodulatory effects, and polymorphisms of
VDR are implicated in some autoimmune diseases, including
autoimmune hepatitis and primary biliary cirrhosis. Use of vit-
amin D for the treatment of HCC is also suggested.

Metabolism and function of retinoids

Vitamin A and its analogues, collectively termed retinoids, have
profound effects on cell activities, including cell growth, differ-
entiation, apoptosis, reproduction and morphogenesis [1].
Natural retinoids consist of retinoic acid (RA, an active metabo-
lite that binds to its nuclear receptors), retinol (a transport form
in the plasma) and retinylesters (storage forms in the tissues)
(Fig. 1) [2]. All natural retinoids originate in the diet as either
retinylesters or provitamin A carotenoids. Dietary retinylesters
and carotenoids are subjected to a series of metabolic conversions
to form retinol in the intestinal mucosa. Retinol is absorbed with
other dietary lipids, esterified to retinylesters and packed in
nascent chylomicrons. The chylomicrons are secreted into the
lymphatic system and then enter into the circulation. Most chy-
lomicron retinylesters are taken up by the liver, the major stor-
age site of body retinoids. The liver stores retinoids in the form
of retinylesters and supplies retinoids as retinol after hydrolysis
of the esters to meet the requirements of peripheral tissues.

There are specific binding proteins for retinol in the plasma
and cells, retinol-binding protein (RBP) and cellular retinol-
binding protein (CRBP) respectively [3]. RBP is synthesized in
hepatic parenchymal cells (hepatocytes) and secreted into the
plasma after binding to retinol. Although RBP has a small
molecular weight of 21 kDa, as RBP usually binds to

transthyretin (TTR) and forms a RBP–retinol–TTR complex, 
it can avoid renal glomerular filtration. After delivery of retinol
to target tissues, apo-RBP loses the binding to TTR, is rapidly
secreted through the glomerulus and is reabsorbed by the renal
proximal tubules where RBP is degraded to its constituent
amino acids. Because RBP has a short half-life of approximately
12 h, it can be used as a sensitive diagnostic tool, particularly in
diseases of the liver and kidney and in malnutrition. Plasma 
levels of RBP as well as retinol and TTR decrease in patients with
acute and chronic liver diseases. RBP and TTR levels are found
to correlate highly with the reduction of traditional markers
such as prothrombin and albumin, which indicate the severity of
liver damage. Two types of hepatic cells are known to participate 
in retinoid storage and metabolism, hepatocytes and HSCs [4].
HSCs play central roles in the storage of retinoids in the liver
(more than 75% of hepatic retinoid), although HSCs account
for only around 5% of the total liver population. Hepatocytes
take up retinoids from chylomicrons and secrete them as retinol
after binding to RBP, which is also synthesized by hepatocytes.
The mechanism by which retinoids are transferred between 
hepatocytes and HSCs remains unsolved, although some path-
ways are postulated. It is believed that HSCs take up retinol from
a retinol–RBP complex in the intercellular space that is secreted
by hepatocytes. However, some suggest that intracellular retinol
bound to CRBP is transferred directly between hepatocytes and
HSCs by means of membrane contacts, including desmosomes
and other direct intercellular channels. HSCs esterify retinol
into retinylesters (mostly retinyl palmitate) and store the esters
in the cytoplasm.

A small portion of dietary retinoids is converted to RA, a
bioactive hormone, absorbed through the portal vein and pre-
sent in the plasma bound to albumin. The majority of RA is
biosynthesized in the cells of peripheral tissues and modulates
the expression of various target genes [2]. Biosynthesis of RA is
mediated by alcohol dehydrogenase and aldehyde dehydroge-
nase, which convert retinol to retinal and retinal to RA respect-
ively. CRBP transfers retinol to these enzymes and helps in 
the formation of RA. Excess RA binds to cellular RA-binding
protein (CRABP) in the cytoplasm and is further oxidized to an
inactive metabolite by cytochrome P450 (CYP). For example,
CYPRA1 is a novel P450 that inactivates RA by hydroxylation.
CRABP acts as a buffering system to control the intracellular
concentration of RA, thereby provoking or inhibiting RA actions.
Some enzymes and proteins that modulate biosynthesis or de-
gradation of RA are under the control of RA itself. For example,
the expression of alcohol dehydrogenase, CRBP and CRABP is
upregulated by RA. Thus, the intracellular concentration of RA
is under the positive and negative feedback control of RA itself.
These regulatory systems can impose a type of check-and-
balance mechanism on RA biosynthesis and thus its function.

Retinoid receptors

RAs exert their biological functions through two distinct nuclear
receptors, RAR and RXR [5] (Fig. 2a). Both RAR and RXR 

TTOC02_03  3/8/07  6:47 PM  Page 215



216 2 FUNCTIONS OF THE LIVER

Retinyl
ester

Natural retinoid

Synthetic retinoid

Vitamin D

R CH2OH COOH

14-Hydroxy-
retro-retinol

Acyclic
retinoid

HO HO

Liver

Vitamin D3

OH

CH2OH

H3C CH3

H3C CH3

All-trans retinol

13
COOH

COOH13-cis-RA 9-cis-RA

4-HPR

OH

N

O

H

COOH

N
H

O

Am80

COOH

All-trans-RA

9

9

13

9,13-di-cis-RA

COOH

OH

25-Hydroxyvitamin D3

Kidney

HO OH

1,25-Dihydroxyvitamin D3

OH

Fig. 1 Chemical structures of retinoids and vitamin D. Retinylesters (R: fatty acid) stored in the liver are hydrolysed to all-trans-retinol that is then transported
to target cells after binding to RBP in the circulation. RA, a bioactive hormone, is biosynthesized from retinol by alcohol dehydrogenase and aldehyde
dehydrogenase in the target cells. This RA-generating process is irreversible (one-way reaction). Two isomers of RA, all-trans-RA and 9-cis-RA, activate retinoid
nuclear receptor, RAR, whereas only 9-cis RA activates the other retinoid receptor, RXR. Another isomer of RA, 13-cis-RA, is used clinically for the prevention
of head and neck cancers, and 9,13-di-cis-RA has pathological significance in liver fibrosis. 14-Hydroxy-retro-retinol enhances lymphocyte proliferation
independently of known retinoid receptors. A number of synthetic retinoids have been developed for pharmacological applications including cancer
chemotherapy and chemoprevention. Acyclic retinoid and 4-HPR successfully prevent the development of HCC and breast cancer, respectively, in clinical trials.
Am80 is a promising retinoid aiming to induce second remission in relapsed acute promyelocytic leukaemia (APL) patients who have become resistant to RA
therapy. Exposure to solar ultraviolet light converts a derivative of cholesterol (7-dehydrocholesterol) to previtamin D3 in the skin, which is rapidly subjected to
thermal isomerization to vitamin D3. Vitamin D3 is metabolized in the liver to 25-hydroxyvitamin D3, and then in the kidney to its biologically active form,
1,25-dihydroxyvitamin D3 [1,25(OH)2D3].
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consist of three subtypes, α, β and γ, characterized by a modular
domain structure. The RA molecule contains four coupled 
double bonds and thus has several stereoisomers, including all-
trans-RA (atRA) and 9-cis-RA (9cRA), 13-cis-RA (13cRA) and
9,13-di-cis-RA (dcRA) (Fig. 1). RAR interacts with both atRA
and 9cRA, whereas RXR binds only to 9cRA. 13cRA and dcRA
are relatively weak ligands for RAR and do not bind to RXR.
AtRA and 13cRA are used for the treatment and prevention of
cancer, as discussed later. DcRA is involved in the development
of liver fibrosis by inducing tissue plasminogen activator in HSCs
and subsequently activating transforming growth factor-β, 
the most potent fibrogenic cytokine [6]. Both RAR and RXR
have a DNA-binding domain called C-domain and a ligand-
binding domain (E-domain). RXR forms a homodimer as well
as heterodimers with RAR and several other nuclear receptors.
These dimers bind to their respective response elements and
subsequently activate or inhibit the expression of target genes.
RAR and RXR bind to an RA response element (RARE) and an

RXR response element (RXRE) respectively. These elements
consist of direct repeats of the core sequence AGGTCA sep-
arated by a defined number of nucleotides. RARE has direct
repeat spacers of two or five nucleotides (DR-2 and DR-5
respectively), and RXRE has a spacer of one nucleotide (DR-1)
(Fig. 2b). The tissue-specific expression patterns of the receptors
suggest that distinct functions of each subtype and functional
redundancy make the retinoid signalling highly complex. The
detailed mechanism of transactivation via RAR–RXR hetero-
dimers has been revealed recently [7] (Fig. 2a). In the absence 
of RA, the RAR–RXR heterodimer binds to corepressor com-
plexes that link between the heterodimer and histone deacety-
lases (HDACs). HDACs induce chromatin condensation and
gene silencing by removing acetyl groups from nucleosomal 
histones. The binding of RA to ligand-binding domains of RAR
and RXR induces the conformational changes in the domain,
which allows the interaction between RAR/RXR and coactivators.
Coactivators recruit histone acetyltransferases (HATs) such as
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Fig. 2 (a) Transcriptional repression and activation of RAR–RXR heterodimer. In the absence of ligands (RA), RAR–RXR heterodimer is linked to corepressor
complexes (CoR) and associated with histone deacetylases (HDACs). HDACs remove acetyl groups from histones, induce chromatin compaction and silence
the promoter region of the target genes (repression). Binding of RA to the receptor induces its conformational alteration, which destabilizes the interaction
with CoR and, instead, allows a connection to coactivators (CoAs) (derepression). CoAs mediate the association between the heterodimer and histone
acetyltransferase (HAT) complexes, which induces acetylation of histones and thus leads to chromatin decondensation. Subsequently, activation of
transcription takes place by contact with the basal transcription machinery, ATPase and other related factors (transactivation). (b) Direct repeats serve as
hormone-response elements for RAR, RXR, VDR, thyroid receptor (TR) and peroxisome proliferator activator receptor (PPAR). The elements consist of direct
repeats of core sequence AGGTCA (arrows in boxes) separated by defined numbers of nucleotides (the nucleotide number is shown between the two boxes).
RXR functions as a master regulator, forming homo- and heterodimers with RXR, PPAR, RAR, VDR and TR.
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CREB-binding proteins or p300 that induce the acetylation of
histone amino-terminal tails, resulting in nucleosomal repul-
sion and chromatin decondensation. On the other hand, a novel
retinol (but not RA) metabolite, 14-hydroxy-retro-retinol (Fig. 1),
induces lymphocyte proliferation, the activity of which cannot
be substituted by any isomers of RA, implying the presence 
of other orphan receptors and/or other retinoid signalling 
pathways independent of nuclear receptors.

In HCC, both local deficiency of retinoids in the tumour 
tissues and unresponsiveness of the cancer cells to retinoids lead
to loss of retinoid signalling and normal cell function, which
seems to be linked to the development of cancer (see also
Chapter 18.2, Malignant tumours) [8,9]. Alcohol consumption
accelerates retinoid depletion in the cirrhotic liver associated
with hepatitis virus infection, which may be related to its
enhanced carcinogenic state [10]. RXRα is phosphorylated in
HCC cells by extracellular signal-regulated kinase (Erk) 1/2 
(also called mitogen-activated protein kinase), loses its function
and is accumulated in the cancer cells [11,12], leading to their
enhanced proliferation. In addition, RARβ is suggested to be a
tumour suppressor gene in some tumours such as head and neck
cancer [7,13]. As the RARβ–RXR heterodimer is more activated
by retinoids than the RARα–RXR heterodimer, expression of
RARβ as well as RXRα may be advantageous in suppressing
tumour cell growth. Cells with normal retinoid signalling would
be deleted and, as a result, only the remaining cells with impaired
response might survive during the carcinogenic process.

Chemoprevention of HCC (see also Chapter 18.2)

Retinoids inhibit carcinogenesis at several steps (i.e. initiation,
promotion and progression) and are thus prime candidates for
cancer chemoprevention [14]. Recent advances in understand-
ing the molecular mechanisms of carcinogenesis and the parallel
progress in molecular targeting have stimulated the develop-
ment of novel synthetic retinoids for cancer chemotherapy and
chemoprevention. Some retinoids work as agonists that enhance
the transactivation via RARE or RXRE, whereas others function
as antagonists that inhibit the transcription induced by natural
RA. In addition, novel mechanisms of retinoid receptor-
independent induction of apoptosis have been reported recently
with some synthetic retinoids such as 4-hydroxyphenyl reti-
namide (4-HPR, fenretinide) [7] (Fig. 1). In clinical studies,
striking successes have been achieved in the therapy of acute
promyelocytic leukaemia (APL) as well as the prevention of 
several malignancies, including cancers of the oral cavity, head
and neck, breast, skin and liver [7,13,15]. Now, differentiation
induction therapy with RA and a synthetic RAR ligand, Am80
(Fig. 1), has become standard in the treatment of APL. 13cRA is
used clinically for the prevention of cancers in the oral cavity,
head and neck region and the skin [7,13].

HCC, one of the most frequent cancers in the world, is an
important target of cancer prevention by retinoid. HCC is
closely linked to hepatitis viral infection and commonly arises 

in livers with chronic inflammation. The annual incidence of
HCC reaches approximately as high as 3–7% in hepatitis virus-
infected cirrhotic patients [16]. Moreover, the annual incidence
rises to approximately 20–25% after the curative removal of 
the primary HCC [17,18]. Such a high carcinogenic state of 
the cirrhotic liver is a major cause of the limited 5-year survival
rate (approximately 40%) even after the curative treatment [19].
Therefore, a new strategy to prevent post-therapeutic recurrence
of HCC is required to improve further the therapeutic outcome
of HCC. A number of clinical studies have attempted different
strategies to suppress the development of HCC. For example,
interferon (IFN) suppresses hepatic necroinflammation and
thus serves to reduce the incidence of HCC [20,21]. IFN 
may belong to a category of biopreventive (or immunopre-
ventive) agents, functioning as a biological response modifier.
On the other hand, retinoids are chemopreventive agents, as the
retinoid seems to act directly on (pre)malignant cells without
modulating hepatic necroinflammation. We have developed 
a synthetic acyclic retinoid (all-trans-3,7,11,15-tetramethyl-
2,4,6,10,14-hexadecapentanoic acid or polyprenoic acid), aim-
ing for the chemoprevention of HCC (Fig. 1). A double-blind
and placebo-controlled clinical study [22,23] has shown that
oral administration of acyclic retinoid for 12 months signi-
ficantly reduced the incidence of post-therapeutic recurrence 
and subsequently improved survival. In that clinical trial, 
serum lectin-reactive α-fetoprotein (AFP-L3), which indicates
the presence of unrecognizable cancer cells in the remnant liver,
disappeared in the acyclic retinoid group after administration
[24]. These findings await validation in independent studies.
This observation suggests a new concept in cancer chemopre-
vention, ‘clonal deletion’, the removal of latent malignant (or
premalignant) cells that are invisible by diagnostic images from
the organ with a hypercarcinogenic state such as cirrhosis–HCC
sequence [25,26]. This concept may explain the reason why only
a short-term administration (12 months) of acyclic retinoid has
brought about a long-term suppressive effect on the develop-
ment of HCC for several years. Once (pre)malignant clones are
deleted, it would take at least several years for the development
of de novo cancer in the cirrhotic liver. Acyclic retinoid not only
functions as a RXRα ligand but also suppresses phosphorylation
of RXRα by inactivating the Ras/Erk system, and thereby
restores the function of RXRα [27]. Restoration of the function
of RXRα leads to apoptosis induction of the cancer cells, which
is a mechanism of clonal deletion. The detailed underlying
molecular mechanisms of retinoid-induced apoptosis are dis-
cussed elsewhere [26]. Acyclic retinoid is now being tested in a
clinical trial in Japan, aimed at chemoprevention of HCC.

Metabolism and function of vitamin D

Vitamin D is known as a ‘sunshine vitamin’ [28] because of its
dependency on sunlight for conversion to an active metabolite.
There are six vitamin D compounds, vitamin D2–D7, sharing a
common basal structure with different side-chains. Among these,
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vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol)
exert high biological activities. In particular, vitamin D3 is the
major vitamin D species in man. The first step in vitamin D3
production normally takes place in the skin. Exposure to solar
ultraviolet light converts a derivative of cholesterol, 7-dehydro-
cholesterol (provitamin D3), to previtamin D3 in the skin via a
photolysis reaction. Previtamin D3 is then rapidly subjected to
thermal isomerization to vitamin D3 in the skin. Vitamin D3
originating from either the skin or the diet is transported to the
liver microsome via the circulation, where it is converted by 
vitamin D 25-hydroxylase to 25-hydroxyvitamin D3 [25(OH)D3], 
the major circulating form of vitamin D3 (Fig. 1). The 25-
hydroxylation reaction is the prerequisite step for the subsequent
1α-hydroxylation and 24-hydroxylation reactions in the kidney.
Namely, 25(OH)D3 enters the circulation again and, in the renal
mitochondria, it is converted to 1α,25-dihydroxyvitamin D3
[1,25(OH2)D3], the active form of vitamin D3, by 25(OH)D3 
1α-hydroxylase, whereas the 24-hydroxylation reaction leads 
to inactivation and disposal of vitamin D3. Both reactions are
strictly controlled by serum phosphorus as well as by parathy-
roid hormone, calcium and 1,25(OH2)D3.

Presently, six cytochrome P450s (CYP2C11, 27A1, 2D25, 2R1,
3A4 and 2J3) are found to exhibit vitamin D 25-hydroxylation
activities, and CYP27B1 and CYP24 have been established as 
1α-hydroxylase and 24-hydroxylase respectively [29]. CYP24
metabolizes vitamin D and 1,25(OH2)D3 to their excretion
products [30]. As 24-hydroxylase is induced by 1,25(OH2)D3
itself, the vitamin has a negative feedback system. Thus, vitamin
D, like retinoids, is really more of a hormone than a vitamin.

Vitamin D plays a central role in calcium and phosphate
homeostasis and is essential for the proper development and
maintenance of bone, thus acting on the major target organs,
bone and intestine, through a vitamin D receptor (VDR), which
belongs to the class II steroid hormone superfamily and is closely
related to RAR and RXR [30] (Fig. 2b). VDR forms a het-
erodimer with RXR and regulates the downstream genes via
vitamin D-responsive element (VDRE), consisting of a direct
repeat of consensus AGGTCA separated by three nucleotides
(DR-3) (Fig. 2b). Among such genes, as described above, CYP24
(24-hydroxylase) is the most inducible gene, and participates 
in the degradation of vitamin D. When VDR interacts with
1,25(OH2)D3, VDR moves away from the corepressor and
acquires the ability to recruit coactivators after forming a het-
erodimer with RXR at VDRE, which is similar to the regulation
of RAR/RXR (Fig. 1a). VDR is expressed not only in the well-
known target cells such as osteoblasts and renal tubule cells, but
also in a variety of cells including colon cells, lymphocytes and
promyelocytes, suggesting novel functions for the hormone
beyond osseous tissues [30]. Indeed, 1,25(OH2)D3 is a potent
regulator of cell growth and differentiation, with recent evidence
showing inhibition of tumour invasion, angiogenesis and
tumour cell death [31]. For example, 1,25(OH2)D3 has been
shown to induce terminal differentiation of promyelocytes to
monocytes [32].

The liver is generally considered to be negative for VDR,
although it is obviously a direct target organ of 1,25(OH2)D3
[33]. This may be explained by the low expression of VDR in
hepatic parenchymal cells but significant expression in non-
parenchymal cells including sinusoidal endothelial, Kupffer,
stellate and biliary epithelial cells [34]. VDR expression is also
positive in HCC, and thus experimental and clinical trials to use
1,25(OH2)D3 for the treatment of HCC have been suggested
[31,35].

Osteodystrophy (osteomalacia and osteoporosis) is often 
seen in patients with advanced chronic liver diseases [36]. Serum
25(OH)D3 concentrations of < 80 nmol/L are associated with
reduced calcium absorption, osteoporosis and increased frac-
ture risk [37]. However, although serum levels of 1,25(OH2)D3
are low in cirrhotic patients, this does not correlate with the
bone formation rates [38]. Thus, the pathogenesis of the bone
disease is multifactorial, including not only altered vitamin D
metabolism, but also other factors such as impaired vitamin K
activity, malnutrition and hypogonadism.

A potential link between vitamin D and the immune system
has emerged as an interesting area of investigation [39]. Vitamin
D interacts with helper T lymphocytes and thereby suppresses
the inflammatory responses. For example, inflammatory bowel
diseases (IBDs), including ulcerative colitis and Crohn’s disease,
are closely related to vitamin D deficiency [40]. In addition,
VDR deficiency has been shown to exacerbate IBD in experi-
mental animals. Vitamin D-deficient mice on low-calcium diets
developed severe IBD, and 1,25(OH2)D3 treatment of mice
improved IBD symptoms [39]. Thus, the idea of using vitamin D
for the suppression of IBD has been proposed. The link between
VDR polymorphisms and two autoimmune-related liver dis-
eases, autoimmune hepatitis and primary biliary cirrhosis, has
also been suggested, although the underlying mechanism has
not yet been clarified [41,42].

Because both retinoids and vitamin D are fat-soluble vitamins
and can thus accumulate when intake is excessive, less toxic 
synthetic analogues have been developed for use as clinical 
therapeutics (for detailed descriptions of their toxic effects, 
see Chapter 14.2, Toxic liver injury, and Chapter 14.4, Hepatic
toxicity induced by herbal medicines).
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2.3.12 Normal iron metabolism
Kyle E. Brown

Introduction

Iron is an essential nutrient, but one with considerable potential
for toxicity. It is therefore understandable that the uptake and
disposition of iron are controlled by elaborate physiological
mechanisms. Although the highly regulated nature of iron
metabolism has been recognized for decades, the mechanisms
governing its regulation have only recently been elucidated. This
has been made possible by the discovery of a variety of proteins
involved in iron transport, as well as the iron-regulatory 
hormone, hepcidin. The aim of this chapter is to provide an
overview of iron metabolism with an emphasis on these new 
discoveries, particularly as they relate to the liver.

Overview of iron metabolism

Before describing these discoveries, a brief review of iron
metabolism is necessary. Iron metabolism is a highly conservat-
ive process characterized by recycling. The body of the average
adult male contains approximately 5 g of iron, of which the 
single largest component is the haemoglobin contained in the
erythrocytes. At the end of their relatively short lifespan, these
cells are destroyed, their haemoglobin catabolized and the
resulting iron made available for reuse in the synthesis of
haemoglobin, myoglobin or any of a number of iron-requiring
enzymes, including the cytochrome P450 system, ribonucleotide
reductase and the prolyl hydroxylases. In an iron-replete indi-
vidual, some iron is stored, primarily in the liver, spleen and
bone marrow. Hence, once absorbed, iron is conserved. This
observation is underscored by the fact that there is no regulated
pathway for the excretion of iron, and daily iron loss is neglig-
ible, resulting mostly from desquamation of cells.

Given the lack of a regulated means of excreting iron, the 
control of iron uptake is clearly of paramount importance. The
duodenum and proximal jejunum are the main sites of absorp-
tion of dietary iron. Haem iron is absorbed more efficiently 
than non-haem iron, apparently by endocytosis of the intact
iron–protoporphyrin complex at the enterocyte brush border.

Iron is then liberated from the haem moiety by the action of
haem oxygenase and enters the intracellular iron pool from
which it can be transferred across the basolateral membrane,
bind to transferrin and enter the circulation. In contrast, the
absorption of non-haem iron is more limited, in part as a result
of its more complex uptake. As detailed below, absorption of
non-haem iron requires reduction of ferric iron at the brush
border membrane, followed by internalization by a proton-
coupled transporter. Presumably, once iron derived from non-
haem sources enters the intracellular iron pool within the 
enterocyte, its fate is similar to that of haem-derived iron. It 
is worth noting that, although a great deal has been learned
about the mechanisms controlling iron absorption, iron stores
exert a major influence on this process under physiological con-
ditions but the means by which iron stores are sensed remains
unclear.

Iron transport and uptake mechanisms

Because of the ability of iron to catalyse the production of 
reactive intermediates, its uptake and transit through the body
require mechanisms to diminish its reactivity and thus prevent
free radical generation. One of the means by which this is
accomplished is by the binding of iron to proteins for trans-
portation and storage. Thus, iron is transported in the blood
bound to transferrin. Each molecule of transferrin can bind 
two atoms of ferric iron. Transferrin-bound iron is taken up at
the cell membrane by the interaction of transferrin with the
extracellular ligand-binding domain of the transferrin receptor
1 (TfR1). Upon binding of transferrin to TfR1, the entire com-
plex is internalized by receptor-mediated endocytosis. Iron 
dissociates from transferrin in the acidic milieu of the endo-
some and then enters the intracellular iron pool, from which it 
is incorporated into iron-containing proteins, while apotrans-
ferrin and TfR1 are recycled to the cell membrane.

The abundance of TfR1 is regulated by cellular iron status,
while the identical mechanism controls expression of the iron-
storage protein ferritin in an inverse manner. Cellular iron con-
tent determines the composition of a cytosolic protein termed
the iron regulatory protein 1 (IRP1). Under iron-replete condi-
tions, IRP1 contains a 4Fe–4S cluster that is unable to bind to
iron-responsive elements (IRE) in the mRNAs of TfR1 and fer-
ritin. When cellular iron content is low, the iron–sulphur cluster
is disassembled, liberating an apo-IRP that binds to specific
stem–loop structures in the 3′ or 5′ untranslated regions (UTRs)
of the mRNAs encoding these proteins. In the case of TfR1, the
IREs are located in the 3′ UTR, and binding of IRP1 increases 
the stability of the message and enhances the synthesis of TfR1.
Conversely, binding of IRP1 to the IREs in the 5′ UTR of ferritin
mRNA mediates translation repression. Thus, under iron-
replete conditions, there is more rapid turnover of TfR1 mRNA,
leading to diminished translation and cell-surface expression 
of TfR1, reduced uptake of transferrin-bound iron and an
expanded capacity for iron storage through increased synthesis
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of ferritin. Cellular iron deficiency, on the other hand, reverses
these phenomena by promoting TfR1 expression and uptake of
transferrin-bound iron while diminishing synthesis of ferritin.

In contrast to TfR1, the recently described transferrin recep-
tor 2 (TfR2) has a rather restricted tissue distribution, with 
the liver the predominant site of expression, and lower levels
reported in erythroid precursors and enterocytes [1]. Inter-
estingly, both the 3′ and the 5′ UTRs of TfR2 mRNA lack 
IREs, indicating that its regulation differs from that of TfR1.
Consistent with this observation, hepatic TfR2 expression is not
downregulated by iron overload [2]. Given that the liver is a
major site for iron storage, the high level of expression of TfR2
and its lack of responsiveness to iron status might be viewed as a
protective mechanism, selectively diverting iron to hepatocytes
under conditions in which circulating levels of transferrin-
bound iron are high and peripheral iron stores are replete.
However, the notion that TfR2 merely serves as a reserve is con-
tradicted by the finding that subjects with mutations affecting
TfR2 develop a form of non-HFE haemochromatosis (type 3)
[3]. These observations indicate that TfR2 must serve additional
functions, perhaps playing a role in modulating intestinal iron
uptake and/or sensing of body iron stores.

In normal individuals, nearly all cellular acquisition of iron
from blood occurs via transferrin receptor-mediated uptake, as
virtually all the iron in the circulation is bound to transferrin. In
circumstances in which the binding capacity of transferrin
becomes saturated, as for example in iron loading disorders,
iron forms low-molecular-weight complexes, the most abund-
ant of which is iron citrate. It has been known for years that 
hepatic clearance of this non-transferrin-bound iron (NTBI) is
rapid and highly efficient. Furthermore, studies in isolated per-
fused rat livers and cultured hepatocytes indicated that hepatic
uptake of NTBI involves a membrane carrier protein whose iron
transport function is subject to competition by other divalent
metal ions. Based on these characteristics, it appears that the
recently discovered divalent metal transporter 1 (DMT1; also
known as DCT1 and Nramp-2) is the major transporter
accounting for hepatic uptake of NTBI.

Using a cDNA library prepared from iron-deficient rat intes-
tine, the DMT1 transcript was identified by its ability to increase
iron uptake in Xenopus oocytes [4]. DMT1 has subsequently
been shown to transport various divalent metal ions in a manner
that is coupled to the transport of protons. Although DMT1
mRNA is broadly expressed in mammalian tissues including
liver, its highest level of expression is found in the proximal
intestine, consistent with its role in the absorption of dietary
non-haem iron. Two isoforms of DMT1 have been described.
The form of DMT1 that predominates in the intestine has an
IRE in its 3′ UTR, indicating that the stability of this transcript is
regulated by cellular iron status in a manner similar to that of
TfR1. Reciprocal changes in duodenal DMT1 expression vis-à-
vis iron status have been demonstrated in iron-deficient rats 
and in humans with iron deficiency and iron overload [5].
Collectively, these data provide evidence for a negative feedback

loop in which iron status regulates intestinal DMT1 expression,
which in turn controls iron uptake.

Less is known about the regulation and function of DMT1 in
the liver. Data concerning the regulation of DMT1 expression by
iron status in the liver are inconsistent, with some studies
reporting that iron deficiency increases DMT1 mRNA in a man-
ner similar to that of the intestine, while others find no change
with altered iron status. Rather surprisingly, livers of rats fed an
iron-deficient diet are reported to lack DMT1 immunoreactiv-
ity, while those from animals fed an iron-enriched diet demon-
strate a pattern of DMT1 reactivity similar to that in the livers of
animals fed a control diet, only much more intense [6]. This
finding may reflect induction of the non-IRE-regulated form of
DMT1, which contains metal responsive elements in its 5′ regu-
latory region. Nonetheless, it is unclear why the IRE-regulated
form of DMT1 (which is also present in liver) is repressed in
liver under conditions of iron deficiency. It is evident that the
regulation of DMT1 expression in the liver requires further
study.

Questions also remain regarding the cellular localization of
DMT1 in the liver. While in situ hybridization of DMT1 mRNA
demonstrated diffuse, low-level expression confined to hepato-
cytes, results of quantitative polymerase chain reaction (PCR)
studies on carefully isolated liver cell populations indicate that
DMT1 transcripts are present in hepatocytes, sinusoidal
endothelial cells, Kupffer cells and hepatic stellate cells, with the
highest levels of expression observed in the last two cell types [7].
These results are particularly interesting in view of the finding
that DMT1 immunoreactivity in normal rat liver is observed
along the sinusoids, consistent with expression of the trans-
porter on the microvilli of hepatocytes, where it can take up
NTBI (or other divalent metals) from the subendothelial space.
However, based on the PCR results and the immunostaining,
one or more types of sinusoidal lining cells may also acquire iron
from sinusoidal blood via DMT1. Further studies are needed to
determine the sources and significance of non-parenchymal cell
DMT1 expression.

Another issue relevant to DMT1 in liver is the mechanism by
which iron is reduced prior to uptake by the transporter. Under
physiological conditions, iron exists predominantly in the ferric
(+3) state. Uptake by cellular transport systems requires that
iron undergoes reduction to the ferrous (+2) state. Recent stud-
ies have identified a ferric reductase that is highly expressed in
the proximal intestine, termed duodenal cytochrome b (Dcytb)
[8]. A haem protein, Dcytb, is upregulated by conditions that
stimulate iron absorption, including iron deficiency, chronic
anaemia and hypoxia. The mechanism by which its expression 
is upregulated in these conditions is unclear, as there are no
obvious IREs in the mRNA of Dcytb. Nevertheless, the localiza-
tion of Dcytb on the brush border of duodenal enterocytes
closely mirrors that of DMT1, supporting the concept that
Dcytb supplies ferrous iron to DMT1. Presumably, hepatocellu-
lar uptake of NTBI via DMT1 has a similar requirement for 
ferrous iron. However, whether the reductase that serves this
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function on hepatocytes (and other liver cells that express
DMT1) is identical to Dcytb is currently unknown.

Iron mobilization and export (see Fig. 1)

Given that the liver is a site of iron storage under physiological
conditions, it is apparent that there must be mechanisms by
which iron stored in the liver can be mobilized and exported to
extrahepatic tissues. Under normal physiological circumstances,
Kupffer cells play a prominent role in interorgan iron
trafficking. One of the primary sites of erythrocyte turnover,
Kupffer cells, along with the reticuloendothelial cells of the
spleen and bone marrow, ingest senescent or damaged red 
blood cells, catabolize the haemoglobin and release the iron.
Collectively, the quantity of iron that is recycled from erythro-
cytes through the macrophage compartment on a daily basis is
severalfold greater than that taken up through the intestine.
Hence, the contribution of Kupffer cells to total body iron 
economy is both qualitatively and quantitatively important. It 
is therefore not surprising that Kupffer cells are the major type 
of liver cell that express a recently described iron exporter, 
ferroportin (Fpn; also known as Ireg1 and MTP1) [9–11].

In the intestine, Fpn expression is upregulated by iron
deficiency and anaemia. Although this makes sense from a 

physiological perspective, it is somewhat surprising in view of
the presence of IREs in the 5′ UTR of Fpn mRNA, rather than 
in the 3′ UTR as would be expected, given the similarity of its
regulation to that of DMT1 and TfR1. As illustrated by the
example of ferritin, binding of IRPs to IREs in the 5′ region gen-
erally results in translational repression. It has been proposed
that the IRE in the 5′ UTR may be non-functional in the intes-
tine. If so, this suggests that Fpn expression may be regulated by
different mechanisms in different tissues and/or cell types, as the
intensity of Fpn staining of Kupffer cells in murine livers is
reported to increase with iron loading [11].

Consistent with its role in iron absorption, Fpn is expressed at
high levels along the basolateral membrane in mature entero-
cytes of the duodenal villi. In addition, Fpn transcripts are also
detected in liver, spleen, kidney and placenta. In murine liver,
hepatocytes as well as Kupffer cells show immunoreactivity for
Fpn, albeit less intense. The quantitative PCR study on isolated
cells from rat livers discussed above reported similar levels of
Fpn transcripts in hepatocytes, Kupffer cells and stellate cells,
and lower levels in sinusoidal endothelial cells [7]; however, Fpn
protein has not been demonstrated in the last two cell types.
Interestingly, the subcellular localization of Fpn appears to differ
between hepatocytes and Kupffer cells, being localized to the
plasma membrane along the sinusoidal border in the former and
cytoplasmic in the latter [11]. It has been proposed that the
intracellular localization of Fpn in Kupffer cells (which is also
observed in RAW267.4 cells, a murine macrophage cell line)
indicates that Fpn does not directly export iron across the
plasma membrane in these cells but, rather, that it may parti-
cipate in intracellular trafficking of iron, perhaps through the
secretory pathway. Further studies are needed to determine
whether Fpn is involved in multiple pathways of iron export.

Like cellular uptake of iron, efflux of iron from cells requires
ferroxidase activity. It has been known for some time that ceru-
loplasmin, a copper-containing plasma ferroxidase synthesized
by hepatocytes, plays an important role in iron homeostasis.
Aceruloplasminaemia results in a form of iron overload that is
recapitulated in mice with a targeted disruption of the cerulo-
plasmin gene [12]. Interestingly, although the ceruloplasmin
knockout mice accumulate iron in both hepatocytes and
Kupffer cells, intestinal iron absorption is unaffected by cerulo-
plasmin deficiency.

The recent discovery of a homologue of ceruloplasmin that is
expressed at high levels in intestinal villi, termed hephaestin,
probably accounts for this observation [13]. Despite their simil-
arities, the function of hephaestin is distinct from that of ceru-
loplasmin, as mutations in hephaestin lead to iron deficiency
rather than iron overload. This is illustrated by the sex-linked
anaemia (sla) mouse, in which a mutation in hephaestin impairs
the transfer of iron out of the enterocyte, resulting in microcytic,
hypochromic anaemia. The divergent phenotypes of the cerulo-
plasmin knockout and the sla mouse appear to indicate that one
ferroxidase has little if any ability to substitute functionally for
the other. As hephaestin is membrane bound, this may indicate a
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Duodenal cytochrome b

Divalent metal transporter 1

Ferroportin

Hephaestin

Fe3+

Fe3+

2Fe3+ transferrin

Iron-deficiency
Hypoxia

Hepcidin

Fe3+

Fe3+

2Fe3+ transferrin

Increased iron stores
Acute phase reaction

Fig. 1 Schematic representation of effects of various stimuli on hepcidin
and its effects on iron transporters in the enterocyte. Dcytb, duodenal
cytochrome b; DMT1, divalent metal transporter 1; Fpn, ferroportin; 
Heph, hephaestin.
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data demonstrate lack of responsiveness of haemojuvelin to iron
as well as divergent regulation of haemojuvelin and hepcidin in
normal animals treated with iron.

A major advance in the understanding of iron metabolism
was the discovery of the iron regulatory hormone hepcidin.
Hepcidin was originally identified as an antimicrobial peptide
isolated from human urine [19]. The liver is the predominant
source of hepcidin, where the 84-amino-acid prepropeptide is
synthesized and cleaved to yield 20- and 25-amino-acid peptides
that are released into the circulation and filtered by the kidney.
Consistent with release into the blood from hepatocytes, hep-
cidin immunoreactivity is observed along the sinusoidal borders
of hepatocyte membranes, with accentuated staining of perip-
ortal (zone 1) hepatocytes [20].

The initial finding linking hepcidin to iron metabolism came
about through the use of subtractive hybridization to identify
genes upregulated by iron overload in murine livers [21]. Later
studies demonstrated that hepcidin knockout mice develop a
form of iron overload reminiscent of hereditary haemochro-
matosis [22], while mice with overexpression of hepcidin have
severe iron-deficiency anaemia [23]. These data led to the con-
clusion that hepcidin is a negative regulator of intestinal iron
absorption, an inference that has since been confirmed by
administration of synthetic hepcidin to rodents.

In addition to iron status, hepcidin expression is modulated
by hypoxia and inflammation [24]. In the latter case, hepcidin is
an acute-phase reactant, and its induction in response to
inflammatory mediators accounts for several phenomena 
associated with anaemia of chronic disease [25,26]. Although
the responsiveness of hepcidin to interleukin-1, interleukin-6
and tumour necrosis factor-α is established, the mechanism 
by which these mediators influence hepcidin expression is not
known. Evidence to date indicates that hepcidin expression 
is regulated primarily at the transcriptional level. CCAAT
enhancer binding protein α, a. transcription factor involved in
the control of many hepatocyte-specific genes, is a major posi-
tive regulator of hepcidin gene expression in the basal state [27].
However, the mechanisms involved in the induction or suppres-
sion of hepcidin expression in response to various stimuli have
not been delineated, including the means by which iron status
modulates hepcidin. There are no apparent IREs in the hepcidin
transcript. Furthermore, isolated hepatocytes do not respond to
exogenous iron in cell culture [21], suggesting that, in vivo, some
other cell type senses iron levels and communicates that infor-
mation to hepatocytes. Although Kupffer cells are likely can-
didates for this function, recent studies in rodents have shown
an appropriate hepcidin response to iron following elimination
of Kupffer cells [28,29]. Hence, this aspect of hepcidin biology
remains poorly understood.

Subsequent studies have provided insight into the mech-
anisms by which hepcidin modulates iron absorption. Within 
a week of being placed on a low-iron diet, rats show a twofold
increase in intestinal iron absorption that is temporally associ-
ated with a significant drop in hepatic hepcidin expression, and

requirement for close physical proximity of the ferroxidase to
Fpn for efficient iron export, at least in the enterocyte. In this
context, it is interesting to contrast hepatocytes, which have low
levels of Fpn protein and lack detectable hephaestin transcripts,
with Kupffer cells, which have more robust levels of Fpn and
express hephaestin transcripts, albeit at levels that are consider-
ably lower than the intestine [7]. Taken together, these observa-
tions suggest either that the ferroxidase activity of ceruloplasmin
can indeed substitute for hephaestin in Fpn-expressing cells in
the liver (but not in the intestine), or that hepatocytes and pos-
sibly Kupffer cells as well may employ additional means to pro-
mote iron export, such as upregulation of hephaestin in response
to iron loading and/or the expression of alternative exporters 
or ferroxidases.

Another gene involved in iron metabolism that is highly
expressed in the liver as well as the intestine is HFE (see also
Chapter 16.2, Haemochromatosis). Originally identified on the
basis of a high frequency of HFE mutations in patients with
genetic haemochromatosis, wild-type HFE protein forms a com-
plex at the plasma membrane with TfR1 and β2-microglobulin.
Studies in transfected cells indicate that the stoichiometry of
these components influences the rate of recycling of TfR1, 
thus modulating iron uptake [14]. Nonetheless, the precise
mechanism whereby HFE mutations lead to iron loading
remains speculative. While immunohistochemistry for HFE
demonstrates a distinctive pattern of intracellular perinuclear
staining in the epithelial cells of the small intestine [15],
immunoreactivity for HFE in liver has been variously ascribed to
bile ducts, sinusoidal lining cells, Kupffer cells and endothelial
cells. Furthermore, these studies are at variance with results of
PCR and Western blot analysis of isolated liver cells demonstrat-
ing that hepatocytes are the major source of HFE in rat liver,
with a minor contribution from Kupffer cells [7]. Additional
studies are needed to resolve this discrepancy and provide 
further insight into the function of HFE.

In contrast to the genes encoding HFE and proteins involved
in iron transport, haemojuvelin mRNA is not abundantly
expressed in the intestine. Rather, the highest levels of expres-
sion are seen in skeletal muscle, with lower levels in cardiac 
muscle and liver, where haemojuvelin transcripts are local-
ized to periportal hepatocytes. Haemojuvelin was discovered 
by positional cloning of the locus associated with juvenile
haemochromatosis [16]. Subsequently, two groups have
reported that targeted deletion of haemojuvelin in mice results
in iron overload [17,18]. While the function of haemojuvelin is
unknown, it has been proposed that haemojuvelin is ‘upstream’
of hepcidin in the pathways controlling iron metabolism, as
both patients with iron overload resulting from haemojuvelin
mutations and haemojuvelin knockout mice fail to respond to
their iron burden with an appropriate increase in hepcidin. A
direct interaction between these two proteins seems unlikely,
however, given that hepatic expression of haemojuvelin is not
altered in mice treated with parenteral iron, while the same livers
show a robust increase in hepcidin mRNA. Thus, the available
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increases in duodenal mRNAs for Dcytb, DMT1 and Fpn [30]
(see Fig. 1). Although the increase in Fpn mRNA under these 
circumstances is of relatively small magnitude, the increase in
Fpn protein is more substantial. A similar pattern is seen in 
the intestine of hepcidin knockout mice, providing additional
evidence that hepcidin suppresses the expression of these iron
transporters. While the role of hepcidin in the regulation of
Dcytb and DMT1 has not been characterized, several reports
have established that Fpn is a major target of hepcidin’s action.
As suggested by the observations discussed above, hepcidin
appears to regulate Fpn expression by two distinct mechanisms.
The first is at the level of Fpn transcripts, which are decreased
following stimulation of endogenous hepcidin production or
administration of recombinant hepcidin [31]. The second
involves binding of hepcidin to Fpn at the cell membrane, caus-
ing internalization and degradation of Fpn, thus diminishing
iron transfer [32]. These mechanisms are clearly not mutually
exclusive and, while either or both probably contribute to the
decrease in intestinal iron absorption in response to hepcidin, it
is unclear at present whether Fpn expression in liver cells is regu-
lated in the same manner. In mice treated with iron, intestinal
Fpn expression is low, consistent with the known effects of 
hepcidin. In the liver, however, Fpn is increased, particularly in
Kupffer cells [11]. This may result from enhanced translation
due to the presence of the IRE in the 5′ UTR of Fpn mRNA. 
If so, this effect must predominate over the hepcidin-induced
increase in Fpn turnover. Alternatively, the distinctive intracel-
lular pattern of Fpn in Kupffer cells implies that Fpn may not
physically interact with hepcidin in macrophages, again raising
the possibility of differential regulation of Fpn in liver vs. intes-
tine. Further characterization of the effect of hepcidin on the
regulation of iron transporters in the liver and its physiological
consequences will help to clarify these issues.

The development of iron overload in hepcidin knockout mice
[22] and humans with mutations in the hepcidin gene [33] is
clearly explicable by the effects of hepcidin on intestinal iron
absorption. Since the discovery of hepcidin, several authors have
reported that hepcidin expression fails to increase in response to
increased iron stores in other disease states characterized by iron
loading. For example, hepcidin expression is inappropriately
low in iron-loaded subjects with hereditary haemochromatosis
[34] and haemojuvelin mutations [16]. Similar findings are
reported in a variety of iron-loading anaemias [35]. These obser-
vations have led to the concept that ‘upstream’ iron-related pro-
teins such as HFE and haemojuvelin must in some way control
hepcidin expression such that, when these proteins are mutated,
dysregulation of hepcidin results. It is clear that the response of
hepcidin is defective in all these disorders, as ‘appropriate’ levels
of hepcidin would prevent the progressive accumulation of iron.
Nonetheless, it is unclear whether there are direct interactions
between hepcidin and other ‘upstream’ iron regulatory proteins,
or whether endogenous iron loading (secondary to HFE or
haemojuvelin mutations, for example, as opposed to adminis-
tration of dietary or parenteral iron) leads to aberrant sensing of

iron stores, thus accounting for the dysregulation of hepcidin
expression, which then becomes the final common pathway of
iron overload. Efforts to elucidate this question are limited by
the current lack of knowledge regarding the mechanism by
which iron status regulates hepcidin expression.
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2.3.13 Normal copper metabolism and
lowering copper to subnormal levels
for therapeutic purposes
George J. Brewer, Edward D. Harris and Fred K. Askari

Introduction

In this chapter, we will first provide a review of current knowl-
edge about copper metabolism. Copper is an essential trace ele-
ment, and the normal diet contains an average of about 1.0 mg.
This is about 25% more than is required, and most of the excess
is normally excreted by the liver into the bile for loss in the stool.
Hence, the liver is important in regulating copper balance and
other aspects of metabolism. Excellent progress has been made
in understanding copper metabolism in the body, thanks in 
part to discoveries of the genes that cause two copper-related
diseases, ATP7A for Menkes’ disease and ATP7B for Wilson’s
disease (see Chapter 16.1). Progress has also been helped by 
the elucidation of the roles of copper chaperones, evolutionarily
conserved genes whose protein products facilitate transfer of
copper to target proteins or vesicles. In the second part of the
chapter, a new area involving copper will be reviewed, that of the
therapeutic use of lowering copper to subnormal levels to treat
cancer and diseases of inflammation and fibrosis.

Copper metabolism and its role in
health and disease

Introduction

The essentiality of copper in human health has been recognized
for more than 70 years. Severe copper deficiency, whether
genetic or acquired, can produce devastating disease and death.
The toxic properties of copper were brought to the forefront 
of scientific attention when a disease described by Wilson in 
the early 1900s called ‘hepatolenticular degeneration’ was later
discovered to be due to copper accumulation and toxicity [1].
The liver plays a prominent role in copper distribution to organs
and regulates overall system homeostasis. Bile, not urine, for
eventual loss in the stool, is the major excretory route for copper.
Normal urine copper loss is 20–50 µg/day, whereas stool copper
loss is in the order of 1.0 mg/day. Transport through the blood
to the absorption surfaces of cells has yet to be clarified with 
certainty. Transport through the membrane and into cytosolic
proteins, however, is becoming better understood [2]. The 
discovery of two structurally related membrane-bound Cu-
ATPases, ATP7A and ATP7B, defective in Menkes’ and Wilson’s
diseases, respectively, has provided insight into intracellular
copper movement and control of its excretion from the cell.
These discoveries have also provided unprecedented bioch-
emical insights into diseases of copper metabolism and have
formed the basis upon which much of the current theories of
cellular copper movement and homeostasis rest.
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Chemical properties and copper toxicity

Because copper is a redox metal, unfettered copper is a potential
oxidant (or reductant) of cellular proteins, lipids and nucleic
acids. This property mandates copper to be in a bound form and
not a free ion in blood, extracellular fluids or cytosol. Of its two
major valencies, Cu(I) and Cu(II), Cu(I) behaves as a progenitor
of free radicals. As a 3d10 metal ion, Cu(I) also has the poten-
tial to antagonize Zn(II). Protein-bound forms of copper are 
generally responsible for targeted transport to functional bio-
molecules. The metallothioneins, a family of sulphydryl-rich
metal-binding proteins, limit the buildup of mobile copper in
cells and work with excretory systems to maintain a steady-state
level in the cytosol. Metallothionein synthesis de novo is
prompted by sudden influxes of copper and other metals into
the cell, which clearly demonstrates a genetic-level response 
system to prevent buildup of copper and other toxic metals in
cells and tissues [3]. The protective effects of metallothionein 
are overwhelmed over time, however, when systems designed to
transport copper into bile or release copper from the cell fail 
to function because of genetic mutations.

The role of the liver in copper homeostasis

The prevailing understanding is that copper absorption occurs
mostly at the intestinal mucosa, and copper utilization culm-
inates with the incorporation of Cu(I) and Cu(II) ions into 

cellular enzymes or storage proteins. The liver intervenes as 
a major hub for copper distribution to peripheral organs or
excretion in the bile (Fig. 1). Dietary copper entering the liver
from the portal circulation passes into the liver parenchymal
cells after being handed off from binding sites primarily on
serum albumin. Transport through the membranes will be 
discussed below. Upon entering the hepatocytes, copper is 
met by glutathione (GSH) and sequestered. Another series 
of proteins, the copper chaperones (Table 1), direct copper to
intracellular enzymes or organelles. When bound to chaperones,
copper is then positioned to be incorporated directly into 
either enzymes such as copper/zinc superoxide dismutase [4] or
vesicles that represent intracellular compartments along the
secretory pathway [5]. The intracellular compartments repres-
ent staging areas for incorporating copper into ceruloplasmin 
or into biliary canaliculi. For example, ATP7B, a Cu-ATPase
that is defective in Wilson’s disease, is positioned strategically 
to receive copper from ATOX1 (formerly HAH1), a copper
chaperone, and excrete copper from liver via the biliary can-
aliculi [6]. Precisely how ATP7B governs the movement of 
copper into the bile is unknown but, clearly, an impairment in
that step shifts copper homeostasis towards a failure of biliary
excretion and the amassing over time of large amounts of copper
in the liver and the rest of the body. Thus, a fault in both copies
of the ATP7B gene prevents biliary copper excretion and holo-
ceruloplasmin biosynthesis, which are the hallmarks of Wilson’s
disease.

cis-Golgi

trans-Golgi

CCS
CuZnSOD

Biliary Cu
Vesicle Cu

MURR1
ATP7B

COX17

GSH

CU

hCTR1

ATOX1

ATP7B

Metallothionein

Mitochondria

Apo-ceruloplasmin

Holo-ceruloplasmin

Plasma ceruloplasmin

Nucleus

Fig. 1 Overview of liver copper metabolism.
Shown are protein chaperones (ATOX1, CCS,
COX17) that move intracellular Cu to target
proteins. Major excretory routes are the bile
and via incorporation into ceruloplasmin.
ATP7B, the only Cu-ATPase expressed in liver,
performs dual functions in secreting copper
from the liver. CuZnSOD, copper/zinc
superoxide dismutase; GSH, glutathione;
hCTR1, copper transporter.

TTOC02_03  3/8/07  6:47 PM  Page 227



228 2 FUNCTIONS OF THE LIVER

Organism Target or function Reference

Chaperone

ATX1 Yeast CCC2 protein [30]

ATOX1 Human orthologue of ATX1 ATP7A, ATP7B [6]

(formerly HAH1)

CCS Yeast, human Apo-superoxide dismutase [12]

(formerly Lys7 in yeast)

COX17 Yeast, mouse, human Mitochondria [13]

Transporters

Ctr1p Yeast Membrane copper transport [7]

hCTR1 Human orthologue of Ctr1p Membrane copper transport [7]

Table 1 Copper chaperones and transporters.

Table 2 Copper regulatory proteins.

Regulatory proteins Defect Reference

ATP7A Causes Menkes’ disease [16]

ATP7B Causes Wilson’s disease [17]

Murr1 Causes canine copper toxicosis [25] 

in Bedlington terriers

XIAP None known – interacts with [29]

Murr1

Transmembrane movement and the copper
chaperones

Gaining access to a cell requires movement across the mem-
brane. hCTR1, a membrane copper transporter in humans
(Table 1), has a counterpart in the yeast, Ctr1p, and it is through
studies of the yeast protein that many of the properties of copper
transporters in humans have become known [7]. Based on these
studies, one can surmise that hCtr1 is selective only for Cu(I).
This observation necessitates a copper reductase enzyme that
changes Cu(II) to Cu(I) to coordinate with transmembrane
movement. Precisely how the Cu(I) ions move through the
hCTR1 portal is unknown, but recent data suggest that a mech-
anism involving endocytosis of the carrier is an option [8,9].

Once inside the cell, the metabolic fate of copper relies 
on copper chaperones, as introduced in the previous section.
Chaperones are copper-binding proteins that perform two
important functions: (i) sequestering copper to prevent free
metal-catalysed oxidations; and (ii) recognizing and conducting
copper transfer to intracellular proteins or vesicles. Ions gen-
erally rely on the mass action principle to drive the movement 
of freely diffusible forms. Because free copper concentration is
negligible in a cell, it cannot drive reactions and, because of the
demand of the many different proteins that require copper 
for function, intracellular movement relies on copper-binding
transport proteins to target specific proteins [10]. A chaperone-
bound copper in transit is able to exchange with a target protein,
such as enzymes or other proteins, or a membrane-bound 
Cu-ATPase. Copper chaperones emulate the copper sites on the
target protein, thus facilitating the transprotein transfer of cop-
per from chaperone to target [11]. At the present time, several
such chaperones are known (Table 1). CCS (copper chaperone
for superoxide dismutase) delivers copper to a major anti-
oxidant enzyme in the cell [12]. COX17 is required to move 
copper into the mitochondria for the binding and assembly 
of cytochrome c oxidase [13] and is essential in embryonic
development [14]. ATOX1 mediates the entrance of copper into
the secretory pathway through ATP7A and ATP7B, which drive
an energy-dependent relocation of copper into vesicles [15].

Cu-ATPases in absorption and cellular
homeostasis

There are two phases to intracellular copper transport and
movement; these are soluble and vesicle associated. The soluble
phase includes components that provide copper to cytosolic
enzymes; the vesicle phase is believed to be part of the trans-
Golgi network for excreting copper from cells. As noted above,
two different but functionally similar Cu-ATPases, ATP7A and
ATP7B (Table 2), provide the entrance. Wilson’s and Menkes’
diseases have roots in genetic impairments in ATP7B and ATP7A
respectively. ATP7A is found in practically every cell tested, with
the exception of adult hepatocytes [16]. ATP7B is prominent 
in liver, kidney and brain and plays less of a role in other organs
[17]. Vesicles laden with ATP7A or ATP7B are mobile and
transverse the space between the Golgi and cell surfaces to
release copper as part of intestinal absorption or into the biliary
canaliculi at the apical surface of hepatocytes. Vesicles that 
contain ATP7A provide copper to enzymes such as tyrosinase
(pigmentation) [18], lysyl oxidase (connective tissue integrity)
[19], dopamine-β-monooxygenase (neurotransmitter biosyn-
thesis) [20] or peptidylglycine α-amidating monooxygenase
(PAM, neuropeptide hormone biosynthesis; Table 3) [21].
Enhancing the concentration of extracellular copper instigates
movement of vesicles towards the plasma membrane [22].
Movement and direction are a function of residues in the 
N-terminal, copper-binding domain of ATP7A. An exposed
dileucine signal at the C-terminal is believe to control 
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localization of vesicles to the trans-Golgi network [23].
Connecting ATP7A and ATP7B, two functionally similar pro-
teins, with two dissimilar diseases has given invaluable insight
into pathways of copper movement and homeostasis. Identify-
ing ATP7B with Wilson’s disease is a clear indication that ATP7B
(i) incorporates copper into ceruloplasmin for excretion into
the plasma and (ii) delivers copper to the apical environment of
the liver cell. Identifying ATP7A with Menkes’ disease tags this
Cu-ATPase as an indispensable factor in the absorption of copper
across the intestine as well as movement across the blood–brain
barrier [24] and into other cells such as the kidney. Moreover,
connecting ATP7A-laden vesicles with copper incorporation into
apo-tyrosinase, apo-lysyl oxidase and apo-PAM gives a molecular
understanding of the phenotypes that are seen in experimental
copper deficiencies and inborn genetic diseases, such as Menkes’
disease, and age-related impairments in copper metabolism.

Future directions

Several recent discoveries could have an important impact on
our understanding of copper metabolism and disease. Murr1
(Table 2) is the name given to a factor that is defective in canines
that amass liver copper [25]. The discovery of Murr1 has
resolved a mystery as to why Bedlington terriers and some other
canine breeds have a Wilson-like copper toxicosis yet, unlike
Wilson’s disease, have a perfectly functional ATP7B. In humans,
the MURR1 gene maps to chromosome 2. Stuehler et al. [26]
reported that 19 (30%) of 63 patients with Wilson’s disease had
mutations in the MURR1 gene. As to its mechanism, recent
studies have shown that Murr1 binds to ATP7B, possibly to
direct the movement of that protein to the apical surface of hep-
atocytes, which is essential to release copper into the bile [27].
Murr1, however, is detected in all tissues and cell types, which

suggests that its role in copper homeostasis extends beyond
ATP7B binding and movement [28]. A unique interaction
between Murr1 and an apoptosis-suppressing protein, XIAP
(Table 2), leads to a reduced level of copper in the cell [29].
XIAP, which is known to inhibit certain caspases, interacts with
Murr1 to hasten its destruction through a ubiquitin-dependent
proteolysis. Cells from XIAP knockout mice have reduced 
copper levels, whereas cells in which Murr1 is suppressed have
the expected elevation in cellular copper. The data, therefore,
suggest that XIAP indirectly controls cellular copper homeosta-
sis by regulating the turnover of Murr1.

A second discovery relates ATOX1 to the immunophillin pro-
tein FKBP52 [30]. The latter is required to render immunosup-
pressive factors functional. Precisely why ATOX1 binds strongly
to the protein is unclear at this time, but the data suggest other
factors, regulatory or structural, are involved in the pathway of
copper movement in cells. Finally, recognizing that ATP7A is
required to incorporate copper into PAM in the brain [21] has
linked copper with the biosynthesis of at least 15 neuropeptide
hormones, all requiring this structural modification to become
functional (Table 3). By being a critical factor in the activation of
neuropeptide hormones, copper is elevated to the point of being
one of the most important biominerals in cognitive develop-
ment in early life and, in the later stages, in senescence, diabetes,
osteoporosis, cancer and other disorders that occur with ageing.

Lowering copper to subnormal levels
for therapeutic purposes

Introduction

In the past, lowering copper levels for therapeutic purposes was
used primarily for the treatment of Wilson’s disease, a disease of

Hormone Biological function Adverse effects with ageing

Gastrin Gastric acid secretion Gastric cancer

Adrenomedullin Prostate cell growth Prostrate hypertrophy, cancer

Oleamide Sleep, lipid synthesis Sleep disorders, depression

Pancreastatin Insulin control Type 2 diabetes

Oxytocin Water homeostasis General hydration, skin laxity

Vasopressin Water homeostasis General hydration, skin laxity

Substance P Emotions Depression

Substance K Neural transmission Brain function

Galanin Neuron modulator Perception of pain, food intake, memory

Neuropeptide Y Appetite Obesity

Cholecystokinin Satiation Hyperphagia

Calcitonin Bone metabolism Osteoporosis

Releasing hormones
Corticotrophin Corticosteroid levels Immunocompetence, infection

Thyrotrophin Thyroid hormone levels Metabolic pace

Melanocyte Pigmentation, energy Skin colour, obesity

Gonadotrophin Sexual hormones Sexual development, drive

Table 3 Neuropeptide hormones that 
depend on peptidylglycine a-amidating
monooxygenase for activity.
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copper accumulation and copper toxicity. Wilson’s disease is
covered in Chapter 16.1, and here therefore, we are not referring
to Wilson’s disease, but to a series of disease conditions that 
now appear to be potentially treatable by lowering copper levels.
Copper levels are essentially normal in these diseases to begin
with, but are lowered by therapy to a midrange, not so low as 
to cause clinical copper deficiency, but low enough to inhibit
certain processes involved in specific diseases (for reviews 
see [31–33]). These processes are angiogenesis, fibrosis and
inflammation, and the diseases are cancer, diseases of excessive
fibrosis and diseases of excessive inflammation.

Copper and angiogenesis

It is now well established that angiogenesis is required for cancer
growth and progression [34,35], and that antiangiogenic ther-
apies are a valid approach to cancer treatment [36]. The essen-
tial role of copper in angiogenesis is not so well known, but
nonetheless the research in this area dates back two decades
[37,38]. It was shown that mild copper deficiency in rabbits,
produced by penicillamine and a low copper diet, reduced the
angiogenic response in the cornea to known angiogenic stimu-
lants [38]. Tumours explanted to brains of rats and rabbits made
copper deficient by this same approach grew more slowly and
failed to show vascular invasion of normal tissue, compared with
tumours explanted into control rabbits [39,40].

Most of the antiangiogenic, anticancer work that has been
done using the lowered copper level approach, subsequent to the
work mentioned above, has been done using the anticopper
drug, tetrathiomolybdate (TM), originally introduced for the
treatment of Wilson’s disease [41]. This drug has also been used
for the antifibrotic and anti-inflammatory studies discussed
later in the chapter. The only significant toxicity of copper-
lowering therapy with TM in these diseases is overtreatment.
The mild copper deficiency produced from overtreatment causes
mild bone marrow suppression with anaemia and/or leucopenia, 
easily corrected by decreasing the dose of TM.

Lowering copper levels with TM for cancer
therapy

Preclinical studies
Numerous preclinical studies have established the efficacy of
TM in preventing the growth of various cancers in mice. One
study used transgenic mice (Her-2/neu) genetically programmed
to develop mammary cancer during the first year of life [42]. 
TM given daily by oral gavage beginning on day 100 completely
prevented the development of visible mammary tumours, while
most of the controls had developed gross tumours by day 270 
(P < 0.01). The study was stopped, and a few TM-treated mice
were autopsied. Histological sections of the breasts in these 
mice revealed small, avascular clusters of tumour cells. A few
TM-treated mice were followed after stopping TM, and they all
developed gross mammary tumours.

Another study used xenografts of SUM149 inflammatory
breast cancer cells in mice, and TM markedly inhibited tumour
growth and caused reduced microvessel density compared with
controls [42]. In another study, Dunning prostate cancer cells
were injected into nude mice [43]. TM treatment retarded
tumour growth. Combination therapy with TM and the PHSCN
peptide sequence, a competitive inhibitor of a fibronectin
sequence, improved survival and the number of metastatic
lesions.

In a lung cancer model study in mice, Lewis lung high
metastatic cancer cells were injected into the upper leg [44].
Radiation therapy significantly slowed tumour growth, TM
therapy also significantly slowed tumour growth, and the com-
bination was additive in slowing tumour growth. The effect of
TM in squamous cell carcinoma cells was evaluated in another
mouse study and showed dramatic inhibition of tumour growth
[45]. A combination study with doxorubicin against the
SUM149 inflammatory breast cancer cells injected into nude
mice was reported [46]. TM or doxorubicin alone significantly
inhibited tumour growth, while the combination completely
prevented tumour growth. Apoptosis of tumour cells was
enhanced in all treatment groups, but especially in the combina-
tion therapy group.

A study of TM therapy was carried out in dogs affected with 
a variety of advanced and metastatic cancers [47]. Nine dogs in
this 13-dog study were evaluable. Three of the nine had relatively
prolonged periods of disease stabilization, and a fourth dog,
with metastatic osteosarcoma, had a relatively prolonged partial
remission.

Clinical studies
A phase I/II study of 42 patients with advanced and metastatic
cancer was carried out [48]. Eighteen patients were evaluable.
Freedom from progression averaged 11 months, much longer
than the 1–2 months expected in this type of patient if they were
on no treatment. Quality of life was stabilized after steady deteri-
oration in the period prior to treatment. Particularly positive
results were seen in a few patients. One patient, with metastatic
chondrosarcoma, has survived 5 years with what appears to be 
a complete remission. Using a blood flow-sensitive ultrasound
technique, it was possible to show drastic blood flow reduction
in a metastasis as a result of TM therapy in a patient with
metastatic renal cancer.

Nine phase II trials of TM therapy in specific advanced cancers
have been initiated. One, on renal cancer, has been completed
and published [49]. Four out of nine evaluable patients had at
least 6 months of disease stabilization, but results overall were
not strongly positive. Preliminary results in other trials, such as
mesothelioma and hepatocellular cancer, are more encouraging.

Mechanism of action
The anticancer mechanism of action almost certainly involves
reducing copper availability. This conclusion is based in part on
in vitro studies in which TM inhibition of endothelial cell tube
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formation, under the influence of fibroblastic growth factor, was
abrogated by copper supplementation [42]. Second, anticancer
effects have been obtained with two different anticopper drugs,
TM as reviewed above and penicillamine as studied by Brem 
et al. [39,40]. These two drugs both lower copper availability,
but through completely different mechanisms of action.

A further conclusion is that the anticancer mechanism of
action of lowering copper levels is almost certainly due to anti-
angiogenic effects. In vitro studies of TM action have shown
inhibition of numerous angiogenic cytokines [vascular endoth-
elial growth factor, fibroblastic growth factor, interleukin-6,
nuclear factor kappa B (NF-κB), and interleukin-8] [42]. In vivo
studies during TM therapy have also shown inhibition of angio-
genic cytokines, including NF-κB [50]. Both clinical and pre-
clinical studies have shown inhibition of blood flow or decreased
microvessel density as a result of TM therapy [48]. Numerous
angiogenic cytokines have been shown to bind copper or to be
copper dependent [33].

Lowering copper levels with TM for
antifibrotic therapy

The pathway for fibrosis involves activation of transforming
growth factor beta (TGF-β), a cytokine that activates connective
tissue growth factor (CTGF), which in turn activates numerous
genes involved in fibrosis (see Section 6, Cirrhosis). Excessive
activation of this pathway is believed to cause fibrotic disease,
such as pulmonary fibrosis, cirrhosis of various types, interstitial
renal fibrosis (the endstage of many types of kidney disease) and
scleroderma, to name but a few [51]. It has been hypothesized
that this pathway is copper dependent, based upon one of the
activators of TGF-β being SPARC (secreted protein acidic and rich
in cysteine), known to be copper dependent, and the high cysteine
content of CTGF, often an indicator of copper binding [33].

The copper dependence of fibrosis was tested in the
bleomycin mouse model of pulmonary fibrosis. TM therapy
almost completely prevented the pulmonary fibrosis from
bleomycin [52]. TGF-β protein levels were elevated in the lungs
of bleomycin-treated animals, and this elevation was almost
completely prevented by TM [53]. Protection by TM against
fibrotic disease was also tested in the carbon tetrachloride mouse
model of cirrhosis [54]. After 12 weeks of carbon tetrachloride
injections, untreated mice developed severe fibrosis. Fibrosis
from carbon tetrachloride injections was prevented by TM ther-
apy. Serum TGF-β levels were elevated by carbon tetrachloride,
and this elevation was almost completely prevented by TM. The
protection of TM against excessive fibrosis seems to be inde-
pendent of any effect of TM on preventing inflammation [52–54].

Lowering copper levels with TM for anti-
inflammatory therapy

It was noted in the bleomycin studies that TM therapy inhibited
tumour necrosis factor (TNF)α messenger levels in the lungs of

bleomycin-treated animals at 7 days compared with bleomycin-
treated controls [53]. This led to a series of four studies evaluat-
ing TM therapy in inflammation models. In all four cases, 
TM therapy strongly inhibited the inflammatory responses
[54,55]. These models are concanavalin A-induced hepatitis,
paracetamol (acetaminophen)-induced hepatitis, adriamycin-
induced cardiac inflammation and injury, and lupus adenopathy
in the lpr mouse model. In most of these models, concomitant
with suppression by TM of markers of inflammation and injury, 
inhibition of serum TNFα and/or another inflammatory cytokine,
interleukin-1-beta (IL-1β), was shown when toxin- or disease-
challenged animals were compared with the same animals
receiving TM therapy. Inhibition of these cytokines seems to
reduce inflammation, as shown by the efficacy of TNFα anti-
bodies in various inflammatory diseases [56–59]. The mech-
anism by which TM inhibits these cytokines is not known. 
One possibility is that suppression of IL-2 release by activated T
lymphocytes, which has been shown to result from TM therapy,
results in less activation of inflammatory cells and therefore less
release of TNFα and IL-1β by these cells.

Comment on prospects for antifibrotic and
anti-inflammatory therapy with TM

Only clinical trials will determine whether copper-lowering
therapy with TM will have clinical efficacy in fibrotic and
inflammatory diseases is clinical trials. This approach is further
advanced with fibrotic than with inflammatory diseases. Clin-
ical trials are either under way, or under active planning, for 
idiopathic pulmonary fibrosis, primary biliary cirrhosis and
scleroderma. There is essentially no effective treatment for
fibrotic diseases such as these. Regarding inflammatory diseases,
much of modern medicine deals with the discomfort and 
additional injury produced by inflammation in a large variety of
diseases, many of them autoimmune. Therapeutic agents, such
as steroids, non-steroidal anti-inflammatory drugs (NSAIDs),
chemotherapeutic drugs and antibodies against specific infla-
mmatory proteins (such as TNFα), have some efficacy. However,
efficacy is only partial, and myriads of patients have continuing
discomfort and tissue injury in spite of the best treatment. Time
will tell whether copper-lowering therapy with TM can be of
value against these diseases.

Summary

In this chapter we have first reviewed and summarized the 
exciting progress in understanding normal copper metabolism.
The discovery that genetic defects in ATP7A and ATP7B cause
Menkes’ and Wilson’s diseases, respectively, has not only pro-
vided a molecular basis for these diseases, but has also allowed 
an increasingly detailed understanding of copper transport and
utilization in the body. The discoveries of numerous chaperones
for moving copper between specific molecules has not only pro-
vided insight into mechanisms of copper movement, but also
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underscores two principles about copper. One is that free copper
is very toxic and simple diffusion and molecular uptake is not
permissible. The second is the extreme evolutionary conser-
vatism of copper-handling molecules, which go back in evolu-
tion at least as far as yeast.

Second, we have reviewed a new area for the use of anticopper
drugs (summarized in Table 4). For a very long time, anticopper
drugs have had one primary clinical use, the treatment of 
copper toxicity from excessive accumulation of copper such as
in Wilson disease, canine copper toxicosis or copper-poisoned
sheep. Here, we introduce the concept that lowering copper
availability to a midrange can have therapeutic efficacy in a wide
array of diseases.
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Anti-inflammatory Concanavalin A [54]

Paracetamol liver [55]

injury
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2.3.14 Trace elements and the liver
Brent A. Neuschwander-Tetri

Life would not be possible without a large number of ‘trace’ 
elements, each serving critical roles in metabolism and function
(Table 1). This chapter reviews the function and relevant biology
of trace elements with respect to the liver. Because copper has a
special role as a trace element with respect to normal liver func-
tion and liver disease, it is covered in more detail in Chapter
2.3.13 and is not discussed further here.

Trace elements are necessary for normal function and are
therefore associated with morbid deficiency states. They are also
commonly toxic when present in excess, and this chapter will
touch briefly on toxicity as it relates to the essential trace ele-
ments. Actual values for liver, plasma and total body content of
the trace elements that are used to assess deficiency states and
toxicity are catalogued in other resources and are not reviewed
here [1–4]. Although such values are important in forensic
medicine and epidemiological studies, they are rarely relev-
ant to the routine practice of clinical medicine [5]. Accurate
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assessment of trace element levels in organs such as the liver con-
tinues to be refined as technologies such as scanning transmis-
sion electron microscopic analysis are developed. Nonetheless,
the necessity and function of certain elements such as boron,
nickel, tin and vanadium continues to be debated (Table 1)
because dietary deficiency models in animals sometimes suggest
that they are essential, yet their specific functions at the molecu-

lar level have not been established [5,6]. Described below are the
functions of major trace elements relevant to the liver with spe-
cial emphasis on selenium, an element now recognized to play a
unique role in human biology. The importance of many trace
elements in nutrition and disease was reviewed extensively by an
expert panel [7], and the summary below includes many of their
key findings.

Table 1 Physiological trace elements in the body.a

Element

Arsenic

Cobalt

Chromium

Fluorine

Iodine

Lead

Manganese

Molybdenum

Nickel

Selenium

Silicon

Tin

Vanadium

Zinc

aCopper is discussed in Chapter 2.3.13.
bCertain elements may have physiological roles based on animal studies of specific dietary deficiencies, but requirements and specific functions in humans are

not known [5,7].

Function(s)

Uncertainb

Cobalamin (vitamin B12)

Improves insulin signalling

Uncertainb

Thyroid hormone

Uncertainb

Cofactor for multiple

enzymes (e.g. MnSOD,

pyruvate carboxylase,

phosphoenolpyruvate

carboxykinase, arginase,

prolidase)

Xanthine oxidase

Aldehyde oxidase

Sulphite oxidase

Nickelb known to have a

catalytic role in six bacterial

enzymes (including urease),

but no eukaryotic enzymes

See Table 2

Uncertainb

Uncertainb

Uncertainb

Cofactor for multiple

enzymes and transcription

factors

Causes of deficiency

Multiple

Defined diet without

supplementation

Defined diet without

supplementation

Defined diet without

supplementation

Dietary protein

deficiency

Dietary protein solely

from Se-deficient areas

Increased urinary loss 

in cirrhosis

Alcoholism

Malabsorption (e.g.

coeliac disease,

inflammatory bowel

disease)

Deficiency: hepatic
consequences

Fatty liver disease

Impaired glucose tolerance

Impaired glucose tolerance,

elevated ammonia levels,

impaired cholesterol

synthesis, impaired clotting

factor synthesis

Altered sulphur amino acid

metabolism

Oxidant stress

Altered ammonia

metabolism

Deficiency: non-
hepatic consequences

Multiple

Impaired glucose

tolerance

Impaired glucose

tolerance, dermatitis

Not established

See text

Encephalopathy in

cirrhotics

Changes in liver
disease

Impaired elimination 

of vitamin B12

degradation products

Hepatic accumulation in

chronic liver disease

Decreased urinary

excretion and increased

liver concentration in

alcoholic cirrhotics [58]

Increased levels in

globus pallidus in

cirrhotics, may cause

extrapyramidal

symptoms [53]

Low serum levels in

chronic liver disease [26]

Low serum levels in

chronic liver disease [26]

Low liver levels in

alcoholic cirrhosis [58]
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Selenium

Selenium has a special role in the normal function of the liver
and tissues throughout the body. Found directly below sulphur
on the periodic table, selenium thus shares many of the chemical
properties of sulphur [8]. In fact, most selenium in the body is
found in selenoproteins, which contain the amino acid seleno-
cysteine (Sec), a modification in which selenium is found in
place of the sulphur atom of cysteine. Failure to produce seleno-
proteins in the liver causes liver necrosis in mice, attesting to the
importance of selenium in normal liver function [9]. Selenium
is also incorporated into proteins as selenomethionine from
ingested selenomethionine. In contrast to the specific incorpo-
ration of Sec in proteins, selenomethionine (Se-met) replaces
methionine arbitrarily during translation depending on the 
relative abundance of Se-met [10]. Although Se-met may exert
different local steric effects from methionine, it has not been
found to have specific biological functions [11].

The story of how Sec becomes incorporated into selenopro-
teins is one that has challenged the accepted dogma of protein
synthesis pathways as it has unfolded over the past three
decades. While one possible mechanism of selenium incorpora-
tion could be replacement of the sulphur atom in cysteine by

selenium through posttranslational peptide modification, the
surprising reality is that Sec is preformed as a unique amino acid
and incorporated during translation. The conceptual difficulty
this raised is that it contradicted the decades-old paradigm that
the 64 possible ribonucleotide triplets of mRNA encode either
insertion of 20 specific amino acids or translational termination.
Understanding how Sec, now considered to be the 21st amino
acid, could be synthesized and incorporated during translation
required a revision of this paradigm.

Through a number of elegant experiments conducted over
the past two decades, Sec is now recognized to be translationally
inserted into nascent peptide chains by a unique transfer RNA,
t-RNA[Ser]Sec, which recognizes the UGA codon, a codon canon-
ically identified as a termination signal (Fig. 1). In the context of
several proteins acting in trans and a specific cis-acting hairpin
sequence in the 3′ untranslated regions of selenoprotein mRNA
transcripts, the UGA codon is recognized as the signal for Sec
insertion into nascent peptides [12–15]. Genetic deletion of 
t-RNA[Ser]Sec in mice is embryonically lethal, attesting to the
importance of this pathway [9]. Adding to this complexity was
the finding that t-RNA[Ser]Sec directly participates in the enzy-
matic formation of Sec. The t-RNA is first charged with serine,
but the bound serine is subsequently converted to Sec while still

t-RNA[Ser]Sec

+ Serine

t-RNA[Ser]Sec

Sec synthetase, PSTK, SPS2

Ser

t-RNA[Ser]Sec

eEFSec, SBP2

mRNA

Selenoprotein
. . . X-X-Sec-X-X-X . . . .

start

UGA

Sec

end

‘SECIS’

3′-UTR

Fig. 1 Synthesis of selenoproteins.
Selenocysteine (Sec) is synthesized from the
serine (Ser) carbon backbone on t-RNA[Ser]Sec. 
t-RNA[Ser]Sec is a unique transfer RNA that is
required for both Sec synthesis and
translational incorporation of Sec into nascent
selenoproteins. Sec synthesis is facilitated 
by an uncharacterized Sec synthetase and
selenophosphate synthetase 2 (SPS2).
Selenoprotein mRNAs contain an essential
stem–loop cis element, the Sec insertion
sequence (SECIS), in the 3′ untranslated region
(3´ UTR) that is required for the recognition of
the UGA codon as a Sec codon rather than a
termination signal. Binding of t-RNA[Ser]Sec to
the mRNA–ribosomal complex is also facilitated
by other unusual factors including a Sec-
specific elongation factor (eEFSec) and SECIS
binding protein 2 (SBP2).
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attached to t-RNA[Ser]Sec [16]. In no other case is a t-RNA known
to participate catalytically in the modification of a bound 
amino acid. The unique enzymes needed for these steps were
first elucidated in bacteria and then defined in eukaryotes,
although many details remain to be clarified [12,17]. An inter-
esting recent observation with respect to liver disease is that 
the antigenic epitope for antisoluble liver antigen (anti-SLA), 
an antibody associated with autoimmune hepatitis, appears to
be t-RNA[Ser]Sec [18].

Biological functions of selenium

The biological functions of selenium are mediated primarily by
Sec in selenoproteins. Early tracer studies with 75Se identified
several major selenoproteins that included glutathione peroxi-
dase (GPx) and selenoprotein P (SelP). Until recently, computer
algorithms used to identify open reading frames in genes could
not accurately identify UGA codons that encode Sec instead 
of translational termination. However, the recognition of an
obligate and unique 3′ cis element in selenoprotein transcripts
led to new computational approaches that subsequently iden-
tified a total of 25 putative selenoproteins, now identified as 
the ‘selenoproteome’ of the mammalian genome (Table 2) [19].
Reconciling the selenoproteome with previously identified sele-
noproteins has been complicated by the existence of multiple
alternative splice forms of many of the transcripts.

The enzymatic function of selenoproteins typically depends
on the presence of a negatively charged deprotonated selenium
and, for this reason, the Sec is usually located within the active
site. The pKa of the selenol group of Sec is substantially higher
than the analogous sulphydryl of cysteine and, as such, is mostly
deprotonated (R-Se–) at physiological pH. By comparison, the
pKa of cysteine is lower, and it is mostly protonated (R-SH) at
physiological pH. Thus, Sec is a much more facile nucleophile
than cysteine at reactive sites of selenoprotein enzymes. Three
examples of selenoproteins are described below.

The first selenoprotein to be characterized was glutathione
peroxidase 1 (GPx1), an enzyme that catalytically eliminates
hydrogen peroxide and lipid hydroperoxides in the cytosol 
and mitochondria using glutathione as an electron donor. The
highest cellular concentrations of GPx1 are found in the liver.
Catalase, a non-selenium-dependent enzyme, also eliminates
hydrogen peroxide but is confined to peroxisomes and does not
participate in the general intracellular defence against oxidant
stress. Moreover, catalase does not eliminate lipid hydroperox-
ides. Although oxidant stress impairs normal cellular functions,
overexpression of GPxs may adversely influence normal redox-
mediated cellular signalling [20]. For example, mice that over-
express GPx1 in the liver develop features of insulin resistance,
suggesting that too much antioxidant defence could have a 
negative impact on normal insulin signalling [21].

Another selenoprotein, thioredoxin reductase (TrxR), plays
an important role in most organs in maintaining normal redox
status. TrxR-1 is localized to the cytoplasm where, in addition to

its role in thiol redox regulation, it is essential for deoxynu-
cleotide synthesis. Another form, TrxR-2, is located within
mitochondria and prevents oxidant injury caused by the con-
stitutive release of superoxide from the mitochondrial electron
transport chain. Deletion of TrxR (but not GPx1 or SelP)
induces a cellular stress response [22], and human tumour 
cells treated with tumour necrosis factor (TNF)α undergo
increased apoptosis when they lack Sec in TrxR. In addition,
non-physiological trace elements such as gold and platinum
actively inhibit TrxR [23].

All Sec-containing selenoproteins except SelP contain only
one Sec, whereas SelP, thought to serve as a transport protein 
for selenium, has 10 Sec. Although many tissues express SelP,
impaired liver synthesis of SelP reduces serum levels by 75% in
mice, indicating that the liver serves a primary role in the synthesis
and secretion of this selenium transport protein [9,24]. Evidence
that liver-synthesized and secreted SelP is required by other
organs is provided by a liver-specific knockout of SelP in mice
that demonstrates impaired renal synthesis of selenoproteins [25].

Deficiency states

Profound liver-specific deficiency of selenoproteins causes liver
necrosis and death in genetically modified mice that cannot 
synthesize selenoproteins in the liver [9]. Dietary selenium
deficiency in humans is unlikely to mimic this extreme pheno-
type, and such overt liver manifestations of selenium deficiency
have not been described clinically. However, low selenium levels
have been found in patients with chronic liver disease [26–28],
and selenium-deficient rodents have higher serum liver enzymes
and markers of oxidant stress [29,30]. Studies in cultured cells
have shown that selenium deficiency in hepatocytes leads to 
cell death by oxidative stress, but many malignant hepatocellu-
lar carcinoma cell lines survive in culture despite selenium
deficiency, possibly indicating the resistance of liver cancer to
normal oxidant-mediated mechanisms of cell death.

A diverse diet usually contains sufficient selenium to meet the
recommended daily allowance of 55–70 µg per day and prevent
a deficiency state. However, with the new recognition of multi-
ple Sec-containing proteins, this assertion is being revisited to
determine whether some of the previously unknown proteins
may be impaired by inadequate selenium status despite a 
diet containing the currently recommended amount [31,32].
Dietary protein is an important source of selenium. Rats fed 
a protein-deficient diet had low GPx levels and exhibited
increased sensitivity to liver injury induced by carbon tetrachlo-
ride [33], abnormalities that could be ameliorated by selenium
supplements [34]. Acute alcohol feeding has also been shown to
decrease hepatic selenium levels in animal studies, whereas
deficiency states in people are usually associated with consum-
ing food produced in a limited geographical region (e.g. certain
regions in New Zealand and China) and are associated with
growth retardation, defective spermatogenesis, cataracts and
cardiomyopathy.
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As is true of many other trace elements and vitamins, sub-
optimal health attributed to mild and clinically undetected
deficiency states has been proposed and is the basis for selenium
supplementation as an antioxidant in many multivitamins and
other supplements. Disease states that have been attributed to
moderately low selenium levels include cancer, susceptibility to
viral infections, progression of AIDS, defective spermatogenesis,
arthritis, vascular disease, asthma and immune system dysregu-
lation [12,35]. Mice lacking both GPx1 and GPx2 have been
found to develop ulcerative colitis and colon cancers, attesting

to the potential importance of selenium enzymes in preventing
inflammation and neoplasia [36,37]. On the other hand, the
selenium-dependent thioredoxin pathway is antiapoptotic and
may favour the survival of malignant cells.

Selenium provided in dietary supplements is typically in
forms such as sodium selenite or selenate, although the primary
dietary source may be selenomethionine in plant proteins
[11,38]. Other organic forms of selenium have been found to 
be a potentially useful source as well [39] and, despite major dif-
ferences between selenite supplements and selenate supplements

Table 2 Selenoprotein functions.

Selenoprotein

GPx1a

GPx2

GPx3

GPx4

GPx6

H

I

J

K

M

N, SEPN1

O

P, SelP

R, MsrB1

S

SPS2

T

Trx1

Trx2

Trx3

V

W

X

Z

DI-1b

DI-2

DI-3

Sep15, 15 kDa protein

aGPx, glutathione peroxidase (note, GPx5 is not a selenoprotein).
bDI, iodothyronine diodinase [65].

CNS, central nervous system; HMG-CoA, hydroxymethylglutaryl-CoA.

Adapted from refs 19, 12 and 10.

Function

Eliminates cytosolic hydrogen peroxide and lipid

hydroperoxides; most abundant in the liver

Gastrointestinal mucosal antioxidant, inhibits absorption of

lipid hydroperoxides [36]

Plasma antioxidant

Eliminates diverse hydroperoxides [59]

Unknown function

Hypothetical protein

Selenocysteine synthesis

Hypothetical protein

Putative membrane protein

Unknown function [61]

Possible antioxidant in muscle

Hypothetical protein

Selenium storage and transport [24]

Methionine sulfoxide reductase [63]

Putative membrane protein

Essential for tRNA[Ser]Sec synthesis

Hypothetical protein

Catalyses flavin-mediated reduction of oxidized thioredoxin

Thioredoxin reduction

Thioredoxin reduction

Hypothetical protein

Probable antioxidant function

Hypothetical protein

Hypothetical protein

Catalyses the monodeiodination of thyroxine (T4) to the

active thyroid hormone (T3) or inactive form (rT3)

Conversion of T4 to T3 and rT3

Conversion of T4 to rT3

Possible role in endoplasmic reticulum protein folding

Comments

First selenoprotein characterized; also called cystosolic GPx

Originally described in gut mucosa but also found in liver

Secreted glycoprotein, kidneys may be the major source;

‘plasma GPx’

May regulate intracellular signalling [60]; ‘phospholipid

hydroperoxide GPx’

Identified by genomic analysis [19]

Abundant in brain

Possible role in muscular dystrophy; requires prenylation for

function, HMG-CoA reductase inhibitors may interfere and

cause myopathy [62]

10 selenocysteines per molecule, widely expressed in different

organs; liver may be the major source of circulating SelP

Possible selenium donor

Localized to cytosol

Localized to mitochondria

Localized to testis

Most abundant in cardiac and skeletal muscle

mRNA abundant in liver, leukocytes

mRNA abundant in liver, kidney

Found in liver, may play a role in liver-specific effects of thyroid

hormone

Not localized to liver

Primarily localized to the CNS

High expression in liver; localized to the endoplasmic reticulum

[35,64]
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[40], the best approach to dietary selenium supplementation 
has not been established.

Toxicity of selenium

In general, excess selenium intake is rare in humans but is a
significant environmental issue for animals. Liver selenium 
levels are increased in elderly people from the Faeroe Islands
where whales are a dietary mainstay, and also in Inuits of the
Arctic North American continent [41]. Environmentally, sele-
nium accumulates in the groundwater in specific geographical
regions having poor drainage, and wetland birds that dwell in
such regions develop selenium toxicity. Cattle and sheep grazing
in such regions also develop colourfully named syndromes such
as ‘blind staggers’ and ‘alkali disease’ attributed to selenium 
toxicity, although hepatic manifestations of selenium toxicity
have not been described.

Routes of selenium excretion have not been fully identified.
The liver converts Se-met to Sec, and Sec is converted to serine and
selenide, possibly involving an enzyme that specifically removes
selenium from Sec [42]. Selenide is di- or trimethylated and 
then exhaled or excreted [11]. Additionally, a water-soluble 
carbohydrate conjugate, Se-methyl-N-acetylselenohexosamine,
has been identified as a major urinary selenium metabolite in
one study [43]. Whether secretory mechanisms can compensate
for excessive intake is unknown, although selenium levels do
reach a steady-state level during nutritional supplementation
with Se-met [11]. The specific role of the liver in these metabolic
pathways has not been established.

Zinc

The liver plays a central role in zinc homeostasis, removing it
from albumin in the blood and distributing it to the body as
needed. Hormonal stimuli such as glucocorticoids and epin-
ephrine upregulate hepatic zinc uptake by upregulating hepatic
metallothionein levels [44]. Zinc serves as an essential cofactor
for over 100 enzymes and zinc finger transcription factors that
are necessary for intermediary metabolism in the liver and other
organs. It serves a major antioxidant function as a cofactor for
copper–zinc superoxide dismutase, the first line of defence
against cytosolic reactive oxygen intermediates generated in the
liver. The specific effects of zinc deficiency on these metabolic
steps have not been fully elucidated.

Excretion of zinc is mostly in the stool; biliary secretion is
minimal, and most zinc lost in the stool originates from gut
mucosa and pancreatic secretions. Cirrhotics have increased
urinary zinc loss and can become zinc deficient. Zinc supple-
ments, typically zinc sulphate, 220 mg three times daily in 
cirrhotics, may be effective in treating portosystemic encep-
halopathy and muscle cramps [26,45–47], although these data
have been disputed [48]. Zinc supplements increase metal-
lothionein expression, which can impair normal copper uptake.
This is the desired effect when zinc is used to treat Wilson’s 

disease, but the importance of impaired copper uptake in cir-
rhotics taking zinc supplements requires further investigation.

Chromium

Chromium in its various forms is both an industrial toxin and a
commonly used dietary supplement. The toxicity of chromium
depends on its redox state. Whereas Cr VI (i.e. chromate) is a
known industrial toxin and carcinogen, Cr III is hypothesized to
improve insulin sensitivity by enhancing postreceptor insulin
signalling [49]. Cr VI is a strong oxidizing agent but is rapidly
reduced to Cr III when ingested. The effect of Cr III on insulin
signalling is the rationale for its promotion in forms such as
chromium picolinate as a dietary supplement to prevent or
improve diabetes. It has also been promoted as an aid in weight
reduction and as a stimulant for increasing muscle mass,
although controlled clinical trials have not confirmed these
claims. The uptake of chromium by hepatocytes is facilitated 
by an anion channel, probably the same channel that mediates
the uptake of other anions such as phosphate.

Chromium has the potential to accumulate in the liver of
patients with chronic liver disease, and excess dietary supple-
ments should be avoided in this group [7]. One case of severe
hepatotoxicity attributed to chromium picolinate use has been
reported [50]. It is not secreted into the bile and, thus, choles-
tasis is not a cause of chromium accumulation. Accumulation in
the liver may develop in long-term peritoneal dialysis patients,
although the significance of this is uncertain [51].

Manganese

Manganese is a cofactor for a number of enzymes important for
intermediary metabolism, including the hepatic urea cycle
enzyme arginase. However, deficiency syndromes and how they
affect normal metabolism in the liver are not well described [52].
A provocative finding with respect to fatty liver disease was that
manganese-deficient animals developed insulin resistance and
glucose intolerance, but clinical studies of supplements have 
not been found to improve insulin sensitivity or diabetes. As a
cofactor for prolinase, an enzyme needed for proline synthesis,
and glucosyltransferases, enzymes needed for glycosamino-
glycan synthesis, manganese also plays a role in extracellular
matrix production and maturation.

Manganese absorbed from food is avidly taken up by the liver
and distributed to tissues bound to transferrin and albumin. The
mechanisms of absorption appear to be regulated in parallel
with iron absorption such that iron deficiency increases man-
ganese absorption from the gastrointestinal tract and iron excess
reduces manganese absorption. Excess manganese is secreted
into the bile, and some authorities recommend that supple-
ments should be avoided in patients with chronic liver disease to
avoid hepatic accumulation [7]. Manganese has been shown to
accumulate in the globus pallidus of the brain in patients with
cirrhosis [53].
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Cobalt

Cobalt is best known as the catalytic centre of the corrin ring 
in cobalamin, the active core of vitamin B12. Vitamin B12 is 
synthesized by gut bacteria and is thus not directly affected by
altered hepatic metabolism. However, the liver plays a central
role in enterohepatic circulation of vitamin B12 and the disposal
of corrinoid metabolites of vitamin B12 through biliary secre-
tion of degradation products. Alterations in vitamin B12 func-
tion leading to manifestations of a deficiency state have thus
been attributed to altered hepatic metabolism of B12 [54].

Molybdenum

Molybdenum is an essential cofactor for three enzymes: sul-
phite oxidase, xanthine oxidase and aldehyde oxidase. Sulphite
oxidase is essential for the hepatic metabolism of sulphur-
containing molecules such as cysteine and the formation of 
taurine. Whether molybdenum deficiency impairs the produc-
tion of the bile acid taurocholic acid or alters the function of 
bile is not known. The second molybdenum enzyme, xanthine
oxidase, metabolizes purines and is required for the elimination
of degraded nucleotides. It has also been proposed to be a
significant source of superoxide generation during ischaemia–
reperfusion injury. Lastly, aldehyde oxidase requires molyb-
denum as a cofactor. It is known for its role in the hepatic
metabolism of ingested ethanol from toxic acetaldehyde 
to acetate, but it also plays a key role in eliminating other 
more toxic aldehydes such as the lipid peroxidation product 
4-hydroxynonenal.

Despite these known metabolic roles of molybdenum, there
are no recognized hepatic effects of molybdenum deficiency or
excess. This metal does undergo enterohepatic circulation and
crosses cell membranes through an anion channel. It interacts
with copper to form thiomolybdate complexes that increase
copper elimination and cause copper deficiency. This inter-
action is the rationale for its use to promote copper excretion 
in patients with Wilson’s disease.

Toxicity and elimination of trace
elements

The liver has a central role in the uptake and disposition of 
many trace elements, especially the heavy metals [55].
Metallothionein, a cytosolic metal-binding protein composed 
of 25–30% cysteines, binds heavy metals, prevents their toxic
interaction with other cellular components and facilitates their
elimination. Metallothionein is especially important in the
uptake and detoxification of cadmium [56]. Stress markedly
upregulates hepatic metallothionein expression, but the reason
for this is uncertain [57]. The liver also has the highest gluta-
thione levels of any organ, and glutathione plays an important
role in the biliary secretion of heavy metals, especially copper,
cadmium, mercury, lead and zinc [55]. Although cholestasis is

commonly associated with hepatic copper accumulation, the
impact of impaired biliary secretion on the disposal of other
heavy metals is less certain.

Summary

Trace elements serve essential metabolic functions in the liver,
and the liver plays a central role in the disposition of most trace
elements. Much work is needed to identify optimal measures 
of trace element adequacy and the functional consequences of
deficiency states.
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2.3.15 Hepatic metabolism of drugs
Chris Liddle and Catherine A.M. Stedman

General concepts

Drug metabolism is the process by which drug molecules 
are chemically altered, usually to more polar metabolites that
exhibit increased water solubility to allow elimination in urine
or bile and/or increased access to excretory transporters. The
liver is quantitatively and qualitatively the most important site
of drug metabolism, although extrahepatic metabolism of drugs
is also well recognised, both in the gastrointestinal mucosa and
by circulating enzymes such as esterases. Drug metabolism is
likely to be a byproduct of metabolic pathways that metabolize
endogenously synthesized compounds (endobiotics) such as
steroids, sterols, bile acids and eicosanoids. This is supported 
by the observation that hepatic enzymes involved in drug
metabolism often have these endobiotic compounds as sub-
strates, and that some hepatocellular transporters that handle
bile acids also transport drugs [1,2].

One of the most surprising features of hepatic drug-
metabolizing pathways is their ability to cope with a seemingly

endless array of drug substrates. Thus, many of the newer fully
synthetic drugs that have no close structural counterparts in
nature are successfully metabolized by the liver and irreversibly
removed or ‘cleared’ from the body. This broad substrate 
recognition is achieved by the presence of multiple drug-
metabolizing enzymes in the hepatocyte, and many can meta-
bolize multiple substrates. For example, the calcium channel
blocker nifedipine is almost entirely metabolized by the
cytochrome P450 (P450) CYP3A4, an enzyme with very broad
substrate recognition that is responsible for the metabolism of
some 50% of all therapeutic drugs. In contrast, the benzodi-
azepine diazepam is metabolized by P450s belonging to the
CYP2C, 2D and 3A subfamilies to several primary metabolites,
some retaining pharmacological activity. Thus, individual drugs
may be metabolized in very different ways, and variation in the
expression of individual enzymes and transporters for genetic or
other reasons may have complex effects, which may sometimes
be difficult to model and predict in advance.

Central role of the liver in drug
metabolism

In terms of both gross anatomy and microstructure, the liver is
ideally designed as a drug clearance organ (Fig. 1). Most foreign
chemical compounds (xenobiotics), including therapeutic drugs,
enter the body by absorption from the gastrointestinal tract. As
covered in Chapter 2.1.1 of this book, venous drainage from
most of the gastrointestinal tract is via the portal vein to the liver.
Along with drug-metabolizing enzymes and drug transporters
expressed in the intestinal mucosa, the liver provides an effective
barrier that prevents xenobiotics from entering the systemic 
circulation. The fraction of an absorbed drug metabolized on
this initial postabsorptive pass through the liver is termed ‘first-
pass clearance’ and, factored together with the fraction of the
drug absorbed from the gastrointestinal tract, determines the
‘bioavailability’ or the fraction of an orally administered drug
that reaches the systemic circulation as intact drug [3]. For some
drugs, the extent of first-pass clearance can be so great that oral
administration is largely ineffective; for example, glyceryl trini-
trate and lidocaine (lignocaine).

Within the hepatic lobular architecture, drug metabolism 
is not evenly distributed. Some important drug-metabolizing
P450s such as CYP3A4 are predominantly expressed in peri-
central (zone 3) hepatocytes [4]. One reason for this functional 
specialization may be that metabolism can give rise to highly
toxic electrophilic intermediates, which may lead to cell death.
With metabolic segregation, only pericentral necrosis occurs,
rather than massive necrosis if highly reactive molecules cannot
be successfully detoxified.

Drug-metabolizing enzymes

Phase I metabolism refers to a basic structural alteration of a
drug molecule, whereas in phase II metabolism, a water-soluble
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ety of specialized functions, particularly cholesterol and steroid
synthesis and fatty acid metabolism [1,5].

P450 enzymes function as mono-oxygenases that insert one
atom of oxygen into the substrate molecule. They have been
alternatively referred to as ‘mixed function oxidases’ on account
of their wide substrate specificities. Within hepatocytes, drug-
metabolizing P450s are located in the smooth endoplasmic
reticulum, in contrast to some synthetic P450s that are localized
to the mitochondrial inner membrane. Drug-metabolizing 
P450 enzymes accomplish a wide variety of metabolic reactions
including aliphatic and aromatic hydroxylation, O-, S- and 
N-dealkylation, oxidative and reductive dehalogenation, N-
oxidation and N-hydroxylation, demethylation and deamina-
tion [6]. For example, CYP2D6 catalyses the O-demethylation
of codeine to form morphine (Fig. 2), where the metabolite 
possesses greater pharmacological activity than the parent drug.
Phase I-generated metabolites may be sufficiently water soluble for
immediate elimination or may form substrates for phase II enzymes.

Phase II metabolism involves the conjugation of a hydrophilic
chemical moiety to a drug molecule. Enzymes that accomplish
this task are collectively known as ‘transferases’, as they catalyse
the transfer of a moiety from a donor molecule to the drug 
recipient. For example, the UDP-glucuronosyltransferases (UGT)
catalyse the transfer of the sugar α-glucuronic acid from the
donor molecule uridine-α-glucuronide to a substrate molecule,
as exemplified by morphine (Fig. 2). Most transferases also
belong to gene families with individual members catalysing the
conjugation of a distinct but often overlapping range of sub-
strates. A list of enzymes commonly involved in phase II human
drug metabolism is presented in Table 2. An important function
of phase II enzymes is the detoxification of reactive molecules
that may be generated by phase I drug metabolism [7].

Table 1 Major human drug-metabolizing cytochrome P450s and receptors
responsible for inductive regulation.

Cytochrome P450 family Member Regulating receptor

CYP1 CYP1A1 AhR

CYP1A2 AhR

CYP2 CYP2A6 CAR

CYP2A13

CYP2B6 CAR, PXR

CYP2C8 PXR

CYP2C9 CAR, PXR

CYP2C18

CYP2C19 PXR, CAR

CYP2D6

CYP2E1

CYP2F1

CYP2J2

CYP3 CYP3A4 PXR, CAR

CYP3A5 PXR, CAR

CYP3A7a PXR

AhR, aryl hydrocarbon receptor; CAR, constitutive androstane receptor;

PXR, pregnane X receptor.
aExpressed in fetal liver and uterine endometrium.

Biliary
cannaliculus

Space of Disse

Sinusoid

P450s, transferases, etc.

MetabolitesDrug

MRP3NTCP

Bound drug

Bound drug

OAT2 OATP OCT1

Free drug

Free drug

MDRI

MDR3 MRP2

BSEP

Fig. 1 Organization of drug metabolism at the
level of the hepatocyte. Portal blood enters
hepatic sinusoids where free drug molecules
are transported into hepatocytes. Within
hepatocytes, enzyme-mediated metabolism
occurs prior to excretion of drug and drug
metabolites by transport into bile or back into
the circulation. BSEP, bile salt export pump;
MDR, multidrug resistance protein; 
MRP, multidrug resistance-associated protein;
OAT, organic anion transporter; OCT, organic
cation transporter; NTCP, Na+-taurocholate
cotransporting polypeptide.

moiety is attached or ‘conjugated’ to the drug. P450 enzymes are
the predominant catalysts of phase I metabolism in the liver.
P450s comprise a gene superfamily with 57 members in the
human genome. A subset of approximately 15 P450 enzymes
belonging to the CYP1, 2 and 3 gene families mediates 70–80%
of all phase I-dependent metabolism of therapeutic drugs 
(Table 1) and participates in the metabolism of countless other
xenobiotic chemicals. P450s from other families subserve a vari-
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Drug transporters

Cloning and characterization of plasma membrane-bound hep-
atocyte transporters has revealed that many drugs enter and exit
hepatocytes by energy-dependent transporters rather than by
simple diffusion (Fig. 1, Table 3) [8]. The predominant trans-

porters involved in drug uptake are members of the solute 
carrier (SLC) transporter superfamily, which are located on 
the sinusoidal (basolateral) plasma membrane. In contrast,
transporters responsible for the excretion of drugs and drug
metabolites from hepatocytes belong to the ATP-binding 
cassette (ABC) transporter superfamily and are located on 

NCH3

O

Codeine

H3CO OH

Phase I

CYP2D6

UGT1A1
UGT2B7

Phase II

NCH3

O

Morphine
HO OH

NCH3

O

Morphine 3-O-glucuronide Uridine-5′′-diphospho-aD-glucuronic acid

O

OH

HO
O

O UDP

COOH

OH

OH

O

OH

HO

COOH

OH

Fig. 2 Phases of hepatic drug metabolism as
exemplified by codeine. Codeine is converted
to morphine by CYP2D6-mediated O-
demethylation, a phase I reaction. Morphine is
subsequently conjugated by phase II enzymes
UDP-glucuronosyltransferases (UGT) to form
both 3-O- and 6-O-glucuronide metabolites,
the pharmacologically inactive 3-O metabolite
being shown in this figure.

Table 2 Some major human phase II drug-metabolizing enzymes and receptors implicated in regulation.

Superfamily

Glutathione S-transferases

(GST)

Sulphotransferases

(SULT)

N-acetyltransferases

(NAT)

UDP-glucuronosyltransferases

(UGT)

BCNU, carmustine; GSH, reduced glutathione; NSAID, non-steroidal anti-inflammatory drug.
aOnly significant human families are listed.
bOnly nuclear receptors implicated in the regulation of human enzymes are listed.
cCytosolic GSTs are shown; mitochondrial and microsomal GSTs are not shown.
dOnly cytosolic SULTs are included in the nomenclature.

Function

Catalyse nucleophilic

attack by GSH on

non-polar

compounds

Sulphation

N-acetylation,

O-acetylation 

Glucuronidation

Substrate examples

Adriamycin, BCNU, busulfan,

carmustine, chlorambucil,

cyclophosphamide, DDT,

inorganic arsenic, pesticides

Steroid hormones, bile acids,

isoflavones, paracetamol,

minoxidil

Arylamines

N-hydroxylated 

heterocyclic amines

Bilirubin, paracetamol, morphine,

zidovudine, NSAIDs

Gene familiesa

GSTAc

GSTM

GSTP

GSTS

GSTT1

GSTZ

GSTO

SULT1d

SULT2

SULT4

NAT1

NAT2

UGT1A

UGT2B

Receptors implicated in
regulationb

GSTA2

SULT1A1

SULT2A1

UGT1A1

UGT1A6

UGT2B4

UGT2B7

CAR, PXR AhR

CAR

VDR

PXR, CAR,

HNF1a
AhR, SHP

FXR, ?PPAR

HNF1a
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Table 3 Major hepatic drug transporters: nomenclature, function and nuclear receptor regulation.

Trivial symbol 
(gene symbol)

Basolateral membrane of hepatocyte

OATP1B1 (SLCO1B1)a

OATP1B3 (SLCO1B3)b

OCT1 (SLC22A1)

OAT2 (SLC22A7)

NTCP (SLC10A1)

MRP1 (ABCC1)

MRP3 (ABCC3)

MRP4 (ABCC4)

Canalicular membrane of hepatocyte

MDR1 (ABCB1)

MDR3 (ABCB4)

MRP2 (ABCC2)

BSEP (ABCB11)

FIC1 (ATP8B1)

AE2 (SLC4A2)

ABCG5/ABCG8

BCRP (ABCG2)

BA, bile acids; CAR, constitutive androstane receptor; FTF, fetal transcription factor (also called liver receptor homologue 1, LRH1); FXR, farnesoid X receptor;

LXR, liver X receptor; MDR1 protein is also known as P-glycoprotein; PPAR, peroxisome proliferator-activated receptor; PXR, pregnane X receptor; SHP, short

heterodimer partner; HNF, hepatocyte nuclear factor.
aOATP1B1 is also known as OATP-C, OATP2, LST-1.
bOATP1B3 is also known as OATP8, LST-2.

Name

Organic anion-transporting

proteins

Organic cation transporter

Organic anion transporter

Na+-taurocholate cotransporting

polypeptide

Multidrug resistance-

associated proteins

Multidrug resistance-1

Multidrug resistance-3

Multidrug resistance-associated

protein-2

Canalicular bile salt export pump

Familial intrahepatic cholestasis-1

Chloride–bicarbonate anion

exchanger isoform-2

‘Half ABC transporters’

‘Half ABC transporters’

Nuclear 
receptor

FXR, HNF1a,

?PXR

SHP/FXR

PXR

PXR, FTF

?CAR

PXR

FXR, PPARa

PXR,CAR

?FXR

FXR

FXR, PXR

LXR

Function and substrates

Hepatic uptake of organic anions and cations

e.g. enalapril, digoxin, HMG-CoA reductase inhibitors, BA, bilirubin

Hepatic uptake of hydrophilic organic cations

e.g. cimetidine, choline, dopamine, acyclovir, zidovudine

Hepatic uptake of organic anions and drugs

e.g. salicylate, methotrexate, non-steroidal anti-inflammatory drugs

Na+-dependent uptake of conjugated BA from portal blood

Drug export from hepatocytes, e.g. VP16, colchicine, etoposide

Organic solute transporter: extrudes BA conjugates, methotrexate,

etoposide

Mediates glutathione efflux from hepatocytes into blood by

cotransport with BA; also exports purine and nucleoside analogues

Excretion of organic cations, xenobiotics and cytotoxins to bile

e.g. colchicine, doxirubicin, adriamycin, vinblastine, paclitaxel,

vincristine

Phospholipid export pump: translocates phosphatidylcholine from

inner to outer leaflet of membrane bilayer

Mediates multispecific organic anion transport into bile, e.g.

bilirubin diglucuronide, sulphates, glutathione conjugates,

vinblastine, sulphinpyrazone

ATP-dependent transport of monovalent bile salts and ?paclitaxel

into bile

Potential aminophospholipid-translocating ATPase

Facilitates bicarbonate secretion into bile, stimulates BA-

independent bile flow

Transport sterols into bile. May partially mediate biliary cholesterol

secretion

Mediates cellular extrusion of sulphated conjugates, ?estramustine

the biliary canalicular (apical) plasma membrane, where they
mediate the excretion of drugs into bile, or on the sinusoidal
membrane, where they mediate efflux back into the circulation.
Hepatocyte transporters and their functions are covered in more
detail in Chapter 2.2.4.

Interindividual differences in drug
metabolism

Clinicians are well aware that individual dose requirements 
of drugs for patients can very widely, even in the absence of 
obvious confounding factors such as drug–drug interactions
[9]. For many drugs, a significant component of this inter-
individual difference can be attributed to variability in drug

metabolism [10]. Importantly, metabolism cannot be reliably
predicted by simple anthropomorphic characteristics such as
body mass, body surface area, gender, age or race. While some
variability can now be attributed to allelic variation within drug-
metabolizing genes (Table 4), hepatic and intestinal expression
of the most important and abundant human P450 enzyme
CYP3A4 exhibits a unimodal distribution that cannot be
explained by genetic polymorphism [5]. As CYP3A4 is inti-
mately involved in the metabolism of many endogenously 
synthesized compounds, such as bile acids and ecosinoids in
addition to therapeutic drugs, it now seems likely that variation
in CYP3A4 may be the result of homeostatic regulatory mech-
anisms. In this respect, nuclear receptors that have endogen-
ous ligands, such as the farnesoid X receptor (FXR) and the
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pregnane X receptor (PXR), as well as other transcription factors
important in the expression of liver-predominant genes such as
hepatocyte nuclear factor 4α (HNF4α) and CCAAT/enhancer-
binding protein β (C/EBPβ), have all been shown to be import-
ant regulators of CYP3A4 gene transcription [11–14].

Regulation of drug-metabolizing pathways

In an evolutionary sense, the ability to respond to a potentially
toxic chemical challenge through the upregulation of endobiotic
and xenobiotic metabolizing and transporting genes would be
expected to confer a survival advantage. It is therefore not sur-
prising that many drug disposition pathways are inherently vari-
able and are capable of responding to a wide range of chemical
stimuli. Recent work has shown that several drug-metabolizing
and -transporting genes are subject to adaptive regulation, pre-
dominantly by nuclear receptors [15]. Members of the nuclear
receptor superfamily function as ligand-activated transcription
factors and have critical roles in diverse cellular processes. A sub-
set of nuclear receptors that heterodimerize with the receptor for
9-cis retinoic acid-α (RXR) recognises a range of small lipophilic
molecules that includes xenobiotic compounds, including a
range of therapeutic drugs. The two receptors identified to date
that have this role are PXR and the constitutive androstane re-
ceptor (CAR) [16]. PXR and CAR are capable of transcriptional
induction of an array of drug-metabolizing and -transporting
genes that cover all phases of hepatic drug disposition (Tables

1–3). In addition, nuclear receptors that appear to have exclu-
sively endobiotic ligands such as the farnesoid X receptor (FXR)
and the vitamin D receptor (VDR) have also been implicated in
the regulation of drug-metabolizing pathways. Interestingly,
PXR, FXR and VDR are all capable of binding and responding 
to bile acids, reinforcing the concept that drug metabolism is
interrelated with cholesterol and bile acid homeostasis [17].
CAR appears to subserve additional roles in bilirubin and energy
homeostasis [18], although its precise roles as an endogenous
regulator remain enigmatic.

Role of genetic variation (pharmacogenetics)

The term ‘pharmacogenetics’ can be defined as the study of
genetically determined variation in drug response. Pharmaco-
genomics is the use of genetic information to individualize drug
therapy, a science that is still in its infancy. We now recognize
that many genes involved in drug metabolism and transport are
subject to genetic polymorphism, which may result in changes
in drug disposition and, hence, both drug efficacy and drug toxi-
city [9,10]. All phases of drug disposition are now recognized to
be affected by genetic variability, and some clinically relevant
examples are listed in Table 4.

To date, genetic variation in cytochrome P450-mediated
metabolism has been most intensively studied, and polymorphic
forms of P450s are responsible for the development of a
significant number of adverse drug reactions (ADRs) [19].

Table 4 Genetic polymorphisms of some major human drug-metabolizing enzymes and transporters.

Gene Major allelic variants Prevalence of PM  Examples of drugs affected by PM status
phenotype (%)

Caucasian Asian

CYP1A2 CYP1A2*1K – – Phenytoin, caffeine

CYP2A6 CYP2A6*4, CYP2A6*9 ~ 0 2–4 Nicotine

CYP2B6 CYP2B6*6 – – Cyclophosphamide

CYP2C9 CYP2C9*2, CYP2C9*3 1–2 0.04 Phenytoin, glipizide, tolbutamide, warfarin, irbesartan 

CYP2C19 CYP2C19*2, CYP2C19*3 2–5 10–25a Diazepam, omeprazole, lansoprazole, imipramine, fluoxetine, 

sertraline, nelfinavir

CYP2D6 CYP2D6*4, CYP2D6*5, 5–10 1–2 Codeine, metoprolol, tricyclic antidepressants, venlafaxine,

CYP2D6*10, CYP2D6*17, ondansetron, tropisetron, perhexiline

CYP2D6*41, CYP2D6*2xnb

DPD DPYD*2A 3 ? 5-Fluorouracil

NAT NAT2*5B, NAT2*6Ac 50 < 40 Isoniazid, procainamide, hydralazine, sulphonamides

TPMT TPMT*2, TPMT*3A, TPMT*3C 0.3 < 0.3 Azathioprine, 6-mercaptopurine

UGT1A1 UGT1A1*28, UGT1A1*6, 0.5–10 ~ 3 Irinotecan, lamotrigine

UGT1A1*27

MDR1 C3435T, G2677T – – Digoxin, ciclosporin, tacrolimus, protease inhibitors

OATP1B1 OATP-C*5, OATP-C*1b < 2% – Pravastatin

DPD, dihydropyrimidine dehydrogenase; PM, poor metabolizer; TPMT, thiopurine S-methyltransferase.
aThe CYP2C19 PM phenotype is more common throughout Polynesia and Micronesia, with an incidence between 38% and 79%.
bCYP2D6 gene duplication results in increased CYP2D6 activity, the ultrarapid metabolizer (UM) phenotype. At least 75 CYP2D6 alleles have been identified.
cPhenotypes include slow, intermediate or fast acetylators. NAT1*, wide heterogeneity; NAT2*, at least 13 point mutations described [36].
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High-throughput analysis of P450 polymorphisms is already
commercially available, but its impact on drug prescribing is not
yet clear. All genes encoding P450 enzymes in families 1–3 are
polymorphic to some degree. However, the functional import-
ance of the variant alleles differs, and the frequencies of their 
distribution in different ethnic groups also vary. In general, four
phenotypes can be identified: poor metabolizers (PMs), who
lack the functional enzyme; intermediary metabolizers (IMs),
who are heterozygous for one deficient allele or carry two alleles
that cause reduced activity; extensive metabolizers (EMs), who
have two normal alleles; and ultrarapid metabolizers (UMs),
who have multiple gene copies, a trait that is dominantly inher-
ited. The consequences of PM status have been well character-
ized for some genotypes (e.g. CYP2D6), and this results in slow
drug metabolism, high drug concentrations at ordinary dosage,
a higher risk of ADRs and, in some cases, no response to some
prodrugs (e.g. codeine). In contrast, UM status results in non-
response to drugs that are substrates for the enzyme, particularly
well demonstrated with tricyclic antidepressants. For nortripty-
line, the optimum dose varies from as low as 20 mg/day in 
PMs to 500 mg/day in UMs [19]. While genotyping CYP2D6
mutations could prove clinically useful, over 70 allelic variants
of this gene have been described, which makes this approach
technically difficult and expensive.

An alternative approach to assessing variation in hepatic
metabolism is to phenotype through the use of pharmacokinetic
studies in which the patient is given a marker drug for a particu-
lar metabolic pathway and serum or urinary drug levels are used
to estimate the rate of clearance. While technically feasible, this
approach has not been widely adopted largely because of the
inconvenience and cost involved, with clinicians usually opting
for a pragmatic approach, adjusting drug dose based on signs 
of efficacy or toxicity. At present, the only pharmacogenetic 
test in routine clinical use is the genotyping or phenotyping 
of thiopurine S-methyltransferase (TPMT), an enzyme that 
is crucial for the detoxification of the immunosuppressant 
6-mercaptopurine, particularly in bone marrow where altern-
ative metabolism through xanthine oxidase is not present [20].

More recently, it has been appreciated that genetic polymor-
phism has important effects on phase II enzymes as well as drug
transporters such as MDR1 and OATP2. There is still contro-
versy as to whether, and to what extent, the pharmacokinetics
and pharmacodynamics of drugs are modified by the various
genotypes of MDR1. In contrast to the P450 polymorphisms, no
loss-of-function mutations have been described for MDR1 in
humans, and the differences between genotypes with respect to
protein expression are moderate when compared, for example,
with CYP2D6 [21].

Factors determining the rate of hepatic
drug clearance

Several factors determine the rate at which the liver clears a 
drug from the body [22]. The most important of these are: 
(i) hepatic blood flow, which determines the rate at which drugs

are delivered to the liver; (ii) binding to plasma proteins, as only
unbound drug can be taken up by hepatocytes; (iii) affinity for
hepatocyte uptake transporters; and (iv) the intrinsic affinity 
of hepatic enzymes for the drug as a substrate. The relative
importance of these factors varies greatly for individual drugs,
with hepatic blood flow being the main determinant of the rate
of metabolism for very high metabolic clearance drugs and the
other factors assuming more importance for drugs with low
metabolic clearance. This has significant implications for patients
with liver disease (see below).

Metabolic drug–drug interactions

At the level of hepatic drug metabolism, the two mechanisms of
drug–drug interactions are induction and inhibition of drug-
metabolizing enzymes. Examples of both are listed in Table 5.
Inductive drug–drug interactions occur when an inducing drug
causes an increase in the metabolism of coadministered drugs
with a resultant diminution in their therapeutic effect. The most
important enzyme affected by this form of interaction is
CYP3A4 because of the potential magnitude of its induction 
and the vast array of drugs metabolized by this P450 enzyme
[23]. Only relatively recently have the mechanisms of CYP3A4
induction by inducing drugs such as rifampicin, phenytoin, 
carbamazepine and the herbal remedy St John’s Wort been 
elucidated. Most, if not all, CYP3A4-inducing drugs are now
recognized to be ligands for PXR, a nuclear receptor that is
highly expressed in hepatocytes and intestinal epithelial cells.
PXR/RXR heterodimers bind to response elements in the 
regulatory upstream region of the CYP3A4 gene, resulting in
transcriptional activation [12]. Several other drug-metabolizing
genes and drug transporters are also induced by ligand-activated
PXR, while a lesser number are activated by other receptors,
including CAR and the aryl hydrocarbon receptor (AhR)
[24,25].

Inhibition of metabolism by coadministered drugs is also a
common cause of drug–drug interactions and occurs by two
basic mechanisms. The most common mechanism of inhibition
is simple competition between drugs for access to the catalytic
pocket of the relevant drug-metabolizing enzyme. Some drugs
are highly effective competitors for P450 enzymes, including
cimetidine, ketoconazole and indinavir. The second way in
which drugs inhibit P450s, often referred to as ‘mechanism-
based P450 inhibition’, involves the formation of a catalytically
inactive, covalently bound complex between a metabolite of the
substrate drug and the P450 enzyme [26]. Macrolide antibiotics
such as erythromycin and clarithromycin as well as tamoxifen,
fluoxitine and the anti-HIV agents ritonavir and delavirdine are
examples of drugs that interact in this way.

Role of metabolism in drug activation
and drug toxicity

Drug metabolism usually results in metabolites with less phar-
macological activity and less toxicity, but this is not always the
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case. For example, irinotecan, a drug used for the chemotherapy
of colorectal cancer, is a prodrug that requires metabolic activa-
tion by CYP3A4 to a compound named SN-38, which is the
active pharmacological agent. SN-38 is subsequently detoxified
by conjugation with α-glucuronic acid catalysed by UGT1A1.
Individuals with the common genetic hyperbilirubinaemia
Gilbert’s syndrome are partially deficient in UGT1A1 and experi-
ence excessive toxicity when administered standard doses of
irinotecan [27]. Metabolic activation applies not only to ther-
apeutic drugs. Of concern is that some procarcinogens, such 
as heterocyclic amines, can be activated by P450 enzymes to 
carcinogenic metabolites [28].

Drug metabolism also contributes to both dose-related and
idiosyncratic drug-induced hepatotoxicity. Paracetamol is a
classic example of dose-related toxicity. The P450-mediated
phase I metabolism of paracetamol (acetaminophen) gives rise
to the reactive intermediate N-acetyl-p-benzoquinone imine
(NAPQI), which is detoxified by a spontaneous reaction with
hepatic glutathione (Fig. 3), a cysteine-containing triamino 
acid peptide. In the setting of paracetamol overdose, the rate of
formation of NAPQI exhausts hepatic-reduced glutathione
stores, and hepatocellular toxicity ensues [7]. While reactive
metabolites have been identified for many drugs exhibiting
idiosyncratic toxicity, the mechanisms by which tissue damage

Table 5 Drug substrates, inhibitors and inducers of some cytochrome P450 enzymes.

P450 enzyme

CYP1A2

CYP2C9

CYP2D6

CYP2E1

CYP3A

Common drug substrates

Clozapine, clomipramine, estrogen, fluvoxamine,

haloperidol, tacrine, theophylline

Phenytoin, warfarin, tolbutamide, glipizide

Alprenolol, bufuralol, carvedilol, metoprolol,

propranolol, timolol, amitriptyline, clomipramine,

desipramine, imipramine, nortriptyline, flecainide,

mexiletine, propafenone, fluoxetine, haloperidol,

paroxetine, perphenazine, venlafaxine, codeine,

dextromethorphan

Paracetamol, benzene, ethanol, isoflurane,

theophylline

Diltiazem, felodipine, nifedipine, verapamil,

ciclosporin, tacrolimus, alprazolam, midazolam,

triazolam, atorvastatin, lovastatin, clarithromycin,

erythromycin, indinavir, nelfinavir, ritonavir,

saquinavir, losartan, sildenafil

Inhibitors

Amiodarone, cimetidine,

fluoroquinolones, ticlopidine

Amiodarone, fluconazole,

miconazole, phenylbutazone,

sulphinpyrazone

Clomipramine, quinidine,

fluoxetine, haloperidol, paroxetine

Disulfiram, diethyl-dithiocarbamate

Diltiazem, verapamil, itraconazole,

ketoconazole, clarithromycin,

erythromycin, troleandomycin,

delavirdine, indinavir, ritonavir,

saquinavir, grapefruit juice,

mifepristone, nefazodone

Inducers

Polycyclic aromatic hydrocarbons

omeprazole, ritonavir, phenobarbital

Carbamazepine, phenobarbital, rifampin,

St John’s Wort

Not inducible

Ethanol, isoniazid

Rifabutin, rifampin, rifapentine,

carbamazepine, phenobarbital,

phenytoin, topiramate, efavirenz,

nevirapine, St John’s Wort
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(acetaminophen)
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H C
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+ other P450s
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Fig. 3 Metabolic activation of paracetamol
(acetaminophen) to a hepatotoxic metabolite.
Phase I metabolism, predominantly mediated
by CYP2E1, involves N-hydroxylation of
paracetamol to form the electrophilic
intermediate N-acetyl-p-benzoquinone imine
(NAPQI). NAPQI is in turn detoxified by a
spontaneous reaction with hepatic glutathione.
Non-detoxified NAPQI can bind covalently to
macromolecules within hepatocytes causing
hepatic necrosis, as occurs in paracetamol
overdose.
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occurs and propagates remain poorly understood. It is thought
that some idiosyncratic hepatic reactions to drugs are the result
of drug metabolites being covalently bound to cellular pro-
teins, either causing altered protein function or engendering 
an immunological response with subsequent recruitment of
inflammatory cells, production of proinflammatory cytokines
and Fas- or porin-mediated induction of apoptosis [7] (see 
also Chapters 3.1 and 14.1). In the past, it has been difficult to
estimate the likelihood of a drug causing idiosyncratic hepato-
toxicity, but recent advances in proteomics and metabolomics
may begin to allow prediction of the proclivity of a drug to cause
this form of toxicity, before human studies are undertaken [29].

Drug metabolism in liver disease, 
portal hypertension and systemic
disease states

Liver disease and portal 
hypertension

In advanced liver disease, drug metabolism mediated by some
P450 enzymes or enzyme subfamilies, particularly CYP1A, 
2C19 and 3A, appears to be impaired to an extent that cannot 
be explained by simple hepatocellular loss, and suggests specific
downregulation of these genes [30]. This loss of metabolism
varies with the cause of liver disease; for example, in patients
with a predominant cholestatic aetiology, CYP3A activity is 
relatively preserved [31], possibly because of positive regulation
by retained bile acids acting though PXR and FXR. There is a
strong relationship between quantitative measures of hepatic
drug metabolism such as the aminopyrine breath test and the
Child–Pugh score [30], although such metabolic measurements
may not be better predictors of the severity of liver disease than
clinical assessment in combination with more readily available
and less expensive biochemical tests.

In the presence of portal hypertension, hepatic blood flow
may be reduced in combination with increased portal–systemic
shunting through collateral blood vessels. This can dramatically
increase the bioavailability of high clearance drugs, for example
propranolol, a drug that is commonly used in cirrhotic patients
to lower portal vascular pressure. Such patients often require a
relatively low dose of this drug to achieve a therapeutic effect and
avoid side-effects such as excessive bradycardia. At the other end
of the spectrum, the rate of metabolism of low clearance drugs is
particularly sensitive to any factor that affects the availability of
drug-metabolizing enzymes, as occurs with loss of hepatocellu-
lar mass in liver disease. A good example is diazepam, which
exhibits a 50% reduction in clearance in advanced liver disease
[32]. An additional factor that alters drug disposition in
advanced liver disease is decreased plasma protein binding due
to decreased hepatic protein synthesis. This results in increased
action of drugs that usually circulate in a highly bound state.
Issues relating to prescribing drugs in patients with liver diseases
are covered in Chapter 23.3.

Drug metabolism in inflammatory states

In the early 1980s, it was recognized that theophylline toxicity
occurred in children with influenza, despite being on a non-
toxic dose of the drug prior to falling ill [33]. It was subsequently
shown that several inflammatory states were associated with
decreased expression of some hepatic P450 enzymes and that
interleukin-1, interleukin-6, interferons and bacterial
lipopolysaccharide were capable of mediating this phe-
nomenon, predominantly operating through transcriptional
repression [34]. More recently, it has been proposed that some
patients with advanced cancer may experience excessive toxicity
from chemotherapy because of diminished hepatic metabolism
of anticancer drugs, even when the malignant process does 
not directly involve the liver. In this situation, it appears that 
the cancer is modulating drug-metabolizing enzymes through
either the direct or the indirect release of proinflammatory
cytokines [35].
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2.4.1 Albumin and other carrier
proteins
Richard A. Weisiger

Soluble proteins make up 6.4–8.3% of plasma by weight [1], a
value comparable to their concentration in cell water [2]. Many
plasma proteins are synthesized by the liver. Their concentra-
tions may decrease in the setting of liver disease, malnutrition or
protein-losing states such as nephrotic syndrome, severe burns,
bowel inflammation, intestinal lymphangiectasia or major
bleeding episodes. The most abundant plasma proteins have 
little or no enzymatic activity. Instead, their function is typically

binding to other molecules, generically referred to as ligands.
Some plasma binding proteins that have been characterized 
are listed in Table 1. Most of these proteins bind to only one 
(or a few related) molecules with high affinity. For example,
haemopexin binds haem, retinol-binding protein binds retinol,
and transferrin binds iron. In contrast, other binding proteins
such as albumin and alpha-fetoprotein are far less selective.

Albumin is the most important serum binding protein in
terms of concentration (about 4.2%) [1,3] and number of differ-
ent ligands bound. The latter include fatty acids [4], unconju-
gated bilirubin [5], many divalent cations such as copper [6,7],
hydrophobic bile acids [6] and a variety of drugs and toxins
[6,8–11] (Table 2). Albumin’s broad specificity reflects not only

2.4 Synthetic function

250

Binding protein Ligand References

Afamin Vitamin E, probably others [18,65,36]

Albumin See Table 2

Alpha-fetoprotein Long-chain fatty acids, bilirubin, many others [66]

Avidins Biotin [67]

Ceruloplasmin Copper [68]

Cholesterol ester transfer protein Cholesterol [33]

Corticosteroid-binding globulin Steroid hormones [69]

Folate-binding protein Folic acid [6]

Haptoglobin Haemoglobin [6]

Haemopexin Haem [6]

Lipocalins Retinoids, arachidonic acid, steroids, pheromones [70]

Lipoproteins Triglycerides, cholesterol, bile acids, vitamin E [6]

Phospholipid transfer protein Phospholipids [71,72]

Retinol-binding protein Retinols [73,74]

Sex hormone-binding globulin Testosterone, dihydrotestosterone, estradiol [75]

Thyroxine-binding globulin Thyroxine [76]

Transcobalamins Vitamin B12 [77,78]

Transcortin Corticoids [79]

Transferrin Iron [6]

Transthyretin Thyroxine [73]

Vitamin D-binding protein Vitamin D [6]

Table 1 Soluble binding proteins found in
plasma.
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arrest, which causes rapid and severe damage to most tissues.
However, selective failure of convective transport can occur
even with normal cardiac output if binding protein concentra-
tions are low. For example, a very low haemoglobin level selec-
tively blocks convective transport of oxygen, causing ischaemia.
Congenital absence of transcobolamin blocks vitamin B12 trans-
port, causing brain damage [22,23]. Congenital retinol-binding
deficiency blocks the transport of retinol, causing atrophy of the
retina [24]. Congenital haptoglobin deficiency is associated with
seizures caused by the accumulation of haemoglobin and its
degradation products in the brain [25]. Interestingly, congenital
lack of serum albumin causes few manifestations in otherwise
healthy persons, probably because other plasma proteins with
overlapping binding specificities compensate for its absence
[26]. Nevertheless, critically ill patients with hypoalbuminaemia
have greatly decreased survival rates even with normal nutrition,
and replacing albumin seems to improve their survival [27].

The rate at which a molecule is transported by the blood-
stream is proportional to its concentration. For lipophilic and
amphipathic molecules, this concentration is very low unless
binding proteins are present, reflecting their limited solubility 
in water and their strong tendency to bind to tissues. Plasma
binding proteins may increase the rate of convective transport of
their ligands by many orders of magnitude. They are often called
carrier proteins in recognition of this important role.

It may seem counterintuitive that protein binding can make a
ligand more available to tissues. Indeed, bilirubin is cleared by
liver much more efficiently in the absence of albumin than in 
its presence [28], suggesting that the opposite should be true.
However, the maximum possible concentration of unbound
bilirubin in plasma is so tiny, about 7 nM [29], that normal
blood flow cannot deliver nearly enough bilirubin to the liver 
to keep up with the rate of production, even if the efficiency 
of removal is 100%. On the other hand, the concentration of
albumin-bound bilirubin in plasma is large enough that only a
small fraction needs to be removed to keep up with bilirubin
production. In summary, protein binding makes ligands more
available to sites of metabolism and excretion within the body by
increasing their rates of convection from one tissue to another.

By a similar mechanism, binding proteins are also important
in hormone signalling. Thyroid and steroid hormones are relat-
ively hydrophobic and tend to bind strongly to tissues [30,31].
In the absence of binding proteins, these hormones bind to the
first cells they encounter [30,31], thus preventing rapid sig-
nalling to other cells. By competing with cellular binding sites
for these hormones, plasma binding proteins for thyroid [32],
steroid [6,33] and other lipophilic hormones maintain a uni-
form circulating pool that bathes all cells with similar hormone
concentrations, allowing changes in hormone levels to pro-
pagate rapidly and uniformly throughout the body [30]. In gen-
eral, the activity of a hormone is proportional to the unbound
(‘free’) hormone concentration [34]. Plasma hormone binding
proteins buffer this concentration against rapid changes while
promoting a uniform distribution throughout the body.

the presence of several discrete binding sites [6], but also its 
ability to adapt its three-dimensional conformation in response
to binding [12,13], thus creating a better fit between the binding
site and the ligand. This ability is termed conformational adapt-
ability [14]. Even when no ligands are bound, albumin is con-
stantly sampling from a large library of conformations in a
process known as conformational breathing [14]. This variability
helps to explain why it took so long to crystallize albumin in a
form suitable for determining its detailed three-dimensional
structure [6,15,16].

Human serum albumin consists of a single polypeptide chain
of 585 amino acids with a molecular weight of 66 700 Da [9,17].
It contains six homologous subdomains that individually retain
binding capacity when separated by proteolysis [15]. It is part of
a multigene family that also includes alpha-fetoprotein, afamin
and vitamin D-binding protein [15,18]. Synthesis of albumin is
restricted to the liver, and albumin levels typically decline as the
severity of liver disease worsens. The serum albumin concentra-
tion is an important part of the Child–Pugh score for assessing
the severity of liver disease [19], but is not used in the MELD
score for determining liver transplantation priority, in part
because such critically ill patients often have other conditions
(such as gastrointestinal bleeding) that may lower the albumin
level [20,21]. Hyperalbuminaemia, when seen, is nearly always
due to dehydration rather than increased synthesis.

Functions of albumin and other plasma
binding proteins

Convection

The primary function of blood is to transport molecules to 
and from tissues by convection (flow). Without this function,
important metabolites such as glucose and oxygen would
become depleted, and products of metabolism such as carbon
dioxide and lactate would accumulate to toxic levels. The most
dramatic example of failure of convective transport is cardiac

Table 2 Some molecules bound by plasma albumin.

Amino acids (tryptophan, cysteine) [17,80]

Bilirubin [5,6,29]

Cationic metal ions (Ag, Ca, Cd, Co, Cu, Hg, [3,6,7,81–83]

Mg, Mn, Ni, Zn)

Chloride [6]

Many drugs (e.g. coumadin, digitalis, ibuprofen, diazepam,

lidocaine, furosemide, valproic acid, phenytoin) [6,8]

Medium- and long-chain fatty acids [6,84]

Certain bile acids (e.g. lithocholate, chenodeoxycholate) [6,85]

Certain steroid hormones (cortisone, estradiol, [6]

progesterone, aldosterone)

Thyroxine [6, 86]

Certain toxins (e.g. aflatoxin, digitoxin, ‘organic anions’) [9–11]
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[6]. In other cases, however, the complex may serve a signalling
function. Sex steroid-binding protein allows certain sex hor-
mones to activate adenyl cyclase without ever entering the cell by
reversibly binding to a specific G protein-linked receptor on the
cell surface [39]. Only certain sex hormones are able to activate
the receptor when bound to the binding protein [39].

Cellular uptake may also draw on a pool of unbound ligand at
the cell surface that is rapidly replenished by dissociation from
the binding protein. Dissociation may either be spontaneous or
catalysed by an interaction of the binding protein with the cell
surface. If sufficiently slow, the rate of dissociation may limit 
the rate of cellular uptake by allowing the unbound ligand con-
centration to become depleted at the cell surface. Dissociation-
limited uptake has been demonstrated for avidly bound
molecules such as bilirubin and fatty acids [37,40]. Indeed, the
affinity of albumin for bilirubin and long-chain fatty acids may
represent a compromise between the need to limit the toxicity 
of these molecules (which favours more avid binding) and the
need for rapid dissociation of the ligand from albumin prior to
uptake (which favours less avid binding). Under physiological
conditions, the hepatic uptake rate of fatty acids and bilirubin 
is influenced by many processes (including the rates of plasma
flow into the liver, diffusion across the unstirred plasma layer,
transport across the plasma membrane, diffusion through the
cell cytoplasm and metabolism or excretion), each of which has
a roughly comparable rate [41]. The detailed process by which
binding proteins facilitate diffusion of their ligands across extra-
cellular water layers was first defined by Bass and Pond [42] and
has since been validated in a variety of physiological settings
[43–45].

Limiting toxicity

Many molecules that bind to plasma proteins are potentially
toxic. This includes endogenous molecules such as bilirubin and
long-chain fatty acids, heavy metal ions such as iron and copper,
and exogenous drugs and toxins such as digitalis, aminoglyco-
sides and warfarin. These molecules cause little or no toxicity
while bound to plasma proteins, but interfere with critical cell
functions when present at sufficient concentrations within tis-
sues. Binding to plasma proteins provides a relatively safe place
to store these molecules while they await cellular metabolism or
elimination.

For example, children with congenital absence of hepatic
bilirubin uridine diphosphate (UDP)-glucuronal transferase
may develop brain damage (kernicterus) from the accumulation
of high levels of unconjugated bilirubin in neural tissues [46].
Bilirubin inhibits important cellular functions such as the
Na+/K+-ATPase and peptide phosphorylation in the brain
[47,48]. However, brain damage does not occur until the storage
capacity of plasma albumin is exceeded [6,46]. Likewise, long-
chain fatty acids can cause damage to cell membranes and
inhibit some enzymes when present at high concentrations
[49–51]. However, high plasma concentrations are needed to

Diffusion

Convection alone cannot deliver dissolved molecules to the 
cell surface. No matter how vigorously the extracellular fluid 
is ‘stirred’ (e.g. by flow or turbulence), a very thin layer of
unstirred plasma always remains just above the plasma mem-
brane [35]. The only way for soluble molecules to cross this layer
is by diffusion. The thickness of this layer varies among tissues. 
It is relatively small in the liver, where fenestrations in the
endothelial cells allow plasma proteins direct access to the
subendothelial (Disse) space [36]. Erythrocytes passing through
the liver sinusoids may ‘massage’ the endothelium, thus both
increasing the rate of exchange of plasma with the subendothe-
lial space [36] and reducing the thickness of the unstirred layer.
In contrast, cells in less metabolically active tissues may be located
one or more cell diameters from the nearest capillary, requiring
metabolites to diffuse much greater distances to reach them.

Diffusion is the random motion of dissolved molecules across
a concentration gradient. Although the unstirred plasma layer 
is typically very small, it can greatly limit the rate at which 
small molecules move into and out of cells [35,37]. According to
Fick’s law, the steady diffusional flux ( J) is proportional to the
concentration difference of the diffusing molecule (∆C) and its
diffusion constant (D) (a measure of its rate of random motion)
and inversely related to the square of the thickness of the layer
(x) (Eq. 1).

J = ∆C D/x 2 (1)

Because of their low solubility in water [29,38], many
hydrophobic molecules such as fatty acids and bilirubin cannot
even approach a sufficient concentration in plasma to drive
observed rates of uptake across this layer in the liver and other
metabolically active tissues [37]. In much the same way that they
increase convection, binding proteins also increase the diffu-
sional flux of their ligands by increasing the amount of dissolved
ligand available for diffusion [37]. While it is true that binding 
to the protein lowers the ligand’s diffusion constant by a factor
of about 10, this is more than compensated for by the increase in
the soluble concentration (often by many orders of magnitude).
These higher concentrations allow for larger values of ∆C,
resulting in a net increase in the diffusion rate [37].

Interactions with cell membranes

Cellular uptake of protein-bound ligands may occur by several
possible mechanisms. Some binding proteins randomly release
their ligands in the general vicinity of the target cell membrane,
while others deliver them carefully to specific sites on the cell
surface or even within the cell. Many cells have receptors for
binding proteins on their surface (e.g. transferrin [6]). Binding
to these receptors is typically followed by receptor-mediated
endocytosis of the entire protein–ligand complex, dissociation
of the ligand from the binding protein in the acid lysosomal
compartment and return of the binding protein to the plasma
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support maximum cardiac and skeletal muscle output. Binding
of more than 99.99% of the plasma fatty acids to albumin greatly
reduces this potential toxicity while keeping the fatty acids in a
form that is rapidly available for metabolism. Finally, in patients
with haemochromatosis, liver and other tissues do not become
loaded with iron until after transferrin is saturated [52], allow-
ing the formation of small iron complexes that are rapidly
cleared by the liver [53,54]. Without binding proteins such as
transferrin, iron ions release toxic free radicals as they repeatedly
cycle between the ferrous and ferric states [55].

Plasma binding proteins also influence drug effectiveness and
toxicity. Warfarin causes toxicity by blocking the formation of
clotting factors in the liver, an effect that is used therapeutically
by the drug coumadin. However, the full effect of a daily dose 
of coumadin does not become manifest until after the plasma
binding sites on albumin have been loaded. Persons with
hypoalbuminaemia are more susceptible to warfarin toxicity
[56,57]. Hypoalbuminaemia is also a risk factor for aminoglyco-
side toxicity [58]. In a similar way, plasma binding increases 
the amount of a dietary toxin that must be ingested to produce
toxicity. The important role of plasma binding in modulating
tissue concentrations of drugs is underscored by the fact that
measurement of unbound drug concentrations is increasingly
used to monitor therapy [59]. Monitoring unbound concentra-
tions is particularly important in patients with disturbed plasma
binding due to hypoalbuminaemia or the presence of com-
petitive inhibitors of binding such as uraemic toxins or certain
drugs [59].

Targeting ligands to specific tissues

Binding proteins may help to direct their ligands to specific 
tissues that express receptors for the protein. This mechan-
ism makes optimum use of ligands that are in limited supply or
may cause toxicity if delivered to the wrong tissues. For example,
transcobalamins target vitamin B12 to cells expressing the
transcobalamin receptor [60], and transferrin targets iron to
cells expressing the transferrin receptor [6]. When expressed,
the receptor for sex steroid-binding globulin renders cells sens-
itive to the hormonal effects of certain steroid hormones [39].

Oncotic functions

Albumin provides approximately 80% of the colloid osmotic
pressure in normal blood, reflecting its high concentration and
relatively low molecular weight. Significant decreases in serum
albumin levels due to liver failure, bleeding, nephrotic syndrome
or protein-losing enteropathy are associated with the accumula-
tion of fluid in extracellular compartments (e.g. oedema, ascites)
[61]. Cerebral oedema may be life threatening and reflects not
only low albumin levels, but also increased permeability of the
cerebral vessels [62]. Administration of albumin reduces the
reaccumulation of ascites after paracentesis [63] and has been
used to treat cerebral oedema as well [64].
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2.4.2 The liver and coagulation
Maria T. DeSancho and Stephen M. Pastores

Introduction

The liver plays a major role in haemostasis, as most of the coagu-
lation factors, anticoagulant proteins and components of the
fibrinolytic system are synthesized by hepatic parenchymal cells.
Additionally, the reticuloendothelial system of the liver helps to
regulate coagulation and fibrinolysis by clearing these coagula-
tion factors from the circulation. Finally, because the liver is a
highly vascularized organ with vital venous systems draining
through the parenchyma, liver diseases can affect abdominal
blood flow and predispose patients to significant bleeding 
problems.

The aetiology of impaired haemostasis resulting from abnor-
mal liver function is often multifactorial and may include
impaired coagulation factor synthesis, synthesis of dysfunc-
tional coagulation factors, increased consumption of coagula-
tion factors, altered clearance of activated coagulation factors
and quantitative and qualitative platelet disorders. In this 
chapter, we will review the normal physiology of haemostasis,
describe the role of the liver in the haemostatic system and dis-
cuss the coagulation abnormalities that may occur in patients
with liver disease and during liver transplantation.

Physiology of haemostasis

Normal haemostatic balance is dependent on a complex inter-
play between procoagulant, anticoagulant and fibrinolytic pro-
teins. Initiation of coagulation begins when tissue factor (TF) 
is exposed after an injury to the vessel wall (Fig. 1). TF forms a

Fig. 1 Tissue factor (TF) is the major initiator of coagulation. Tissue factor-
bearing cells include stimulated monocytes, endothelial cells and vascular
smooth muscle cells. Exposure of TF to blood is rapidly followed by the
formation of a complex between TF and factor VIIa that activates both
factor IX and X, leading to generation of thrombin. Thrombin also activates
factor V, VIII, XI and platelets.

Initiation

Tissue factor-bearing cell
IX

IXa

Va-Xa
X

V Prothrombin (II)

Thrombin (IIa) Prothrombin (II)

X

IXIX

Prothrombin (II)
Prothrombin (II)

V

Platelet

Amplification Activated platelet

V VIIIa
XIa

VWFVIII
XI Xa

Va
VIII

VI

TF-VIIa

TTOC02_04  3/8/07  6:46 PM  Page 255



256 2 FUNCTIONS OF THE LIVER

complex with activated factor VII (factor VIIa) present in the
plasma. The TF/factor VIIa complex converts factor X to factor
Xa, which, in turn, along with a cofactor, factor Va, converts pro-
thrombin (factor II) to thrombin (factor IIa) [1]. Although this
process generates a small amount of thrombin, this thrombin
serves to prime the coagulation cascade by increasing the enzy-
matic activity of factor VIIa, making it 100-fold more active. 
In addition, thrombin activates factor V, VIII, XI and platelets,
which form the infrastructure to amplify the enzymatic reac-
tions of the coagulation cascade. Ultimately, thrombin is formed
directly by the TF/VIIa complex activating factor X to Xa or
indirectly by converting factor IX to factor IXa, which in turn
complexes with its cofactor, factor VIIIa, to convert factor X 
to factor Xa. The large amount of thrombin that is generated
cleaves fibrinogen to fibrin monomers, which in turn spontan-
eously polymerize and are cross-linked by factor XIIIa (which
itself is activated by thrombin) to produce a stable clot. At this
time, thrombin-activatable fibrinolysis inhibitor (TAFI) becomes
fully active and serves to diminish the incorporation and activa-
tion of plasminogen, leading to delayed clot lysis (Fig. 2).

TF-dependent generation of thrombin is rapidly inhibited by
TF pathway inhibitor (TFPI), which binds TF/VIIa/Xa forming
the quaternary complex TFPI/Xa/TF/VIIa, which is internalized
by the TF-bearing cell. The main endogenous anticoagulant 
system is the protein C-dependent system. Protein C and its
cofactor protein S are both vitamin K-dependent factors 
synthesized by the liver. Protein C binds to an endothelial cell
protein C receptor (ECPR) and is activated by thrombin bound
to thrombomodulin, another endothelial cell membrane-based
protein [2]. The activated protein C complex inactivates factors
VIIIa and Va (Fig. 2). Another important endogenous anticoag-
ulant system involves antithrombin (AT), also primarily pro-
duced in the liver, which inactivates thrombin (IIa), factors Xa,

IXa, XIa and XIIa. The anticoagulant activity of AT can be
increased by up to 1000-fold in the presence of heparin. 
Another vitamin K-dependent anticoagulant is protein Z, whose
structure is similar to coagulation factors VII, IX, X, protein 
C and protein S. However, in contrast to these other vitamin 
K-dependent factors, protein Z is not a serine protease and 
plays an important role in inhibiting coagulation by serving 
as a cofactor for the inactivation of factor Xa by forming a com-
plex with the plasma protein Z-dependent protease inhibitor.
The role of alterations in the protein Z levels has been evaluated
in different disease states, with conflicting findings [3]. Finally,
to prevent excess clotting, fibrin is digested by the fibrinolytic
system, the major components of which are plasminogen and
tissue-type plasminogen activator (tPA) (Fig. 2). Both these 
proteins are incorporated into polymerizing fibrin, where they
interact to generate plasmin, which in turn acts on fibrin to 
dissolve the preformed clot. Plasminogen binds to fibrin at
specific lysine binding sites and to tPA. The binding of plas-
minogen to tPA converts the proenzyme plasminogen to 
active proteolytic plasmin. Plasmin cleaves polymerized fibrin
strands at multiple sites and releases fibrin degradation products
(FDPs) [3].

The fibrinolytic system is regulated by three serine proteinase
inhibitors: alpha2-antiplasmin (α2-PI), plasminogen activator
inhibitor-1 (PAI-1) and plasminogen activator inhibitor-2
(PAI-2) (Fig. 2). α2-PI is secreted by the liver, is present within
platelets and serves to immediately inactivate free plasmin,
whereas PAI-1 is the most important and most rapidly acting
physiological inhibitor of both tPA and urokinase-type plas-
minogen activator (uPA). PAI-2, originally purified from
human placenta, inhibits both two-chain tPA and two-chain
uPA with comparable efficiency, but it is less effective towards
single-chain tPA [4].

Fig. 2 The fibrinolytic and natural
anticoagulant pathways.
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Role of the liver in the haemostatic
system

The liver is the primary site of synthesis of most of the clotting
factors and the proteins involved in the fibrinolytic system.
These include all the vitamin K-dependent coagulation proteins
(factors II, VII, IX, X, protein C, protein S and protein Z), as well
as factor V, XIII, fibrinogen, antithrombin, α2-PI and plasmino-
gen. The notable exceptions are von Willebrand factor (VWF),
tPA, thrombomodulin, TPFI and uPA. The VWF, tPA, throm-
bomodulin and TFPI are synthesized in endothelial cells, while
uPA is expressed by endothelial cells, macrophages, renal epi-
thelial cells and some tumour cells [4].

Vitamin K, a fat-soluble vitamin, is required to achieve proper
levels of procoagulant factors (II, VII, IX and X) and anticoagu-
lant factors (proteins C, S and Z). These factors require vitamin
K as a cofactor for post-ribosomal modification to render 
them physiologically active. All the vitamin K-dependent factors
have in their amino-terminal several glutamic acid residues that
must be converted to gamma-carboxyglutamic acid residues.
This process is crucial to allow these proteins to bind calcium
ions to form bridges to phospholipid surfaces, which are 
essential for the formation of activation complexes [5]. Finally,
the liver plays a vital role in the regulation of anticoagula-
tion. Removal of activated clotting and fibrinolytic factors, espe-
cially tPA, is mediated through the hepatic reticuloendothelial
system [6].

Haemostatic abnormalities in liver
disease

Various haemostatic abnormalities can occur in patients with
liver disease and, in general, the severity of these abnormalities is
dependent on the degree of hepatic dysfunction (Table 1).

Coagulation defects in acute liver disease

Liver disease can cause both quantitative and qualitative 
abnormalities in coagulation factors. Commonly, the vitamin
K-dependent factors decrease first, starting with factor VII and
protein C owing to their short half-life (6 h), followed by reduc-
tions in factor II and X levels. Factor V levels are decreased 
in both acute and chronic liver disease [7]. Factor IX levels are
usually only modestly reduced until advanced stages of liver 
disease. In contrast, VWF (synthesized by the endothelial cells)
and factor VIII levels may be normal even in the presence of
advanced liver disease because there is an increased production
of factor VIII by the sinusoidal endothelial cells when the liver 
is damaged, combined with decreased clearance of the VWF/
factor VIII complex.

Fibrinogen levels are rarely decreased and may even be 
elevated because of abnormal non-functional fibrinogen
(dysfibrinogenaemia) related to defective polymerization. A
decrease in fibrinogen levels may indicate the presence of 

disseminated intravascular coagulation (DIC) or progression 
to fulminant hepatitis with hepatic failure.

In a study of patients with significant liver injury and 
associated coagulopathy, factors II, V, VII and X were reduced 
to a similar degree and were significantly lower than factors 
IX and XI [8]. Factor VIII, however, was increased as well as 
interleukin 6 (IL-6), tumour necrosis factor-alpha (TNFα),
thrombin–antithrombin (TAT) and soluble TF levels [9]. Of
note, all the decreased factor levels were directly activated 
by TF. In patients with acute fulminant hepatic failure, the
haemostatic alterations are attributed to quantitative and 
qualitative platelet defects, impaired synthesis and clearance 
of the coagulation factors and related inhibitory proteins and
enhanced fibrinolysis. DIC may also play a role; however, DIC is
difficult to distinguish from changes resulting from impaired
hepatic synthesis and clearance alone [10]. In a study of 42
patients with acute fulminant hepatic failure, the activities of
plasminogen and its inhibitor α2-PI were reduced while tPA
activity was normal. PAI-1, however, was greatly increased, indi-
cating a shift towards inhibition of fibrinolysis in these patients.
TAT complex levels and d-dimer, a fragment of cross-linked

Table 1 Hemostatic changes in patients with liver disease.

Haemostatic abnormality Mechanism 

Hypocoagulability Decreased synthesis of coagulation

factors (except VIII and VWF)

Hypofibrinogenaemia (endstage liver

failure) 

Vitamin K deficiency (II, VII, IX, X)

Decreased clearance of degraded

coagulation factors

Hypercoagulability Decreased synthesis of natural

anticoagulant proteins 

antithrombin (AT), proteins C, S and Z

Decreased clearance of activated

coagulation factors 

Dysfibrinogenaemia Synthesis of abnormal fibrinogen

Hyperfibrinolysis Increased levels of circulating tPA activity

due to impaired hepatic clearance

Decreased synthesis of fibrinolytic

inhibitors (PAI-1 and a2-antiplasmin)

Decreased thrombin-activatable

fibrinolytic inhibitor (TAFI) 

Quantitative and qualitative Decreased bone marrow production 

platelet defects: (due to decreased thrombopoietin) 

Splenic sequestration 

Thrombocytopenia Immune-mediated platelet destruction

Folate and vitamin B12 deficiencies 

Thrombocytopathies Direct effect of ethanol 

Non-specific platelet aggregation

abnormalities
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combination with its cofactor protein S, downregulates throm-
bin generation in vivo by inhibiting the action of the cofactors
factors Va and VIIIa. AT complexed to endothelial heparin-like
substances inhibits thrombin (factor IIa) directly through the
formation of an equimolar complex and indirectly through the
inhibition of the serine proteases (factors IX, X, XI and XII).
Thrombin formation is also downregulated by the TFPI, which
specifically inhibits the complex of TF and VIIa [1].

Recent studies have indicated that standard coagulation tests
such as prothrombin time (PT) and activated partial thrombo-
plastin time (aPTT) may not reflect the true coagulation status
of patients with liver cirrhosis. This is because these tests do not
take into account the activation of the primary endogenous anti-
coagulant protein C, levels of which are considerably reduced in
cirrhosis. Tripodi et al. [19] reported impairment of thrombin
generation measured without thrombomodulin, consistent with
the reduced levels of procoagulant factors typically seen in cir-
rhosis. However, when the test was modified by adding throm-
bomodulin, patients generated as much thrombin as control
subjects. The authors concluded that thrombin generation is
normal in cirrhosis and that the reduction in procoagulant fac-
tors in these patients is compensated for by the reduction in
anticoagulant factors, thus leaving the coagulation balance unal-
tered. Furthermore, their findings suggest that measurement 
of thrombin generation in the presence of thrombomodulin
may be more suitable for the evaluation of bleeding risk [19].

Thrombocytopenia

Patients with liver disease may develop quantitative (thrombo-
cytopenia) and/or qualitative platelet abnormalities (thrombo-
cytopathies) such as impaired platelet adhesion and aggregation.
The aetiology of thrombocytopenia in these patients is often
attributed to splenic sequestration (hypersplenism), but may
also occur as a result of platelet destruction mediated by platelet-
associated immunoglobulins (PAIgG) [20] and impaired hep-
atic synthesis and/or increased degradation of thrombopoietin
(TPO) by platelets sequestered in the congested spleen [21].

Mild to moderate thrombocytopenia occurs in 16–52% of
patients with acute hepatitis with or without cirrhosis. Severe
thrombocytopenia can occur as a consequence of aplastic
anaemia, a rare complication of acute hepatitis [22]. Idiopathic
immune thrombocytopenia (ITP) has also been reported in
patients with hepatitis C [23]. Cocaine may cause thrombotic
thrombocytopenic purpura associated with toxic acute hepati-
tis [24]. Ethanol directly suppresses platelet formation and
decreases the lifespan of platelets, both of which contribute to
thrombocytopenia commonly seen with alcohol-related liver
disease [25]. Other aetiologies including medications, folate and
vitamin B12 deficiencies, severe infections and DIC should also
be considered in evaluating thrombocytopenia in patients with
liver disease within the appropriate clinical setting.

Thrombocytopenia is a more common feature of chronic
liver disease and has been reported in 49–64% of cirrhotic

fibrin in plasma, were also significantly increased, indicating
activation of coagulation and fibrinolysis respectively. Thus,
gross abnormalities of the fibrinolytic system occur in fulminant
liver failure but, because inhibitory activity appears to be present
in adequate quantities, this limits the incidence of bleeding due
to fibrinolysis [11].

Coagulation defects in chronic liver disease

In patients with liver cirrhosis, most coagulation factors and
inhibitors of the coagulation and fibrinolytic systems are
markedly reduced because of impaired protein synthesis, 
except for factor VIII and fibrinogen levels, which may be nor-
mal or increased. Possible explanations for the increased factor
VIII levels are the increased hepatic biosynthesis of VWF and
decreased expression of low-density lipoprotein receptor-
related protein, both of which modulate the level of factor 
VIII in plasma, rather than increase factor VIII synthesis [12].
Because fibrinogen is an acute-phase reactant, its synthesis tends
to be preserved in patients with stable cirrhosis.

The deficiencies in vitamin K-dependent factors in cirrhosis
may occur by several mechanisms, including reduced hepatic
synthesis and reduced absorption of bile salts required for
absorption of vitamin K-dependent factors, which may occur in
the setting of cholestatic liver disease. Other contributing factors
include poor oral intake and treatment with antibiotics that
destroy the intestinal bacteria that synthesize vitamin K. As with
acute liver disease, the reductions in coagulation factors parallel
the degree of progression of liver disease.

In addition to impaired synthesis of clotting factors, excessive
fibrinolysis, DIC, thrombocytopenia and platelet dysfunction
account for the diverse spectrum of haemostatic defects in
chronic or endstage liver disease [13] (Table 1).

The abnormalities of the fibrinolytic system are complex and
result from impaired synthesis and altered clearance of the
fibrinolytic factors. One of the most striking mechanisms is an
imbalance between tPA and its specific inhibitor (PAI-1), which
results in an increase in free tPA in the plasma and a reduction in
α2-PI. TAFI plays an important regulatory role in fibrinolysis.
TAFI is a procarboxypeptidase synthesized by the liver and,
upon activation by thrombin or plasmin, TAFI is converted 
into TAFIa. TAFIa inhibits fibrinolysis by removing C-terminal
lysines from partially degraded fibrin, causing a decrease in the
cofactor function of fibrin in the plasminogen activation cata-
lysed by tPA, resulting in decreased plasmin generation [14,15].
Thrombin is the most likely activator of TAFI and, when 
thrombin is complexed to thrombomodulin, TAFI activation is
increased by more than 1000-fold [16]. The levels of TAFI are
markedly reduced in cirrhotic patients and correlate with the
severity of disease [16,17].

In addition to the reduced hepatic synthesis of clotting fac-
tors, cirrhotic patients also have a significant deficit of natural
anticoagulants, particularly protein C and antithrombin [18].
Activated protein C (APC), is the main anticoagulant that, in
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patients [26]. The primary mechanism for thrombocytopenia is
thought to be due to hypersplenism secondary to portal hyper-
tension, which results in increased platelet sequestration and
destruction. There is also increased destruction of platelets 
by immunological mechanisms that result from increased
PAIgG. Increased levels of PAIgG have been reported in 55–88%
of patients with chronic liver disease [20,27]. The elevated levels 
of PAIgG correlate inversely with the platelet count in some
[20,28], but not all studies [27]. Recently, diminished protein
synthesis in the liver has been reported to cause inadequate 
synthesis of TPO [29]. TPO is a glycoprotein produced prim-
arily in the liver that acts to increase the basal production rate of
megakaryocytes and platelets. TPO levels are significantly lower
in cirrhotic patients with thrombocytopenia than in those with
normal platelet counts. Serum TPO levels correlate inversely
with the severity of liver disease [30,31]. Finally, platelet counts
post liver transplantation also correlate with TPO levels, regard-
less of splenic size [32].

Intravascular activation and increased consumption of
platelets in the diseased liver as a result of low-grade DIC is also a
possible but controversial mechanism of thrombocytopenia. In
patients with alcohol-induced cirrhosis, the thrombocytopenia
may result from folate deficiency, direct toxic effects of ethanol
on megakaryocytopoiesis [33,34] and increased platelet activa-
tion [35].

Platelet function abnormalities

In patients with chronic liver disease, impaired platelet aggrega-
tion with different agonists including adenosine diphosphate
(ADP), thrombin, epinephrine and ristocetin has been de-
scribed [36]. The abnormal platelet aggregation is thought to 
be caused by circulating platelet inhibitors (fibrin degradation
products and d-dimers), plasmin degradation of platelet recep-
tors, dysfibrinogenaemia and excess nitric oxide synthesis
[13,37]. Conversely, hyper-responsiveness rather than a defec-
tive platelet/VWF interaction is observed in cirrhosis, which
may compensate for other haemostatic problems; this appears
to be mediated primarily by increased VWF levels [38]. The
platelet function defects may account for the prolongation of the
bleeding time in 40% of patients with cirrhosis and correlates
with disease severity [39,40]. Erythropoietin is the primary 
stimulus to erythrocyte production and also induces megakary-
ocyte formation. Treatment with erythropoietin significantly
increases platelet counts and platelet function in patients with
alcoholic liver cirrhosis [41].

Disseminated intravascular coagulation

Low-grade DIC is commonly found in patients with endstage
liver disease (ESLD). This syndrome is typically characterized by
thrombocytopenia, prolongation of the PT and aPTT, decreased
fibrinogen and elevated levels of fibrin degradation products
(FDPs). Additionally, elevated levels of prothrombin activation

fragment F1 + 2, fibrinopeptide A, d-dimer and TAT complexes
are also observed in varying degrees [42–44]. The frequency and
severity of DIC tends to correlate with the stage of liver disease
[13,42,44,45].

The aetiology of DIC in chronic liver disease is multifactorial
and includes release of procoagulants from injured hepatocytes,
impaired clearance of activated clotting factors, decreased syn-
thesis of coagulation inhibitors and endotoxin entry into the
portal circulation [13].

The diagnosis of DIC in patients with chronic or endstage
liver disease is often difficult and challenging, as the coagulation
defects in both disorders are quite similar. Typically, an elevated
d-dimer is more specific for DIC as it indicates activation of
both coagulation and fibrinolysis, whereas high levels of fibrino-
gen degradation products (FDP) or dysfunctional fibrinogen are
more common in ESLD [46]. Importantly, decreasing levels of
factor VIII and fibrinogen with an increased d-dimer level on
serial testing is more characteristic of DIC.

Clinically significant DIC is uncommon in patients with liver
disease, usually complicates severe bacterial infections or severe
sepsis and can also develop in patients with peritoneovenous
shunts [47].

Haemostatic changes in liver 
transplant

Complex coagulation disorders may occur during liver trans-
plantation including preoperative coagulation abnormalities
due to the underlying liver disease and haemostatic changes
related to the transplantation, all of which may contribute to
severe bleeding. Prior to the anhepatic phase, there are usually
no serious haemostatic alterations. Bleeding during transplanta-
tion is greatly influenced by the activation of the fibrinolytic 
system, which occurs during the anhepatic and reperfusion
phases. The hyperfibrinolysis is mediated by an intense release 
of tPA and a lack of hepatic clearance during the neohepatic
period. A second fibrinolytic burst results from release of tPA by
the endothelial cells of the revascularized graft [48]. Conversely,
PAI-1 decreases during the anhepatic period and increases dur-
ing the neohepatic period [49]. A preserved capacity to generate
thrombin and less fibrinolytic activation during the anhepatic
phase occurs in primary biliary cirrhosis compared with other
types of cirrhosis [50].

Factors that influence the risk of bleeding during liver surgery
also include the presence of cirrhosis, portal hypertension, high
levels of central venous pressure, renal dysfunction and the
length of graft preservation [49]. A hypercoagulable state has
occasionally been reported in some patients with neoplasm or
Budd–Chiari syndrome [45,51]. Platelet count decreases during
liver transplantation with a nadir at the time of reperfusion, and
may worsen in the case of a damaged organ graft. It has been
suggested that the transplanted liver has a major role in the
thrombocytopenia with intrahepatic platelet sequestration,
local thrombin generation on the damaged graft endothelium,
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platelet extravasation and increased phagocytosis by the Kupffer
cells as potential mechanisms. Platelet function abnormalities
have also been described after revascularization, whereby
hypothermia enhances splanchnic platelet dysfunction and pro-
longs coagulation reaction time by reducing enzymatic activity
[52]. Release of exogenous heparin from the harvested graft after
donor heparinization or endogenous heparin-like substances
from the damaged ischaemic graft endothelium may also play a
role in the coagulopathy at reperfusion [53]. Haemodilution
secondary to fluid replacement and the preservation solution
from the donor liver can additionally reduce plasma levels of
coagulation factors at reperfusion [54].

Laboratory testing for coagulation
defects in liver disease

Initial standard screening tests in patients with liver disease
should include a PT, aPTT, complete blood count with exami-
nation of the peripheral blood smear and a fibrinogen level. In
selected patients, additional testing should include a d-dimer
test, thrombin time (TT), reptilase time (RT), euglobulin clot
lysis time and a bleeding time (Table 2).

Often, the clotting tests remain normal until clotting factor
levels fall to less than 30–40% of normal. In mild liver disease,
the PT is prolonged, but the aPTT is usually normal. As the liver
disease progresses, both PT and aPTT levels are prolonged,
although in compensated cirrhosis, the high factor VIII level
may blunt the prolongation of the aPTT. It is important to note,
however, that international normalized ratio (INR) values may
not be accurately reflective of the coagulopathy in patients with
ESLD [55].

Fibrinogen levels are either normal or increased in patients
with stable chronic liver disease.

In decompensated cirrhosis or DIC, severe hypofibrino-

genaemia (< 100 mg/dL) is present, resulting in marked prolon-
gation of the PT, aPTT and TT. Functional abnormalities of
fibrinogen or dysfibrinogenaemias are diagnosed by a prolonga-
tion of the TT and RT.

Therapy for haemostatic abnormalities
in liver disease

The management of haemostatic abnormalities in patients 
with liver disease is often difficult and challenging. Therapy is
directed at correction of haemostatic defects in patients who are
actively bleeding or who require surgery or other invasive pro-
cedures. Additionally, therapy should be targeted to the type 
of procedure and site and severity of bleeding. The bleeding 
risk appears to be higher in patients with multiple haemostatic
defects, renal failure or a previous history of bleeding.

Vitamin K

Vitamin K deficiency in patients with severe acute liver disease
may be treated with one dose of 10 mg of vitamin K adminis-
tered intravenously (i.v.) [56]. In patients whose prolonged PT
does not completely correct with vitamin K therapy, impaired
hepatic synthesis of coagulation factors from parenchymal liver
disease must be suspected as the cause of the coagulopathy.
Other patient subgroups in whom vitamin K may be useful
include patients with primary biliary cirrhosis and those with
chronic liver disease who are receiving broad-spectrum anti-
biotics and have poor nutritional intake [57].

Plasma

Fresh frozen plasma (FFP) is prepared from units of whole blood
and from plasmapheresis. Plasma contains all the coagulation

Laboratory abnormality Haemostatic defect

Prolonged PT and normal aPTT PT corrects with mixing studies → factor VII deficiency

Prolonged PT and aPTT PT and aPTT correct with mixing studies → factors I, II, V, X

deficiencies

Prolonged thrombin time (TT) and  Dysfibrinogenaemia

reptilase time (RT)

Shortened euglobulin lysis time Decreased PAI-1, decreased a2-PI, increased tPA (during

liver transplant)

Thrombocytopenia (verified by manual Platelet sequestration

interpretation of the peripheral blood Immune-mediated thrombocytopenia

smear) Decreased synthesis of thrombopoietin 

Prolonged bleeding time/abnormal Thrombocytopathies 

platelet aggregation studies

Marked increase in D-dimer, low Possible DIC (in the proper clinical setting)

fibrinogen and normal factor VIII

Table 2 Laboratory features of
coagulopathy of liver disease.

TTOC02_04  3/8/07  6:46 PM  Page 260



2.4 SYNTHETIC FUNCTION 261

platelet counts < 50 000/µL [64]. A 1-h post-transfusion platelet
count is commonly used to determine the efficacy of platelet
transfusion and to guide subsequent therapy. Patients with
marked splenomegaly, however, may not respond with an
increase in platelet count after transfusion because of increased
sequestration of the transfused platelets. Failure to increase the
platelet count after transfusion may also be observed in patients
with DIC, severe infection and alloimmunization due to platelet-
specific and/or human leukocyte antigen (HLA) antibodies [13].

Antifibrinolytic agents

Epsilon aminocaproic acid, tranexamic acid and aprotinin 
are antifibrinolytic agents that inhibit plasmin generation and
have been demonstrated to decrease bleeding associated with
fibrinolysis in chronic liver disease [65] and intraoperative
blood loss and transfusion requirements during liver transplan-
tation [66–68]. These agents are contraindicated in patients
with DIC and must only be used in selected patients with bleed-
ing caused by excessive fibrinolysis.

Recombinant factor VIIa (rFVIIa)

Recombinant activated factor VII (rFVIIa) is a genetically 
engineered concentrate of human coagulation factor VIIa,
which is structurally similar to native human plasma-derived
factor VIIa. By enhancing thrombin generation on activated
platelets, rFVIIa promotes the formation of a stable fibrin clot
that is resistant to premature lysis [69]. This agent is Food 
and Drug Administration (FDA) approved for the treatment of
haemophilia A and B patients with inhibitors against factors
VIII and IX. Limited studies have shown correction of coagu-
lopathy and decreased bleeding with the use of rFVIIa in patients
with acute and chronic hepatic failure [70]. In these studies,
rFVIIa was administered at doses ranging from 5 to 80 mg/kg i.v.
for at least two doses [71–73]. Further studies are needed to
identify the optimal dosing and confirm the safety, efficacy and
cost–benefit of rFVIIa in patients with liver disease. Similarly,
rFVIIa has been used to control bleeding associated with coagu-
lopathy in patients undergoing orthotopic liver transplantation,
including Jehovah’s Witness patients [74]. Caution should be
undertaken in administering rFVIIa to patients with DIC, coro-
nary artery disease and severe sepsis because of their higher risk
of thrombosis [75,76].

Thrombopoietin

TPO is a relatively lineage-specific cytokine that stimulates
megakaryocyte growth and maturation in vitro and is a potent 
in vivo thrombopoietic growth factor. This cytokine may be
potentially useful for reducing bleeding in patients with throm-
bocytopenia due to liver disease or preparing these patients 
for liver transplantation [77], although it is not FDA approved
to date.

factors. Transfusion of FFP is the main therapy for patients with
liver disease and coagulopathy who are actively bleeding [58].
However, the response to FFP is unpredictable. The use of 
FFP for the correction of moderate to severe coagulopathy 
prior to invasive procedures, e.g. percutaneous liver biopsy, is
controversial and more studies are needed [59]. In general, it is
recommended that, if the PT is prolonged by < 4 seconds, percu-
taneous biopsy can be undertaken safely. If the PT is prolonged
by 4–6 seconds, FFP transfusion may allow the PT to decrease to
the desired range. However, if the PT is prolonged by > 6 sec-
onds, other biopsy techniques may need to be considered [60].
The recommended dose of FFP is 10–15 mL/kg. In the majority
of patients with chronic liver disease, repeated transfusions of
FFP every 12 h may be required for complete correction of 
the PT. There is currently no consensus on the volume of FFP 
or type of infusion regimens required to prevent or treat bleed-
ing [13,59]. If FFP is given, repeat coagulation tests should be
performed as soon as the infusion is completed to guide fur-
ther management [59]. Potential adverse effects of FFP include 
volume overload, transmission of bloodborne infections, 
transfusion-related acute lung injury (TRALI) and allergic,
febrile or haemolytic reactions.

Cryoprecipitate

Cryoprecipitate is prepared from FFP and is rich in fibrinogen,
factor VIII, VWF, factor XIII and fibronectin. Each bag of 
cryoprecipitate contains 80–100 IU/mL factor VIII and at least
140 mg of fibrinogen [59]. Cryoprecipitate is indicated in
patients with severe coagulopathy and hypofibrinogenaemia 
(< 100 mg/dL) or dysfibrinogenaemia.

DDAVP

Deamino-8-d-arginine vasopressin (desmopressin acetate or
DDAVP) is a synthetic analogue of antidiuretic hormone, which
raises the plasma levels of factor VIII and VWF and enhances
platelet adhesion to the vessel wall. The agent is usually adminis-
tered at a dose of 0.3 µg/kg by i.v. infusion over 20–30 min. 
In patients with liver cirrhosis, DDAVP may be used to shorten
or normalize the prolonged bleeding time in those who need
invasive procedures [61]. However, in two randomized trials,
DDAVP did not reduce intraoperative blood loss and trans-
fusion requirements in patients undergoing hepatectomy or
control bleeding in cirrhotic patients with acute variceal bleed-
ing [62,63].

Platelets

Platelet transfusions are indicated in patients with liver disease
who are actively bleeding and have a platelet count below 
50 000/µL or known history of platelet dysfunction. Prop-
hylactic platelet transfusions may be necessary before invasive
procedures (e.g. percutaneous liver biopsy) in patients with
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Conclusions

The liver plays a crucial role in haemostasis as it is responsible for
the synthesis of most of the clotting and fibrinolytic proteins 
and the clearance of these coagulation factors from the circula-
tion. Acute and chronic liver diseases are associated with a 
spectrum of haemostatic defects, and their severity tends to 
parallel the degree of hepatic injury. The aetiology of impaired
haemostasis due to liver disease is multifactorial and includes
impaired synthesis of coagulation factors, vitamin K deficiency,
altered clearance of activated coagulation factors, excessive
fibrinolysis, DIC and quantitative and qualitative platelet dis-
orders. Standard laboratory testing should be supplemented
with more specific tests of activation of the coagulation and
fibrinolytic systems. The management of symptomatic haemo-
static changes in patients with liver disease requires a multi-
disciplinary approach directed at correction of the haemostatic
defects in patients who are actively bleeding or who require
surgery or other invasive procedures.
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2.4.3 Function and metabolism of
collagen and other extracellular
matrix proteins
Rebecca G. Wells

Introduction

The extracellular matrix (ECM) occupies a small percentage of
the volume of the normal liver, yet plays a disproportionately
important role in liver function in health and disease. ECM pro-
teins are both signalling molecules and architectural elements of
the liver and are responsible for maintaining the differentiated
state of normal hepatocytes and non-parenchymal cells. In liver
fibrosis and cirrhosis, there are changes in the distribution,
quantity and relative proportions of collagens and other ECM
proteins (Fig. 1); these result in altered cell phenotypes, architec-
tural distortion with abnormal blood flow, impaired diffusion
and altered cell signalling.

ECM proteins in the normal liver

The normal liver encompasses physically separate regions with
different matrix and cellular compositions. The matrix in the
capsule and surrounding the bile ducts and central venous
region is similar to that in other epithelial organs, with an 
organized basement membrane of collagen IV, laminin, entac-
tin and perlecan. The interstitium of the portal space contains
the fibrillar collagens I, III and V as well as collagen VI and
fibronectin [1].

The space of Disse, which lies in between sinusoidal endothe-
lial cells (SEC) and hepatocytes, has a matrix unique in the liver
and the body. This narrow space, less than 1 µM wide, lacks the
continuous laminin, perlecan and entactin that are found in
most basement membranes [2]. Although collagen IV is present,
it is in discrete discontinuous deposits not associated with
laminin or perlecan. Fibronectin is abundant, applied closely to
the microvilli of hepatocytes. Collagens III and VI are also found
in the space of Disse, collagen III in discontinuous deposits and
collagen VI arranged relatively homogeneously, increasing from
the portal to the central region [3]. Structure is provided by 

a continuous network of thick collagen I cables, which extend
into the lobular areas from the adjacent portal tracts [1]. This
unusual matrix is essential for maintaining the differentiation of
hepatocytes and SEC as well as other non-parenchymal cells [4].
Gradients of matrix material are found in the sinusoids and may
have functional relevance, resulting in phenotypical differences
between cells in the periportal vs. central regions [1,5].

ECM proteins in the fibrotic liver

Fibrosis results in a nearly 10-fold increase in the expression of
matrix proteins in the liver. The most impressive change is the
capillarization of the sinusoids, in which the sparse, atypical
matrix of the space of Disse is replaced by a complete and con-
tinuous basement membrane, with accompanying loss of fenes-
tration of the sinusoidal endothelium. This process begins with
an increase in cellular isoforms of fibronectin in the space of
Disse, followed by increases in collagens I, III and IV and the
appearance of laminin. As fibrosis progresses, portal to central
gradients are lost, and the new matrix becomes continuous [6]
(see also Chapters 4.1 and 6.1). This results in loss of the differ-
entiated phenotype of the resident cells of the space of Disse, in 
particular SEC, hepatocytes and hepatic stellate cells (HSC).
Additionally, the increased ECM impairs the normal exchange
of soluble proteins and fluids between sinusoidal blood and
adjacent liver cells.

When fibrosis advances to cirrhosis, the normal architecture
of the liver is lost with the formation of increasingly dense
fibrous septae of fibronectin and collagens I, III, V and VI. These
bands of matrix may become progressively stabilized (for 
example through collagen cross-linking) and protease resistant,
impeding remodelling and the resolution of cirrhosis.

Structure and key features of specific
ECM proteins

The ECM and its individual components are multifunctional.
They have architectural and barrier functions, regulate growth
factors and are themselves signalling molecules (Table 1). There
are multiple complex interactions between different matrix
components, making it difficult to understand the function of
individual proteins. A variety of related mesenchymal cells in the
liver synthesize normal and pathological matrix, suggesting that
fibrosis is best understood as a generalized process rather than
one limited to specific ECM molecules or specific fibrogenic cells
such as HSC (see also Chapters 6.1 and 6.2).

Fig. 1 (opposite) Distribution of major matrix components in normal and fibrotic liver. A liver acinus is shown graphically to demonstrate changes in
extracellular matrix (ECM) distribution in normal and diseased liver. Note that continuity between portal, parenchymal and central structures is not shown due
to controversy regarding their relative anatomy. The size of the space of Disse compared with the sinusoidal space is greatly exaggerated, particularly in the
normal liver. The interrelationship between different ECM components is not well understood and is shown only schematically. The organized basement
membrane shown contains collagens VIII, XIX, XV, XIV and XVIII in addition to collagen IV, laminin, perlecan, and entactin. Proteoglycans other than perlecan
are not shown. PV, portal vein; CV, central vein; HA, hepatic artery; SC, hepatic stellate cell; EC, sinusoidal endothelial cell; PF, portal fibroblast; SD, space of
Disse; BD, bile duct; H, hepatocyte; TS, thick, organized septa; S, sinusoid; P, portal tract.
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Collagens

Collagen structure and synthesis
The major structural proteins in both normal and fibrotic liver
are collagens, ECM proteins with sizeable domains of Gly-Xaa-
Yaa repeats, where X and Y are often proline and hydroxyproline
respectively. This basic structure, with a central glycine and a
rotation-limiting proline, allows the formation of a rigid triple
helix (Fig. 2). Variations in chain composition among collagen
family members are important for function, allowing differences
in structural characteristics and network formation as well as dif-
ferent interactions with proteoglycans, receptors, growth factors
and other ECM proteins in supramolecular assemblies (Table 2).

The fibrillar collagens (see below) are the most abundant 
collagens in the liver, and their synthesis is potentially regulated
at multiple steps. Although the topic is beyond the scope of this

chapter, the fibrillar collagens are subject to significant tran-
scriptional and posttranscriptional regulation; transcription of
the collagen α1(I) chain in particular is regulated by complex
interactions involving both 5′ stem–loop and 3′ untranslated
region (UTR) binding proteins [7]. The fibrillar collagens are
synthesized with N- and C-terminal propeptide sequences, the
latter playing an important role in protein folding. Nascent
chains undergo several kinds of posttranslational modification:
vitamin C-dependent proline hydroxylation by prolyl-4-
hydroxylase on the polypeptides, which is essential for the stabil-
ity of the triple helix, hydroxylation on lysine residues by lysyl
hydroxlase, which is important for fibril packing, and N- and 
O-linked glycosylation. After secretion into the extracellular
space, collagen chains are cleaved by N- and C-propeptidases
and form fibrils. Fibril formation is also modulated at multiple
levels including retention of the N-terminal propeptides of 
collagens III and V, which can regulate lateral fibril growth, and
association with the FACIT collagens or decorin (see below),
which can regulate fibril thickness [4].

Collagen cross-linking enzymes
Mature collagen fibrils undergo interchain cross-linking, which
is essential for mechanical stability. There are three major 
families of enzymes important in collagen cross-linking; these
enzymes also participate in cross-linking of other matrix
molecules including elastin and fibronectin. Tissue transglu-
taminase is a multifunctional protein which mediates the forma-
tion of ε-(γ-glutamyl lysine) cross-links in collagens and other
ECM molecules, rendering them resistant to proteolysis [8]. It is
increased in transdifferentiating HSC in culture and is found in
myofibroblasts in the fibrotic liver [9–11]. Cross-links typical of
tissue transglutaminase action have been demonstrated in the
residual fibrous septae of rats with partially resolved fibrosis,
suggesting that cross-linking modulates matrix degradation and
fibrosis resolution [12] (see also Chapter 6.1).

The lysyl oxidases (LOX) catalyse the oxidative deamination
of lysine and hydroxylysine in collagen and of lysine in elastin,
leading to the formation of aldehydes, which then condense with
neighbouring groups to form covalent cross-links. Although
present in the normal liver, LOX family members increase 
dramatically in fibrosis, including very early after injury and
before fibrogenic myofibroblasts appear [13,14]. LOX-mediated
cross-links render collagens resistant to degradation and may
also play a causal role in the initiation of fibrosis [13,15].

Lysyl hydroxylases catalyse the conversion of lysine into
hydroxylysine and thereby determine the route of collagen
cross-linking by LOX. The hydroxylysine route appears to be
particularly important in diminishing the susceptibility of 
collagen to proteolysis and is the major pathway for cross-link
formation in human cirrhosis [7,16,17].

Collagens in the liver
Ten collagens have been identified in the adult liver. These are
divided into two groups based on structure, the fibrillar and the

Fig. 2 Fibril arrangement of the fibrillar collagens. Collagen chains made
up of repeating Gly-Xaa-Yaa motifs form right-handed triple helices 
300 nm long (top). The hydrogen atom side-chains of the glycine residues
pack into the centre of the triple helix; the rigid helical geometry is
maintained by the proline and hydroxyproline residues, which usually
occupy the second and third positions of the repeat. Fibrils of collagens I, III
and V are formed by the staggered, parallel packing of many triple helices
with a periodicity of 67 nm (bottom).

Table 1 Functions of ECM proteins in the liver.

Mechanical and architectural

Tensile strength

Resilience

Scaffolds for supramolecular assemblies

Anchors and connectors for blood vessels, nerves, other cells and other

matrix components

Filtration barrier

Migration substrates and barriers

Signalling

Ligands for integrins and other signalling receptors

Signalling receptors and coreceptors

Sources of biologically active fragments (regulation of growth and

apoptosis)

Sequestration and targeting of growth factors

Damage sensors

300 nm

67 nm
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non-fibrillar collagens (see Table 1). Although the fibrillar colla-
gens, particularly collagens I and III, are generally regarded as
the most important in fibrosis on the basis of their quantity as
well as mechanical characteristics, it is now understood that
other collagens also contribute to fibrosis in important ways.

Fibrillar collagens (I, III and V)
The fibrillar collagens I, III and V all increase significantly in
fibrosis; together with collagen IV, they are the most abundant
ECM proteins in the liver. They are mechanically important,
contributing tensile strength. The fibrillar collagens do not 
form separate structures but, rather, may be incorporated into

composite fibrils, with the relative contribution of each collagen
determining the diameter and mechanical properties of the fibril
as well as the sensitivity of the fibril to different proteases
[4,18,19].

Collagen I has few interruptions in the Gly-Xaa-Yaa structure,
enabling it to form rigid triple-helical fibrils, with three amino
acids per turn. Many other matrix molecules (including colla-
gens III, V, VI, fibronectin and proteoglycans) are found on the
surface of collagen I. Collagen III is structurally similar. It is the
first collagen to increase in chronic liver disease; although later
replaced in part by collagen I, it remains highly expressed [20].
Collagen V is an abundant collagen that acts as a connector to

Type Composition Structure

Fibrillar
I [a1(I)]2[a2(I)] 300-nm rigid fibrils, 67-nm periodicity 

Uninterrupted triple helices 

Forms composite structures with collagens III and V 

Non-collagenous N- and C-terminal propeptides cleaved before

fibril assembly

III [a1(III)]3 Same as for collagen I

V [a1(V)]2[a2(V)]) Same as for collagen I

Non-fibrillar
Network forming
IV [a1(IV)]2[a2(IV)] 400-nm-long chains 

Triple helix with multiple interruptions 

Forms filamentous network via N- and C-terminal and lateral

associations

VI [a1(VI)][a2(VI)][a3(VI)] 105-nm triple helix 

Large N- and C-terminal globular domains with von Willebrand

factor (VWF) A and fibronectin (Fn) type 3 repeats 

Forms antiparallel dimers, then tetramers and networks

VIII [a1(VIII)]2[a2(VIII)] 130-nm-long chains 

Interrupted triple helices 

Large C-terminal and small N-terminal globular domains 

Forms hexagonal lattices in some tissues

FACITS (fibril associated with interrupted triple helices)
XIV [a1(XIV)]3 Two short collagenous domains with three non-collagenous

domains 

Glycosaminoglycan (GAG) modified 

N-terminal domain with Fn type 3 repeats and VWF A domains 

Associates with surface of collagen fibrils

XIX [a1(XIX)]3 Five short collagenous and six non-collagenous domains 

Associates with surface of collagen fibrils

Multiplexins (multiple triple-helical domains and interruptions)
XV [a1(XV)]3 Interrupted triple helix 

Large N- and C-terminal globular domains 

Chondroitin sulphate GAGs 

Highly homologous to collagen XVIII 

XVIII [a1(XVIII)]3 Interrupted triple helix 

Large N- and C-terminal globular domains 

Heparan sulphate GAGs 

Cleavage of C-terminal domain NC1 generates endostatin

Table 2 Collagens of the liver.
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other collagen types and may be important in initiating the
growth of other collagen fibrils [21,22].

Non-fibrillar collagens
The collagens in this group do not form fibrils but, instead, 
contain combinations of collagenous and non-collagenous
domains that enable them to form a variety of different three-
dimensional structures. The non-fibrillar collagens in the liver
can be divided into three groups based on structure: the 
network-forming collagens, the FACITS (fibril-associated with
interrupted triple helices) and the multiplexins (multiple triple-
helical domains and interruptions).

Network-forming collagens (IV, VI, and VIII) The network-form-
ing collagens have many interruptions in their triple-helical
chains, which give them flexibility. This flexibility enables them
to make linear, axial and lateral associations and so form 
networks, not fibres [23]; it also allows them to interact with
multiple other proteins and macromolecules.

Collagen IV, the main component of most basement mem-
branes, has many variants, although in liver it occurs almost
exclusively in the form [α1(IV)]2[α2(IV)]. The ends of this col-
lagen cross-link to enable the formation of a three-dimensional
network, which anchors and stabilizes other basement mem-
brane components, including perlecan and laminin. Collagen IV
is synthesized primarily by endothelial cells, suggesting an active
role for these cells in the capillarization of the sinusoids [24].

Collagen VI is a heterotrimeric collagen that forms branching
filamentous networks and binds to many additional matrix 
proteins [4,23,25]. It surrounds the fibres of loosely packed 
collagens I and III and may anchor structures such as nerves,
blood vessels and other cells into place, in part by interconnec-
tions with collagen IV in endothelial cell basement membranes
[25,26]. Collagen VI is increased up to 10-fold in liver fibrosis.
Soluble collagen VI is increased in the circulation of patients
with chronic liver disease, which can promote mesenchymal 
cell (and potentially HSC) proliferation, and is also a potent
inhibitor of apoptosis. For these reasons, collagen VI has been
proposed as a sensor for tissue damage, with the release of the
soluble form stimulating proliferation of surrounding cells and
wound healing [4,27,28].

Collagen VIII forms tetrahedral assemblies and, in some
cases, hexagonal lattices [23]. It appears to be associated with the
basement membrane as well as the elastic fibres of the portal
triad, and may serve as a bridge between other matrix molecules.
It is especially important in the vasculature, playing a role in
angiogenesis [29–31]. Although collagen VIII has been minim-
ally studied in the liver, in other injury models it stimulates
smooth muscle cell migration and matrix metalloproteinase
(MMP) synthesis and thus may be involved in differentiation
and remodelling in wound healing [29,32].

FACIT collagens (XIV, XIX) The FACITs consist of alternating
short triple-helical domains and non-triple-helical domains

and, as a result, are highly flexible. Rather than forming fibrils
themselves, they associate with pre-existing fibrils of other 
collagens.

Collagen XIV (also known as undulin) is widely expressed 
in liver, particularly on the surface of mature, dense fibrils of 
collagens I and III; it is not seen in the disorganized tissue of
actively fibrogenic regions [33,34]. Interestingly, the procollagen
I N-proteinase (which cleaves the N-propeptide of collagen I) is
bound to collagen XIV, raising the possibility that collagen XIV
provides spatial control in regulating the growth of the fibrillar
collagens [35]. In the liver, collagen XIV is absent from the sinu-
soidal space, but is abundant in the portal tract. It increases in
fibrosis and can suppress proliferation of HSC and fibroblasts;
these effects, as well as its association with dense collagen fibres,
suggest a role in established rather than ongoing fibrosis [4]. The
other FACIT collagen in the liver, collagen XIX, is primarily
found in basement membranes and, to a small extent, in the
sinusoids [36]. It has a significant vascular association and may
be involved in angiogenesis.

Multiplexin collagens (XV, XVIII) The multiplexin collagens
XVIII and XV are structurally homologous proteoglycans with
central triple-helical domains and multiple non-collagenous
regions which give them flexibility. Collagen XVIII derived from
tissues is heparan sulphate linked, whereas collagen XV has
chondroitin sulphate modifications [37–39]. Both are found in
basement membranes, where they may organize the basement
membrane and link it to the underlying matrix.

Collagen XVIII is unusual in that it is increased only twofold
in diseased liver compared with normal liver. It is synthesized
primarily by hepatocytes and biliary epithelial cells in both
states, and is localized in a continuous distribution in both base-
ment membranes and the perisinusoidal space [36,40,41]. Most
of the increase in collagen XVIII in disease is along sinusoids 
that have undergone capillarization, suggesting that it may 
contribute to this process. Collagen XVIII is also found in the
diseased liver in the basement membrane surrounding ductular
hepatocytes, proliferating bile ductules and cirrhotic nodules;
this distribution implies a potential role in ECM breakdown and
remodelling, as well as the ductular reaction and angiogenesis
[40,41]. Intact collagen XVIII supports endothelial cell sur-
vival, migration and proliferation, and also has the potential 
to sequester heparan sulphate and heparan sulphate-binding
growth factors [31]. The C-terminal globular domain of colla-
gen XVIII can be cleaved by a variety of proteases including
MMPs and elastases to generate endostatin, a heparin-binding
protein that inhibits angiogenesis and mediates apoptosis [39].

Non-collagenous proteins of the ECM

Fibronectin
Fibronectin is an abundant and widely distributed ECM glyco-
protein with multiple domains, including a heparin-binding 
N-terminus, a collagen-binding domain and an Arg-Gly-Asp
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(RGD) motif-containing cell-binding domain with multiple
repeated sequences termed type 3 repeats. Unlike many other
matrix components, assembly of fibronectin is driven by inter-
action with its integrins (via the cell-binding domain), suggest-
ing that it plays a particularly important role in the interaction
between cells and the surrounding ECM. In the normal liver,
fibronectin is found in the portal region around basement 
membranes and also in a perisinusoidal, speckled pattern; it is
the most abundant ECM protein in the normal space of Disse,
coating hepatocytes as well as normal collagen fibrils [2]. With
its multiple domains, fibronectin probably functions to connect
the surfaces of both endothelial cells and hepatocytes to collagen
bundles. Fibronectin is one of the first matrix proteins to in-
crease in fibrosis, with significantly increased deposition in the
space of Disse, the portal region and fibrotic bands; as a result, it
has been called a fibrotic ‘pacemaker’ [2,42,43].

There are multiple splice variants of fibronectin. Variant
EIIIA is expressed primarily during repair of liver injury. It 
stimulates the activation of fibroblasts and HSC to myofibrob-
lasts in culture [44]. Transforming growth factor (TGF)-β
induces production of EIIIA by endothelial cells, suggesting one
mechanism among many whereby TGF-β induces fibrosis [45].

Tenascin-C
The tenascins are oligomeric glycoproteins with complex, 
multidomain structures including fibronectin type 3 repeats.
Although the tenascins are highly conserved across vertebrate
species and are tightly regulated, their functions are not well
understood. Tenascin-C is the best characterized member of the
family and the only one known to be expressed in the liver. It
antagonizes cell attachment to fibronectin and appears to block
fibronectin-mediated signalling at the level of focal adhesion
kinase and Rho-mediated pathways; it stimulates growth path-
ways, including Wnt pathways [46–48]. Tenascin-C also binds
multiple additional proteins including integrins, a variety of
proteoglycans, adhesion molecules and collagens [49].

Tenascin-C is upregulated in liver fibrosis. In the normal
liver, it is found as discontinuous deposits in the sinusoids, but is
absent from portal tracts [50–52]. In rat models of fibrosis,
tenascin-C is expressed transiently and is found in early septae
(at the interface between the parenchyma and the scar) but not
in organized areas of fibrosis, suggesting that it has a role in early
deposition of ECM. Tenascin-C in the fibrotic liver is synthes-
ized and secreted by HSC [13,50–53].

Laminins
The laminins are a family of large heterotrimeric (α, β, γ
chains) glycoproteins typically found in basement membranes
associated with collagen IV, perlecan and a variety of other
molecules including the glycoprotein nidogen (entactin). They
self-assemble into a mesh-like structure and play an important
role in the architecture of the basement membrane. Laminins
interact with cell surface receptors to regulate additional func-
tions including development and differentiation [54].

Several laminin chains are found in the liver, although their
distributions vary [55,56]. In the normal liver, laminins are
found in the basement membrane structures of the portal
region, with small, focal deposits in the sinusoidal space [1,2]. 
In the cirrhotic liver, there is a marked increase in laminin 
deposition, which is found surrounding single or small groups
of hepatocytes. Laminin is heavily deposited in the space of 
Disse in the fibrotic liver along with collagen IV and perlecan,
eventually forming a continuous basement membrane [2]. HSC
are important laminin-producing cells [56].

Elastin and fibrillin
Elastin and the fibrillins are the major components of elastic
fibres in the body and are responsible for many of the mechan-
ical properties of tissues, in particular resilience. Elastic fibres 
are formed from fibrillin microfibrils with or without a core of
elastin. Assembly begins with fibrillin arrays forming transglu-
taminase cross-linked beaded microfibrils. Elastin binds to these
microfibrils, undergoes ordered self-assembly and is then stab-
ilized by LOX-mediated cross-links, which render it highly 
protease resistant [57]. The function of the different elastic fibres 
in the liver is not well understood. Both fibrillin and elastin bind
to multiple other ECM components including collagens and
proteoglycans. Fibrillin can mediate signalling by binding to
integrin αVβ3; it also binds to TGF-β and may regulate TGF-β
targeting [57]. Fibrillin may be cleaved into antiadhesive frag-
ments by proteases, potentially modulating cell/matrix inter-
actions and enhancing cell migration [58].

Fibrillin-1, the only family member studied in the liver, is
found associated with elastin in vessel walls and portal tract con-
nective tissue. Unlike elastin, fibrillin-1 is also found adjacent to
the limiting plate and lining the sinusoids, forming a continuous
network in the space of Disse, where it may have a mechanical
role in sinusoidal wall adaptation to variations in blood flow
[59]. Fibrillin-1 expression increases in fibrosis where it is found
in areas of newly developing matrix (surrounding myofibrob-
lasts invading the parenchyma), around the ductular basement
membrane and in the dense septae of organized matrix [58,
59]. Elastin, unlike fibrillin, is not found around invading
myofibroblasts or in the space of Disse [58,60,61]. Fibrillin is
thought to be produced by both quiescent and activated HSC
and portal fibroblasts; elastin, in contrast, appears be produced
only by portal fibroblasts and myofibroblasts [58,59].

Proteoglycans and hyaluronic acid
Proteoglycans are proteins with glycosaminoglycan (GAG)
modifications. They have multiple functions including main-
taining the structural integrity of the ECM, forming a highly
charged barrier to the passage of other molecules and regulating
growth factor signalling by binding to and sequestering many
growth factors including fibroblast growth factor (FGF)-2.
Some proteoglycans, in particular the syndecans, heparan sul-
phate proteoglycans that increase dramatically in fibrosis, are
now recognized as signalling receptors [62–65]. Additionally,
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certain proteases copurify with proteoglycans; this is increased
in cirrhosis. There is a fivefold increase in proteoglycan expres-
sion in fibrosis. Given the many functions of proteoglycans, 
they are likely to play a significant role in regulating liver func-
tion [66].

Heparan, dermatan and chondroitin sulphate proteoglycans
are found in the normal liver, with heparan sulphate proteogly-
cans comprising approximately 60% of the total [66]. In the cir-
rhotic liver, chondroitin and dermatan sulphate proteoglycans
are disproportionally increased; there are also subtle changes in
the side-chain composition of individual proteoglycans, which
may affect their function [62,66]. Heparan sulphate proteogly-
cans are primarily synthesized by hepatocytes in the normal and
diseased liver while, in contrast, increases in chondroitin and
dermatan sulphate proteoglycans in disease are mediated largely
by HSC [66].

The basement membrane proteoglycans include perlecan and
collagens XVIII and XV (see above). Perlecan is a large, modular
heparan sulphate proteoglycan that interacts with a variety of
other proteins including other basement membrane proteins
(laminin, collagen IV), heparan sulphate-binding growth factors
and fibrillin-1. Perlecan serves as an architectural component 
of the basement membrane as well as a reservoir for growth 
factors and a filter for soluble proteins [67]. In the normal liver,
perlecan is present in the portal and central venous basement
membranes as well as the sinusoids. In fibrosis, it is increased up
to eightfold and is modified with the addition of chondroitin
sulphate as well as heparan sulphate. Perlecan is increased
around reactive bile ductules and markedly increased in sinu-
soids and the space of Disse, where it is incorporated into the
basement membrane, reflecting the capillarization of the sinu-
soids [62–64,68]. SEC are a major source of perlecan in vivo
[43].

Decorin, a small chondroitin sulphate proteoglycan, is also
increased in cirrhosis. Decorin binds to collagen VI, fibronectin
and thrombospondin and appears to be required for the as-
sembly of collagen XIV to the surface of collagen I [4]. Normally
located in the space of Disse and portal region, decorin is found
prominently in the fibrotic septae of the diseased liver [68,69].

Hyaluronic acid (HA) is a pure carbohydrate polymer com-
posed of repeating disaccharide units present in the extracellular
matrix. HA has a high rate of turnover for an ECM molecule,
and liver SEC are responsible for a significant amount of its
catabolism [70]. It is a minor component of the liver ECM,
although significantly increased in fibrotic livers [71,72]; HA
and one of its receptors, CD44, increase in parallel in liver 
fibrosis [73]. An ECM rich in HA is highly hydrated, promotes
migration and is specifically important in the migration of HSC
in liver disease [74].

Other matrix proteins
A variety of other matrix proteins are present in the liver and
upregulated during fibrogenesis including, although not limited
to, entactin, thrombospondin, vitronectin, secreted protein

acidic and rich in cysteine (SPARC; osteonectin), the GPI-linked
protein glypican and the proteoglycans aggrecan and betaglycan.

Receptors for ECM proteins

Many of the functions of ECM molecules are mediated by their
signalling receptors, heterodimeric (α, β) membrane proteins
termed integrins. Matrix-bound integrins initiate cell signalling
through a variety of pathways and thereby regulate cell growth,
differentiation and migration; in the liver, they are important
regulators of fibrosis and tissue remodelling. Integrin expression
by the different cells of the liver reflects the specific composition
of the underlying matrix, such that hepatocytes and SEC express
a unique panel of integrins while biliary epithelial cells express
integrins typical of most epithelial cells. In fibrosis, hepatocyte
and SEC integrin expression changes to a more epithelial-like
pattern and may contribute to the development of fibrosis
[75,76]. Integrins may play a role in initiating and maintaining
the activation of HSC; they also potentially regulate contractil-
ity, proliferation and apoptosis in activated cells [77].

A newly identified class of membrane proteins, the discoidin
domain receptors (DDRs), are non-integrin tyrosine kinase
receptors for fibrillar collagens. In HSC, these receptors may medi-
ate collagen-induced MMP upregulation and proliferation,
although their role in liver fibrosis is not known [78].

Matrix homeostasis and degradation in
the liver

Matrix deposition in the normal liver is a dynamic process
reflecting ongoing synthesis and degradation. Because the colla-
gens and other matrix proteins of the fibrotic liver are highly
cross-linked (see above) and relatively resistant to proteolysis,
their degradation requires a specialized group of more than 25
proteases, the MMPs. The MMPs are divided into five families,
although they show significant functional overlap [79] (see also
Chapter 6.1).

Several MMPs deserve note. The interstitial collagenases
(MMPs -1, -8, -13 and possibly -2 and -14) are the only MMPs
able to cleave native collagens I and III in their triple-helical
domains, and they play a key role in fibrosis and its resolution.
The gelatinases (MMPs -2 and -9), however, are also important
as they degrade collagen IV, elastin, fibronectin and laminin in
addition to denatured fibrillar collagens that have been partially
unfolded by interstitial collagenases. MMP-2 (gelatinase A)
demonstrates increased activity in parallel with the development
of fibrosis, particularly at intermediate stages; it degrades the
normal perisinusoidal matrix as part of the parenchymal
remodelling involved in progression of disease, enabling HSC
migration [80–83].

Regulation of matrix degradation is important in both normal
and diseased tissue. In the normal liver, avoiding excess degra-
dation is critical for avoiding tissue injury. In fibrosis, there 
are changes in both deposition and degradation of matrix 
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components. Resolution of fibrosis requires remodelling of the
abnormal matrix; mice expressing a collagenase-resistant col-
lagen I have decreased resolution of fibrosis even after removal
of the original profibrogenic insult [84]. The expression and
proteolytic activation of the MMPs are subject to complex regu-
lation by growth factors, other proteases including other MMPs,
and the matrix itself via integrin-mediated signalling. An import-
ant level of regulation is derived from a family of inhibitors, the 
tissue inhibitors of metalloproteinases (TIMPs), which bind 
in a non-covalent and reversible manner to the active sites 
of the MMPs. TIMP-1 and -2 have both been shown to be 
highly upregulated in fibrosis [81,85,86]. Their importance is
illustrated by the demonstration that matrix deposition is
enhanced in a CCl4 model of fibrosis in mice overexpressing
TIMP-1 in the liver [87]. HSCs are a key cellular source of the
MMPs, their activators and the TIMPs [83].

Conclusion

The ECM is now recognized to be a complex and dynamic 
rather than a static component of the liver. Although the fibrillar
collagens and fibronectin are justifiably the subject of much
attention, there is increasing appreciation for the role of other
collagens, proteoglycans and additional minor components of
the ECM in regulating liver function. Liver cells and the ECM
have a bidirectional relationship: almost all liver cells produce
some matrix, and most are in turn phenotypically regulated by
the ECM. Recent research has focused on the role of fibrogenic
cells in addition to HSC and will probably yield important
insights in the future. A further area of intense research will be on
new functions of the matrix including mechanisms of ECM-
mediated regulation of cell phenotype.
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2.5.1 Control of liver cell proliferation
Nisar P. Malek and K. Lenhard Rudolph

Control of liver cell cycle entry and
progression

The liver is a quiescent organ that has enormous capacity to
regenerate in response to injury [1]. This capacity is regulated
through the ordered activation and inactivation of regulatory
proteins which govern the entry and exit of liver cells from the
cell cycle [2]. Our understanding of the molecular basis of these
processes is mainly derived from studies in cultured primary
hepatocytes, established liver cancer cell lines and also from the
analysis of mouse strains with defined defects in genes that are
involved in cell cycle regulation. Given the enormous amount of
data that have been published on the regulation of hepatocyte
proliferation, we will focus only on the role of key cell cycle regu-
latory proteins in liver cell cycle control in this chapter. Special
emphasis will be given to studies that have used mouse model
systems to explore liver cell regeneration in vivo.

The two-third hepatectomy model in mice and rats has been
used extensively to explore the basic molecular mechanism of
liver cell proliferation [3]. During the process of liver regenera-
tion, hepatocytes proceed through different stages, which have
previously been organized into a so-called initiation or priming
phase during which the quiescent hepatocytes are rendered
replication competent, the division phase in which the hepato-
cytes proceed through different phases of the cell cycle and
finally divide into two cells, and a termination phase which leads
to the termination of liver cell proliferation when organ mass is
restored [4].

Under physiological conditions, i.e. in the absence of organ
damage or loss, quiescent liver cells are arrested in the G0 state of
the cell cycle. A central mediator of cellular quiescence is the
retinoblastoma (Rb) protein [5]. Depending on its phosphory-
lation status, Rb can either repress or activate the expression 

of a multitude of critical target genes, which control the 
entry into the division phase of the hepatocyte cell cycle.
Hypophosphorylated Rb binds to proteins of the E2F family of
transcription factors and blocks their transactivation capacity
[6]. Upon phosphorylation, Rb releases E2F, which leads to the
expression of E2F target genes and progression into the cell
cycle. Using inducible Rb knockout mice, it was shown that
acute loss of Rb function in hepatocytes results in unscheduled
induction of cell proliferation even in the absence of sufficient
mitogenic stimulation [7].

In addition to Rb, a proteolytic system maintains quiescence
of hepatocytes by limiting the expression of cyclins to restricted
phases of the cell cycle. This system consists of the anaphase-
promoting complex (APC) and the skp/cullin/F-box (SCF)
multiprotein complex [8]. These degradation systems regulate
the ubiquitylation and subsequent proteasomal turnover of cyc-
lins and other important cell cycle regulators. Ablation of the
APC2 subunit of APC in mouse liver leads to the accumula-
tion of cyclin A, which induces an unscheduled entry of mouse
hepatocytes into the cell cycle [9]. Together, these studies show
that the proliferative quiescence of hepatocytes is an actively
maintained state, which requires the activity of several proteins
and multiprotein complexes.

Upon liver cell damage or loss of organ mass, liver cells exit 
G0 and enter the G1 phase. An important mediator of this pro-
cess is the cyclin D protein which, after binding to cdk4 (cyclin-
dependent kinase 4 or 6), can phosphorylate the Rb protein,
thus allowing the activation of the E2F-dependent transcrip-
tional programme. Cyclin D1 is a highly unstable protein with 
a half-life of ~ 15 min [10]. Therefore, induction and main-
tenance of cyclin D1 expression is primarily dependent on con-
tinuous transcription of the cyclin D1 gene. Several signalling
cascades activate the cyclin D1 promoter in response to mito-
genic stimulation, thereby connecting extracellular mitogenic
signalling cascades with the core cell cycle machinery, namely
phosphorylation of the Rb protein [2]. Conversely, overexpres-
sion of cyclin D1 in mouse hepatocytes leads to cell cycle 
entry without further mitogenic stimulation. Nevertheless, even
short-term expression of cyclin D1 in liver cells leads to severe
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genetic alterations, including centrosome abnormalities and
chromosomal aberrations, reinforcing the notion that central
regulators of cell proliferation are frequently involved in cellular
transformation processes [11,12]. The expression of cyclin
D/cdk4 kinase complexes during the G1 phase leads to the
induction of cyclin E/cdk2 activity through E2F-dependent
transcription of the cyclin E gene. Importantly, the loss of the
cyclin D1 gene in the mouse can be fully rescued through the
expression of the cyclin E cDNA in the cyclin D genomic locus.
Therefore, the only essential downstream function of cyclin D is
to allow cyclin E expression during the G1 phase of the cell cycle
[13]. Cyclin E expression also promotes proliferation of mouse
hepatocytes in vivo; however, this function requires the coex-
pression of the skp2 protein, a member of the F-box protein
family, which plays a crucial role in the destruction of the cyclin
kinase inhibitor p27kip1 [14,15]. Cyclin kinase inhibitors (cki)
fall into two classes: the ink4 group (p15, p16, p18, p19) and the
cip/kip group (p21, p27, p57). The main function of ckis is to
regulate the activity of cyclin/cdk complexes throughout the cell
division cycle by directly binding and inhibiting the active kinase
complex [16]. However, this dogma has recently been chal-
lenged through the generation of mouse models with deletions
in the cyclin E1/E2 and cdk2 genes [17,18]. Surprisingly, the
phenotype of cdk2 knockout mice is restricted to a defect in 
meiotic cell division, while cell proliferation in cyclin E1/E2
double knockout mice was only impaired when cells were
released from quiescence. Moreover, p27 and p21 still inhibited
the cell division after overexpression in cdk2 knockout cells,
indicating that cdk2 cannot stand as the essential target of these
ckis [19]. Nevertheless, loss or overexpression of these proteins
in hepatocytes leads to severe phenotypes in the corresponding
mouse models. For instance, liver-specific overexpression of p21
in transgenic mice leads to a dramatic impairment in liver cell
proliferation, runted liver and body growth and a significant
increase in polyploid cells [20]. Stabilization of the p27 protein
through loss of skp2 also blocks hepatocyte proliferation in G1
but, at the same time, leads to cellular growth and an increase in
cell size of the affected hepatocytes [21]. In these experiments,
cellular growth was accompanied by multiple rounds of
endoreduplication [21]. Conversely, serial transplantation
experiments using p27 knockout hepatocytes showed that loss
of this protein greatly increases the proliferative abilities of 
liver cells [22]. Together, these findings demonstrate that p27
turnover is critical for the control of hepatocyte proliferation 
by regulating a molecular switch, which controls proliferation or
cellular growth of hepatocytes.

Polyploidization might also serve a physiological role as it is
frequently accompanied by cellular growth. In fact, an increase
in DNA content without a concurrent mitotic division but fol-
lowed by an enlargement in cell mass might offer an alternative
to mitosis in certain cell types including liver cells. Recently, 
an elegant study using isolated rat hepatocytes and live cell
videomicroscopy characterized the mechanism of liver cell 
polyploidization at the cellular level. It was shown that the 

generation of 4n hepatocytes is a result of impaired cytokinesis
in a fraction of 2n mononuclear liver cells, which results in 
the generation of binucleated 2n hepatocytes. These cells then
underwent normal mitosis which, however, required the clus-
tering of two centrosomes at each pole of the cells and ultimately
resulted in the formation of a bipolar spindle and 4n hepatocytes
[23]. The molecular mechanisms that control these processes
are unknown at this point.

Another important regulator of liver cell proliferation is the
Foxm1b protein, a member of the Forkhead Box (Fox) family of
transcription factors. Foxm1b expression controls the expres-
sion of several cell cycle regulatory proteins including the
cdc25B phosphate, cyclin D1 and cyclin B1. Overexpression of
Foxm1b accelerates the onset of hepatocyte DNA replication,
while loss of the protein leads to a failure to enter mitosis and
polyploidization, demonstrating the protein’s central role in the
process of liver regeneration [24]. Importantly, loss of Foxm1b
also leads to an almost complete inhibition of liver cancer 
formation after treatment of Foxm1b knockout (Foxm1b–/–)
mice with the DNA-damaging agent diethylnitrosamine (DEN).
While Foxm1b–/– mice still developed altered enzyme foci,
which represent the earliest detectable lesions in this model sys-
tem, they did not show hepatocellular adenomas or carcinomas.
Interestingly, all tumours in Foxm1b–/– mice showed strong
nuclear p27kip1 expression, suggesting that this cki prevented
cellular division in response to DEN treatment [25].

An important role in the development of liver cancer (see
Chapter 18.2.1) was also demonstrated for the transcription 
factor c-jun. C-jun mediates several cellular processes, including
proliferation and survival. Using inducible c-jun knockout mice
to study its role in liver cancer development, it was demon-
strated that inactivation of this transcription factor significantly
reduced the number and size of hepatic tumours. The impaired
tumour development coincided with the induction of the tumour
suppressor protein p53, which led to the induction of noxa, a
proapoptotic gene, and subsequent death of the transformed cells.
These studies pointed to an antiapoptotic role of c-jun through
the suppression of the p53 gene, thus promoting the early stages
of hepatocellular carcinoma (HCC) development [26,27].

Telomere shortening, senescence and
telomerase

Despite the ability of liver cells to re-enter the cell cycle during
organ regeneration, it has long been observed that liver regen-
eration is impaired at the endstage of chronic liver diseases and
during cirrhosis formation (see Chapters 6.1–6.3 and 2.5.2),
indicating that the regenerative capacity of human liver cells 
is limited. A potential explanation for this phenomenon might
come from telomere biology. Telomeres consist of simple 
tandem nucleotide repeats [(TTAGGG)n in humans] that are
located at each end of chromosomes [27]. Telomeres are hete-
rochromatic and do not encode any gene product, but have an
essential function for cell viability, which is to cap and protect
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the chromosomal ends. As the chromosomal end is in principle
similar to a double-strand break, chromosomal capping is 
necessary to avoid activation of DNA damage responses, chro-
mosomal fusions and chromosomal instability (CIN). Beside
the length of telomere repeats, the higher order structure [28,29]
of the telomeres formed by the binding of specific proteins to the
telomere [30] is important for the telomere capping function.
Owing to the end-replication problem of DNA polymerase and
processing of the telomere termini during the cell cycle, telom-
eres shorten during each round of cell division by 50–100 bp 
in human cells [31]. The ongoing telomere shortening is com-
pensated for by the enzyme ‘telomerase’, which can synthesize
telomeres de novo [32,33]. Telomerase consists of two essential
components: telomerase reverse transcriptase (TERT), which is
the catalytic subunit of the enzyme; and telomerase RNA com-
ponent (TERC), which is the functional RNA and serves as a
template for telomere sequence synthesis. In humans, telom-
erase is active during embryogenesis but is repressed postnatally
in most somatic tissues and remains active only in immature
germ cells and certain stem and progenitor cells [34].

On account of the repression of telomerase, telomeres of
human cells shorten during each cell division (see above), and
the replicative lifespan of human cells is limited by this mech-
anism to 50–70 cell divisions [35]. However, overexpression of
telomerase can elongate the lifespan of primary human cells
including hepatocytes [36,37]. Telomere shortening limits the
lifespan of primary human cells by inducing senescence, which
is characterized by a permanent cell cycle arrest. Senescence is
induced when telomeres reach a critical short length and lose
their capping function. It has been shown that the dysfunctional
telomeres provoke a DNA damage response including the 
activation of ATM/ATR/p53/Chk2/p21/p16 pathways [38,39].
When cells lose p53 or Chk2 function, they can bypass the 
senescence checkpoint and continue to proliferate despite the
presence of telomere dysfunction [40,41]. As a consequence,
chromosomal fusions and breakage of fused chromosomes
induce CIN (see below and [42]), and cells will eventually reach 
a second checkpoint called crisis, which is characterized by 
massive CIN and apoptosis [43].

In humans, telomeres shorten during ageing in a variety of 
tissues and organs [44]. There is some correlation between 
age-related telomere shortening and cell turnover of different
organs, and the rate of telomere shortening is increased during
chronic diseases that increase the rate of cell turnover [44].
There is growing evidence that telomere shortening and senes-
cence impair the regenerative capacity of organs and tissues 
during human ageing and chronic disease [44].

Telomere shortening, senescence and
telomerase in ageing liver and chronic liver
diseases

Normal healthy liver does not show significant levels of telom-
erase activity [45]. The liver is a quiescent organ with a very low

rate of cell division, yet the liver shows significant telomere
shortening during ageing [46]. During chronic liver disease, 
low levels of telomerase reactivation have been detected by 
some investigators. However, it remains a subject of debate to
what extent this really reflects telomerase activation of regen-
erating hepatocytes or whether it is induced by infiltration of
telomerase-positive lymphocytes. It has been shown in a variety
of studies that there is accelerated telomere shortening during
chronic liver disease and at the cirrhosis stage [46], clearly indic-
ating that the level of telomerase is not sufficient to compensate
for telomere shortening during chronic liver disease. Telomere
shortening in chronic liver disease and cirrhosis predominantly
affects hepatocytes, and there is an accumulation of SA-βGal
(senescence marker)-positive hepatocytes during cirrhosis
development [46]. In agreement with these data, an activation 
of senescence checkpoint signalling has been detected at the 
cirrhosis stage.

Direct experimental evidence for a role of telomere shorten-
ing in cirrhosis formation came from studies in telomerase
knockout mice. Telomere shortening in mTERC–/– mice led 
to impaired liver regeneration and premature development of
fibrosis and steatosis in response to chronic liver damage [47].
Impaired liver regeneration correlated with the induction of
senescence in hepatocytes with critically short telomeres. Thus,
telomere shortening led to a reduction in the pool of prolifer-
ative cells that have the capacity to re-enter the cell cycle and 
to regenerate the organ in response to damage [48]. In addition,
the studies in mTERC–/– mice support the concept that telom-
erase gene therapy can improve the regenerative capacity of
organs with critically short telomeres in vivo [47].

These concepts derived from mouse models and the telomere
length analysis from human diseased liver (see above) indicate
that telomere shortening and senescence contribute to a
decrease in hepatocyte proliferation that is recognized during
cirrhosis development in humans [49,50]. Together, these studies
have led to a new model of cirrhosis formation [51]; according
to this model, telomere shortening and senescence limit the
regenerative capacity of hepatocytes during chronic liver dis-
ease. When the regenerative reserve of the liver falls beneath 
a critical threshold, stellate cells become activated and form
fibrotic scar tissue (Fig. 1). The data from mouse models indi-
cate that telomerase activation could be used for the treatment
of liver cirrhosis. However, a detailed understanding of telomere
shortening and telomerase reactivation during cancer formation
is necessary to predict the potential cancer risk of such therapies.

Telomere shortening, senescence and
telomerase in liver cancer

Telomere shortening and senescence are regarded as potent
tumour suppressor mechanisms inhibiting immortal growth 
of transformed cells in the human body. In line with this
hypothesis, over 90% of human tumours show a reactivation 
of telomerase, indicating that telomere stabilization is essential
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for tumour survival and progression [52]. However, in the vast
majority of human cancers including HCC, telomeres are very
short, much shorter than in the non-transformed surrounding
tissue. These data point to an apparent paradox: on the one
hand, telomere shortening and senescence are supposed to func-
tion as a tumour suppressor mechanism but, on the other hand,
telomere shortening is associated with tumour development, in-
dicating that it might represent a tumour risk factor. Indeed, 
the risk of HCC development increases sharply at the cirrhosis
stage (see Chapters 6.3 and 18.2.1), which is characterized by
telomere shortening (see above), and the majority of HCC show
significant telomere shortening compared with non-transformed
surrounding tissue or regenerative nodules [52]. In addition, a
strong increase in cancer incidence has been observed in other
tissues during ageing and at the endstage of chronic diseases,
indicating that senescence as a tumour suppressor mechanism
functions well in young age and in tissues with long telomeres
but loses effectiveness in tissues with shortened telomeres.

A possible explanation came from studies in mTERC–/– mice
revealing a dual role for telomere shortening during cancer initi-
ation and progression. In line with the classical view that telomere
shortening acts as a tumour suppressor mechanism, tumour
progression was impaired in mTERC–/– mice [53,54]. Impaired
tumour progression correlated with activation of senescence 
signalling pathways (upregulation of p53) in tumour cells of
mTERC–/– compared with mTERC+/+ mice. Upregulation 
of p53 in tumour cells of mTERC–/– mice correlated with
increased rates of apoptosis and impaired proliferation of
tumour cells in vivo [55]. In contrast to the suppression of
macroscopic tumours, telomere shortening in mTERC–/– mice
was associated with an increase in tumour initiation [55,56].
Increased tumour initiation induced by telomere shortening
was linked to chromosomal instability, which is a major mechan-
ism driving tumorigenesis in aged humans and at the endstage 
of chronic disease. When telomeres lose the capping function,
CIN evolves because chromosomes will fuse, and breakage of the
chromosomes occurs during anaphase of the cell cycle. As a
morphological correlate, chromatin bridges of stretched and

breaking chromosomes appear during anaphase (Fig. 2). A
sharp increase in anaphase bridges was observed during liver
regeneration and in early tumours of mTERC–/– mice, pointing
to a mechanism of tumour initiation in response to telomere
shortening [44,52]. Together, these data suggest that telomere
shortening has a dual role in cancer formation. On the one 
hand, telomere shortening induces CIN and tumour initiation.
On the other hand, telomere shortening suppresses progression
of tumours, which instead need to stabilize telomere ends to
avoid an overload of instability and cancer cell death (Fig. 3).
This suggests that telomere shortening during ageing and
chronic (liver) disease could contribute to the increased rate 
of tumour initiation observed in this clinical setting (see

Cholestasis, viruses, toxins,
autoimmune disease and others

Hepatocyte destruction

Hepatocellular telomere shortening

Hepatocellular senescence Cirrhosis

Continuous regeneration,
elevated cell turnover

Fig. 1 The telomere hypothesis of cirrhosis
formation (reprinted with permission from
[46]). Chronic liver diseases lead to an elevated
rate of hepatocyte cell turnover, which
accelerates telomere shortening, finally
culminating in hepatocyte senescence and
cessation of regeneration. Continuous liver
damage at this point provokes an activation 
of stellate cells and fibrotic scarring (see
Chapters 1.6, 6.1 and 6.2).

Fig. 2 Telomere shortening induces chromosomal instability (CIN). Loss 
of telomere capping function results in chromosomal fusions. When cells
containing fused chromosomes enter the cell cycle, the chromosomal
fusions will break during anaphase. As a morphological correlate, chromatin
bridges are seen in anaphase (anaphase bridges, black arrows). The
breakage of fused chromosomes results in chromosomal gains and losses 
in the daughter cells and newly generates telomere free ends at the
breakpoints, which will again fuse and break during the next round of cell
division. These repeated ‘fusion–bridge–breakage cycles’ generate CIN of
cells with dysfunctional telomeres.
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Chapters 6.3 and 18.2.1). However, the tumours that evolve in
response to telomere shortening apparently need to reactivate
telomerase to stabilize telomeres and to prevent ongoing CIN 
to allow tumour progression. This model could explain the
coexistence of critically short telomeres, CIN and high levels of
telomerase activity prevalent in most human epithelial cancer
cells including HCC [52]. In support of the hypothesis that
telomere shortening leads to CIN and cancer initiation in
human HCC, a strong correlation between telomere shortening
and increase in copy number of chromosome 8 – a hallmark
cytogenetic alteration in human HCC – was observed [57]. As
tumour suppression in response to telomere shortening was
linked to an activation of senescence signalling involving p53
(see above), it appeared a logical consequence that loss of p53
amplified the development of CIN and epithelial cancer initia-
tion induced by telomere shortening in mTERC–/– mice [58].
Heterozygous deletion of p53 alleviated suppression of hepato-
carcinogenesis in mice with short telomeres [59]. In humans,
the p53 signalling pathway is defective in over 70% of HCC [60],
indicating that there could be a cooperation between telomere
shortening and loss of p53 function. The role of telomerase reac-
tivation in tumours arising from cells with dysfunctional telom-
eres and mutant p53 has now to be investigated. Recent data in
mouse models have revealed experimental evidence that massive
telomere dysfunction induced apoptosis independent of p53
gene status [61], indicating that telomerase activation and
telomere stabilization might be essential for tumour progression
even in the absence of p53. In agreement with this assumption, it
was found that oligonucleotide telomerase inhibitors impaired
the growth of p53 mutant human hepatoma in a xenotransplant
model [62].

Regarding the use of telomerase activators for improvement
of hepatocyte regeneration at the cirrhosis stage (see above), it
will be important to elucidate which of the mechanisms induced
by telomere dysfunction – impaired regeneration, increased
tumour initiation, impaired tumour progression – is domin-
antly affecting organismal survival. One mouse study has
revealed that, in the setting of chronic liver damage, the negative

impact of telomere shortening on liver regeneration outweighs
the tumour suppressor effects of telomere shortening on hepa-
tocarcinogenesis in terms of overall survival [63].

Outlook

Research work over the last decades has improved our under-
standing of the control of liver cell proliferation during regener-
ation, cirrhosis formation and hepatocarcinogenesis. In cancer,
promising molecular therapies are now emerging. Similarly, it
appears possible that the mechanisms of cell cycle control,
telomere length control and senescence will translate into the
development of new therapies to improve endogenous regener-
ation and cell transplantation therapies. Additional areas of
interest are: (i) the development of biological ageing markers to
improve individual therapies and the assessment of individual
risk of disease progression; and (ii) the identification of markers
indicating the risk of tumour development, thus allowing the
optimization of tumour prevention and screening.
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2.5.2 Regeneration of chronically
injured liver
Anna Mae Diehl

As in other organs, maintenance of tissue integrity in the liver
requires a balance between cell death and regeneration so that
cells undergoing natural age-related apoptosis are replaced 
by healthy cells that maintain vital tissue-specific functions.
Liver injury amplifies the rate and magnitude of cell death.
Consequently, recovery from liver damage necessitates accen-
tuated regenerative responses to restore liver architecture and
function to the premorbid state.

The adult liver has tremendous regenerative capacity, as 
evidenced by complete reconstitution of functional liver mass

within weeks of partial hepatectomy (PH) [1]. The regenerative
response evoked by acute liver damage has been studied for
decades. That work identified several factors that promote the
proliferation of mature hepatocytes and delineated pathways
that modulate hepatocyte cell cycle progression and viability
(reviewed in [2,3]). Because regeneration of bile ducts and 
hepatic blood vessels following acute liver injury has been less
well studied (reviewed in [4,5]), how replacement of those struc-
tures is coordinated with recovery of the hepatocyte mass is less
certain. Nevertheless, because hepatic regeneration following
acute injury has been the subject of numerous recent reviews, 
it will not be discussed extensively in this chapter. Rather, we 
will focus on mechanisms that mediate the regeneration of
chronically injured livers.

Chronic liver damage results from
insufficient regeneration

Chronic liver injury poses a significant health threat. Chronic
liver damage is among the leading causes of premature death in
adults [6,7]. Given that the liver typically regenerates completely
following massive acute injury, it is curious that repetitive,
seemingly milder, insults are often not completely repaired,
leading to persistent (and sometimes progressive) liver damage.
This observation raises the intriguing possibility that chronic
liver damage is more attributable to subpar repair than to
unusually severe injury.

That insufficient liver regeneration may play a key role in 
the pathogenesis of chronic liver damage of various aetiologies
merits consideration. At first glance, this concept appears to
contradict liver biopsy evidence of increased hepatocyte DNA
synthesis in chronically damaged livers [8]. Although the latter
finding suggests that a regenerative response is attempting to
repair the injured tissue, it must not match the substantially
increased rate of liver cell death because hepatocyte ‘dropout’,
‘piecemeal necrosis’, apoptosis and ‘ballooning’ (indicative 
of ongoing necrosis) generally predominate [9]. In addition,
chronic liver injury itself sometimes results in replacement of
hepatocytes and bile ducts with fibrous tissue. Thus, persistent
liver injury appears gradually to deplete regenerative capacity,
resulting in sustained loss of normal liver architecture and 
function.

Why liver regeneration falters during chronic injury is
unclear. It is not known whether certain injuries also inhibit
regeneration, or if some individuals are simply unable to mount
a normal regenerative response to injury that is efficiently
repaired by most others. Similarly, it is poorly understood how
age, gender, diet, comorbid conditions and their treatments
affect any given individual’s hepatic regenerative capacity, thus
changing the degree of liver damage that ensues during chronic
exposure to a constant level of injury. All these questions have
obvious clinical relevance. Thus, it is imperative that we learn
more about the mechanisms that regulate the regeneration of
chronically injured livers.
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Unfortunately, research in this area is sparse. In contrast 
to acute liver regeneration studies that typically focus on 
proliferative responses of mature hepatocytes, most investiga-
tions of repair in chronically injured livers focus on fibrogenesis.
Consequently, it is poorly understood how dying hepatocytes or
cholangiocytes are replaced during chronic liver injury. Also
unknown is how efforts to compensate for increased rates of
hepatic epithelial cell death relate to fibrotic responses, includ-
ing increased proliferation of hepatic stellate cells (HSC) and
their activation to a more myofibroblastic phenotype. The
remainder of this chapter will summarize information about
mechanisms that mediate the replacement of various liver cell
populations in chronically injured livers, highlighting differ-
ences between acute and chronic repair.

Mechanisms for hepatocyte
replacement during liver injury

Proliferation of mature hepatocytes

Healthy livers
Mature hepatocytes rarely replicate in healthy adult livers. The
low proliferative index matches the low prevalence of hepato-
cyte apoptosis. In health, there is a gradient of hepatocyte 
DNA synthesis across the liver lobule, with most proliferation
occurring in periportal hepatocytes and least in hepatocytes near
terminal hepatic venules [3]. This gradient may be driven by the
progressive decline in proliferative activity in ageing progeny
from resident, periportal progenitor cells [10]. Alternatively, the
portal-to-central gradient of soluble, gut-derived hepatotrophic
factors may be responsible for the fall off in proliferative activity
[11,12]. Portal blood might also carry in precursor cells from 
the marrow-like environment of the spleen, which may provide
a reservoir for exogenous liver progenitors [13]. The potential
importance of portal venous factors (soluble or cellular) as 
regulators of basal levels of hepatocyte proliferation is sup-
ported by evidence that otherwise healthy livers atrophy when
deprived of portal blood [12]. Also, hepatocyte proliferation
normally fluctuates over the course of the day and is highest
postprandially, when portal venous blood flow to the liver
increases [14].

Acutely injured livers
Acute loss of liver mass generally elicits a robust proliferative
response in residual healthy hepatocytes, as evidenced by 
dramatically increased rates of DNA synthesis and mitoses in
mature-appearing (i.e. differentiated) adult hepatocytes after
70% PH or acute exposure to hepatotoxins [3]. However, the
ultimate proliferative capacity of any given mature hepatocyte
has been difficult to assess. In uninjured livers, most mature
hepatocytes have exited proliferative phases of the cell cycle and
live in a growth-arrested (G0) state. The extent to which some or
all of these cells can re-enter the cell cycle and replicate after liver
injury remains uncertain, despite decades of research.

When cultured in the presence of growth factors, primary
adult hepatocytes proliferate poorly on most matrices, despite
robustly upregulating prereplicative genes and DNA synthesis.
Sparse proliferation may merely be an artefact of arduous isola-
tion protocols or suboptimal culture conditions [3]. Indeed,
hepatocyte transplantation experiments have generated support
for the concept that mature hepatocytes generally retain con-
siderable capacity for proliferation in vivo. In one study, labelled
hepatocytes isolated from adult rat donor livers were transplanted
directly into one lobe of a recipient rat’s liver after ligating portal
vein branches to the other lobes [15]. Deprived of portal blood
flow, those segments involuted. Eventually, the entire liver mass
was reconstituted by donor hepatocytes. Based on the number of
hepatocytes that were transplanted, the authors concluded that 
a single hepatocyte can divide at least 34 times, giving rise to 
1.7 × 1010 daughter cells. This implies that a single rat hepatocyte
has the clonogenic potential to generate 50 adult rat livers.
However, it is difficult to exclude the possibility that the donor
liver cells used in these studies might have included progenitor
cells.

Another widely cited argument for the high proliferative
capability of mature hepatocytes is the adult liver’s ability to
regenerate completely after PH [1]. Indeed, the ancient Greek
myth about Prometheus revolves around the liver’s ability to
regenerate after pieces of liver have been removed. To monitor
the kinetics of DNA synthesis following PH, rats were partially
hepatectomized and killed at various times during the first day
and 1, 2, 3, 7 and 14 days after PH. One hour before killing, 
each rat was injected intraperitoneally with tritiated thymidine
or bromodeoxyuridine to label newly synthesized DNA, and
autoradiography or immunohistochemistry was done to cal-
culate the hepatocyte labelling index during the previous hour
[16,17]. These studies demonstrate that DNA synthesis (S phase)
in mature hepatocytes begins at around 24 h, and the labelling
index reaches its peak value of 3–4% on day 3 after PH. This
represents a 26-fold (2600%) increase in the hepatocyte labelling
index over basal, pre-PH values. During the same time, hepato-
cytes double their ploidy, suggesting that half the observed
labelling index increase is due to DNA accumulation and half to
cell division. If this interpretation is valid, then the hepatocyte
production rate increases 13-fold during the initial 72 h after
PH. However, the morphometry of regenerating livers suggests
that hepatocyte proliferation may not be this robust because the
hepatic acini increase in size by only about 15% during this time
period. This is not sufficient to accommodate the number of
hepatocytes that would be generated by an acute 1300% increase
in proliferative activity [16]. This finding suggests that much of
the acute post-PH increase in hepatocyte labelling index occurs
because damaged hepatocyte DNA is being repaired. Neverthe-
less, some mature hepatocytes do proliferate after PH [3].

Traditionally, the PH model is considered to be a ‘pure’ model
of regeneration because the remnant liver lobes are not directly
manipulated (i.e. injured) at the time of PH [1]. However,
serum aminotransferase levels usually increase after PH. Also,
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careful inspection of liver sections typically reveals increased
apoptotic bodies, as well as scattered foci of swollen hepatocytes,
that are variably associated with haemorrhage and small cell
infiltrates [18–20]. Thus, in many ways, PH resembles acute
exposure to hepatotoxic drugs because both insults result 
in liver injury and abrupt loss of functioning hepatocytes.
Subpopulations of surviving mature hepatocytes subsequently
proliferate and the liver regenerates its mass within 10–14 days
[21].

Chronically injured livers
In contrast to hepatocytes in healthy livers, mature hepatocytes
in chronically injured livers exhibit markedly reduced and
delayed proliferative responses to PH [22,23]. The replication
defect appears to be intrinsic to the hepatocytes themselves, 
as primary hepatocytes isolated from chronically injured livers
respond poorly to mitogens in cell culture [24]. The mechan-
isms for inhibited proliferative capacity are being elucidated,
and seem to be related to chronic injury-related stress. Even very
mild forms of chronic liver injury, such as steatosis, elicit such
stress. Hepatocytes in fatty livers are chronically exposed to
increased levels of inflammatory mediators, including tumour
necrosis factor (TNF)α and interleukin (IL)-6, cytokines that
promote hepatocyte replication in healthy livers. Chronic expo-
sure to TNFα increases reactive oxygen species production and
can also induce cellular apoptosis. Hepatocytes typically survive
these threats by upregulating various antiapoptotic and anti-
oxidant defences [25,26]. However, these survival mechanisms
are apparently insufficient for complete protection because rates 
of hepatocyte apoptosis are increased in both experimental 
animals and patients with fatty livers [27,28], and surviving 
hepatocytes exhibit evidence of oxidative damage to nuclear and
mitochondrial DNA [27].

Viable but damaged cells in chronically injured livers elicit
various adaptive mechanisms, including the induction of stress-
related kinases that activate cyclin-dependent kinase inhibitors
to restrict cell cycle progression [23]. The resultant replicative
senescence prevents the duplication of sublethally damaged
hepatocytes, while preserving liver-specific functions. Although
this is generally beneficial, it compromises the efficiency of liver
regeneration by removing mature hepatocytes from the regener-
ative response. Hence, recovery from a superimposed injury
(such as PH) is prolonged in fatty livers, and the liver remains
damaged for longer.

Stress-related replicative senescence in mature hepatocytes 
is not a phenomenon that is restricted to chronic fatty liver 
diseases. Mature hepatocytes of mice that are genetically
deficient in PARP, an important DNA repair enzyme, also
exhibit replicative senescence [24]. Although the livers of young
PARP-deficient mice appear grossly normal, closer inspection
demonstrates accumulation of hepatocytes with damaged DNA.
Following PH, induction of DNA synthesis in mature, PARP-
deficient hepatocytes is significantly inhibited. Moreover, the

rate of entry into S phase is markedly reduced when primary
hepatocytes from PARP-deficient mice are cultured with 
mitogens. Given that cellular DNA damage triggers growth
arrest, the findings in PARP-deficient mice are not surprising.
Together with the results from mice with fatty livers [23], and
patients with chronic viral hepatitis [9], these data demonstrate
that most viable hepatocytes in chronically injured livers have
sustained damage and become senescent. Consequently, mechan-
isms other than mature hepatocyte replication must be evoked
to replace dying hepatocytes.

Hepatocyte hypertrophy and polyploidy

Hepatocytes enlarge (i.e. hypertrophy) in many chronic liver
diseases. A report from Thorgeirsson’s group [29] suggests that
hepatic hypertrophy is a compensatory mechanism to restore
normal liver mass when hepatocyte proliferation is inhibited.
Rats that underwent PH after being treated with 5-fluorouracil
to inhibit hepatocyte proliferation were able to recover liver
mass without inducing hepatic DNA synthesis. The initial, acute
restoration of liver mass was accomplished by enlargement
(hypertrophy) of the periportal hepatocytes. However, the
hypertrophied state was not stable because, once the DNA 
synthesis inhibitor was withdrawn, the enlarged hepatocytes
entered the cell cycle, and normal liver structure and DNA 
content were re-established [29]. Therefore, hypertrophy of
residual surviving hepatocytes appears to be a temporizing
response that transiently boosts liver mass following a bout of
hepatocyte death.

DNA replication without cell division (i.e. polyploidy) con-
tributes to cellular hypertrophy. Polyploidy occurs whenever
DNA damage outstrips base excision repair mechanisms [30].
This occurs following exposure to 5-fluorouracil and other
DNA-damaging agents. Hepatocytes with non-lethal damage
become arrested in G2 so that they can be repaired, while those
that acquired irreparable DNA damage after exiting the G1
checkpoint are deleted. Even in healthy animals, acute liver
injury evoked by PH increases the number of polyploid hepato-
cytes [31]. Sustained exposure to oxidative stress amplifies this
response. Thus, hepatocyte polyploidy is increased in chronic-
ally injured livers, indicating that the proportion of mature 
hepatocytes that are capable of replication is reduced.

Differentiation of hepatic progenitors

Although replication of mature hepatocytes is severely crippled
during chronic liver injury, atrophy is a relatively rare, late
response to chronic injury. Hence, there must be other mechan-
isms to replace dead hepatocytes. Studies of liver biopsies from
patients and animals with various aetiologies of chronic liver
injury indicate that expansion and differentiation of hepatic
progenitors are the predominant forces that maintain hepato-
cyte mass in chronically injured livers.
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Even healthy adult livers contain progenitors [32]. These pro-
genitor populations are heterogeneous [33]. Some are bipotential
(i.e. capable of generating either cholangiocytes or hepatocytes),
but whether any are more pluripotent is debated [34–37]. Thus,
it is uncertain whether resident hepatic progenitors can gener-
ate other types of liver cells (e.g. endothelial cells, stellate cells, 
resident hepatic immune cells) or non-hepatic epithelia (e.g.
pancreas, intestine, kidney, lung). Liver progenitor subpopula-
tions might be replenished from extrahepatic sources, such as
bone marrow, but the extent to which this occurs is also debated,
as is the process involved (i.e. fusion or transdifferentiation)
[38–42]. Whether or not any of these progenitors are true stem
cells, capable of infinite self-renewal while generating progeny
that differentiate into adult liver cells, is obscure.

Resident hepatic progenitors (oval cells)

Phenotype
To date, the best characterized hepatic progenitors are small
cells with scant cytoplasm and an oval-shaped nucleus that
reside along the canals of Hering. These cells have been dubbed
‘oval cells’, ‘ductular cells’ or ‘neocholangiolar cells’ based on
their morphology and localization along structures that com-
prise the proximal portion of the intrahepatic biliary system
[32,34,43,44]. Expansion of oval cells commonly occurs in vari-
ous types of chronic liver injury, and is typically described by
hepatic pathologists as ‘ductular reaction’ or ‘neocholangiolar
proliferation’ [9,45–48]. Oval cells variably express poorly 
characterized cytokeratin antigens, such as OV-1 and OV-6, 
isoforms of pyruvate kinase (muscle pyruvate kinase; mpk) and
γ-glutamyltransferase (γ-GT) that distinguish them from mature
hepatocytes and cholangiocytes [49–51]. Some also express sur-
face markers, including c-kit, Sca-1 and CD34, and chemokine
receptors (CXCR-4) that are expressed by other types of progen-
itors [35,52–54]. That oval cells are capable of differentiating
into cholangiocytes or hepatocytes is demonstrated by their abil-
ity to generate progeny that express biliary cytokeratins, such as
CK19, or hepatocyte proteins, such as HNF-4α, α-fetoprotein
and albumin [55,56].

Regulatory factors
Immunohistochemistry demonstrates that oval cells accumulate
in the livers of patients with chronic viral hepatitis, autoimmune
and congenital liver diseases and alcoholic and non-alcoholic
fatty liver disease [9,45–48]. Similar cells accumulate in rodents
with chronic liver disease [23]. Oval cell accumulation parallels
fibrosis stage. Hence, the greatest expansion of oval cells occurs
in cirrhotic livers, where oval cells typically localize near acti-
vated HSC [23,48]. This association may be driven by paracrine
signalling, because HSC produce stem cell-derived factor
(SDF)-1, the ligand for CXCR-4 that is expressed by oval cells
[54]. Both cell types produce hedgehog (Hh) family ligands
(unpublished data). Hh proteins are potent morphogens that

promote the viability of various types of progenitor cells [37],
including the endodermal progenitors that generate the em-
bryonic liver bud [57]. Similar to other epithelial progenitors
[37], some mouse oval cells and stellate cells from mice, rats 
and humans also express Patched, the cell surface receptor for
Hh (unpublished data). Thus, oval cells and HSC may provide 
each other with important viability signals that permit each cell
population to expand during chronic liver injury.

Origin and fate
Other than fairly circumstantial evidence that biliary damage
induces oval cells to differentiate into cholangiocytes, and 
hepatocyte death provokes differentiation along the hepatocyte
lineage [32], little is known about factors that determine oval cell
fate. It is not known whether some oval cells are true stem cells,
capable of infinite self-renewal, or if oval cells are merely
progeny of a more stem cell-like progenitor that resides in the
liver or some other tissue(s). Experiments with mice that have
been rendered genetically deficient in telomerase suggest that
stem-like cells do play a role in maintaining adult liver mass.

Because infinite self-renewal is a unique characteristic of stem
cells, they require telomerase to repair chromosomal deletions
that occur during DNA replication [58]. Consequently, telom-
erase activity is generally high in fetal tissues and falls with age
[59]. However, there are significant tissue-related differences 
in this ageing response [60]. Adult rat, mice and human livers
retain considerable telomerase activity [61]. In healthy adult 
livers, telomerase mRNA is detected in occasional sinusoidal
cells and rare hepatocytes (but not in most mature hepatocytes
and cholangiocytes). Injured livers have many more telomerase-
positive cells, with frequent expression noted in sinusoidal cells
and infiltrating mononuclear cells, and occasional expression in
proliferative, ductular cells and hepatocytes [62,63].

Given these findings (and contrary to some studies cited 
earlier), it is unlikely that most mature hepatocytes can replicate
indefinitely, and not surprising that widespread telomere short-
ening occurs in regenerating livers following the acute injury of
PH [64]. Cells with critically shortened telomeres are senescent
and never re-enter the cell cycle. Thus, following an acute 
injury, regeneration is accomplished by subpopulations of 
non-senescent cells with sufficient telomere reserves to support
replication.

These non-senescent cells may encompass a spectrum of the
more differentiated progeny of rare liver stem-like cells that per-
sist into adulthood. If true, the latter are the ‘seeds’ that generate
replacement hepatocytes to continuously replenish liver cells
that are consumed during day-to-day hepatocyte turnover. The
requirement for stem-like cells in adult livers was unmasked 
by provoking sudden massive hepatocyte loss in telomerase-
deficient mice that cannot maintain their stem cell populations.
Unlike normal mice, such mice become cirrhotic after experi-
encing a single insult that abruptly deletes a large number 
of hepatocytes (e.g. PH) [65]. In retrospect, similarly dismal
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outcomes were reported in older studies that subjected adult rats
to hepatic irradiation (another type of stem cell-depleting insult)
prior to PH [66]. Inherited stem cell depletion that results from
dysfunctional telomere maintenance also promotes cirrhosis in
humans [67].

Together, these findings demonstrate that adult liver mass 
is maintained by progenitors that continuously differentiate to
replace dying mature hepatocytes. This process is taxed when
liver injury increases the death rate of more mature liver cells.
Whether oval cells are the telomerase-expressing progenitors
that fuel regeneration is unknown. It is also conceivable that
liver progenitors may simply require factors produced by some
other type of telomerase-positive stem cell.

Potential extrahepatic sources of hepatic
progenitors
Bone marrow and umbilical cord blood harbour multipotent
stem-like cells. Several laboratories have shown that transplan-
tation of bone marrow- or cord blood-derived progenitors can
rescue mice from various types of fatal, acute liver damage.
Repopulation of recipient liver parenchyma with donor-derived
hepatocytes has been demonstrated repeatedly [39,40,42,68–74].
However, the extent and duration of repopulation has varied
widely among different reports. Few studies have examined
whether reconstitution of the hepatocyte compartment is pre-
ceded by the appearance of donor-derived oval cells, and those
that have looked report discrepant results.

Grompe and collaborators have presented compelling evid-
ence that donor cells simply fuse with recipient hepatocytes 
to regenerate livers in their FAH-deficient mouse model of
tyrosinaemia and liver failure [75,76]. However, the general 
relevance of these findings is uncertain because FAH deficiency
damages progenitor cells [77]. Further confounding data inter-
pretation in these experiments, donor bone marrow cells were
obtained from animals with Fanconi’s anaemia, another pro-
genitor cell defect [78]. Thus, it is difficult to know whether
fusion of progenitors and residual mature hepatocytes occurs
predominantly when progenitors are defective or is a more 
typical response.

Studies of mice with other types of acute and chronic liver
injury suggest that fusion is probably not a common phe-
nomenon during liver regeneration [40,72,79,80]. These studies
also demonstrate that differentiation of donor-derived cells 
into hepatocytes can definitely occur in living animals. These
findings complement abundant data from cell culture experi-
ments showing that bone marrow- and cord blood-derived pro-
genitors can differentiate into functional hepatocytes [41,74].
Less certain is whether this generation of hepatocytes from
extrahepatic progenitors evolves through oval cell-like interme-
diaries, and how often this mechanism is evoked during repair of
acute or chronic liver injury. Thus, it remains conceivable that
circulating stem-like cells mainly provide factors that optimize
the differentiation and proliferation of resident liver progen-
itors, including oval cells.

Mechanisms that regulate
cholangiocyte replacement

Proliferation of mature cholangiocytes

Evidence for DNA synthesis in bile duct cells (i.e. large cholan-
giocytes) after PH or carbon tetrachloride-induced liver injury
demonstrates that, like mature hepatocytes, mature cholangio-
cytes can also proliferate under certain circumstances [81,82].
During post-PH liver regeneration, bile duct DNA synthesis 
is coincident with that of liver sinusoidal cells, following peak
hepatocyte DNA synthesis by about a day. Studies in cultured
cholangiocytes, as well as in experimental animals demonstrate
that cholangiocyte proliferation is induced by some of the same
factors that promote hepatocyte proliferation, including insulin,
insulin-like growth factor, hepatocyte growth factor (HGF), 
IL-6 and epidermal growth factor (EGF). Also, like hepatocyte
proliferation, cholangiocyte proliferation is inhibited by trans-
forming growth factor (TGF)-β [83,84]. In addition to these 
factors, various neurohumoral factors regulate cholangiocyte
proliferation. Vagotomy has potent antiproliferative effects on
cholangiocytes, despite exacerbating cholangiocyte apoptosis
induced by bile duct ligation [83]. Serotonin also inhibits
cholangiocyte proliferation. In contrast, cholangiocytes prolif-
erate in response to nerve growth factor (NGF), which increases
spontaneously following bile duct ligation [84]. Estrogens also
promote cholangiocyte proliferation, while estrogen antagonists,
such as tamoxifen, inhibit it [85].

Cholangiocytes produce several growth-regulatory peptides,
including HGF, IL-6 and NGF, and use these to autoregulate
their proliferation [4,84]. Net proliferative activity appears to be
governed by modulation of protein kinase A (PKA) and protein
kinase C (PKC) signalling, with the former stimulating p42/p44
and p38 mitogen-activated protein kinases (MAPK) and cellular
proliferation, while the latter inhibits these events. In addition 
to directly promoting proliferation, some trophic factors, such
as taurocholate, also activate AKT and phosphatidyl-inositol-3
(PI3) kinase. The upregulation of these survival pathways
enhances the actions of cholangiocyte mitogens.

HSC produce some of the neurohumoral factors and cyto-
kines that regulate cholangiocyte growth. This is intriguing, 
particularly as the phenotype of stellate cells themselves is also
modulated by these factors. Thus, it is likely that cross-talk
between stellate cells and adjacent cholangiocytes regulates the
response to bile duct injury.

Expansion and differentiation of
cholangiocyte progenitors

Many types of acute and chronic liver injury (not merely injury
that is restricted to bile ducts) are followed by proliferation of
immature bile ductular cells. Some of these cells are bipotential
hepatic progenitors (oval cells), and others are their immediate
progeny (small cholangiocytes). It has even been suggested that
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hepatocytes might transdifferentiate into hepatocytes during
some types of bile duct injury [86]. Proliferation of immature
ductular cells is most evident along the edges of portal triads, 
at the portal–parenchymal interface, where small ductular-like
structures (i.e. neocholangioles) accumulate. As recovery pro-
ceeds, these structures disappear, presumably because the duc-
tular cells that are differentiating along the cholangiocyte lineage
migrate into bile ducts to replace dying mature cholangiocytes.

Chronic bile duct damage: cell death exceeds
replacement

Given that mature cholangiocytes can proliferate, and adult 
livers normally contain progenitors for cholangiocytes, it is
uncertain why ductopenia and bile duct strictures are con-
sequences of certain types of chronic liver injury. Bile ducts are
particularly vulnerable to damage from chronic immune attack,
ischaemia and obstruction [4]. The relative contributions of
increased cholangiocyte death rates and inhibited cholangiocyte
replacement to eventual bile duct destruction remain largely
unexamined. However, studies of liver biopsies from patients
with primary biliary cirrhosis suggest that loss of cholangiocyte
progenitors (i.e. defective repair) is important [87]. Such livers
exhibit reduced numbers of canals of Hering, the most proximal
portion of the bile drainage pathway with a cholangiocyte lining.
Oval cells localize to canals of Hering. Thus, reduced numbers of
these structures may signify a depletion of progenitor pools that
are available to replace dying bile duct cells, leading to eventual
ductopenia.

Mechanisms that regulate hepatic
endothelial replacement

The hepatic endothelium is targeted for destruction during acute
and chronic liver injury induced by ischaemia–reperfusion and
hepatotoxins, including chemotherapeutic agents and ethanol.
Endothelial damage also occurs in more obscure hepatic vascu-
lopathies, such as Budd–Chiari syndrome, and during hepatic
allograft rejection. Thus, endothelial cells must be replaced dur-
ing repair of various types of liver injury. The mechanisms for
this are poorly understood.

The endothelia of large blood vessels and many capillary beds
are replenished by circulating endothelial progenitors, some of
which are derived from bone marrow progenitors [88,89]. There
has been relatively little research about the role of bone marrow-
derived endothelial progenitors in maintaining (or restoring)
hepatic vascular integrity. In situ analysis of donor and recipient
cells following liver and bone marrow transplantation suggests
that this may occur. However, whether or not circulating
endothelial progenitors contribute significantly to endothelial
repair in other settings has been debated [90,91].

Certain resident liver cells produce matrix molecules and 
soluble factors that regulate angiogenesis [5]. For example, HSC
are rich local sources of leptin and vascular endothelial growth

factor. Thus, it is conceivable that increased release of these 
factors by activated stellate cells in the subendothelial spaces of
injured livers may stimulate the proliferation of residual mature
endothelial cells and/or differentiation of nearby endothelial
progenitors. Conversely, endothelial cells themselves express
adhesion molecules and chemotactic molecules that recruit
other types of cells, including bone marrow-derived endothelial
progenitors, into the liver [92]. The hepatic sinusoidal endothe-
lia might also elaborate signals that influence the phenotype 
of resident stellate cells. Pertinent to these points, Wanless and
colleagues have suggested that endothelial dysfunction may con-
tribute to the genesis of cirrhosis during chronic liver injury
[93,94].

Mechanisms that regulate hepatic
stellate cell replacement

Healthy livers

Virtually nothing is known about the mechanisms that maintain
HSC populations in healthy livers. Even in uninjured livers,
mesenchymal populations are composed of heterogeneous 
cell types [95–98]. The prototypical ‘quiescent’ HSC is retinoid
rich and expresses several neural markers, such as glial fibrillary
acidic protein and nestin, as well as desmin, a mesenchymal
marker [99,100]. In uninjured livers, histological assessment 
of retinoid-rich sinusoidal cells suggests that the ratio of HSC 
to hepatocytes is relatively constant [100,101]. Long-term cocul-
ture studies of mature hepatocytes and HSC demonstrate that
HSC processes can form tight junctions with hepatocytes, sug-
gesting that cell-to-cell communication between hepatocytes
and HSC may regulate the phenotypes of both cell types [102].
However, because standard isolation protocols do not yield 
perfectly pure populations of quiescent HSC [99], and standard
culture conditions quickly activate HSC to a myofibroblastic
phenotype that expresses α-smooth muscle actin (Asma) and
type 1 collagen [95], characterization of the gene expression
profile of truly quiescent HSC has proved difficult. Recently,
Tsukamoto and colleagues reported culture conditions that
appear to revert activated HSC to a more quiescent phenotype.
Under such conditions, HSC resemble mature adipocytes,
expressing transcription factors, such as PPARγ and C/EBP 
family members, that induce genes that promote lipid accumu-
lation and inhibit the production of inflammatory mediators,
type 1 collagen and smooth muscle cell markers, such as Asma
[103].

Acute liver injury

During both acute and chronic liver injury, the liver accumu-
lates HSC [98,104]. Following acute liver injury evoked by PH,
HSC in the residual liver become activated to a myofibroblastic
phenotype and proliferate [105–107]. In the rat, the onset 
of HSC proliferation lags behind that of the hepatocyte 
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compartment by ~ 24 h. Attempts to isolate HSC during the first
few days following PH have demonstrated that acute liver injury
dramatically accentuates the physical association that exists
between hepatocytes and HSC. Thus, most HSC (and hepato-
cyte) preparations from post-PH livers are significantly contam-
inated with the other cell type [108]. This has confounded
efforts to analyse the effect of acute liver injury on HSC gene
expression.

Brenner and colleagues have used another strategy to address
this question. Recently, they generated double transgenic mice
that express genes that encode two different fluorescent markers
(EGFP and RGFP) under the respective control of two pro-
moters that transduce distinct genes that are induced during
HSC activation (Asma and type 1 collagen) [98]. Consequently,
EGFP and RGFP mark cells that have turned on gene expression
of Asma and/or collagen in these double transgenic mice. Initial
studies of the double transgenic mice have yielded somewhat
unanticipated results. Namely, unlike cultures of primary HSC
that coordinately upregulate Asma and collagen gene expression
during spontaneous in vitro activation, transgenic mice respond
to liver injury by accumulating cells that express Asma alone
(without collagen induction), collagen alone (without Asma)
and cells that co-induce both Asma and collagen. Only the last
subpopulation matches the culture-activated HSC that have
formed the basis of our current understanding of activated HSC.
Much remains to be learned about the two other subpopulations
and, at this point, it remains uncertain which subpopulation
contains the prototypical ‘quiescent’ HSC that have acquired an
activated phenotype. This is a critical issue because cells that are
(+) for Asma or collagen I alone might also contribute to the
repair of injured livers.

Chronic liver injury

A major difference between the HSC response to acute and
chronic liver injury appears to be the duration of HSC activation
[98]. Following circumscribed (acute) liver injury, proliferation
of activated, myofibroblastic HSC occurs transiently because
activated HSC ultimately undergo apoptosis [109]. Hence,
apoptosis of injury-activated myofibroblastic HSC plays a major
role in reducing the liver burden of these cells back to basal 
levels [110].

The fact that activated HSC survive at all, let alone proliferate
transiently, is intriguing because the microenvironment of
injured livers contains numerous noxious factors, including
proapoptotic cytokines such as TGF-β. Activated HSC are not
impervious to TGF-β because they express receptors for this
cytokine and activate TGF-β-regulated signalling cascades to
induce collagen gene expression [111]. However, unlike neigh-
bouring hepatocytes, myofibroblastic HSC do not undergo
growth arrest or apoptosis when confronted with TGF-β.

In endodermally derived tissues, such as the kidney and liver,
cells that are resistant to TGF-β-mediated apoptosis are known
to be involved in mesenchymal–epithelial transitions [112]. In

fact, in the kidney, it is TGF-β-resistant cells with an epithelial
lineage that are driven to acquire a fibroblastic phenotype when
exposed to TGF-β (so-called ‘epithelial-to-mesenchymal transi-
tion’ or EMT). Removal of TGF-β or exposure to HGF promotes
reversion of the fibroblastic-appearing cells to their more typical,
epithelial phenotype (‘mesenchymal-to-epithelial transition’ or
MET) [113]. At present, it is unproven whether similar events
occur in the liver. However, the kidney data are certainly
provocative given evidence that TGF-β promotes cirrhosis (i.e.
accumulation of myofibroblastic cells at the expense of mature
hepatocytes) [95,98], while HGF limits the accumulation of 
activated HSC [110] and promotes the reconstitution of the
hepatic parenchyma after liver injury [114]. In this regard, it 
is important to recall the close physical association between 
activated, myofibroblastic HSC and oval cells (putative liver
epithelial progenitors) in chronically injured livers. Might cir-
rhosis result from events that drive oval cells (or their pro-
genitors) along a fibroblastic, as opposed to an epithelial, lineage
(i.e. EMT)? Conversely, do treatments that promote ‘reversal’ 
of cirrhosis simply induce the opposite response (i.e. MET)?
Research is needed to delineate the mechanisms that direct
repair towards one, as opposed to the other, response.

Summary

This review has summarized evidence that liver remodelling
(repair) is a daily event in healthy adults. ‘Healthy’ remodelling/
repair involves both proliferation of mature liver cells and dif-
ferentiation of their progenitors. Chronic liver injury stresses
these responses, unmasking inefficiencies and deficiencies in
mechanisms that are designed to balance the reconstitution 
of different liver cell populations, thereby preserving normal
liver architecture and function. Chronic liver damage manifests
when healthy remodelling/repair responses are broken. Chronic
hepatitis, cirrhosis and hepatocellular carcinoma are extreme
manifestations of dysfunctional repair.
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2.6.1 Physiology of bile formation
Martin Wagner and Michael Trauner

Physiological functions of bile

Bile secretion represents the exocrine function of the liver,
which is accomplished by both hepatocytes and bile duct epithe-
lial cells (cholangiocytes). Bile has several important physiolo-
gical functions: it is critical for lipid digestion and absorption; 
it represents an important route of elimination for various
endo- and xenobiotics; and it also has important trophic and
immunological properties (Table 1).

Bile composition

Bile is a complex aqueous solution consisting of organic and
inorganic solutes, the latter comprising mainly electrolytes
found in similar concentrations as in plasma. Organic con-
stituents include bile acids, bile pigments such as bilirubin,
cholesterol, phospholipids and proteins such as albumin and
immunoglobins (Ig) (Fig. 1, Table 2). Bile acids are synthesized
from cholesterol in pericentral hepatocytes and – together with
bile acids returning to the liver via the enterohepatic circulation

– are actively secreted into bile [1]. In bile, they form mixed
micelles with phospholipids and cholesterol, thereby promoting
their biliary elimination. Formation of mixed micelles also 
lowers the detergent activity of monomeric bile acids in the bile

290

2.6 Excretion

Table 1 Physiological functions of bile.

Lipid digestion and absorption Bile acids promote dietary lipid

absorption in the small intestine by

solubilizing lipids and their digestion

products as micelles

Excretion of endobiotics Elimination of excess cholesterol,

conjugated bilirubin, aged proteins

and metals

Excretion of xenobiotics Elimination of lipophilic, highly

protein-bound drugs, toxins and

carcinogens after hepatic conversion

into amphipathic metabolites

Mucosal defence Achieved by antibacterial properties of

bile acids and secretion of secretory IgA

Signalling properties Bile acids regulate their own synthesis,

biliary excretion and intestinal uptake,

cholangiocyte proliferation and

gallbladder secretory activity

Bile acids
68%

Bilirubin
0.5%

Cholesterol
4%

Proteins
4.5% Phospholipids

23%

Fig. 1 Bile composition. Typical bile
composition in healthy humans. Values are
derived from Moseley RH (1996) Bile secretion
and cholestasis. In: Kaplowitz N (ed.) Liver and
Biliary Disease, 2nd edn. Baltimore: William &
Wilkins, pp. 185–204.

TTOC02_06  3/8/07  6:46 PM  Page 290



2.6 EXCRETION 291

being excreted into bile. As such, cholesterol excretion into bile
is one of the most important routes for cholesterol elimination
from the body. Per day, roughly 1.1 g of cholesterol is eliminated
via faeces, of which one-third is converted to bile acids and two-
thirds are excreted as neutral steroids [5].

Signalling

Bile components such as bile acids not only serve as detergents
for the digestion and absorption of dietary lipids and vitamins,
but also have a broad spectrum of signalling properties within
the liver and following their excretion into the biliary tract and
the intestine. As such, bile acids modulate the expression of
genes involved in bile formation (e.g. induction of the bile salt
export pump, BSEP) and bile acid metabolism (e.g. suppression
of the rate-limiting enzyme of bile acid synthesis, cholesterol 
7α-hydroxylase, CYP7A1) by binding and activating nuclear
receptors such as the classical bile acid receptor farnesoid X
receptor, FXR [5,6]. Moreover, bile acids can activate second
messenger systems such as cyclic adenosine monophosphate
(cAMP) and kinases such as protein kinase A (PKA), protein
kinase C (PKC), phosphatidylinositol 3-kinase (PI3K) and
mitogen-activated protein kinases (MAPK) (see below) [6,7].
This enables bile acids to regulate their own synthesis and 
excretion in hepatocytes, and to modulate cholangiocyte and
intestinal functions such as cellular proliferation and enterohep-
atic circulation [5,8,9]. Bile acids can induce the production of
intestinal factors that send signals to the liver: an important
example is the fibroblast growth factor 15 (FGF15). It is pro-
duced in the intestine, reaches the liver via the portal circulation
and binds to a hepatic FGF receptor (FGFR4). This cascade 
ultimately contributes to the negative feedback inhibition of 
bile acid synthesis [10].

Mucosal defence

Bile also plays a critical role in mucosal immunity of the 
intestine through biliary excretion of Ig and the antibacterial
properties of bile acids. Secretory IgA aggregates bacteria,
inhibits their motility and prevents their adherence to the
epithelial cells [11]. Growth of anaerobes is readily suppressed
by the unconjugated (but not conjugated) cholic acid (CA),
chenodeoxycholic acid (CDCA) and ursodeoxycholic acid
(UDCA) in the intestinal flora, while growth of aerobes is less
affected. In vitro studies suggest that unconjugated dihydroxy
bile acids [e.g. deoxycholic acid (DCA)] also have antibacterial
activity against Helicobacter pylori [12]. Moreover, in addition 
to their detergent bacteriostatic activities, bile acids may limit
intestinal bacterial overgrowth and translocation by transcrip-
tional modulation of an inflammatory response via stimulation
of the bile acid receptor FXR in the intestine [13]. Bile also con-
tains significant amounts of the antioxidant tocopherol, which
may prevent oxidative injury to the bile duct epithelium and
intestine.

duct lumen and prevents toxicity of high biliary bile acid con-
centrations (mM) to cholangiocytes [2]. The major bile pigment
is bilirubin, the endproduct of haem metabolism. Unconjugated
bilirubin is rapidly taken up by hepatocytes and converted into
more hydrophilic glucuronides, which are then excreted and
give bile its typical colour [3].

Lipid digestion and absorption

Bile acids promote dietary lipid absorption by solubilizing lipids
as micelles in the small intestine. These absorptive micelles 
contain solubilized fatty acids and monoglycerides formed by
the action of pancreatic enzymes on dietary triglycerides. Fat-
soluble vitamins are also poorly absorbed without bile acids
[1,4]. There are two reasons for the high intestinal concentra-
tions of bile acids above their critical micellar concentrations
required for solubilization of biliary lipids: bile acids are concen-
trated in the gallbladder; and cell membranes and paracellular
junctions within the biliary systems are impermeable to ionized
bile acids [1,4].

Excretory function

Bile is not only an important route of elimination for xeno-
biotics including drugs and their metabolites, environmental 
toxins and carcinogens, but also for endogenous compounds
(termed endobiotics) such as cholesterol, bilirubin, sex steroids
and metals including copper and iron. As the liver is equipped
with phase I (hydroxylation) and phase II (conjugation)
enzymes (e.g. P-450 cytochromes, sulphatases, glucuronidases),
these compounds can be either detoxified (e.g. unconjugated
bilirubin converted into bilirubin diglucuronide) or otherwise
metabolized (e.g. cholesterol converted into bile acids) before

Table 2 Bile composition.

Water

Organic anions 

Bile acids, bilirubin, glutathione

Lipids 

Cholesterol, phosphatidylcholine

Proteins, peptides, amino acids 

Plasma proteins (e.g. albumin, IgA), hepatocellular enzymes (e.g. alkaline 

phosphatase)

Electrolytes 

Na+, K+, Cl–, HCO3
–, Ca2+, Mg2+, SO4

2–, PO4
2–

Nucleotides 

Adenosine triphosphate (ATP), diphosphate (ADP), monophosphate 

(AMP)

Heavy metals 

Cu2+, Mn2+, Fe2+, Zn2+
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General principles of bile secretion

Anatomical considerations

Bile is secreted into bile canaliculi, which are minute channels
arranged as a network of tubuli between adjacent hepatocytes.
The hepatocyte is a polygonal polarized cell with three function-
ally distinct membrane domains: the basal (sinusoidal) mem-
brane comprising approximately 35% of the cell surface; the
lateral (intercellular) membrane comprising 50%; and the apical
(canalicular) membrane constituting about 15% of the cell sur-
face. As the endothelial cells of hepatic sinusoids are fenestrated,
the sinusoidal membrane is in direct contact with plasma via 
the space of Disse. The sinusoidal membrane contains uptake
systems for membrane-impermeable organic solutes that utilize
sodium and pH gradients across the membrane. The canalicular
membrane contains adenosine triphosphate (ATP)-dependent
transporters that excrete organic solutes such as bile acids and
glutathione into the canalicular lumen. Tight junctions seal off
the bile canaliculi and separate the canalicular from the baso-
lateral domain. The lipid composition of the canalicular mem-
brane differs from that of the basolateral membrane, which
explains its relative resistance to the detergent action of high
concentrations of bile acids (mM) in bile. The canaliculi empty
bile into small terminal bile ductules, termed canals of Hering
and lined in part by cholangiocytes and hepatocytes; these are
followed by intralobular ducts that are fully lined with cholan-
giocytes. After entering the portal tract, the interlobular ducts
finally acquire a basal membrane and are supplied by a peri-
biliary vascular plexus. The interlobular ducts are followed by 
septal ducts, area ducts, segmental ducts and the hepatic right
and left duct. Finally, bile is stored in the gallbladder (if present)

and reaches the intestine via the common bile duct. Functionally,
bile ducts can be divided into small (< 15-µm diameter) and
large (> 15-µm diameter) ducts [8].

Osmotic principle of bile formation

Bile secretion is an osmotic process driven by active excretion of
organic solutes (i.e. mainly bile acids, bicarbonate, glutathione),
which is coupled to passive para- and transcellular inflow of
water and filterable solutes (e.g. electrolytes, glucose, amino
acids) until an osmotic equilibrium is achieved (Fig. 2). As 
tight junctions between the hepatocytes are negatively charged,
cations can passively follow the actively excreted anions into bile
canaliculi, while the negative charges of the tight junctions pre-
vent backdiffusion of the excreted anions. In contrast to renal
excretion, hydrostatic filtration (as occurs in glomeruli) does
not play a role in bile formation [14]. Up to 95% of bile consists
of water, which can cross the plasma membrane through the
lipid portion of the bilayer by diffusion or through aquaporin
water channels (AQPs) in response to the osmotic gradients
generated by the active transport of solutes. In contrast to 
previous assumptions, the transcellular route for water accounts
for most of the water flux with only a minimal paracellular 
contribution via the tight junctions. Transcellular water move-
ment across cholangiocytes can be 10 times higher than in 
hepatocytes [15].

Canalicular and ductal bile formation

Normal bile production in man accounts for approximately 
600 mL/day. Bile is primarily secreted at the level of bile canali-
culi of hepatocytes (canalicular bile), followed by modifications

Bile duct

75%
Canalicular bile

25%
Ductal bile

Cholangiocyte

Hepatocyte

H2O

H2O

H2O

BA–

GSH

HCO3
–

HCO3
–

Fig. 2 Origin of bile. Seventy per cent of total
bile production originates from hepatocytes.
The majority of canalicular bile is formed by
active excretion of bile acids (BA; bile 
acid-dependent fraction). Hepatocellular
bicarbonate (HCO3

–) and glutathione (GSH)
secretion are the major constituents of the bile
acid-independent fraction. Depending on
species, up to 30% of bile comes from bile
ducts, with HCO3

– accounting for the most
relevant proportion. Water (H2O) passively
follows the osmotic gradients generated by the
actively excreted biliary compounds at the level
of hepatocytes and cholangiocytes.
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through the bile duct epithelium (ductal bile) (Fig. 2). This
canalicular fraction accounts for ~ 75% of daily bile production
in man and is further modified by secretory and absorptive pro-
cesses as it passes along the bile ductules and ducts. The quantity
of ductal bile varies significantly by species and in response to 
hormonal stimuli, ranging from as little as 5% in rats to as much
as 25–40% of bile secretion in man [16]. Canalicular bile acid
excretion is a saturable ATP-dependent process mediated by
ATP-binding cassette (ABC) transporters for bile acids and non-
bile acid organic anions, and represents the rate-limiting step in
bile formation. Ductal modifications in bile composition only
take place in ductules > 15 µm in diameter that express trans-
port systems such as the cystic fibrosis transmembrane conduc-
tance regulator (CFTR) and hormone (e.g. secretin, vasoactive
intestinal peptide) receptors [8,17,18]. Secretin is released after
vagal stimulation and contact of acidic gastric content with the
duodenal mucosa, resulting in induction of a bicarbonate-rich
bile secretion from bile ducts and alkalinization of the biliary
pH. The effects of secretin on ductal bile secretion are counter-
acted by other hormones such as gastrin and somatostatin
[8,18].

Bile acid-dependent and -independent 
bile flow

Canalicular excretion of conjugated bile acids – the most abund-
ant biliary organic solutes – represents the major driving force
for the ‘bile acid-dependent’ fraction of bile flow (Fig. 3). Bile
acids are highly concentrated up to 1000-fold in bile via active
transport mechanisms from sinusoidal blood into bile, the
major concentration step being from the cytoplasm into the bile
canaliculus (~ 100-fold). In addition to their osmotic activity,
bile acids promote canalicular phospholipid and cholesterol
secretion and form mixed biliary micelles with them. Bile acids
that do not form micelles and/or have a high critical micellar

concentration (e.g. C23- or C22-nor-bile acids) have greater
choleretic effects as they are osmotically more active. Hyper-
choleresis induced by nor-bile acids is mainly accompanied by
ductal bicarbonate (HCO3

–) secretion resulting from exchange
to non-ionic diffusion of unconjugated bile acids across the bile
duct epithelium (so-called ‘cholehepatic shunting’) [1,4].

Canalicular excretion of reduced glutathione (GSH) and
HCO3

– accounts for the major components of the ‘bile acid-
independent’ fraction of bile flow [16] (Fig. 3). However, HCO3

–

secretion occurs mainly at the level of bile duct epithelial cells
(cholangiocytes), in response to stimulation by hormones and
neuropeptides such as secretin, vasoactive intestinal peptide and
bombesin.

Enterohepatic circulation of bile acids and
other biliary constituents

Many biliary compounds such as bile acids, bilirubin, estrogens
or drugs undergo an intensive enterohepatic circulation, i.e. 
are reabsorbed in the intestine, taken up again by the liver and
resecreted into bile (Fig. 4); some compounds repeat this cycle
several times before being eliminated in the faeces. As a result of
the high degree of intestinal bile acid conservation, only 0.5 g of
bile acids are lost through faecal excretion and must be replaced
by de novo bile acid synthesis, accounting for only 3–5% of the
bile acids excreted into bile [1,4,5,19]. Unconjugated bile acids,
which are reabsorbed after bacterial deconjugation in the intes-
tine, are almost completely reamidated with glycine and taurine.
The human bile acid pool circulates from 6 to 10 times a day,
resulting in a daily bile salt excretion of 20–40 g. The human
pool size accounts for approximately 50–60 µmol/kg body
weight, averaging 3–4 g of bile acids in total. Bile acid concentra-
tions in the bile canaliculus and ductules/ducts are in the range of
20–50 mmol/L and reach concentrations as high as 300 mmol/L
in the gallbladder, whereas they are diluted to 1–10 mmol/L in
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cytes

Ductal secretion

Bile acid-dependent bile flow: 1.5–13 mL/min/kg

Bile acid-independent bile flow: 1.5–2 mL/min/kg

Bile acid excretion rate

Fig. 3 Determinants of bile flow.
Hepatocellular/canalicular bile flow and 
ductal bile flow contribute to total bile flow.
Canalicular bile flow consists of a bile 
acid-independent fraction and a bile 
acid-dependent fraction, the latter increasing
as a function of bile acid excretion. Modified
from Moseley RH (1996) Bile secretion and
cholestasis. In: Kaplowitz N (ed.) Liver and
Biliary Disease, 2nd edn. Baltimore: William &
Wilkins, pp. 185–204, and Boyer JL (1986)
Mechanisms of bile secretion and hepatic
transport. In: Andreoli TE, Hoffman JF, Fanestil
DD et al. (eds) Physiology of Membrane
Disorders, 2nd edn. New York: Plenum
Publishing, pp. 609–636.
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the gastrointestinal tract and – following their intestinal reab-
sorption – are as low as 20–50 µmol/L in the portal vein and
only 5 µmol/L after efficient first-pass extraction in the systemic
venous plasma [4].

Bile acids that escape the first-pass clearance by the liver are
filtered at the glomerulus and excreted into urine, where they are
reabsorbed by transporters in the brush border of the proximal
convoluted tubule (‘nephrohepatic’ cycle between kidney and
liver [4,20] (Fig. 4). Under normal conditions, urinary bile acid
losses are minimal as a result of this renal bile acid conservation.
However, some metabolic liver products are preferentially
excreted into plasma and, subsequently, urine rather than bile,
even under normal conditions. Under pathological, cholestatic
conditions with disruption of the enterohepatic circulation,
these pathways may be ‘alternatively’ used by biliary compounds
not normally excreted into urine [21]. Bile acids may also
undergo ‘cholehepatic shunting’ from the bile duct lumen, via
cholangiocytes and the periductular capillary plexus, back to
hepatocytes [20] (Fig. 4). Although this pathway plays a minor
role for conjugated bile acids under normal physiological con-
ditions, it may also become an important escape route under
cholestatic conditions with bile stasis in obstructed ducts [20].

Hepatocellular mechanisms of bile
secretion

Formation of canalicular bile includes: (i) uptake of biliary con-
stituents at the basolateral/sinusoidal membrane; (ii) transcellular/
intracellular transport; followed by (iii) canalicular excretion
(Fig. 5). Bile formation normally depends not only on the proper
function of hepatobiliary transport systems, but also on an
intact cytoskeleton, as required for the movement of vesicles and

bile canalicular contractions, cell junctions that seal off the bile
canaliculi and maintain cell polarity, and signal transduction
cascades that regulate and coordinate these processes [22] (Fig. 6).

Hepatocellular uptake of biliary compounds

Bile acids encounter the basolateral (sinusoidal) membrane of
hepatocytes mostly in their albumin-bound form. While dihy-
droxy bile acids are almost completely albumin bound, protein
binding decreases with the degree of bile acid hydroxylation [4].
Bile acid–albumin complexes pass the fenestrae of the sinusoidal
epithelium into the space of Disse, where bile acids dissociate
from albumin [23,24]. Bile acids are then efficiently removed
from portal plasma by high-affinity, low Km-transporting
polypeptides in the basolateral sinusoidal membrane. Hepatic
first-pass clearance of conjugated bile acids ranges from 75% 
to 90% depending on their biochemical structure [23].
Unconjugated bile acids enter the hepatocyte mainly by passive
diffusion or via Na+-independent mechanisms, while conju-
gated bile acids are taken up largely by Na+-dependent mecha-
nisms. Under normal conditions, bile acid uptake occurs mainly
in periportal hepatocytes of zone 1. Under cholestatic or post-
prandial conditions with higher bile acid concentrations, 
hepatocytes are also recruited in zone 3. Hepatocytes in zone 1
are also more efficiently involved in the canalicular excretion 
of bile acids than those in zone 3. This indicates that, under 
physiological conditions, bile acid-dependent bile flow appears
to be predominantly a function of zone 1 [23,25].

High-affinity Na+-dependent bile salt uptake into hepato-
cytes is mediated by a Na+/taurocholate cotransporter (NTCP/
SLC10A1) whereas a family of multispecific organic anion 
transporters (OATPs/SLC21A) facilitate Na+-independent bile

Liver

6–10 times/day

4

31

2

Biliary
tract

20–40 g BA/day

KidneyIntestine

0.5 g BA/day

Fig. 4 Enterohepatic circulation of bile acids
(BA). Bile acids circulate from 6 to 10 times a
day between liver and intestine. The liver
excretes 20–40 g of bile acids per day into the
biliary tract, which are reabsorbed in the
terminal ileum and taken up again by the liver
(1). Only 0.5 g are lost via faeces (2) and must
be replaced by de novo synthesis in the liver. 
(3) Cholehepatic shunting from cholangiocytes
via the peribiliary plexus is quantitatively
negligible under physiological conditions, 
but may become an important escape route 
for bile acids under cholestatic conditions. (4)
Nephrohepatic shunting minimizes renal loss 
of glomerularly filterable bile acids that have
escaped the first-pass clearance of the liver.

TTOC02_06  3/8/07  6:46 PM  Page 294



2.6 EXCRETION 295

acid uptake and mostly amphipathic organic compounds
including conjugated and unconjugated bile acids [26] (Fig. 5).
Na+-independent bile acid uptake is quantitatively less import-
ant than Na+-dependent uptake and is mediated by exchange
with intracellular anions (e.g. GSH, HCO3

–). In contrast to
NTCP, OATPs are not restricted exclusively to hepatocytes, but
are also expressed in multiple tissues including kidney, neuronal
structures and intestine. Apart from conjugated and unconju-
gated bile acids, OATPs also have broader substrate preferences,
including bilirubin, neutral steroids, eicosanoids, numerous
xenobiotics and many more [27]. Additional basolateral uptake
systems include organic anion transporters (OATs) and organic
cation transporters (OCTs) [28].

In addition to these uptake systems, the basolateral mem-
brane also contains efflux pumps. Members of the multidrug
resistance-related proteins (MRPs) MRP3/ABCC3 and MRP4/
ABCC4 are normally expressed at very low levels in hepatocytes
(Fig. 5), but can be upregulated in cholestasis, which may
explain the shift towards renal excretion of bile acids in patients
with chronic, longstanding cholestasis [5]. Members of the
OATP family also remain candidates for bile acid efflux at the
basolateral membrane, as they may be able to operate as bidirec-
tional exchangers. The heteromeric organic solute transporter

alpha-beta, OSTα/OSTβ, represents another basolateral bile
acid export system [29].

Intracellular transport of biliary 
compounds

The mechanisms of intracellular bile acid transport from the
basolateral to the canalicular hepatocyte membrane are poorly
understood. Two possible transfer mechanisms have been pro-
posed: carrier-mediated diffusion and vesicular transport. For a
given bile acid, the intracellular transport mechanism largely
depends on its intracellular concentration, hydrophobicity 
and the affinity for intracellular binding proteins. Significant
amounts of bile acids cannot exist in free (unbound) form in the
cytoplasm, as their detergent properties would be toxic [23].
Under physiological conditions, the majority of amidated bile
acids bind to intracellular bile acid-binding proteins and diffuse
to the canalicular membrane along the prevailing basolateral 
→ canalicular bile acid concentration gradient [26]. Bile acid-
binding proteins also frequently have other (predominant)
physiological functions. As such, 3α-hydroxysteroid dehydro-
genase (3α-HSD), glutathione S-transferases (GST) and the
liver fatty acid-binding proteins (L-FABP) have been implicated
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Fig. 5 Hepatocellular transport proteins. Bile acids (BA–) and non-bile acid organic anions (OA–) are taken up by the liver via the Na+/taurocholate
cotransporter (NTCP) and organic anion transport proteins (OATPs) located at the basolateral membrane. On the canalicular pole, the bile salt export pump
(BSEP) actively transports bile acids into the lumen and is the main determinant of the bile acid-dependent bile flow. The multidrug resistance-associated
protein (MRP)2 actively excretes bilirubin, glutathione (GSH) and also certain divalent (e.g. glucuronidated and sulphated) bile acids. Water passively follows
along an osmotic gradient mainly via water channels, termed aquaporins (AQP). Excretion of lipids is mediated by the multidrug resistance (MDR) protein
MDR3, which flips phosphatidylcholine (PC) from the inner to the outer leaflet of the canalicular membrane, and by the two-half transporter ABCG5/8, which
transports cholesterol (Chol). The definitive function of FIC1 is still unclear, but it may represent a flippase for aminophospholipids [phosphatidylserine (PS),
phosphatidylethanolamine (PE)] from the outer to the inner lipid layer. Organic cations (OC+) and many drugs are effluxed via another member of the MDR
family, MDR1. BCRP, breast cancer-related protein. Basolateral excretion of bile acids is mediated via the ABC transporters MRP3 and MRP4 and via the organic
solute transporter OSTa/OSTb.
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as hepatocellular bile acid-binding proteins for their intracellu-
lar transfer [30].

The more hydrophobic bile acids are, the more they tend to
depend on vesicular trafficking for their transcellular transport.
[31]. Thus, under high bile acid loads, hydrophobic bile acids
(e.g. lithocholic acid) may accumulate within membrane-bound
compartments and may be transported by vesicle-mediated
mechanisms. As the evidence for vesicular transport has mostly
been obtained indirectly from (microtubule) inhibition studies,
the results could also reflect impaired targeting of transporters
rather than ‘true’ direct vesicular transport of biliary consti-
tuents [7,32].

Canalicular mechanisms of bile secretion

Canalicular bile secretion represents the rate-limiting step in
bile formation. Most canalicular transporters belong to the class

of ATP-binding cassette (ABC) transporters (see Chapter 2.2.4)
such as the multidrug resistance (MDR) P-glycoproteins (ABCB
subfamily) or the MRP (ABCC subfamily) [5] (Fig. 5). As such,
the canalicular membrane contains a bile salt export pump
(BSEP/ABCB11) for monovalent bile acids, a conjugate export
pump (MRP2/ABCC2) for divalent bile acids and various other
amphipathic conjugates, including bilirubin diglucuronide and
GSH (a major determinant of bile acid-independent canalicular
bile flow), and a multidrug export pump (MDR1/ABCB1) for 
bulky amphipathic organic cations (e.g. various drugs) (Fig. 5)
[5,9]. Another transport system is the breast cancer-related 
protein (BCRP/ABCG2) for sulphated conjugates, including
dehydroepiandrosteronesulphate and estrone-3 sulphate. After
secretion, biliary bile acids drive the secretion of phosphatidyl-
choline and cholesterol from the outer leaflet of the canalicu-
lar membrane. The continuous transport of phospholipids 
from the inner to the outer leaflet is mediated by the murine
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Fig. 6 Role of vesicular targeting, cytoskeleton and cell junctions for bile secretion. (1a) Vesicles containing canalicular transport proteins are either directly
targeted from the Golgi apparatus (G) to the canalicular membrane or intermediately stored in a subapical compartment (SC) from which a rapid insertion 
into the canalicular membrane is possible. The other way around, there is retrieval from the canalicular membrane into the subapical compartment, possibly
followed by lysosomal (L) and proteosomal degradation of the transport protein. (1b) Vesicular trafficking also occurs at the basolateral membrane. Similarly,
transporter cycling between a submembranous compartment and the basolateral membrane can occur. (2) A microtubule-dependent transcytotic vesicular
pathway mediates the transfer of solutes and proteins into bile. (3) Microtubules (MT) are also responsible for the transport of transporter-containing vesicles
from the Golgi apparatus to the plasma membrane or a submembranous compartment. (4) The pericanalicular microfilament sheath (MF) consisting of an
actin–myosin network mediates canalicular contractions, which in turn facilitate bile flow from pericentral to periportal regions. (5) Tethering proteins (TP)
cross-link transport proteins with actin filaments. (6) Tight junctions (TJ) seal off the canalicular space and prevent regurgitation of biliary constituents while (7)
gap junctions (GJ) facilitate intercellular communication. N, nucleus. 
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phospholipid flippase Mdr2/Abcb4 or its human orthologue
MDR3/ABCB4 [2,33]. Biliary cholesterol transport was long
thought to be passive, but recent studies suggest a role for the
sterol half-transporters ABCG5/8, which also mediate efflux of
plant sterols such as sitosterol [34]. The relevance of these trans-
porters is exemplified by the development of severe cholestasis as
a result of hereditary defects in the various transport systems [35].

Under physiological conditions, bile acid and lipid excre-
tion are tightly coupled. Bile acids solubilize phospholipids and
cholesterol from the canalicular membrane. With increasing
bile acid output and as a function of bile acid hydrophobicity,
biliary phospholipid excretion increases [2]. Biliary phospho-
lipids consist almost exclusively of phosphatidylcholine, while
the canalicular membrane also contains sphingomyelin, phos-
phatidylserine and -etholamine, which are critical determinants
of membrane polarity and fluidity [2]. Mdr2/MDR3 is a specific
flippase for phosphatidylcholine but not sphingomyelin and
phosphatidylserine and -etholamine. A common hypothesis 
for coupled bile acid–phospholipid excretion suggests that 
the translocation of phospholipids to the outer canalicular
leaflet results in phospholipid-rich, less rigid microdomains.
Simultaneously, ongoing bile acid excretion via BSEP leads to
high supramicellar concentrations of bile acids that further
destabilize these microdomains. Phospholipid translocation then
leads to the formation of vesicles that pinch off as vesicular
structures [2,36]. The high biliary concentrations of phos-
pholipids and cholesterol also protect cholangiocytes from 
the detergent effects of bile acids via the formation of mixed
micelles. This is supported by findings in Mdr2 gene knockout
mice (Mdr2–/–) [33], which develop sclerosing cholangitis
attributed to the misbalance in the biliary bile acid/phospholipid
ratio, resulting in a toxic bile that damages the bile duct epithe-
lium [37].

Additional canalicular transporters include the putative
aminophospholipid flippase FIC1/ATP8B1, mutations in which
are responsible for familial intrahepatic cholestasis type 1 [5]
and aquaporins (i.e. AQP8 on the canalicular membrane), water
channels that mediate transcellular water transport (see above).
The most relevant ATP-independent transporter at the canalic-
ular membrane is a Cl–/HCO3

– exchanger (AE2/SLC4A2), which,
together with MRP2, accounts for the largest part of the bile
acid-independent canalicular bile fraction [5,9]. Taken together,
AE2 and MRP2 are the major driving forces for bile acid-
independent bile flow, while BSEP drives bile acid-dependent
flow (Fig. 5).

Vesicular trafficking and bile formation

Movement of vesicles within hepatocytes (vesicular trafficking)
serves: (i) to regulate the number of transporters within the 
cell membrane by targeting of transport and other membrane
proteins to and from the cell surface; and (ii) to transport 
compounds contained within the vesicular lumen (transcytosis),
for example, immunoglobulins, hydrophobic bile acids or 

hormones (Fig. 6). Rapid insertion and retrieval of canalicular
transporters such as MRP2, Mdr2 (MDR3 in humans) and BSEP
to and from the canalicular membrane are necessary to rapidly
meet the varying demands of normal bile secretion. Canalicular
ABC transporters reside within submembranous endosomal
pools that can be mobilized in response to several stimuli 
such as bile acids themselves, hypo-osmolarity (resulting in 
cell swelling), pH changes (alkalinization), cAMP, activation of
PKC, PI3K and MAPK [32]. Additive effects of bile acids and
cAMP further suggest the existence of different intrahepatic
pools for the recruitment of ABC transporters to the canalicular
membrane, one mobilized by taurocholate, the other by cAMP.
While Mdr1 and Mdr2 are directly targeted from the Golgi
apparatus to the canalicular membrane, Bsep follows an indirect
route via subapical intracellular pools before entering the
canalicular membrane [32] (Fig. 6). Pulse–chase experiments
have revealed that Bsep undergoes rapid cycling between the
canalicular membrane and a subapical endocytotic compart-
ment [38,39].

In addition to targeting and insertion, retrieval of transporters
from the canalicular membrane is also a tightly regulated pro-
cess [7]. Hyperosmolarity and other pathological stimuli such as
endotoxin (lipopolysaccharide, LPS), cytokines, biliary obstruc-
tion, phalloidin and oxidative stress result in retrieval of mem-
brane transporters with a reduction in the number of functional
transporters in the canalicular membrane. The retrieved mem-
brane transporters may initially undergo reinsertion from a 
subapical vesicular compartment, but are later degraded by the
lysosomal or ubiquitin–proteasome pathway [5,7] (Fig. 6).

Recent evidence suggests that not only canalicular but also
basolateral membrane transporters (e.g. Ntcp) are regulated by
insertion and retrieval in a similar fashion. As such, Ntcp may
recycle between the basolateral membrane and a submembran-
ous pool [6,40]. Phosphorylation of specific tyrosine residues 
on the cytoplasmic tail of rat Ntcp appears to be involved in 
targeting of this basolateral transporter to this specific plasma
membrane domain [5,40].

Role of cytoskeleton in bile formation

The importance of an intact cytoskeleton for bile formation
(Fig. 6) is emphasized by findings in cholestasis, where
cytoskeletal changes result in the loss of apical microvilli, 
diminished contractility of the canalicular membrane and
impaired vesicle movement, and may contribute to the leakiness
of tight junctions [22].

Microtubules (MTs)
Targeting of membrane components, transcytosis and canalicu-
lar exocytosis/endocytosis of vesicles (‘vesicular trafficking’)
depend on intact MTs. Canalicular ABC transporters (e.g. Bsep,
Mrp2, Mdr2) are targeted in tubulovesicular compartments that
move along MTs [6,7,39,41]. Vesicle transport along MTs is
driven by the motor proteins dynein and kinesin [41]. Bile acids
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can interfere with the function of these motor proteins [42].
Stimulation of bile acid and other organic anion excretion can
be abrogated by MT inhibitors such as colchicine and vinblastin
[43], consistent with the notion that mobilization of additional
transporters via vesicular trafficking depends on MTs.

Intermediate filaments (IFs)
These are expressed in hepatocytes as cytokeratin (CK) 8 and 18,
which mechanically support the bile canaliculus as pericana-
licular sheaths. The CK–IF network has long been considered 
a rather static structure for mechanical stability of hepatocytes;
however, studies in gene knockout mice have revealed their
importance for non-mechanical functions as well, such as 
modulation of toxic stress and apoptosis [44]. IF networks 
also provide a flexible intracellular scaffolding for actin and
microtubules [45–47] and thus may be critical for normal bile
formation.

Microfilaments
These are enriched in the pericanalicular area and form a con-
tractile web around the canaliculus. Actin microfilaments pro-
vide contractile activity of the bile canaliculi and, therefore, play
an important role in intrahepatic propulsion of bile. Disruption
of microfilaments (e.g. by actin inhibitors such as cytochalasins
B and D) results in dilatation of the bile canaliculi and chole-
stasis [45]. Under normal conditions, actin filaments are also 
intimately associated with tight junctions. Cholestasis interferes
with this association, resulting in disturbed tight junction mor-
phology and function [22]. Moreover, microfilaments are also
involved in the regulation of hepatic bile acid uptake via translo-
cation of the bile acid importer Ntcp from a submembranous
endosomal compartment into the basolateral membrane [48].
Thus, targeting of Ntcp to the plasma membrane consists of two
steps: (i) delivery of Ntcp to the region of the plasma membrane
via MTs; and (ii) insertion of Ntcp into the plasma membrane,
in a microfilament- and cAMP-sensitive fashion [48]. Impaired
actin polymerization also inhibits cycling of Bsep from the
canaliculus to its intracellular compartments [39].

Tethering proteins
These cross-link actin microfilaments and integral membrane
proteins. The dominant protein of the ezrin–radixin–moesin
family, radixin, interacts with the cytoplasmatic domain of the
canalicular bilirubin export pump MRP2. Mice lacking radixin
have lower canalicular Mrp2 and develop conjugated hyper-
bilirubinaemia, as radixin may be required for proper canalicu-
lar localization of Mrp2 [49]. However, radixin may also be
essential for maintenance of the canalicular localization of other
ABC transporters including Bsep, and plays a critical role in the
general ultrastructure of the canalicular membrane. In addition,
recent studies using yeast two-hybrid screens have identified
HAX-1 – a cytoskeleton-associated, cortactin-interacting pro-
tein – as a binding partner of Bsep, Mdr1 and Mdr2; these 
studies suggest a role for HAX-1 in the internalization of BSEP,

and possibly other ABC transporters, from the canalicular 
membrane [50]. With a similar approach, myosin II regulatory
light chain was identified as playing a role in Bsep trafficking to
the apical membrane [51]. This suggests that (at least for Bsep)
different tethering proteins may be involved in insertion and
retrieval. At the cholangiocyte level, binding of CFTR and
Na+/H+ exchanger (NHE)3 to the actin cytoskeleton via the
ezrin/EBP50 complex is essential for the reciprocal regulation 
of CFTR and NHE3 activities by PKA [52].

Cell junctions and bile formation

Cell junctions play a critical role in bile formation by main-
taining cell polarization and osmotic gradients, as well as by 
participating in cell communication required for coordination
of bile secretion (Fig. 6).

Tight junctions
Throughout the gastrointestinal tract, tight junctions create the
paracellular barrier required to separate tissue spaces and main-
tain electrochemical gradients used for transport. In the liver,
tight junctions form a ‘blood–bile barrier’, separating sinusoidal
blood from the canalicular content. Tight junctions between 
the hepatocytes have a negative charge and are thus cation select-
ive, preventing backdiffusion of the actively secreted anions.
Localization and expression of major tight junction proteins 
[i.e. zonula occludens-1 (ZO-1) and occludin] are altered in
cholestasis, resulting in increased paracellular permeability,
regurgitation of biliary constituents into plasma and collapse of
the osmotic gradient in the bile canaliculi [22,53].

Gap junctions
These are hexameric hemichannels that consist of connexin 
26 and 32 in hepatocytes and allow cell-to-cell movement of
solutes, ions, water and second messengers, providing an inter-
cellular communication pathway. Cell-to-cell signalling via gap
junctions thus provides a mechanism for coordinating the
response of hepatocytes to external stimuli (e.g. hormones).
This can be achieved via synchronized spread of hormone-
induced Ca2+ waves [54]. Thus, gap junctions enable coordi-
nated contractions of bile canaliculi from centrizonal to
periportal hepatocytes through intercellular communication.
Impaired gap junction communication and disturbed Ca2+

signalling may contribute to cholestasis [22].

Mechanisms of ductal bile formation

Bile ductules and ducts not only represent the collecting system
for bile, but are also capable of modifying canalicular bile 
by secretory and reabsorbtive processes during passage through
the intrahepatic biliary tree. Experiments in rats suggest that
only larger bile ducts (> 15 µm diameter) contribute to ductal
bile secretion, while small bile ducts remain ‘passive’ [8,55]. 
Bile duct epithelial cells (cholangiocytes) are equipped with
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transporters and hormone receptors required for their secretory
and absorptive functions (Fig. 7). The majority of biliary bile
acids is conjugated and absorbed in a Na+-dependent manner
via the apical bile acid transporter Asbt [56] (Fig. 7). Monomeric
unconjugated bile acids and dihydroxy bile acids and C23 
nor-dihydroxy bile acids can passively enter cholangiocytes in
exchange for HCO3

–, thus inducing a bicarbonate-rich hyper-
choleresis, a mechanism termed ‘cholehepatic shunting’ [21,23].
Conjugated bile acids can efflux to the plasma of the periductal
capillary plexus [4] (Fig. 7). However, bile acid uptake into
cholangiocytes may serve trophic and signalling functions of 
bile acids in cholangiocytes, rather than contributing to a chole-
hepatic shunting of conjugated bile acids under physiological
conditions [57]. Still, cholehepatic shunting may play a role under
cholestatic conditions to limit bile acid stasis in obstructed bile
ducts [20].

The CFTR/ABCC7 Cl– channel and the Cl–/HCO3
– anion ex-

changer (AE2/SLC4A2) provide the molecular basis for ductal
bile (bicarbonate) secretion and are expressed only in large 
bile ducts (Fig. 7). Apical Cl– efflux is mediated by CFTR, a
cAMP-dependent Cl– channel that is encoded by ABCC7 and
activated by secretin via the second messenger cAMP [8,18]. In
addition to cAMP-dependent CFTR, there are Ca2+-dependent

Cl– channels that may represent important therapeutic targets in
cystic fibrosis. Opening of Cl– channels in the apical membrane
leads to efflux of Cl– and the generation of a lumen-negative
potential, which favours movement of Na+ into the bile duct
lumen through a paracellular pathway and water via aquaporins.
Moreover, the change in the apical Cl– gradient facilitates HCO3

–

extrusion via AE2. Thus, bile undergoes increasing dilution and
alkalinization as it traverses the bile duct system. In addition, the
cholangiocyte contains several exchange systems mediating the
movement of ions required for ductal bile secretions (Fig. 7).
Cholangiocytes also reabsorb glucose and amino acids [8]. As 
in hepatocytes, vesicular trafficking and regulated insertion of
transporters into the apical membrane play a critical role in bile
formation [58]. For example, secretin induces exocytosis of pre-
formed vesicles containing AQP1 and CFTR in cholangiocytes [18].

Modification of bile by gallbladder
epithelium

In species that possess a gallbladder, most of the bile acid pool
during the fasting state is stored in that organ, where bile acids
are present in concentrations up to 300 mM [4]. Such high con-
centrations are achieved by removal of water and electrolytes 
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Fig. 7 Cholangiocellular transport proteins.
The chloride/bicarbonate (Cl–/HCO3

–) anion
exchanger (AE2) mediates ductular HCO3

–

excretion in exchange for Cl–, which is extruded
by the cystic fibrosis transmembrane
conductance regulator (CFTR). Efflux of Cl–

generates a lumen-negative potential, which
favours movement of Na+ into the bile duct
lumen through a paracellular pathway followed
by water along the osmotic gradients via
aquaporins (AQP). Ductal bile acid (BA−)
reabsorption is mediated via the apical 
sodium-dependent bile acid cotransporter
ASBT; basolateral bile acid export is mediated
by a truncated form of ASBT (t-ASBT), the
multidrug resistance-associated protein (MRP)3
or organic solute transporter OSTa /OSTb.
HCO3

– uptake is mediated via the basolateral
Cl–/HCO3

– exchanger (NCHE). A Na+-K+-ATPase
and K+ channel (KC) maintain the Na+ gradient
and membrane potential difference. A
Na+/K+/2Cl– cotransporter (NKCC1) actively
imports Cl– ions and is a major determinant of
the consecutive apical fluid secretion.
Reabsorption of glucose (Glc) is mediated via a
basolateral glucose transporter (GLUT1). NHE,
Na+/H+ exchanger.
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by the gallbladder epithelium via a Na+/H+ exchanger, which
also results in acidification of bile. As the gallbladder epithelium
is exposed to a much more aggressive biliary milieu for longer
periods of time than the bile duct epithelium, mucins are
required as an additional protective factor. Unconjugated bile
acids can traverse the gallbladder epithelium by simple diffu-
sion, while conjugated bile acids require active transport sys-
tems. As such, the human gallbladder epithelium contains 
bile acid and organic anion uptake systems such as ASBT and
OATP-A, and exporters such as MRP2 and MRP3 [59,60].
Cholesterol secretion into the gallbladder lumen is mediated via
ABCG5/8 [61].

Regulation of bile secretion

To meet physiological demands and daily variations, transcrip-
tional and posttranscriptional mechanisms regulate hepatob-
iliary transport processes and bile formation. Rapid changes 
in bile secretory function are usually mediated by posttran-
scriptional events [e.g. insertion/retrieval of transporters, direct
transporter modifications by phosphorylation (P) and phos-
phoinositide (PI)-3-kinase products (PI-P1–3)], while transcrip-
tional changes have more delayed but long-term effects [7].

Transcriptional regulation

Ligand-activated nuclear (orphan) receptors (NRs) and liver-
enriched transcription factors play a key role in the transcrip-
tional regulation of hepatobiliary transport (Table 3) (also see
Chapter 2.2.3). NRs are activated by biliary constituents (e.g.
bile acids, bilirubin), lipid products (e.g. oxysterols) and xenobi-
otics and facilitate the positive feedforward and negative feed-
back regulation of hepatic transport and phase I/II metabolism
of these compounds [62]. So far, three nuclear receptors have
been shown to be activated by bile acids: the farnesoid X recep-
tor FXR (NR1H4) by classic bile acids such as chenodeoxycholic
acid, deoxycholic acid, lithocholic acid and cholic acid; the 
pregnane X receptor PXR (NR1I2) by lithocholic acid and
potentially ursodeoxycholic acid; and the vitamin D receptor
VDR (NR1I1) by hydrophobic bile acids such as lithocholic acid
[62–64]. The constitutive androstane receptor CAR (NR1I3) is
activated by bilirubin [20,63], but a role for bile acid sensing has
been postulated. These are class II nuclear receptors, which het-
erodimerize with the retinoid X receptor alpha RXRα (NR2B1)
before binding to distinct DNA response elements of target gene
promoters. In addition to these ligand-activated nuclear recep-
tors, other factors such as the hepatocyte nuclear factor (HNF)
family of transcription factors, CCAAT/enhancer binding pro-
tein (C/EBP), sterol-responsive element binding protein (SREBP),
signal transducers and activators of transcription (STAT) and
nuclear factor kappa B (NFκB) also play an important role in
the regulation of hepatobiliary transporter expression (Table 3).
These transcription factors are activated by hormones, cytokines
and their signalling cascades [5].

Posttranscriptional mechanisms

In addition to transcriptional regulation of transport systems,
posttranscriptional and posttranslational changes such as target-
ing and sorting, transporter redistribution, transporter protein
degradation (e.g. via lysosomal or the ubiquitin–proteasome
pathway), direct protein modifications [e.g. (de-) phosphoryla-
tion, (de-) glycosylation], changes in membrane fluidity or 
cis-/trans-inhibition of transport systems by cholestatic agents
(e.g. drugs) can also play an important role in the regulation of
hepatobiliary transport [5–7,32].

Second messenger systems and 
bile secretion
Bile secretion by hepatocytes and cholangiocytes is rapidly regu-
lated by the integration of signals from prosecretory/choleretic
and antisecretory/cholestatic hormones (Table 4). Signals from
these hormones are translated into activation of second mes-
senger systems such as cAMP, cGMP and changes in cytosolic 
Ca2+ (for details see Chapter 2.2.3) [6,16]. Downstream kinases
(e.g. PKA, PKC, MAPK, PI3K) in turn then further transduce
these signals and alter target protein (i.e. transporter) function
via phosphorylation/dephosphorylation. Some hormones (e.g.
secretin, bombesin) act exclusively at the level of cholangiocytes
because their receptors are only present on those cells and not on
hepatocytes. In contrast, the glucagon and vasopressin receptors
are selectively expressed on hepatocytes. In addition to hor-
mones, gases (NO, CO) and bile acids themselves are capable 
of activating some of these signalling cascades (Table 4). NO
stimulates bile flow by activation of guanylyl cyclase, resulting 
in the formation of cGMP, which in turn stimulates GSH 
and HCO–

3 excretion [65,66]. Higher concentrations may be
cholestatic by impairing bile canalicular contraction [67],
increasing tight junction permeability [68] and impairing duc-
tular bile secretion [69]. Inhibition of CO, which accumulates
during haem metabolism, increases bile acid-dependent bile
flow and bile acid secretion [70].

cAMP–protein kinase A (PKA)
cAMP stimulates sinusoidal bile acid uptake, transcytotic vesicle
trafficking and canalicular excretion of bile acids, other organic
anions and HCO3

– in hepatocytes [6]. In contrast to cAMP,
cGMP does not stimulate bile acid excretion but only bile 
acid-independent bile flow by promoting biliary HCO3

– and 
GSH excretion [65]. cAMP increases Ntcp content in sinusoidal
membranes and Mrp2, Mdr2 and Bsep in canalicular mem-
branes in a microtubule-dependent fashion [6]. The cAMP
effects are thought to be mediated via PKA, a cAMP-dependent
kinase, which in turn results in activation of the PI3K pathway
and increases in cytosolic Ca2+ (see below), ultimately leading 
to vesicle movement and transporter translocation. Moreover,
Ntcp is a serine/threonine phosphatide which, on addition of
cAMP, is dephosphorylated, leading to increased retention of
Ntcp in the plasma membrane [6]. In addition to Ntcp, Oatp1
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transport activity has also been shown to be regulated by serine
phosphorylation [71,72].

Ca2++–protein kinase C (PKC)
The effects of intracellular Ca2+ on bile secretion are complex,
given the multiple levels of actions and the multitude of possible
effects, including increases in tight junction permeability,
reduction in basolateral bile acid uptake, stimulation of bile
canalicular contractions and canalicular excretion of bile acids
and non-bile acid organic anions [6]. Some of these Ca2+ effects
are mediated by PKC. Tauroursodeoxycholic acid (TUDCA)

stimulates hepatocyte exocytosis by increasing cytosolic Ca2+

and translocation of the Ca2+-sensitive PKCα to the hepatocel-
lular membrane [73,74]. This may stimulate the insertion of
canalicular transporters into the canalicular membrane. In con-
trast, the cholestatic taurolithocholic acid (TLCA) translocates
Ca2+-independent PKCε to the canalicular membrane, reduces
binding of PKCα and impairs hepatobiliary exocytosis [73,74].

Phosphatidylinositol 3-kinase (PI3K)
Several different bile acids have been shown to activate PI3K [6].
PI3K is required for vesicular trafficking of ABC transporters

Table 3 Transcriptional regulation of bile secretion: role of nuclear receptors, ligands/activators, target genes and physiological effects.

Nuclear receptor

FXR (NR1H4)

PXR (NR1I2)

CAR (NR1I3)

PPARa (NR1C1)

VDR (NR1I1)

GR (NR3C1)

STAT5

HNF1a (TCF1)

HNF4a (NR2A1)

NSAIDs, non-steroidal anti-inflammatory drugs.

Ligands/activators

Bile acids: chenodeoxycholic acid

> deoxycholic acid = lithocholic

acid > cholic acid 

Rifampicin, dexamethasone, bile

acids (lithocholic acid, potentially

ursodeoxycholic acid),

phenobarbital, statins, St John’s

Wort, xenobiotics

Bilirubin, phenobarbital, several

xenobiotics

Fatty acids, fibrates, statins,

eicasanoids, leukotrienes, NSAIDs

Lithocholic acid, vitamin D

Glucocorticoids, potentially

ursodeoxycholic acid

Prolactin, placental lactogen,

growth hormone

–

–

Target genes (examples)

Basolateral uptake systems in liver (e.g.

NTCP, OATP2, OATP8), canalicular export

pumps (BSEP, MRP2, MDR3), bile acid

synthesis enzymes (e.g. CYP7A1, CYP8B1)

Hepatobiliary transporters (MRP2, MRP3,

MDR1, rodent Oatp2), phase I and II

detoxifying enzymes, bile acid synthesis

(CYP7A1)

Hepatobiliary transporters (MRP2, MRP3,

MRP4, MDR1), phase I and II detoxifying

enzymes

Hepatobiliary transporters (ASBT, rodent

Mdr2)

Bile acid detoxifying cytochromes and

enzymes (CYP3A4, SULT2A1) in intestine

and liver, hepatobiliary transporters 

(MRP3, ASBT)

Bile acid uptake systems (ASBT, NTCP) 

Hepatobiliary transporters (NTCP)

Hepatobiliary transporters (OATP2, OATP8,

rodent Ntcp, Oatp1, Oatp2, Oatp4,

OATP1B1, OATP1A3, Asbt)

Hepatobiliary transporters (OATP2, rodent

Ntcp, Oatp1), bile acid synthesis enzymes

(CYP7A1, CYP8B1)

Effects

Stimulation of bile acid-dependent and 

-independent bile flow (glutathione

excretion). Reduction in hepatocellular bile

acid uptake and bile acid synthesis (indirectly

via induction of transcriptional repressor SHP)

Stimulation of alternative basolateral bile acid

efflux, stimulation of bilirubin glucuronidation

and excretion, stimulation of phase I and II

detoxification reactions in liver

Stimulation of alternative basolateral bile acid

efflux, stimulation of bilirubin glucuronidation

and excretion, stimulation of phase I and II

detoxification reactions

Stimulation of biliary phospholipid excretion

(via Mdr2), stimulation of bile acid uptake in

terminal ileum (via ASBT)

Stimulation of intestinal bile acid

detoxification, physiological effect on bile

formation still unclear

Stimulation of bile acid uptake and canalicular

excretion, beneficial effects in cholestatic

jaundice (‘steroid whitewash’) may be

mediated by direct transporter effects

(induction of bilirubin export pump MRP2) in

addition to anti-inflammatory effects

Stimulation of hepatic bile acid uptake

Master transcription factor for the regulation

of uptake transport systems on the

basolateral membrane

Mainly indirect effects via HNF1a in the

regulation of uptake transport systems on the

basolateral membrane
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from intracellular pools to the bile canaliculus in response to 
bile acids and cell swelling. Inhibition of PI3K with wortmannin
inhibits taurocholate-induced bile flow by about 50%, under-
lining the importance of the PI3K pathway. In addition, PI3K is
also required for maximal transport activity of Mrp2, Mdr2 
and Bsep [32,75,76]. Moreover, PI3K is involved in cell swelling-
and cAMP-induced Ntcp translocation at the basolateral mem-
brane [6].

Mitogen-activated protein kinases (MAPK)
MAPK signalling pathways (ERK1/2 and p38) mediate, at least
in part, stimulation of bile flow and Bsep translocation to the
canalicular membrane induced by changes in cell volume
(swelling) and TUDCA [6,7].

Biliary compounds regulating bile secretion
In addition to classic hormonal signals, secretory functions of the
biliary epithelium are also paracrinally regulated by molecules
secreted into bile (e.g. bile acids, GSH, purinergic mediators). As
such, ATP is released into bile in mM concentrations and binds

to purinergic receptors on cholangiocytes where this process
stimulates ductal bicarbonate secretion [77].
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2.6.2 Motility of the biliary tree
Mayank Bhandari and James Toouli

Introduction

The presence of the gallbladder and biliary tract was described 
in some of the earliest recorded observations of man [1], but
their role in digestion was not appreciated. In the sixteenth 
century, a membrane near the distal end of the common bile
duct, thought to impede reflux of duodenal contents into the bile
duct, was described but it was not until 1887 that this structure
was described as a sphincter and named after Rugero Oddi, who
published a detailed description of its anatomy [2]. Following
the discovery of the hormone cholecystokinin (CCK), it was shown
to contract the gallbladder and reduce sphincter of Oddi resis-
tance. These and subsequent studies firmly established that an
intimate relationship existed between gallbladder contraction,
sphincter of Oddi function and the flow of bile into the duodenum.

Anatomy

Embryology

The gallbladder and bile ducts arise from the caudal portion of a
diverticular anlage that originates from the ventral floor of the
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foregut. The pancreas develops from two foregut buds in the
region of the future duodenum. Anatomical studies showed 
that the distal muscularis propria of the bile duct and pancreatic
duct are independent from duodenal musculature. In studies of
the human fetus, Boyden showed that the sphincter of Oddi,
appearing approximately 5 weeks after the intestinal musculat-
ure, arises de novo from mesenchyme.

Morphology

The biliary tract comprises the bile ducts, gallbladder, cystic duct
and the sphincter of Oddi. Bile flows from the hepatocytes into
canaliculi, which communicate with numerous interlobular
ducts. These in turn drain into two main hepatic ducts. The
main right and left hepatic ducts fuse at the porta hepatis to form
the common hepatic duct. The cystic duct joins the common
hepatic duct at a variable distance caudal to the porta hepatis to
form the common bile duct.

The human gallbladder is a pear-shaped muscular sac with a
resting volume of 35–50 mL. It lies in the fossa on the right infe-
rior surface of the liver. The gallbladder is divided anatomically
into the blunt-ended fundus, the body and the neck, which leads
to the cystic duct. A sacculation at the neck of the gallbladder is
known as Hartman’s pouch. The cystic duct is of variable length,
usually joining the common hepatic duct at an acute angle to
form the common bile duct.

The common bile duct passes dorsal to the first part of the
duodenum lying in a groove either within or posterior to the
head of the pancreas and enters the second part of the duode-
num through the major duodenal papilla in association with 
the pancreatic duct of Wirsung. The junction of the terminal
common bile duct, pancreatic duct and duodenum at the papilla
assumes one of three configurations that may be likened to a Y,
V or U. In approximately 70% of subjects, the ducts open into a
common channel and thus have a Y configuration. This com-
mon channel drains into the duodenum through a single orifice
on the duodenal papilla of Vater. In approximately 20% of 
subjects, the common channel is almost non-existent, and the
two ducts have a common V shape opening on the papilla. In
10% of subjects, the common bile duct and pancreatic duct have
separate openings on the tip of the papilla; these openings lie
adjacent to each other and give a U-shaped configuration. The
terminal parts of the common bile duct and pancreatic duct, 
the common channel and major duodenal papilla of Vater are
invested by varying thickness of smooth muscle and together
form the sphincter of Oddi segment.

The major part of the human sphincter of Oddi lies within the
duodenal wall and is anatomically and functionally independent
of the duodenal muscle.

Distinct sphincters lie at the terminal end of the common 
bile duct (sphincter choledochus), the terminal end of the pan-
creatic duct (sphincter pancreaticus) and the common channel
(sphincter ampullae) [3]. However, more recently, Hand [4],
using a combination of radiological, duct cast techniques and

histological sectioning methods, did not distinguish separate
sphincters and concluded from his human autopsy studies that
the common bile duct and pancreatic duct become fused in a
common connective tissue sheath outside the duodenal wall and
pass together through a slit in the duodenal muscle known as the
‘choledochal window’. The lumina, however, do not join at this
level but are separated by a thick muscular septum. In most sub-
jects, fusion of the two lumina occurs in the submucosal layer of
the duodenum to form a common channel varying in length
between 2 and 17 mm. Before entering the duodenum, each duct
becomes completely surrounded by circular muscle, some of
which forms a figure of eight pattern around the two ducts. The
point at which the smooth muscle starts on each duct is readily
identified radiologically as a notch. Distal to the notch, each
lumen becomes narrow as it traverses the duodenal wall, this
narrowing being associated with a thickening of the duct wall
due to smooth muscle, connective tissue and mucous glands. As
the ducts pass through the duodenal wall, longitudinal muscle
fibres interdigitate between the circular ductular muscle fibres
and the duodenal muscle. The ducts emerge from the duodenal
muscle layers to have a course of variable length through the
duodenal submucosa before opening on to the papilla of Vater;
throughout this submucosal course, the ducts are ensheathed 
by circularly orientated smooth muscle. Manometric studies in
man support Hand’s description of the sphincter of Oddi in that
separate sphincteric zones have not been identified [5].

The mucosa of the human sphincter of Oddi segment is 
lined by columnar epithelium and contains numerous mucus-
secreting glands. The mucosa is thrown into longitudinal folds
likened to mucosal valvules [6]. These folds are least marked
proximally and increase distally, becoming maximal in the 
common channel. The mucosal folds may occasionally be seen
projecting through the orifice of the duodenal papilla.

Innervation

The extrahepatic biliary tract is innervated by dense networks of
extrinsic and intrinsic nerves that regulate smooth muscle tone
and epithelial cell function of the extrahepatic biliary tree. The
coeliac ganglia contribute both motor and sensory nerves made
up of sympathetic fibres, which originate in the T7–T10 spinal
segments. Hepatic plexus is formed by nerve fibres from both
the vagi, which supply parasympathetic motor nerves to the
extrahepatic biliary system [7].

The wall of the biliary tract is composed of three layers,
namely serosal, muscularis and mucosal layers. Ganglionated
nerve plexuses are located in the subserosal and the subepithelial
layers. Histochemical studies have shown that the gallbladder is
richly supplied with both adrenergic and cholinergic ganglia. 
In addition, studies [8] have shown the presence of immuno-
reactive peptidergic nerves that can be labelled to detect 
vasoactive intestinal polypeptide (VIP). The sphincter of 
Oddi has a rich ganglionic plexus. It has a predominance of
cholinergic ganglia and a smaller number of adrenergic ganglia.
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Immunohistochemical studies from our laboratory have
demonstrated the presence of a wide range of peptidergic neu-
rones in the sphincter region. These include galanin, substance P
and somatostatin-containing nerves. In addition, the inhibitory
transmitter nitric oxide has been demonstrated in nerves to the
sphincter and is thought to have an important function in mod-
ulating sphincter relaxation. It has been shown that the nerves in
the sphincter region communicate with the proximal biliary
tract, the gallbladder and the duodenum [9,10].

Physiology

Gallbladder

Fluid transport and its regulation
The gallbladder concentrates hepatic bile by selective reabsorp-
tion of bile constituents. In addition, studies have shown that,
under both physiological and pathological conditions, reversal
of fluid transport across the gallbladder mucosa occurs, and net
secretion into the gallbladder lumen results. Sodium and chlo-
ride ions are absorbed from the gallbladder lumen by both active
and passive transport mechanisms. Water absorption is thought
to be passive and secondary to active solute movement resulting
from osmotic equilibration of transported solute within the
epithelium. The secretion of water and electrolytes by the gall-
bladder mucosa is an active process that can take place against
hydrostatic and osmotic gradients [11]. Animal in vitro and in
vivo studies have demonstrated that a number of gastrointestinal
peptides affect gallbladder fluid transport. Cyclic adenosine
monophosphate (cAMP) acts as a second messenger for the
effects of several mediators and has been implicated in sodium
and chloride transport in rabbit and necturus gallbladder.
Vasoactive intestinal polypeptide (VIP) and secretin have been
shown to modify gallbladder fluid transport at concentrations
that suggest a physiological role. However, other peptides, such
as glucagon, cholecystokinin, neurotensin, bombesin, motilin
and somatostatin, which have been shown to enhance absorp-
tion in vitro, may act to potentiate or inhibit the effects of the
major peptides [12].

Application of prostaglandins of the E and F series to in vitro
animal gallbladder preparations have demonstrated inhibition
of fluid absorption by arachidonic acid [13]. In animal studies,
bile salts, female sex hormones and autonomic nerve stimula-
tion have also been shown to influence fluid transport.

During fasting, the normal gallbladder absorbs fluid at a rate
corresponding to one-third of the fasting gallbladder volume.
After feeding, there is reversal of the direction of gallbladder
transport from a net absorption to a net secretion into the gall-
bladder lumen. The net water transport across the gallbladder
wall may be influenced by both humoral factors and autonomic
nerves. During inflammation of the gallbladder, often associated
with cystic duct obstruction, the absorptive capacity of the gall-
bladder mucosa is lost, and net secretion into the lumen results,
producing a hydrops. This pathological effect appears to be

mediated by prostaglandin release due to the formation of
lysolecithin by hydrolysis of phospholipid in the gallbladder.
This process can be reversed by indomethacin, supporting the
belief that at least part of the change in fluid transport may result
from endogenous prostaglandin formation.

Gallbladder motility
Gallbladder filling depends on the rate of bile secretion from the
liver and the resistance to flow through the sphincter of Oddi.
Only 50% of secreted hepatic bile enters the gallbladder during
fasting; the remaining bile passes into the duodenum without
concentration by the gallbladder. Release of CCK after ingestion
of food causes the gallbladder to have a slow steady contraction
which delivers bile into the duodenum for 20 min or longer
while generating an intraluminal gallbladder pressure that is
generally only a little elevated above that in the common bile
duct. About 75% of gallbladder volume is ejected during CCK
stimulation. The slow emptying of the gallbladder is typical of a
graded tonic smooth muscle contraction such as that which
occurs in the fundus of the stomach during gastric emptying of
liquids. The hormones that affect gallbladder motility are shown
in Table 1.

Estimations of human fasting gallbladder volume by ultra-
sound techniques have shown a mean volume of approximately
17 mL in normal subjects. In the past, it was thought that the
gallbladder volume gradually increased during fasting until the
mean maximal volume was reached and only emptied after a
food stimulus. However, studies in dogs [14] and opossums have
shown that the gallbladder contracts by up to 40% of maximal
contractile capacity during the interdigestive period, and that
these gallbladder contractions occur during phase II of the
migrating motor complex (MMC). The periodic gallbladder
contractions during fasting empty concentrated viscous bile and
enable gallbladder refilling with dilute hepatic bile. Studies in
man using ultrasound estimation of gallbladder volume confirm
that a similar cyclical pattern of gallbladder volume changes
occur, in association with phase III of the MMC [15]. The con-
trolling mechanism that produces gallbladder volume changes
during fasting is unknown. A potential candidate is motilin, 
a hormone produced by the mucosa of the proximal small 
intestine. Serum motilin levels show cyclic changes during
MMC cycles with the peak values preceding phase III MMC

Table 1 Hormones affecting gallbladder motility.

Prokinetic agents Inhibitors

CCK VIP

Secretin (with CCK) Somatostatin

Motilin Neurotensin

Substance P Pancreatic polypeptide

Gastrin releasing peptide Peptide YY

Neuropeptide Y Histamine (H2 receptors)

Histamine (H1 receptors)
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activity. In animal studies, motilin has been shown to produce
gallbladder contraction [14].

The ability of a fatty meal to elicit gallbladder contraction has
been well documented in man and a number of animal species.
Proteins entering the duodenum also produce gallbladder 
contraction, but carbohydrates have only a minimal effect.
Endogenous CCK is released from the mucosa of the proximal 
small intestine, and studies that measure serum CCK levels by
radioimmunoassay have shown that gallbladder contraction
induced by intraduodenal infusion of fat correlates directly with
the level of circulating CCK [16].

The role of autonomic nerves in regulating gallbladder 
volume is not clear. The innervation of the gallbladder mainly
plays a facilitatory role to that of gastrointestinal hormones and
peptides, which are the prime regulators of gallbladder motility.
In one study, increased fasting volume of the human gallbladder
was demonstrated after vagotomy [17]. A number of studies
have investigated the effect of vagal stimulation and vagotomy
on gallbladder contractility [18], but the results have generally
been inconclusive. Similarly, studies of sympathetic innervation
have produced inconstant and variable findings, and the role 
of the sympathetic autonomic nervous system in gallbladder
motility requires further study [19].

Cystic duct

Accumulating evidence suggests that the cystic duct is not
merely a passive conduit between the gallbladder and the com-
mon bile duct, but may play an active role in the flow of bile 
into and out of the gallbladder. Histologically, an anatomically
prominent sphincter, as described by Lutken, does not appear to
be present; however, a thin layer of smooth muscle is evident in
the wall of the duct and, along with the prominent mucosal folds
that make up the valves of Heister, the cystic duct may act as a
variable resistor to flow.

Flow studies in dogs have demonstrated resistance to flow
across the cystic duct, the resistance being equal whether 
perfusion was carried either into or out of the gallbladder [20].
Significant reductions in flow were induced following systemic
intravenous or local intra-arterial injection of morphine,
adrenalin or CCK, suggesting that the cystic duct performs like 
a sphincter in modulating flow through its lumen. Studies in 
the prairie dog gallstone model have shown that cystic duct
resistance to flow increases prior to gallstone formation in these
animals [21]. These studies suggest that abnormalities in cyst
duct formation may be implicated in the pathophysiology of
gallstone formation.

Common bile duct

The role of the common bile duct in the control of bile flow has
been confused because of anatomical differences in the species
studied. As in the cystic duct, histological studies in man have
demonstrated only thin longitudinally orientated layers of

smooth muscle within the walls of the common bile duct 
[22]. The major tissue component appears to be elastic fibres.
However, in other species such as sheep, the common bile duct 
is invested with circularly orientated smooth muscle which
exhibits peristaltic activity.

The weight of evidence suggests that the human common bile
duct does not have a primary propulsile function. However, the
elastic fibres and the longitudinally orientated smooth muscle
provide a tonic pressure that may help to overcome the tonic
resistance of the sphincter of Oddi. The diameter of the human
common bile duct before and after cholecystectomy has been
the subject of controversy. Part of the controversy has resulted
from methodology used in determining duct size. It has become
quite obvious that duct size as determined by ultrasonography
and magnetic resonance cholangiography (MRC) cannot be
equated to duct size determined by endoscopic retrograde
cholangiography (ERCP) or intraoperative extraluminal meas-
urements. Ultrasound and MRC measurement records the 
non-distended lumen, whereas at ERCP, contrast produces 
distension. Intraoperative measurements include wall thickness.
In general, the normal diameter of the common bile duct as
determined by ultrasound is less than 6 mm, by retrograde
cholangiography less than 10 mm, and by intraoperative extra-
luminal measurements less than 12 mm. What has become clear
is that the common bile duct does not increase in diameter
significantly following cholecystectomy [23,24]. The major cause
of dilated common bile duct is increased intraluminal pressure,
which is generally produced by either primary or secondary
obstruction at the sphincter of Oddi.

Motility of the sphincter of Oddi

The primary function of the sphincter of Oddi is to control 
the delivery of bile and pancreatic juice into the duodenum. 
This is possible because of low pressure within the bile duct.
Approximately 800–1500 mL of bile flows through the human
sphincter of Oddi. Various studies in animals and man have
tried to evaluate the mechanism by which the sphincter of Oddi
controls the flow of bile and pancreatic secretions. These studies
have shown that there is anatomical variability between species
and also that the sphincter of Oddi motility differs from one
species to another. Thus, while many commonalities exist, one
has to be circumspect in translating animal data directly into 
the motility and function of the human sphincter of Oddi.

Sphincter of Oddi motility studies in animals
In vivo studies in dogs, cats, rabbits, monkeys and opossums
have demonstrated that the sphincter of Oddi exhibits muscle
contractions that are independent of duodenal activity. The
results from the dog studies suggested that the sphincter of 
Oddi has a milking effect on bile, thus propelling small volumes
of fluid from the common bile duct into the duodenum [25].
Manometric and electromyographic studies of the opossum
sphincter of Oddi demonstrated phasic contractions that 
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propagate along the entire length from the cephalic to the caudal
end [26]. The common bile duct and pancreatic duct proximal
to the sphincter do not demonstrate spontaneous motor activity.

Analysis of simultaneous cineradiography, trans-sphincteric
flow and electromyographic recordings from the opossum
sphincter of Oddi has demonstrated the effect of the phasic con-
tractions on the flow of bile into the duodenum. The predomin-
ant mechanism of common bile duct emptying in the opossum
is the antegrade sphincter of Oddi phasic contraction. A wave of
contraction begins at the junction of the common bile duct and
sphincter of Oddi stripping the contents of the sphincter of Oddi
segment into the duodenum. During the period of sphincter of
Oddi contraction, flow into the common bile duct ceases, and
there is no flow from the common bile duct into the sphincter of
Oddi segment. Next, the sphincter of Oddi relaxes, and passive
flow of bile occurs from the common bile duct into the sphincter
of Oddi segment. After filling of the sphincter of Oddi segment,
a wave of contraction begins again at the junction of the com-
mon bile duct and sphincter segment, and the cycle repeats itself.
The overall effect of the phasic contractions is to promote flow
from the common bile duct into the duodenum. During sphinc-
ter contraction, or systole, flow from the common bile duct into
the sphincter of Oddi segment stops, and flow into the sphincter
segment occurs only during sphincter relaxation or diastole.
Increasing the frequency of sphincter contractions by admin-
istering the sphincter agonists phenylephrine (50 µg/kg i.v.) 
and bethanechol (30 µg/kg i.v.) decreased the diastolic interval
between contractions and decreased the time available for pas-
sive flow of fluid from the common bile duct into the sphincter
segment. Initially, an increase in the frequency of sphincter 
phasic contractions produced an increase in flow across the
sphincter. However, as the frequency of contractions increases
further, flow decreases because of the decrease in the diastolic
interval. When the frequency of contractions exceeds eight per
minute, the diastolic interval is abolished, and there is no flow
across the sphincter of Oddi segment in the opossum. Recent
studies have shown that the sphincter may act as a pump or a
resistor and that the bile duct pressure influences it [27]. This
intrinsic activity is controlled by interstitial nerves of Cajal and 
is modulated by hormones [28], peptides such as adenosine
triphosphate (ATP) and adenosine [29] and nitric oxide [30].

In cats, an intravenous bolus of CCK inhibited the phasic 
contractions and produced a fall in sphincter tone. Following
administration of the neurotoxin tetrodotoxin, CCK adminis-
tration no longer produced inhibition, but instead caused con-
traction in the sphincter of Oddi. The investigators concluded
that CCK produces its effect by stimulation of non-adrenergic
non-cholinergic inhibitory neurones, with this effect over-
riding a lesser, direct smooth muscle stimulatory action of the
hormone [28]. Neurohistochemical studies have demonstrated
both adrenergic and cholinergic neurons within the sphincter 
of Oddi, and experiments in animals have determined the phar-
macological effects of histamine, cholinergic and adrenergic
stimulation on the sphincter muscle [26]. However, the physio-

logical significance of these drug actions on the sphincter of
Oddi requires further investigation.

The function of the vagus nerve in sphincter of Oddi physiol-
ogy remains obscure. Sphincter of Oddi neurons probably
receive vagal input, and their activity is modulated by release 
of neuropeptides from sensory fibres, a significant source of
excitatory synaptic input to these cells arising from the duode-
num. This duodenum–sphincter of Oddi circuit is likely to play
an important role in the coordination of sphincter of Oddi tone
with gallbladder motility in the process of gallbladder emptying
[31]. Studies in dogs suggested that, following vagal transaction,
the resistance to flow across the sphincter of Oddi is decreased
[32]. However, in the prairie dog, increased resistance to flow
through the sphincter of Oddi occurs after truncal vagotomy.
Results from vagal stimulation studies have failed to define
clearly the role of the vagus in biliary dynamics.

Studies carried out in opossums with chronically implanted
electrodes positioned in the sphincter of Oddi and the small
intestine have demonstrated that the phasic activity of the
sphincter of Oddi is omnipresent [33]. However, the frequency
of the phasic contractions varies periodically during fasting.
Four phases that are analogous to the phases of the intestinal
interdigestive MMC have been described for the sphincter of
Oddi. Food ingestion and the intravenous infusion of CCK 
and pentagastrin abolish the periodic nature of the interdigestive
sphincter of Oddi contractions and, in this species, ingested 
food produced an increase in contractile frequency, which
increased the flow of bile into the duodenum. The physiological
function of the periodic sphincter of Oddi contractions during
fasting might be similar to that proposed for intestinal MMC,
which is to act as a housekeeper to eliminate any debris that 
may accumulate at the lower end of the bile duct. In addition,
this activity of the sphincter may modulate the volume of 
bile passing into either the duodenum or the gallbladder during
fasting.

The Australian opossum sphincter of Oddi demonstrates an
activity that is similar to that of the human sphincter. In this
species, inhibition of sphincter phasic contractions promotes
the flow of bile. It has been shown that this inhibition is medi-
ated by neural release of nitric oxide [28]. There is evidence 
that nitric oxide mediates the caerulein and CCK octapeptide-
mediated relaxation of the canine sphincter of Oddi [34]. 
Table 2 illustrates the effects of various bioactive agents on the
sphincter of Oddi.

Sphincter of Oddi motility in man
Cineradiographic studies of the human sphincter of Oddi
exhibit rhythmic contractions that propel contrast into the 
duodenum [35]. Sphincter of Oddi pressure studies conducted
at the time of biliary tract surgery demonstrated variations 
in pressure thought to be the manometric equivalent of the 
cineradiographic contractions [36]. Resistance to outflow of
fluid from the common bile duct into the duodenum was also
demonstrated by the intraoperative studies. This resistance was
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reduced after administration of CCK octapeptide or smooth
muscle relaxants such as amylnitrite [37].

Manometric recordings from within the sphincter of Oddi
segment [38] have been made via a pressure-sensitive catheter
introduced into the sphincter of Oddi via a duodenoscope 
(Fig. 1). They have demonstrated that the human sphincter 
of Oddi is characterized by prominent phasic contractions
superimposed on a basal sphincter of Oddi pressure 3 mmHg
above the pressure in the common bile duct and pancreatic 
duct (Fig. 2). The amplitude of the phasic contractions is appro-
ximately 130 mmHg, and the mean frequency is four per min.

Table 2 Effects of various bioactive agents on the sphincter of Oddi.

Stimulator Inhibitor

Morphine met-encephalin Tramadol

Galanin Glucagon

Substance P CGRP

CCK CCK

Neuropeptide Y Peptide YY

Nitric oxide Somatostatin

CGRP, calcitonin gene-related peptide.
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Fig. 1 Sphincer of Oddi manometry using a
triple lumen perfused catheter. The catheter is
introduced into the bile duct via the biopsy
channel of a duodenoscope. The recording
ports of the catheter are positioned to register
pressure changes from the sphincter. A
separate catheter attached to the endoscope
records duodenal pressure.

Fig. 2 Recording from the Sphincter of Oddi
and a separate duodenal catheter. The
sphincter contractions are characterized by
phasic contractions which are superimposed on
a basal pressure. Administration of the
octapeptide of cholecystokinin produces
inhibition of the phasic contractions and a fall
in basal pressure.
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Analysis of the direction of propagation of the phasic con-
tractions during a continuous 3-min period demonstrated 
that the majority of contractions (60%) are orientated in an
antegrade direction from the common bile duct towards the
duodenum. A smaller number of contractions occurred either
simultaneously (24%) or had a retrograde orientation (15%).
Intravenous bolus injection of CCK octapeptide (20 ng/kg) 
normally produces inhibition of the phasic contractions and a
fall in the basal sphincter of Oddi pressure. Table 3 shows the
pressures recorded from the sphincter of Oddi of normal sub-
jects. Studies from patients with T-tubes inserted in the com-
mon bile duct following bile duct exploration [39] have shown
that the frequency of sphincter of Oddi phasic contractions 
during fasting exhibits a periodicity in relation to duodenal
MMC, similar to that demonstrated in the opossum.

Following the ingestion of a meal, bile flow across the sphinc-
ter of Oddi is promoted by inhibition or reduction in the ampli-
tude of the phasic contractions and a fall in the sphincter of 
Oddi basal pressure. This effect on the human sphincter of 
Oddi is similar to that following intravenous injection of the
CCK octapeptide. Consequently, in man, unlike the American
opossum, bile flow occurs mainly between sphincter of Oddi
phasic contractions during the period of diastole. The phasic
contractions do propel small volumes of bile into the duode-
num, but this is not the major means by which bile flow occurs.
The phasic contractions in man may function to prevent reflux
of duodenal contents into either the bile or the pancreatic ducts,
and to maintain the ducts free from small debris. In order to
promote flow across the human sphincter of Oddi, inhibition or
reduction in the phasic contractions and a fall in basal pressure is
necessary.
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2.7.1 Cytokines in liver physiology
and pathology
Tom Luedde and Christian Trautwein

Cellular communication by cytokines

It is of fundamental importance that cells are able to com-
municate with each other. This is achieved by the interaction 
of cellular receptors, which signal internally to the nucleus, 
and external factors, which are able to bind these receptors.
Cytokines are small-molecular-weight messengers secreted by
one cell to alter the behaviour of either itself (autocrine messen-
ger), a closely related cell (paracrine messenger) or cells in differ-
ent organs (endocrine messenger). Whereas most cytokines are
soluble, some may be membrane bound, e.g. Fas ligand (FasL).
They are produced by virtually all cell types and have a broad
variety of functions. Cytokines produced by leukocytes with
effects mainly on other white blood cells are named interleukins
(ILs). Cytokines with a chemoattractant activity are called
chemokines. Cytokines that interfere with viral replication are
called interferons, and those causing differentiation and prolif-
eration of stem cells are called colony-stimulating factors [1].

Basic principles of cytokine action in the
liver

The liver is an exceptional organ in terms of its metabolic, syn-
thetic and detoxifying functions. In addition, it has the unique
potential to regenerate after tissue loss and, for example, plays 
an important role in the regulation process that keeps blood 
glucose stable. All these and many other functions represent the
organ’s ability to execute the proper reaction towards the body’s
demands and keep it in homeostasis. Therefore, the liver appears
to be a preferred source for and target of cytokine signalling, and
the regulation of the network connecting cytokines, receptors
and signalling pathways in the liver is tremendously complex.

Initially, knowledge about the function of cytokines in the
liver was mainly based on studies in cell culture systems using
immortalized hepatoma cell lines. This enabled the elucidation
of signalling networks downstream of cytokine receptors, but
these experimental systems did not allow analysis of intercellular
communication in a physiological milieu. Subsequently, the 
use of transgenic animals and the gene knockout technology
facilitated the analysis of cytokine effects in an intact organism,
but again these studies were limited by the embryonic lethality 
of mice with germline deletion(s) of crucial genes. Currently,
conditional gene targeting based on the cre/loxP system has
emerged as a powerful new tool for the study of gene functions
in vivo in the adult mouse. This technique allows a specific gene
to be deleted only in a particular tissue, leaving its expression
elsewhere in the body intact. 

Cytokine pathways evolved very early in evolution. For 
example, the nuclear factor (NF)κB signalling pathway – a key
mediator of the action of tumour necrosis factor (TNF) in
higher organisms – is already found in Drosophila and molluscs
[2], where its function is to combat infection. This physiological
function has mainly been preserved in higher organisms, but 
the same pathway is also integrated into many other organs’
functions, e.g. during development, growth control or the con-
trol of cell death. NFκB signalling withholds several ‘control 
elements’ that keep this pathway and its components in a stable
balance to avoid organ damage under normal conditions. In
fact, increasingly, studies now underscore the fact that the
deregulation of cytokine-related pathways in the liver may
amplify or mediate liver damage in response to various
pathogenic agents.

Cytokines are key modulators of liver
function

Hepatocytes express a variety of receptors for cytokines, which
can be divided into different families (Table 1). Among these,
death receptor ligands from the TNF family of cytokines are
involved in almost all critical processes in liver physiology and
pathology. This family comprises several ligands, e.g. TNF, FasL
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and tumour necrosis factor-related apoptosis-inducing ligand
(TRAIL), which exist in a soluble or cell bound form and 
activate structurally related receptor proteins known as the TNF
receptor superfamily, including TNF receptor 1 (TNF-R1),
TNF-R2, Fas and death receptor 3 (DR3), DR4 and DR5 [3]. The
IL-6 family of cytokines has several members which, by interact-
ing with adaptor molecules, complex with a signal transducing
molecule named gp130, thereby activating downstream path-
ways and signal molecules such as the signal transducers and
activators of transcription (STAT) (mainly STAT-3) [4]. IL-1
members activate similar downstream targets as TNF, e.g.
NFκB. Moreover, receptors for growth factors, such as epider-
mal growth factor (EGF), transforming growth factors (TGF)α
and TGFβ, hepatocyte growth factor (HGF), insulin-like growth
factor (IGF)-1 and IGF-2, may control proliferation of hepato-
cytes during embryogenesis or liver regeneration [5]. 

Non-parenchymal cells (NPCs) of the liver, function both 
as recipients of cytokine-driven messages, and also synthesize
cytokines. Kupffer cells (KCs), resident tissue macrophages,
synthesize pro-inflammatory cytokines such as IL-1, IL-6 and
TNF upon activation as a result of phagocytosis or binding of
endotoxin [6]. These released cytokines stimulate hepatocytes
and other non-parenchymal liver cells in a paracrine manner.
Activation of KCs may also be induced by cytokines such as
interferon gamma (IFNγ), the receptors of which are expressed
on KCs. Chemokines released by KCs and hepatic stellate cells
(HSCs) mediate migration of neutrophils and blood monocytes.
Moreover, sinusoidal endothelial cells are targets for pro-
inflammatory cytokines to express cell adhesion molecules and
may also produce cytokines [7]. Cytokines are also critical regu-
lators of hepatic fibrosis and injury (see Chapter 6.2, Cellular
and molecular pathobiology, pharmacological intervention and
biochemical assessment of liver fibrosis).

Due to the complexity of the cytokine network, it is not 
the intention of this chapter to describe in detail the action 

of all these cytokines in the liver. For a brief overview, Table 2
summarizes the functions of some key cytokines in models of
liver physiology and pathology. In contrast, we will focus mainly
on the action of one cytokine as an example of how cytokines 
and cytokine-dependent signalling pathways are involved in 
the physiological function of the liver and how their alteration
can lead to the development and progression of liver disease.
Recent studies have revealed that alterations of TNF and TNF-
dependent signalling pathways have an enormous impact in 
different liver disease models and thus might be an attractive 
target for pharmaceutical intervention, as has become the case
for inflammatory bowel disease or rheumatoid arthritis [8].

Death receptor ligands modulate cell
death in the liver

Excessive hepatocyte apoptosis and necrosis have been impli-
cated in a number of acute and chronic liver diseases, e.g. viral
and autoimmune hepatitis, cholestatic disease, alcoholic or
drug-/toxin-induced liver injury and transplantation-associated
liver damage, including graft rejection [9]. Studies in patients
and animal models have strongly implicated death receptor 
ligands such as TNF in the induction of apoptosis and in trigger-
ing destruction of the liver [10]. 

TNF was originally identified by its capacity to induce haem-
orrhagic necrosis in mouse tumours [11], but severe side-effects
led to a failure of its use as a systemic anticancer chemother-
apeutic agent [12,13]. A very prominent effect was the direct
cytotoxic role of TNF for human hepatocytes, resulting in
increased levels of serum aminotransferases and bilirubin. Since
then, many clinical studies have underscored the crucial role of
TNF in fulminant hepatic failure (FHF) and other liver diseases.
TNF participates in many forms of hepatic pathology, including
ischaemia–reperfusion injury, alcoholic and viral hepatitis and
injury from hepatotoxins [14–17]. Exogenous TNF induces

Table 1 Cytokines in the liver.

TNF family IL-6 family IL-1 family Growth factors Interferons Chemokines

TNF IL-6 IL-1a HGF IFNg IL-8

FasL LIF IL-1b EGF ENA-78

TRAIL OSM TGFa IP-10

Cardiotropin 1 TGFb MIP-2

CNF IGF-I

IL-11 IGF-II

PDGF

FGF-1 and FGF-2

Activin A

TNF, tumour necrosis factor; FasL, Fas ligand; TRAIL, tumour necrosis factor-related apoptosis-inducing ligand; IL-6, interleukin 6; LIF, leukaemia inhibitory

factor; OSM, oncostatin M; CNF, ciliary neurotropic factor; IL-11, interleukin 11; IL-1a /b, interleukin 1a /b; HGF, hepatocyte growth factor; EGF, epidermal

growth factor; TGFa /b, transforming growth factor a /b; IGF-I/II, insulin-like growth factor I/II; PDGF, platelet-derived growth factor; FGF-1/2, fibroblast

growth factor 1/2; IFNg, interferon g; IL-8, interleukin 8; ENA-78, epithelial neutrophil-activating peptide 78; IP-10, interferon-inducible protein 10; MIP-2,

macrophage inflammatory protein 2.
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FHF and hepatocyte apoptosis in combination with other toxins
[17]. In patients with FHF, serum levels of TNF, TNF-R1 and
TNF-R2 are markedly increased and these changes correlate
directly with disease activity. In explanted livers of patients with
FHF, infiltrating mononuclear cells expressed high amounts of
TNF and hepatocytes overexpressed TNF-R1 [18]. Thus, it is
very likely that the TNF system is involved in the pathogenesis of 
hepatic failure in humans, and its significance has also been
shown clearly in several animal models of hepatic failure, e.g. 
the endotoxin/d-galactosamine (GalN) and the concanavalin A
(ConA) models [19,20].

TNF activates pro- and 
antiapoptotic signalling cascades 
(see also Chapter 3.1)

Activation of the caspase cascade

Fas and TNF facilitate programmed cell death in a similar manner
by activation of caspases. The most important target of both

pathways orchestrating cellular death is the aspartate-specific
cysteine protease or caspase cascade, consisting of initiator 
caspases such as caspases-8 and -9 and executioner caspases, 
e.g. caspase-3, -6 and -7. As proteolytic cleavage generates the
mature caspases, one way in which these enzymes are activated is
via the action of proteases, including other caspases [21]. TNF
signals through two distinct cell surface receptors, TNF-R1 and
TNF-R2, of which TNF-R1 initiates the majority of TNF’s 
biological activities. Binding of TNF to its receptor leads to the
release of the inhibitory protein silencer of death domains
(SODD) from TNF-R1’s intracellular domain. This leads to the
recognition of the intracellular TNF-R1 domain by the adapter
protein TNF receptor-associated death domain (TRADD), which
in turn recruits Fas-associated death domain (FADD). FADD
recruits caspase-8 to the TNF-R1 complex, where it becomes
activated and initiates the protease cascade, leading to activation
of executioner caspases and apoptosis (Fig. 1). In contrast to
TNF-dependent signalling, Fas can interact directly with the
death domain of FADD without recruiting TRADD [22,23]. In
several studies, involvement of mitochondria and the release of

Table 2 Cytokine function in different models of liver physiology and pathology.

Biological model and reference

Liver development [6]

Liver regeneration [5,65]

Acute phase response [6,53]

Liver fibrosis [6]

Acute and chronic liver failure [9]

Liver cancer [6,66]

FGF-1/2, fibroblast growth factor 1/2; HGF, hepatocyte growth factor; OSM, oncostatin M; TGFb, transforming growth factor b; TNF, tumour necrosis factor

a; IL-6, interleukin 6; EGF, epidermal growth factor; TGFa, transforming growth factor a; IFNg, interferon g; ENA-78, epithelial neutrophil-activating peptide

78; MIP-2, macrophage inflammatory protein 2; CXC, IL-1a /b, interleukin 1a /b, CNF, ciliary neurotropic factor; LIF, leukaemia inhibitory factor; IL-8,

interleukin 8; PDGF, platelet-derived growth factor; IGF-I, insulin-like growth factor I; FasL, Fas ligand; IGF-2, insulin-like growth factor 2; TGFa, transforming

growth factor a.

Cytokines involved

FGF-1 and FGF-2

HGF

OSM

TGFb

TNF

TNF, IL-6

HGF, EGF, TGFa

TGF-b, Activin A

IFNg
ENA-78, MIP-2 and other CXC chemokines

IL-1a/b, TNF

IL-6, CNF, OSM, LIF

TNF, IL-1, IL-6, IL-8

TGFb, PDGF, TNF, IGF-1, IL-1

TGFb, PDGF, TNF

TNF, FasL, TGFb
IL-6

HGF, IGF-2, TGFa, TGFb
TNF, IL-1, HGF, EGF 

TNF

Cytokine function

Differentiation of hepatic endoderm

Growth of hepatoblasts

Differentiation of hepatocytes

Induction of Vg1

Induction of IL-6 production in KCs

Priming of hepatocytes (G0→G1)

Growth factors, cell cycle progression

(G1→S)

Inhibition of liver regeneration

Inhibition of liver regeneration

Stimulation of hepatocyte proliferation

Stimulation of synthesis of type 1 acute-phase proteins 

(APPs) (C-reactive protein, serum amyloid-A)

Stimulation of synthesis of type 2 APPs 

(fibrinogen, haptoglobin)

Damage factors

Activating factors

Surviving factors

Hepatocyte apoptosis, necrosis

Survival signal

Hepatic mitogens

Metastasis

Possibly pro- and anti-tumorogenic effects,

pro-proliferative vs. pro-apoptotic
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cytochrome c in the apoptotic process has been demonstrated,
and this was also shown for Fas- and TNF-mediated apoptosis in
the liver [24,25].

Activation of the NFkB pathway

In addition to activation of caspases, ligand binding of TNF to 
its receptor also leads to the activation of alternative pathways,
e.g. the nuclear factor (NF)κB pathway. Activation of the NFκB
pathway is mediated by interaction of both TNF receptors with
the receptor-associated factors 1 and 2 (TRAF-1 and TRAF-2).
NFκB is a transcription factor consisting of a dimer of differ-
ent subunits (e.g. p50 and p65), which is normally retained 
in the cytoplasm through interaction with its inhibitor IκB.
TNF-induced activation of NFκB relies on phosphorylation of
two conserved serines (Ser32 and Ser36 in human IκBα) in the 
N-terminal regulatory domain of IκBs. After phosphorylation,
the IκBs undergo a second posttranslational modification: poly-
ubiquitination followed by the degradation of IκB proteins by
the proteasome, thus releasing NFκB from its inhibitory IκB
binding partner, so that it can translocate to the nucleus and
activate transcription of NFκB-dependent target genes [26]. A
high-molecular-weight complex that mediates the phosphoryla-
tion of IκB has been purified and characterized. This complex
consists of three tightly associated IκB kinase (IKK) polypep-

tides: IKK1 (also called IKKα) and IKK2 (IKKβ) are the catalytic
subunits of the kinase complex [27–29]. Moreover, it contains a
regulatory subunit called NEMO (NFκB essential modulator),
IKKγ or IKKAP-1 [30–32]. In the context of TNF-mediated
apoptosis, NFκB appears to provide a prosurvival signal.
Evidence that NFκB governs critical antiapoptotic proteins
comes from well-described animal models. Injection of TNF
into mice and addition of TNF to hepatic cells resulted in 
activation of nuclear translocation and of DNA binding of 
NFκB [33].

In contrast to Fas-mediated apoptosis, hepatocytes are resis-
tant to apoptosis induced by TNF or lipopolysaccharide (LPS), a
potent inducer of endogenous TNF in the liver, unless they are
treated with inhibitors of transcription (e.g. cycloheximide or
actinomycin D), which block the expression of (antiapoptotic)
proteins [17,34,35]. Specific blockade of NFκB activation by
adenoviral-directed overexpression of the NFκB superrepressor
IκB (which retains the dimeric NFκB in the cytoplasm as it 
contains mutations at the phosphorylation sites) significantly
enhanced TNF-mediated apoptosis of hepatocytes [36]. A sim-
ilar result was obtained by treatment of hepatocytes with the 
proteasome inhibitor lactacystin, which prevents degradation of
IκBs, and an antibody against p65 protein [37].

Further evidence for the central role of the NFκB pathway 
in preventing apoptosis in hepatocytes comes from genetic

Fas (Apo1/CD95)

FADD

Procaspase-8

Caspase-8

Type 2 cellsType 1 cells

IKKg

IKKb
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IKK
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Cytochrome c
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Fig. 1 FasL- and TNFa-dependent signalling in the liver.
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However, recent results questioned a direct involvement in 
hepatocytes and highlighted its role in non-parenchymal cells
(NPC) such as KCs. Chaisson et al. [45] used transgenic 
mice that expressed the non-degradable IκBα superrepressor
specifically in hepatocytes, and these mice showed normal 
hepatocyte proliferation after PH. Moreover, mice lacking the
IKKβ (IKK2) subunit in hepatocytes showed normal liver 
regeneration [46]. TNF-induced NFκB activation in NPCs 
leads to the production of another important cytokine, IL-6. 
IL-6 is not absolutely necessary for liver regeneration, but has a
protective, antiapoptotic function in this process [47], under-
scoring the fact that, instead of a direct proliferative effect, 
TNF-dependent NFκB activation in NPC is part of an IL-6 
production pathway that protects hepatocytes from apoptosis
during liver regeneration.

TNF/NF-kB in liver cancer (see also Chapter 18.2.1)

According to Hanahan and Weinberg [48], tumorigenesis
requires six essential alterations to normal cell physiology: self-
sufficiency in growth signals; insensitivity to growth inhibition;
evasion of apoptosis; immortalization; sustained angiogenesis;
and tissue invasion and metastasis. As outlined in this chapter,
TNF and NFκB are able to induce several of these cellular alter-
ations. A recent study demonstrated constitutive activation of
NFκB in hepatocellular carcinoma (HCC) [49]. Moreover, two
important animal studies using transgenic and conditional
knockout mice that alter expression of specific members of the
TNF/NFκB axis have highlighted the essential function of this
pathway in the initiation and promotion of carcinogenesis in 
the liver:

In one study, the function of TNF/NFκB has been studied in
an inflammatory liver carcinogenesis model by using the mdr-2
knockout mouse that develops a chronic cholangitis and sub-
sequently hepatocellular carcinomas (HCC) [50]. The authors
demonstrated that early neoplastic events in this model are
related to the biliary system and occur independently of cyto-
kine effects on hepatocytes. In contrast, during later steps of
tumour promotion, TNF is expressed mainly by endothelial 
and inflammatory cells, subsequently leading to activation of
NFκB in the surrounding hepatocytes. Interestingly, when this
activation of NFκB is blocked by transgenic overexpression of a
non-degradable IκB form, no effect on early events of carcino-
genesis are detected, whereas during later stages of tumorigenesis
the number and size of tumours was markedly decreased in
these mice compared with mice that could activate NFκB, which
was accompanied by stronger apoptosis of hepatocytes. A similar
effect could be shown by treatment with anti-TNF-antibodies.
Thus, the authors concluded that acquisition of oncogenic
mutations renders hepatocytes specifically sensitive towards
apoptosis, which has to be blocked by NFκB activated by TNF in
order for promotion of HCC.

In another study, the different outcomes of NFκB function in
hepatocytes were compared with those in non-parenchymal liver

experiments. Knockout mice lacking the p65 subunit of NFκB
die between embryonic (E) days 15 and 16 as a result of fetal 
hepatocyte apoptosis [38]. This is caused by increased sensitivity
towards TNF, as TNF/p65 double-deficient mice are rescued
from embryonic lethality [39]. It is presumed to involve the
transcriptional induction of various apoptotic suppressors.
Among these genes are the cellular inhibitors of apoptosis 
(c-IAPs), e.g. c-IAP1 and c-IAP2, which bind directly and
inhibit effector caspases, such as caspase-3 and caspase-7, and
prevent activation of procaspase-6 and procaspase-9 [40].

TNF in experimental disease models of
the liver

TNF/NF-kB in liver regeneration 
(see also Chapter 2.5.2)

In mammals, the liver is distinguished by its capacity to regener-
ate lost parenchymal mass in response to, for example, surgical
resection, viral injury or toxic exposure [5]. Therefore, it has
been a major challenge to evaluate the extra- and intracellular
events that orchestrate this highly complex process driving 
quiescent, fully differentiated hepatocytes through distinct
stages including priming of hepatocytes, cell cycle progression,
proliferation and cessation of regeneration [41]. A well-
established model for studying liver regeneration is that of 
partial (two-thirds) hepatectomy (PH) in rodents.

Several growth factors can interact with receptors on the cell
membrane activating intracellular signalling pathways involved
in target gene activation in hepatocytes. The growth factors 
have been characterized according to their mitogenic capacity.
Therefore, at present, hepatocyte growth factor (HGF), epidermal
growth factor (EGF) and transforming growth factor (TGF)α
can be classified as mitogens, while insulin and epinephrine 
are classified as comitogens. These factors activate intracellular
signalling cascades such as the Ras/MAPkinase pathway, which
couple the extracellular signals to the major regulating molecules
of the cell cycle machinery, such as the cyclin-dependent kinases
(CDK) [41].

Besides the direct role of growth factors, cytokines such as
TNF and IL-6 are also involved in priming hepatocytes towards
cell cycle progression. Initially, it was found that there is cascade
of events leading, first, to elevated TNF and, consecutively, to
increased IL-6 serum levels. Additionally, experiments indicated
that anti-TNF antibodies inhibit proliferation of hepatocytes,
again indicating that the molecule might be involved in control-
ling cell cycle progression of hepatocytes. The importance of
TNF and NFκB signalling was further confirmed by the fact 
that liver regeneration is defective in TNFR-1 knockout mice,
which do not show hepatic NFκB activation after PH [42].
However, it remains uncertain whether NFκB is able directly 
to promote hepatocyte proliferation in this model. NFκB can
directly stimulate the transcription of genes that encode G1 cyc-
lins, and a κB site is present within the cyclin D1 promoter [43,44].
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cells including KCs in a chemical liver carcinogenesis model
[51]. After exposure of young mice to the carcinogenic drug
diethylnitrosamine (DEN), hepatocytes undergo apoptosis,
which is enhanced in mice with a conditional IKK2 knockout
that cannot activate NFκB specifically in hepatocytes. This
increased apoptosis then leads to the release of cytokines 
including TNF and IL-6 from hepatic KCs, which in turn 
stimulates hepatocellular proliferation leading to increased size
and number of liver tumours, compared with wildtype mice.
The central role of cytokines released by the non-parenchymal
liver cells in this model is underscored by the fact that mice also 
lacking IKK2 in hepatocytes and KCs and which have a defect in
NFκB activation in both cell types secrete less of the cytokines
such as TNF and IL-6 and therefore develop less rather than
more HCCs. 

Taken together, these and similar studies have highlighted 
the new therapeutic options of cytokine targeting in the liver.
Instead of treating the primary cause of inflammation, which is
often not possible in chronic hepatitis, treatment of the sec-
ondary events that lead to tumours, (e.g. anti-TNF-dependent
strategies), might be a more realistic aim in cancer treatment.

TNF/NF-kB in local and systemic insulin-
resistance (see also Chapter 2.3.1)

Recent studies have revealed that local inflammation and
cytokines produced by liver cells also have a strong impact on
systemic functions. For example, feeding of mice with a high-fat
diet that leads to systemic insulin resistance is accompanied 
by hepatic NFκB activation and increased secretion of the
cytokines TNF, IL-6 and IL-1β [52]. Furthermore, by constitu-
tively activating NFκB in the liver using the hepatocyte-specific
overexpression of a dominant active IKK2 form, an increased
local and systemic insulin resistance is observed in these mice,
even when fed a normal diet. This effect was mediated by an
increased release of NFκB-dependent cytokines from the liver
and was accompanied by a reduced insulin receptor-dependent
signalling. Complementing this finding, the inhibition of hep-
atic NFκB signalling leads to diminished cytokine release and
decreased insulin resistance in mice fed with a high-fat diet [53],
thus underscoring the therapeutic potential of cytokine modula-
tion in the development of diabetes mellitus.

IL-6: a protective cytokine in liver
failure?

IL-6 belongs to a family of cytokines comprising IL-6, IL-11,
leukaemia inhibitory factor (LIF), oncostatin M, ciliary neu-
rotropic factor, novel neurotrophin 1/B cell stimulating 
factor 3 and cardiotropin 1 [4]. IL-6 binds to hepatocytes by
interacting with an 80-kd membrane glycoprotein (gp80) that
complexes with a signal transducing molecule, gp130 (Fig. 2a).
Binding of gp130 leads to dimerization of the intracellular
domains of two gp130 molecules, which promotes association

with receptor-associated Janus kinases (JAKs: JAK1, JAK2, and
TYK). The JAKs become activated and phosphorylate different
tyrosine residues on the gp130 molecule. Depending on the
location of the phosphorylated tyrosines, signal transducers and
activators of transcription (STAT) proteins (mainly STAT-3)
and also the Ras/mitogen-activated protein (MAP) kinase 
pathway become activated and trigger numerous downstream
effects mediated by the signalling of IL-6 and related cytokines
(Fig. 2b) [4]. 

As outlined above, IL-6 is one of the key regulators of the 
initial steps of liver regeneration. An important role of IL-6-
dependent signalling in the liver is also attributed to the induc-
tion of the acute phase response [54,55]. STAT-3 participates 
in transcriptional activation. gp130 may also promote anti-
apoptotic effects in different cell types. For example, activation
of STAT-3 in B cells and human myeloma cells activates anti-
apoptotic genes such as BCL2 and BCLXL, protecting them 
from Fas-dependent apoptosis [56]; similar results occur in T
cells: STAT-3-deficient T cells are severely impaired in IL-6-
induced proliferation – due to the profound defect in IL-6-
mediated prevention of apoptosis. In hepatocytes, IL-6 protects
from transforming growth factor (TGF)β-induced apoptosis 
by blocking TGFβ-induced activation of caspase-3 via rapid
tyrosine phosphorylation of phosphatidylinositol 3 kinase (PI 3
kinase), which constitutively activates the protein kinase Akt
[57].

In humans, there is strong evidence that IL-6 is directly
involved in the pathogenesis of different diseases, including
multiple myeloma and congestive heart disease [58,59]. Recently,
we analysed the potential role of IL-6 in the development of
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Fig. 2 IL-6 dependent signalling. (a) IL-6 binding and receptor dimerization.
(b) Signal transduction through gp130.
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Cytokines and cytokine-dependent
pathways as a therapeutic target

As outlined above, a growing number of studies have implicated
cytokines and cytokine-dependent pathways in the develop-
ment of liver failure, chronic liver disease, hepatic inflammation
and liver carcinogenesis. Numerous chemical compounds,
monoclonal antibodies and viral vectors that inhibit or modu-
late cytokines (e.g., TNF or the NFκB pathway) are under 
development [63]. For example, pharmacological inhibitors of
caspases, including the caspase-8 inhibitor IETD-CHO and the
caspase-3 inhibitor DEVD-CHO, have shown beneficial effects
in experimental in vivo models of TNFα- and Fas-induced liver
failure [64,65]. However, the examples given in this chapter also
emphasize the complexity of functions that these pathways reg-
ulate depending on the disease model or cell type. Therefore, the
pharmacological inhibition of a specific molecule or pathway in
a certain clinical setting might result in unpredictable and fatal
consequences in the same or other tissues and organs. Currently,
there is no pharmacological method that allows the specific tar-
geting of molecules in a certain tissue. Hence, at present, animal
models that allow gene targeting in a specific cell type will prove
to be valuable tools to define more clearly the effects of the mod-
ulation of cytokines, cytokine receptors or cytokine-dependent
pathways. Alternatively, future research efforts might highlight
the role of more downstream effectors of cytokine pathways, the
function of which can be attributed specifically to a certain role
in pathogenesis such as carcinogenesis, which could then be 
targeted by a systemic drug therapy.

One of the most difficult problems in clinical hepatology is the
progression of chronic inflammation, including chronic hepatitis
or primary sclerosing cholangitis (PSC) towards hepatocellular
or cholangiocellular carcinoma, respectively. Although huge
diagnostic efforts are taken in the surveillance of these patients,
cancer is still not always diagnosed in time for a curative treat-
ment. With a more thorough understanding of the function 
of cytokines in the liver, gained from animal disease models, 
it might be possible to improve diagnostic tools as well as to
develop drugs that inhibit or slow down the sequence from
inflammation to cancer.
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2.7.2 Intrahepatic lymphocytes
Wajahat Z. Mehal

Introduction

The immune system is central to liver injury in a variety of 
diseases including autoimmunity, viral hepatitides and many
drug reactions. Such immune-mediated pathology will be dis-
cussed in detail in the sections focusing on individual diseases.
This section will discuss the unique lymphocyte populations and
immune properties of the healthy liver. The anatomical location
of the liver constantly exposes it to large amounts of foreign 
antigens, and the most common immunological response to
these is the development of antigen-specific immunological 
tolerance. This is much more complex than the immune system
simply not responding to the antigen. Foreign antigens in the
liver result in a range of dynamic immune responses that 
ultimately result in physical removal of lymphocytes, decreased
ability of lymphocytes to become activated and the development
of regulatory lymphocytes.

Understanding the molecular and cellular mechanisms
underlying immune responses to hepatic antigens is directly 
relevant to viral hepatitis because antigens of hepatitis B 
virus (HBV) and hepatitis C virus (HCV) and alloantigens after
transplantation induce varying degrees of immune tolerance. 
In many pathological situations, there is, however, a robust
immune response to foreign and even self-antigens. An under-
standing of the factors that regulate the balance between induc-
tion of tolerance and the mounting of an immune response 
is necessary to design disease-specific therapies. In addition to
conventional immune responses, novel roles in regulating liver
fibrosis have also been identified for liver lymphocytes.

Localization and function

The healthy liver contains a very large and diverse population of
lymphocytes [1]. Intrahepatic lymphocytes are defined as lym-
phocytes that are firmly attached to the liver and are not simply
in the intrahepatic blood. The size of the intrahepatic popula-
tion in the healthy liver is easily underestimated on microscopy
but, on digestion, 1 g of healthy human and murine liver tissues
yields approximately 10 million lymphocytes [2,3]. Taking the
size of the liver into account, this is approximately 30% as many
lymphocytes as in the spleen. The unexpected abundance of
lymphocytes in the healthy liver is matched by their variety.

Table 1 displays the types and percentages of intrahepatic lym-
phocytes and contrasts these features with those of the spleen.

Natural killer (NK) and NK-T cells

The liver contains a large population of NK and NK-T cells. NK
cells were initially identified as Pit cells and large granular lym-
phocytes. They express inhibitory and excitatory receptors that
predominantly use the presence of major histocompatibility
complex (MHC) class I antigens on other cells to establish self
and non-self [4]. The best known function of NK cells is cyto-
toxicity, and they possess a number of proapoptotic mediators
such as CD95 ligand and perforin/granzyme, as well as secretion
of interferon (IFN)-γ and tumour necrosis factor (TNF)α [5].
Unlike other lymphocytes, NK cells demonstrate spontaneous
cytotoxicity, which can be further enhanced by IFN-α/β, inter-
leukin (IL)-2, IL-12, IL-15 and IL-18 [6]. The cytotoxic activity
of NK cells has been demonstrated in a range of in vivo model
systems to provide protection against tumours, viruses and other
intracellular pathogens such as malarial parasites. Activation 
of NK cells also serves as a bridge to activation of the adaptive
immune response. This is predominantly through secretion 
of IFN-γ, resulting in an upregulation of adhesion and 
co-stimulatory molecules, activation of dendritic cells and
recruitment of more NK cells from the bone marrow [7].

NK-T cells share many of the features of NK cells (expression
of NK1.1 and IL-2Rβ) but, in addition, have features of classic T
cells [expression of an αβ T-cell receptor (TCR), CD3, CD69
and CD62L] [8,9]. As such, NK-T cells are positioned between
the innate and adaptive immune systems. This is further reflected
by the limited diversity of their TCRs. In mice, NK-T cells express
TCR with an invariant Vα14–Jα281alpha chain paired with a
Vβ8 beta chain. The TCRs of NK-T cells undergo selection and
activation on the class I-like molecule CD1, which is expressed
on hepatocytes, and also on dendritic cells, B cells, T cells and
macrophages [10]. As suggested by their phenotype, NK-T cells
have functions that overlap with NK cells, particularly a robust

Table 1 Lymphocyte populations in the liver and spleen.

Normal liver (%) Spleen (%)

TCR-ab 25 60

TCR-gd 10 2–3

Natural killer T (NK-T) cells 30 1–2

Natural killer (NK) cells 25 5

B cells 5 25

Dendritic cells (DC) 5 2–3

c-kit+ cells <1 <1

Most in cell cycle Most in G0

Most with activation Few with activation

markers markers
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another well-defined population, which is identified in mice by
the presence of B220 expression and, in humans, by CD123 [19].
In both species, plasmacytoid DC produce large amounts of 
type 1 interferons upon stimulation by pathogens via pattern
recognition receptors, or activated T cells via CD40. In addition,
maturation of DC is associated with upregulation of MHC class
II, CD80, CD86 and enhanced ability to prime T cells.

Hepatic DC reside mostly around the portal triads and have
an immature phenotype based on lack of expression of co-
stimulatory molecules, but they do express MHC class I and II.
Consistent with this phenotype, they are able to internalize anti-
gen by phagocytosis and have poor ability to activate T cells. It
has been shown recently that the liver is a major site for the
translocation of immature DC from the blood to the lymphatic
compartment [20,21]. Immature DC will phagocytose carbon-
laden particles, enter the liver, translocate across the sinusoidal
endothelium and drain to the coeliac nodes. This process is rel-
atively fast, with carbon-laden DC appearing in coeliac nodes
within 2 h of injection into the venous circulation. During their
passage through the liver, there is frequent contact with Kupffer
cells and some upregulation of MHC class II, suggesting DC
maturation. Antigen presentation by murine hepatic DC results
in poor allostimulation of T cells in vitro and, in vivo, results 
in secretion of IL-10 in secondary lymphoid tissue. This is in
contrast to the production of IFN-γ and IL-12 by mature bone
marrow-derived DC [22]. Most features of hepatic DC suggest
that they have a weak ability to induce T-cell activation and are
biased to tolerization. The unique anatomy of the liver allows
naive T cells in the blood to come into contact with hepatic DC,
further augmenting liver DC-induced tolerance.

Unlike other organs, there is a significant amount of evidence
that non-DC liver cell populations can present hepatic antigens
to naive T cells [23–26]. As efficient antigen presentation
requires the coordinated presentation of MHC–peptide com-
plexes, co-stimulatory molecules and the presence of appropri-
ate cytokines, it was predicted that antigen presentation by such
non-professional antigen-presenting cells will result in weak 
T-cell priming. This was confirmed by in vitro antigen presenta-
tion experiments using hepatocytes, sinusoidal endothelium
and Kupffer cells [24–26]. The best in vivo evidence for antigen 
presentation is for sinusoidal endothelium [27]. This unique
population expresses molecules that promote antigen uptake,
including the mannose and scavenger receptors. In addition,
they express a number of co-stimulatory molecules including
CD40, CD80 and CD86. Antigen presentation by sinusoidal
endothelial cells results in passive apoptosis of CD8+ T cells and
development of CD4+ T cells towards a regulatory phenotype
[23]. From studies in transgenic mice, it is also clear that antigen
expression limited to hepatocytes results in T-cell tolerance with
low levels of antigen, and deletion of T cells with high levels of
antigen. As antigen originally limited to a single cell population
can be taken up by other cell populations and subsequently pre-
sented (cross-presentation), the conclusions from transgenic
expression of antigen on hepatocytes are not definitive.

cytotoxic response. Unlike NK cells, NK-T cells require a stimu-
latory signal for the development of cytotoxicity. This is typically
activation by the TCR, but may be as little as the presence of IL-2
or IL-18 [6]. The identity of the natural antigens recognized 
by the NK-T cell receptor on the CD1 molecule has been an area
of great interest. The three-dimensional structure of the CD1
molecule predicts that it accommodates hydrophobic ligands,
and this has been confirmed experimentally [11,12]. It is import-
ant to note that CD1 (unlike class I MHC molecules) is relatively
invariant. There is, however, much more structural promiscuity,
with one CD1 molecule able to bind a wide range of lipid 
antigens [13]. In addition, humans have five isoforms of CD1,
providing further flexibility in lipid antigen presentation. This
allows NK-T cells to monitor CD1-expressing cells for the pres-
ence of a wide variety of microbial lipid molecules, as well as
abnormal lipid molecules on neoplastic cells.

In addition to delivering a cytotoxic signal to cells expressing
unusual lipid molecules presented on CD1, activation of NK-T
cells results in activation of NK cells and other cell types includ-
ing CD8+ T cells and B cells via cross-talk. Kupffer cells are an
important intermediary for the activation of NK cells by NK-T
cells [14]. NK-T cells may have additional novel functions, such
as limiting fibrosis by inducing apoptosis of hepatic stellate cells,
which are currently being explored.

Collectively, NK and NK-T cells provide the liver with a large
population of lymphocytes with cytotoxic function. This cyto-
toxic function is important in the removal of tumour cells 
with loss of class I molecules or expression of abnormal lipid
molecules, and also removal of cells that express non-self lipids
from pathogens.

Dendritic cells and presentation 
of hepatic antigens to the immune
system

The best characterized functions of dendritic cells (DC) are 
the phagocytosis of antigens from peripheral tissues, migration
to lymph nodes and maturation into efficient antigen presenta-
tion cells resulting in activation of T cells [15]. While these 
are certainly important, it has become clear that DC can also 
regulate the immune response and induce tolerance to self- and
foreign antigens [16]. Dendritic cells collectively express many
cell surface markers, including CD11c, CD8, CD11b, CD40,
CD80, CD83, CD86, B220, CD45, MHC class I and II. There has
been much controversy on the classification of subsets of DC
based on selective expression of these markers. The reciprocal
expression of CD8 and CD11b has been used to divide DC into
CD8+CD11b– (lymphoid DC) and CD8–CD11b+ (myeloid
DC) [17]. Lymphoid DC are present in the thymus and in the
liver at a much lower percentage. In the thymus, they are respon-
sible for deleting developing T cells with autoreactive potential,
and thus may be specialized for maintaining tolerance [18]. 
For example, infusion of donor lymphoid DC prior to cardiac
transplantation prolongs graft survival. Plasmacytoid DC form
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Table 2 Phenotype and known functions of intrahepatic lymphocytes.

TCRab These make up the majority of T cells. Posses either CD4 or CD8 as coreceptors and have a polyclonal TCR. They are activated by engagement

of the TCR by appropriate MHC–peptide complex. CD8+ T cells typically become cytotoxic T cells on activation. CD4+ T cells can differentiate

into Th1 (inflammatory; cytokines IFN-g, LT-a) or Th2 (helper; cytokines IL-4, IL-5, IL-10) cells or have features of both

TCR low An unusual cell type found in the liver with low levels of TCR, lacking CD4 and CD8 coreceptors, but possessing B220. They also possess

CD4–CD8– activation markers, are undergoing cell cycle, and a proportion are also undergoing apoptosis. Most probably mature T cells that have

undergone activation and are now undergoing apoptosis. May contain generated extrathymic T cells

TCR-gd T cells with a distinctive TCR able to recognize antigen independent of MHC molecules. They recognize antigens that are poorly recognized

by conventional T cells and have cytotoxic function as well as cytokine secretion biased towards a Th2 profile

Natural killer TCR receptor of limited diversity and additional inhibitory receptors. Low numbers in most organs except for bone marrow and liver. 

NK-T Activated via the TCR and have high cytotoxicity potential with production of IFN-g, TNFa, IL-2 and IL-4

Natural killer Many of the features of NK-T cells but no TCR. Similar to NK-T cells, present in high percentage in bone marrow and liver. Demonstrate 

(NK) spontaneous cytotoxicity, especially if target does not express MHC class I molecules

B Undergo development in bone marrow and possess a polyclonal immunoglobulin receptor. On activation via cell surface IgM, produce

immunoglobulin which can cause complement-mediated lysis and recruit other cells and molecules

Dendritic Naive cells phagocytose and acquire specialized antigen-presenting function on activation

(DC) The liver is a major site for the activation and translocation of DC from blood to the lymphatic compartment
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γδ T cells and relatively large amounts of IFN-γ [35]. Some of
these properties are analogous to NK-T cells, suggesting a sim-
ilar differentiation programme in the liver for these two differ-
ent cell types.

TCR-ab T cells (see Table 2)

These are the most familiar T cells that make up the majority 
of T cells in the secondary lymphoid organs (spleen and lymph
nodes) [15]. A number of differences between the liver and the
secondary lymphoid organs are present. The vast majority of αβ
T cells in lymph nodes and spleen are naive and do not express
activation markers, whereas in the liver, the majority express
activation markers such as CD69 or CD44 high. A significant
percentage of liver αβ T cells also express an unusual molecule,
B220, which is typically associated with B cells, but is also found
on T cells undergoing activation-induced apoptosis [36]. Cell
cycle analysis shows that, consistent with the presence of activa-
tion markers, the majority of αβ T cells in the liver are undergo-
ing cell cycle, and approximately 15% at any time have evidence
of apoptosis. Thus, in contrast to the naive population of T cells
in lymph nodes, αβ T cells in the normal liver are activated,
undergoing cell cycle and also undergoing cell death.

Two related sets of experimental observations provided
important clues to the origin of this large and peculiar liver αβ
T-cell population. First, when large numbers of T cells in mice
are activated near simultaneously, there is mobilization of αβ T
cells from lymph nodes and spleen, followed over 1–2 days by a
massive accumulation of αβ T cells in the liver [37]. Secondly,
direct infusion of activated T cells into the portal vein results in
retention of the vast majority in the liver [38]. These and other
data have established that the normal liver has the unusual capa-
city to retain activated T cells, which contrasts with other organs
in which retention occurs in the presence of inflammation. The

TCR-gd T cells

T cells with the γδ TCR constitute a small but distinct lymphoid
population in the blood and other organs of most mammals
[28–30]. The γδ TCR is composed of a relatively small number of
germline gene segments, with non-diverse canonical γδ TCRs
predominating in different anatomical sites. The crystal struc-
ture of the γδ TCR reveals similarities with the immunoglobulin
molecule, predicting that the γδ TCR can bind antigens directly
rather than as an antigen–MHC complex [31]. This is borne out
by functional experiments, and γδ T cells can clearly recognize
heat shock proteins directly, but some γδ TCRs can also recog-
nize antigen bound to class II and class Ib molecules [32]. Major
classes of γδ TCR ligands are microbe-derived alkyl amines and
metabolites of the isoprenoid biosynthesis pathway. Upon acti-
vation, γδ T cells possess a range of effector functions, including
granule and CD95L-dependent cytotoxicity, production of a
range of cytokines including IFN-γ, TNFα, IL-10, transforming
growth factor (TGF)-β and IL-4 [33]. γδ T cells also produce
cytokines which are relatively unique to them, including fibrob-
last growth factor-7 and connective tissue growth factor, sug-
gesting a role in maintaining epithelial integrity and wound
repair [34]. These properties suggest that γδ T cells fulfil a role in
initiating an immune response against pathogenic antigens such
as phosphoantigens that are not well recognized by conventional
T cells and, as they can recognize antigen directly without the
need for antigen processing, they can respond earlier than con-
ventional αβ T cells.

The above features of γδ T cells apply to hepatic γδ T cells. 
In addition to this, in mice, the liver is an organ shown to 
be uniquely enriched in a Thy-1-positive γδ T-cell population,
which makes up about 50% of hepatic γδ T cells. The Thy-1-
positive γδ T-cell population has a limited γ and δ TCR reper-
toire and is known to secrete greater amounts of IL-4 than other
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healthy liver has a unique set of features responsible for 
retention of activated T cells. Hepatic sinusoids have an inter-
connected set of channels with relatively low blood flow and 
a diameter of approximately 6.5 µM. This approximates the
diameter of naive T cells, but is less than that of activated T cells.
The sinusoids are also populated with a very mobile population
of Kupffer cells, which traverse sinusoids, blocking and fre-
quently reversing blood flow [39]. This low flow, interrupted
flow pattern maximizes the contact of activated T cells entering
the liver with the sinusoidal endothelium and other cells in the
sinusoidal lumen. One prediction from this is that selectins,
which are important in initiating rolling of fast-moving lym-
phocytes, will have a minimal role in hepatic retention of lym-
phocytes and this is the case from studies on selectin-deficient
mice. The integrins that are responsible for firm adhesion of
lymphocytes are important in hepatic retention of T cells, with
intercellular adhesion molecule (ICAM)-1 and vascular cell
adhesion molecule (VCAM)-1 having the major role [38,40].
Normal hepatic vascular and sinusoidal endothelium also
express vascular adhesion protein (VAP)-1, which enhances
lymphocyte retention by its enzymatic activity as an amine 
oxidase [41].

After retention in the liver, activated T cells can undergo 
cell division, effector function with release of IFN-γ, perforin/
granzyme-induced cytotoxicity and apoptosis. Certain features
promote intrahepatic apoptosis of intrahepatic T cells, including
the presence of large quantifies of high-affinity antigen, par-
ticularly on Kupffer cells, and a large population of responding 
T cells. These features are most closely met with soluble food
antigens entering the liver in large quantities. This results in
apoptosis of activated T cells entering the liver with specificity
for food antigens, ensuring that food antigens do not promote
significant T-cell responses. An important molecular signal
which induces apoptosis in hepatic CD8+ T cells is the alternative
co-stimulatory molecule B7-H1 [42]. In its absence, an immune
response results in less intrahepatic T cell apoptosis and greater
liver injury [43]. Even in the absence of intrahepatic antigen,
there is hepatic retention and eventual T-cell apoptosis, but also
significant effector function. For example, most of the antiviral
T-cell response against hepatitis B antigens is non-cytolytic [44].
This is followed by a more limited cytolytic response against
hepatocytes with remaining viral antigen [45]. Such regulation
of the two effector responses is presumed to clear viral infections
with the induction of minimum hepatocyte apoptosis.

Regulation of the hepatic T-cell response

The hepatic immune response encompasses extremes, with
hyporesponsiveness and tolerance on most exposures to foreign
antigens, but a florid response with fulminant liver failure in
others. A central question in liver immunology is understanding
how the immune components reviewed above are regulated.
There are a number of candidate processes, many or all of which
may be important. T-cell apoptosis in response to high-affinity

antigen has already been noted above. Hepatocyte injury is an
important stimulus to an effective hepatic immune response in
experimental models. This may overcome hepatic hyporespon-
siveness by the generation of danger signals that were hypothe-
sized over a decade ago and have recently been identified as
metabolites of nucleotide degradation along the uric acid path-
way [46]. Production of type 1 interferons (IFN-α/β) triggered
by viral infection of hepatocytes is another candidate, resulting
in recruitment of T cells and stimulation of IL-15, which pro-
motes CD8+ T-cell survival [47,48]. In addition, type 1 interferons
may provide a vital maturation signal to hepatic DC. Type 1
interferons may therefore provide an important switch between
tolerance and an adaptive T-cell response. Finally, regulatory 
T cells in the liver may induce immunosuppression above the
baseline in conditions such as hepatocellular cancer (HCC) and
chronic viral hepatitis [49,50]. The concept of regulator T cells
has been investigated for over 30 years, but better tools in the last
10 years have allowed this field to develop [51]. In principle,
these are functionally hyporesponsive cells with very little or 
no production of IL-12, but production of IL-10, TGF-β and
CTLA-4. The best characterized T-cell type with regulator 
function is the thymic-derived CD4+ T cells also expressing 
the CD25 marker [52]. However, NK-T and γδ T cells can also
have similar functional properties. There is direct evidence for
increased CD4+CD25+ T cells within tumour tissue of patients
with HCC [49]. In patients with chronic HBV, the frequency of
circulating regulatory T cells was significantly higher than in
non-infected individuals [50]. These studies are preliminary but
suggest a significant role for regulatory T cells in shaping the
hepatic immune response.

Lymphocytes and liver fibrosis

The majority of liver pathology resulting in fibrosis has a
significant inflammatory component. This is certainly true for
chronic viral infections, but also for alcoholic liver diseases and
non-alcoholic steatohepatitis. This observation raises questions
about the influence of the inflammatory response, distinct from
hepatocyte injury, in the progression of fibrosis. It also raises
questions about the ability of stellate cells to proliferate and
function in the setting of a florid T-cell response such as in
chronic HBV infection.

A comparable amount of liver injury has been shown to result
in greater fibrosis in the setting of a T helper (Th)2 immune
response than a Th1 immune response [53]. The presence of
IFN-γ in the Th1 response is central to minimizing liver fibrosis.
Hepatic CD8+ T cells from fibrotic livers are able to induce
fibrosis when transferred into mice with no liver injury, demon-
strating the profibrogenic ability of such CD8+ T cells inde-
pendent of liver injury [54]. Finally, experiments in mice lacking 
the co-stimulatory molecule B7-H1 demonstrate that B7-H1
expressed on hepatic stellate cells protects them from T cell-
mediated cytotoxicity by inducing apoptosis of activated T cells
[55].
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2.7.3 Antibody production and
transport in the liver
Alvin B. Imaeda and Wajahat Z. Mehal

Introduction and description of B-cell
differentiation

The liver is uniquely positioned between the external and inter-
nal immune environments and needs to function in a dual role
of surveillance against dangerous pathogens and tolerance of
benign food antigens. The previous two chapters have focused

on the roles of cytokines and T cells in the liver and immune
function, and Chapter 1.5 has reviewed Kupffer cells. This chap-
ter will focus on immunoglobulin (Ig) and B cells, particularly
IgA, as it is the most thoroughly studied immunoglobulin in 
the liver. IgA plays an important role in the immunity of the gut
and liver, and also helps to prevent unnecessary inflammatory
responses against benign or easily cleared antigens.

B cells initially develop in the bone marrow where they
undergo a series of developmental steps that result in secretion
of immunoglobulin with little affinity for self-antigens, but 
high affinity for a large but finite repertoire of foreign antigens.
Within the bone marrow, an irreversible random process of gene
segment rearrangement occurs, bringing several gene segments
together to form the variable region of an immunoglobulin
receptor. If a successful rearrangement occurs, further rearrange-
ment on the other chromosome is halted, allowing expression 
of a receptor of a single specificity. B cells expressing receptors
with high affinity for self-antigens undergo programmed cellular
death, minimizing the production of autoantibodies. The devel-
oping cells home to different tissues including spleen, peripheral
lymph nodes and gut-associated lymphoid tissue (GALT). There,
they express cell surface IgM and IgD receptors, and require 
ligation of these receptors by specific antigen in order to
undergo further maturation. Maturation can occur through
both T cell-dependent and T cell-independent mechanisms. 
T cell-independent B-cell activation results primarily in IgM-
producing plasma cells, whereas T cell-dependent activation
allows gene rearrangement resulting in a γ, α or ε constant re-
gion to produce IgG, IgA or IgE respectively. A process called
somatic hypermutation introduces many point mutations
throughout the variable region of the gene, and B cells with
appropriate affinity for antigen are selected to divide and mature
[1]. Adhesion molecules and chemokines control homing of 
the B cells to specific tissues where they mature into plasma cells
or memory cells. Immunoglobulin class switching from IgM to
IgG, IgA or IgE is controlled, at least in part, by locally produced
cytokines. For example, B cells primed with antigen in the 
lamina propria preferentially become IgA-producing B cells as a
result of transforming growth factor (TGF)-β, interleukin (IL)-6
and IL-10 produced by the stromal cells in this tissue [2].

The liver plays an important role in the biology and function
of the mucosal humoral immune system. It plays a key role in
the transport, function and clearance of IgA. The cell biology of
IgA was delineated in animal liver and bile models in the 1980s.
Limited confirmatory studies were carried out with human sys-
tems with some interesting differences found in the physiology
among different species. The normal patterns of IgA metabolism
are altered in disease states such as cirrhosis, and especially in all
stages of alcoholic liver disease.

IgA synthesis

IgA is produced by the body in larger quantities than any other
antibody isotype. Its serum half-life is 5–6 days compared with
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20–23 days for IgG, and most of the IgA is present in external
secretions. Consequently, blood levels for IgA are much lower
than those of IgG [3,4]. Humans have two different isotypes of
IgA, IgA1 and IgA2 (Table 1). Bone marrow, spleen and serum 
have approximately 80–90% IgA1 and 10–20% IgA2, whereas
mucosal tissues have a higher percentage, approximately
30–60%, of IgA2 [5,6]. The majority of IgA is monomeric or
dimeric, with very small amounts of tetrameric forms. The pre-
dominant form in human serum is monomeric (mIgA), whereas
at mucosal surfaces, secretory IgA is dimeric or polymeric
(pIgA) [7–9]. Each monomer consists of two alpha heavy chains
and two kappa or lambda light chains, linked by disulphide
bonds. Two additional chains are covalently bound to human
secretory IgA. In the dimeric form, a small glycoprotein called
the J chain links the two immunoglobulin molecules together by
the Fc portion of the alpha chains [10]. Additionally, a secretory
chain component (SC) from the polymeric immunoglobulin
receptor is attached to the Fc portion as the immunoglobulin is
secreted into the luminal compartment as described below [11]
(see Fig. 1a).

IgA is synthesized by antigen-primed plasma cells in the GALT,
which includes Peyer’s patches, isolated lymphoid follicles and
the lamina propria just beneath the basement membrane of gut
surface epithelia. Therefore, IgA must be transported back to its
primary site of action on the luminal aspect of the epithelium.
Secretory component (SC) is an approximately 550-amino-acid
polypeptide with five Ig-like domains and is expressed preferen-
tially on the basolateral membrane (submucosal side) of intes-
tine, lung, breast and other secreting organs. Polymeric, but not
monomeric, forms of IgA bind to SC on the basolateral surface
of cells [12]. The complex is internalized into endocytic vesicles
and, through a SC-directed process called transcytosis, it is
specifically routed to the apical (luminal) surface of the epithe-
lial cell. There, the complex is cleaved and released into the
external environment [12,13] (see Fig. 1b). A component of SC
remains attached to the IgA complex and may serve to protect
the molecule from environmental proteases [14].

IgA secretion in the hepatobiliary
system: rats vs. human

The discovery of IgA as the major protein component of bile in
rats led to the study of IgA in the hepatobiliary system and the
eventual understanding of the synthesis and secretion of IgA as
described above [15]. Hepatobiliary transport of IgA results in
IgA secretion into bile. This results in transport of IgA into the
gut with localization of its effector function in surveillance of the
bile and gut mucosa and eventual excretion.

Significant species differences in the transport of IgA are pre-
sent. The rat, rabbit and chicken are efficient at hepatic transport
of plasma IgA into bile, whereas man, dog and guinea pig are
inefficient at this transport [16]. This correlates with expression
of SC, as the efficient transporters express SC on hepatocytes,
whereas man and the other inefficient transporters express SC
on intra- and extrahepatic biliary epithelium but not hepato-
cytes [12,17,18]. These species differences result in widely differ-
ent quantities of biliary excretion of pIgA, about 35 mg/kg/day
for rats and rabbits and only about 1 mg/kg/day for man, dog
and guinea pig [16]. Therefore, widely different amounts of
pIgA are available in these different species to survey the biliary
compartment. This suggests that different quantities of pIgA are
available to protect the luminal gut compartment in different
species. However, Jonard et al. [7] have shown that, in contrast
to rat, the primary source of pIgA to enter the intestinal lumen 
in humans is from the bowel mucosa, not from bile. Similarly,
the primary source of human biliary pIgA, although far less 
concentrated than in rats, is from the biliary ductal epithelium
and perhaps the gallbladder mucosa and not hepatocytes as in
rats [17–19]. Although no specific evidence exists to explain this
dichotomy, the two systems seem to employ different strategies.
In rats, IgA originates from plasma cells primed in the gut, 
traverses the mesenteric lymph system or portal venous blood
and is then secreted by hepatocytes into the bile and drained
back into the gut. A system with high pIgA concentration, but
probably lower specificity, is present in the rat. In man, a more

Serum Secretory tissues

IgA form Monomeric Dimeric/polymeric

IgA1 80–90% IgA1 40–70%

IgA2 10–20% IgA2 30–60%

J chain and secretory chain Nearly absent Present

Origin Bone marrow Local mucosal tissue

Function Unknown, possibly Neutralization and clearance,

opsonization and ADCC no significant opsonization or ADCC

Catabolism ASGP-R on hepatocytes? ASGP-R on hepatocytes?

Through secretions after transcytosis

Alcohol effects Increased IgA2 IgA1 deposits in hepatic sinusoids

and renal mesangium

ADCC, antibody-dependent, cell-mediated cytotoxicity; ASGP-R, asialoglycoprotein receptor.

Table 1 IgA subtypes and their characteristics.
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localized priming in the lamina propria to supply gut IgA or in
peribiliary lymph nodes to supply biliary IgA provides smaller
quantities of probably highly specific antibodies. It is important
to note that IgM also binds to SC, and small amounts of IgM as
well as IgG are found in human bile [8].

Multiple other factors probably influence secretion of IgA
into bile. This has been examined to a limited extent in animal
models and cell culture models. As might be expected, bile flow

decreases the concentration of IgA secreted into bile [20]. Other
factors regulate expression of SC in some model systems, and
thus may also influence secretion of pIgA into bile and other
compartments. For example, androgen increases free SC in rat
tears, and estradiol stimulates secretion of SC into the uterine
cavity [21,22]. In cultured rat hepatocytes, dexamethasone and
cortisol increase secretion of SC. This is inhibited by an inhibitor
of protein synthesis and, interestingly, is also inhibited by 

Light chain

J Chain
Heavy
chain

Secretory
component

Nucleus

Tight junction

Cleavage

1
2

3

5
6

4

pIgA

Secretory component

Endocytic
vesicle

Basolateral or
sub-mucosal surface

Apical or luminal surface

(a)

Fig. 1 (a) Topographical representation of interaction between two monomeric IgA molecules, J chain and secretory component. Each ellipse represents 
an immunoglobulin domain. (b) Diagrammatic representation of transcytosis of IgA. (1) Expression of secretory component on the basolateral membrane. 
(2) Binding of pIgA to secretory component [note: this includes J chain; see (a)]. (3) Endocytosis of the pIgA–secretory component complex. (4) Cleavage of
secretory component and exocytosis. (5) Secretory IgA (sIgA). (6) Cytoplasmic tail of secretory component.

(b)
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estradiol [23]. Finally, interferon gamma and tumour necrosis
factor (TNF)α upregulate expression of SC on a human colonic
carcinoma cell line [18,24]. The role of these mediators of IgA
secretion in humans is not known.

Immunoglobulin catabolism

Studies in mice and primates aimed at identifying sites of IgA
catabolism have shown that the greatest uptake of radiolabelled
mIgA and pIgA occurs in the liver. Parenchymal cells are more
active than non-parenchymal cells in the uptake. Competitive
inhibition studies with asialofeutin suggest that the receptor
responsible for this uptake is the asialoglycoprotein receptor
(ASGP-R) [25]. The ASGP-R is expressed on hepatocytes of
many species, including humans. It binds to terminal galactose
residues on desialylated glycoproteins and directs them to 
vesicles that fuse to lysosomes, leading to degradation of the 
proteins. Only about 0.5–8% of ligands that bind the ASGP-R
escape the degradative pathway and are then secreted into bile
[26]. This suggests that the primary function of binding of IgA 
to ASGP-R is for clearance of IgA. This is more important 
for serum IgA, the predominant subtype of which is IgA1, as
mucosal IgA2 can be excreted through stool and other secre-
tions. Studies looking at ASGP-R binding and catabolism of
IgA1 vs. IgA2, using in vitro or a somewhat artificial in vivo
system, have shown contradictory results [18,27,28].

The transferrin receptor can bind IgA1 when expressed on
renal mesangial cells and possibly when expressed on dividing
lymphocytes. The functional significance of this interaction is
unclear, but transferrin receptor has been implicated in IgA
nephropathy [29,30]. A possible role for transferrin receptor 
in the binding and clearance of IgA in the liver has not been
determined.

IgG and IgM are also cleared by the liver, but by different
mechanisms and cell types than IgA. Studies in rats show that
IgG is catabolized in tissues throughout the body including skin,
muscle, liver, kidney, bone marrow and spleen. On a weight
basis, liver and spleen are the most active, and non-parenchymal
cells are much more active in catabolism than hepatocytes [31].
The Fc receptor Brambell (FcRB) is a saturable receptor that
binds and protects IgG from lysosomal catabolism and is likely
to be responsible for its longer half-life than other immuno-
globulins [32]. In studies of IgM catabolism, 60–80% of IgM is
degraded in the liver. Again, in contrast to IgA, non-parenchymal
cells are more active than parenchymal cells in degradation of
IgM [33].

The function of IgA in the hepatobiliary
system

IgA is the predominant form of immunoglobulin that affects the
mucosal surfaces. This includes the intestinal, respiratory and
reproductive tracts, the lactating breast and the salivary and tear
glands. Mucosal IgA is not an effective opsonin for phagocytosis,

and it does not effectively fix complement. Additionally, it acts
primarily in the environment in which complement and phago-
cytes are not normally present. Its inability to induce inflamma-
tion may be important in order to maintain both the physical
epithelial barrier and tolerance against benign antigens [29]. IgA
thus serves as the first line of defence in preventing agents from
penetrating the epithelial barrier. IgA may also allow clearance
of pathogens in secretions, bile and stool through transcytosis of
bacteria that have penetrated the epithelium or by interception
of intracellular virus or bacteria during transcytosis. IgA is
involved in neutralization of bacterial toxins, bacteria, viruses,
food antigens and other toxins. In fact, IgA antibodies against
multiple organisms or toxins have been demonstrated in bile,
either occurring naturally or after infection or inoculation with
agents including cholera toxin (rat) [34, 35], Vibrio cholerae (rat,
monkey) [18,36], Escherichia coli (man) [37] and Giardia 
lamblia (rat) [38]. Finally, CD89, the FcαRI, is a relatively newly
described Fc receptor for IgA. It is expressed on phagocytes,
including Kupffer cells. Binding of IgA-opsonized organisms 
by CD89 is expected to result in phagocytosis and clearance of
bloodborne pathogens, as well as antibody-dependent, cell-
mediated cytoxicity (ADCC) [29]. Interestingly, mucosal type
IgA (sIgA) does not bind this receptor, only serum pIgA and 
IgA immune complexes. IgA–antigen complexes are not cleared
through hepatocytes into bile in man; however, alternative 
pathways to clear IgA complexes in the liver are present. These
include the FcαRI on Kupffer cells and the ASGP-R on hepato-
cytes that primarily direct their ligands to lysosomes [39].
Secretion of IgA into bile in man may primarily serve to provide
an immune surveillance mechanism for the biliary tree, rather
than a major source of IgA for the intestinal lumen. However,
IgA-deficient individuals are not particularly prone to severe 
biliary tract infections, and IgM may provide additional protec-
tion [40].

Immunoglobulins and liver disease

Liver disease has interesting effects on IgA, particularly alcoholic
liver disease. Severe liver damage or cirrhosis of any aetiology
can lead to an elevation in serum IgA [41,42]. Interestingly,
however, alcohol use even with only mild changes in liver 
histology leads to elevations in serum IgA [43,44]. This has been
called an IgA-associated disorder linking it to such diseases as
Berger’s disease (primary IgA nephropathy), Henoch–Schonlein
purpura and IgA-producing myeloma.

The mechanism of increased serum IgA and deposits in the
liver sinusoids is unclear. A simple explanation is that alcohol
affects hepatic IgA catabolism, perhaps by decreasing uptake via
ASGP-R [28]. This probably accounts for some of these findings;
however, evidence suggests that the situation is more complex
with an increase in IgA synthesis. There is some evidence that
IgA-producing B cells are spontaneously active in alcoholic liver
disease, although T-cell function is depressed [45,46]. Multiple
studies have shown an increase in IgA antibodies against 
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bacteria or bacterial products, as well as dietary components 
in alcoholic liver disease [47–49]. The specific reasons for this
increase in response to microbial and food antigens are unclear
but may include disease-specific, disease-non-specific and
severity-related mechanisms. Alcohol may influence immune
function by decreasing Kupffer cell phagocytic activity or by
decreasing gut epithelial barrier function leading to increased
antigen availability [50,51]. Severe liver damage of any aetiology
may additionally lead to decreased clearance of antigens, leading
to increased stimulation of the mucosal immune system. Inter-
estingly, hepatic sinusoidal IgA is primarily mIgA, whereas
serum shows an increase in the proportion of pIgA2 [41,42,52].
The reasons for the increased proportion of IgA2 in serum, and
the IgA1 in hepatic sinusoidal deposits in alcoholic liver disease,
remain to be fully investigated. Limited evidence suggests that
sinusoidal IgA deposits may be found in non-alcoholic steato-
hepatitis (NASH) that are indistinguishable from those seen
with alcoholic liver disease [53].

Of additional interest is the finding that patients with alco-
holic liver disease have increased titres of IgA and IgG antibodies
that recognize acetaldehyde-modified protein condensates [54].
This suggests a direct link between alcohol metabolites and anti-
gen stimulation of IgA-producing plasma cells, implying a role for
these antibodies in alcohol-related liver disease. However, no liver-
related pathogenicity of the increased titres of IgA has been shown,
and these antibodies may decrease hepatic inflammation [55].

In addition to alcohol-related liver disease, serum IgA is 
elevated in primary biliary cirrhosis (PBC) [42,56]. Reports of
elevation of IgA in extrahepatic biliary obstruction have not
been confirmed, but serum SC is elevated in both extrahepatic
biliary obstruction and PBC [42]. Elevations in serum and
mucosal IgA in PBC may be mechanistically related to patho-
genesis of the disease, rather than being a result of the liver
injury. Specifically, IgA antibodies against pyruvate dehydroge-
nase complex are proposed to bind to this complex during tran-
scytosis in salivary, lachrymal and biliary epithelial cells [57].
This complex is part of the antimitochondrial antibody–antigen
complex implicated as self-antigen in PBC. This binding could
potentially contribute to the pathogenesis, but this has not been
proven (see Chapter 11.1).

In the healthy liver, B cells make up only about 5% of lym-
phocytes. In disease states such as autoimmune hepatitis, 
PBC, chronic hepatitis B and chronic hepatitis C, collections of 
lymphocytes termed intrahepatic lymphoid follicles (ILFs) have
been seen. In chronic hepatitis C, these have been shown to
include well-formed germinal centres similar to those in spleen
that allow differentiation, clonal selection and affinity matura-
tion of B cells [58]. As discussed for antibodies above, the func-
tional significance of B-cell collections in the liver has not been
defined in any of these diseases. In hepatitis B and hepatitis C,
the T-cell response is the main determinant in clearing infection,
and the role of antibodies in clearance, control or even persis-
tence is not known (please see Chapter 9.1 for a full discussion of
hepatitis B and hepatitis C).

IgA nephropathy associated with liver
disease

Liver disease is a common cause of IgA nephropathy; in fact, it 
is the most common form of secondary IgA nephropathy [59].
The majority of the data for IgA nephropathy associated with
liver disease are from patients with alcoholic liver disease; how-
ever, this form of nephropathy is seen in some patients with 
liver disease of other aetiologies as well [52]. The incidence 
of glomerular abnormalities seen in patients with liver disease
ranges from 50% to 100% of those with cirrhosis. The glomeru-
lar deposits are usually mesangial IgA deposits [60]. Small
amounts of IgG, IgM and complement may also be present. 
Like the deposits in the hepatic sinusoids and in primary IgA
nephropathy, the mesangial deposits in hepatic IgA nephro-
pathy are primarily IgA1 [59]. This may be a consequence of the
increased production and decreased clearance of IgA or, alterna-
tively, antigen(s) or immune complexes may drive this deposi-
tion. Recent studies investigating the role of the FcαRI in IgA
nephropathy and alcoholic nephropathy have suggested that
increases in IgA stimulate shedding of the FcαRI. It is proposed
that complexes of the receptor and IgA may contribute to the
pathogenesis [29,61]. Additionally, increased renal mesangial
expression of the transferrin receptor which binds IgA has been
implicated in the pathogenesis of this disease [30]. Regardless,
only a small percentage of patients have clinically apparent dis-
ease. One series found 9.6% of all cirrhotic patients with nep-
hritis and 1.6% with nephrotic syndrome [62]. Most patients are
asymptomatic and may have only microscopic haematuria and
mild proteinuria [59]. Treatment options for alcoholic IgA
nephropathy have not been defined, and overall prognosis is
directly related to the degree of underlying liver disease.
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Introduction

The balance between cell division and cell death is a basic feature
of the development and maintenance of liver homeostasis.
There is increasing evidence that inappropriately controlled cell
death is associated with several liver diseases. Liver failure and
liver cancer are prototypical settings with uncontrolled massive
cell death, on the one hand, or resistance to apoptosis, which is
considered to be a hallmark of cancer cells, on the other hand.
From the point of view of a metazoan organism, a single cell has
many ways to die or survive at the wrong time: one separates 
an impairment of the intrinsic active cell death programme,
apoptosis, from death due to (oncotic) necrosis, autophagy or
mitotic catastrophe.

This chapter will mainly focus on the molecular mechan-
isms involved in the apoptotic cell death programme. Possible
interactions between non-apoptotic and apoptotic cell death 
pathways are delineated, and new targets for the design of ther-
apeutics that are aimed at modulating the death of liver cells 
are discussed.

The phenomenon of apoptosis and its
morphology

Apoptosis is a common property of multicellular organisms in
order to eliminate unwanted and potentially harmful cells.
Apoptosis is actively controlled and occurs in a programmed
fashion; thus, it is also referred to as programmed cell death
(PCD).

Morphological observations, which today are recognized as
distinct apoptotic morphological changes, were first described
by Carl Vogt in 1842. The phenomenon of PCD was first called
apoptosis (Greek, meaning ‘falling off ’) in 1972, occurring in
the liver after portal vein ligation [1]. However, it took about
two decades before the importance of active cell death became
generally accepted as a mechanism of controlling tissue and
organ cellularity in concert with its functional counterpart,
mitosis. Apoptosis is now known to play a fundamental role in
physiological processes such as mammalian development and

immune reactions [2]. During embryonic growth, apoptosis 
is the main mechanism for the removal of unnecessary tissue. 
In the adult organism, apoptosis regulates the balance between
cell proliferation and death. When cells are no longer needed,
infected, aged or have become seriously damaged, they are
cleared by apoptosis [3]. In the immune system, potentially
autoreactive and useless immune cells are mainly eliminated by
apoptosis.

Morphological features in the pathobiology of liver diseases,
now recognized as part of the apoptotic process, have been
described in earlier chapters. Terms such as ‘shrinking necrosis’,
‘acidophil bodies’ and ‘Councilman bodies’ were used to
describe apoptotic hepatocytes before the term ‘apoptosis’ was
coined [4]. Along with the distinct morphological alterations,
apoptosis is accompanied by various biochemical changes. 
As these changes are not specific for hepatocyte apoptosis, mor-
phological assessment still presents the ‘gold standard’ for the
identification of apoptotic cell death.

During the process of apoptosis, cells shrink and lose their
contact with neighbouring cells [5]. Chromatin condenses at the
nuclear membrane and the nucleolus dissociates. At the same
time, the cytoplasm shows condensation and the formation of
cytoplasmic blebs (‘zeiosis’). Fragmentation of the cytoplasm
and the nucleus results in membrane-bound, subcellular frag-
ments, referred to as apoptotic bodies, which still contain intact
organelles.

An inherent part of the apoptotic programme is the rapid
phagocytosis of apoptotic bodies. Apoptotic hepatocytes are
mainly phagocytosed by Kupffer cells. This process requires the
recognition of membrane markers that are expressed on the
outer surface of apoptotic cells [6]. An important signal for
removal is the outside exposure of phosphatidylserine, which is
normally localized exclusively to the inner leaflet of the plasma
membrane. However, in liver cells, the asialoglycoprotein recep-
tor may mainly mediate the clearance of apoptotic cells [7].

Phagocytosis of apoptotic cells is typically not accompanied
by profound inflammatory reactions. Apoptotic bodies main-
tain their membrane integrity, thus avoiding the liberation of
potentially toxic intracellular contents. In addition, the clearance
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by Kupffer cells is a rapid process, which prevents triggering of
the immune response that may follow spontaneous lysis of
apoptotic bodies. However, in pathological conditions, hepato-
cellular apoptosis may cause inflammatory reactions such as
infiltration of neutrophils [8]. The same applies for necrosis, in
which membrane integrity is lost, and the resulting cytolysis
elicits an inflammatory response [9].

Presumably, the most remarkable feature of apoptosis is 
its highly regulated nature. The molecular pathways leading to
apoptosis are tightly controlled by a complex network of pro-
teins and their endogenous inhibitors. Various checkpoints in
apoptosis pathways allow the cell to prevent the engagement of
the death machinery under physiological conditions or to start
or continue the death programme in pathological conditions.

Biochemistry of apoptosis

As a result of the activation of intracellular proteases and
endonucleases, profound biochemical changes such as DNA
fragmentation and degradation of cellular proteins accompany
apoptosis.

Transglutaminases

Transglutaminases are a family of thiol- and Ca2+-dependent
acyltransferases, which catalyse cross-links between glutamine
and lysine residues. Transglutaminase 2 is known to be induced
during the in vivo apoptotic programme and appears to be
required for the formation of the rigid structure of the tightly
scaled apoptotic bodies that contain extensively cross-linked
proteins. Recently, it has been shown that the clearance of 
apoptotic hepatocytes is defective in the absence of transglutam-
inase 2, resulting in the accumulation of apoptotic cells and
inflammatory reactions [10].

Proteases

Apoptosis is accompanied by the proteolytic breakdown of
structural proteins and proteins involved in signalling [11]. The
activation of cysteinyl aspartate-specific proteases, caspases, is
central to most apoptotic pathways and occurs in a programmed
fashion. Originally, caspases were identified in the nematode
Caenorhabditis elegans [12]. The human genome encodes 13 dis-
tinct caspases. Caspases are synthesized as inactive precursors.
Upon specific cleavage at defined aspartate residues, they are
activated. The so-called ‘initiator caspases’, including caspase-2,
-8, -9 and -10, are recruited to large protein complexes such as the
death-inducing signalling complex (DISC) or the apoptosome
(see below). These caspases cleave and activate ‘executioner’ 
caspases, mainly caspase-3, -6, and -7, which subsequently
cleave other proteins, e.g. poly-(ADP-ribose) polymerase or 
histone H1. Caspase activation has been viewed as being synony-
mous with apoptotic cell death. However, caspases also con-
tribute to processes that do not culminate in cell death [13]. For

example, caspases-1, -4 and -5 are involved in inflammatory
cytokine production and may not propagate cell death signals.

Apart from caspases, other proteases such as cathepsins have
been implicated in hepatocyte apoptosis. Cathepsins are among
the most abundant lysosomal enzymes. Activation of death
receptors as well as different stress stimuli can trigger permeab-
ilization of lysosomes, resulting in a translocation of cathepsins
into the cytoplasm. Cathepsin activity can result in apoptotic
features, dependent on and independent of caspase activity [14].
Cathepsin B actively participates in hepatocyte apoptosis, e.g.
after exposure of hepatocytes to tumour necrosis factor (TNF)
[15]. In cathepsin B knockout mice, hepatocytes are resistant 
to TNF-mediated apoptosis [16]. Inhibition of cathepsin B
attenuates hepatic injury after bile duct ligation [17].

Calpains have also been implicated in apoptotic cell death 
in the liver after ischaemic injury [18]. Calpains are a group 
of calcium-dependent, non-lysosomal cysteine proteases con-
tributing to cell injury by proteolysis of a plethora of substrates.

Endonucleases

Endonuclease activity results in a characteristic fragmentation 
of genomic DNA into oligonucleosomes (‘DNA laddering’).
First, DNA is cleaved into 300- and 50-kb fragments [19].
Second, DNA is cleaved into 180- to 200-bp fragments, resulting
from multiple single-stranded nicks in the internucleosomal
linker region.

Methods for the investigation of
apoptosis

There is general agreement that the only universal features of
apoptosis are the distinct morphological changes, such as chro-
matin condensation and nuclear fragmentation [20]. Widely
used methods include the identification of the characteristic
internucleosomal DNA fragmentation by DNA laddering after
gel electrophoresis [5] or an in situ demonstration using the 
terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick end labelling (TUNEL) assay [21]. DNA 
laddering or positive TUNEL staining, however, are not an
unequivocal proof of apoptosis, as they may not distinguish
internucleosomal DNA cleavage of apoptosis from the pattern
of DNA cleavage in necrosis, e.g. in the model of bile duct 
ligation-associated liver injury [22]. An evaluation of the cell-
ular morphology by electron microscopy may additionally be 
performed.

Some routine flow cytometry methods are based on the fact
that DNA fragmentation is associated with a decrease in the
DNA binding of dyes such as propidium iodide, which can be
readily detected by flow cytometry [23].

Detection of proteins involved in the apoptotic process is 
an additional possibility for assessing apoptosis, although most
candidate proteins are not absolutely specific for apoptosis.
Another marker for apoptosis is phosphatidylserine, which is
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externalized at the cell membrane in the early phase of apoptosis
and can be detected by annexin V labelling in flow cytometry [24].

An additional approach to investigate apoptosis pathways is
to monitor the activity of caspases. A number of assays have been
developed that measure caspase activity through the use of
specific fluorogenic substrates [25]. In addition, cleaved caspase
substrates such as cytokeratin 18 can be detected by enzyme-
linked immunosorbent assay (ELISA) or by immunoblotting,
e.g. in the sera of patients undergoing liver injury. It is important
to note, however, that caspase activity does not automatically
reflect apoptosis cascades (see below).

Activation of mitochondria is a central event in apoptosis, but
also occurs in other modes of cell death. It is reflected by a mito-
chondrial outer membrane permeabilization (MOMP), which
can be measured by flow cytometry or by detection of proteins
released from the mitochondrial space (e.g. cytochrome c).

In conclusion, no specific assay or parameter, except the mor-
phological changes in vivo, allows a clear distinction between
apoptosis and other cell death patterns.

Mechanisms of apoptosis

Although apoptosis of hepatocytes can be triggered by several
different stimuli, apoptotic signalling is mainly transduced by
two major molecular pathways, an extrinsic pathway mediated
by death receptors on the cell surface and an intrinsic pathway,
which is triggered at the mitochondrial level (Fig. 1). Both path-
ways culminate in the activation of caspases and endonucleases,
which ultimately degrade the cellular constituents.

Extrinsic death pathway

The extrinsic death pathway is initiated by binding of death
receptor ligands to specific death receptors on the cell surface
(Fig. 2). Death receptors belong to the TNF superfamily, which
is characterized by a sequence of two to five cysteine-rich 
extracellular repeats. The death receptors share a homologous
intracellular death domain (DD), which is essential for the
transduction of the apoptotic signal [26]. The most widely ex-
pressed death receptors on hepatocytes are CD95 (Fas/APO-1)
and TNF receptor 1 (CD120a).

CD95 (Fas/APO-1)/CD95L

Among the death receptors, CD95 has been characterized most
extensively [27]. It is a widely expressed glycosylated transmem-
brane protein that is expressed in most tissues. Hepatocytes 
constitutively express CD95 on their surface, rendering the liver
highly sensitive towards CD95-mediated apoptosis [28]. Thus,
mice injected with agonistic CD95 antibodies rapidly die of 
liver failure. Correspondingly, human hepatocytes are highly
sensitive to CD95 triggering in vitro [28,29]. The ligand of CD95,
CD95L, is a transmembrane protein mainly expressed on acti-
vated T and B cells, as well as in immune-privileged sites such as
the testis and eyes. Under pathological conditions, CD95L is also
found in the liver, e.g. on activated T cells and on hepatocytes. In
addition to a membrane-bound form, a soluble form of CD95L
exists, which is generated by extracellular metalloproteinase
activity [30].

Extrinsic pathway

Ligand

Death receptor

DISC

Intrinsic pathway

Apoptosis stimulus

Truncated Bid

Bid

Executioner caspases

Death substrates

Apoptosis

Active
caspase-8 or -10

Cyt c
Apaf-1

Caspase-9
‘apoptosome’

Fig. 1 The two main pathways for the initiation
of apoptosis. Apoptosis can be triggered by
two alternative pathways. The extrinsic
pathway is initiated by binding of ligands to
specific death receptors on the cell surface. 
The intrinsic pathway is initiated at the
mitochondria by various stimuli. Initiator
caspases such as caspase-8, -9 and -10 activate
executioner caspases such as caspase-3, 
-6 and -7. Executioner caspases cleave death
substrates and, finally, apoptosis occurs. 
Apaf-1, apoptotic protease activating factor-1; 
cyt c, cytochrome c; DISC, death-inducing
signalling complex.
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The crucial determinant of death receptor signalling is the
formation of a multimeric complex of proteins triggered by
receptor cross-linking with their natural ligands. The structure
formed is called the death-inducing signalling complex (DISC)
[31]. The DISC of CD95 consists of trimerized CD95, the
adapter Fas-associated death domain protein (FADD/Mort1),
caspase-8 and caspase-10 [32]. FADD is recruited to the DISC
after trimerization of CD95 and is capable of binding caspase-8
and -10, resulting in activation of the caspase cascade.

Depending on the cell type, either of two different pathways is
activated downstream of CD95 after DISC formation. In type I
cells, the death signal is propagated by a cascade that is initiated
by the activation of large amounts of caspase-8 at the DISC and
subsequent activation of downstream caspases. In type II cells,
propagation of the apoptotic signal depends on its amplification
via mitochondria [33]. In vivo studies with Bid-deficient mice
indicate that hepatocytes are CD95 type II cells [34].

TNF

TNFR1 can signal a diverse range of activities including apopto-
sis, proliferation and inflammation. Its ligand, TNF, is produced
by many cell types, including lymphoid cells and macrophages,
and also activates TNFR2. At least one of these two TNF recep-
tors is present in almost every cell [35]. Although most of the
biological activities of TNF appear to be transduced by TNFR1,
many can also be mediated by TNFR2. Exposure to TNF results
in activation of transcription factors, such as AP-1 and NFκB.
Following ligand-induced trimerization, TNFR1 recruits a 
multivalent adapter molecule, termed TNFR1-associated death
domain protein, which binds to a number of signalling
molecules such as TRAF2, FADD and RIP. TNF-induced apop-
tosis is most likely to be mediated via FADD-induced caspase-8
recruitment, while TRAF2 and RIP recruitment results in 
activation of the protein kinase JNK, AP-1 and NFκB. NFκB and

AP-1 mediate important immunoregulatory functions. NFκB
activation can also protect cells against apoptosis.

TNF-related apoptosis-inducing ligand (TRAIL)

The death receptor ligand TRAIL is a type II transmembrane
protein that interacts with at least five members of the TNF
receptor superfamily [36]. TRAIL rapidly induces apoptosis 
in a wide variety of transformed cell lines. TRAIL-R1 and -R2
contain a cytoplasmic death domain and are capable of 
transducing an apoptotic signal upon ligation of TRAIL [37].
TRAIL-R1 and -R2 are also present on hepatocytes. However, 
it is debatable whether the TRAIL receptor is expressed on 
hepatocytes and whether these cells are sensitive to the specific
ligand TRAIL [38].

Transforming growth factor (TGF)-beta

TGF-β1 can induce growth arrest and apoptosis in many cell
types including hepatocytes [39]. The specific high-affinity
receptors of TGF-β1 are present on essentially all cells, and 
TGF-β1 is expressed in most tissues. TGF-β1 is released, e.g.
from activated hepatic stellate cells (HSC), and acts as a pro-
fibrogenic master cytokine by the following mechanisms:
• It stimulates the transdifferentiation of HSC into myofi-
broblasts.
• It stimulates matrix synthesis in myofibroblasts.
• It inhibits matrix degradation.
• It induces apoptosis of hepatocytes.

Intrinsic death pathway

The intrinsic pathway is initiated at the mitochondrial level.
Mitochondria act as integrating sensors of various death 
stimuli. A range of BH3-only members of the Bcl-2 family 

CD95L TL1A TRAIL / APO-2L TNF NGF EDA1

DR6EDARNGFRTNF-R1-R4-R3-R2TRAIL-R1DR3FAS
CD95

DcR3

? Fig. 2 Death receptors and their ligands. 
So far, eight members of the death receptor
family have been characterized: TNFR1 (tumour
necrosis factor receptor 1), CD95 (also known
as APO-1 or Fas), DR3, TRAIL-R1 and TRAIL-R2
(TNF-related apoptosis-inducing ligand
receptor 1 and 2), DR6, ectodysplasin A
receptor (EDAR) and nerve growth factor
receptor (NGFR). Death receptors are
distinguished by a cytoplasmic region termed
the death domain. After triggering by their
corresponding ligands, a number of molecules
are recruited to the death domains. Death
ligands also interact with decoy receptors
(DcRs) that do not possess death domains
[TRAIL-R3, TRAIL-R4, DcR3 and osteoprotegrin
(not shown)]. Receptors are given below the
scheme, ligands at the top. The question mark
indicates the unknown ligand for DR6. TL1A,
endothelial cell-derived TNF-like factor.
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(see below) trigger the mitochondrial signalling cascade by 
acting as sentinels for cell stress, damage or infection [40]. 
Upon activation, they are mobilized to initiate mitochondrial
outer membrane permeabilizatiion (MOMP) through post-
translational modification, resulting in the release of effector
molecules such as cytochrome c, Smac/DIABLO (second 
mitochondrial-derived activator of caspase/directed IAP bind-
ing protein with low pI) and apoptosis-inducing factor (AIF)
from the intermembranous space of mitochondria. Once
cytochrome c is released into the cytosol, the apoptosome is
assembled, which is a multiprotein complex in which Apaf-1
serves as an oligomerization platform for assembly and autopro-
teolytic activation of caspase-9. Subsequently, caspase-9 activates
further downstream caspases. Smac/DIABLO facilitates caspase
activation by sequestering caspase inhibitors. AIF is thought to
induce apoptotic changes in a caspase-independent manner.

Molecules involved in the regulation of
hepatocyte apoptosis

A variety of molecules influence the apoptotic sensitivity of 
hepatocytes in physiological and pathological conditions. Key
molecules that are thought to play a major role in hepatic 
apoptosis pathways are discussed below.

p53

Mutations in the TPp53 gene (the gene that encodes human p53)
are the most common genetic alteration observed in human
cancer [41]. p53, as a guardian of the genome, transduces the

diversity of signals arising from stress and damage into tumour-
suppressive apoptotic and growth-arresting responses. p53 can
be activated by kinases such as the DNA-dependent protein kinase
and ATM (ataxia telangiectasia, mutated). ATM phosphorylates
p53, which leads to the abrogation of p53 binding to the ubiquitin
ligase Mdm-2 and activation of p53. Subsequently, p53 regulates
the expression of several pro- and antiapoptotic genes at tran-
scriptional and posttranscriptional levels. For example, in the
context of DNA damage, p53 can result in the transcriptional
activation of the BH3-only proteins Puma and Noxa, which 
can promote MOMP. In addition, p53 can transcriptionally
activate death receptors as well as death ligands. A transcription-
independent proapoptotic effect involves direct interactions of
p53 and MOMP inducers at the mitochondrial level.

Bcl-2 family

The Bcl-2 family is a well-established family of proteins playing 
a pivotal role in preserving mitochondrial integrity. Common 
to all Bcl-2 family members are the Bcl-2 homology regions
(BH1–4). These proteins are predominantly localized to the
outer mitochondrial membrane (OMM), but also to other cellu-
lar membranes. The family is split into multidomain antiapo-
ptotic proteins (e.g. Bcl-2, Bcl-xL and Mcl-1), multidomain
proapoptotic proteins containing three BH domains (e.g. Bax
and Bak) and the proapoptotic BH3-only proteins containing
only one BH region (e.g. Bid, Bim, Noxa, Puma). Multidomain
proapoptotic Bcl-2 proteins are thought to catalyse MOMP by
triggering oligomerization of BH3-only proteins (Fig. 3). BH3-
only proteins most probably initiate MOMP by inducing

Cyt c
Apaf-1

Caspase 9

Bid
Bim

Noxa
Bad

Executioner caspases

Death substrates

Bcl-2
Bcl-xL

Mcl-1

Cellular stress

BH3-only

Channels

Bak
Bax

Smac/DIABLO
Cyt c

IAPS

Fig. 3 Regulation of mitochondrial activation.
Various stimuli can initiate mitochondrial
activation. A subfamily of proapoptotic Bcl-2
proteins, the ‘BH3-only proteins’, act as
sentinels for cell stress and damage and can 
be mobilized to initiate mitochondrial outer
membrane permeabilization (MOMP) by
triggering oligomerization of Bax and/or Bak in
the outer mitochondrial membrane.
Oligomerization results in the formation of
channels that permit the escape of several
molecules into the cytoplasm.
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oligomerization of Bax and Bak in the OMM [42]. Bax and Bak
can form channels in the OMM through which many proteins
escape from the mitochondrial intermembranous space. BH3-
only proteins fall into two subfamilies: those that can directly
trigger opening of the Bax–Bak channel to precipitate MOMP
(such as Bid and Bim) and those that sensitize the opening of the
channel by neutralizing members of the antiapoptotic Bcl-2
family (such as Puma and Noxa). The antiapoptotic members,
Bcl-2 representing the paradigm, mainly reside in the OMM and
counter the effect of proapoptotic members.

Inhibitor of apoptosis (IAP) family

In humans, eight members of the IAP family have been
identified so far, including XIAP, c-IAP1/2 and survivin. IAPs
are endogenous inhibitors of caspases and therefore counteract
apoptosis. They may also function as ubiquitin ligases, promot-
ing the degradation of caspases. Some of the proteins that are
released from mitochondria, e.g. Smac/DIABLO, can bind to
IAPs and thereby relieve their caspase inhibition.

NFkB

NFκB was originally discovered as a result of its role in regulat-
ing gene expression in immune and inflammatory responses.
However, activation of NFκB can protect liver cells from the
apoptotic cascade induced by TNF and other stimuli, mainly by
its effect on the transcription of antiapoptotic genes, e.g. c-FLIP,
cellular IAPs and Bcl-xL [43].

FLIP

FLIPs [FADD-like interleukin-1β-converting enzyme-like pro-
tease (FLICE/caspase-8)-inhibitory proteins] interfere directly
at the level of death receptors. In human cells, two splice vari-
ants, a long form (FLIPL) and a short form (FLIPS), have been
identified, both sharing structural homology with procaspase-8
but lacking catalytic activity. The structural homology allows
FLIP molecules to bind to the DISC and thereby prevent the
activation of caspase-8 [2].

Regulation of apoptosis under
physiological conditions

Apoptosis under physiological conditions allows the removal of
damaged or unwanted cells with virtually no proinflammatory
response in the surrounding tissue. In rodents, only about one to
five apoptotic cells per 10 000 hepatocytes are found [44], pre-
ferentially located in zone 3 around the hepatic venules [45]. It
has been proposed that hepatocytes originate from the portal
area and progress towards the perivenular region, where they are
eliminated via apoptosis.

On increased functional demand, e.g. in overfeeding, in preg-
nancy, during severe protein loss or after treatment with a wide

range of drugs (such as phenobarbital), rodent liver enlarges as 
a result of hypertrophy and hyperplasia. Once the stimulus is
removed, the liver returns to its normal size by removing exces-
sive hepatocytes via apoptosis.

Regulation of apoptosis under
pathological conditions

Balance between cell division and cell death is a basic feature 
in the development and maintenance of liver homeostasis.
Disturbances in this balance can cause liver diseases: too much
cell death can cause liver injury, too little cell death is a prerequ-
isite for the development of hepatocellular carcinoma. Thus, a
tight control of the equilibrium between life and death in the
liver is necessary.

During liver injury, hepatocytes, endothelial cells and cholan-
giocytes are driven to die by apoptosis due to the accumulation
of cytokines such as TNF, IL-1β and interferon (IFN)-γ, as well
as toxic metabolites, reactive oxygen species (ROS), bile acids
and other substances.

Deregulation of the apoptosis programme is pathophysiolog-
ically involved in acute as well as chronic liver diseases, including
cholestasis [46], hepatitis C [47] and alcoholic and non-alcoholic
steatohepatitis (NASH) [48,49]. The most dramatic liver disease,
fulminant hepatic failure (FHF), is characterized by uncontrolled
massive death of hepatocytes [28], e.g. in patients with acute
Wilson disease [50].

In both humans and rodents, apoptosis of hepatocytes in
acute and chronic liver diseases is generally mediated by death
receptors, in particular CD95. Increased CD95 expression has
been observed in several liver diseases [28]. High CD95 expres-
sion makes hepatocytes quite sensitive to cytotoxic T cells
expressing CD95L. In addition, the specific ligand of CD95,
CD95L, can be detected in sera of patients with liver diseases. For
example, CD95L derived from the placenta can enter the liver
via the fetomaternal circulation causing liver damage in patients
with haemolysis, elevated liver enzymes and low platelets
(HELLP) syndrome [51]. In contrast, enhanced expression of
CD95L on hepatocellular carcinoma cells might result in active
destruction of lymphocytes, thus contributing to an immune
evasion of cancer cells [52].

Caspases play an important role in liver injury. Their activity
reflects the extent of liver injury. For example, increased caspase
activation can be found not only in liver biopsies, but also in sera
from patients with hepatitis C [53]. In addition, serum caspase
activity correlates with the extent of steatosis and the progres-
sion of fibrosis [54]. Other proteases, such as cathepsin D, can
induce cell death independently of caspase activity via triggering
of AIF release from mitochondria [55].

Toxic and metabolic liver injury

Several drugs and toxins or their metabolites can cause liver
injury by both necrosis and/or apoptosis. For many hepatotoxic
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substances, evidence for induction of apoptosis has been
obtained, e.g. for ethanol [28], paracetamol [56] and cytostatic
drugs [57]. In alcoholic hepatitis, hepatocyte apoptosis is fre-
quently observed and correlates with disease severity. Apoptosis
is partly induced by CYP2E1-dependent formation of ROS and
lipid peroxides, which can cause mitochondrial activation. In
addition, the CD95 as well as the TNF death receptor system
contribute to liver injury.

In NASH, apoptosis is also involved in disease progression
[49]. As in alcoholic hepatitis, expression of the death receptors
CD95 and TNFR1 is significantly enhanced on hepatocytes [48].
In addition, the lysosomal enzyme cathepsin B is thought to 
play an important role in apoptosis induction in NASH, as its
inhibition profoundly inhibits liver injury.

Viral hepatitis and immune-mediated liver
diseases

Viral infections of the liver can cause apoptosis. Councilman
bodies, a characteristic pathological feature of viral hepatitis,
closely resemble apoptotic cells. Apoptosis can be induced either
as a direct cytopathic effect of viruses or as a result of the host
immune response. In hepatitis B or C, activated cytotoxic T cells
expressing CD95L may kill infected hepatocytes expressing
CD95 [28]. Other pathways, including the TNF system, have
also been implicated in hepatocyte apoptosis during viral infec-
tion. Elimination of virus-infected cells by apoptosis may be
counteracted by viral-encoded proteins, which abrogate apop-
totic pathways, e.g. CrmA. In hepatitis C, multiple virus-derived
proteins counteract apoptosis induction as a possible mechan-
ism to maintain persistent infection [8].

In autoimmune hepatitis, lymphocytic infiltration also causes
hepatocyte apoptosis. In host-vs.-graft reaction in allograft
rejection, upregulation of apoptosis-associated factors, such as
TGF-β1, is observed.

Cholestatic liver disease

Bile acids have been shown to trigger hepatocyte apoptosis by
activation of death receptors, in particular CD95 [46]. Inter-
estingly, CD95-dependent apoptosis has been described as being
activated in the absence of ligand interaction. TRAIL-R2 is also
transcriptionally induced in persistent cholestasis and is thought
to contribute to liver injury [58].

Hepatic fibrosis

In contrast to physiological conditions, increased hepatocyte
apoptosis under pathological conditions is associated with an
inflammatory response. Upon persistent inflammation, fibro-
genesis can occur, mainly as a consequence of the activation of
hepatic stellate cells (HSC) following their transdifferentiation
into myofibroblasts [59]. Kupffer cells, the major phagocytes of
apoptotic bodies in the liver, can express death ligands and

proinflammatory cytokines, thereby accelerating hepatocyte
apoptosis and inflammatory reactions. Importantly, HSC also
engulf apoptotic bodies in the liver, a process that is associated
with activation of quiescent HSC and with production of 
TGF-β, a potent profibrogenic cytokine.

Hepatocarcinogenesis

The development of hepatocellular carcinoma (HCC) has been
associated with defective apoptosis and increased cell prolifera-
tion. HCC cells often show alterations in the expression of
tumour suppressor genes, DNA repair genes, genes involved in
the cell cycle and genes involved in apoptosis. Mutations in the
tumour suppressor gene p53 are among the most common
alterations observed in HCC [60]. The p53 protein is activated as
a result of DNA damage. Dysfunctional p53 allows the tumour
cell to escape apoptosis induction (see section on Molecules
involved in the regulation of hepatocyte apoptosis). Other alter-
ations leading to apoptosis resistance are downregulation of
death receptors, such as CD95, or enhanced expression of anti-
apoptotic proteins, such as Bcl-xL. In addition, expression of
CD95L enables HCC cells to actively kill immune cells [52].

Hepatocyte necrosis

Contrary to the controlled cellular death programme in apopto-
sis, necrosis (or recently renamed oncosis or oncotic necrosis) 
is a more chaotic mechanism of cell death. It results from
metabolic disruption with energy depletion and loss of adeno-
sine triphosphate (ATP), ion dysregulation and enhanced
degradative hydrolase activity. In the presence of oxygen, toxic
oxygen species may be generated followed by lipid peroxidation.
Loss of ATP leads to cellular oedema, rounding and swelling of
mitochondria, dilation of the endoplasmic reticulum, lysoso-
mal disruption and the formation of plasma membrane pro-
trusions called blebs [61]. Bleb formation, which is caused by
disrupted cellular volume control and cytoskeletal disturbances,
is reversible, e.g. after reoxygenation. If injury continues,
necrotic cell death occurs by failure of the plasma membrane
permeability barrier, leading to bleb rupture and the release of
cellular components. The release of cellular contents triggers an
inflammatory response in the surrounding tissue [1].

Similar to the intrinsic death pathway in apoptosis, damage to
mitochondria appears to be a key event in early progression of
necrosis [9]. In addition, proteases are involved in the induction
of necrotic cell death. Calpains, for example, have been impli-
cated as an intracellular mediator leading to necrosis. Upon 
activation, they dissociate from the membrane and exert prote-
olytic activity on a plethora of substrates, such as cytoskeletal
and membrane proteins, resulting in an alteration of the mito-
chondrial membrane potential [62]. Interestingly, necrosis can
also be regulated and may involve caspase activation [63].

Cell death by necrosis can frequently be observed in 
ischaemic injury in the liver, e.g. during shock, liver surgery or
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transplantation. A typical stimulus for necrosis in the liver is
cold hepatic ischaemia followed by reperfusion, which leads 
to necrosis within minutes [64].

Recent studies report a major role of necrotic cell death in
chronic liver injury as well. In the model of experimental bile
duct ligation in rats, liver injury is almost exclusively caused by
necrosis [22]. However, CD95-mediated apoptosis has also been
discussed as contributing to liver injury in cholestasis [46].

Other forms of cell death in liver 
injury

During the last decade, most research activities in hepatology
dealing with liver injury focused on the evaluation of apoptosis
pathways. In the past, the terms ‘programmed cell death (PCD)’
and ‘apoptosis’ have frequently been used as synonyms, and
PCD as well as apoptosis has been equated with caspase activa-
tion. However, there is accumulating evidence that hepatocytes
can die via PCD without typical features of apoptosis or necrosis
and independently of caspase activation. Caspase-independent
cell death is an important protective mechanism for an organism
to eliminate harmful cells in case of a failure of caspase activation
[13]. Thus far, various forms of caspase-independent PCD have
been described, depicted as autophagy, paraptosis, mitotic
catastrophe, anoikis and others (Fig. 4). In autophagy, cells die

by chewing themselves up [65]. Unlike apoptosis, cells are
degraded with little or no help from phagocytes and use their
own lysosomal system for degradation. Autophagy helps to
eliminate longlived proteins and plays an important role in cel-
lular remodelling. Hepatocytes of liver grafts show autophagic
vacuoles after reperfusion, suggesting that warm reperfusion
acts as a stress stimulus triggering autophagic degeneration [66].
The role of autophagy in the pathogenesis of other liver diseases
continues to be explored. In carcinogenesis of HCC, breakdown
of autophagy might play an important role [67].

The differentiation between autophagy and another form 
of cell death, called paraptosis, is not clear so far. Paraptosis 
is characterized by swelling of mitochondria and the endo-
plasmic reticulum (ER), leading to cytoplasmic vacuolation
[68]. Its role in liver injury has not yet been defined. The same 
applies for another type of cell death depicted as mitotic cata-
strophe. It results from abnormal mitosis due to defective cell
cycle checkpoints and leads to the formation of interphase cells
with multiple micronuclei [69]. Anoikis occurs if hepatocytes
lose their contact with the extracellular matrix. Indicators of
apoptosis do not appear until the cell has become non-adherent,
because the loss of adhesion is the cause and not the result of 
cell death. For hepatocyte survival, β1 integrin-mediated attach-
ment to hepatic extracellular matrix is a prerequisite to avoid
anoikis [70].

Necrosis (e.g. reperfusion injury, hypoxia, cholestasis)Apoptosis (e.g. FHF, NASH, cholestasis)

Paraptosis (liver?)

Autophagy
(e.g. reperfusion injury)

Anoikis (after hepatocyte detachment)

Death receptor ligands, TNF,
bile acids, ischaemia/reperfusion, ROS, etc.

D
ea

th
 s

ti
m

ul
us

Mitotic catastrophe (liver?)

Fig. 4 Modes of cell death in the liver. Hepatocytes can die from different modes of cell death. Apoptosis occurs in physiological as well as pathological
conditions and represents a highly organized and genetically controlled type of cell death leading to shrinkage of the cell and disintegration into small
apoptotic bodies. Paraptosis involves cytoplasmic vacuolation independent of caspase activity and in the absence of typical nuclear changes. Its role in liver
diseases is not yet defined. Necrosis (or oncosis/oncotic necrosis) leads to cellular oedema and disruption of the cell membrane, e.g. in reperfusion liver injury.
In autophagy, the cell’s own lysosomal system leads to degradation of organelles and cell death. Breakdown of autophagy has been hypothesized to
contribute to the development of hepatocellular carcinoma. Anoikis occurs if hepatocytes lose their contact with the extracellular matrix. Mitotic catastrophe
occurs after mitotic failure, but has not been described as contributing to liver injury so far. FHF, fulminant hepatic failure; NASH, non-alcoholic
steatohepatitis; ROS, reactive oxygen species; TNF, tumour necrosis factor.
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Mixed patterns of cell death in 
liver injury

Hepatocyte apoptosis and necrosis as well as other forms of cell
death may occur in parallel in pathological conditions. The con-
tribution of certain specific death modes to liver injury is often
elusive for the following reasons:
1 Morphological and molecular overlaps. Although many bio-
chemical and immunological assays have been developed to
characterize apoptosis, none of the changes monitored in these
assays is unique to apoptosis (see the section on Methods for the
investigation of apoptosis).
2 Certain death stimuli may lead to different modes of cell
death. In various liver diseases, critical death stimuli have been
identified. However, death stimuli such as cytokines, bile acids
or ROS can trigger different modes of cell death in parallel. For
example, if detoxification of ROS is impaired in the liver, oxida-
tive stress occurs, e.g. in obstructive cholestasis [71]. A decision
between necrotic and apoptotic cell death upon oxidative stress
may depend on the intracellular ATP level. A marked depletion
in ATP facilitates necrotic cell death, whereas high levels of ATP
favour the development of apoptosis.
3 Molecular switches between different modes of cell death.
Apoptosis induction may be followed by secondary necrosis,
when ATP is eventually depleted during apoptosis [72].
Ineffective elimination of apoptotic bodies may also result in a
switch from apoptosis to necrosis caused by an inflammatory
response. In contrast, if the necrosis pathway is inhibited, death
stimuli may eventually force the cell into apoptosis [64]. Several
mediators, such as nitric oxide (NO), have been described to
function as potent modulators of death programmes by ATP
depletion or inactivation of caspases.
4 Activation of proteases may result in different death modes.
Lysosomal proteases, such as cathepsins, may trigger different
death modes in liver injury. Low release of lysosomal proteases

triggers apoptosis, whereas massive release leads to necrosis
[73]. Calpains have been implicated as an intracellular mediator
leading to apoptosis as well as necrosis [74,75].
5 Cross-talk between different proteolytic systems. Cross-talk
between caspases, cathepsins, calpains and other proteases
influences the mode of cell death in liver injury and further com-
plicates the differentiation between specific death programmes.
6 Underestimation of apoptotic cell death. The extent of apop-
totic cell death is frequently underestimated because: (i) apopto-
sis is a rapid event with an estimated duration of 2–3 h; and (ii)
only scattered single cells may be affected, and apoptotic bodies,
which are readily eliminated, are small.

Targeting cell death in liver diseases

Liver injury is caused by a complex picture of cell death patterns.
As the apoptosis programme is deranged in a series of liver dis-
eases, many therapeutic approaches target the apoptotic cascade
(Fig. 5). A series of publications describe successful rescue of
animals from FHF, for example by blocking caspase activity
[76], expression of antiapoptotic Bcl-2 family members [77] and
expression of dominant negative FADD/MORT1 [78,79]. The
discovery of RNA interference opens up new opportunities 
to specifically target apoptosis pathways, e.g. through down-
regulating genes encoding CD95 or caspase-8 [80,81]. Other
approaches target death receptor ligands. For example, FLINT
(LY498919) has been shown to effectively bind CD95L and
LIGHT, another TNF receptor family ligand, and may have ther-
apeutic benefits in liver diseases in which the pathogenesis is
believed to be related to inappropriate apoptosis [82].

Caspases are an attractive target not only for antiapoptotic
interventions in acute, but also in chronic hepatitis [83].
Caspase inhibitors have already entered clinical trials in patients
with liver diseases, e.g. in patients with hepatitis C [84].
However, inhibition of caspases might not be effective in 

Blocking of death receptor
signalling (e.g. anti-TNF therapy)

Caspase inhibition
(e.g. caspase-8 siRNA)

Activation of NFkB

Expression of clAPs

Inhibition of KC/HSC
(e.g. activation of TRAIL-R2)

Expression of antiapoptotic
Bcl-2 family members

Activation of survival
kinases, e.g. P13K/Akt

Interference with
DISC formation

Inhibition of cathepsin B

Death sti
mulus

Fig. 5 Prosurvival strategies for the treatment
of liver diseases. Much effort has been devoted
to the search for strategies to inhibit liver injury.
Most of these efforts target apoptosis
pathways, such as inhibition of caspases and
death receptor signalling. KC, Kupffer cells;
HSC, hepatic stellate cells; cIAP, cellular
inhibitor of apoptosis; DISC, death-inducing
signalling complex; siRNA, small interfering
RNA.
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certain complex pathophysiological conditions for the following
reasons:
• Interference with caspase activity may not alter the extent of
death, but rather the shape of the demise [85].
• Caspase inhibitors can prevent the appearance of certain, but
not all features of apoptosis [86].
• Deletion of single caspases may have only localized and partial
effects on cell death, whereas broad-range caspase inhibitors
may inhibit unrelated proteases, whose activity may be neces-
sary for survival.
• Several forms of cell death, including apoptosis-like death, can
occur in a caspase-independent manner or are even accelerated
by caspase inhibitors.

Other approaches to reducing cell death in liver injury include
inhibition of calpains and cathepsins. Calpain inhibition reduces
the number of apoptotic sinusoidal endothelial cells (SEC). This
may be of special interest for the prevention of reperfusion
injuries in clinical transplantation, as apoptosis of SEC is a 
key feature in this scenario [87]. Inhibition of cathepsin B is of
therapeutic interest, e.g. for the attenuation of hepatic injury in
cholestasis [88] or reperfusion injury [89].

Targeting of TGF-β may also inhibit hepatocyte apoptosis.
Experimental therapeutic strategies are focused on inactivation
of TGF-β by overexpression of soluble TGF-β receptors as scav-
engers, by intracellular overexpression of mediators inhibiting
TGF-β signalling or by inhibition of TGF-β synthesis.

Other approaches include inhibition of MOMP by expression

of antiapoptotic members of the Bcl-2 family as well as phar-
macological inhibition of the permeability transition pore of 
mitochondrion-specific ion channels.

Growth factors such as hepatocyte growth factor have been
shown to inhibit CD95-mediated apoptosis of human hepato-
cytes and might be applied in liver diseases in which the CD95
system is involved [90].

The design of antiapoptotic therapeutic strategies should 
consider the overlapping death programmes in hepatocytes.
Inhibition of apoptosis may have little effect on the survival 
of liver cells if a decrease in apoptosis is compensated for by an
increase in the fractions of cells that undergo permanent growth
arrest with features of cell senescence or die through the process
of mitotic catastrophe. Considering the fact that switches
between different cell death modes can occur that are dependent
on the mediators and tissue conditions, targeting of individual
death pathways may not be sufficient to ameliorate liver injury
effectively. In addition, blocking of cell death in the liver may
not only promote survival of hepatocytes, but also that of poten-
tially harmful cells, including hepatic NKT cells. NKT cells are
abundant in the normal liver and are thought to contribute to
the pathophysiology of FHF and other forms of liver injury [91].
An antiapoptotic therapy regimen may also trigger liver fibrosis
by preventing cell death of HSC [92]. Finally, promotion of cell
survival in liver injury may favour carcinogenesis of HCC, as
death of abnormal cells in the liver is an important process in
preventing clonal expansion and tumour formation (Fig. 6).

Triggering of alternative death modes?
(e.g. necrosis after caspase inhibition)

Promoting survival of potentially harmful cells?
(e.g. NKT cells)

Triggering of
clonal expansion?

Triggering of senescence?

Promoting fibrosis? (e.g. activation of HSC)

Fig. 6 Pitfalls of antiapoptotic therapy strategies for liver diseases. Targeting death pathways in the liver is a powerful tool for the treatment of liver diseases.
However, possible side-effects should be considered. Senescence: a signal transduction programme leading to irreversible cell cycle arrest. HSC, hepatic
stellate cells; NKT cells, natural killer T cells.
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Despite possible limitations, the investigation of novel
approaches for the inhibition of liver cell death will probably
lead to new treatment options in clinical hepatology.

Conclusion

Death programmes in the liver enable the elimination of 
damaged and unwanted cells in vivo. In acute and chronic 
liver injury, the balance between death and survival is dis-
turbed. Enhanced liver cell death through apoptosis and necrosis
is a key pathogenic feature of liver diseases. However, under
pathological conditions, various cell death patterns in hepato-
cytes cannot be classified as either necrosis or apoptosis, e.g. var-
ious forms of programmed cell death independent of caspase
activity. In addition, overlaps between the signalling pathways 
of different death programmes make exclusive definitions
artificial. It still remains elusive which factors determine the type
of death. Research currently being conducted in this exciting
field is likely to be beneficial for the future treatment of liver 
diseases.

References
1 Kerr JF, Wyllie AH, Currie AR (1972) Apoptosis: a basic biological

phenomenon with wide-ranging implications in tissue kinetics. Br J

Cancer 26 (4), 239–257.

2 Krammer PH (2000) CD95’s deadly mission in the immune system.

Nature 407 (6805), 789–795.

3 Jacobson MD, Weil M, Raff MC (1997) Programmed cell death in 

animal development. Cell 88 (3), 347–354.

4 Alison MR, Sarraf CE (1994) Liver cell death: patterns and mechan-

isms. Gut 35 (5), 577–581.

5 Wyllie AH, Kerr JF, Currie AR (1980) Cell death: the significance of

apoptosis. Int Rev Cytol 68:251–306.

6 Savill J, Fadok V, Henson P et al. (1993) Phagocyte recognition of cells

undergoing apoptosis. Immunol Today 14 (3), 131–136.

7 Dini L, Falasca L, Lentini A et al. (1993) Galactose-specific receptor

modulation related to the onset of apoptosis in rat liver. Eur J Cell Biol

61 (2), 329–337.

8 Guicciardi ME, Gores GJ (2005) Apoptosis: a mechanism of acute and

chronic liver injury. Gut 54 (7), 1024–1033.

9 Rosser BG, Gores GJ (1995) Liver cell necrosis: cellular mechanisms

and clinical implications. Gastroenterology 108 (1), 252–275.

10 Szondy Z, Sarang Z, Molnar P et al. (2003) Transglutaminase 2–/–

mice reveal a phagocytosis-associated crosstalk between macrophages

and apoptotic cells. Proc Natl Acad Sci USA 100 (13), 7812–7817.

11 Patel T, Gores GJ, Kaufmann SH (1996) The role of proteases during

apoptosis. FASEB J 10 (5), 587–597.

12 Miura M, Zhu H, Rotello R et al. (1993) Induction of apoptosis in

fibroblasts by IL-1 beta-converting enzyme, a mammalian homolog of

the C. elegans cell death gene ced-3. Cell 75 (4), 653–660.

13 Kroemer G, Martin SJ (2005) Caspase-independent cell death. Nature

Med 11 (7), 725–730.

14 Jaattela M (2004) Multiple cell death pathways as regulators of tumour

initiation and progression. Oncogene 23 (16), 2746–2756.

15 Werneburg NW, Guicciardi ME, Bronk SF et al. (2002) Tumor necro-

sis factor-alpha-associated lysosomal permeabilization is cathepsin 

B dependent. Am J Physiol Gastrointest Liver Physiol 283 (4), G947–

956.

16 Guicciardi ME, Miyoshi H, Bronk SF et al. (2001) Cathepsin B knock-

out mice are resistant to tumor necrosis factor-alpha-mediated 

hepatocyte apoptosis and liver injury: implications for therapeutic

applications. Am J Pathol 159 (6), 2045–2054.

17 Canbay A, Guicciardi ME, Higuchi H et al. (2003) Cathepsin B inacti-

vation attenuates hepatic injury and fibrosis during cholestasis. J Clin

Invest 112 (2), 152–159.

18 Kohli V, Madden JF, Bentley RC et al. (1999) Calpain mediates

ischemic injury of the liver through modulation of apoptosis and

necrosis. Gastroenterology 116 (1), 168–178.

19 Oberhammer F, Wilson JW, Dive C et al. (1993) Apoptotic death in

epithelial cells: cleavage of DNA to 300 and/or 50 kb fragments prior to

or in the absence of internucleosomal fragmentation. EMBO J 12 (9),

3679–3684.

20 Cotter TG, al-Rubeai M (1995) Cell death (apoptosis) in cell culture

systems. Trends Biotechnol 13 (4), 150–155.

21 Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identification of 

programmed cell death in situ via specific labeling of nuclear DNA

fragmentation. J Cell Biol 119 (3), 493–501.

22 Gujral JS, Liu J, Farhood A et al. (2004) Functional importance of

ICAM-1 in the mechanism of neutrophil-induced liver injury in bile

duct-ligated mice. Am J Physiol Gastrointest Liver Physiol 286 (3),

G499–507.

23 Nicoletti I, Migliorati G, Pagliacci MC et al. (1991) A rapid and simple

method for measuring thymocyte apoptosis by propidium iodide

staining and flow cytometry. J Immunol Methods 139 (2), 271–279.

24 Homburg CH, de Haas M, von dem Borne AE et al. (1995) Human

neutrophils lose their surface Fc gamma RIII and acquire annexin V

binding sites during apoptosis in vitro. Blood 85 (2), 532–540.

25 Stennicke HR, Salvesen GS (1997) Biochemical characteristics of 

caspases-3, -6, -7, and -8. J Biol Chem 272 (41), 25719–25723.

26 Tartaglia LA, Ayres TM, Wong GH et al. (1993) A novel domain

within the 55 kd TNF receptor signals cell death. Cell 74 (5), 845–

853.

27 Schmitz I, Kirchhoff S, Krammer PH (2000) Regulation of death

receptor-mediated apoptosis pathways. Int J Biochem Cell Biol 32

(11–12), 1123–1136.

28 Galle PR, Hofmann WJ, Walczak H et al. (1995) Involvement of the

CD95 (APO-1/Fas) receptor and ligand in liver damage. J Exp Med 182

(5), 1223–1230.

29 Schulze-Bergkamen H, Untergasser A, Dax A et al. (2003) Primary

human hepatocytes – a valuable tool for investigation of apoptosis and

hepatitis B virus infection. J Hepatol 38 (6), 736–744.

30 Suda T, Hashimoto H, Tanaka M et al. (1997) Membrane Fas ligand

kills human peripheral blood T lymphocytes, and soluble Fas ligand

blocks the killing. J Exp Med 186 (12), 2045–2050.

31 Kischkel FC, Hellbardt S, Behrmann I et al. (1995) Cytotoxicity-

dependent APO-1 (Fas/CD95)-associated proteins form a death-

inducing signaling complex (DISC) with the receptor. EMBO J 14

(22), 5579–5588.

32 Lavrik I, Golks A, Krammer PH (2005) Death receptor signaling. J Cell

Sci 118 (Pt 2), 265–267.

33 Scaffidi C, Fulda S, Srinivasan A et al. (1998) Two CD95 (APO-1/Fas)

signaling pathways. EMBO J 17 (6), 1675–1687.

34 Li S, Zhao Y, He X et al. (2002) Relief of extrinsic pathway inhibition

by the Bid-dependent mitochondrial release of Smac in Fas-mediated

hepatocyte apoptosis. J Biol Chem 277 (30), 26912–26920.

TTOC03_01  3/8/07  6:50 PM  Page 345



346 3 BASIC CONCEPTS IN PATHOBIOLOGY

35 Tartaglia LA, Goeddel DV (1992) Two TNF receptors. Immunol Today

13 (5), 151–153.

36 Wiley SR, Schooley K, Smolak PJ et al. (1995) Identification and 

characterization of a new member of the TNF family that induces

apoptosis. Immunity 3 (6), 673–682.

37 Walczak H, Degli-Esposti MA, Johnson RS et al. (1997) TRAIL-R2: 

a novel apoptosis-mediating receptor for TRAIL. EMBO J 16 (17),

5386–5397.

38 Mori E, Thomas M, Motoki K et al. (2004) Human normal hepato-

cytes are susceptible to apoptosis signal mediated by both TRAIL-R1

and TRAIL-R2. Cell Death Differ 11 (2), 203–207.

39 Oberhammer FA, Pavelka M, Sharma S et al. (1992) Induction 

of apoptosis in cultured hepatocytes and in regressing liver by 

transforming growth factor beta 1. Proc Natl Acad Sci USA 89 (12),

5408–5412.

40 Huang DC, Strasser A (2000) BH3-only proteins – essential initiators

of apoptotic cell death. Cell 103 (6), 839–842.

41 Levine AJ (1997) p53, the cellular gatekeeper for growth and division.

Cell 88 (3), 323–331.

42 Danial NN, Korsmeyer SJ (2004) Cell death: critical control points.

Cell 116 (2), 205–219.

43 Schuchmann M, Galle PR (2002) Dead or alive – NF-kappaB, the

guardian which tips the balance. J Hepatol 36 (6), 827–828.

44 Bursch W, Taper HS, Lauer B et al. (1985) Quantitative histological

and histochemical studies on the occurrence and stages of controlled

cell death (apoptosis) during regression of rat liver hyperplasia.

Virchows Arch B Cell Pathol Incl Mol Pathol 50 (2), 153–266.

45 Benedetti A, Jezequel AM, Orlandi F (1988) Preferential distribution

of apoptotic bodies in acinar zone 3 of normal human and rat liver. 

J Hepatol 7 (3), 319–324.

46 Miyoshi H, Rust C, Roberts PJ et al. (1999) Hepatocyte apoptosis after

bile duct ligation in the mouse involves Fas. Gastroenterology 117 (3),

669–677.

47 Patel T, Roberts LR, Jones BA et al. (1998) Dysregulation of apoptosis

as a mechanism of liver disease: an overview. Semin Liver Dis 18 (2),

105–114.

48 Ribeiro PS, Cortez-Pinto H, Sola S et al. (2004) Hepatocyte apoptosis,

expression of death receptors, and activation of NF-kappaB in the 

liver of nonalcoholic and alcoholic steatohepatitis patients. Am J

Gastroenterol 99 (9), 1708–1717.

49 Feldstein AE, Canbay A, Angulo P et al. (2003) Hepatocyte apoptosis

and fas expression are prominent features of human nonalcoholic

steatohepatitis. Gastroenterology 125 (2), 437–443.

50 Strand S, Hofmann WJ, Grambihler A et al. (1998) Hepatic failure and

liver cell damage in acute Wilson’s disease involve CD95 (APO-1/Fas)

mediated apoptosis. Nature Med 4 (5), 588–593.

51 Strand S, Strand D, Seufert R et al. (2004) Placenta-derived CD95 lig-

and causes liver damage in hemolysis, elevated liver enzymes, and low

platelet count syndrome. Gastroenterology 126 (3), 849–858.

52 Strand S, Hofmann WJ, Hug H et al. (1996) Lymphocyte apoptosis

induced by CD95 (APO-1/Fas) ligand-expressing tumor cells – a

mechanism of immune evasion? Nature Med 2 (12), 1361–1366.

53 Bantel H, Lugering A, Poremba C et al. (2001) Caspase activation cor-

relates with the degree of inflammatory liver injury in chronic hepatitis

C virus infection. Hepatology 34 (4 Pt 1), 758–767.

54 Seidel N, Volkmann X, Langer F et al. (2005) The extent of liver steato-

sis in chronic hepatitis C virus infection is mirrored by caspase activity

in serum. Hepatology 42 (1), 113–120.

55 Bidere N, Lorenzo HK, Carmona S et al. (2003) Cathepsin D triggers

Bax activation, resulting in selective apoptosis-inducing factor (AIF)

relocation in T lymphocytes entering the early commitment phase to

apoptosis. J Biol Chem 278 (33), 31401–31411.

56 Tsukidate K, Yamamoto K, Snyder JW et al. (1993) Microtubule

antagonists activate programmed cell death (apoptosis) in cultured rat

hepatocytes. Am J Pathol 143 (3), 918–925.

57 Muller M, Strand S, Hug H et al. (1997) Drug-induced apoptosis in

hepatoma cells is mediated by the CD95 (APO-1/Fas) receptor/ligand

system and involves activation of wild-type p53. J Clin Invest 99 (3),

403–413.

58 Higuchi H, Grambihler A, Canbay A et al. (2004) Bile acids up-

regulate death receptor 5/TRAIL-receptor 2 expression via a c-Jun 

N-terminal kinase-dependent pathway involving Sp1. J Biol Chem 279

(1), 51–60.

59 Canbay A, Friedman S, Gores GJ (2004) Apoptosis: the nexus of liver

injury and fibrosis. Hepatology 39 (2), 273–278.

60 Staib F, Hussain SP, Hofseth LJ et al. (2003) TP53 and liver carcino-

genesis. Hum Mutat 21 (3), 201–216.

61 Lemasters JJ, DiGuiseppi J, Nieminen AL et al. (1987) Blebbing, free

Ca2+ and mitochondrial membrane potential preceding cell death in

hepatocytes. Nature 325 (6099), 78–81.

62 Aguilar HI, Botla R, Arora AS et al. (1996) Induction of the mitochon-

drial permeability transition by protease activity in rats: a mechanism

of hepatocyte necrosis. Gastroenterology 110 (2), 558–566.

63 Schwab BL, Guerini D, Didszun C et al. (2002) Cleavage of plasma

membrane calcium pumps by caspases: a link between apoptosis and

necrosis. Cell Death Differ 9 (8), 818–831.

64 Jaeschke H, Lemasters JJ (2003) Apoptosis versus oncotic necrosis 

in hepatic ischemia/reperfusion injury. Gastroenterology 125 (4),

1246–1257.

65 Gozuacik D, Kimchi A (2004) Autophagy as a cell death and tumor

suppressor mechanism. Oncogene 23 (16), 2891–2906.

66 Lu Z, Dono K, Gotoh K et al. (2005) Participation of autophagy in the

degeneration process of rat hepatocytes after transplantation follow-

ing prolonged cold preservation. Arch Histol Cytol 68 (1), 71–80.

67 Shintani T, Klionsky DJ (2004) Autophagy in health and disease: a

double-edged sword. Science 306 (5698), 990–995.

68 Sperandio S, de Belle I, Bredesen DE (2000) An alternative, nonapop-

totic form of programmed cell death. Proc Natl Acad Sci USA 97 (26),

14376–14381.

69 Castedo M, Perfettini JL, Roumier T et al. (2004) Cell death by mitotic

catastrophe: a molecular definition. Oncogene 23 (16), 2825–2837.

70 Pinkse GG, Voorhoeve MP, Noteborn M et al. (2004) Hepatocyte sur-

vival depends on beta1-integrin-mediated attachment of hepatocytes

to hepatic extracellular matrix. Liver Int 24 (3), 218–226.

71 Gujral JS, Farhood A, Bajt ML et al. (2003) Neutrophils aggravate

acute liver injury during obstructive cholestasis in bile duct-ligated

mice. Hepatology 38 (2), 355–363.

72 Lemasters JJ, Nieminen AL, Qian T et al. (1998) The mitochondrial

permeability transition in cell death: a common mechanism in necro-

sis, apoptosis and autophagy. Biochim Biophys Acta 1366 (1–2),

177–196.

73 Bursch W (2001) The autophagosomal–lysosomal compartment in

programmed cell death. Cell Death Differ 8(6), 569–581.

74 Squier MK, Miller AC, Malkinson AM et al. (1994) Calpain activation

in apoptosis. J Cell Physiol 159 (2), 229–237.

75 Arora AS, de Groen P, Emori Y et al. (1996) A cascade of degradative

hydrolase activity contributes to hepatocyte necrosis during anoxia.

Am J Physiol 270 (2 Pt 1), G238–245.

TTOC03_01  3/8/07  6:50 PM  Page 346



3.1 HEPATOCYTE APOPTOSIS AND NECROSIS 347

76 Rodriguez I, Matsuura K, Ody C et al. (1996) Systemic injection of a

tripeptide inhibits the intracellular activation of CPP32-like proteases

in vivo and fully protects mice against Fas-mediated fulminant liver

destruction and death. J Exp Med 184 (5), 2067–2072.

77 Lacronique V, Mignon A, Fabre M et al. (1996) Bcl-2 protects from

lethal hepatic apoptosis induced by an anti-Fas antibody in mice.

Nature Med 2 (1), 80–86.

78 Streetz K, Leifeld L, Grundmann D et al. (2000) Tumor necrosis factor

alpha in the pathogenesis of human and murine fulminant hepatic

failure. Gastroenterology 119 (2), 446–460.

79 Schuchmann M, Varfolomeev EE, Hermann F et al. (2003) Dominant

negative MORT1/FADD rescues mice from CD95 and TNF-induced

liver failure. Hepatology 37 (1), 129–135.

80 Zender L, Hutker S, Liedtke C et al. (2003) Caspase 8 small interfering

RNA prevents acute liver failure in mice. Proc Natl Acad Sci USA 100

(13), 7797–7802.

81 Song E, Lee SK, Wang J et al. (2003) RNA interference targeting Fas

protects mice from fulminant hepatitis. Nature Med 9 (3), 347–351.

82 Wroblewski VJ, McCloud C, Davis K et al. (2003) Pharmacokinetics,

metabolic stability, and subcutaneous bioavailability of a genetically

engineered analog of DcR3, FLINT [DcR3(R218Q)], in cynomolgus

monkeys and mice. Drug Metab Dispos 31 (4), 502–507.

83 Bajt ML, Vonderfecht SL, Jaeschke H (2001) Differential protection

with inhibitors of caspase-8 and caspase-3 in murine models of tumor

necrosis factor and Fas receptor-mediated hepatocellular apoptosis.

Toxicol Appl Pharmacol 175 (3), 243–252.

84 Valentino KL, Gutierrez M, Sanchez R et al. (2003) First clinical trial 

of a novel caspase inhibitor: anti-apoptotic caspase inhibitor, 

IDN-6556, improves liver enzymes. Int J Clin Pharmacol Ther 41 (10),

441–449.

85 Leist M, Single B, Castoldi AF et al. (1997) Intracellular adenosine

triphosphate (ATP) concentration: a switch in the decision between

apoptosis and necrosis. J Exp Med 185 (8), 1481–1486.

86 McCarthy NJ, Whyte MK, Gilbert CS et al. (1997) Inhibition of 

Ced-3/ICE-related proteases does not prevent cell death induced by

oncogenes, DNA damage, or the Bcl-2 homologue Bak. J Cell Biol 136

(1), 215–227.

87 Natori S, Selzner M, Valentino KL et al. (1999) Apoptosis of sinusoidal

endothelial cells occurs during liver preservation injury by a caspase-

dependent mechanism. Transplantation 68 (1), 89–96.

88 Guicciardi ME, Gores GJ (2004) Cheating death in the liver. Nature

Med 10 (6), 587–588.

89 Baskin-Bey ES, Canbay A, Bronk SF et al. (2005) Cathepsin B inactiva-

tion attenuates hepatocyte apoptosis and liver damage in steatotic 

livers after cold ischemia–warm reperfusion injury. Am J Physiol

Gastrointest Liver Physiol 288 (2), G396–402.

90 Schulze-Bergkamen H, Brenner D, Krueger A et al. (2004) Hepatocyte

growth factor induces Mcl-1 in primary human hepatocytes and inhibits

CD95-mediated apoptosis via Akt. Hepatology 39 (3), 645–654.

91 Ajuebor MN, Aspinall AI, Zhou F et al. (2005) Lack of chemokine

receptor CCR5 promotes murine fulminant liver failure by preventing

the apoptosis of activated CD1d-restricted NKT cells. J Immunol 174

(12), 8027–8037.

92 Wright MC, Issa R, Smart DE et al. (2001) Gliotoxin stimulates 

the apoptosis of human and rat hepatic stellate cells and enhances the

resolution of liver fibrosis in rats. Gastroenterology 121 (3), 685–698.

TTOC03_01  3/8/07  6:50 PM  Page 347



Ischaemic injury of the liver can be divided into three types: 
(i) cold (or hypothermic); (ii) warm (or normothermic); and
(iii) rewarming [1,2]. Cold ischaemia occurs almost exclu-
sively in the transplant setting where it is applied intentionally to
reduce the metabolic activities of the graft while the organ awaits
implantation. Warm ischaemia occurs during liver surgery,
trauma, shock and transplantation, when hepatic inflow occlu-
sion (Pringle manoeuvre) or inflow and outflow (total vascular
exclusion) are induced to minimize blood loss while dividing
liver parenchyma. Rewarming ischaemia occurs during manip-
ulation of the graft (for example, ex situ split liver preparation)
or during the period of implantation of the graft when the cold
liver is subjected to room or body temperature. Of note, injury
to the liver cells after any type of ischaemia is apparent mainly
after reperfusion when oxygen supply and blood elements are
restored to the liver. While the main mechanisms of injury
appear to share common pathways, recent evidence suggests
important differences between cold and warm ischaemic injury.
Therefore, the two forms of ischaemia and the protective strat-
egies for each form will be discussed separately in this chapter.

Warm (normothermic) ischaemia

Warm ischaemic injury is common during liver surgery, various
forms of shock, trauma and transplantation. For example,
ischaemia is intentionally applied to the liver by occluding 
hepatic inflow (Pringle manoeuvre) during the time of transec-
tion of the liver parenchyma to prevent bleeding. Ischaemia is
tolerated only for a period of about 1 h in normal and about 30
min in cirrhotic livers, and the duration of ischaemia correlates
with the degree of reperfusion injury [3].

Warm ischaemia leads rapidly to the death of hepatocytes
[4,5]. The severe injury of hepatocytes is preceded by massive
death of endothelial cells [6]. Kupffer cells, the resident hepatic
macrophages, play a major role in the mechanism of warm
ischaemic injury. Upon reperfusion, Kupffer cells are activated
[7]. This is evidenced by structural changes, formation of 
oxygen free radicals, increased phagocytosis and release of vari-
ous cytokines including tumour necrosis factor alpha (TNFα)

(Fig. 1) [8–10]. After reperfusion, leukocytes adhere to the
denuded sinusoids and contribute significantly to the injury
[11,12]. Both TNFα and interleukin 1 (IL-1), released by 
activated Kupffer cells, can upregulate CD11b expression on
leukocytes and recruit these cells into the sinusoids [13]. The
mechanism of injury involves the release of reactive oxygen
intermediates. Other potential substances released by neu-
trophils include various proteases and hypochloric acid [14].
There is a growing body of evidence suggesting that host T cells
also participate in hepatic ischaemic injury. TNFα and IL-1 can
recruit and activate CD4+ T lymphocytes in the liver during the
early phase of reperfusion [15], which autoamplify Kupffer cell
activation and neutrophil recruitment into the liver [16].

Leukocyte recruitment into sinusoids during the early phase
of reperfusion is also mediated through activation of the com-
plement cascade. The complement chains rapidly activated by
cellular proteins released during reperfusion engage comple-
ment receptors on neutrophils and their recruitment into sinu-
soids [17].

Further binding of the various components mentioned above
(cytokines, oxygen free radicals, etc.) to their respective recep-
tors during the early stages of reperfusion initiates the complex
machinery leading to the death of hepatocytes.

Different forms of cell death

Two distinct forms of cell death are recognized: necrosis, a 
passive mechanism of cell death due to overwhelming injury;
and a more tightly regulated process called programmed cell
death or apoptosis (see Chapter 3.1). They can be distinguished
by morphological and biochemical criteria as well as by their
sensitivity to pharmacological or genetic manipulation.

The main features of necrosis are early cell and organelle
swelling, ion dysregulation, adenosine triphosphate (ATP)
depletion and activation of degradative enzymes. These pro-
cesses culminate in the rupture of the cell membrane with
release of intracellular proteins, metabolites and ions. The cell
debris represents a strong stimulus for inflammatory processes,
which typically accompany necrosis.

3.2 Ischaemia–reperfusion injury to the
liver
Nazia Selzner and Pierre A. Clavien
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Apoptosis was originally described in lymphoid cells and
appears to be the primary process by which normal cell death
occurs during development or by which cell numbers are 
maintained in tissues with rapid cell turnover such as intestinal
epithelium or skin. Under physiological conditions, apoptosis
occurs as a continuous and serial event affecting selective 
cells with rapid and silent removal of the dead cells though
macrophages. Studies with cytosolic extracts of cells, which have
been induced to undergo apoptosis in a synchronous manner,
have shown that apoptosis can be divided into biochemically
and morphologically distinct phases. In the first phase, the ‘initi-
ation phase’, a tightly regulated molecular machinery involving
various proteases is activated. In the second ‘committed or 
effector phase’, the molecular machinery becomes fully activated,
as shown by the ability of the cytosolic extracts of committed
cells to induce apoptotic changes in nuclei. Only after this, in 
the third phase, or ‘degradation phase’, do the hallmarks of
apoptosis become evident. These include morphological changes
including DNA fragmentation and the formation of apoptotic
bodies.

Necrosis and apoptosis have long been viewed as funda-
mentally different processes. Although necrosis was thought to
be the predominant form of death triggered by severe cellular
injury or extreme environmental perturbation, cell death with
features of apoptosis can occur after major stress to the cells.
Whether necrosis or apoptosis predominates and eventually

accounts for a given cell’s demise may depend on both intrinsic
(e.g. cell type, developmental state of the cell, ATP or fat con-
tent) [18] and extrinsic factors (e.g. the nature and severity of
the insult, pharmacological interventions). Further complicat-
ing the task of distinguishing necrosis from apoptosis, these
death cascades may share some common mediators. Lemasters
[19] introduced the theory of ‘necrapoptosis’ for such mixed
forms of cell death. It postulates that a process begins with a
common death signal or toxic stress that culminates in either 
cell lysis (necrotic cell death) or programmed cellular resorp-
tion (apoptosis), depending on other modifying factors such 
as the decline in cellular ATP levels or fat content (steatosis)
(Fig. 2).

In the context of hepatic ischaemia and reperfusion injury, a
controversy has emerged in recent years over whether necrotic
or apoptotic cell death accounts for the severe parenchymal
injury [4,20]. Some investigators reported that the overwhelming
majority of parenchymal injury observed is caused by massive
necrotic alterations [4]. In contrast, others showed that specific
inhibition of apoptosis significantly prevented parenchymal
injury and improved animal survival after prolonged periods of
ischaemia [21–24]. For example, we have demonstrated that
apoptotic cell death is initiated by binding of TNFα to the
specific receptor TNF-R1 on the cell membrane of hepatocytes
in a mouse model of normothermic ischaemic injury [9] (Fig. 1).
The apoptotic signal is then transferred into the cell where 
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Fig. 1 Mechanisms of warm ischaemic injury.
Major pathways including TNFα-mediated cell
death and generation of reactive oxygen
intermediates (ROI) are indicated.
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different caspases are activated. This process leads to DNA 
fragmentation and cell death. In this process, the mitochondria
act as amplifiers of the signal, allowing even weak signals to have
deleterious effects [25]. Blocking early mechanisms of apoptosis
(the first and second phases from above) can prevent parenchy-
mal injury. Several protective strategies based on specific block-
age of the pathways of injury have been developed over the past
decades. These strategies can be divided into surgical interven-
tions and the use of pharmacological agents.

Protective strategies

Surgical strategies

While many strategies to protect against warm ischaemic injury
have been proposed in various animal models, only two have
finally made the transition into clinical practice, namely inter-
mittent clamping [3] and ischaemic preconditioning [26].

Ischaemic preconditioning consists of a brief period of
ischaemia followed by a short interval of reperfusion before the
actual surgical procedure, with a prolonged ischaemic stress
[27]. During the surgery, hepatic inflow is occluded by placing 
a vascular clamp or a loop around the portal triad (i.e. portal
vein, hepatic artery and bile duct), rendering the whole organ
ischaemic. After an ischaemic interval of 10–15 min, the clamp is
removed and the liver is reperfused for 10–15 min before the
prolonged ischaemic insult (Fig. 3). Our current understanding
of the underlying biological principle is that cells primed by 
various kinds of subinjurious stress trigger defence mechan-
isms against subsequent lethal injury of the same or a different 
type [28–30]. The phenomenon was initially discovered in the
myocardium by Murry et al. [31] in 1986. Subsequently,
beneficial effects were shown in various tissues including skeletal
muscle [32], kidney [33], lung [34], intestine [35] and liver
[26,36–38]. Although the benefit of ischaemic preconditioning
in the liver has already been suggested in a clinical pilot study
[26] and a large randomized study [38], knowledge of the
molecular mechanisms remains vague. Several mediators have
been proposed to play a critical role in the protective pathways
including adenosine [27], nitric oxide [36], oxidative stress [39],

some heat shock proteins (Hsps; e.g. Hsp72 and haem oxygenase
1/Hsp32) [40] and TNFα [9,41,42].

In addition to the extracellular mediators, studies in heart 
and liver indicate that the ischaemic preconditioning process
involves the activation of intracellular messengers such as 
protein kinase C, adenosine monophosphate-activated protein
kinase, p38 mitogen-activated protein kinase, Ik kinase and 
signal transducers and activators of transcription [43–45]. The
downstream consequences of these pathways could be cytopro-
tective by abrogation of cell death pathways (such as activation
of vacuolar ATP, inhibition of intracellular sodium accumula-
tion and cell swelling), stimulation of antioxidant and other 
cellular protective mechanisms, and by initiation of entry into
the cell cycle.

Intermittent clamping consists of multiple cycles of short
intervals of ischaemia (10–30 min) and reperfusion (5–15 min)
[46] (Fig. 3). Although the protective mechanisms of this con-
cept still remain elusive, intermittent clamping is currently used
in practice by many centres. In a prospective randomized study,
Belghiti et al. [3] showed that cycles of short intervals of
ischaemia (15 min) and reperfusion (5 min) provided protec-
tion in patients undergoing major liver resection. We have com-
pared this protocol with ischaemic preconditioning [22] in a
mouse model and found that both strategies provide compara-
ble protection for ischaemic intervals of up to 75 min. For longer
ischaemic intervals, only intermittent clamping conferred
significant protection. We therefore concluded that ischaemic
preconditioning is preferable for most liver resections because
each period of reperfusion in the intermittent clamping strategy
may cause significant bleeding.

Pharmacological strategies

Many pharmacological agents have been shown to confer pro-
tection against ischaemic injury in the liver. However, none of
these strategies has found its way into routine clinical practice.

Caspase inhibition
Caspases belong to the family of cysteine proteinases. Specific
isoforms are involved in the initiation and execution phase of

Ischaemia reperfusion

Cell death

Necrapoptosis NecrosisApoptosis

Fig. 2 Mixed forms of cell death with
apoptotic and necrotic features have been
proposed and have led to the creation of the
term ‘necrapoptosis’. Death pathways with
early features of apoptosis followed by some
necrotic changes are possible, depending on
the nature and the severity of the insult and on
the condition of the affected cell.
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apoptosis. Among these isoforms, caspase-8 is activated during
the early phases, and caspase-3 is activated during the late phase
of apoptosis [25]. Suppression of their activation, or inhibition
of their activity, reduces or completely abolishes apoptosis in cell
culture models. In a rat model of warm ischaemia, Cursio et al.
[23,47] demonstrated maximal caspase activation 3 h after
reperfusion. Pretreatment of the animals with a specific caspase
inhibitor 2 min prior to ischaemia resulted in significant
improvement in lethal injury that normally occurred 24–48 h
after ischaemia. The protective effect of caspase inhibition has
also been confirmed by other groups in different models of cold
and warm ischaemia [21,48].

Other proteases, such as calpain, have been reported as medi-
ators of preservation–reperfusion injury [49–51]. Calpains are a
group of non-lysosomal, cytoplasmic, calcium-dependent cys-
teine proteases involved in proteolysis of several cytoskeletal and
membrane proteins [52]. Several group have reported the pro-
tective effects of calpain inhibition in cold [53,54] and warm
ischaemic injury [5].

TNFa as initiator of the apoptotic cascade
In 1990, Colletti et al. [10] provided the first evidence suggesting
that prolonged ischaemic intervals lead to a burst of various
cytokines including TNFα. Other groups subsequently con-
firmed this finding [9,42,55]. Various approaches to block the
TNFα signalling pathway upon reperfusion have been used,
including TNFα antibody [10,41,55], pretreatment with the
methylxanthine derivate, pentoxifylline (inhibitor of TNFα
synthesis and release in Kupffer cells) [9] or the use of TNF-R1
knockout mice [9]. Each of these approaches was found to con-
fer protection against reperfusion injury and animal death after
prolonged ischaemic insult to the liver. The finding that TNFα
acts at an early stage before any evidence of morphological 
features suggests that this cytokine represents an appealing 

target for preventive strategies. However, so far, no clinical 
studies have been presented that would show a beneficial effect
of pentoxifylline on ischaemic liver injury.

The role of Kupffer cells and antioxidants
There is growing evidence that the activation of resident
macrophages (Kupffer cells) of the liver contributes to
ischaemic injury in the liver [55–57]. Activated Kupffer cells
release a variety of potentially harmful mediators, including
TNFα [9,10,41] and reactive oxygen species [56,58,59], during
the reperfusion period.

The most damaging form of reactive oxygen species generated
in mitochondria of the Kupffer cells is the hydroxyl radical
(OH•). One of the major and most sensitive targets of OH• is the
mitochondrial DNA [57–60]. OH• attacks deoxyribose and
causes the release of nucleic acids of mitochondrial DNA, result-
ing in strand breaks. OH• can also directly attack bases, leading
to modifications with a loss of DNA integrity and, hence,
impaired transcription. Although the role of reactive oxygen
species in a number of liver diseases is generally accepted, the
detailed mechanisms of reactive oxygen involvement are under
debate. The most convincing hypothesis of reactive oxygen-
induced cell injury is the destruction of cellular membranes
through peroxidation of lipids. In addition, all mitochondrial
constituents, proteins, lipids and mitochondrial DNA [61], are
potential targets for reactive oxygen species-mediated damage.
Through such damage, a gradual impairment of defences in
mitochondria will enhance the effect of further oxidative stress.
In the liver, the involvement of reactive oxygen has been sug-
gested in apoptotic cell death of hepatocytes and endothelial
cells [62]. One possible explanation is that oxidative stress can
induce the mitochondrial membrane permeability transition, a
central event preceding cell death [63]. Another potential target
of reactive oxygen species could be the caspases [64]. Caspases

(a) Continuous ischaemia

(b) Ischaemic preconditioning prior to long warm ischaemia

(d) Ischaemic preconditioning prior to cold preservation

Organ
harvesting

Cold preservation

(c) Intermittent inflow occlusion

Implantation

Fig. 3 Several surgical strategies exist to
overcome the negative effects of prolonged
ischaemia � (solid box) and reperfusion �
(open box) (a). To prevent warm ischaemic
injuries, the options include ischaemic
preconditioning (b) and intermittent inflow
occlusion (c). Experimental studies suggest that
normothermic ischaemic preconditioning prior
to hypothermic preservation also protects
against cold ischaemic injuries (d).
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can be activated by low concentrations of hydrogen peroxide,
while higher levels inhibit enzymatic activity, presumably due to
oxidation of critical sulphydryl groups.

Owing to the central role of oxidative stress in the setting 
of ischaemia–reperfusion, a large number of studies have
attempted to identify methods to either prevent or neutralize
oxidative stress [65–68]. It has also been demonstrated that
strategies aiming at overexpressing antioxidant proteins (e.g.
superoxide dismutase [69,70]) may confer protection against
extended ischaemic injury. However, none of these strategies
has found its way into routine clinical practice, with the excep-
tion of some antioxidant ingredients that were introduced into
preservation solutions.

Cold (hypothermic) ischaemia

Liver transplantation has experienced dramatic success over the
past 15 years and has become the treatment of choice for many
patients with endstage liver disease. While major progress has
been made in several areas of transplantation, such as selection
of recipients and immunosuppression, ischaemic injury remains
an important limiting factor for the full success of the pro-
cedure. During the various phases of transplantation, the liver
graft is exposed to different types of ischaemic stress, including
normothermic ischaemia before or during harvesting of the
organ from the donor, cold ischaemia during the period of
preservation and rewarming during graft implantation.

Hypothermia, while necessary to slow metabolism during 
the period of preservation, causes morphological changes in
some sinusoidal endothelial cells [21,71–73]. They become
rounded, detached and slough into the sinusoidal lumen; 
however, most cells remain alive until reperfusion as assessed 
by Trypan blue [74] and in situ terminal deoxynucleotidyl 
transferase-mediated dUTP nick end labelling (TUNEL) assay
studies [73]. Adhesion of the platelets to the sinusoid lining
induces sinusoidal endothelial cell (SEC) apoptosis upon reper-
fusion of the cold ischaemic liver [75]. Finally, leukocytes and
platelets synergistically exacerbate SEC injury by the induction
of apoptosis [76].

The injuries due to low-temperature preservation are differ-
ent from warm ischaemic injury in many aspects. The main 
feature of the warm ischaemia type of injury is massive and early
(3–6 h) apoptosis of hepatocytes after reperfusion. In contrast,
cold storage is associated with diffuse SEC damage within 30–60
min of reperfusion while hepatocytes remain morphologically
normal [77]. The degree of endothelial cell detachment has 
been shown to correlate with the duration of cold ischaemia
[1,78–79]. Several recent reports have pointed out that activa-
tion of matrix metalloproteinases is a critical feature of SEC
detachment during cold hepatic preservation prior to reperfu-
sion [80]. Matrix metalloproteinases are also important contrib-
utors to angiogenesis.

Upon reperfusion of the cold preserved graft, SEC undergo
apoptosis with subsequent DNA fragmentation and cell death

[73]. The strong correlation between the degree of apoptosis and
graft viability suggests that SEC apoptosis is a critical process in
cold ischaemic injury. While a number of intracellular medi-
ators of apoptosis are known, the data regarding the initiating
extracellular processes are scarce. Disruption of the endothelial
wall leads to leukocyte [11,56,76,81] and platelet adhesion
[75,82], which induces microcirculatory disturbances.

Protective strategies

Cooling of the organ and preservation solutions
Reduction of metabolic activity by cooling of the organ to 
1–4°C was among the first strategies designed to protect against
ischaemic injury [83]. This strategy may safely preserve the liver
for transplantation for up to 8 h, whereas livers kept at room
temperature tolerate only about 1 h of ischaemia. Cooling
requires the application of a perfusion/preservation solution.
Thus, efforts were directed at designing an effective solution that
would extend the period for safe preservation. The development
of University of Wisconsin (UW) cold preservation solution in
the mid-1980s [83] provided a breakthrough in liver transplan-
tation allowing organ sharing across large distances. The solu-
tion was developed empirically and was supposed to act on the
known and speculated negative effects of hypothermia. These
negative effects include: (i) cell swelling caused by inhibition of
the membrane pump Na+/K+ ATPase regulating cell volume; 
(ii) intracellular acidosis caused by anaerobic metabolism and
lactate accumulation [84]; (iii) disturbances in the homeostasis
of cytosolic Ca [85]; and (iv) free-radical generation [86]. The
solution contains a cocktail of substances such as lactobionate,
raffinose, phosphate buffer, glutathione, colloids (hydroxyeth-
ylstarch) and various ions. Despite the lack of understanding 
as to how the ingredients confer protection, the UW solution
still remains the most widely used preservation solution. Other
solutions such as Eurocollins (with high glucose content and
very high osmolarity) or Celsior (with mannitol, glutamate 
and histidine buffer) are less effective and have been abandoned
in clinical practice. Finally, Bretschneider’s histidine–trypto-
phan–ketoglutarate (HTK) was designed for cardiac preserva-
tion and was formulated to retard acidosis (histidine), to prevent
membrane injury (tryptophan) and to provide a substrate for
energy metabolism (ketoglutarate). This solution was also tested
by several groups in liver transplantation and has been shown to
be equally as effective as the UW solution during the usual peri-
ods of cold preservation used in human transplantation [87,88].

Ischaemic preconditioning
As in the warm ischaemic liver, ischaemic preconditioning is
potentially an effective approach to preventing preservation
injury [89] (Fig. 3). Our group has recently demonstrated that
ischaemic preconditioning is protective during the period of
cold storage of the liver prior to reperfusion, by reducing
endothelial cell detachment and matrix metalloproteinase activ-
ity [89]. The protective effect is mediated by a short sublethal
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burst of oxygen free radicals. Indeed, a mild burst of oxidative
stress generated during the process of ischaemic precondition-
ing induces natural defence mechanisms against subsequent
lethal injury, as also demonstrated in a model of warm ischaemia
[39]. However, the clinical benefit and applicability of ischaemic
preconditioning in liver transplantation remains to be established.

Conclusion

Ischaemia and reperfusion injuries remain important in liver
surgery, transplantation and various forms of shock. Hepatic
ischaemia can be divided into two types, normothermic (warm)
and cold (organ preservation) ischaemia. While some injurious
mechanisms are common for these two types, such as initial
apoptosis of SEC followed by hepatocyte injury, critical differ-
ences exist, such as resistance of hepatocytes to cold ischaemic
injury. Apoptosis appears to be involved in both types of 
injury as various antiapoptotic strategies have been shown by
several groups to confer a high degree of protection, including
improved survival following long ischaemic insult. The future
lies in a better understanding of the underlying mechanisms 
of injury, and a closer look at protective strategies such as
ischaemic preconditioning may lead to the identification of
effective molecules enhancing tolerance to ischaemic injury.
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3.3.1 Genetic polymorphisms in liver
disease
Hongjin Huang and Ramsey Cheung

Polymorphisms associated with liver
diseases

Similar to other complex diseases, the clinical manifestations of
liver diseases are the outcome of the interactions between host
genetic determinants and environmental factors. In recent years,
there have been an increasing number of studies to identify
genetic variations that are associated with different phenotypes
of liver diseases. A single nucleotide polymorphism (SNP), the
most common type of genetic variation, is a stable single base
substitution distributed throughout the human genome. The
frequency of a given SNP in individuals has been estimated to be
1 in 1000 base pairs. In the following discussion, we only include
associations between SNPs and disease susceptibilities, and focus
our discussion on the ‘validated markers’, which are defined 
as SNPs that have a positive association with similar clinical 
endpoints in two or more independent studies (Table 1).

Non-alcoholic fatty liver diseases (NAFLD):
MTP (see also Chapter 13.1)

According to the Third National Health and Nutrition
Examination Survey, NAFLD may account for 5.5% of the pop-
ulation with unexplained aminotransferase levels [1], making
this the most common cause of liver disease. In fact, ‘burned-
out’ non-alcoholic steatohepatitis (NASH) is likely to be the
major cause of ‘cryptogenic’ cirrhosis [2]. The clinical presenta-
tion of NAFLD and NASH are similar, but predictors of 
progressive liver disease include an aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio > 1, older age, 
presence of type 2 diabetes mellitus or obesity or presence of
metabolic syndrome [3–5]. However, despite the fact that a

majority of individuals with obesity and insulin resistance will
have steatosis, only 9–26% and 25% of those groups, respec-
tively, will ever develop NASH [6,7], suggesting that other 
environmental and genetic factors also play a determining role.
One family study reported the presence of NASH in seven out 
of eight studied kindreds, while another study found that 18% 
of 90 patients with NASH had an affected first-degree relative,
supporting the role of genetic risk factors [8,9]. So far, the only
validated genetic association with NASH is in the microsomal
triglyceride transfer protein (MTP) gene. The G allele of the pro-
moter SNP –493G/T in MTP leads to decreased transcription of
MTP, resulting in a reduced export of triglyceride from hepato-
cytes and increased intracellular accumulation of triglyceride
[10]. Bernard et al. [10] reported the association of –493G/T
with biological surrogates of NASH, such as ALT, sex and body
mass index (BMI) in 271 type 2 diabetic patients. Namikawa
et al. [11] reported its direct association with NASH in 63 patients
with biopsy-proven NASH in comparison with 150 healthy 
control subjects. We have confirmed this association in a study
of 127 NAFLD patients (50 of whom had biopsy-proven NASH)
and 60 normal subjects with matched BMI. In our study, 128T
[in complete linkage disequilibrium (LD) with – 493G/T] was
associated with a decreased risk of NASH relative to both the
‘normal’ group (OR = 0.2, P = 0.0001) and the ‘steatosis only’
group [odds ratio (OR) = 0.4, P = 0.05] [12]. The various
approaches to determine the role of genes in NAFLD have been
reviewed recently by Day [13].

Alcoholic liver disease: ADH, ALDH2 and
CYP2E1 (see also Section 12)

Although excessive alcohol intake is the major risk factor for
alcoholic liver disease, and fatty change of the liver is almost 
universal in subjects with excessive alcohol use, only a minority
of these subjects develop alcoholic hepatitis, and 4–20% develop
cirrhosis [14,15]. Factors associated with the development 
of alcoholic liver disease other than the level of alcohol 
consumption typically include gender, nutrition and coexisting
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Table 1 Genetic markers validated in two or more studies in liver diseases.

Gene Polymorphism Country Patients Controls P Endpoint Year Authors Ref.

Nonalcoholic fatty liver disease (NAFLD)
MTP –493G/T Japan 63 150 0.001 NASHa vs. normalb 2004 Namikawa et al. [11]

US 127 60 0.0001 NASHa vs. normalb 2005 Huang et al. [12]

Alcoholic liver disease (ALD)
ADH2 ADH2*1 Japan 80 60b 0.029 ALCc vs. ALNCd 1995 Yamauchi et al. [19]

China 75 235b <0.05 ALCc vs. normalb 1997 Chao et al. [20] 

Australia 114 200b <0.05 ALCc vs. normalb 2002 Frenzer et al. [21]

China 165 65b <0.05 ALDe vs. ADf 2002 Yu et al. [22]

Korean 22 100b <0.05 ALCc vs. normalb 2004 Kim et al. [23]

ALDH2 ALDH2*1 China 75 235b <0.05 ALCc vs. normalb 1997 Chao et al. [20]

China 165 65b <0.05 ALDe vs. ADf 2002 Yu et al. [22]

Korean 22 100b <0.05 ALCc vs. normalb 2004 Kim et al. [23]

CYP2E1 CYP2E1*c2 Japan 80 60b 0.013 ALCc vs. ALNCd 1995 Yamauchi et al. [19]

Japan 68 0.019 ALDe vs. heavy drinkers 1997 Tanaka et al. [24]

Korean 22 100b <0.05 ALCc vs. normalb 2004 Kim et al. [23]

Primary biliary cirrhosis (PBC)
CTLA1 49A/G England 200 200 0.000063 PBCg vs. normalb 2000 Agarwal et al. [29]

China 77 160 0.0046 PBCg vs. normalb 2004 Fan et al. [30]

VDR Bsmll Germany 74 214 0.009 PBCg vs. normalb 2002 Vogel et al. [31]

Hungary 33 160 <0.03 PBCg vs. normalb 2002 Lakatos et al. [32]

Hungary 31 51 0.01 PBCg vs. normalb 2000 Halmos et al. [33]

China 58 160 0.01 PBCg vs. normalb 2005 Fan et al. [34]

IFN response in chronic hepatitis C
IL10 –592A/C, –819C Australia 43 <0.05 SVRh vs. NRi 1999 Edwards-Smith et al. [39]

UK 303 <0.05 SVRh vs. NRi 2003 Knapp et al. [40]

MxA –88G/T Japan 115 0.0018 SVRh vs. NRi 2000 Hijikata et al. [42]

Japan 159 <0.05 SVRh vs. NRi 2001 Hijikata et al. [43]

Japan 235 <0.05 SVRh vs. NRi 2004 Suzuki et al. [44]

CCR5 59029G/A US 171 0.05 SVRh vs. NRi 2003 Promrat et al. [46]

Japan 105 0.03 SVRh vs. NRi 2004 Konishi et al. [47]

Fibrosis risk in chronic hepatitis C
DDX5 S480A US 1051 <0.05 F3-4 vs. F0-2 2004 Huang et al. [53]

CPT1A A275T US 1133 <0.05 F3-4 vs. F0-2 2005 Huang et al. [54]

HFE C282Y US 119 0.01 Mean fibrosis stage 2002 Bonkovsky et al. [57]

Germany 246 200b <0.05 F2-4 vs. F0-1 2003 Gehrke et al. [58]

Germany 166 0.026 F2-4 vs. F0-1 2004 Geier et al. [59]

TGFB1 L10P, R25P Germany 46 0.024 Mean fibrosis stage 2002 Gewaltig et al. [62]

Germany 210 50b <0.05 F3-4 vs. F0-2 2005 Wang et al. [63]

TNF –308G/A US 144 0.03 F4 vs. F0-3 2000 Yee et al. [65]

India 52 0.04 F3-4 vs. F0-2 2004 Goyal et al. [66]

For each disease or trait, we only included the ‘validated markers’, defined as SNPs that have a positive association, with the same or similar clinical endpoints,

in two or more independent studies.
a Non-alcoholic steatohepatitis.
b Normal healthy population.
c Alcoholic liver cirrhosis.
d Alcoholic liver non-cirrhosis.
e Alcoholic liver diseases.
f Alcohol dependent.
g Primary biliary cirrhosis.
h Sustained virological responders.
i Non-responders.
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viral hepatitis [14]. A study of 15 924 male twin pairs found 
high concordance for alcoholism and related cirrhosis among
monozygotic twins, suggesting that genetics may play a major
role [16]. Most research has focused on the candidate genes of
enzymes involved in alcohol metabolism. Alcohol dehydro-
genase (ADH), cytochrome P-4502E1 (CYP2E1) and aldehyde
dehydrogenase-2 (ALDH2) are the three key enzymes responsible
for hepatic metabolism of ethanol and its metabolite, acetalde-
hyde. ADH consists of three genes, ADH1, ADH2 and ADH3,
forming a gene cluster on chromosome 4q21–23 [17]. The
ADH2*1 polymorphism results in a less active beta 2 subunit.
Similarly, the c2 allele at the 5´ flanking region of CYP2E1 causes
a lower basal CYP2E1 activity and, in the ALDH2*2 poly-
morphism, a G/A mutation at codon 487 produces an inactive
ALDH2 [18]. To a certain extent, these genotypes have accounted
for the individual differences in alcohol and acetaldehyde blood
concentrations after drinking [18]. Multiple studies, with sam-
ple sizes varying from 80 to 328, have confirmed the association
of these polymorphisms with alcohol-induced liver fibrosis,
alcoholic cirrhosis and hepatocellular carcinoma (Table 1)
[19–24].

Primary biliary cirrhosis (PBC): CTLA-4 and VDR
(see Chapter 11.1)

PBC is a chronic autoimmune disease with destruction of the
intrahepatic bile ducts. Over 90% of patients have detectable
antimitochrondrial antibody, directed at the pyruvate dehydro-
genase E2 complex. The disease predominantly affects women
with a female to male ratio of 9:1, and a peak incidence in the
fifth decade of life. It is more common in northern Europe [25].
Genetic factors clearly play an important role, with a concor-
dance rate of PBC in monozygous twins of up to 63%, the 
second highest rate among autoimmune diseases [26]. In addi-
tion, 4–6% of the first-degree relatives of patients with PBC also
develop the disease. However, different from most autoimmune
conditions, PBC has only weak association with human leuco-
cyte antigen (HLA) alleles (the usual genetic elements for
autoimmunity) [27], suggesting that other genetic factors may
play an important role, in addition to environmental factors.
Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is expressed by
activated T cells, and negatively regulates the activation of 
T cells [28]. The SNP 49A/G leads to the change of Thr to 
Ala in the protein leader peptide, reducing the inhibitory 
function of CTLA-4 [28]. The 49A/G polymorphism was first
associated with the predisposition to PBC in a large study of 
200 Caucasian patients [29], and the results were confirmed
recently in 77 Chinese PBC patients [30]. Another gene, vitamin
D receptor (VDR), codes for the receptor of an immunomodu-
lator, 1,25-dihydroxyvitamin D3. Polymorphisms in VDR have
been associated with various other autoimmune diseases [27].
The BsmII polymorphism in VDR has been significantly associ-
ated with PBC in German, Hungarian and Chinese patients
[31–34].

Treatment response in patients with chronic
hepatitis C: IL-10, MxA, CCR5

Several viral and host factors, such as pretreatment viral load,
hepatitis C virus (HCV) genotype, rapid or early virological
response, absence of cirrhosis, younger age, sex and race, have
been identified as predictors of response to interferon (IFN)-
based antiviral therapy [35,36]. Nevertheless, genetic markers
could complement and improve the current predictive value in
making treatment decisions. SNPs within the promoter region
of the gene for the cytokine interleukin 10 (IL-10) have been
studied extensively. IL-10, an immune suppressor, inhibits the
secretion of proinflammatory and antiviral cytokines, as well as
the development and activation of CD4+ T-helper lymphocytes
with a Th1 phenotype [37]. Three well-defined promoter SNPs,
–1082, –819 and –592, (with the last two in complete LD),
influence the level of IL-10 secretion [38]. Edwards-Smith et al.
[39] found that, in 43 HCV patients, those with genotypes or
haplotypes of these three SNPs resulted in higher expression of
the IL-10 gene and had a poor response to IFNα therapy. This
association was confirmed in a larger study with 303 HCV
patients treated with IFN [40]. The second SNP related to IFN
response has been identified in gene MxA, which is induced by
IFN and involved in clearance of HCV in IFN-treated patients
[41]. Hijikata et al. [42] first reported the significant association
of –88G/T with sustained virological response to IFN therapy in
a cohort of 115 HCV patients, and confirmed the results when
more patients (n = 159) were enrolled [43]. The association was
validated in another independent cohort of 235 patients [44].
However, all these studies were conducted in a Japanese popula-
tion, and the association in non-Japanese populations has not
been established. The third SNP has been reported in the CC
chemokine receptor 5 (CCR5) gene, which codes for a receptor
for cell entry of human immunodeficiency virus-1 (HIV-1). 
Its promoter, SNP 59029, has been associated with HIV disease
progression [45]. This marker was marginally associated with a
sustained response to IFN therapy in 171 patients with mixed
races [46], and the association was confirmed in 105 Japanese
patients [47].

Fibrosis progression in patients with chronic
hepatitis C: DDX5, CPT1A, HFE, TGF-b1 and TNF
(see also Section 6)

The fibrosis progression rate is highly variable among subjects
with chronic hepatitis C infection. Overall, it is estimated that
only about 20% of chronically infected subjects progressed to
cirrhosis after 20 years [48]. Previously identified clinical risk
factors for fibrosis progression included male gender, excessive
alcohol use, older age at time of infection and the presence of
steatosis on liver biopsy [49–51]. However, many patients with
these characteristics have mild disease, while other patients
without these factors have cirrhosis [52]. Therefore, host genetic
factors are important in determining fibrosis risk in HCV patients.

TTOC03_03  3/8/07  6:50 PM  Page 358



3.3 GENETICS AND LIVER DISEASES 359

In a multicentre study of over 1000 chronic hepatitis C
patients from four US academic centres, we have identified two
novel genetic polymorphisms that were associated with fibrosis
risk [53,54]. DDX5, a RNA helicase also known as p68, has pre-
viously been shown to interact with the HCV RNA-dependent
RNA polymerase in the NS5B region [55]. This suggests that
DDX5 is a human cellular factor involved in HCV RNA replica-
tion. The second one is CPT1A, a key enzyme in the carnitine-
dependent transport across the mitochondrial inner membrane.
Deficiency of CPT1A causes a decreased rate of fatty acid beta-
oxidation, resulting in fatty liver diseases [56]. Our results 
indicate that DDX5 and CPT1A SNPs are associated with 
the risk of developing bridging fibrosis/cirrhosis in multiple
cohorts [53,54].

At least three studies have also identified polymorphisms of
the HFE (haemochromatosis) gene as contributing to fibrosis
risk. C282Y and H63D are the two common missense mutations
in HFE, contributing to hepatic iron overload. Bonkovsky et al.
[57] first reported in a study of 119 HCV patients that patients
with the C282Y mutation had a higher mean fibrosis score (stage
2.6 vs. 1.8) compared with those without the mutation. In a 
similar study, C282Y was associated with advanced fibrosis
(F2–4 vs. F0–1) in 246 HCV patients [58]. A third analysis of
166 patients further confirmed the positive association of C282Y
with advanced fibrosis (F2–4) [59]. Another well-studied gene 
is the gene coding for transforming growth factor β1 (TGF-β1),
a profibrogenic cytokine that stimulates the synthesis and
inhibits the degradation of a large number of extracellular
matrix proteins [60]. Two coding SNPs, L10P and R25P, could
potentially change the secretion levels of TGF-β1 [61]. These
two SNPs have been correlated with higher stages of fibrosis 
in a study of 46 patients [62], and were associated with bridging
fibrosis/cirrhosis (F3–F4) in 210 Caucasian patients [63]. The
other validated SNP for fibrosis risk is the promoter SNP –308A
in the gene for tumour necrosis factor (TNF). As a major infla-
mmatory mediator, TNFα could affect liver fibrogenesis by
stimulating hepatic stellate cells [64]. The –308A promoter SNP
was significantly associated with cirrhosis in 144 patients with
chronic hepatitis C [65], and with bridging fibrosis/cirrhosis in
52 patients [66].

Identification of disease-associated
polymorphisms: candidate gene vs.
genome-wide study

Genetic studies to identify disease associations can be broadly
divided into candidate gene studies, which use resequencing 
or association approaches, and genome-wide studies, which use
genome-wide linkage mapping or genome-wide association
approaches. So far, most published genetic studies in liver dis-
eases have focused on the candidate gene approach, in which
polymorphisms in a few candidate genes with known biological
functions have been studied (Tables 1 and 2). While this
approach does identify interesting markers, it limits the findings

to known biological pathways. However, genome-wide asso-
ciation study is becoming feasible as a result of the completion 
of the human genome sequence, the deposition of millions 
of SNPs into public databases, the rapid improvements in 
SNP genotyping technology and the International HapMap
Project.

Genome-wide association studies, in which a dense set of
SNPs across the genome are typed to survey the disease asso-
ciation, have at least two advantages. First, in comparison with 
the candidate gene approach, a genome-wide study offers an
unbiased, yet fairly comprehensive, option for all genes and dis-
eases independent of any known pathophysiology. Second, for
most complex diseases caused by common variants with modest
effects, the association approach is much more powerful than
the linkage approach [67–69].

Markers in a genome-wide scan can be selected based on 
LD or potential functions, or the combination of both. LD is 
the non-random association of alleles at two or more loci on a
chromosome. The rationale for LD-based markers is that most
of the common SNPs in the genome can be divided into groups
(haplotype blocks), in which the genotype of one SNP accurately
predicts those of the correlated neighbouring ones. On the basis
of current data, it is estimated that a few hundred thousand 
well-chosen SNPs should be adequate to cover most of the
genome [67–69]. Obviously, this approach is dependent on the
clear understanding of the LD pattern, and efficient statistical
methods to select the tagging SNPs, both of which are still in
progress. On the other hand, based on the fact that most 
mutations causing Mendelian disorders are missense mutations,
Botstein and Risch [70] proposed that genome-wide association
should focus on missense mutations. As there are only one 
or two missense SNPs per gene, this strategy requires only 
30 000–60 000 SNPs [67]. In the genome-wide study we per-
formed on patients with chronic hepatitis C, 68.3% of SNPs 
are coding functional SNPs (missense, nonsense, acceptor and
donor splice sites); the remainder are non-coding, putative 
regulatory SNPs that may affect the level of gene expression, i.e.
SNPs located at putative transcription factor binding sites, or
5′/3′ untranslated regions [53,54].

Study design and data analysis

Despite the increasing interest in finding genetic markers asso-
ciated with different liver diseases, very few markers have been
validated in multiple studies (Tables 1 and 2). This is a common
problem observed in other disease association studies and 
precludes these markers from being usefully incorporated into
clinical practice [71]. In a comprehensive review by Hirschhorn
et al. [71] of > 600 positive disease associations that have been
reported, 166 (27.7%) have been studied three or more times,
but only six (1%) have been consistently replicated. Similarly,
we found that, of the > 115 associations in different liver diseases
that have been reported, 28 SNPs (24%) have been studied in
two or more sample sets, but only 14 SNPs (12%) have been 
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validated with positive associations (Table 2). The number of
validated makers would be even less (2–3, ~ 1%) if the criteria of
Hirschhorn et al. [71] were applied.

Here, we discuss the main issues encountered in the asso-
ciation studies and possible solutions. Some of these problems
have been reviewed in detail recently [68,72–74].

Sample size

The power to detect an association is determined by the effect
size of a disease locus, the frequency of the disease allele(s), 
the frequency of the tested marker allele(s), the extent of LD
between the tested marker and the disease locus and the sample
size [75]. While the first four factors are intrinsic properties of
the disease and genetic allele, sample size is the only controllable
variable that will determine the statistical power of a study. If, in
an ideal association study scenario, we assume an OR of 2 as
effect size, a 10% frequency of the disease allele and a 100% LD
between the tested marker and the disease allele, the required
sample size is close to 300 cases and control subjects for detect-
ing such an association, with a statistical power of 80% at a
significance level of P < 0.05. Obviously, most of the studies
listed in Table 2 are undersized even for such an optimal sce-
nario, which is the main source of false positives (type 1 error)
and non-replicable results. For the study of complex diseases
including liver diseases, sample size should ideally be calculated
based on more practical or suboptimal conditions, such as weak
effects, rare alleles and partial LD [75]; therefore, the required
sample size would be even larger.

Control population

The selection of control subjects is critical as any systematic 
difference between cases and control subjects can appear as a
disease association. One solution is the matched case–control
design. Depending on the specific liver disease, the general
demographics and related risk factors, such as age, sex, alcohol
consumption, viral subtype, etc., should be similar between
cases and control subjects. More importantly, the most serious
confounder from the genetics perspective is ethnicity, also
known as population stratification [76]. This occurs when the
cases and control subjects are unintentionally drawn from two
or more ethnic groups or subgroups. Stratification will occur 
if one of these subgroups has higher disease prevalence, or the
frequency of some markers varies substantially between ethnic
groups. Therefore, cases that contain a predominant ethnic
group must be matched to appropriate control subjects of the
same ethnicity. If possible, a few sets of control populations can
be selected based on various substructures that might exist in 
the case population. Another solution is to use family-based
studies such as the transmission disequilibrium test (TDT). This
method is immune to false-positive results from ethnic admix-
ture because ethnicity is controlled internally. The disadvan-
tages are that it requires the affected offspring and their parents
to be accessible, and 50% more genotyping than in case–control
studies to achieve similar power [73,74,76]. This approach is
also not feasible for diseases such as alcoholic cirrhosis or
chronic hepatitis C, where it would be hard to find a family with
multiple members with alcoholic cirrhosis or infected with HCV.

Table 2 Polymorphisms reported in liver disease.

Diseases

Non-alcoholic fatty 

liver disease (NAFLD)

Alcohol-induced 

liver disease (ALD)

Primary biliary 

cirrhosis (PBC)

IFN response in 

chronic hepatitis C

Fibrosis risk in 

chronic hepatitis C

For each disease or trait, we included: a, all reported associations; b, associations reported in two or more studies; and c, validated associations. The ‘validated

markers’ are described in detail in the text and Table 1.

SNPs/genes reporteda

ADRB2, ADRB3, AGT, ALDH2, CD14, HFE, IL10, IL1B, MTP,

PEMT, PPARA, PPARG, TGFB1, TNF

ADH1, ADH2, ADH3, ALDH2, CD14, CTLA4, CYP2E1, IL10, 

IL1RN, SOD2

ABCB1, CD14, CD14 ligand, CTLA4, CYP2D6, CYP2E1, FAS,

HLA, IL10, IL1B, L1RN, IL-2, IL6, MBL2, MDR1, NOS3, NR1I2,

NRAMP1, PXR, SPP1, TNF, VDR

CCR2, CCR5, CTLA4, NB3, HFE, HLA-B, HLA-DRB1, IFNG, IL10,

IL1B, IRF1, LMP2, LMP7, MBL, MxA, OPN, RANTES, TAP1, TAP2,

TGFB1, TNFA

ACE, AGT, AGTR1, ApoE, C5, CR2, CCR3, CCR5, COMT,

CPT1A, CX3CR1, CYP17, CYP2C19, DDX5, EPHX1, F2, F5, FAS,

HFE, HLA, HO1, IFNG, IL10, IL1A, IL1B, IL1RA, IL4, IL6, LDLR,

LTA, MBL, MCP1, MCP2, MMP1, MMP3, MMP9, MPO, MTHFR,

P53, RANTES, SRD5A2, TAP2, TFR1, TGFB1, TNF

SNPs/genes reported in
more than two studiesb

MTP, PPARA

ADH1, ADH2, ADH3,

ALDH2, CYP2E1, IL-1RN

CTLA4, IL-10, TNF, VDR

CCR2, CCR5, IL-10,

LMP7, MxA, RANTES,

TNFA

CPT1A, DDX5, HFE, IL1B,

TFR1, TGB1, TNF, MPO,

HLA

SNPs/genes validated in
more than two studiesc

MTP

ADH2, ALDH2, CYP2E1

CTLA4, VDR

CCR5, IL-10, MxA

CPT1A, DX5, HFE, TGB1,

TNF
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Clinical endpoints

To identify replicable genetic markers, it is important to have
well-defined, commonly acceptable and clinically relevant phe-
notypes with minimal sampling error. For example, in studying
fibrosis risk in patients with chronic hepatitis C, we chose fibro-
sis stage as the clinical endpoint. We have defined ‘cases’ as
patients with bridging fibrosis or cirrhosis (stage 3–4), while
‘control subjects’ are those with no or mild fibrosis (stage 0–2).
By grouping patients in this manner, we maximized our chances
of identifying SNPs associated with fibrosis progression if such
SNPs really existed. We intentionally did not group patients
according to fibrosis progression rate, which is a value calculated
from fibrosis stage on liver biopsy and estimated duration of
infection. There were at least three potential sources of error in
using fibrosis rate as the clinical endpoint: sampling variation
from liver biopsy, uncertainty in determining the duration of
HCV infection by recall of risk factor(s), and linearity of fibrosis
progression rate. Numerous studies have demonstrated that the
accuracy of staging fibrosis in a liver biopsy specimen is affected
by the liver biopsy size, quality and experience of the examining
pathologist [77–80]. However, such variation is nearly always
limited to a single stage [77–80]. Fibrosis staging from liver
biopsy is more accurate at the extremes, especially for cirrhosis
[80,81], or when fibrosis is stratified into mild (metavir F0–1)
vs. advanced (metavir F2–4).

Follow-up genotyping

It is important to realize that, in most cases, the original positive
marker may be in LD with the true disease loci or with another
marker of better allele frequency or effect size. To explore this
possibility, positive associations should be followed up by test-
ing adjacent markers and constructing the haplotype structure
in the region.

Interaction with other genetic or
environmental factors

If the association is dependent on gene–gene and gene–environ-
ment interactions, the association is only replicable in popula-
tions with appropriate genetic and environment characteristics
[67,71]. In PBC, for example, there is a geographical pattern and
the genetic association is often limited to certain geographical
areas [26].

Suggested work flow for a genetic
epidemiological study

Based on the above discussions, we propose a work flow for
future association studies in liver disease as shown in Figure 1.

An ideal case–control association study should comprise 
a minimum of two large sample sets, namely discovery and

Primary hits: P ≤ 0.05 in discovery cohort

Replicated hits: P ≤ 0.05 in discovery and replication cohorts

Making DNA pools from discovery cohort

Enrolment: Same inclusion/exclusion criteria
 Discovery cohort
 Replication cohort
 Clinical utility cohort (optional) 

Study functional
mechanism

Functional scan on DNA pools from discovery cohort 

Genotype primary hits in replication cohort

Validated markers

Construct genetic predictor for clinical application

Validate the genetic predictor in clinical utility cohort

Fine density mapping

Causal marker or better hits

Fig. 1 Proposed study design for association
studies between genetic markers and disease
phenotypes.
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replication cohorts, with a minimum of 250 cases and 250 con-
trol subjects in each cohort. All subjects should be enrolled under
the same inclusion and exclusion criteria, using well-defined
clinical endpoint(s) of interest. DNAs from the discovery cohort
are pooled based on the studied clinical endpoints, major risk 
factors and demographics. Genome-wide scan is performed on
pools of the discovery cohort, and significant markers from dis-
covery can be genotyped in the replication cohort. ‘Validated
markers’ are defined as those markers with significant associa-
tion in both the discovery and the replication cohorts, with the
same risk allele and ORs of similar magnitude. Validated markers
are individually genotyped in all samples from the discovery and
replication cohorts to confirm the association. For all confirmed
markers, additional SNPs in the same LD block should be 
genotyped to identify causal mutations or markers with better
ORs and/or allele frequencies. Simultaneously, functional
mechanisms of these markers and their genes should be studied
in relation to specific liver disease. Furthermore, using com-
bined discovery and replication samples as training sets, statisti-
cal methods can be employed to construct the genetic signature
selected from all validated hits. The predictive model will then
be verified in the clinical utility cohort.

Summary

Association studies have identified interesting genetic poly-
morphisms influencing disease manifestations and treatment
responses in patients with liver diseases. However, most genetic
studies in liver diseases have utilized candidate gene approaches,
which limit findings to the few genes with known biological
function. In addition, small sample size and lack of replication
sample sets further hinder the identification of ‘true’ disease-
associated markers. At present, over 10 million SNPs have been
identified in over 26 000 genes in the human genome, a small
fraction (< 1%) of which, so-called ‘functional SNPs’ that alter
the functions of the gene products, are likely to be potential dis-
ease-causing SNPs. A functional genomic scan, performed on a
large scale, with well-designed sample sets enables investigators
to identify reliable genetic markers that can be integrated into
clinical practice.

References

1 Clark JM, Brancati FL, Diehl AM (2003) The prevalence and etiology 

of elevated aminotransferase levels in the United States. Am J

Gastroenterol 98(5), 960–967.

2 Ong J, Younossi ZM, Reddy V et al. (2001) Cryptogenic cirrhosis and

posttransplantation nonalcoholic fatty liver disease. Liver Transpl

7(9), 797–801.

3 Angulo P, Keach JC, Batts KP et al. (1999) Independent predictors of

liver fibrosis in patients with nonalcoholic steatohepatitis. Hepatology

30(6), 1356–1362.

4 Neuschwander-Tetri BA, Caldwell SH (2003) Nonalcoholic steato-

hepatitis: summary of an AASLD Single Topic Conference. Hepatology

37(5), 1202–1219.

5 Marchesini G, Bugianesi E, Forlani G et al. (2003) Nonalcoholic fatty

liver, steatohepatitis, and the metabolic syndrome. Hepatology 37(4),

917–923.

6 Wanless IR, Lentz JS (1990) Fatty liver hepatitis (steatohepatitis) and

obesity: an autopsy study with analysis of risk factors. Hepatology

12(5), 1106–1110.

7 Erbey JR, Silberman C, Lydick E (2000) Prevalence of abnormal serum

alanine aminotransferase levels in obese patients and patients with

type 2 diabetes. Am J Med 109(7), 588–590.

8 Struben VM, Hespenheide EE, Caldwell SH (2000) Nonalcoholic

steatohepatitis and cryptogenic cirrhosis within kindreds. Am J Med

108(1), 9–13.

9 Willner IR, Waters B, Patil SR et al. (2001) Ninety patients with non-

alcoholic steatohepatitis: insulin resistance, familial tendency, and

severity of disease. Am J Gastroenterol 96(10), 2957–2961.

10 Bernard S, Touzet S, Personne I et al. (2000) Association between

microsomal triglyceride transfer protein gene polymorphism and the

biological features of liver steatosis in patients with type II diabetes.

Diabetologia 43(8), 995–999.

11 Namikawa C, Shu-Ping Z, Vyselaar JR et al. (2004) Polymorphisms of

microsomal triglyceride transfer protein gene and manganese super-

oxide dismutase gene in non-alcoholic steatohepatitis. J Hepatol 40(5),

781–786.

12 Huang H, Merriman RB, Chokkalingam AP et al. (2005) Novel genetic

markers associated with risk of non-alcoholic steatohepatitis in

patients with non-alcoholic fatty liver diseases. Gastroenterology 128(4,

Suppl. 2), A694–695.

13 Day CP (2004) The potential role of genes in nonalcoholic fatty liver

disease. Clin Liver Dis 8(3), 673–691.

14 Diehl AM (2002) Liver disease in alcohol abusers: clinical perspective.

Alcohol 27(1), 7–11.

15 Maddrey WC (2000) Alcohol-induced liver disease. Clin Liver Dis

4(1), 115–131.

16 Hrubec Z, Omenn GS (1981) Evidence of genetic predisposition to

alcoholic cirrhosis and psychosis: twin concordances for alcoholism

and its biological end points by zygosity among male veterans. Alcohol

Clin Exp Res 5(2), 207–215.

17 Yoshida A, Hsu LC, Yasunami M (1991) Genetics of human alcohol-

metabolizing enzymes. Prog Nucleic Acid Res Mol Biol 40, 255–287.

18 Higuchi S, Matsushita S, Masaki T et al. (2004) Influence of genetic

variations of ethanol-metabolizing enzymes on phenotypes of 

alcohol-related disorders. Ann NY Acad Sci 1025, 472–480.

19 Yamauchi M, Maezawa Y, Mizuhara Y et al. (1995) Polymorphisms in

alcohol metabolizing enzyme genes and alcoholic cirrhosis in Japanese

patients: a multivariate analysis. Hepatology 22(4 Pt 1), 1136–1142.

20 Chao YC, Young TH, Tang HS et al. (1997) Alcoholism and alcoholic

organ damage and genetic polymorphisms of alcohol metabolizing

enzymes in Chinese patients. Hepatology 25(1), 112–117.

21 Frenzer A, Butler WJ, Norton ID et al. (2002) Polymorphism 

in alcohol-metabolizing enzymes, glutathione S-transferases and

apolipoprotein E and susceptibility to alcohol-induced cirrhosis and

chronic pancreatitis. J Gastroenterol Hepatol 17(2), 177–182.

22 Yu C, Li Y, Chen W et al. (2002) Genotype of ethanol metabolizing

enzyme genes by oligonucleotide microarray in alcoholic liver disease

in Chinese people. Chin Med J (Engl) 115(7), 1085–1087.

23 Kim MS, Lee DH, Kang HS et al. (2004) [Genetic polymorphisms 

of alcohol-metabolizing enzymes and cytokines in patients with 

alcohol induced pancreatitis and alcoholic liver cirrhosis.] Korean J

Gastroenterol 43(6), 355–363.

TTOC03_03  3/8/07  6:50 PM  Page 362



3.3 GENETICS AND LIVER DISEASES 363

hepatitis C patients: revisited by analyzing two SNP sites (–123 and

–88) in vivo and in vitro. Intervirology 44(6), 379–382.

44 Suzuki F, Arase Y, Suzuki Y et al. (2004) Single nucleotide polymor-

phism of the MxA gene promoter influences the response to interferon

monotherapy in patients with hepatitis C viral infection. J Viral Hepat

11(3), 271–276.

45 Kostrikis LG, Huang Y, Moore JP et al. (1998) A chemokine receptor

CCR2 allele delays HIV-1 disease progression and is associated with a

CCR5 promoter mutation. Nature Med 4(3), 350–353.

46 Promrat K, McDermott DH, Gonzalez CM et al. (2003) Associations

of chemokine system polymorphisms with clinical outcomes and

treatment responses of chronic hepatitis C. Gastroenterology 124(2),

352–360. Erratum in: Gastroenterology (2003) 124(4), 1168.

47 Konishi I, Horiike N, Hiasa Y et al. (2004) CCR5 promoter poly-

morphism influences the interferon response of patients with chronic

hepatitis C in Japan. Intervirology 47(2), 114–120.

48 Thomas DL, Seeff LB (2005) Natural history of hepatitis C. Clin Liver

Dis 9(3), 383–498.

49 Poynard T, Bedossa P, Opolon P (1997) Natural history of liver 

fibrosis progression in patients with chronic hepatitis C. The

OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups. Lancet 349,

825–832.

50 Wright M, Goldin R, Fabre A et al. (2003) Measurement and deter-

minants of the natural history of liver fibrosis in hepatitis C virus 

infection: a cross sectional and longitudinal study. Gut 52, 574–579.

51 Ramesh S, Sanyal AJ (2004) Hepatitis C and nonalcoholic fatty liver

disease. Semin Liver Dis 24, 399–413.

52 Marcellin P, Asselah T, Boyer N (2002) Fibrosis and disease progres-

sion in hepatitis C. Hepatology 36, S47–56.

53 Huang H, Shiffman ML, Cheung RC et al. (2006) Identification of 

two gene variants associated with risk of advanced fibrosis in patients

with chronic hepatitis C. Gastroenterology 130, 1679–1687.

54 Huang H, Wright TL, Tuason O et al. (2005) Association of fibrosis

risk in HCV patients with a missense single nucleotide polymorphism

in a gene encoding carnitine palmitoyltransferase 1A (CPT1A). J

Hepatol 42(Suppl. 2), 22.

55 Goh PY, Tan YJ, Lim SP et al. (2004) Cellular RNA helicase p68 

relocalization and interaction with the hepatitis C virus (HCV) NS5B

protein and the potential role of p68 in HCV RNA replication. J Virol

78(10), 5288–5298.

56 Bonnefont JP, Djouadi F, Prip-Buus C et al. (2004) Carnitine palmi-

toyltransferases 1 and 2: biochemical, molecular and medical aspects.

Mol Aspects Med 25, 495–520.

57 Bonkovsky HL, Troy N, McNeal K et al. (2002) Iron and HFE or TfR1

mutations as comorbid factors for development and progression of

chronic hepatitis C. J Hepatol 37(6), 848–854.

58 Gehrke SG, Stremmel W, Mathes I et al. (2003) Hemochromatosis 

and transferrin receptor gene polymorphisms in chronic hepatitis C:

impact on iron status, liver injury and HCV genotype. J Mol Med

81(12), 780–787.

59 Geier A, Reugels M, Weiskirchen R et al. (2004) Common heterozygous

hemochromatosis gene mutations are risk factors for inflammation

and fibrosis in chronic hepatitis C. Liver Int 24(4), 285–294.

60 Border WA, Noble NA (1994) Transforming growth factor beta in 

tissue fibrosis. N Engl J Med 331(19), 1286–1292.

61 He B, Xu C, Yang B et al. (1998) Linkage and association analysis of

genes encoding cytokines and myelin proteins in multiple sclerosis. 

J Neuroimmunol 86(1), 13–19.

62 Gewaltig J, Mangasser-Stephan K, Gartung C et al. (2002) Association

24 Tanaka F, Shiratori Y, Yokosuka O et al. (1997) Polymorphism of 

alcohol-metabolizing genes affects drinking behavior and alcoholic

liver disease in Japanese men. Alcohol Clin Exp Res 21(4), 596–601.

25 Kaplan MM, Gershwin ME (2005) Primary biliary cirrhosis. N Engl J

Med 353(12), 1261–1273.

26 Selmi C, Invernizzi P, Zuin M et al. (2005) Genetics and geoepidemio-

logy of primary biliary cirrhosis: following the footprints to disease 

etiology. Semin Liver Dis 25(3), 265–280.

27 Invernizzi P, Selmi C, Mackay IR et al. (2005) From bases to basis:

linking genetics to causation in primary biliary cirrhosis. Clin

Gastroenterol Hepatol 3(5), 401–410.

28 Tivol EA, Schweitzer AN, Sharpe AH (1996) Costimulation and

autoimmunity. Curr Opin Immunol 8(6), 822–830.

29 Agarwal K, Jones DE, Daly AK et al. (2000) CTLA-4 gene polymor-

phism confers susceptibility to primary biliary cirrhosis. J Hepatol

32(4), 538–541.

30 Fan LY, Tu XQ, Cheng QB et al. (2004) Cytotoxic T lymphocyte asso-

ciated antigen-4 gene polymorphisms confer susceptibility to primary

biliary cirrhosis and autoimmune hepatitis in Chinese population.

World J Gastroenterol 10(20), 3056–3059.

31 Vogel A, Strassburg CP, Manns MP (2002) Genetic association of 

vitamin D receptor polymorphisms with primary biliary cirrhosis and

autoimmune hepatitis. Hepatology 35(1), 126–131.

32 Lakatos LP, Bajnok E, Hegedus D et al. (2002) Vitamin D receptor,

oestrogen receptor-alpha gene and interleukin-1 receptor antagonist

gene polymorphisms in Hungarian patients with primary biliary 

cirrhosis. Eur J Gastroenterol Hepatol 14(7), 733–740.

33 Halmos B, Szalay F, Cserniczky T et al. (2000) Association of primary

biliary cirrhosis with vitamin D receptor BsmI genotype polymor-

phism in a Hungarian population. Dig Dis Sci 45(6), 1091–1095.

34 Fan L, Tu X, Zhu Y et al. (2005) Genetic association of vitamin D

receptor polymorphisms with autoimmune hepatitis and primary 

biliary cirrhosis in the Chinese. J Gastroenterol Hepatol 20(2), 

249–255.

35 Lindsay KL (2002) Introduction to therapy of hepatitis C. Hepatology

36 (5S1), S114–120.

36 Ferenci P (2004) Predictors of response to therapy for chronic hepatitis

C. Semin Liver Dis 24(S2), 25–31.

37 Moore KW, O’Garra A, de Waal Malefyt R et al. (1993) Interleukin-10.

Annu Rev Immunol 11, 165–190.

38 Eskdale J, Keijsers V, Huizinga T et al. (1999) Microsatellite alleles and

single nucleotide polymorphisms (SNP) combine to form four major

haplotype families at the human interleukin-10 (IL-10) locus. Genes

Immun 1(2), 151–155.

39 Edwards-Smith CJ, Jonsson JR, Purdie DM et al. (1999) Interleukin-

10 promoter polymorphism predicts initial response of chronic 

hepatitis C to interferon alfa. Hepatology 30(2), 526–530.

40 Knapp S, Hennig BJ, Frodsham AJ et al. (2003) Interleukin-10 pro-

moter polymorphisms and the outcome of hepatitis C virus infection.

Immunogenetics 55(6), 362–369.

41 Giannelli G, Guadagnino G, Dentico P et al. (2004) MxA and PKR

expression in chronic hepatitis C. J Interferon Cytokine Res 24(11),

659–663.

42 Hijikata M, Ohta Y, Mishiro S (2000) Identification of a single

nucleotide polymorphism in the MxA gene promoter (G/T at nt –88)

correlated with the response of hepatitis C patients to interferon.

Intervirology 43(2), 124–127.

43 Hijikata M, Mishiro S, Miyamoto C et al. (2001) Genetic polymor-

phism of the MxA gene promoter and interferon responsiveness of

TTOC03_03  3/8/07  6:50 PM  Page 363



364 3 BASIC CONCEPTS IN PATHOBIOLOGY

of polymorphisms of the transforming growth factor-beta1 gene with

the rate of progression of HCV-induced liver fibrosis. Clin Chim Acta

316(1–2), 83–94.

63 Wang H, Mengsteab S, Tag CG et al. (2005) Transforming growth 

factor-beta1 gene polymorphisms are associated with progression of

liver fibrosis in Caucasians with chronic hepatitis C infection. World J

Gastroenterol 11(13), 1929–1936.

64 Friedman SL (1997) Molecular mechanisms of hepatic fibrosis and

principles of therapy. J Gastroenterol 32(3), 424–430.

65 Yee LJ, Tang J, Herrera J et al. (2000) Tumor necrosis factor gene 

polymorphisms in patients with cirrhosis from chronic hepatitis C

virus infection. Genes Immun 1(6), 386–390.

66 Goyal A, Kazim SN, Sakhuja P et al. (2004) Association of TNF-beta

polymorphism with disease severity among patients infected with 

hepatitis C virus. J Med Virol 72(1), 60–65.

67 Hirschhorn JN, Daly MJ (2005) Genome-wide association studies 

for common diseases and complex traits. Nature Rev Genet 6(2),

95–108.

68 Wang WY, Barratt BJ, Clayton DG et al. (2005) Genome-wide asso-

ciation studies: theoretical and practical concerns. Nature Rev Genet

6(2), 109–118.

69 Goldstein DB, Ahmadi KR, Weale ME et al. (2003) Genome scans 

and candidate gene approaches in the study of common diseases and

variable drug responses. Trends Genet 19(11), 615–622.

70 Botstein D, Risch N (2003) Discovering genotypes underlying human

phenotypes: past successes for mendelian disease, future approaches

for complex disease. Nature Genet 33(Suppl.), 228–237.

71 Hirschhorn JN, Lohmueller K, Byrne E et al. (2002) A comprehensive

review of genetic association studies. Genet Med 4, 45–61.

72 Colhoun HM, McKeigue PM, Davey Smith G (2003) Problems of

reporting genetic associations with complex outcomes. Lancet 361,

865–972.

73 Cardon LR, Bell JI (2001) Association study designs for complex 

diseases. Nature Rev Genet 2(2), 91–99.

74 Risch NJ (2000) Searching for genetic determinants in the new millen-

nium. Nature 405(6788), 847–856.

75 Zondervan KT, Cardon LR (2004) The complex interplay among 

factors that influence allelic association. Nature Rev Genet 5(2),

89–100.

76 Cardon LR, Palmer LJ (2003) Population stratification and spurious

allelic association. Lancet 361(9357), 598–604.

77 Regev A, Berho M, Jeffers LJ et al. (2002) Sampling error and intraob-

server variation in liver biopsy in patients with chronic HCV infection.

Am J Gastroenterol 97, 2614–2618.

78 Bedossa P, Dargere D, Paradis V (2003) Sampling variability of liver

fibrosis in chronic hepatitis C. Hepatology 38, 1449–1457.

79 Afdal NH, Nunes D (2004) Evaluation of liver fibrosis: a concise

review. Am J Gastroenterol 99, 1160–1174.

80 Rousselet MC, Michalak S, Dupre F et al. (2005) Sources of variability

in histological scoring of chronic viral hepatitis. Hepatology 41,

257–264.

81 Poynard T, Mathurin P, Lai CL et al.; PANFIBROSIS Group (2003) A

comparison of fibrosis progression in chronic liver diseases. J Hepatol

38(3), 257–265.

3.3.2 Immunogenetics of liver 
disease
Peter T. Donaldson

Immunogenetics is now recognized as a major subspeciality
within the field of complex disease genetics. Understanding the
genetic basis of complex disease has been heralded as one of the
major challenges of the postgenome era. There are three major
goals: (i) to use the new genetics in disease diagnosis; (ii) to use
the new genetics in patient management and care (including
development of individualized therapies – although this is 
more suited to pharmacogenetics); and (iii) to use the new
genetics to advance our understanding of disease pathology. 
Of these three promises, the last is perhaps the most realistic 
for immunogenetics.

Immunogenetics grew out of an early interest in the immune
recognition of tumours and blossomed with the advent of trans-
plantation in a clinical setting. Consequently, a major focus for
this subspeciality has been (and still is) the human major histo-
compatibility complex (MHC). More recently, the genome pro-
ject has revealed a vast array of inherited variation in immune
regulatory proteins, and it now seems that almost all ‘immune
response (IR) genes’ are polymorphic. As the immune response
is a central process in most, if not all, human diseases, it is of 
no surprise to find that IR genes play a very significant role in 
the development and progression of non-Mendelian (complex)
liver disease.

The first immunogenetic studies in liver disease were con-
ducted in the early 1970s [1]. These investigations broke most 
of the rules for genetic association studies that we know today,
but nevertheless described key genetic associations upon which
much later work has been based. Not all those early studies 
have withstood the test of time (Table 1). Those that do survive
scrutiny have evolved. This evolution reflects a growing know-
ledge of the human genome, a better understanding of linkage
disequilibrium and a better understanding of the role played by
haplotypes.

Today, immunogenetics is split into two broad categories
concerning either MHC or non-MHC genes. The strongest and
most reproducible genetic associations in liver disease are with
MHC alleles and haplotypes. However, there is an increasing
body of evidence to suggest involvement of non-MHC IR genes.
In this section, I will consider the state of knowledge for both
MHC and non-MHC IR genes in liver disease, discuss some of
the current theories to explain these associations and try to illus-
trate the way forward for immunogenetic studies.

Human MHC

The human MHC maps to 7.6 Mb of chromosome 6p21.3. 
The full map of the human MHC was published recently and 
is more complex than previously envisaged [2]. The extended
MHC (xMHC) encodes 421 gene loci, of which 252 are
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are involved in the natural killer (NK) cell-mediated immune
responses through presentation of antigens to CD8+ T cells and
recognition of the leukocyte receptor complex or natural killer
complex. The expression profile of the class I-like MICA and
MICB indicates a possible role in mucosal immunity. HFE, 
on the other hand, although resembling a classical HLA class I
protein (including the interaction with β2-microglobulin), is
involved in iron metabolism, rather than in antigen processing
and presentation. Although early studies described genetic link-
age between the HLA A locus and idiopathic haemochromatosis
(IH), this was later found to be a result of linkage disequilibrium
with the HFE locus 4 Mb telomeric of HLA A.

The TNF gene cluster comprises the genes encoding TNFα,
lymphotoxin-α and lymphotoxin-β. All three are cytokines
involved in the inflammatory immune response.

The HLA class II cluster comprises the classical HLA DP, DQ
and DR genes and the non-classical HLA DM and DO genes. 
The products of these genes form heterodimers involved in 
antigen presentation to CD4+ T cells (DP, DQ, DR) and peptide
exchange and loading into class II molecules (DM, DO).

Interestingly, although there are many class I-like genes in the
genome, there are (as yet) no class II-like genes outside the
xMHC.

Genes of the human MHC in clinical liver
disease

Despite the apparent complexity of the xMHC, studies in liver
disease have concentrated on relatively few of the genes encoded
therein. The areas of interest include members of the HLA class I
supercluster (HLA A, B and, to a lesser extent, Cw and MICA),
the class II cluster (HLA DR, DQ and, to a lesser extent, DP) and
a single member of the TNF cluster (TNFA). In addition, a 
few studies have looked at the MHC-encoded complement
genes C4A and C4B. A map of the xMHC can be found 
at www.nature.com/nrg/journal/v5/n12/poster/MHCmap; data
on individual genes can found at www.ncbi.nih.gov/MHC; 
and up-to-date HLA nomenclature can be found at 
www.anthonynolan.org.uk/research.

Much has been written about how we should study genetically
complex diseases. However, very little of this advice has 
(until recently) had any impact on the strategies applied to 
the study of genetically complex liver diseases. The basic data
that would indicate to a classical geneticist that the diseases 
listed below have a significant heritable component are simply
not available. Most of these diseases are rare in families, and
most are diseases of adulthood presenting in later life, ruling 
out the possibilities of genetic studies based on linkage analysis
of families or affected sib pairs. Consequently, studies of these
diseases have been almost entirely restricted to case–control
association analyses. Yet despite this, there have been some 
very promising findings in this area of research, in particular 
in the study of autoimmune and, more recently, viral liver 
diseases.

expressed genes, 30 are classified as transcripts and 139 are 
pseudogenes. The xMHC is characterized by extreme linkage
disequilibrium and a very high degree of polymorphism (56 of
the 252 expressed xMHC genes are known to be polymorphic).
This polymorphism includes single nucleotide polymorphism
(SNPs), deletion/insertion polymorphism (DIPs) and two large
regions of duplication.

Within the xMHC, it is possible to recognize clusters and
superclusters that appear to have arisen from both small- 
and large-scale segmental duplications. Currently, six clusters
and six superclusters are recognized. Among these are three 
that are of immediate interest: the human leucocyte antigen
(HLA) class I supercluster, the tumour necrosis factor (TNF)
cluster and the HLA class II cluster.

The HLA class I supercluster comprises: the classical HLA A, B
and Cw loci; the non-classical HLA E, F and more distant HFE
locus; the class I-like genes MICA and MICB; and 12 pseudo-
genes. Both classical and non-classical HLA class I gene products

Table 1 Summary of early studies of HLA in autoimmune and viral liver
disease.

Disease Association Author and year

PSC A1 and B8 Schrumpf et al. (1982)

B12 (44) (later B44) Chapman et al. (1983)

DR3 Chapman et al. (1983)

DR13 Farrant et al. (1992)

Type 1 AIH A1 and B8 Mackay & Morris (1972)

Dw3 (later DR3) Opelz et al. (1977)

DR3 Donaldson et al. (1991)

DRw4 (later DR4) Williams et al. (1978)

DR4 Donaldson et al. (1991)

PBC A1 and B8 Eddleston et al. (1974)

DR2 Miyamori et al. (1983)

DR3 Ercilla et al. (1979)

DR4 Johnston et al. (1987)

DR8 Gores et al. (1987)

DR11 Gores et al. (1987)

HBV DR2 Almarri and Batchelor (1994)*

DR6 van Hattum et al. (1987)

DR7 Almarri and Batchelor (1994)*

HCV DR5-DQ3 Peano et al. (1994)

DR5-DQ3 Zavaglia et al. (1996)

AIH, autoimmune hepatitis; HBV, hepatitis B virus; HCV, hepatitis C virus;

PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis. All the

above studies are described as ‘early’ either on grounds of the year of the

original publication or on the basis of the technology used for HLA typing.

With one exception (*) all were based on serological typing, which is based

on restriction fragment length polymorphism (RFLP) analysis. Associations

which have been widely replicated are highlighted. Note that nomenclature

has changed and technology has evolved permitting higher resolution

genotyping and subdivision of some allelic families. For example, the DR6

family can be divided into approximately 63 DRB1*13 and 48 DRB1*14 alleles.
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The MHC and autoimmune liver disease

The strongest associations have been reported in the autoim-
mune liver diseases, primary sclerosing cholangitis (PSC) and
type 1 autoimmune hepatitis (AIH) (Table 2) [3]. At first glance,
there are striking similarities between the two. Both PSC and
AIH are associated with an increased frequency of the HLA 8.1
haplotype. However, closer scrutiny reveals that susceptibility
and resistance for these diseases may map to different gene loci
within the MHC. Thus, in PSC, MHC-encoded susceptibility
appears to involve either a combination of DRB–DQB and the
MICA alleles or perhaps MICA alone [3], whereas in type 1 AIH,
MHC-encoded susceptibility appears to be related very closely
to specific DRB1 alleles that carry lysine or arginine at position
71 [4].

Primary sclerosing cholangitis

In PSC, studies have consistently reported an increased risk of
disease associated with the HLA 8.1 haplotype and with the HLA
DRB3*0101-DRB1*1301-DQA1*0103-DQB1*0603 haplotype [3].
The association with the HLA DRB5*0101-DRB1*1501-
DQA1*0102-DQB1*0602 haplotype is more controversial [5].
Interestingly, other than B8, there have been no reproducible
associations with classical HLA class I alleles in PSC [5], indicat-
ing that susceptibility and resistance to PSC do not map to these
gene loci. However, data on MICA allele frequencies in PSC
indicate a five- to sixfold increased risk of PSC associated with
homozygosity for MICA*008 and a 14-fold reduced risk associ-
ated with one or more copies of the MICA*002 allele (Table 2)

[3,5]. This provides strong evidence to suggest a significant role
for MICA in MHC-encoded susceptibility/resistance to PSC.
Yet, MICA alone cannot account for all the observed MHC 
associations as the HLA DRB3*0101-DRB1*1301-DQA1*0103-
DQB1*0603 haplotype does not carry MICA*008, and neither of
the other two HLA haplotypes associated with disease resistance
carry MICA*002.

These observations have important implications for our
understanding of the pathogenesis of PSC. In PSC, the potential
involvement of the MICA genes indicates a more prominent role
for the innate immune response. MICα molecules are expressed
on gastrointestinal and thymic epithelia and are also seen in
non-diseased liver. MICα molecules may be induced by stress
including heat shock. These molecules are ligands for T cells
expressing the NKG2D activatory receptor, which activates γδ
T cells and NK cells. The ‘normal’ liver has a large resident popu-
lation of γδ T cells, NK and natural (N)T cells, and increased
numbers of γδ T cells and NK cells have also been documented
in PSC livers [6].

There is evidence that MICA*008 homozygosity may be 
associated with a loss of MICα function. All MICA alleles carry a
variable number of short tandem repeat (STR) sequences. The
STR encoded on all MICA*008 haplotypes, the 5.1STR, encodes
a MICα molecule with a short, perhaps even, unstable cytoplas-
mic segment. If PSC arises as a result of infection, heat shock
induction of MICα on biliary epithelium would be a crucial step
in the activation of intrahepatic γδ T cells and NK cells, leading
to cytokine secretion and cytolytic effector functions. In individ-
uals homozygous for MICA*008, unstable expression of MICα
may cause failed immune activation, with the consequence of

Table 2 Summary of HLA haplotypes in autoimmune liver disease.

Disease Population Haplotype Risk ratio

PBC Japan DRB1*0803-DQ3-DPB1*0501 NA

NEC-Europe and NEC-USA DRB1*0801-DQA1*0401-DQB1*0402 8.16

PSC NEC-Europe aB8-MICA*008-TNFA*2-DRB3*0101-DRB1*0301-DQB1*0201 2.69

DRB3*0101-DRB1*1301-DQA1*0103-DQB1*0603 3.8

MICA*008-DRB5*0101-DRB1*1501-DQA1*0102-DQB1*0602 1.52

DRB4*0103-DRB4*0401-DQA1*03-DQB1*0302 0.26

DRB4*0103-DRB1*0701-DQA1*0201-DQB1*0303 0.15

MICA*002 0.15

AIH NEC-Europe and NEC-USA aA1-B8-MICA*008-TNFA*2-DRB3*0101-DRB1*0301-DQB1*0201 4.6–5.51

DRB4*0103-DRB1*0401-DQA1*0301-DQB1*0301 3.3–3.7

DRB5*0101-DRB1*1501-DQA1*0102-DQB1*0602 0.32–0.4

Japan Bw54-DRB4*-DRB1*0405-DQA1*0301-DQB1*0401

Argentina and Brazil Adults: DRB4*0101-DRB1*0405 10.4

Children: DRB3*0101-DRB1*1301-DQA1*0103-DQB1*0603 16.3

Children: DRB3*0101-DRB1*0301-DQA1*0501-DQB1*0201 3.0

NEC, northern European Caucasoid. All studies are based on adult cases unless otherwise marked. Protective haplotypes are underlined and have risk values 

< 1. The current allele(s) of interest (i.e. candidate primary susceptibility/resistance allele shown) are in bold on each haplotype.
aHLA 8.1 haplotype.

TTOC03_03  3/8/07  6:50 PM  Page 366



3.3 GENETICS AND LIVER DISEASES 367

persistent infection. Persistent infection carries with it an ever-
increasing risk of recognition of self (auto)antigens through 
collateral damage and/or exposure of cryptic epitopes.

There is particular interest in innate immunity in inflamma-
tory bowel disease (IBD) at present, and it is tempting, given the
observation that two-thirds of all PSC patients may develop
ulcerative colitis (UC) at some stage in their illness, to consider
the potential for genetic overlap, in which case a common link
with innate immunity would perhaps be fitting. Indeed, studies
of the MHC suggest that PSC patients with concurrent IBD are
less likely to have the DR4 or DR7 haplotypes than those without
[7], and more recent studies indicate that the CARD4 poly-
morphism associated with increased risk of IBD and UC may 
be a risk factor for PSC/UC overlap [8].

Autoimmune hepatitis type 1

In Europe and North America, there are very clear strong asso-
ciations between increased risk for type 1 AIH and both the 
HLA 8.1 and DRB4*0101-DRB1*0401-DQA1*0301-DQB1*0301
haplotypes (Table 2) [4]. The latter association is secondary to
the former and is more pronounced in patients with late-onset
disease. There no are significant associations with HLA A, B or
Cw on the second haplotype, no significant associations (inde-
pendent of HLA 8.1) with either TNFA or MICA and no single
shared DQA, DQB or DPB allele or sequence carried on both
these haplotypes. These observations led to the development of
the ‘lysine/arginine DRβ-71 hypothesis’ in type 1 AIH [4].

According to this hypothesis, MHC-encoded susceptibility
and resistance depends primarily on the amino acid residue en-
coded at position 71 of the DRβ polypeptide. Both DRB1*0301
and DRB1*0401 encode lysine at position 71, and susceptibil-
ity alleles in other populations (including DRB1*0404 and
DRB1*0405) have arginine 71 (Table 3). These are both basic,
highly charged, polar amino acids and are positioned over the P4
and P7 binding pockets of the expressed HLA-DR molecule. The
allele DRB1*1501, which is associated with a reduced risk of 
type 1 AIH, encodes alanine 71, a small non-charged residue.
Substitution of lysine/arginine for alanine would have a pro-
found effect on the peptide-binding properties of the expressed
DR molecule, and it this idea upon which the ‘lysine/arginine
DRβ-71 hypothesis’ is based.

Type 1 AIH is a classical autoimmune disease. The genetic
association with HLA DRB1 points to the MHC class II antigen
presenting pathway and events in T-cell activation as the key to
understanding disease initiation. This fits well with the charac-
teristics of type 1 AIH as a predominantly T cell-mediated dis-
ease. However, the lysine/arginine 71 model does not tell us
much about the autoantigen in type 1 AIH and is not universal.
A number of alternative models have been proposed, but none
of them fits the European/North American data [4]. Different
models for each population (if they are valid) may suggest that
different genetic associations have arisen in different popula-
tions, depending on the prevailing environmental risk factors:

for example, in South America, where hepatitis A virus is
endemic, persistent infection is associated with carriage of the
HLA DRB1*1301 [9] allele, the same allele carried by the major-
ity of children who develop type 1 AIH in that population. Thus,
these HLA associations may provide the ‘molecular footprint’ 
of the prevailing environmental trigger(s) that precipitate the
disease in different populations.

A further level of complexity exists whereby European and
North American patients with DRB1*0301 have quite different
clinical characteristics from those with the DRB1*0401 haplo-
type, although both haplotypes carry lysine 71 [4], indicating
that, although lysine/arginine 71 may be the primary deter-
minant of disease susceptibility (at least in European and North
America) to type 1 AIH, other genes within the MHC (or closely
linked genes) may modify the clinical phenotype.

Primary biliary cirrhosis (PBC)

Studies of PBC [3,10], the most common of the three auto-
immune liver diseases, consistently report weak but significant
associations with alleles of the HLA DR8 family (DRB1*0801 in
Europeans and DRB1*0803 in Japan). The risk of disease for those
with these alleles is approximately two to three times greater
than for those without (Table 2). However, in Europeans, this
association accounts for only 15–25% of patients. This may
indicate that the true association lies elsewhere along the chro-
mosome with DRB1*0801 acting as a linkage marker.

In the case of PBC, these findings are not in keeping with the
picture of a T cell-mediated autoimmune disease, suggesting
that some thought should be given to the role of non-classical
MHC and other immunogenes in PBC.

The MHC and viral hepatitis

The relationship between the host MHC IR genes and viral hep-
atitis has been quite widely explored (see Table 4), with particular
emphasis being placed on HLA [3,11]. In most cases, the risk of
infection is not itself genetically determined, but host HLA genes
do play a role in determining the outcome following exposure to
the virus. Not all the immunogenetic studies in viral hepatitis
have been replicated but, among the more reproducible and
interesting findings are the following observations: individuals
who have the DRB1*1301 [12] allele are more prone to per-
sistent hepatitis A virus (HAV) infection; individuals with
DRB1*1302 [13] are more prone to persistent hepatitis B virus
(HBV) infection; and individuals with DQB1*0301 haplotypes
[14,15] are more likely to have self-limiting hepatitis C virus
(HCV) infection (Table 4).

Most studies on the immunogenetics of viral liver disease are
based on the European population where the major concern has
been HCV. Although there have been a few studies of HAV and
HBV, with the exception of the two studies above [12,13], most
of these have been based on small numbers, and the findings
from these studies have not been widely replicated. In contrast,

TTOC03_03  3/8/07  6:50 PM  Page 367



368 3 BASIC CONCEPTS IN PATHOBIOLOGY

challenged with different HCV-derived peptides in vitro (M.
Cramp, unpublished observations). A multispecific IR may be
essential to combat mechanisms by which the virus evades
immune-mediated destruction.

Although the data on DQB1*0301 are very exciting, there 
are dissenting voices. Studies in the Irish population have 
been particularly informative in describing associations with 
the HLA 8.1 haplotype rather than with either of the common
DQB1*0301 haplotypes above [3,18]. The Irish study popula-
tion [18] is unique in being composed of a single cohort of
women who contracted HCV following immunization with 
a single batch of infected rhesus antibody. Thus, in this series,
the confounding variables of gender, viral genotype, viral load
and route of infection are all neutral. However, the findings
reported in this cohort have not been replicated in the popula-
tion at large.

Overlap between MHC associations 
in autoimmune and viral liver 
disease

It is interesting to note that the key HLA haplotypes in viral
infection (Table 4) are also implicated in type 1 AIH and PSC
(Table 2). Although there is no absolute correlation between
haplotypes that promote viral persistence and those which pro-
mote autoimmune disease, there are significant areas of overlap.
For example, DRB1*0301 and DRB1*1301 promote viral persis-
tence and autoimmunity, whereas DRB1*1501 and DRB1*0701,
which protect from type 1 AIH and PSC, respectively, may both
promote HCV persistence. This may all be coincidence, reflect-
ing the fact that the HLA alleles above are all common alleles.
However, there are many other common DRB1 alleles that do
not appear in these lists, and it is interesting to speculate about
the potential biological basis of this overlap.

Non-MHC immune response genes in
clinical liver disease

In the last decade, there has been a plethora of studies investigating
non-MHC IR genes. This has been fuelled by the genome project
and the knowledge that nearly all human genes are polymorphic.
Thus, any gene that encodes an immune-active protein may 
be targeted for study. This has created a vast, mostly negative, 
literature populated with failed genetic association studies.
Investigators have simply thrown caution to the wind and
selected candidates of convenience rather biologically plausible
candidates. Early success with the MHC has also fuelled a false
expectation that all studies will reveal relatively strong genetic
effects (odds ratios > 3). With hindsight, we now know this is not
likely in the majority of cases and, therefore, we need to plan our
studies so that we can detect relatively weak effects (odds ratios
as low as 1.2).

If we consider the key processes in the immune response, we
can break our list of candidates into subsections dealing with:

there is a considerable volume of work on HCV, much of which
has been replicated.

At first glance, the current literature on HLA and HCV appears
to be contradictory [3,8,11,12]. There are a number of reasons
for this. Many of the early studies focused on the potential rela-
tionship between HLA and the risk of infection with HCV. Early
studies were based on poor-quality HLA serotyping and were
often based on small numbers [16]. More recently, investigators
have used DNA-based techniques focusing on the role of HLA 
in determining outcome following viral infection. Even so,
many studies remain small (with low numbers in informative
subgroups), and most studies fail to correct for confounding
variables such as viral genotype, viral load, route of infection,
gender, age and alcohol intake.

Currently, one major finding stands out from the rest. Alric 
et al. [14] found a higher frequency of the DRB1*11-DQB1*0301
haplotype in French patients with untreated self-limiting
(acute) infection compared with those with persistent (chronic)
infection. This is particularly pertinent because the majority
(estimated at 50–80%) of those infected with HCV become
chronic carriers. Cramp et al. [15] later suggested that a different
haplotype, DRB*04-DQB1*0301, was responsible for this effect.
In each case, the authors found increased frequencies of the pre-
dominant DQB1*0301 haplotype in their particular population,
thus suggesting that the DQB1*0301 allele is responsible for this
effect, rather than a particular DRB1 allele.

Based on these observations [14,15], we may expect that indi-
viduals with DQB1*0301 would have a more vigorous immune
response to HCV peptides, and indeed they do [17]. In addition,
studies have shown that these patients have a greater response 
to a range of HCV peptides and are more likely to have a 
multispecific IR as opposed to a monospecific response when

Table 3 DRB1 alleles and amino acids associated with type 1 AIH.

Allele Amino acid (single letter code) and position 

13 26 67–72 74 86

DRB1*0301 S Y LLEQKR R V
DRB1*0401 H F LLEQKR A G
DR1*0404 H F LLEQRR A G
DRB1*0405 H F LLEQRR A G
DRB1*1301 S F ILEDER A V
DRB1*1501 R F ILEQAR A V

Bold type illustrates the major susceptibility alleles for type 1 AIH.

Underlining denotes association in paediatric cases of type 1 AIH from

Argentina. Normal type shows protective haplotype. Sequences for second

expressed DRB gene on each haplotype are not shown. Analysis of pooled

data for the King’s and Mayo published series (205 patients) indicates

tyrosine (Y) at DRb-26 has odds ratio (OR) of 3.52 and arginine (R) at DRb-74

has an OR of 3.74; whereas lysine (K) at DRb-71 has an OR of 8.78 and all

three possibilities are highly significant (P < 0.00000001).
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early antigen presentation (so-called signal 1), involving HLA,
the T-cell receptor (TCR) and immunoglobulin genes; late anti-
gen presentation (so-called signal 2), involving, among other
genes, those encoding the cytotoxic T-lymphocyte antigen-4
(CTLA-4) molecule and related accessory molecules (CD28, 
as well as B7.1 and B7.2, also known as CD80 and CD81);
inflammation, especially the cytokine networks; termination,
restoration and repair, especially cytokines involved with wound
healing and apoptosis.

In addition, there are a number of genes involved in the innate
immune response that do not fall easily into this simple division,
for example the killer cell immunoglobulin-like receptor (KIR)
genes.

Genes involved in early antigen presentation
in clinical liver disease

Other than HLA, very little is known about the role of the other
genes involved in early antigen presentation in either auto-
immune or viral liver disease. Although there are some early
data on both Ig and TCR genes in type 1 AIH, investigators have
avoided studying these gene complexes because most of their
variation arises from somatic mutation and recombination.

Genes involved in late antigen presentation in
clinical liver disease

One of the critical processes in the immune response is governed
by the balance between rival accessory molecules CTLA-4 and
CD28. In the immediate aftermath of MHC–peptide–TCR
interaction, a second signal is required to determine the course
of events. Initially, CD4+ T cells expressing CD28 interact with
the antigen-presenting cells (APC) through the CD80/CD81 lig-
and to provide this signal. However, it appears that switching
from immune activation to immune memory occurs through
the upregulation of CTLA-4 on CD4+, CD25+ T cells. These
cells compete with the CD28+ T cells, effectively downregulating
the immune response. There are numerous SNPs in the CTLA4
gene on chromosome 2q33; two of these, commonly referred to
as A+49G and CT60 [7], have received particular attention
[3,19]. Preliminary studies of the A+49G SNP identified associ-
ations with both PBC and type 1 AIH, although these have not
been replicated in all populations studied [3]. This may reflect
both closer linkage with the functional SNP CT60 (which has
not yet been investigated in either disease) or the relatively weak
effect of this polymorphism, which may demand large-scale
studies for reproducible results.

As T-cell immune responses predominate in immunity to
both HBV and HCV, we may also expect CTLA4 to have a
potential role in determining the outcome following viral infec-
tion. However, data to support this have not been forthcoming,
although there is an isolated (and unconfirmed) report of 
an association with response to interferon/ribavirin in HCV
[20].

Genes involved in inflammation in clinical
liver disease

The inflammatory immune response is orchestrated by the
cytokine network. Cytokines are also important in wound heal-
ing and repair and in the downregulation (termination) of the
immune response.

Early studies in liver disease focused on the MHC-encoded
proinflammatory cytokine tumour necrosis factor α gene
(TNFA). Although mostly negative, this stimulated interest in
investigating other (non-MHC-encoded) cytokine genes in 
liver disease, starting with the proinflammatory cytokines, inter-
leukin (IL)-1 and IL-6, interferon-γ, then spreading to the
immunoregulatory cytokines IL-4 and IL-10. For the most part,
these studies examined preselected single SNPs or, occasionally,
multiple SNPs in the target gene. With a few possible exceptions
(including preliminary data on IL1 genes in PBC [10], and on
the IL10 promoter polymorphisms in alcoholic liver disease 
[21] and HCV [22]), these studies have been blank or remain
controversial.

Overall, the lack of success in the majority of these studies can
be attributed to the complexity of the cytokine network (espe-
cially the degree of redundancy in the system), the limited scope
of many of these studies and the small numbers available for
study. We must also question the non-hypothesis-constrained
approach of many investigators, which, although valid under
some circumstances, will always have a much larger failure rate
than a hypothesis-based approach.

Genes involved in termination of the 
immune response, restoration of immune
homeostasis and tissue repair in clinical liver
disease

Termination of the immune response is an important process
that is often overlooked by immunologists in their search to
understand disease pathology. Key within this process is apop-
tosis and, recently, there has been some interest in the potential
role of polymorphism in the FAS gene (correct gene name TNF
receptor superfamily 6 or TNFRSF6) in both autoimmune and
viral liver disease, although studies so far have failed to identify
any significant relationships.

Termination of the immune response is also linked with
restoration of immune homeostasis and tissue repair. The latter
process is particular important in liver disease where abnormal-
ities in the tissue repair mechanisms may lead to fibrosis and cir-
rhosis. Key components in tissue repair are the family of matrix
metalloproteinases (MMPs) and their tissue inhibitors (tissue
inhibitors of matrix metalloproteinases or TIMPs). These genes
encode a complex network of interacting proteins that regulate
collagen metabolism. These proteins have immune regulatory
properties and interact with various cytokines including IL-1
and transforming cell growth factor beta (TCGF-β). Studies of
MMP1, MMP3 and MMP9 as well as TGFB1 and various IL1
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family member genes have been conducted in PSC. Associations
have been described with both MMP3 [23] and MMP1 [24],
although there is no consensus on the former observation, and
the latter report has yet to be confirmed in an independent
series.

Non-MHC genes involved in the innate
immune response in clinical liver disease

Innate and adaptive immunity overlap and interact. In clinical
liver disease, studies of the MHC have considered the comple-
ment genes C2, C4A, C4B, as well as MICA and TNFA, all of
which have roles in innate immunity. Although there are strong
reported associations with specific C4 alleles in AIH [4] and PBC
[10], these may be secondary to linkage disequilibrium with
genes of the MHC class II cluster.

More recently, investigators have started to look at the KIR
genes. The KIR genes map to chromosome 19q13.4 within 
the leukocyte receptor complex cluster (LRC). KIRs form 
receptor–ligand pairs with particular groups of HLA class I B
and Cw alleles and are involved in regulation of NK cell activa-
tion. Because the KIR and HLA genes are located on different
chromosomes, some individuals lack appropriate pairings and
may be more susceptible to failure of NK regulation. The KIR
region shows variation in gene content, number and type as 
well as allelic polymorphism and is particularly complex. The
KIR2DL3 haplotype has been associated with resolving HCV
infection, suggesting a role for NK cells in HCV clearance [25].
However, this association is dependent upon possession of a

particular HLA class I family group, and the full meaning of this
association is not yet clear.

Directions for future studies

Much can be learned about potential disease genes by looking 
at studies of other (similar) diseases. Investigations in IBD pro-
vide an excellent example.

IBD is a complex clinical syndrome, made up mostly of
Crohn’s disease and ulcerative colitis. Genetic studies reveal a
polygenic picture with a number of gene loci suspected, and
recent studies have identified several of the major players in 
susceptibility to both Crohn’s disease and ulcerative colitis. The
identification of CARD15 as a major gene for Crohn’s disease
has changed the perception of the disease pathology, highlight-
ing likely mechanisms of disease genesis and informing the
debate on which genes to investigate in related disorders. 
The recent identification of the gene CARD4, which encodes the
human NOD1 homologue (located on chromosome 7 – a link-
age region for IBD), may have implications for PSC, as it has
been shown to be particularly common in IBD patients with
ulcerative colitis and PSC.

Overall, studies of the MHC in autoimmune and viral liver
disease have been more fruitful than those of non-MHC genes.
HLA polymorphisms are mostly functional and are biologically
relevant; HLA genes are inherited in tightly conserved haplotypes
with several other IR genes, each encoding key components in
both the innate as well as the acquired immunity. Thus, HLA
haplotypes may each carry several disease-promoting alleles,

Virus Population Haplotype/allele

HAV Argentina Children: DRB3*0101-DRB1*1301-DQA1*0103-DQB1*0603

HBV Gambia acute DRB3*0301-DRB1*1302-DQA1*0102-DQB1*0501

infection DRB3*0301-DRB1*1302-DQA1*0102-DQB1*0604
aDRB3*0301-DRB1*1301-DQA1*0103-DQB1*0603

HCV NEC-Europe DRB3*0101-DRB1*1101-DQA1*0501-DQB1*0301
acute infection DRB3*0101-DRB1*1104-DQA1*0501-DQB1*0301

DRB4*0103-DRB1*0401-DQA1*03-DQB1*0301
bDRB1*0101-DQA1*0101-DQB1*0501

HCV NEC-USA DRB1*0101-DQA1*0101-DQB1*0501

Black-USA DRB1*0101-DQA1*0101-DQB1*0501

HCV NEC-Europe cDRB5*0101-DRB1*1501-DQA1*0102-DQB1*0602

chronic infection DRB3*0101-DRB1*0301-DQA1*0501-DQB1*0201
cDRB4*0103-DRB1*0701-DQA1*0201-DQB1*0201

NEC, northern European Caucasoid. Summary represents key selected studies only. All studies based on

adult cases unless marked otherwise. 
aThis association was neither confirmed nor refuted by Thursz et al. [13].
bThis association applies to the Irish rhesus patient study group only.
cThese two haplotypes are consistently found at higher frequencies in patients with chronic HCV infection

but are rarely statistically significant. However, the effect of the haplotype may be weak and most studies

are underpowered to detect such weak effects.

Table 4 Summary of key HLA haplotypes
associated with acute (self-limiting) vs.
protracted (chronic) infection in viral hepatitis.
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possibly acting as multihit disease cassettes. This multihit model
may explain the relative strength of MHC associations com-
pared with those for non-MHC genes. However, we should not
be complacent. So far, studies have considered only 12 of the 
56 polymorphic genes of the human MHC, and there is much
work still to be done unravelling the role of MHC genes in liver
disease.

In contrast, non-MHC genes may have relatively weak effects
(although not exclusively, for example CARD15), and few of the
studies conducted so far in liver disease have been designed to
detect such small risk values. To be successful, future studies of
liver disease will need to be inclusive and based on large collec-
tions of well-characterized patients. They will need to employ
high-throughput genotyping and will have to explore whole
pathways and networks, rather than single preselected SNPs and
genes as most current studies have done.
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3.3.3 Genetic determinants of
complex liver diseases: mouse models
and quantitative trait locus analysis
Frank Lammert

Introduction

Many common liver diseases are the result of complex inter-
actions between environmental factors and multiple genes. It 
is assumed that a large number of liver-specific disease genes
determine the clinical outcomes of patients following exposure
to acute or chronic liver injury, and that individuals who carry
certain combinations of these genes are most susceptible. In the
past decade, techniques and resources for genome analysis, in
particular quantitative trait locus (QTL) analysis, have been
established to identify and localize the genes that contribute to
polygenic (complex) diseases in rodent models under defined
environmental conditions. QTL analysis is based on experimental
crosses of genetically distinct inbred mouse strains. This chapter
describes the impact of these genomic approaches in mouse
models on our understanding of the complex genetics of chronic
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liver diseases. Complex liver diseases such as liver fibrosis and
hepatocellular carcinoma demonstrate how mouse models rep-
resent an invaluable tool to identify unknown pathomechan-
isms, to investigate how systems of genes work together in 
health and disease processes and to define new therapeutic 
targets.

Monogenic and polygenic (complex)
liver diseases

Even in the early 1900s, the wide variability in the severity of
liver diseases led clinicians to suggest that there are hereditary
factors affecting the traits. However, simple (monogenic) dis-
eases (also known as Mendelian traits) represent only a small
portion of the total number of human liver disorders, with
Wilson’s disease [1] and classic haemochromatosis [2] as pro-
minent examples. In contrast, many common liver diseases are
determined by the interaction of multiple genes (epistasis) and
the interactions of these genes with different environmental 
factors (polygenic or multifactorial diseases). The risk alleles are
not sufficient to cause the disease, but they confer susceptibility
to manifestation and/or progression of the disease. Examples of
such complex liver diseases include liver cirrhosis and hepato-
cellular carcinoma.

The approaches to identifying the genetic determinants of
complex liver diseases can be separated into different categories:
candidate gene methods that test genetic variants of a potential
susceptibility gene for association with a liver disease; and 
positional cloning approaches (forward genetics), which use

genetic markers to perform an unbiased scan of the whole
genome. Candidate gene association studies are often based 
on unrelated cases and control subjects and offer the advantages
of speed, relatively low cost and the possibility of identifying
genes with small allele effects [3]. However, prior knowledge of
the pathophysiology is a requirement for the candidate gene
approach, and therefore limits its utility.

In addition to human genetics, mouse models can be used for
gene discovery in complex diseases (Fig. 1), as recently high-
lighted by the Complex Trait Consortium [4]. Whereas genetic
studies in humans are often hindered by difficulty in ascertain-
ing sufficient numbers of affected individuals and the fact that
environmental factors are difficult to control, mouse genetics offers
more accessible and lower cost tools for gene identification.
Compared with humans, genetic analysis in mice is facilitated
by: (i) inbreeding of mouse strains, i.e. mating of siblings
through at least 20 generations, to reduce allelic diversity; 
(ii) rapid and systematic generation of progeny; (iii) the ability
to control environmental influences; and (iv) powerful experi-
mental systems unique to mice [5].

To date, case–control (association-based) studies for the
detection of QTLs have dominated studies of complex diseases
in humans, whereas in mouse genetics, linkage (segregation-
based) studies prevail. Linkage studies observe the co-inheritance
of genetic markers and target loci in a segregating population. 
In contrast, large samples of unrelated human individuals are
traditionally analysed using association-based approaches, which
compare the frequency of specific genotypes between cases and
control subjects.

Complex liver disease

Patients

Human risk genes

Biochemistry /
mutation analysis

Association studies /
linkage analyses

Pathomechanisms /
therapeutics

Mouse models

Murine susceptibility genes

Congenic / transgenic /
knockout mice

Quantitative trait locus
(QTL) analysis

Fig. 1 Complementary genetic analysis of
complex liver diseases in mice and humans.
Human risk genes can be identified in
association (case–control) studies or linkage
analyses in families. Mouse models allow the
identification of susceptibility genes using
quantitative trait locus (QTL) analysis and
congenic mice. The pathophysiological
consequences of biochemical alterations and
mutations in humans can be studied in
transgenic and knockout mice. It should be
noted that the experimental findings can be
transferred between mice and humans at each
step in the analysis.
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Quantitative trait locus (QTL) analysis 
in inbred mice

A QTL is a genetic locus whose alleles affect the phenotypical
variation of a disease [4]. For locus identification, a segregating
experimental cross of inbred mouse strains is phenotyped and
then genotyped for markers that differ between the parental
strains and are distributed evenly throughout the entire genome.
In general, QTLs are mapped by statistically locating the
genomic regions in which the degree of genotypical similarity
correlates maximally with the degree of phenotypical similarity
among the progeny [6–8]. Table 1 lists the experimental stages
of QTL analysis.

The first step in QTL analysis is an inbred strain survey. By
definition, inbred mice are the result of at least 20 brother ×
sister matings, resulting in mice that are homozygous for all 
alleles and thus genetically identical. For a strain survey, a quan-
titative phenotype is determined in multiple inbred strains in
response to an environmental challenge such as a high-fat diet or
exposure to hepatotoxins. To increase the likelihood of resolv-
ing the genetic complexity, the phenotype of interest should be
very narrowly defined, or a subset of the overall disease pheno-
type should be chosen for the genetic analysis. The strains are
then ordered along the phenotypical spectrum to identify genet-
ically susceptible and resistant strains. Figure 2 illustrates an
example, the strain survey for CCl4-induced liver fibrosis [9],
showing hepatic hydroxyproline concentrations, which reflect
collagen contents in liver, as a quantitative trait in seven inbred
mouse strains [10].

Once the strain spectrum is determined, the genetic variabil-
ity that gives rise to the phenotypical differences can be explored
by in silico and/or experimental QTL analysis. Experimental
crossing of inbred mouse strains can be regarded as the central
procedure in QTL analysis (Table 1). Two inbred strains that
differ phenotypically are bred to obtain intercross or backcross
progeny (Fig. 3). An intercross (F2) tests genotype–phenotype
associations in a cross of F1 progeny. Whereas F1 mice are het-
erozygous at every locus and genetically identical to each other, 
a recombination of the parental genetic material is possible 
during meiosis of the F1 mice and becomes genotypically and
phenotypically visible in the F2 generation. A continuously dis-
tributed quantitative trait in an F2 design suggests that multiple
genes contribute to the phenotype, as expected for a polygenic
trait (Fig. 4). Similarly, a backcross tests marker–trait asso-
ciation in progeny obtained by backcrossing F1 mice to one 
of the parental lines (Fig. 3).

Microsatellites (simple sequence length polymorphisms, SSLPs)
have been widely used as genetic markers in QTL analysis. These
markers are short repetitive DNA sequences [e.g. (CA)n] with
known chromosomal locations throughout the mouse genome.
Because microsatellites are abundant, vary in size across inbred
mouse strains and are easily determined by polymerase chain
reaction (PCR)-based assays, they are convenient for use as
genetic markers in QTL studies. More recently, single nucleotide
polymorphisms (SNPs) have been identified and genotyped in
large panels of inbred mice [11,12]. A SNP can be considered to
be a form of point mutation that has been evolutionarily suc-
cessful enough to recur in a significant proportion of a species’

Table 1 Experimental design of a QTL analysis in inbred mice.

Experimental step Items

1 Inbred strain survey Selection of strains, finding a phenotypical difference among inbred strains

2 Characterization of parental strains and F1 progeny Inheritance pattern, differences in expression for gender and age, subphenotypes

3 Experimental cross F2 or backcross, size of cross

4 Genome analysis Selection of genetic markers, selective genotyping, phenotypical pooling

5 Data analysis QTL mapping software, thresholds for statistical significance

6 Functional testing of candidate genes Congenics, transgenics and knockout mice
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Fig. 2 Inbred strain survey for liver fibrosis.
Hepatic hydroxyproline levels (representing
hepatic collagen contents) in inbred mouse
strains before and after treatment with CCl4.
Hydroxyproline levels (mg/g liver) at 6 and 
10 weeks are represented by white and grey
bars respectively. Strains AKR, A and FVB/N
were significantly more resistant towards
hepatic fibrosis, whereas C57BL/6, DBA/2 and
BALB/c mice were more susceptible. From 
ref. 10, with permission.
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Backcross to
strain M x times
(serial dilution
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Interval-specific
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Chromosomal
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Fig. 3 Experimental mouse crosses for QTL
analysis (see text for details). M, maternal; 
P, paternal.
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Fig. 4 Polygenic inheritance of liver fibrosis.
Distribution of hepatic hydroxyproline levels in
intercross (F2) progeny of fibrosis-susceptible
BALB/c and resistant A/J mice [(A/J × BALB/c)F1
× (A/J × BALB/c)F1] after treatment with CCl4
for 6 weeks. According to hydroxyproline levels
(mg/g liver), mice were divided into
phenotypical classes, as indicated on the
abscissa. The intercross shows a normal
(Gaussian) distribution of hydroxyproline levels,
consistent with polygenic (non-Mendelian)
inheritance of fibrosis susceptibility. From 
ref. 10, with permission.
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population. The two SNP alleles can be reliably determined (e.g.
using TaqMan assays), but genetic diversity and thus informa-
tion content across different strains is lower compared with
microsatellites (see Chapter 3.6 for more information about
molecular techniques).

For the final QTL analysis, all intercross or backcross progeny
are phenotyped and genotyped for microsatellites or SNPs that
differ between the parental strains and densely cover the whole
genome (Table 1). The rationale behind QTL identification is
the fact that parental alleles are distributed randomly to off-
spring. Therefore, for any loci not contributing to a disease 
phenotype, parental alleles are randomly represented between
sufficiently large pools of susceptible and resistant mice. How-
ever, strain-specific alleles for loci that determine susceptibility
are over-represented in the affected progeny. Linkage analysis of
phenotypes and genotypes is performed using genetic mapping
software such as MapManager QTX [13] or R/qtl [14], which
allow user-friendly identification (e.g. by regression analysis or
interval mapping) [15] and statistical validation of linkage. The
logarithm of the odds ratio (LOD) score, the traditional statistics
for genetic linkage, is a measure of the strength of evidence for
the presence of a QTL. The LOD score is the odds ratio compar-
ing the hypothesis of a QTL at a particular location vs. that of 
no QTL. LOD scores ≥ 3 are generally considered to indicate
significant results, albeit theoretical thresholds have been calcu-
lated for specific cross designs [16] and, alternatively, empirical
thresholds, which correct for multiple testing, can be calculated
by permutation tests [17].

Table 2 lists complex liver diseases that have been studied in
QTL analyses and are discussed in the following sections.

Liver fibrosis

Fibrosis or scarring of the liver is a common consequence of 
all chronic liver diseases irrespective of aetiology (see also
Section 6). It represents the generalized response of the liver to
chronic injury and is characterized by excessive deposition of
extracellular matrix by activated hepatic stellate cells [18–20].
The molecular basis of this process is complex and involves the
interplay of many factors, of which growth factors, cytokines
and chemoattractants are prominent. The marked variability in
progression of fibrosis has been attributed to age, gender and
environmental factors [21], but host genetic factors are also

likely to contribute to the variable course of fibrosis in response
to chronic injury [22]. Shi et al. [9] were first to show that 
the fibrotic response differs among inbred mouse strains. Liver
injury induced with CCl4 resulted in severe fibrosis in BALB/c
mice, whereas C57BL/6 mice developed comparatively less
fibrosis. Of note, fibrogenic BALB/c mice exhibited a T-helper 2
(Th2) response, whereas C57BL/6 mice displayed a Th1 response, 
consistent with the common paradigm that Th1/Th2 cytokine
subsets modulate the fibrotic response of the liver [23].

Subsequently, Hillebrandt et al. [10] performed a systematic
inbred strain survey (Fig. 2) to identify unknown susceptibility
loci for liver fibrosis. For QTL analysis, F1 hybrids of susceptible
BALB/c and resistant A/J inbred strains were intercrossed to
obtain 358 F2 progeny. Linkage analysis of phenotypes and
genotypes identified QTLs on chromosomes 2 and 15 that
significantly affect the histological stage of fibrosis and hepatic
collagen content [10].

Haemochromatosis

QTL analysis can also be used to identify gene loci that deter-
mine the severity and progression of a monogenic disease, and
not manifestation of the disease per se. Hereditary haemochro-
matosis is a common disorder of iron homeostasis characterized
by increased dietary iron absorption and progressive iron 
accumulation, mainly in the liver (see also Chapter 16.2). Most
patients are homozygous for the C282Y mutation in the HFE
gene encoding an atypical human leucocyte antigen (HLA) 
class I protein that interacts with the transferrin receptor 1 and
regulates the iron regulator hepcidin [24]. However, not all indi-
viduals carrying the haemochromatosis-predisposing genotype
in the general population become iron loaded [25]. Genetic
modifiers have been shown to influence disease penetrance, but
their number and chromosomal locations remain unknown,
and their identification is hampered by complex interactions
with environmental factors. To circumvent these difficulties,
Bensaid et al. [26] bred congenic inbred mouse strains for the
Hfe gene that differ strongly in their propensity to develop hep-
atic iron loading. Strains are denoted as congenic (Fig. 3) if a
chromosomal region has been transferred from one strain to
another by recurrent backcrossing (≥ 10) of a founder individual
to a recipient strain [27]. Marker-assisted breeding of congenic
mouse strains (speed congenics) is possible over five generations

Table 2 QTL analysis of complex liver diseases in inbred mice.

Liver disease QTLs References

Cholesterol cholelithiasis Lith1 (lithogenic gene 1) – Lith23 [32,34–40,75,76]

Haemochromatosis Hfe-modifier 1 – Hfe-modifier 4 [26]

Liver fibrosis Hfib1 (hepatic fibrogenic gene 1) – Hfib2 [10,53]

Non-alcoholic fatty liver disease Lcho1 (liver cholesterol accumulation 1) – Lcho4 [77,78]

Porphyria cutanea tarda Hcbip1 (hexachlorobenzene-induced porphyria 1) – Hcbip2 [79,80]

Schistosomiasis Rsm1 (resistance to Schistosoma mansoni 1) [81]
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[28]. To localize the loci controlling hepatic iron loading, 1028
progeny from an F2 intercross between the C57BL/6 and DBA/2
Hfe-deficient strains were selectively genotyped and phenotyped
for iron overload. The QTL analysis, which is denoted ‘modifier
scan’ in this setting, identified four loci on chromosomes 7, 8, 11
and 12 that modify the haemochromatosis phenotype. The LOD
scores of all three loci were > 6, indicating significant linkage,
and the QTL regions contained several genes recently shown to
exert important roles in the regulation of iron metabolism [26].

A similar QTL analysis employed mice deficient in the prod-
uct of the β2-microglobulin class I light chain gene, which fail 
to express HFE and other major histocompatibility complex
(MHC) class I family proteins and manifest many characteristics
of the haemochromatosis phenotype [29]. Analysis of the iron-
loading phenotype in β2-microglobulin congenic strains showed
that the genetic background is a major determinant in iron load-
ing. Resistance and susceptibility to iron overload segregated 
as complex traits in backcross progeny. Both studies [26,29]
demonstrate the polygenic pattern of hepatic iron loading in
Hfe-deficient mice and indicate that multiple modifier genes
influence the severity of iron overloading and haemochromatosis,
which was originally considered to represent a classic mono-
genic liver disease [2]. Examination of candidate genes residing
at the modifier loci and genetic analysis of the syntenic chromo-
somal regions in humans will provide important insights into
the heterogeneous disease presentation observed among HFE
C282Y homozygotes [25].

Cholelithiasis (see also Chapter 19.3)

Familial clustering and an increased concordance of the trait in
monozygotic twins compared with dizygotic twins [30] indicate
that gallstone disease has a strong genetic component. However,
the identification of human lithogenic genes is hampered by the
multifactorial pathogenesis of gallstones. Gallstones are likely 
to result from the complex interaction of susceptibility genes,
female gender, advanced age and environmental factors such as
high-carbohydrate, high-fat and low-fibre diets and low physical
activity [31]. The mouse is a suitable model to study the patho-
genesis of cholesterol gallstone formation, as inbred mouse
strains challenged with a lithogenic diet (containing 15% fat, 
1% cholesterol and 0.5% cholic acid) show different prevalence
rates of cholesterol gallstones [5,32]. As a tool for genetic map-
ping, Khanuja et al. [32] used recombinant inbred (RI) strains
derived from strains representing the extremes of a strain 
survey. RI strains [33] are derived by successive (≥ 20) crosses
between siblings from an initial cross between two parental
strains (Fig. 3). These RI strains are homozygous for one of 
the parental alleles at every locus, but differ in the representation
of these strains across the genome. RI strains can accelerate 
mapping by circumventing the costly and time-consuming
experimental crosses. Recently, the genotypes of RI lines have
been determined for very dense sets of SNPs [12]. Thus, a
method for rapid identification of QTLs is to perform a 

phenotype survey across an RI panel whose parental strains 
represent phenotypical extremes of the inbred strain survey, and
to identify the QTLs underlying the RI strain phenotype data.

With respect to cholecystolithiasis, QTL mapping in experi-
mental crosses of several inbred mouse strains was successfully
employed to localize the whole ensemble of lithogenic (Lith) loci
that determine the gallstone phenotypes in inbred mouse lines.
The results of several QTL analyses have been summarized in 
a ‘gallstone map’ [5] (Fig. 5). As illustrated, the formation of
gallstones and mucin, which is considered to be a precursor to
stone formation, is a polygenic trait determined by several loci
on different chromosomes [5]. The Lith1 locus on chromosome
2 was identified in a genomewide scan of backcross progeny
from the gallstone-susceptible strain C57L/J and the resistant
strain AKR/J [32]. Since then, more than 20 murine Lith loci and
several candidate genes (ABC transporters for biliary lipids,
nuclear receptors, mucins) have been identified (Table 2)
[34–40]. Lith1 and other loci have been confirmed and fine-
mapped in congenic strains generated by introgressing the sus-
ceptible Lith alleles into resistant background strains, which
induces hypersecretion of biliary cholesterol and other gallstone-
related phenotypes [41].

Genomic toolbox for narrowing
susceptibility loci: from QTL to gene

A QTL can be large and usually contains hundreds of genes, but
identifying the causal gene remains difficult. Because the resolu-
tion of QTL mapping is low, any linked region(s) identified
probably span(s) many megabases (Mb). The identification of
recombinant progeny within the critical region can narrow the
candidate region, or SNP association studies can be performed
across the region. If strain sequence data are available, one can
proceed to direct sequence comparison to identify polymor-
phisms. The literature is revisited once linkage has been estab-
lished to query the locus as a region for any known risk factors,
and also to determine whether candidate genes from any rele-
vant microarray studies reside within the region [42]. It is
important to generate a gene list for the linked region, and to
examine the genes that could have a pathobiological function
related to the liver disease. Afterwards, selective breeding strate-
gies can be pursued in mice to harness in vivo genetic recombi-
nation to narrow the candidate region and therefore reduce the
number of candidate genes. Examples of selective breeding
include interval-specific congenic strains and recombinant con-
genic strains (Fig. 3). The comparison between different con-
genic strains possessing overlapping chromosomal interval
regions helps to define the region that harbours the QTL gene
more precisely [7]. Recombinant congenic strains are formed 
by crossing two inbred strains, followed by a few backcrosses to
one of the parental strains and subsequent inbreeding without
selection [43]. Such inbred strains consist of randomly fixed
chromosomal segments of the donor strain on the background
of the recipient strain to which it was backcrossed. Alternatively,
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consomic mice (also known as chromosome substitution strains)
may be used (Fig. 3), which are panels of inbred strains bred to
differ by a single chromosome [44]. By comparing the pheno-
types of these mice, one can determine which chromosome 
confers a specific phenotype [42].

Recently developed bioinformatics methods, including com-
parative genomics, combined cross analysis, genomewide and
interval-specific haplotype analysis, followed by sequence and
expression analysis, each facilitated by public databases, provide
new tools for narrowing mouse QTLs (Table 3; see Plate 3.3.3.1,

facing p. 72) [45,46] (see Chapter 3.6). Comparative genomics 
is based on the structural conservation among all mammalian
genomes. The gene content and linear organization of genes
along chromosomal segments in mice correspond to that 
found in humans, with ~ 340 syntenic segments conserved
between the two species [47]. Experimental evidence suggests
that causal genes underlying rodent QTLs are often conserved as
disease genes in humans. Therefore, cross-species conservation
(synteny) can be used to compare linked regions across human
and animal models and to determine whether candidate loci
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Fig. 5 Murine ‘gallstone map’. Composite map of candidate genes and quantitative trait loci (QTLs) for cholesterol gallstone formation. A vertical line
represents each mouse chromosome, with the centromere at the top; genetic distances from the centromere (horizontal black lines) are indicated to the left of
the chromosomes in centiMorgans (cM). Gallstone QTLs (Lith genes) are represented by white rectangles, and QTLs for mucin formation, a common precursor
of stones, by black rectangles. Candidate genes are indicated by horizontal lines with the gene symbols to the right. Updated from ref. 5, new version available
from http://pga.jax.org/qtl/index.

Table 3 Summary of bioinformatics tools for dissection of mouse QTLs [45].

Bioinformatics tool Methodology Resolution

Comparative genomics Identifies regions of chromosomal synteny in QTLs that are concordant across species 10–20 Mb

Combined cross analysis Recodes genotype information from multiple crosses detecting a shared QTL into one 10–20 Mb

susceptible and one resistant genotype to combine the crosses in a single QTL analysis

Genomewide haplotype analysis Associates conserved haplotype patterns across the genome with a phenotype in inbred strains < 5 Mb

Interval-specific haplotype analysis Detects regions identical by descent within QTLs shared in multiple crosses < 5 Mb

Sequence comparison Searches strain-specific sequence databases for regulatory or coding polymorphisms 10–20 genes

within the QTL interval

Expression comparison Searches microarray databases to identify genes expressed in an organ of interest or 10–20 genes

genes exhibiting differential expression between the strains of interest
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Table 4 Comparison of in silico and experimental QTLs for cholecystolithiasis (modified from [52]).

In silico QTL Experimental QTL Reference

Chromosome QTL position (Mb) P value Cross QTL position (Mb, 95% CI)a

2 173–175 0.000078 (129S1 × CAST)F2 176 (159–182) [38]

3 84–87 0.000418 – –

4 28–29 0.000388 (A × AKR) × AKR 4 (0–29) [34]

5 99–102 0.000135 (SM × NZB)F2 106 (60–115) [52]

6 10–13 0.000127 (DBA/2 × CAST)F2 2 (0–15) [37]

10 79–82 0.000225 – –

11 95–97 0.000349 (SWR × AKR) × AKRb 122 (95–129) [35]

12 40–46 0.000279 – –

14 59–63 0.000190 – –

15 82–95 0.000088 (A × AKR) × AKR 102 (89–telomere) [34]

16 69–71 0.000173 (129S1 × CAST)F2 70 (49–95) [38]

aQTL regions were defined as experimentally determined 95% confidence intervals (CI) or as ± 10-cM intervals around the peak position with the highest

logarithm of the odds ratio score.
bQTL for gallbladder mucin, an early step in gallstone formation.

across a number of model organisms are likely to harbour
orthologous genes. However, as chromosomal segments con-
served between rodents and humans are often large, compara-
tive genomic analysis only modestly narrows a QTL interval in
most cases (Table 3).

Combined cross analysis and haplotype analysis are based 
on the unusual nature of the inbred mouse genome, which is a
mixture of DNA from different subspecies [48]. Combined cross
analysis is a statistical method of integrating data from existing
QTL crosses to narrow the QTL interval provided that the same
causal gene underlies the QTL in each cross [49]. QTLs are often
found at the same chromosomal location in multiple crosses,
and all strains carrying the susceptibility allele at a QTL share the
same ancestral allele of the causal gene. Thus, combined cross
analysis provides increased power to detect QTLs with small
effects [49].

An alternative way to narrow QTL intervals based on the
structure of the genome is haplotype analysis [50]. Genomewide
and interval-specific haplotype analysis can be used to narrow
experimentally derived QTLs (Table 3). The innovative idea of a
computer algorithm to link phenotypes to genotypes in inbred
mouse strains [51] stimulated the development of genomewide
haplotype analysis, which predicts the location of QTLs affecting
a trait without a priori knowledge of the loci. It should be noted
that these methods have also been called ‘association mapping’,
as they are based on genetic association, whereas experimental
QTL analysis (Table 1) employs genetic linkage. There are now
several newly developed computational methods that input phe-
notype values across inbred strains of mice to rapidly predict
genetic susceptibility loci without the need to derive experi-
mental crosses of inbred strains. Each of these methods uses a
database of strain-specific genetic markers. The methods also
use strain data on characteristic combinations of SNP alleles on

single chromosomes that are inherited together (haplotypes).
Inbred mice share haplotypes across 30–60% of the mouse
genome [11]. Pletcher et al. [52] grouped inbred strains based
on inferred haplotypes (determined by three consecutive SNPs)
and tested for phenotypical differences between the groups.
They sequentially applied sliding three-SNP windows across the
genome to identify QTLs in which the different haplotype
groups showed distinct phenotypes. This type of analysis was
applied for a phenotype that scored the formation of gallstones
in 25 strains of male mice [52]. Eleven regions were produced
that exceeded the threshold for statistical significance at a
genomewide level (P = 0.0004), and seven of these regions fell
within the range of experimentally identified QTLs for gallstone
formation or mucin accumulation (Table 4, Fig. 5).

In interval-specific haplotype analysis, genetic markers cover-
ing a critical QTL interval are grouped into the strains that carry
the high allele and those that possess the low allele. Any region
with genotypes that are shared between the high-allele strains
but differ from the low-allele strains is considered a haplotype
region likely to contain the QTL gene [45]. To refine a QTL for
liver fibrosis on mouse chromosome 2, which was detected pre-
viously in an experimental intercross between fibrosis-susceptible
BALB/c and the resistant A/J inbred strains, we [53] used 
interval-specific haplotype analysis with a dense SNP map and
hepatic collagen concentrations from seven inbred mouse strains
(Fig. 2) as input quantitative data. We inferred haplotypes from
three-SNP windows with an average size of 900 kb and cal-
culated the strength of the genetic association at each haplotype
on the basis of the genotype–phenotype pairings. The refined
QTL separated into two long-range haplotypes, which carry the
complement factor 5 (C5) as QTL gene at the distal end [53].
Haplotype association mapping is still a developing method, and
issues that need to be addressed include the required number of
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inbred strains and the minimum SNP density to detect small
haplotypes [45].

The molecular bases for QTLs are DNA polymorphisms
affecting the expression or the function of a gene product.
Genome sequence databases enable in silico sequence com-
parisons of whole QTL intervals to detect sequence variants.
Sequence comparison of susceptible and resistant strains can
reveal strain-specific polymorphisms underlying QTLs. If
genomic sequence data for strains of interest are not available,
individual candidate genes within the QTL are resequenced in
those strains to find genetic changes that could be responsible
for a phenotype. These include alterations in the coding
sequence that change an amino acid sequence or the stop codon,
sequence alterations in a splice junction that may affect process-
ing of the mRNA transcript, and sequence alterations in other
non-coding regulatory regions. DNA regions can also be com-
pared across species to highlight regions of conservation.
Specific software tools [54,55] assess the degree of conservation
and are useful in detecting which non-coding regions are likely
to be functionally important. A complementary strategy to
searching sequence databases is investigating gene expression
databases to identify genes that are differentially expressed
between strains for many tissues. Such expression differences
can be mapped to chromosomal intervals with QTL mapping
methods such as WebQTL [56,57]. WebQTL is a website
(http://www.genenetwork.org/) that contains genotype and
expression data from many RI strain sets. The WebQTL
databases comprise several biological traits and microarray-
based gene expression data (including liver) from the RI lines. A
search function detects correlations between RNA expression
and biological traits, and mapping functions identify QTLs for a
selected trait.

Functional genomics

Gene arrays (transcriptomics) and proteomics are increasingly
used to phenotypically characterize the expression profiles of
liver tissue or serum from patients with liver diseases (see
Chapter 3.6). Expression data provide much insight into the
pathobiology of a process, but do not necessarily reveal under-
lying disease genes, as the causal gene residing in a QTL may not
be differentially expressed in the disease state. However, gene
arrays can also be incorporated into functional genomics of
complex liver diseases, as illustrated by the examples below.

Liver metabolism

Fine mapping of QTLs and validation of positional candidates
are time-consuming and not always successful. Therefore Schadt
and his group [58] developed a hybrid procedure to map loci
involved in complex traits that leverages the strengths of forward
and reverse genetic approaches (see Plate 3.3.3.2, facing p. 72).
By integrating genotypes and hepatic microarray data in RI
strains and experimental crosses, they showed that clinical QTLs

controlling cholesterol and leptin levels and other metabolic
traits are enriched for clusters of QTLs that determine the hep-
atic expression levels of genes associated with these metabolic
traits (eQTLs). By matching patterns of gene expression in 
segregating mouse populations (forward genetics) with expres-
sion responses induced in knockout mice (reverse genetics),
genes controlling clusters of eQTLs and clinical QTLs could 
be mapped (see Plate 3.3.3.2, facing p. 72). The utility of this
approach was demonstrated by identifying 5-lipoxygenase as the
gene underlying a QTL with pleiotropic effects on lipid metabol-
ism in an F2 cross between strains C57BL/6 and DBA/2 [58].

Hepatocellular carcinoma

The majority of cDNA microarray-based gene expression
profiling studies on human hepatocellular carcinoma (HCC)
have focused on identifying genes associated with clinical 
features of HCC patients (see Chapters 3.5 and 18.2.1). Although
notable success has been achieved, this approach still faces
significant challenges on account of the heterogeneous nature of
HCC (and other cancers) as well as the many confounding fac-
tors embedded in gene expression profile data. The underlying
molecular basis for HCC heterogeneity, which hampers both
treatment and prognostic predictions, is still largely unknown.
Genetically modified mice have been used extensively for
analysing the molecular mechanisms that occur during tumour
development. However, in many cases, it is uncertain to what
extent the mouse models reproduce features observed in the
corresponding human conditions [59]. This is due largely to
lack of precise methods for direct and comprehensive compar-
ison at the molecular level of the mouse and human tumours.
These limitations can be overcome by cross-species comparison
of multiple gene expression data sets from human tumours and
mouse models, which allow the identification of critical regu-
latory modules in the expression profiles. The success of this 
new experimental approach, comparative functional genomics,
suggests that gene expression signatures reflecting similar 
HCC phenotypes are conserved across species and that integra-
tion of independent data sets enhances the ability to identify key
regulatory elements in tumour development [60].

For most microarray studies, the challenge resides in deriving
biological meaning from an overwhelming amount of data.
Although the ability to measure large numbers of genes affords
new insight by identifying genes that would not have been imag-
ined to participate in a process, it is difficult to derive meaning
from even a small experiment without analysis tools that iden-
tify biological themes present in expression data [GenMAPP,
MAPPFinder (http://www.genmapp.org/), EASE (http://
david.abcc.hcifcrf.gov/)]. These tools visualize gene expression
data on maps representing biological pathways and groupings of
genes, and identify over-represented functional gene categories
with respect to all assayed genes using a number of categoriza-
tion systems, including gene ontology, biological pathways,
chromosomal localizations and protein domains.
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Recently, microarray analysis was used to determine global
gene expression patterns of HCCs from seven different mouse
models and human HCCs from predefined subclasses to obtain
direct comparison of the molecular features of mouse and
human HCCs [59]. Gene expression patterns in HCCs from
Myc, E2f1 and Myc/E2f1 transgenic mice were most similar to
those of the better survival group of human HCCs, whereas the
expression patterns in HCCs from Myc/TGFα transgenic mice
and in diethylnitrosamine-induced mouse HCCs were most
similar to those of the poorer survival group of human HCCs
(see Plate 3.3.3.3, facing p. 72). These results suggest that 
these two classes of mouse models recapitulate the molecular
characteristics of subclasses of human HCCs. In contrast, 
gene expression patterns of HCCs from Acox1 knockout and
ciprofibrate-treated mice were least similar to those observed in
either subclass of human HCCs [59]. As hepatocarcinogenesis is
driven by peroxisome proliferation in these two models, the
findings are in line with previous studies suggesting that humans
are insensitive to the hepatotoxic effects of peroxisome prolifer-
ation [61]. The similarity of gene expression profiles between
human and mouse models is in good agreement with the pheno-
typical HCC characteristics. Human HCCs with increased pro-
liferation, decreased apoptosis and higher genomic instability
can be paired with mouse models with the same characteristics.
Thus, this approach can effectively identify appropriate mouse
models to study human HCCs. Furthermore, cross-species simi-
larity of gene expression patterns allows prioritization of genes
obtained from human gene expression profiling studies and
focus on genes whose expression is altered during hepatocar-
cinogenesis in both species (see Plate 3.3.3.3, facing p. 72).

Functional testing of QTL genes in
genetically engineered mice

Although the unequivocal identification of the gene underlying
a QTL is technically demanding [7,62], recently, genes for several
QTLs including liver fibrosis, cholelithiasis, diabetes, obesity,
atherosclerosis and modifiers of colorectal cancer have been
identified successfully [63]. The tracking of a particular genetic
variant with disease in susceptible strains of mice, and the nature
of the sequence alteration, with attention towards the predicted
impact on protein function, are important considerations 
in making the case for the involvement of a particular gene.
However, in order to verify that a particular allele is pathogenic,
additional functional testing has to be performed. Formal proof
of gene discovery requires demonstration that replacement with
a gene variant produces the phenotypical variant of interest [4].

Gene targeting followed by transgenic complementation, 
e.g. with recombined bacterial artificial chromosomes [64,65] 
or knockin technology [66] in mice, are in vivo approaches that 
are appropriate for functional validation. For liver fibrosis,
interval-specific congenic mice (Fig. 3) and transgenesis with
recombined bacterial artificial chromosomes demonstrated that

the gene encoding complement factor C5 [67] underlies a QTL
on mouse chromosome 5 [53]. Genetically engineered mice for
candidate genes may also be available from several sources, which
should be queried before generating a mouse model de novo [42].
For example, Bay Genomics PGA (http://baygenomics.ucsf.edu/)
and the German Gene Trap Consortium (http://tikus.gsf.de/)
have generated libraries from insertional mutations in mouse
embryonic stem (ES) cells available to the scientific community
for the purpose of generating knockout mice. ‘Gene trap’ vectors
carrying reporter genes for localizing expression and other 
multipurpose alleles amenable to a wide range of postinsertional
modifications were used in ES cells to randomly inactivate
genes, and thousands of genes have been trapped [68,69]. Short
interfering (si) RNA technology for posttranscriptional gene
silencing is an emerging technology for both in vitro and in vivo
functional testing that may also be applied to functional valida-
tion of candidate genes in liver diseases [42]. Alternatively, phar-
macological interventions using antibodies or small molecules
can be used. For example, small molecule inhibitors of the C5
receptor displayed antifibrotic effects in vivo, further support-
ing the identity of C5 and the fibrogenic QTL on chromosome 
12 [53].

Suggested workflow for gene discovery
in mouse models of complex liver
diseases and future perspectives for
clinical practice

Based on the above discussions, Figure 6 proposes a workflow
for studies to discover genes for complex liver diseases in mouse
models. Once a susceptibility locus has been identified in the
mouse and the QTL has been narrowed by the above approaches
and proven to be pathophysiologcially relevant in mice, these
results should be investigated in humans. The final proof of a
causal QTL gene can be produced by demonstrating the pheno-
type in genetically engineered mice and confirming the asso-
ciation of the gene with the disease in human populations, 
as recently reported for Tnfsf4 in atherosclerosis [70] and C5 in
liver fibrosis [53]. Previous studies have focused on nucleotide
polymorphisms as genetic variants, but variation in gene copy
number might be yet another source of interindividual differ-
ences. Recently, copy number variation of the Fcgr3 gene en-
coding a receptor for Fc fragments of immunoglobulins was
identified as a determinant of susceptibility to immunologically
mediated glomerulonephritis in rats and humans [71]. The
finding that gene copy number polymorphism predisposes to an
immunologically mediated disease in two mammalian species
provides evidence for the importance of genome plasticity in the
evolution of complex diseases. It is to be expected that these
mechanisms also apply to liver diseases, albeit experimental
proof has yet to be provided.

The mouse studies demonstrate how QTL analysis leads to the
identification of new gene loci affecting complex liver diseases.
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Moreover, the findings indicate that similar sets of genes regu-
late complex liver diseases in mouse models and humans and
that variations in evolutionarily conserved genes alter the same
pathobiological pathways across species [72]. In the future, the
whole ensemble of susceptibility genes in mouse models of liver
diseases will be studied in association and family studies in
humans. As pointed out, multiple genes contribute to complex
liver diseases, but most genetic studies in humans have focused
on single genes. Recently, a study from Australia [73] detected
associations between polymorphisms in six genes (APOE,
CCR5, CTLA4, HFE, MTP, SOD2) and progressive liver fibrosis
in chronic hepatitis C, with individual odds ratios ranging from
2.1 to 4.5. The odds ratios between rapidly progressing fibrosis
and the possession of at least three, four or five at-risk alleles
increased to 9.1, 15.5 and 24.1 respectively [73]. Using logistic
regression analysis, a predictive equation could be developed
and tested using a second cohort of patients with advanced
fibrosis. Future combined analyses of human genes will be faci-
litated by the recent completion of the International HapMap
Project [74], which catalogues the common patterns of DNA
sequence variation of all human genes in different populations
worldwide. It is anticipated that haplotype-based studies in
large, well-characterized cohorts with chronic liver diseases will
allow the determination of genetic risk profiles that promote
rapid disease progression and help to select the most beneficial
and personalized therapies (see Plate 3.3.3.4, facing p. 72).
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Cholestasis is defined as the impairment of normal bile flow
resulting either from a functional defect at the level of the 
hepatocyte or from obstruction at the bile duct level [1]. 
Non-obstructive cholestasis can result from infections, the use
of certain drugs and autoimmune, metabolic or genetic dis-
orders. In recent years, a number of transport proteins involved
in bile formation have been identified (see Chapter 16.10, 
Genetic cholestatic diseases). The recognition that specific gene
mutations lead to progressive familial intrahepatic cholestasis
has provided compelling evidence of the importance of these 
hepatic transporters in bile formation. Full details on inherited
cholestatic disorders are described elsewhere (see Chapter
16.10). This chapter is focused on changes in hepatocellular
transporter expression observed in experimental and human
cholestatic conditions.

Accumulation of bile acid and bilirubin is the hallmark of
cholestasis. The hepatic clearance of bile acids and bilirubin can

be divided into four phases that include the following: phase 0,
hepatic uptake; phase I, metabolism (e.g. hydroxylation); phase II,
detoxification (e.g. conjugation); and phase III, excretion. These
processes are regulated by a number of nuclear receptors (NRs)
and their ligands that are the major determinants of the functional
expression of genes that determine these pathways, together
with enzymes that control bile acid synthesis (Tables 1 and 2).

Molecular basis of hepatobiliary
transport

The main membrane transporters that primarily determine
hepatic bile production are now largely characterized at the
molecular level. Most of them have been cloned from both
human and rodent tissues [2]. Information on the localization,
nomenclature and function of hepatobiliary transporters is
listed elsewhere in this book (see Chapter 2.3.6).

3.4 Cellular cholestasis
Stefano Fiorucci
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Table 1 The nuclear receptor superfamily.

Class I: Homodimers; Class II: RXR Class III: Orphan Class IV: Orphan Class V: Ligand- 
steroid receptors heterodimers homodimers monomers binding domain less

GR CAR RXR LRH-1 SHP

Glucocorticoid receptor Constitutive androstane receptor Retinoid X receptor Liver receptor Small heterodimer

AR FXR COUP-TF homologue 1 partner

Androgen receptor Farnesoid X receptor Chicken ovalbumin upstream

ER LXR promoter transcription factor

Estrogen receptor Liver X receptor HNF4

MR PPAR Hepatocyte nuclear factor 4

Mineralocorticoid receptor Peroxisomal proliferator receptor

PR PXR

Progesterone receptor Pregnane X receptor

RAR

Retinoic acid receptor

TR

Thyroid receptor

VDR

Vitamin D receptor
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Sinusoidal uptake of biliary solutes

The sinusoidal membrane of hepatocytes contains several car-
rier proteins that facilitate entry into the liver of bile acids and
other lipid-soluble organic substances, including physiological
substrates (i.e. bilirubin), as well as drugs and xenobiotics. Bile
salt uptake (phase 0) is mediated by Na+-dependent and -inde-
pendent mechanisms. The Na+ taurocholate co-transporting
polypeptide (NTCP) and a growing family of multispecific
organic anion transporters are the major proteins involved in
this step of bile formation. NTCP is exclusively expressed in 
the liver, strictly localized on the basolateral membrane of 
hepatocytes and is the predominant Na+-dependent bile acid
transporter of the hepatocyte. The NTCP transports mainly
conjugated bile salts, taking advantage of the membrane-inward
direction of the Na+ gradient, which is maintained by the
Na+/K+-ATPase of the hepatocytes [1,2].

The sinusoidal Na+-independent transport of bile acids and
organic anions is mediated by the growing family of organic
anion-transporting polypeptides (OATPs). The OATPs are a
family of polyspecific transporters with overlapping substrate
affinity that are involved in the uptake of unconjugated bile
acids. In addition, OATPs mediate the uptake of bilirubin 
conjugates, thyroid hormones, neutral steroids, reduced glu-
tathione, bicarbonate and xenobiotics [2–4]. In contrast to
NTCP, OATPs are expressed in extrahepatic tissues, particularly
the small intestine, kidney and brain, underscoring their role in
the overall disposition of amphipathic compounds. In addition,
some OATPs work as bidirectional transporters at high intra-
cellular substrate concentrations, allowing the extrusion of
potentially dangerous compounds. Other transport proteins,
such as the liver homologues of the kidney organic anion trans-
porters (OATs) and polyspecific organic cation transporters
(OCTs), have also been identified recently at the sinusoidal
domain of hepatocytes [3].

Canalicular transport of biliary solutes

After intracellular transport, which might involve binding,
sequestration, biotransformation or conjugation, endo- and
xenobiotics are secreted across the canalicular membrane of the
hepatocyte. This process (which provides the primary driving
force for the generation of bile flow, phase III) is mediated by
transporters of the ATP-binding cassette (ABC) superfamily [5].
ABC transporters present in the canalicular membrane are: 
(i) the bile export pump (BSEP), which mediates secretion of
bile acids into the canaliculus; (ii) the multidrug-resistant asso-
ciated protein 2 (MRP2), which transports anionic conjugates 
of many lipophilic substances and reduced glutathione; (iii) the
multidrug-resistant 1 (MDR1) gene product, which acts as a
transporter of bulky cationic compounds and steroids; and (iv)
the MDR3 gene product, which acts as a phospholipid flippase.
Three additional ‘half ABC transporters’, which contain only six
of the 12 transmembrane domains typical of ABC transporters,
have been identified recently in the canalicular membrane:
ABCG5 and ABCG8, which regulate cholesterol secretion, and
ABCG2, which preferentially transports sulphate conjugates.
The canalicular membrane also contains an anion exchanger
that excretes bicarbonate into bile, and a P-type ATPase (famil-
ial intrahepatic cholestasis 1; FIC1) thought to participate in the
transport of aminophospholipids from the outer to the inner
leaflet of liver or biliary cell membranes.

Basolateral transport

Sinusoidal bile acids efflux (phase III) is mediated by OATPs 
or ABC transporters located at the basolateral membrane of
hepatocytes. MRP3 and MRP4 transport, among other physio-
logical substrates, non-sulphated and sulphated bile salts [6,7].
Although MRP3 is minimally expressed in normal livers, it is
inducible. MRP4 is expressed in the liver to a greater degree and

Table 2 Nuclear receptors involved in the regulation of bile acid synthesis and secretion.

Nuclear receptor Ligands Target genes

RXRa 9-cis retinoic acid Heterodimeric partner of other class II receptorsa

RAR All-trans retinoic acid NTCP, MRP2

FXR Bile acids BSEP, SHP, UGTs, SULTs, MRP2, MDR3

PXR Xenobiotics, ursodeoxycholic acid, rifampicin C CYP3A, OATP, MRP2, MRP4, GST

CAR Xenobiotics, phenobarbital CYP3A, OATP-C, MRP2, MRP4, UGT, SULTs, GSTs

LXR Oxysterols CYP7A, CYP8B, ABCG5/8

SHP None Inhibits CYP7A, CYP8B, NTCP

FTF Bile acids CYP7A, CYP7A, 8B1, MRP3

VDR Vitamin D CYP3A, SULTs

HNF1 None NTCP, CYP7A

aSee Table 1.
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functions as an ATP-dependent co-transporter of reduced 
glutathione, together with monoanionic bile acids. Given the
vectorial nature of hepatobiliary transport, the export to the
portal blood of compounds normally excreted into bile might
serve as an alternative pathway for elimination of biliary con-
stituents, limiting the accumulation of toxic endo- and xenobi-
otics when the canalicular secretory pathway is disrupted.

Hepatocellular changes in cholestatic
diseases

With the exception of paediatric cholestasis or familial progres-
sive cholestasis, where specific mutations have been identified,
in cholestatic diseases, alterations in transporter expression are
thought to represent a compensatory (anticholestatic) response
that aims to limit hepatocellular accumulation of potentially
toxic biliary constituents and provide alternative excretory
routes for bile access in cholestasis [8]. Thus, cholestatic injury
in rodents results in a marked reduction in mRNA and protein
levels of Ntcp and other organic anion-transporting proteins
(i.e. Oatp1 and Mrp2) and, to a lesser extent, of Bsep. Thus, Bsep
is more stably expressed than the other transporters (Ntcp,
Oatp1 and Mrp2) and might continue to excrete bile salts even
under cholestatic conditions [9–14]. In contrast, expression 
of Mdr1 at the canalicular membrane and isoforms of Mrp
(Mrp1, Mrp3 and Mrp4) at the basolateral membrane increases
following cholestatic injury. In addition, Oatp isoforms, Oatp2
and Oatp4, are relatively well preserved under cholestatic condi-
tions. The maintained expression of Oatp2 and Oatp4 might
facilitate efflux of bile salts by virtue of their function as anion
exchangers. Similarly, the observed upregulation of Mrp3 and
Mrp4 might contribute to the secretion of sulphated bile salts,
which are increased in cholestasis. Upregulation of basolateral
Mrp3 might also explain the appearance of conjugated bilirubin
in plasma and urine during cholestasis. Finally, under cholestatic
conditions, adaptive changes in organic anion transporters also
occur in the kidney, favouring the renal excretion of bile acids
and other biliary constituents [14]. Expression of NTCP and
OATP2, as well as BSEP and MRP2, is reduced in patients with
acute inflammation-induced cholestasis, highlighting a role for
proinflammatory mediators in regulating transporter expres-
sion [15]. In primary biliary cirrhosis (PBC), changes in trans-
porter expression evolve in a stage-dependent manner. In early
PBC stages, no change in bile acid or organic anion transporters
is seen. With disease progression, OATP2 and NTCP are par-
tially downregulated, whereas MRP3 and MDR1 expression is
upregulated. The expression of canalicular BSEP and MRP2 is
essentially unchanged [16–19].

Molecular mechanisms of regulation of
hepatic transporters in cholestasis

One of the more intriguing, and increasingly appreciated, 
means of hepatic self-regulation in bile acid synthesis and 

endo-/xenobiotic transport is provided by members of the NR
superfamily [20–22]. NRs are ligand-inducible transcription
factors that specifically regulate the expression of target genes
involved in metabolism, development and reproduction. NRs
can be divided into at least five classes [23–26] (Table 1).
1 Class I (‘classical’ or ‘steroid’) receptors include those for pro-
gesterone, estrogens, androgens, glucocorticoids and mineral
corticoids. Type 1 receptors are sequestered in non-productive
associations with heat shock proteins and, in this state, do not
influence the rate of transcription of their cognate promoters.
These receptors bind to palindromic repeats in a homodimeric
head-to-head arrangement only in the presence of ligand.
2 Class II includes receptors for thyroid hormone, all-trans
retinoic acid (RAR) and vitamin D3. Unlike type 1 receptors,
these receptors bind constitutively to response elements that
contain direct or inverted repeats and exhibit promiscuous
dimerization patterns, many involving heterodimerization with
retinoid X receptor (RXR). This class could be further divided
into permissive heterodimers, in which RXR ligand is able to
activate transcription (e.g. peroxisome proliferator-activating
receptor), and non-permissive heterodimers that require the 
ligand of the RXR partner receptor to activate the transcription
(Table 1).
3 A third subclass contains 9-cis retinoic acid, orphan receptors
and other receptors that form a functional unit as homodimers.
4 This class contains a nuclear orphan receptor LRH-1 (liver
receptor homologue 1).
5 This class includes receptors such as SHP (small heterodimer
partner), the product of a FXR–RXR responsive gene that retains
the typical receptor structure but lacks the DNA-binding domain.

Several ligand-activated transcription factors and members of
the NR superfamily are involved in the regulation of expression/
activity of key steps in bile acid synthesis and transmembrane
transport (Table 2); among these, the farnesoid X receptor
(FXR), the constitutive androstane receptor (CAR) and 
pregnane X receptor (PXR) are the best characterized (Table 
1; Fig. 1). FXR is a cellular sensor of bile acids [20,21,23,27–31].
The hydrophobic bile acid chenodeoxycholic acid (CDCA) is
the most potent physiological agonist of FXR. FXR is expressed
in the liver, intestine, adrenal glands and kidney, and regulates
various critical steps in the enterohepatic circulation of bile
acids. Upon ligation by CDCA and/or other synthetic and non-
synthetic ligands, FXR complexes with RXR to increase the
expression of BSEP, MDR3 and MRP2 in the liver and IBAPB
(the ileal bile acid-binding protein) in the small intestine [32].
FXR also activates the transcription of the short or small hetero-
dimeric partner (SHP), which in turn inhibits transcription of
CYP7A and CYP8B [22,29,30,33] (Fig. 1), thereby providing feed-
back inhibition of bile acid synthesis. These adaptive changes
mediated by FXR protect the liver from the injurious effects 
of the hepatic accumulation of bile acids during cholestasis.
Thus, there has been considerable interest in the develop-
ment of synthetic FXR agonists for the treatment of cholestatic
liver disease, and several compounds have been shown to be
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hepatoprotective in rat and mouse models of cholestasis [34,35].
Synthetic FXR ligands protect rats from ethinylestradiol-
induced cholestasis by increasing the expression of Shp, Bsep
and Mrp2 and reducing the synthesis of Cyp7a1 and Cyp8b1 as
well as the expression of Ntcp [36,37]. Further emphasizing the
essential role of Fxr in cholestasis, mice harbouring a mutated
Fxr gene appear to be unable to upregulate Bsep and other Fxr-
regulated events in response to feeding with cholic acid. Fxr null
mice also develop cholesterol gallstones because of deficiency in
the excretion of bile acids and phospholipids [33].

CAR, the constitutive androstane receptor, is another impor-
tant nuclear receptor involved in adaptive responses to cholesta-
sis and hyperbilirubinaemia [38]. CAR plays an important role
in the detoxification of bile acids by stimulating bile acid sulpha-
tion through the activation of steroid sulphotransferases
(SULT2A9). CAR also mediates the response of the liver to phe-
nobarbital and has been shown to be an important determinant
of the expression of pathways involved in bilirubin clearance
including hepatic uptake by Oatp2, binding to the intracellular
proteins gluthathione-S-transferases (A1 and 2), conjugation
with glucuronide by the microsomal bilirubin uridine 5′
diphosphate-glucuronosyltransferase (UGT1A1), and excretion
of bilirubin diglucuronide into bile by Mrp2. Activation of CAR
in mice is necessary and sufficient to mediate resistance to the
hepatotoxicity of lithocholic acid. CAR also coordinately upreg-
ulates both Sult2a1, which sulphates hydroxy-bile acids, and
Mrp4. In humans, the CAR agonist phenobarbital reduces 
jaundice in neonates and both serum bilirubin and bile acid 
levels in patients with PBC [38–43].

PXR (NR112) is closely related to CAR, and both nuclear
receptors coordinately regulate a similar group of genes that
determine hepatic oxidative metabolism, conjugation reactions
and transmembrane transport [44–46]. Examples of these 
genes include many of the cytochrome P-450s, the glutathione-

S-transferases, the uridine 5′ diphosphate-glucuronosyltransferases,
the sulphotransferases (SULTs), the MRPs and the OATPs, all of
which are important in the elimination of xenobiotics and the
hepatic clearance of endogenous compounds such as bile acids
and bilirubin. Pxr stimulates expression of Oatp2, which is
involved in bile acid and organic anion or cation transport, 
and Cyp3a, which is involved in bile acid hydroxylation and
detoxification. Finally, another transcription factor, hepatocyte
nuclear factor 1α (HNF1α), appears to play a role in mediating
bile acid-induced suppression of OATP2 [47]. Thus, changes in
transporter expression during cholestasis appear to be mediated
by biliary constituents, mainly bile acids acting on a set of NRs
including FXR, PXR and CAR, as well as HNF1α.

Therapeutic perspectives

Ursodeoxycholic acid (UDCA) is a weak, if any, ligand for FXR
but a better ligand for PXR [48]. The anticholestatic effect of
UDCA is, at least in part, mediated by stimulation of transporter
expression or function. UDCA stimulates vesicular exocytosis
and insertion of transporters in the canalicular membrane, 
and increases Bsep, Mrp2, Mrp3 and Mrp4 protein levels in
experimental animals and BSEP, MDR3 and MRP4 on the
canalicular membrane in humans [49,50]. More recently, UDCA
has also been shown to increase Cyp3a4 expression, a relevant
detoxification pathway for bile acids. Other studies have found
no effects of UDCA on CYP3A metabolic activity in patients
with PBC [51,52]. UDCA therapy also increases the hydropho-
bicity of the bile acid pool and has antiapoptotic and anti-
inflammatory effects that could be affecting the clinical
outcome. Thus, it is not clear to what extent UDCA’s beneficial
effect in cholestasis relates to its properties as a NR ligand.

Rifampicin is an effective treatment for severe pruritus in 
the cholestatic patient and has been associated with increased
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Fig. 1 Molecular mechanisms mediating the
regulation of hepatocellular transporters by
nuclear receptors (NRs). Left. FXR is a bile 
acid sensor. In the presence of increased
concentrations of bile acids in hepatocytes, FXR
complexes with RXR and, in its heterodimeric
form, induces the expression of the SHP. In its
turn, SHP inhibits the expression of Ntcp. In
addition, SHP displaces LRH-1 from its binding
site in the promoter of Cyp7A1 and Cyp8B1,
causing a suppression of the conversion of
cholesterol into bile acids. In addition, FXR
activation causes a direct induction of Bsep and
Mdr3. These changes lead to reduced bile acid
uptake and synthesis and increased excretion
through Bsep and Mdr3. Bile acids are also PXR
ligands. Activation of PXR upregulates the
expression of Oatp2 and Mrp2. Rifampicin is 
a PXR ligand. Right. Activation of Car by
phenobarbital leads to upregulation of Mrp2
expression and induction of Oatp2 and Mrp4.

TTOC03_04  3/8/07  6:49 PM  Page 387



388 3 BASIC CONCEPTS IN PATHOBIOLOGY

urinary excretion of bile acid glucuronides [53,54]. Rifampicin
is a potent PXR ligand and increases the expression of CYP3A4,
UGT1A1, MRP2, MRP3 and CYP3A metabolism in patients
with PBC [44,45]. Long-term treatment of patients with PBC
with rifampicin tends to decrease serum bilirubin levels and
induces remission in some patients with benign recurrent 
intrahepatic cholestasis. The beneficial effects on pruritus 
have been postulated to be mediated by phase I hydroxyla-
tion reactions of the hydrophobic bile acids lithocholic and
deoxycholic acid via CYP3A4 followed by glucuronidation or
sulphation. Owing to complementary action, an interesting
therapeutic approach would be the combination of rifampicin
plus UDCA in the treatment of cholestatic disorders [50]. 
The ability of these two drugs to increase the expression of
CYP3A4, UGT1A1 and MRP2 (rifampicin) and BSEP, MDR3
and MRP4 (UDCA) suggests that the two drugs might have
additive effects [55].

In addition to FXR, CAR and PXR, other receptors such as the
retinoic acid receptor, the vitamin D receptor and the glucocor-
ticoid receptor are involved in regulating some of these path-
ways. Corticosteroids have been shown to stimulate expression
of Bsep and Mrp2 [56] in hepatocytes and cholangiocellular 
transporters in cholangiocytes [57]. These effects account for
the beneficial effects of corticosteroids in the treatment of
cholestatic jaundice (‘steroid whitewash’) [57].

Gene transcriptional regulation is enormously complex, and
multiple or redundant nuclear factors are almost always involved.
This suggests that combinations of specific nuclear receptor 
ligands may be useful in maximizing the induction of gene
expression. In addition, other cofactors, activators, repressors,
histone acetylators and methylation reactions also influence
gene transcription and may become appropriate targets in the
future for therapeutic intervention with small molecules as their
specific actions are defined [58].

Note

By convention, the names of human hepatobiliary transporter
genes are capitalized, whereas rodent genes and their products
are written in lower case with capitalization of the first letter. 
In addition, transporter genes are set in italics, whereas gene
products are set in roman.

Another FXR-regulated bile acid transporter the organic
solute transporter (OST)α/β has been identified in hepatocytes,
cholangiocytes and intestinal and renal cells. Activation of 
this transporter increases excretion of bile acids for hepatocytes
[59]. 
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Introduction

Hepatocytes are highly differentiated cells with multiple
metabolic and synthetic functions. In a normal adult, the life
expectancy of a hepatocyte is more than 1 year, with little basal
proliferation and only 0.01% of hepatocytes in the ‘S phase’ of
the cell cycle at any one time [1,2]. The liver, however, is the
major detoxifying organ of the body and is the first in line to be
injured by ingested toxins. Accordingly, the liver has unusual
properties of regeneration. Partial (70%) hepatectomy studies in
rodents, in which the original liver mass can be restored within 7
days, highlight the dramatic nature of this regenerative capacity
(see also Chapter 2.5). This response is complex and involves
many growth factors and cytokines as well as the hormones
insulin and glucagon. Neither the precise triggers of the early
events nor the signals turning off the growth response are clearly
understood. What is appreciated, however, is that persistent
abuse of this tightly regulated proliferative response can result in
failures in the control of these processes, which in turn can con-
tribute to the development and progression of hepatocellular
cancer (HCC). HCC most often occurs on a background of
chronic liver injury associated with an ongoing healing
response, of which perpetual hepatocyte proliferation is a key
part. This, in association with the disorganized architecture that
characterizes cirrhosis, provides an environment in which DNA
damage is (i) most likely to occur and (ii) remain unrepaired
(see also Chapter 18.2).

The architecture of the cirrhotic liver is disrupted by bands 
of fibrous scarring and regenerating nodules of hepatocytes.
These nodules of hepatocytes lose the network of communicat-
ing venules, arterioles and bile ducts that are in close contact
with the hepatic sinusoids in normal liver. As injury continues,
the replication potential of hepatocytes gradually diminishes.
The relative contribution of other cell types, such as hepatic pro-
genitor cells or even bone marrow stem cells, to the restoration 
of liver mass increases [3]. Furthermore, cells with a growth
advantage, whatever their origin, may flourish rather than be
destroyed. The process of hepatocarcinogenesis is a progressive
multistep one, perhaps originating from one aberrant mono-

clonal population of hepatocytes within a regenerative nodule,
but in which a series of successive events brings about hyperplasia,
followed by dysplasia, eventually followed by malignant trans-
formation into an early and then advanced HCC [4]. Significant
‘events’ are the molecular changes that occur in the DNA of 
key growth regulatory genes that are responsible for the liver’s
appropriate response to injury (see Fig. 1). These genes are often
called oncogenes (growth-promoting genes) or tumour suppressor
genes (growth-suppressive genes). Damage to these genes can
disrupt proliferative control at a number of levels, including 
at the cell surface receptor level (IGFR, TGFBRII), the level of
cytosolic signalling cascades (Ras, Raf, β-catenin) and also within
the nucleus of the cell (TP53, p16). Each of these examples is an
established oncogene or a tumour suppressor gene, the dysfunc-
tion of which can contribute to the development of HCC.

Genetic instability

Cancers are characterized by disorganized and accelerated growth
of immortalized abnormal cells. The key features of malignant
cells, as defined by Hanahan and Weinburg in 2000 [5], include
the loss of normal contact inhibition, independence towards
growth and antigrowth signals, resistance to apoptosis and the
development of angiogenic and metastatic capabilities. These
features are acquired as a result of the progressive accumulation
of genetic and epigenetic events disrupting key regulatory 
pathways. A ‘genetic’ event implies that the genomic DNA is
damaged in some way – perhaps by mutation, deletion or
amplification of a key gene sequence. An ‘epigenetic’ event is one
that indirectly affects the level of expression of a gene without
changing its genetic sequence, an example of this being pro-
moter hypermethylation masking transcription factor binding
sites and resulting in reduced expression. Why tumours are
‘genetically unstable’ is unclear. In the case of HCC, it may 
be that numerous genetic abnormalities occur as a result of
chronic liver injury associated with oxidative stress and depleted
antioxidant defences. Damage to the DNA of a single cell may
escape notice as a result of overstretched repair mechanisms. If
the DNA damage inactivates a proapoptotic gene or activates a
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proliferative gene, the cell may survive inappropriately or grow
more rapidly, particularly in an environment encouraging hepa-
tocyte regeneration. This growing clone of hyperproliferative 
or apoptosis-resistant cells may be more prone to further DNA
damage.

There is some evidence, however, that tumours may be
‘genetically unstable’ and prone to DNA damage at the outset
[6]. The commonest type of genetic instability in HCC is 
chromosomal instability, or CIN. DNA mutation is generally
common in genetic instability, but CIN is particularly character-
ized by aneuploidy/variation in chromosome number and mul-
tiple areas of allelic imbalance as a result of deletions or gains of 
parts of chromosomes. Regions gained in cancers may contain
additional copies of oncogenes, while those deleted may contain
tumour suppressor genes. Extensive demethylation in centromeric
sequences is common in human cancers and may have a role 
in the development of aneuploidy [7], while the progressive
shortening of chromosome telomeres during cell division may
also contribute [8,9].

Oncogenes

Oncogenes are DNA sequences that were first discovered in
transforming retroviruses. Subsequent works revealed that not
only were these DNA sequences capable of inducing neoplastic
transformation in mammalian cells but, moreover, they were
present in human neoplastic tissues. Thus, these viral onco-
genes, or ‘genes that cause cancer’, were initially thought to 
be disseminated by retroviruses. Instead, they are now known 
to be present in all eukaryotes. Oncogenes and their gene pro-
ducts show close species homology and have remained almost
unchanged through evolution. Genes homologous to these
retroviral genes are present in normal cells and are often termed
proto-oncogenes. Proto-oncogenes play pivotal roles in regulat-
ing normal cellular growth, differentiation and development.
Mechanisms for activation of proto-oncogenes to oncogenes
include point mutations, gross DNA rearrangements, gene
amplification and promoter insertion. A number of proto-
oncogenes have been found to be inappropriately active or 

overexpressed in both preneoplastic and neoplastic hepatocellular
lesions, as summarized in Table 1. They include genes enhancing
the activity of key proliferative signalling cascades, such as the
Ras/Raf/MAP kinase cascade and the Wnt pathway, as well as
some downstream cell cycle regulators.

When in its active guanosine 5′-triphosphate (GTP)-bound
state, the Ras protein is responsible for recruiting Raf kinase 
to the cell membrane and initiating the MAP kinase cascade, a
key regulator of cellular proliferation. Increased activity occurs
at each of level of the Ras/Raf/MAP kinase cascade in HCC.
Activating mutations rendering Ras permanently in its GTP-
bound state occasionally occur in HCC, while overexpression 
of wild-type Ras is very common [10]. Furthermore, the Ras
partner, c-Raf kinase, is reportedly elevated in up to 100% of
HCC and 91.2% of cirrhotic livers. The level of c-Raf overex-
pression is usually higher in HCC relative to cirrhotic tissues in
the same individual [11]. In human HCC, increased expression
of MAP kinase is also common [12]. Activated MAP kinases
translocate to the nucleus and phosphorylate transcription factors,
promoting the expression of proliferative genes. Overexpression 
of MAP kinase correlates with the increased expression of c-fos
and cyclin D1, the latter promoting acceleration through the G1
checkpoint of the mammalian cell cycle. RhoB is another mem-
ber of the Ras gene family that is overexpressed in HCC [13]. It is
more associated with transformation and motility than proli-
feration and possibly plays a role in intrahepatic metastases of
human HCC [13].

The hallmark of Wnt signalling is the stabilization of cytoplas-
mic β-catenin, followed by its nuclear translocation and asso-
ciation with LEF/TCF transcription factors. In the absence of 
a Wnt signal, β-catenin is phosphorylated by functional inter-
actions with glycogen synthase kinase 3β (GSK3β), axin and the
adenomatous polyposis coli (APC) protein. It is subsequently
ubiquitinated and degraded via the proteosome. Inappropriate
stabilization of cellular β-catenin may result in transcriptional
activation of the target genes of Wnt signalling, e.g. c-myc, 
cyclin D1 and PPARα, thereby mediating cellular proliferation
and tumour progression. Activating mutations of β-catenin are
reportedly present in 18–41% of HCC [14,15]. Mutations in

Table 1 Oncogenes involved in the development and progression of HCC.

Oncogene

Ras isoforms

Cyclin D1

b-catenin

c-myc

Gankyrin

Consequences

Sustained activation of the Ras/Raf/MAP kinase pathway

resulting in inappropriate mitogenic stimulation

Cell cycle deregulation, accelerated G1/S transition 

Sustained activation of LEF/TCF4 mitogenic signalling

Inappropriate mitogenic stimulation

Blocking the activity of p53 and Rb

Method(s) of deregulation

Activating mutation

Hypomethylation and overexpression

Activating mutation

↑ wild-type levels

Mutation resistant to degradation

Allelic gain

Hypomethylation resulting in ↑ expression

Increased expression
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AXIN1, also necessary for efficient β-catenin degradation, are
present in some HCCs and lead to β-catenin accumulation 
without any mutation in the β-catenin gene itself [16].

The c-myc protein is a multifunctional nuclear phosphopro-
tein that plays a role in cell cycle progression, apoptosis and 
cellular transformation. It functions as a transcription factor
and is a downstream product of proliferative signalling cascades
such as Wnt. The c-myc gene may be hypomethylated, amplified
or rearranged in human HCC. It is commonly overexpressed in
this cancer and has been shown to produce increased hepatocyte
proliferation in an animal transgenic mouse model when 
coexpressed with transforming growth factor (TGF)-α [17].
Additional animal model data confirming increased expression
of c-myc in diethylnitrosamine-induced murine preneoplastic
foci of altered hepatocytes (FAH) suggests that its overexpres-
sion may be an early event in chemical hepatocarcinogenesis [18].

Gankyrin is a novel protein that has oncogenic properties and
is overexpressed in HCC [19]. Its effects are predominantly
related to its inactivation of key tumour suppressor proteins
such as Rb, P16 and TP53, and it is described in more detail later
in this chapter.

The mechanisms described above relate to specific genes
altered by rearrangement, amplification, mutation or promoter
hypomethylation. However, viral proteins disrupting proto-
oncogene function also have a major role to play in HCCs 
arising in association with hepatitis B virus (HBV) and, to some
extent, hepatitis C virus (HCV) infection. In HCC related to
HBV, random integration of viral DNA into human chromo-
somal DNA occurs. Occasionally, this integration can interrupt
the expression or function of growth-suppressive genes. Often,
however, this integration enables the production of a viral pro-
tein termed HBx. The HBx protein serves the virus by promot-
ing hepatocellular proliferation, but similarly contributes to the
process of hepatocarcinogenesis. HBx activates cell signalling
cascades including the MAP kinase and Janus family tyrosine
kinases (JAK)/signal transducer and activators of transcription
(STAT) pathways [20]. It acts as a cotranscription factor for
oncogenic proteins such as c-myc, c-jun and c-fos or Ras [21].
The HBx protein may also promote cell survival by interaction
with the Wnt pathway. It suppresses GSK3β activity, thereby
inhibiting both β-catenin phosphorylation and its subsequent
degradation. Furthermore, HBx influences the activity of Src
kinase [22], a tyrosine kinase that also contributes to β-catenin
localization and activity [23]. In cancers relating to HCV infec-
tion, the HCV core protein may contribute to cancer develop-
ment. It promotes apoptosis resistance by interacting with
several intracellular pathways, including indirect enhancement
of NFκB activity [24] and inhibition of tumour necrosis factor
(TNF)-induced and Fas-mediated apoptosis [25].

Tumour suppressor genes

The normal function of a tumour suppressor gene (TSG) is 
to inhibit cellular proliferation. Unlike oncogenes, they are

‘recessive’, as loss of function of both alleles is considered 
necessary to generate a mutant phenotype. The most extensively
studied TSG is TP53, one allele of which is already mutated 
in the germline in the inherited Li–Fraumeni syndrome associ-
ated with the development of multiple cancers. HCC, like the 
majority of cancers, is most often sporadic in nature, therefore
requiring both alleles to ‘acquire’ rather than inherit a means of
inactivation. Methods of TSG inactivation/silencing include
allelic loss, mutation, promoter hypermethylation and aberrant
alternative splicing. While much is known about TP53 in HCC,
other TSGs include the retinoblastoma gene (Rb) and the cell
cycle inhibitors p16, p21 and p27. These and others have been
reviewed recently [10] and are summarized in Table 2.

TP53 is located on chromosome 17p13 and encodes a nuclear
protein that is involved in several cellular functions including
the regulation of G1 to S transition in the cell cycle, DNA repair
and apoptotic cell death. In a normal cell, the half-life of TP53 is
short. However, in the presence of DNA damage caused by a 
carcinogen or UV light, for example, it is produced in increased
amounts, becomes more stable as a result of inhibition of 
degradation and induces either a growth arrest or apoptosis
depending on the extent of DNA damage. TP53 is therefore
regarded as a gatekeeper for cellular proofreading in response to
many stress signals, including DNA damage. As the DNA repair
network plays a key role in faithful maintenance of the genome,
abrogation of TP53 function is detrimental and potentiates
increased genome instability, cancer development and progres-
sion. A reduction in wild-type TP53 function in HCC can occur
as a result of an inactivating point mutation, reduced expression
as a result of promoter hypermethylation or loss of an allele 
of TP53, and also as a result of interference from other cellular 
or viral proteins.

Although mutation of TP53 is common in HCC, both the
incidence and the specific nucleotide base changes vary with 
different geographical regions. The presence of a unique muta-
tional spectrum of TP53 has provided a strong molecular link
between carcinogen exposure and HCC development. In South
Africa and the Qidong area of China, a significant number of
HCCs have a TP53 R249S mutation [26,27]. This ‘hotspot’
mutation is associated with the high intake of aflatoxin 1 in 
food and may have contributed to the high incidence of HCC in
theses areas [28]. In other regions where aflatoxin levels in food
are low or undetectable, no such mutational specificity of the
TP53 gene has been detected.

Both host and non-host proteins can contribute to TP53 inac-
tivation in HCC. MDM2 is a cellular protein transcriptionally
activated by TP53, which in turn inhibits TP53 activity as part 
of a negative autoregulatory feedback loop. MDM2 inhibits 
the nuclear localization of TP53, inhibits the transactivation
function of TP53, but also promotes its degradation. MDM2 is a
ligase that promotes the ubiquitination and subsequent proteo-
somal destruction of TP53. Although numbers of studies on
MDM2 in HCC are small, there is accumulating evidence indi-
cating overexpression of MDM2 in this cancer, providing yet
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more means of inactivating TP53 in circumstances when it is
both wild type and its expression retained [29,30].

In HCC secondary to HBV infection, the presence of the HBx
protein can interfere with tumour suppressor functions. The
HBx protein can inhibit TP53 sequence-specific transcriptional
activation [31], TP53-mediated apoptosis [32], as well as TP53
binding to transcription-nucleotide excision repair (NER) fac-
tors, such as XPB [33]. HCV proteins may also contribute. HCV
is an RNA virus, and its genome contains an open reading 
frame encoding a large polyprotein precursor that is then pro-
cessed by a combination of cellular and viral proteases into 
three or four structural and at least six non-structural proteins.
HCV NS5A is a non-structural protein that possibly plays a 
role in the development of chronic liver disease and HCC [34]. 
It reportedly forms complexes with TP53, repressing TP53
transactivation function by disrupting its normal DNA binding.
The HCV core protein may also repress the transcriptional
activity of the TP53 promoter and is a further possible mecha-
nism of abrogating the activity of TP53 in HCV-induced HCC
[35].

The retinoblastoma susceptibility (Rb) gene is another TSG
whose dysfunction is known to contribute to hepatocarcinogen-
esis. The Rb protein is a core element governing cell cycle pro-
gression. Essentially, Rb controls the cell cycle at the G1/S
boundary, restricting release of the E2F transcription factor [36]
by virtue of its own cyclical phosphorylation. The activity or
phosphostatus of Rb depends on the activity of the cyclin-
dependent kinase, CDK4, which in turn depends on interactions
with agonists such as cyclin D1 and inhibitors such as P16INK4.
Overall, the Rb pathway is inactivated in a number of human
HCC cell lines [37] and in the majority of HCCs [38]. Cyclin
D1/CDK4 phosphorylates and inactivates Rb, and mechanisms
contributing to Rb inactivation in HCC include cyclin D1 over-
expression [39] as well as overactivity of CDK4 as a result of
reduced expression of the Cdk4 inhibitor p16INK4 [40]. Viral
proteins may also alter Rb activity. HCV core protein reportedly
decreases the expression of Rb, thus allowing E2F to be constitu-
tively active, possibly promoting rapid cell proliferation [41].

Gankyrin, as mentioned previously, has been cloned by cDNA
subtractive hybridization in HCC [19] and can be identified by

Table 2 Tumour suppressor genes (TSG) involved in the development and progression of HCC.

TSG

P53 growth-suppressive 

transcription factor

IGFR2 growth-inhibitory 

tyrosine kinase receptor

Rb retinoblastoma protein

PTEN

AXIN

p16

CKI inhibitor

E-cadherin

RASSF1 ras association 

domain family protein

BRCA2

RIZ1 Rb interacting zinc finger 

protein transcription factor

KLF6

IGF, insulin-like growth factor; MTOR, mammalian target of rapamycin; VEGF, vascular endothelial growth factor.

Consequences

Loss of induction of key growth-suppressive genes (p21, GADD45), apoptosis

resistance secondary to disrupted targets (Bax, PIDD, NOXA, PERP, reactive oxygen

species), loss of prevention of new blood vessel formation (TSP1, BAI1, Maspin,

GD-AIF)

Associated with ↑ IGF2 (hepatocyte mitogen) and ↓ TGF-b (growth inhibitor)

signalling (early event)

E2F release and stimulation of G1/S cell cycle progression (early event)

Disrupts PI3 kinase/MTOR pathway. Associated with ↓ IGF secretion and ↓ VEGF

expression (possibly a late event)

b-catenin accumulation, therefore loss of suppression of b-catenin-stimulated

LEF/TCF4 mitogenic signalling

Loss of cyclin-dependent kinase inhibitor function, accelerated cell cycle

progression; defective response to DNA damage

Decreased degradation of b-catenin

Loss of Ras-regulated proapoptosis, loss of inhibition of cyclin D1 accumulation

Defect in DNA repair of double-strand breaks leading to impaired genomic integrity

and cell cycle control

Loss results in inhibition of G2/M and accelerated cell cycle progression; loss of

induction of apoptosis

Loss promotes proliferation, possibly as a result of lack of upregulation of cell cycle

inhibitor p21

Method(s) of deregulation

Mutation and accumulation of

inactive protein (28–67%)

Allelic loss of 17p13 and loss

of expression (17–70%)

Inactivating mutation (25%)

Allelic loss of 6q26 (23–36%)

Inactivating mutation (15%)

Allelic loss of 13q14 (18–70%)

Inactivating mutation (4%)

Allelic loss of 10q23 (17–27%)

Inactivating mutation (6%)

Allelic loss of 16p13 (22–40%)

Allelic loss of 9p21 (20–30%)

Promoter of hypermethylation

Allelic loss of 16q22 (26–54%)

Promoter of hypermethylation

Allelic loss of 3p21 (62%)

Promoter of hypermethylation

Allelic loss of 13q12 (18–19%)

Promoter of hypermethylation

Occasional germline mutation

Allelic loss of 1p36 (26–46%)

Allelic loss of 10p15 (40%)

Inactivating mutation (0–10%)
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in situ examination as a highly expressed oncoprotein in HCC
[42]. During hepatic carcinogenesis, gankyrin promotes the
release of E2F activity as a result of binding Rb directly and
bringing about its phosphorylation and inactivation [42].
Gankyrin also promotes CDK4 phosphorylation of Rb by com-
peting with the tumour suppressor P16INK4 in its binding and
inhibition of CDK4 [43]. In addition, gankyrin suppresses the
activity of TP53. It interacts with MDM2, the key TP53 ubiquitin
ligase, promoting the proteosomal degradation of TP53 [44].
Thus, gankyrin overexpression is common and highly disruptive
in HCC. Devising a means of destroying it may prove valuable
therapeutically in the years to come.

DLC1 (deleted in liver cancer 1) is a putative TSG first
reported by Yuan et al. in 1998 [45]. A recent in vitro study has
confirmed DLC1 as a Rho GTPase activating protein (Rho GAP)
[46]. In mammalian cells, Rho GAPs are important regulators 
in the switching between active GTP-bound and inactive guano-
sine 5′-diphosphate (GDP)-bound Rho proteins. They stimulate
the intrinsic GTPase activity of Rho proteins and catalyse their
conversion into the inactive GDP state. This attenuates the 
signal-transducing activities of Rho proteins, and Rho GAPs

therefore act as negative regulators. The loss of activity of such a
negative modulator may therefore confer a proliferative advan-
tage to a cell. Deletion of the DLC1 gene is present in a subset 
of hepatoma cell lines and primary HCCs [47], and it is likely
that epigenetic alterations also contribute to its inactivation in
primary HCC [46]. Restoration of DLC1 expression can inhibit
the proliferation of hepatoma cells [47], promote caspase-3-
mediated apoptosis and inhibit invasiveness in vitro, as well as
contribute to a reduction in the ability of the cells to form
tumours in athymic nude mice [48].

A number of other candidate tumour suppressor genes have
been proposed in HCC, one of the most recent of which is
Kruppel-like factor 6 (KLF6). KLF6, a ubiquitously expressed
transcription factor, has been identified as a TSG inactivated by
allelic loss and mutation in a number of cancers, including HCC
[49]. While work to characterize the biology of this and other
candidate TSGs and oncogenes continues, we recognize that
there are likely to be many more unknown genetic or biological
events taking place. However, there is hope that, with continued
effort, we will eventually understand enough about these pro-
cesses to start to make a difference to the way in which we 

Acute injury

Humoral and cellular response
Liver cell proliferation and ECM remodelling

Chronic injury

Exhausted hepatocytes
ECM scarring and cirrhosis
Increased DNA damage
Defective DNA repair

Tightly controlled burst 
of hepatocyte proliferation

Restoration of liver cell mass

Shrunken scarred liver

Hyperplastic
nodule

HCC

Dysplastic
nodule

Metastatic
HCC

Perpetual healing response
and gradual loss of control
of hepatocyte proliferation

Damage to a growth regulatory gene
Initiated cell, selective clonal expansion

Stepwise progression associated with
accumulated genetic change, e.g. activation
of or increased growth-promoting oncogenes
(e.g. Ras, c-myc); inactivation of or reduced
growth–suppressive tumour suppressor
genes (e.g. TP53, p16, Rb)

Fig. 1 The development and progression of HCC is associated with accumulated genetic change. The closely regulated burst of hepatocyte proliferation that
occurs in response to acute liver injury is represented, as are the events that occur in response to persistent injury. The wound healing myofibroblast response
creates a scarred distorted liver within which hepatocytes continue to regenerate, creating nodules of cells that lack the structural organization of normal liver
plates and sinusoids. Within this abnormal environment, a combination of depleted defences against DNA damage, failing DNA repair mechanisms and
exhausted hepatocyte replication potential permits cells that gain a proliferative advantage to survive and expand. The stepwise progression of phenotypically
abnormal hepatocytes, from hyperplastic to dysplastic to early and, finally, advanced HCCs, is associated with accumulated genetic or molecular events. In
particular, these events include DNA damage enhancing the activities of growth-promoting oncogenes and inactivating the growth-suppressive effects of
tumour suppressor genes. The result of accumulated damage is accelerated growth of increasingly abnormal cells and the progression of HCC. 
ECM, extracellular matrix.
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manage this common, dismal malignancy. Presently, although
we know that HCC most often occurs in individuals with cir-
rhotic liver disease, we have neither the accurate safe methods
nor the means to identify individuals with cirrhosis within our 
population, let alone identify those with HCC. Understanding
the molecular pathogenesis of these conditions will help us to 
identify both the biomarkers of the future, for use as more 
sensitive and less invasive diagnostic and prognostic tests, as 
well as, hopefully, the means to restore the control of regulated
hepatocyte growth. In this way, we would hope not only to
detect early malignant disease in at-risk individuals and treat it
more effectively, but possibly even to prevent its development
and/or progression.
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The completed sequencing of the human genome in the year
2000 revealed that it encoded approximately 30 000 genes [1].
The functions of approximately 50% of these genes have been
defined or proposed, leaving at least half the human genome
with unrecognized functions. It has been estimated that these 
30 000 genes encode approximately 100 000 proteins (produced
predominantly by alternative splicing) [2]. Consequently, the
human proteome consists of approximately 100 000 proteins/
polypeptides. This enormous wealth of information has led to
an explosion of studies that have characterized disease or patho-
physiological states based on sampling of the human genome or
proteome. This chapter reviews the emerging data from such
studies related to the examination of liver diseases and liver
pathobiology.

Terminology

Functional genomics

Functional genomics is the study of gene function through the
utilization of high-throughput technologies, in addition to the
information obtained by gene sequencing and mutation analysis
(Fig. 1). Since these technologies have become available in the
last 10 years, an insurmountable volume of data has been gener-
ated. It is a challenge to sift through these data and to extract
meaningful information. It has been aptly put by Duyk that 
‘we must guard against committing the mortal sin of genomics
by confusing throughput with output, which too often blurs 
the distinction between data and knowledge. Instead, we must

3.6 Genomics, gene arrays and proteomics
in the study of liver disease
Geoffrey W. McCaughan, Nicholas A. Shackel, Rohan Williams, Devanshi Seth, 
Paul S. Haber and Mark D. Gorrell
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transcriptome

Input

Output

• Microarrays
• SAGE
• DNA chip
• SNP analysis
• PCR

• Sequencing
• Mutation analysis
• Subtractive hybridization

• 2-D gels
• Tissue arrays
• MALDI-MS

• Predict gene functions
• Find and compare patterns in gene expression
• Find and compare pathways in a biological system
• Study gene-interaction networks
• Discover novel genes
• Identify molecules for diagnostics and therapeutics

Phenomics

Bioinformatics Metabolomics

Functional
genomics

Proteomics
Fig. 1 Overview of functional genomics
methodologies. This figure depicts a number 
of approaches and techniques that generate a
plethora of information within a cell or
organism with which to study functional
genomics. A comprehensive understanding of
this information with respect to functioning of
genes, transcripts and proteins is essential to
build functional maps of their interactions and
discover novel diagnostic and therapeutic
targets. The rapid development of such 
high-throughput technologies is no doubt
building an unprecedented understanding of
functional genomics in all organisms.
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maintain the necessary focus to achieve an ever-more opera-
tional understanding of all the molecular components and the
interactions that define a cell or an organism’ [3].

Gene arrays

Gene arrays are tools used to simultaneously display expression
profiles of thousands of genes with the aim of comparing the
patterns of gene expression (profiles) of whole organisms, dis-
ease states or other aspects of pathophysiology. The technology
involves high-density spotting of gene-specific DNA sequences
arrayed in predetermined coordinates on a solid matrix, fol-
lowed by probing with labelled RNA/DNA samples to interro-
gate the expression of the arrayed genes in these samples (Fig. 2).
Currently, there are in excess of 235 companies that are actively
involved in developing microarray technology. A recent report
in Nature presents a list of companies and technologies that
encompasses a wide range of gene array platforms including 
single nucleotide polymorphisms (SNP), whole genome 
genotyping, microRNA chips and specialized bioinformatics
software in addition to platforms for expression profiling
(http://www.nature.com.opac.library.usyd.edu.au/nature/
journal/v435/n7044/pdf/435995a.pdf ).

The gene expression profile defined by gene arrays has been
called a ‘transcriptome’. The liver transcriptome from adult
humans has been studied using cDNA arrays in recent years [4].
A comprehensive summary of the liver transcriptome defined 
by different gene array technologies was reviewed recently [5].
Gene arrays are discussed in detail in later sections.

Proteomics

Proteomics is the global analysis of protein expression in a 
cell, tissue or body fluid to determine the function, interaction
and importance in different environments and conditions, such
as health and disease. Various techniques, for example two-
dimensional electrophoresis, mass spectrophotometry (MS),
matrix assisted laser desorption/ionization (MALDI), electro-
spray ionization (ESI), tissue arrays and antibody arrays, have
progressed rapidly in proteomics in recent years. Proteomics is
discussed in detail in later sections.

Bioinformatics

Bioinformatics refers to the use of mathematical, statistical 
and computational techniques to collect, analyse and store 
large quantities of data from biological systems. Bioinformatics
includes programmes that allow normalization of data, calculate
statistical significance of gene/protein expression levels and 
allocate gene function through data mining. Bioinformatics can
handle large data sets by means of specially derived algorithms
for various functions, including identification of differential gene
expression, molecular pathways and gene/protein networks.
Several open source and commercial bioinformatics software
packages are available for high-throughput data analysis. For
more information on bioinformatics tools, see later sections.

Methodologies

Gene arrays

There are a variety of gene arrays available as ‘off-the-shelf ’
products. These include arrays covering the whole genome and
specialized arrays that sample select gene expression. The basic
principle involved in each is to immobilize small fragments 
of DNA for hundreds to thousands of genes in a grid format.
Regardless of the chemistry involved in preparing the micro-
arrays, the multiple steps involved remain similar (Fig. 3).

Microarray reproducibility within and between laboratories
and across platforms has been a major issue in dealing with 
generated data [6]. As with other molecular biology techniques,
variability is introduced at each step. This includes the variability
introduced at the time of printing and the lack of standardized
approaches in handling array platforms across laboratories.
Variability introduced at each step is compounded, and succes-
sive sources of experimental errors are amplified, as the experi-
ment proceeds (Figs 3 and 4).

New methodologies can minimize experimental variability 
at the time of performing microarray experiments. Variability
can be dealt with at the time of normalization and analysis 
using statistical packages designed specifically to address such
issues. To reduce disparities and to reproduce microarray data
across laboratories, ‘minimal information about a microarray

(a) (b)

Fig. 2 Gene array examples showing two
examples of the common types of gene array.
(a) One-probe gene array, in this case using a
radionucleotide probe hybridized to a nylon
membrane spotted with cDNAs. Affymetrix
GeneChipTM is another example of a single-
probe experiment but uses a completely
different high-density array and a fluorophore
labelled probe. (b) Comparative hybridization
(multiplexing) using two probes labelled with
Cy3 and Cy5 fluorophores on a glass slide
microarray.
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experiment’ (MIAME) guidelines set standards to facilitate 
the publication of microarray data. Conforming to MIAME-
compliant protocols (http://www.mged.org/Workgroups/MIAME/
miame.html) should ensure the quality and reproducibility of
the data. Recent articles [7,8] suggest that robust and repro-
ducible microarray results can be obtained across platforms as
well as laboratories, provided the experimental and analytical
methods are standardized.

Experimental design
Experimental design is clearly an important step in microarray
analysis (Fig. 5). Underlying every successful microarray experi-

RNA isolation
Test for integrity, purity and concentration

RNA amplification (for small source material)

RNA labelling (radioactive,  biotin, fluorophores)
Direct labelling

Indirect labelling

Hybridization to the array/chip

Scan arrays

Data normalization and transformation 

Analysis
Clustering

Statistics: ‘t’, ‘F’ tests
Principal component analysis

Data mining
Gene lists: identification, categorisation

Gene/pathway interaction

Fig. 3 Microarray experimental outline. A flowchart of the steps involved in
a microarray experiment. The importance of proper RNA isolation and
ensuring good quality RNA is used is critical.

Sources of variation

Labelling

Variability

Scanning

Hybridization

Amplification

cDNA synthesis

RNA isolation

Fig. 4 Gene array experimental variation. A
graphical depiction of the increasing variation
in gene array experiments. Variability can be
biological or technical. Importantly, technical
error can be amplified at each step leading to
uninterpretable or widely varying results.
Minimizing methodological variation is a
principal goal of gene array analysis to enable
discrimination between individual and disease
phenotype differences.
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Fig. 5 Microarray experimental design. Experimental design in microarray
experiments is a fundamental and often overlooked aspect. The
experimental design can take many forms: (a) simple pairwise comparisons
on two samples or sequential pairwise comparisons of multiple samples; 
(b) comparison of multiple samples to a common reference; or 
(c) cross comparison of all samples to each other in an experiment.
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ment, the first and foremost task is to ensure that the design 
of the experiment is chosen to answer the specific biological
question being asked. The experimental design is particularly
important if the researcher chooses to use comparative 
two-fluorophore cohybridization. In this case, one is limited to 
comparing only those two samples that have been cohybridized.
Choice of experimental design can vary from a simple experi-
ment with only a simple two-group comparison to extremely
complex experiments in which several groups/individual sam-
ples are compared with each other within and between groups
[9] (Fig. 5).

Currently, microarray data have a resolution limit. Actual real
small-fold differences in gene expression can be impossible to
resolve from background variability or ‘noise’. Gene array
experimental ‘noise’ can be defined in multiple ways, including
biological noise (individual phenotype variation, sex, age, diur-
nal changes, etc.) and technical noise (sample preparation,
labelling, hybridisation efficiency, etc.). There are typically two
complementary approaches used to address the problem of
‘noise’ in microarray experiments, downstream validation and
the use of replicates. Validation of microarray results commonly
uses more sensitive, independent and quantitative analysis tools
such as quantitative polymerase chain reaction (qPCR) and
downstream protein studies [10]. The frequent use of a small
number of samples in microarray experiments has meant that
statistical analysis is often unable to provide meaningful results.
Therefore, the use of replicates is an important consideration in
experimental design (Fig. 6). There are two kinds of replicates.

Biological replicates
Hybridizations of multiple independent samples belonging to
one group are compared with samples from another group or
with a reference, for example tissue from multiple test samples
independently treated with drug 1 (group A) and drug 2 (group
B) hybridized individually to a common reference pool and
analysed statistically for direct and indirect comparisons.

Technical replicates
Repeat hybridization of the same two samples to multiple 
slides, for example samples from groups A and B treated with
drugs 1 and 2, respectively, pooled (or individual) within the
respective treatments and hybridized with each other on 
multiple arrays. To be able to compare samples and identify 
differential expression with confidence, it is necessary to include
as many replicates as possible in the study. Replication facilitates
estimation of experimental variability such that appropriate 
statistical measures (ANOVA, t-statistics, B-statistics) pro-
vide increased precision in the identification of differential
expression.

Pooling of samples
Pooling samples before hybridization has been a subject of con-
siderable debate in gene array experiments [11,12]. It is generally
accepted that pooling affects the data quality and inference of
results, but the exact nature of the effects is unknown. Therefore,
the loss of specific information about individual samples on
pooling means that this approach is generally discouraged.
However, in a situation in which individual biological variabil-
ity is to be reduced (e.g. for finding biomarkers or expression 
patterns of a group), there is an advantage in pooling together
samples of a certain type. Pooling minimizes the individual 
differences within a group while highlighting the differences
between groups. The high cost of performing microarrays is 
also a major factor encouraging researchers to pool samples. 
To overcome the shortcomings of pooling vs. non-pooling,
samples with enough RNA should be hybridized individually
during experimentation and, if required, data can be pooled 
at the time of analysis. If the amount of RNA is limited, 
samples can be pooled for microarrays and used singly for
downstream qPCR to confirm gene array expression [10].
Conditions under which pooling is advisable and the number 
of arrays and samples needed for pooling have been defined
[11,12].

Direct comparison
Group A and B versus Control

Indirect comparison
Group A versus Group B

Group A Control
pooled

Group B

Group A Group B

Fig. 6 Replicates in microarray experiments. The use of replicates is a critical aspect of microarray experiments. Replicates can be of two forms including 
(a) biological replicates in which multiple different individual samples are compared to a common control (direct comparison) or (b) technical replicates in
which multiple replicates of the same samples are compared (indirect comparison). The preferred method is now the use of multiple biological replicates as
this often overcomes many of the problems addressed by technical replicates when a large number of samples are analysed.

(a) (b)
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Source of RNA
Isolation of RNA from samples is the initial and one of the 
most important aspects of a gene array experiment. RNA can 
be obtained from whole organisms, different organs or specific 
cell types within an organ. Techniques for isolating RNA from
archival preserved tissues, either frozen or in formalin, are now
available. Cell lines and primary cell cultures are yet another
source of RNA. Laser capture microdissection and flow cytome-
try enable the isolation of specific cell populations from tissues
(tumours, epithelial, stellate and inflammatory cells). Reagents
and commercial kits are also available for isolating RNA from as
few as 10 cells.

Commercially available standardized kits are readily avail-
able from various sources (Ambion, Invitrogen, Clontech and
Qiagen). These kits help the researcher to isolate RNA with 
their specific requirements from a diverse range of biomaterials
including prokaryotic cells and all types of animal tissues.
Regardless of the source of RNA, integrity (purity and quality) is
the single most important factor for successful microarray hybrid-
ization. Contaminating genomic DNA and organic solvents 
and salts from the RNA extraction process can severely interfere
with the downstream processing of microarray experiments 
and produce undesirable results. There are several ways of
assessing the quality and integrity of RNA. A visual analysis 
of total RNA is performed using electrophoresis with sharp
bands for 28S and 18S rRNA and a > 1.7:1 ratio for 28S:18S
rRNA being considered the benchmark for intact RNA (Fig. 7).
For determining quantity and integrity, spectrophotometric mea-
surement of absorbance at A230 nm, A260 nm and A280 nm
wavelengths is recommended. A ratio of 1.7–2.0 for A260:A280
and ≥ 1.5 for A260:A230 is generally considered to be a measure
of quality RNA, but impurities such as phenol, surfactants and
DNA that absorb strongly in the 220- to 280-nm region can lead
to misleading spectrophotometer readings. RNA can be purified
by repeat extractions or using column-based methods to remove
contaminating phenol. The RNA isolation method is a major
consideration in experimental design, especially as some 
methods are incompatible with downstream labelling or hybrid-
ization. Further, the use of two different RNA isolation methods 
in the same microarray experiment is often not valid, given 
the variability and unique characteristics of the many available
methods.

A comprehensive standardized system that has become a 
popular method of choice and is included as a standard 
protocol in MIAME is the use of the Agilent bioanalyser 
(Palo Alto, CA, USA) (Fig. 7) [13]. The bioanalyser can 
assess RNA degradation, DNA contamination and estimate
amounts of RNA from picogram amounts of starting material.
Importantly, the RNA quality within and across laboratories 
can be standardized using Agilent’s software to calculate the
RNA integrity number (RIN). The RIN ranges from 1 (totally
degraded RNA) to 10 (completely intact RNA), and this is 
useful in comparing array data from various sources and across
laboratories.

RNA amplification
Microarray experiments require RNA in microgram quantities
(5–100 µg) for hybridization. It becomes necessary to use
amplification of RNA in cases in which obtaining the starting
material is a limitation, for example microdissected biopsies,
fine-needle aspirates, sorted cells and embryonic tissue. In the
process of generating amplified RNA, the sensitivity of detection
for low-abundance transcripts improves. However, amplifica-
tion is generally avoided if possible because of uncertainty
regarding the relative representation of genes within the gene
pool following amplification. This is because the amplification
efficiency between transcripts and batches of enzymes may not
be equal. With optimized protocols, routine RNA amplification
actually improves the quality of microarray results by providing
more array-to-array consistency [14]. There are two major
methods of RNA amplification: linear and exponential.
• Linear amplification was first described by Eberwine [15] and
uses a T7 promoter and T7 RNA polymerase-dependent sys-
tem that amplifies transcripts in proportion to their original
abundance relative to each other. Using this method, mRNA
amplifications of > 1000-fold can be achieved while still retain-
ing the original relative transcript profile. Many of the commer-
cially available amplification systems use this principle. Over the
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Fig. 7 Agilent Bioanalyzer assessment of RNA quality. RNA quality is one 
of the most important aspects of gene array analysis. RNA quality can be
assessed in a number of ways including the use of an Agilent Bioanaylzer 
as shown here. Good-quality RNA does not have genomic DNA
contamination and has a 28S to 18S ratio of intensity of > 1.7:1. (a) Human
heart total RNA; (b) HeLa S3 total RNA. Reproduced with kind permission of
Agilent Technologies.

TTOC03_06  3/8/07  6:49 PM  Page 402



3.6 GENOMICS, GENE ARRAYS AND PROTEOMICS IN THE STUDY OF LIVER DISEASE 403

last decade, the T7 polymerase-based system has been refined to
the extent that RNA can be amplified from as little as 1 ng of
starting material and purified and labelled with fluorophores
using a single kit.
• Exponential amplification utilizes PCR-based techniques with
a mix of DNA polymerases and patented technology for
modified oligonucleotides that amplify full-length transcripts
with fidelity. The PCR is terminated in the exponential phase to
avoid saturation during the reaction plateau, therefore main-
taining the original relative transcript representation profile.
SMART kits from Clontech Laboratories, Palo Alto, CA, USA,
have been used to amplify cDNAs from RNA and used for
microarrays [16–18].

Sample labelling
Radioactive, fluorescent and biotin labels are incorporated into
the sample material used to interrogate the DNA targets on the
arrays. Radioactive labels (32P and 33P) were commonly used
before fluorophores were made available. Biotin is a popular
label for single-colour assays, such as the Affymetrix system.
Fluorophores [generally cyanine (Cy) dyes] are available to
detect more than a single colour simultaneously and assist in 
the screening of more than one sample on the same array.
Multiplexing two (or more) colour fluorophores saves samples,
time and costs and, as a result, is widely used in a research-based
setting. The principal advantage of using more than one
fluorophore is the incorporation of a common standard across
all experiments. Statistical methods for the analysis of two-
colour arrays are well defined but, as yet, there is no consensus
for a single probe method. However, there are other issues, such
as the unequal efficiencies of incorporation of fluorophores dur-
ing transcription, that confound interpretation of multiplexed
experiments.

Array platforms
There are three types of platforms on which DNA is immob-
ilized using combinatorial chemistries:
• filter or membrane arrays: nylon and plastic;
• glass slides;
• glass beads with microfibres.

The source of gene probes fixed on the above platforms can
consist of genome-wide or specific information using:
• cDNA libraries;
• short oligonucleotide clone sets and expressed sequence tags
(ESTs);
• long oligonucleotide clone sets and ESTs;
• focused DNA sets for specialized research/diagnostic areas.

Since the inception of DNA microarrays almost a decade ago,
a number of array designs and platforms have been developed.
The initial design used hundreds to thousands of cDNA or
oligonucleotide probes immobilized in a grid format on nylon
or plastic platforms. The next generation of array platforms were
on glass slides with combinatorial chemistries to covalently bind
DNA to the treated slide surface. cDNAs and oligonucleotides

are printed on these slides using robotic arrayers. With recent
advances in this technology, more than 30 000 DNA spots can be
accommodated on a single glass array. The extent of coverage of
the genome depends on the source of cDNA and oligonucleotide
libraries. Affymetrix uses a different technology to synthesize the
DNA target on the surface of the array. The feature density of
this approach is now 5 µm and falling, enabling millions of DNA
targets to be arrayed on a single GeneChipTM. This enables each
gene to be represented by multiple probes along the length of 
the transcript, and each sequence is also arrayed as a single base
mismatch control of specificity. An alternative approach uses
sequentially arranged glass beads in a capillary fibre, which 
can be rapidly probed in minutes while being highly sensitive
[19–21]. In addition to complete transcriptome expression
profiling, custom-made specialized arrays can also be manu-
factured. Such specialized arrays are generally low-density arrays
and consist of specific sets of genes, for example cytokines, can-
cer genes and toxicology-related genes, for specialized research
and/or diagnostic purposes.

Proteomics

Introduction
An organism’s proteome is the complex effector of gene expres-
sion and the ultimate molecular mediator of biology and disease.
However, the relationship between protein and mRNA transcript
expression is not always obvious, and many proteins are regulated
by posttranslational modifications (PTM) such as phosphorylation
[22]. Therefore, while proteomic methods are complementary
to transcriptome studies, they offer unique insights into normal
physiology and pathobiology [23–25]. In contrast to transcrip-
tome analysis, in which the expression of tens of thousands of
mRNAs can be examined in a single experiment, the high-
throughput analysis of the proteome is limited to hundreds or a
few thousand proteins at best [24,26]. Further, the complexity 
of the proteome, relative abundance, sample preparation and
methods of analysis all greatly influence the protein expression
data obtained in these experiments. Current proteomic methods
are limited by sample preparation, with prefractionation being
the norm to obtain meaningful protein expression data.

Proteomic methodologies: general
Proteomic methods can be divided into those in which known
peptides are assayed (closed systems) and those in which novel
peptides can be analysed and/or identified (open systems).
Antibody and peptide arrays are examples of closed systems,
whereas MS analysis can identify potentially novel peptides
[27,28]. MS methods can be further divided into those tech-
niques that can identify proteins (based on sequence data or
weight-matching protein digests) or methods that identify
unique MS profiles without identifying individual proteins [for
example surface-enhanced laser desorption/ionization (SELDI)
profiling] [26,29,30]. Most proteomic methods involve the same
basic sequential sample processing: (i) sample preparation; 
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(ii) sample prefractionation; (iii) sample separation; and (iv)
protein identification [26,29–33]. The array variation in this
approach differs by attaching protein or antibody to a substrate
instead of sample separation.

An alternative classification of proteomic methods is ‘top-
down’ or ‘bottom-up’ [34]. ‘Top-down’ proteomics studies
whole proteins using methods such as two-dimensional gel 
electrophoresis. In contrast, ‘bottom-up’ proteomics uses an
approach in which complex protein solutions are subject to 
proteolysis prior to separation (typically by chromatographic
methods).

Sample preparation
Proteins, in contrast to nucleic acids, have a highly variable
chemistry that frequently impedes the analysis of complete 
proteomes [25,35,36]. Protein interactions with lipids and
nucleotides as well as other proteins need to be disrupted.
Typically, a combination of detergents, reducing agents and
chaotropic denaturing salts are used. To avoid non-experimental
protein modification, protease, kinase and phosphatase inhibitors
are included in sample buffers. Sample preparation is often
biased towards the downstream methods of analysis and 
frequently represents the first stage in fractionating a sample 
for efficient analysis [37,38]. The complexity of a protein sample
and the charge are primary determinants of the efficiency of 
MS ionization, a critical determinant of MS analysis accuracy
[25,35,36]. Therefore, sample preparation and prefractionation
are frequently combined before sample separation.

Sample prefractionation
Proteome complexity in virtually all organs or cells is so great
that no current separation method is capable of resolving even a
significant minor fraction of the proteins contained in a sample.
Therefore, most biological samples are pre/subfractionated
before protein separation [31,39]. Sample prefractionation can
take many forms, including charge separation, affinity capture
and chemical modification. Alternatively, prefractionation can

be combined with cellular subfractionation to obtain mem-
brane, nuclei and other intracellular organelles [40–42]. Laser
capture microdissection can be used selectively to isolate cell
subpopulations for analysis, although this approach is at the
limit of sensitivity in current proteomic research [43,44]. One of
the major limitations of current proteomics techniques is the
inability to resolve low-abundance proteins from the few highly
expressed proteins such as intracellular actin and serum albu-
min that account for more than 90% of the protein mass [25,35]
(haemoglobin, transferrin, immunoglobulin, haptoglobin,
complement and antitrypsin are other highly abundant serum
proteins). This is critically important, as many proteins 
mediating signalling or useful as biomarkers are expressed in
nanomolar or lower concentrations [25,45–47]. Therefore, an
additional aim of prefractionation is to concentrate the samples
following removal of these interfering high-abundance proteins.
However, these approaches are not without flaws as more than
97% of the low-molecular-weight proteins are bound to larger
carrier proteins [48]. Therefore, prefractionation may remove
proteins of interest from the subsequent analysis. Most investi-
gators now use panels of prefractionation methods prior to 
protein separation. One of the most intriguing and promising
prefractionation methods uses chemical modification, such as
the use of enzyme suicide substrates followed by biotin avidin
affinity [49,50]. This approach has the advantage of selectively
targeting a known protein subfraction. An alternative approach
to selectively identifying protein subfractions uses activity-based
protein profiling (ABPP), a strategy in which fluorophore-
labelled (typically rhodamine), active site-directed probes are
used to tag a protein [51].

Sample separation
The ability to separate and resolve individual proteins within a
sample has typically been performed by two-dimensional gel
electrophoresis [35,36] (Fig. 8). The first dimension, referred to
as isoelectric focusing, resolves proteins based on charge using
immobilized pH gradients. The second dimension resolves 
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proteins based on size using sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) gels. Individual
proteins are visualized by Coomassie, silver or fluorophore
staining (such as SYPRO ruby) [35,36,52]. A typical two-
dimensional gel will resolve 1500–3000 protein spots. If the pH
gradient is spread across several gels (zoom gels), 5000–10 000
proteins can be resolved. An interesting variation of the classical
two-dimensional gel is DiGE (differential gel electrophoresis),
in which protein samples to be compared are labelled with
fluorescent dyes, mixed and then resolved on a two-dimensional
gel [52,53]. In a manner similar to microarray analysis, the 
relative abundance is determined by resultant fluorescence. This
approach has the advantage of avoiding ambiguities in spot
match across gels and uses multiple common internal standards.

There are multiple limitations to two-dimensional gels
including under-representation of basic and hydrophobic 
membrane proteins and the propensity of certain proteins to
precipitate at their isoelectric point in the first dimension [54].
Additionally, two-dimensional gels are difficult to automate as
well as being labour and time intensive [54]. Therefore, chro-
matographic techniques are now being widely adopted and 
frequently preferred to two-dimensional gel analysis in pro-
teomic research [54]. There are a number of chromatographic
techniques including affinity, ion-exchange, size-exclusion 
and reverse-phase liquid chromatography [54]. Additionally,
chromatographic methods can be used to perform isoelectric
focusing, chromatofocusing, free flow electrophoresis and cap-
illary electrophoresis [54]. Combining a chromatographic first
dimension followed by a second dimension separation by cap-
illary electrophoresis or reverse-phase liquid chromatography
can achieve greater resolution and sensitivity than a classical
two-dimensional gel approach [54]. Over 12 000 unique proteins
can be identified in a single sample using a two-dimensional
chromatography approach [54]. Further, chromatography
methods are readily automated, can be multiplexed and allow
online MS characterization as well as protein recovery.

Protein identification
Protein identification relies on a number of MS techniques with
two basic components: an ionization module and a mass anal-
yser. The ionization module adds charge to the protein (typically
by addition of a proton), and the mass analyser typically records
time of flight (TOF) of a protein across an electric field (propor-
tional to the mass) [36,54,55]. The most common proteomics
technique to date is MALDI-TOF, in which an isolated sample is
applied to a surface with an analyte (i.e. 2,5-dihydroxybenzoic
acid), ionized and subjected to TOF. Although MS is capable 
of extremely accurate mass determination, the accuracy rapidly
declines with proteins greater than 5 kDa [36,54,55]. Therefore,
protein fragments, typically following trypsin digest, are best
analysed by MS. This method is known as peptide mass finger-
printing (PMF). However, as the ionization efficiency of protein
fragments is variable, MS analysis is not quantitative. Sequence
information can be deduced by controlled fragmentation of
peptides with MS to give peptide fragments that differ by the

mass of a particular amino acid. This method is known as
‘MS/MS’ or ‘tandem MS analysis’. Correct identification of 
a protein is dependent on the MS accuracy in determining
molecular weight. Therefore, as many forms of posttranslational
modification (PTM) change the mass of the protein, MS analysis
is an ideal method of determining whether a protein has been
modified in this manner [36,54,55]. However, many PTMs 
may be missed as MS sequence coverage of a protein is rarely
complete.

The above discussion of MS analysis shows how proteins can
be identified. However, MS analysis can be used to give char-
acteristic MS profiles without identifying constituent proteins.
This is done with SELDI using a ProteinChip Array (Cipehergen
Biosystems) [56,57]. In this approach, prefractionation is per-
formed using chemical (i.e. anion exchange) or biochemical 
(i.e. antibody) techniques. The immobilized protein subfraction
on the chip is then treated with laser desorption/ionization
(LDI) and subject to TOF (SELDI-TOF). This is essentially a
modification of the MALDI technique in which all proteins are
captured. MALDI-TOF requires sample separation before MS as
each spot on the MALDI plate corresponds to a single protein; 
in contrast, SELDI-TOF relies on subfractionation of the chip
and identification of individual proteins based on mass (not a
protein fragment). However, although MALDI-TOF and SELDI-
TOF can predict peptide mass up to ~ 300 kDa, the accuracy 
for large peptides (> 30 kDa) is poor [35,36,56,57]. Therefore,
SELDI-TOF does not always accurately identify proteins, but is
capable of generating MS profiles that may or may not be unique
in a comparative analysis of closely related samples.

Proteomic array platforms
Array platforms in proteomic research fall into two groups.
First, individual antibodies are arrayed on a surface and probed
with protein samples [55,58]. Detection relies on prior protein
sample labelling with a fluorophore or using a fluorescent 
second antibody. This is also known as forward-phase arrays
(FPA). The second method arrays a protein sample, which is
then probed with labelled antibody. This second technique is
known as reverse-phase arrays (RPA). FPAs are plagued by low
sensitivity and high variability. Current FPA platforms of many
hundreds of antibodies are being used with limited success.
RPAs, in contrast, have the necessary reproducibility and sens-
itivity for the analysis of clinical specimens. However, RPAs 
have to be custom made for each sample and are expensive.

Conclusions: proteomic methods
It is clear that proteomic analysis has the potential to offer
unique and critically important insights into normal human
biology and disease. In contrast to transcriptome analysis, 
proteomics is hampered by multiple technical difficulties that
make it more demanding than gene array analysis. Presently,
proteomic methods sample rather than profile the proteome.
Additionally, sample preparation and prefractionation are 
critical aspects of successful proteome analysis. However, the
promise of proteomic techniques in biodiscovery, biomarker
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identification and prediction of toxic responses will ensure that
this is an area of functional genomics research that will continue
to attract intense attention.

Bioinformatics

The explosion of high-throughput techniques since the advent
of the genome sequencing projects has led to the need for inno-
vative statistical analysis of data. Although strong quantitative
traditions exist in other domains of biology and biomedical
research, the adoption of quantitative approaches (as opposed
to semi-quantitative or qualitative approaches) is relatively new
in cell and molecular biology. There is now an established and
fruitful interface between the disciplines of biology, statistics
and computer science to aid these problems. In this section, we
will discuss a selection of issues relevant to the interpretation of
data from high-throughput experimental platforms. While the
emphasis is on expression microarrays, much of the discussion
is, or will be, relevant to other postgenomic measurement 
systems.

It is now well understood that microarray data are subject to a
bewildering variety of systematic biases related to experimental
and data acquisition processes [59,60]. The data processing and
statistical procedures required to correct these effects collectively
fall under the term ‘normalization’. These include intensity-
dependent biases [61–63], spatial-dependent biases and, in the
case of printed glass arrays, biases related to the printing order of
spotted clones or oligonucleotides [59,60].

The requirements of data analysis following these basic pre-
processing and normalization steps are dependent on the overall
aim of the investigation. For laboratory-scale studies, where the
aim of the experiment is typically to obtain new information
regarding the action of genes and pathways in the biological 

system under study, the emphasis should be placed on exploratory
analysis. The notion of ‘exploratory analysis’ should not be 
confused with lack of statistical rigour. Methods developed in
multivariate statistics over the last century may also be applied 
in the exploratory analysis of microarray data, for example
unsupervised learning methods (‘clustering’ or ‘pattern dis-
covery’) such as hierarchical clustering or the self-organizing
map (SOM) can be used to identify groups of genes (Fig. 9)
whose expression levels are related across a set of experimental
conditions [4,64].

For larger scale studies, the same techniques can of course be
applied but, if the aim of the study relates to the identification 
of genes that are predictive for a given disease or condition, 
then the well-established methodology of supervised learning is
required [65]. Supervised learning techniques are readily avail-
able in many microarray data analysis packages and in all the
generic statistical computing packages (SPSS, SAS, R/S-Plus).

The identification of differentially expressed genes is the first
step, albeit a challenging one, in the overall data interpretation
process. Taking a set of dozens or hundreds of genes and 
constructing a biologically plausible hypothesis remains an
immensely difficult and time-consuming task. A vast conglom-
eration of data relating to gene product function exist in a 
variety of forms, including as free text in abstracts and papers, 
in ‘comments fields’ of biological databases (such as NCBI or
Ensemble) and in more specialized, curated databases (e.g.
Mouse Genome Informatics). While much of this information is
readily available via web servers, such devices are optimal when
used for obtaining information about a single transcript or gene
product. The integration of this information from large sets of
genes still results in a problem of manual data collation; thus,
there is a great need for the development of methods for large-
scale analysis of functional data.
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Several recent developments have significant implications 
in relation to this goal. First, the work of the Gene Ontology
Consortium has a standardized format that has largely become a
default for the presentation of information about the function of
gene products covering the entire spectrum of cell and molecu-
lar biology. Gene Ontology is not a database per se but a con-
trolled vocabulary of terms (an ‘ontology’). It should not be
confused with metabolic or signalling pathway databases, such
as KEGG or Reactome [66]. Several interesting analyses have
been made using comparative functional genomics by analysing
microarray data across many distantly related species to identify
conserved ‘modules’ of genes whose gene products have con-
sistent functions [67]. Such modules could be used as a basis 
for comparing cellular function across different conditions. In
terms of annotation per se, there is an increasing amount of work
being undertaken on literature extraction and analysis tech-
niques, based on natural language processing, to automatically
define annotational data of interest (for example to extract 
protein–protein interactions from publications). Although
most of this work is currently in the area of methodological
development, several interesting applications of text mining
concepts have been published that point to the potential that
these techniques might have in the future for the interpretation
of high-throughput experiments [68].

Gene array data in liver disease

The liver transcriptome

As noted above, there are estimated to be in excess of 32 000 
protein-encoding genes in the human genome. Furthermore,
there are an unknown number of functionally significant alter-
natively spliced transcripts arising from these genes that may
exceed 100 000. How many of these transcripts are expressed in
the liver is unknown. Resources for identifying and comparing
organ transcriptomes are rare. One method of inferring com-
plexity is to examine GenBank human UniGene clusters of non-
redundant gene sets [69]. These UniGene clusters are compiled
from mRNA and ESTs and, as a group, represent a species’ 
transcriptome [69]. Currently, the human UniGene assembly 
of clusters (Build 180) has over 5 million sequences representing
52 888 non-redundant transcripts. Parsing keyword searches
[parsing string used (‘liver’ or ‘hepatic’) and ‘human’ for
UniGene Build 180] identified approximately 26% of transcripts
(representing 13 627 clusters) in liver tissue; this compares with
brain (46%), lung (40%), kidney (35%), colon (32%) and heart
(23%). Coulouarn et al. [70] used a similar approach and
identified 12 638 non-redundant clusters from liver tissue
(UniGene Build 129). Further, serial analysis of gene expression
(SAGE) libraries can also provide some insight into the com-
plexity of the liver transcriptome [71,72]. Two SAGE libraries
from normal human liver identified 15 496 and 18 081 unique
transcripts from a total number of 66 308 and 125 700 tags
respectively [71,72]. In a SAGE comparison of multiple organs,

32 131 unique tags were identified (from a total of 455 325 tags);
of these, 56% were expressed in the liver compared with brain
(75%), breast (81%) and colon (91%) [73]. Therefore, it is clear
that the normal liver has a complex transcriptome expressing
many thousands of transcripts. Interestingly, the SAGE com-
parison of gene transcripts from various tissues has identified
organ-related chromosomal domains such as 6p12.1 associated
with hepatic xenobiotic metabolism [73].

Microarray analysis of normal human liver by Yano et al. [4]
highlights many of the problems in examining the non-diseased
liver transcriptome. A total of 2418 genes were examined in five
normal patients with only 50% of these transcripts being detected
in four out of five patients. Furthermore, only 27% of genes 
had coordinate expression in these normal patients. Therefore,
in addition to the liver having a complex transcriptome, there
appears to be significant individual variability in transcript
expression. This is further highlighted by the observation of
Enard et al. [74], who found that duplicate liver samples from
the same individual differed by 12% (technical variation) but
that intraspecies variation was as pronounced as interspecies
variation in hepatic mRNA transcript expression comparing
chimpanzees and humans. Focused specialized arrays such as
the Liverpool nylon array targeting the liver transcriptome have
now been synthesized and include in excess of 10 000 target
genes [70]. However, such approaches fail to detect differential
gene expression for transcripts not expressed in normal liver
that are expressed in disease.

Gene arrays in human liver disease

Presently there are in excess of 200 published gene array studies
of human liver disease or studies that utilize human liver tissue
(Table 1). This represents roughly 40% of the greater than 500
published papers utilizing gene arrays to study human pathobi-
ology. Most of these studies attempt to understand pathobiology
by examining mRNA transcript expression. There are few publi-
cations in human liver disease where gene expression is corre-
lated with clinical outcome.

Hepatitis C virus (HCV) infection (see also Section 9)
Acute HCV infection has been examined in experimental infec-
tion in the chimpanzee. Bigger et al. [75] used DNA array tech-
nology to study acute HCV infection in a single animal that
cleared the virus. They described the strong early induction of
interferon (IFN)γ-induced genes such as ISG15 and ISG16 with
the later induction of Th1-associated transcripts such as MIG
(CXCL9) and IP10 (CXCL10). These genes were upregulated 
> 40-fold at the time of viral clearance. Also, induction of 
apoptosis genes (FAS and TNFR), cellular proliferation genes
(PCNA and cyclin) and transcripts related to lipid metabolism
(apidophilin) were detected.

Su et al. [76] used similar methods to compare chimpanzees
that cleared acute HCV infection with an animal that had virus
persistence. They observed upregulation of many transcripts.
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Those genes associated with the early response (which correlated
with viral load) included many IFNα-induced genes including
STAT1, 2′-5′ oligoadenylate synthetase, Mx1, ISP15 and p27.
Furthermore, there was induction of lipid pathway genes such 
as fatty acid synthetase and sterol response element binding 
protein (SREBP). These lipid pathway genes were associated
with viral replication, and blockade of these two pathways using
in vitro replicon experiments led to a decrease in viral replica-
tion. Additionally, there was downregulation of peroxisome
proliferator-activated receptor (PPAR)α as well as hepatic lipase
C and flotillin 2. The reduction in PPARα would be expected to

be associated with insulin resistance, a feature of chronic HCV
but, prior to this, it was not an expected aspect of acute HCV
infection. Whether HCV replication per se results in insulin
resistance clearly warrants further study. Clearance of HCV was
associated with the late induction of T helper 1 (Th1) transcripts
such as CXCL9 and CXCL10, MHC expression and T-cell
molecules such as CD8 and granzyme A. Of interest was the
induction of IFNα-induced genes early in infection, as observed
by Bigger et al. [75], but the timing did not correlate with clear-
ance as high levels of these transcripts continued in the animal
with viral persistence. This has also been seen in human studies.

Table 1 Summary of processes observed in genomics and proteomics studies of human liver disease.

Pathology

Normal liver 

Hepatitis C (HCV)

Hepatitis B (HBV)

Autoimmune hepatitis (AIH)

Alcohol-associated liver 

disease (ALD)

Non-alcoholic fatty liver 

disease (NAFLD)

Biliary liver disease

Hepatocellular 

carcinoma (HCC)

Cholangiocarcinoma

aProteomic analysis.
bCombination of transcriptome and proteome analysis.

Processes observed

Variability of non-diseased liver transcript expression

Acute phase response transcript expression

Chronic infection induction of Th1 immune response, fibrosis, apoptosis and

proliferation-associated genes

Acute infection induction of IFN and T cell-associated genes with viral clearance

In vitro hepatocyte disruption of RIG-1 signalling in response to NS3/4A

In vitro hepatocyte induction of NFkB response to NS5A

IFN-associated gene induction in response to IFN and ribavirin treatment in chronic

infection

Tumour-associated gene expression including biomarker identification in HCV-

associated HCC

IFN- and TRAIL-associated gene expression in HCV recurrence post liver

transplantation

Chronic HBV infection induction of IFN, fibrosis and proliferation-associated genes

HBV fibrosis (marker study)

HBV inflammation (marker study)

Chronic AIH cirrhosis induction of apoptosis inhibitors and Th1/Th2 gene expression

Annexin- and stellate cell-associated gene induction in chronic alcoholic liver disease

Steatotic liver disease

Decreased expression of mitochondrial-associated gene expression in non-alcoholic

steatohepatitis (NASH)

Chronic primary biliary cirrhosis (PBC)s, Wnt pathway gene expression

Chronic primary sclerosing cholangitis (PSC) cirrhosis, epithelial- and endothelial-

associated gene expression

Mac-2Bp expression in PSC-associated cholangiocarcinoma (marker study)

Imprinting gene expression in embryonic compared with perinatal biliary atresia

HCC differentiation- and progression-associated gene expression (marker studies)

Molecular signature in viral hepatitis-associated HCC

Metastatic HCC development-associated gene expression including osteopontin

expression

Prognosis/recurrence of HCC including association with RhoC expression

PSF2 upregulation in intrahepatic cholangiocarcinoma

Mac-2Bp expression in cholangiocarcinoma (marker study)

Reference

[4,70,71]

[70]

[75,76, 79,88,192,193]

[75,76]

[77]

[194]

[78]

[83,158,159a,195–197]

[84,85]

[79,88]

[154a]

[161a]

[80,82]

[89,163a]

[92,93b,94]

[92]

[82,91]

[91]

[162a]

[95]

[81,99,154a,165,166,197a]

[100,102,103, 154a,199]

[106,200]

[107,108]

[109,201]

[162a]
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Functional studies in HCV replicon systems has shown that
NS3/4A was able to inhibit IFNα antiviral effector function by
blocking the phosphorylation of IRF-3, a key protein in the
antiviral response [77]. Thus, chronic HCV infection induces a
persistent intrahepatic IFNα antiviral response, but the virus
itself escapes the response via an inhibition of the effector arm.
However, the intrahepatic IFNα-induced gene response is vari-
able among individual patients. This response has been identified,
by microarrays, to be higher in patients not responding to pegy-
lated IFN and ribavirin therapy, suggesting an increased resis-
tance to the effector arm that cannot be amplified by exogenous
therapy [78]. In contrast, patients who had a sustained viral
response (SVR) to pegylated IFN therapy had a lower expression
of IFN genes that, by inference, can be amplified by exogenous
therapy resulting in viral clearance.

Chronic HCV infection has been studied in a number of ways
using array analysis. The study by Honda et al. [79] profiled gene
expression using microarrays in individuals with chronic hep-
atitis B (HBV) and chronic HCV, comparing them with a single
non-diseased control subject. The study examined liver biopsy
material. Honda et al. [79] concluded that chronic HCV infec-
tion was associated with a predominant anti-inflammatory, 
proproliferative, antiapoptotic intrahepatic gene profile. How-
ever, an analysis of the data in these experiments indicated
widespread upregulation of proinflammatory genes such as
interleukin (IL)-2 receptor, CD69, CD44, IFNγ-inducible pro-
tein, major histocompatibility complex (MHC) class 1 genes
and monokine induced by IFNγ. Similar findings were made in
HCV cirrhosis in which proinflammatory Th1-associated tran-
script expression predominated [80]. HCV-associated cirrhosis
has also been shown to display upregulation of a wide variety of
fibrotic genes such as platelet-derived growth factor (PDGF) and
transforming growth factor (TGF)-β3. These studies have also
identified potential novel mediators of HCV-associated injury
such as frizzled-related proteins, discoidin domain-related pro-
tein 1 (DDR1), EMMPRIN and SARP-3 [80]. These results have
been expanded and analysed more rigorously by a comparison
of gene profiles in patients with HCV cirrhosis, HCV and hepa-
tocellular carcinoma (HCC) and normal liver [81]. Importantly,
this analysis aimed to exclude genes expressed in normal liver,
other forms of cirrhosis or HCC. This study identified 87 upreg-
ulated and 45 downregulated genes that appear to be markers of
HCV liver injury [81]. Genes such as ILxR (IL-13 receptor a2),
CCR4 and cartilage glycoprotein 39 (GP-39) were identified
[81]. The last transcript was also identified in chronic HCV
infection by a totally different genomics approach, namely sup-
pressive subtractive hybridization [82].

The premalignant behaviour of intrahepatic HCV infection
has been studied by our group by comparing HCV cirrhosis with
and without HCC [83]. This approach identified upregulation
of many oncogenes (i.e. TEL oncogene), immune genes (IFNγ
associated) and fibrosis genes (integrins) as well as cell signalling
(G-coupled receptor kinase) and proliferation-associated genes
(cyclin K) in cirrhosis complicated by HCC. This indicates that

there might be a premalignant cirrhotic response in HCV infec-
tion. The data suggest that there is more cellular proliferation,
immune activation and fibrosis in the liver of patients with HCC
than in those with cirrhosis alone. A key area of future research
will be to ascertain whether such a profile can be recognized
before HCC actually develops. If so, it may be used to identify
and screen high-risk patients.

Gene array analysis of HCV recurrence in transplant allografts
has shed new light on the molecular mechanisms of viral recur-
rence [84,85]. HCV recurrence in the graft is associated with
expression of IFNγ-associated genes such as CXCL10 (IP-10),
CXCL9 (HuMIG) and RANTES [85,86]. Further, antiviral 
IFNγ-associated gene expression is seen in chronic HCV recur-
rence and during acute rejection associated with HCV recur-
rence [85]. Additionally, upregulation of the NF-kappa beta
(NFκΒ) pathway during acute rejection in association with
HCV recurrence appears to alter cellular apoptosis via changes
in the expression of TRIAL-associated genes [85]. Importantly,
chronic HCV recurrence in grafts is associated with Th1-
associated gene expression similar to that seen in chronically
HCV-infected individuals who have not been transplanted 
[85]. In contrast, cholestatic HCV recurrence, which follows an
aggressive course, is associated with a Th2 cytokine profile [85].
This suggests that the Th1 immune response suppresses viral
replication while being profibrogenic [85,86]. In cholestatic
HCV recurrence, the unchecked viral replication is directly
fibrogenic [85,86].

HBV infection (see also Section 9)
Acute HBV infection has been analysed in the chimpanzee [87].
This study revealed several findings. First, that there was no 
differential gene expression during the initial phase of HBV
infection and the first phase of HBV replication. This is in direct
contrast to HCV infection and suggests that HBV infection 
acts in the initial phase as a ‘stealth virus’, failing to induce a
significant innate immune response [87,88]. Intrahepatic gene
induction is first seen during the phase of viral clearance. Gene
expression during the early phase of infection was associated
with T-cell receptor and antigen presentation. Following this, 
T-cell effector function (granzymes), T-cell recruitment
(chemokines) and monocyte activation-associated gene expres-
sion was observed. A later phase of clearance was associated with
the expression of B cell-related genes. At the time of writing,
there are no published studies of acute or chronic HBV infection
in the human. We have studied HBV cirrhotic explants and have
found less differential gene expression compared with normal
liver than in HCV-associated cirrhosis. This state of chronic
HBV infection is characterized by upregulation of stress point,
cell cycle and immune system genes. Similar findings have been
reported by others (personal communications).

Alcoholic liver disease (ALD) (see also Chapter 12)
Intrahepatic gene profiling using microarrays in ethanol-fed
baboons has identified increased expression of 14 different
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annexin genes (including A1 and A2) that were not previously
implicated in the progression of fibrosis in ALD [89]. Further-
more, the intrahepatic transcriptome profile in alcoholism
shares some similarity with lipopolysaccharide (LPS) adminis-
tration but, in general, is significantly different from other forms
of liver disease [89,90]. Cluster analysis has allowed differentia-
tion of alcoholic hepatitis from alcoholic steatosis. Genes known
to be involved in alcohol injury, such as alcohol dehydrogenases,
acetaldehyde dehydrogenases, IL-8, S-adenosyl methionine 
synthetase, phosphatidylethanolamine N-transferase and several
solute carriers, have been shown to be differentially expressed 
in alcoholic hepatitis vs. alcoholic steatosis. Many novel dif-
ferentially expressed genes were identified, including claudins,
osteopontin, CD209, selenoprotein and genes related to bile
duct proliferation [89]. The most prominent categories of dif-
ferentially expressed genes involved cell adhesion/extracellular
matrix (ECM) proteins, oxidative stress and coagulation that
were also common to endstage ALD. Overexpression of annexin
A2 was also seen in alcoholic hepatitis. Genes associated with
fibrosis/cell adhesion/ECM were the most prominent category
in human advanced ALD, consistent with the fibrotic nature of
ALD. However, these were not specific to alcohol and have been
reported in primary biliary cirrhosis (PBC) and other forms of
liver cirrhosis [80,91].

Non-alcoholic fatty liver disease (NAFLD) 
(see also Section 13)
Non-alcoholic steatohepatitis (NASH) is the clinicopatholo-
gical syndrome in NAFLD that has been most widely studied
using gene array analysis of transcript expression. Studies have
identified differentially expressed genes in endstage NASH cir-
rhosis compared with other disease states [92–94]. Decreased
expression of genes associated with mitochondrial function and
increased expression of genes associated with the acute-phase
response were observed [92]. The latter increases were specu-
lated as being associated with insulin resistance, a feature of
NAFLD [92]. Further differential expression of genes involved
in lipid metabolism, ECM remodelling, regeneration, apoptosis
and detoxification have all been observed in NASH following
microarray analysis [93].

Primary biliary cirrhosis (see also Chapter 11.1)
One of the major findings in an array examination of PBC 
endstage liver disease was the identification of a subset of genes
associated with the Wnt pathway [91]. In particular, Wnt13,
Wnt5A and Wnt12 were shown to be differentially expressed.
Other genes particularly upregulated in PBC included transcrip-
tion initiation factor 250 kDa subunit (TAFII 250), PAX3/
forkhead transcription factor and patched homologue (PTC). A
consistent feature of the gene array analysis of PBC was the
repeated identification of Drosophila gene homologues that were
differentially expressed (Wnt genes, hedgehog pathway, notch
pathway) [91].

Autoimmune hepatitis (AIH) (see also Chapter 11.2)
The only available data on AIH is a comparison between HCV-
and AIH-associated cirrhosis [80]. One of the key findings in
this study was the observation that three inhibitors of apoptosis
(IAP) genes were selectively differentially expressed in AIH. This
is an intriguing finding. If this gene expression was identified as
being in the intrahepatic lymphocyte population, then lack of
apoptosis of such cells may be an important pathogenic pathway
in the perpetuation of AIH. In this comparison with HCV, AIH
was associated with an inflammatory gene pathway that con-
sisted of a mix of Th1- and Th2-associated genes. Also, there was
a marked upregulation of a large number of transcription factors
in AIH vs. other forms of cirrhosis [80].

Primary sclerosing cholangitis (PSC) (see also 
Chapter 11.3)
The only available data on PSC comes in a comparison with 
PBC [91]. There were a far greater number of genes showing 
differential expression in PSC vs. non-diseased liver compared
with PBC and non-diseased liver. These include genes associated
with epithelial biology (amphiregulin, bullous pemphigoid anti-
gen), inflammation (T-cell secreted protein P I-309, CTLA4),
apoptosis (Bcl-2 interacting killer, Bcl-x, death-associated pro-
tein 3) and intracellular kinases such as CDK7 and JAK1.

Biliary atresia (BA) (see Chapter 22.1)
A study comparing gene expression in embryonic vs. perinatal
BA has been published [95]. Gene profiling clearly separated
these two conditions. The most remarkable difference was in the
expression of so-called regulatory genes. In embryonic BA, 45%
of differentially expressed genes were in this category vs. 15% 
in the perinatal form. Included in these genes were imprin-
ting genes, and genes associated with RNA processing and cell
cycle regulation that were not present in the perinatal form 
of BA.

Cystic fibrosis (CF) (see also Chapter 16.4)
Gene array analysis of CF-related liver injury is yet to be pub-
lished. Extrahepatic sites affected by this disease (lung, pancreas
and intestine) have been studied [96–98]. Importantly, gene arrays
using tiling oligonucleotides with corresponding sequence mis-
matches offer the promise of accurate screening of over 1200
known cystic fibrosis transmembrane conductance regulator
(CFTR) gene mutations in a single experiment. The promise of
gene array analysis in CF-related organ disease (especially lung,
liver and intestine) is immense given the inexorable nature of
the disease. It is envisaged that specialized gene arrays will be
used selectively in many aspects of CF research.

Hepatocellular carcinoma (see also Chapter 18.2.1)
Neoplastic proliferation in HCV-associated HCC has been 
studied by array analysis. A plethora of potential novel tumour
markers have been identified. These include the serine/threonine
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kinase 15 (STK15) and phospholipase A2 (PLA2G13 and
PLA2G7) that were increased in over half the tumours identified
[81]. However, different studies identify different gene groups in
HCV-associated HCC such as cytoplasmic dynein light chain,
hepatoma-derived growth factor, ribosomal protein L6, TR3
orphan receptor and c-myc [99]. The clustering analysis in this
study showed that the expression of 22 genes in HCC related to
differentiation of the malignancy, with over half these genes
being transcription factors or related to cell development or 
differentiation [99]. Although many of these genes can be 
implicated in HCC development, they are often identified in
large gene sets in endstage disease. Therefore, whether these
genes represent cause or effect is unknown. HBV-associated
HCC has been studied by several groups [100–103]. Genes 
associated with cell proliferation, cell cycle, apoptosis and angio-
genesis were deregulated in HCC tissues. Increased expression
of cyclin-dependent kinases was seen, while several cell cycle
negative regulators were decreased. Metastatic development has
also been studied using gene arrays [104–107]. Genes identified
with metastatic development included osteopontin [105]. The
authors then demonstrated that neutralizing antibodies to
osteopontin blocked tumour invasion in vivo. A study of unsu-
pervised gene profiling of patients with HCC revealed a set of
genes associated with decreased survival including RhoC [108].
These genes include a subset of proproliferative, antiapoptotic
genes as well as genes involved in ubiquitination and histone
modification. Gene profiles in HCC have also identified patterns
of gene expression associated with tumour differentiation, vas-
cular invasion as well as recurrence post surgery [107].

Cholangiocarcinoma (see also Chapter 19.9)
Obama et al. [109] used laser microdissection to compare 
gene expression in intrahepatic cholangiocarcinoma with non-
cancerous biliary epithelial cells. Over 50 upregulated genes
were identified. These included forkhead and homeobox tran-
scription factors, cadherin and survivin genes. Surprisingly, 421
genes were downregulated but not characterized in this study.
Additionally, a group of 30 genes was identified as being asso-
ciated with lymph node metastases. This study revealed some
common findings with another studied aimed at identifying
gene expression in a variety of biliary tract cancers [110].

Gene arrays in animal models

Animal models studied have included acute liver regeneration,
drug toxicity, liver fibrosis, fatty liver, biliary obstruction, liver
transplantation and carcinogenesis. Drug toxicity studies are
numerous and include effects induced by clofibrate, PPARα
agonists, carbon tetrachloride, amiodarone, arsenic and
methotrexate [111–121]. In one study, a novel cDNA library
highly enriched for genes expressed under a variety of hepato-
toxic conditions was created and used to develop a custom
oligonucleotide library [122].

An expression signature for rat liver fibrosis was identified
using a cDNA 14 814 gene microarray [123]. The ‘genetic 
fibrosis index’ identified consisted of 95 genes (87 upregulated, 
8 downregulated). These included genes associated with
cytoskeletal proteins, cell proliferation and protein synthesis.
Bile obstruction in the mouse identified three sequential main
biological processes. At day 1, enzymes involved in steroid
metabolism were overexpressed. This was followed by an
increase in cell cycle/proliferation-associated genes at day 7,
occurring at a time of maximum cholangiocyte proliferation.
From days 14 to 21, genes associated with the inflammatory
response and matrix remodelling were identified. Similar 
temporal gene expression was identified in the model of acute
liver regeneration. Steroid and lipid metabolism genes were
downregulated as early as 2 h post hepatectomy, whereas genes
associated with cytoskeletal assembly and DNA synthesis
became upregulated by 16 h and remained elevated at the 40-h
time point at the peak of S phase.

Carcinogenic foci in experimental animals have been isolated
and studied using gene array technology [124]. Approximately
8% of 2000 transcripts were differentially expressed in one
study. These included genes with roles in signal transduction,
detoxification and cytoskeletal assembly. Over 30 genes were
identified as being dysregulated in these foci as well as in 
neonatal liver. Small-for-size liver allografts in rats showed
upregulation of adhesion molecule, inflammatory mediators
and apoptosis-associated genes together with downregulation of
energy-metabolizing genes.

Alcoholic liver disease has been studied in the chronic entero-
gastric ethanol infusion model in a mouse; a total of 12 422 genes
were analysed [90]. Several cytochrome P-450 genes were shown
to be upregulated, while several genes involved in fatty acid
metabolism (stearoyl CoA desaturase 3-hydroxyacetyl CoA
dehydrogenase) and fatty acid synthetase were downregulated.
In contrast, genes associated with glutathione S-transferase 
were markedly upregulated. Interestingly, a novel molecule
intestinal factor was 50-fold downregulated. It was postulated
that alcohol might be affecting the healthy intestinal epithelium,
and downregulation of this gene might be associated with 
permeability changes in the intestine associated with chronic
alcohol ingestion.

Proteomic data and liver disease

The liver proteome

The human proteome is complex and differs significantly
depending on the organ or cell population being studied.
Proteins can be subject to in excess of 100 different types of 
posttranslational modifications [22]. Therefore, the estimated
40 000 genes in the human genome may give rise to more than a
million distinct proteins [33,54]. Utilizing an approach of pars-
ing GenBank with keywords, we can gain insight into human
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organ proteome complexity. [In June 2005, the GenBank pro-
tein entries were parsed with the keyword ‘human’ and one of
the following: ‘brain’, ‘liver’, ‘lung’, ‘kidney’, ‘bowel or colon’,
‘heart’, ‘kidney’ and ‘serum’. A total of 91 261 protein entries
were identified across all these organs. The percentage for each
organ was then calculated to give an estimate of relative protein
abundance. The number of individual GenBank protein entries
in each organ was: brain (35 834), liver (13 195), lung (12 770),
kidney (11 997), bowel/colon (6045), heart (6011) and serum
(5409).] Proteomes from human brain, liver, lung, kidney,
bowel/colon, heart, kidney and serum express 39%, 14%, 14%,
13%, 7%, 7% and 6%, respectively, of the proteins found in 
all these organs. This highlights the complexity of the brain 
proteome. Furthermore, the liver has a complex organ pro-
teome. In contrast, a prototype human cell such as a lym-
phoblast, with a mass of 670 pg, contains 67 pg of protein 
from a total of 109 polypeptide molecules from ~ 4000 differ-
ent proteins [125,126]. Within a cell, approximately 90% of 
the cellular protein mass results from the 100 most abundant 
proteins, and a further 1200 proteins account for another 7% 
of the protein mass that is detectable by typical proteomic 
analysis (from a lysate of 106 cells) [125,126]. However, the
remaining 3% of the protein mass includes 2800 proteins 
(over 50% of the different protein species) and is frequently
below the detection limit of most proteomic methods [125,126].
Therefore, it is important to consider the frequency of protein
expression within a homogeneous cellular sample (i.e. cell lines)
compared with a heterogeneous cellular sample (i.e. organs).
This is an especially important consideration for hepatologists
using biopsy specimens in which the non-parenchymal cell 
subpopulation abundance is low and subject to sampling error
[127,128].

Frequently, the underlying assumption of transcriptome
analysis is that changes in mRNA expression reflect changes in
protein expression. There are many examples in which protein
expression or function is not controlled by mRNA expression.
In the intact non-diseased liver tissue, approximately 25% of the
changes in mRNA transcript expression are not accompanied by
changes in the expression of the corresponding protein [129].
Studies comparing mRNA and protein expression in liver are
few. Anderson and Seilhamer [129] showed a poor correlation
between the liver tissue abundance of 19 proteins and corre-
sponding mRNA transcripts (correlation coefficient of only
0.48). Furthermore, they isolated 50 abundant mRNA tran-
scripts, of which 29 encoded secreted proteins [129]. However,
of the 50 most abundant proteins they isolated, none was
secreted [129]. There is a bias in mRNA pools, when compared
with protein expression, towards an over-representation of 
both secreted protein transcripts and high-abundance mRNA
transcripts such as G3PDH [129–133]. Ultimately, the protein
expression in every cell is controlled by the transcriptome,
although the relationship between individual gene transcripts
and the corresponding protein expression may not be clear at
first.

Proteomic studies of liver disease – general
comments

Proteomic studies of liver disease have fallen into the following
four groups: (i) discovery of previously unrecognized proteins
in a cell population or disease state [134–136]; (ii) biomarker
discovery [56,137]; (iii) hepatic toxicological prediction/
profiling [138–147]; and (iv) studies of known proteins or
classes of proteins [49,50] (see Tables 1 and 2). Proteomics has
been used successfully in biodiscovery of proteins in hepatocytes,
hepatic stellate cells [134–136], hepatocellular carcinoma [137]
and viral hepatitis [148–153]. In these studies, tens to hundreds
of proteins were identified. However, they are limited as they
sample, rather than profile, the proteome. Further observed
changes in protein expression may reflect weak associations
rather than a direct role in the development of pathobiology.
The biodiscovery approach has been used successfully in toxico-
logical models and used to develop characteristic profiles of 
protein expression that may predict intrahepatic toxicology
responses [138–147]. This is an area of intense focus for phar-
maceutical companies as they strive to reduce development costs
and aim to predict drug toxicity earlier in the drug development
cycle. Biomarker discovery is another area receiving intense focus
using proteomic methods. However, for years, there has not
been a new Food and Drugs Administration (FDA)-approved
serum marker as this is an immense challenge. Biological sample
protein concentrations vary by 12–15 orders of magnitude.
Furthermore, specific serum markers are likely to be expressed
at nanomolar or lower concentrations. One approach to over-
come these limitations is to use a combination of potential
markers that are easier to detect but with each protein marker
alone having a lower specificity but high sensitivity. This is an
approach currently used in serum tests of hepatic fibrosis, and
proteomic methods are being used to try and identify new serum
markers of hepatic fibrogenesis [53,154,155]. One of the most
promising approaches is the use of accurate mass tags (AMT) 
or suicide substrates that selectively and reproducibly target a
subproteome [49,50,156,157]. This has the added advantage of
aiding prefractionation and increasing the resolution of proteins
as the tag can be captured on an affinity surface [49,50].

Proteomics in human liver disease

Hepatitis C virus infection (see also Section 9)
Proteomic methodologies have been applied to a number of
aspects of HCV-related liver injury. These include the study 
of HCV-related HCC development in which overexpression of
α-enolase was identified and correlated with poorly differenti-
ated HCC [158,159]. The response of hepatocyte cell lines to IFNγ
treatment has uncovered over 54 IFN-response genes including
many novel targets, an approach that may pave the way for novel
therapies. Examination of protein extracts that bind to the HCV
internal ribosome entry site (IRES) has identified a number of
novel protein targets such as Ewing sarcoma breakpoint 1 region
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protein EWS and TRAF-3. The final aspect of HCV liver injury
receiving attention is the study of potential biomarkers such 
as heat shock protein HSP-70 associated with HCV infection
progression to HCC [160].

Hepatitis B virus infection (see also Section 9)
In contrast to gene array experiments, there are a number of
studies that use proteomics on sera to examine different stages of
chronic HBV infection. In one study, altered proteomic profiles
were identified for haptoglobin β and α2 chain apolipoprotein
(Apo)A-1 and A-1V, α-1 antitrypsin, transthyretin and DNA
topisomerase 11β [161]. Some of these proteins are among the
most abundant serum proteins secreted by the liver and are 
generally associated with acute-phase inflammatory responses.
What was apparent in this study was that different isoforms of
some of these proteins showed distinct changes in HBV infec-
tion itself and differed at times between patients with low
inflammatory scores vs. high inflammatory scores. Some exam-
ples include a decrease in cleaved haptoglobin β peptides and
ApoA-1 fragments in patients with higher inflammatory scores.
In comparison, some α-1-antitrypsin fragments were increased
in patients with higher inflammatory scores. In an attempt to
simplify such studies, deglycosylation of serum was undertaken
before analysis. An alternative approach studied serum protein
profiles and correlated this with disease severity using a SELDI
protein chip analysis and artificial neural network models [154].
They found six fragments with a positive and 24 with a negative
prediction of fibrosis stage and subsequently developed a fibro-
sis index with excellent precise values for significant fibrosis 
and cirrhosis based on the Ishak fibrosis score. The inclusion of
clinical biochemical parameters such as alanine aminotrans-
ferase (ALT), bilirubin, total protein, haemoglobin and interna-
tional normalized ratio (INR) strengthened the study accuracy.

AIH-, PBC- and PSC-associated liver disease 
(see Section 11)
As far as we are aware, there are no published proteomic studies
addressing the pathophysiology of these diseases. Cholangio-
carcinoma that is associated with PSC has been studied using
proteomics techniques [162]. Using tandem mass spectroscopy,
Koopman et al. [162] identified Mac-2 binding protein (Mac-
2BP) as a diagnostic marker in biliary carcinoma. The diagnostic
accuracy of serum Mac-2BP expression in biliary carcinoma was
superior to that of the established marker CA19-9. This study
highlights the progression of proteomic research in liver disease:
a focus initially on malignancy and biomarker discovery followed
by studies of pathophysiology.

Alcoholic liver disease (ALD) and non-alcoholic
fatty liver disease (NAFLD) (see Section 12 and 
Chapter 13)
Proteomic studies of alcoholism have, like the gene array studies,
been an eclectic mix of research examining HCC development
associated with alcohol, studies of hepatocyte alcohol-related

biology and neural aspects of alcohol addiction. Studies of the
intrahepatic toxic effects using proteomics have helped to out-
line toxicology profiles that can be used for screening as well as
for trying to understand the alcohol-associated liver injury.
Mitochondrial ethanol hepatotoxicity is thought to involve
modification of protein thiol redox state. Using two-dimensional
gel proteomic studies, Venkatraman et al. [163] were able to
demonstrate a decrease in the reduced thiols on aldehyde 
dehydrogenase and glucose-regulated protein 78. The change 
in aldehyde dehydrogenase reduced thiols was accompanied 
by a reduction in the specific activity of the enzyme. The term
‘alcoholomics’ has been coined to refer to the study of those 
proteins (i.e. the subproteome) that are directly or indirectly
affected by alcohol.

There is to date only a single proteomic study of NAFLD [93].
In this study, SELDI-TOF was used to profile serum samples
from 91 patients with NAFLD compared with seven obese con-
trol subjects. Twelve unique protein peaks were identified that
associated with NAFLD (four associated with steatosis, four with
steatosis with non-specific inflammation and four with NASH).
Unfortunately, although the peak mass is shown, SELDI-TOF
lacks the accuracy required to give mass determination enabling
unequivocal protein identification.

Hepatocellular carcinoma (HCC) (see Chapter 18.2.1)
To date, biomarker profiling has been applied predominantly 
to studies of malignant tissue [164–166]. In one study, HCC
development in chronic HBV infection was characterized by 
a significant decrease in a fragment of complement-3 and an 
isoform of ApoA-1 [167]. In tissue studies, expression of vari-
ants of aldehyde dehydrogenase and tissue ferritin light chain
have been identified in HCC, but not in surrounding tissues.
Similar studies have also identified fructose-bisphosphatase
arginosuccinate synthetase and cathepsin B preprotein as down-
regulated in HCC tissues. In an extensive study using laser 
capture microscopy, Li et al. [168] identified 261 proteins differ-
entially expressed between HCC and non-HCC hepatocytes.
Kinases in the Eph family were identified along with the Ras-like
family of Rho proteins. In addition, a DED box polypeptide was
downregulated while three members of the spliceosome and
heterogeneous nuclear ribonucleoprotein K were upregulated.
SELDI-TOF MS has also been used to examine the sera of 
82 patients with cirrhosis (38 without and 44 with HCC). An 
algorithm including the six highest scoring peaks allowed the
prediction of HCC in over 90% of cases [169]. The highest dis-
criminating peak was a C-terminal peptide of vitronectin.

Proteomic analysis of blood as a marker of liver
disease: ‘next generation’ liver function tests?
Several studies have evaluated proteomic analysis of serum pro-
tein as a diagnostic test to assess the severity of liver disease and,
in particular, for non-invasive assessment of liver fibrosis. These
studies are in their infancy, with basic methodologies still unre-
solved. However, the early studies show that the technique has
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promise. In a pilot study of 46 patients with chronic hepatitis B,
an artificial neural network (ANN) model was derived from the
proteomic fingerprint and used to derive a fibrosis index [154].
The ANN fibrosis index correlated strongly with Ishak scores
and stages of fibrosis. The areas under the receiver operating
characteristic (ROC) curve for significant fibrosis (Ishak score 
> 2) and cirrhosis (Ishak score > 4) were both > 0.90. Inclusion 
of INR, total protein, bilirubin, ALT and haemoglobin in the
ANN model improved the predictive power, giving accuracies 
> 90% for the prediction of fibrosis and cirrhosis. Another 
study found that pretreatment of serum proteins to remove N-
glycosylation enhanced the resolution of serum polypeptide
profiles [148]. This technique has the potential to improve diag-
nostic serum proteomics.

Chen and colleagues [170] developed a method of glycopro-
teomic analysis in an attempt to discover serum markers that
can assist in the early detection of HBV-induced liver cancer.
The authors showed that woodchucks diagnosed with HCC
have dramatically higher levels of serum-associated core α-1, 
6-linked fucose. One glycoprotein, Golgi protein 73 (GP73), was
found to be elevated and hyperfucosylated in the serum of ani-
mals and humans with a diagnosis of HCC. Serum profiling was
used to distinguish HCC from the earlier stages of HCV-related
liver disease [56]. The proteomic model distinguished chronic
HCV from HCV–HCC with moderate sensitivity and specifi-
city. Inclusion of known serum markers α-fetoprotein, des-γ
carboxyprothrombin and GP73 again improved the diagnostic
accuracy significantly.

Proteomics in other liver disease

The metalloproteome is defined as the set of proteins that have
metal binding capacity by being metalloproteins or having metal
binding sites. The Cu and Zn metalloproteomes were defined in
human hepatoma lines [171]. Although the gene for Wilson’s
disease has been identified, the mechanisms by which excess
copper leads to oxidative stress and acute liver failure are not
fully understood. Using an in vitro model of copper loading,
novel copper binding proteins were isolated using proteomic
techniques [140].

Although there has been limited proteomic analysis of liver
tissue in models of disease, liver-associated pathobiological 
processes have been examined. In one study of the liver ageing
process, 85 differentially expressed proteins were identified
comprising antioxidation, glucose/amino acid metabolism, 
signal transduction and cell cycle systems [172]. In ageing, the
antioxidation system showed a large increase in glutathione per-
oxidase and a decrease in glutathione S-transferase. Similarly,
levels of glycolytic enzymes were decreased in the ageing 
animal. Furthermore, levels of proteins associated with signal
transduction/apoptosis, for example cathepsin B, were decreased
in the ageing process.

Proteomics has also been used to identify genes associated
with LPS-induced liver injury. Proteins such as TRAIL receptor

2 were downregulated in the liver of LPS-treated mice whereas
TNFAIP1 was significantly upregulated. Three different pro-
teins were novel in the fatty liver proteome (aconitase succinate 
dehydrogenase, propanol CoA carboxylase α chain and 3-
hydroxyanthrilate 3-4-dioxygenase).

Future studies

The future of ‘omics’ methodologies (genomics, proteomics and
metabolomics) will address a number of technical and biological
limitations of current techniques. Gene array analysis of mRNA
transcript expression is the most developed functional genomics
technique and has now been extended to the analysis of homo-
geneous cell populations from liver [173]. The last decade has
seen this technique develop dramatically with the number 
of gene targets being included on arrays now enabling true 
transcriptome profiling as opposed to simply sampling the 
transcriptome. Additionally, the variability of the various gene
array techniques is now better understood, with both technical
and biological variability being addressed by the use of sample
pooling, and technical and biological replicates. The adoption of
MIAME standards for the presentation of results from gene array
experiments promises better standardization, reproducibility
and the ability to compare results [13,174]. The future will see
the widespread development of specialized targeted gene arrays
(such as fibrosis, cancer and iron metabolism arrays) as well as
the use of gene arrays in clinical care. Gene array experiments
that currently discriminate dissimilar cancer specimens will be
able to discern much more closely related phenotypical stages 
in non-malignant disease progression. Additionally, the use of
gene arrays covering multiple exons of an mRNA transcript will
be able to detect alternative splicing, and the use of sequence
mismatched oligonucleotides will detect multiple known and
novel SNPs [175]. The bioinformatics analysis of gene expres-
sion data is now focused on outcome/phenotype prediction as
well as uncovering biological pathway interactions, chromosomal
loci identification and functional characterization in dynamic
systems. These newer techniques are likely to become widely
adopted research and then potentially clinically applicable
methodologies.

Proteomic methods have lagged behind transcriptome analysis,
and the immediate future heralds an increase in throughput, an
increase in dynamic range/sensitivity and improved resolution
of proteins within biological samples [35,36]. Sample prepara-
tion and prefractionation appear to be the key to improved 
resolution in the short term, with the use of proteomic methods
to profile whole proteomes in a single specimen being a long-
term distant research goal. Proteomic methods with future
promise include the use of protein adjuncts to enable techniques
such as DiGE and targeting of particular protein subclasses such
as proteases. One particularly promising future technique is the
use of imaging MS to perform a spatial profile of proteins in a
tissue section (in a manner similar to SELDI-TOF but the laser
actually rasters a tissue section) [176–178]. Another area of great
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promise in proteomic research is its use in biomarker discovery.
However, these techniques are still in their infancy as a result of
differences in biological protein expression. The magnitude of
the problems to be solved can be gauged by recent serum protein
profiling that identified 3020 serum proteins by two or more
tags but required 18 laboratories and failed to detect many of 
the low-abundance proteins (these are potential biomarkers)
(www.hupo.org). Importantly, in this analysis, those laborato-
ries that used very accurate MS analysis and prefractionation
combined with multiple chromatographic separation methods
were most successful. Additional improvements include the use
of protein arrays on which antibodies or antigens are fixed to a
membrane [179–183]. The initial experimental use of protein
arrays is likely to involve studies of the immune system, given
the number of antibodies available in this discipline. Studies
such as the immunotyping of leukaemias with antibody arrays
have demonstrated that the technology is available in a working
format [184]. The study by Haab et al. [185] showed that a pro-
tein microarray could be produced allowing the detection of
cognate ligands at an absolute concentration below 1 ng/mL.
Unfortunately, only 20% of the arrayed antibodies and 50% 
of the arrayed antigen provided specific and accurate measure-
ments of their cognate ligands at or below 1.6 µg/mL and 
0.34 µg/mL respectively [185]. There are many commercial 
antibody and protein array sources that, along with academia,
are developing these methodologies. Related technologies
include the ability to capture proteins or antigens using tech-
nologies such as SELDI and BIAcore (biomolecular interac-
tion analysis), both of which are available in chip formats. 
A newly emerging technology that promises to increase the 
initial ‘downstream’ characterization of differentially expressed
genes is tissue arrays. Tissue arrays have been produced with
over 600 individual tissue samples on a single glass slide; these
are then analysed by immunohistochemistry, fluorescence in
situ hybridization (FISH) and RNA/RNA in situ hybridization
[186–191].

Finally, multiplexing is likely to be a key ‘buzzword’ in the
future. The ability to conserve and process a sample in multiple
ways, so that it can be subjected to many analytical methods, is
an approach presently receiving a lot of attention [176–178].
The use of gene array platforms to profile transcriptomes, SNPs
and promoter elements is readily possible on a single sample.
Further protein analysis using chromatographic techniques with
in-line parallel chromatographic sample treatments and separa-
tion is being adopted and can be readily automated. The adop-
tion of cross-platform technologies is presently cost prohibitive
for many institutions but likely to become more widespread
with the adoption of core facilities in commercial and academic
institutions and the focus on collaborations to use the inevitable
deluge of data. This leaves us with new bioinformatic challenges.
The future path for functional genomics/proteomics techniques
appears to be bright and paved with almost endless data. Our
ultimate challenge may be to make biological sense of these 
data!

References
1 Venter JC, Adams MD, Myers EW et al. (2001) The sequence of the

human genome. Science 291 (5507), 1304–1351.

2 Kornblihtt AR (2005) Promoter usage and alternative splicing. Curr

Opin Cell Biol 17 (3), 262–268.

3 Duyk GM (2002) Sharper tools and simpler methods. Nature Genet

32 (Suppl), 465–468.

4 Yano N, Habib NA, Fadden KJ et al. (2001) Profiling the adult human

liver transcriptome: analysis by cDNA array hybridization. J Hepatol

35 (2), 178–186.

5 Shackel NA, Gorrell MD, McCaughan GW (2002) Gene array analysis

and the liver. Hepatology 36 (6), 1313–1325.

6 Lee ML, Kuo FC, Whitmore GA et al. (2000) Importance of replica-

tion in microarray gene expression studies: statistical methods and

evidence from repetitive cDNA hybridizations. Proc Natl Acad Sci

USA 97 (18), 9834–9839.

7 Larkin JE, Frank BC, Gavras H et al. (2005) Independence and 

reproducibility across microarray platforms. Nature Methods 2 (5),

337–344.

8 Irizarry RA, Warren D, Spencer F et al. (2005) Multiple-laboratory

comparison of microarray platforms. Nature Methods 2 (5), 345–350.

9 Churchill GA (2002) Fundamentals of experimental design for

cDNA microarrays. Nature Genet 32 (Suppl) 490–495.

10 Yin JL, Shackel NA, Zekry A et al. (2001) Real-time reverse 

transcriptase-polymerase chain reaction (RT-PCR) for measurement

of cytokine and growth factor mRNA expression with fluorogenic

probes or SYBR Green I. Immunol Cell Biol 79 (3), 213–221.

11 Kendziorski C, Irizarry RA, Chen KS et al. (2005) On the utility of

pooling biological samples in microarray experiments. Proc Natl

Acad Sci USA 102 (12), 4252–4257.

12 Kendziorski CM, Zhang Y, Lan H et al. (2003) The efficiency of pool-

ing mRNA in microarray experiments. Biostatistics 4 (3), 465–477.

13 Brazma A, Hingamp P, Quackenbush J et al. (2001) Minimum 

information about a microarray experiment (MIAME) – toward

standards for microarray data. Nature Genet 29 (4), 365–371.

14 Feldman AL, Costouros NG, Wang E et al. (2002) Advantages of

mRNA amplification for microarray analysis. Biotechniques 33 (4),

906–912, 914.

15 Eberwine J (1996) Amplification of mRNA populations using 

aRNA generated from immobilized oligo(dT)-T7 primed cDNA.

Biotechniques 20 (4), 584–591.

16 Vernon SD, Unger ER, Rajeevan M et al. (2000) Reproducibility of

alternative probe synthesis approaches for gene expression profiling

with arrays. J Mol Diagn 2 (3), 124–127.

17 Zhu YY, Machleder EM, Chenchik A et al. (2001) Reverse transcrip-

tase template switching: a SMART approach for full-length cDNA

library construction. Biotechniques 30 (4), 892–897.

18 Seth D, Gorrell MD, McGuinness PH et al. (2003) SMART

amplification maintains representation of relative gene expression:

quantitative validation by real time PCR and application to studies 

of alcoholic liver disease in primates. J Biochem Biophys Methods

55 (1), 53–66.

19 Kohara Y, Noda H, Okano K et al. (2001) DNA hybridization using

‘bead-array’: probe-attached beads arrayed in a capillary in a pre-

determined order. Nucleic Acids Res 29 (Suppl. 1), 83–84.

20 Kohara Y, Noda H, Okano K et al. (2002) DNA probes on beads

arrayed in a capillary, ‘Bead-array’, exhibited high hybridization 

performance. Nucleic Acids Res 30 (16), e87.

TTOC03_06  3/8/07  6:49 PM  Page 415



416 3 BASIC CONCEPTS IN PATHOBIOLOGY

21 Noda H, Kohara Y, Okano K et al. (2003) Automated bead align-

ment apparatus using a single bead capturing technique for fabrica-

tion of a miniaturized bead-based DNA probe array. Anal Chem 75

(13), 3250–3255.

22 Cantin GT, Yates JR, 3rd (2004) Strategies for shotgun identification

of post-translational modifications by mass spectrometry. J

Chromatogr A 1053 (1–2), 7–14.

23 Resing KA, Ahn NG (2005) Proteomics strategies for protein

identification. FEBS Lett 579 (4), 885–889.

24 Parent R, Beretta L (2005) Proteomics in the study of liver pathology.

J Hepatol 43 (1), 177–183.

25 Colantonio DA, Chan DW (2005) The clinical application of pro-

teomics. Clin Chim Acta 357, 151–158.

26 Lane CS (2005) Mass spectrometry-based proteomics in the life 

sciences. Cell Mol Life Sci 62 (7–8), 848–869.

27 Albala JS (2001) Array-based proteomics: the latest chip challenge.

Expert Rev Mol Diagn 1 (2), 145–152.

28 Hanash S (2003) The emerging field of protein microarrays. Proteomics

3 (11), 2075.

29 Lauber WM, Carroll JA, Dufield DR et al. (2001) Mass spectrometry

compatibility of two-dimensional gel protein stains. Electrophoresis

22 (5), 906–918.

30 Rodland KD (2004) Proteomics and cancer diagnosis: the potential

of mass spectrometry. Clin Biochem 37 (7), 579–583.

31 Fountoulakis M, Juranville JF, Tsangaris G et al. (2004) Fractionation

of liver proteins by preparative electrophoresis. Amino Acids 26 (1),

27–36.

32 Righetti PG, Castagna A, Herbert B et al. (2003) Prefractionation

techniques in proteome analysis. Proteomics 3 (8), 1397–1407.

33 Righetti PG, Castagna A, Antonioli P et al. (2005) Prefractionation

techniques in proteome analysis: the mining tools of the third millen-

nium. Electrophoresis 26 (2), 297–319.

34 Kettman JR, Frey JR, Lefkovits I (2001) Proteome, transcriptome 

and genome: top down or bottom up analysis? Biomol Eng 18 (5),

207–212.

35 Kolch W, Mischak H, Chalmers MJ et al. (2004) Clinical proteomics:

a question of technology. Rapid Commun Mass Spectrom 18 (19),

2365–2366.

36 Kolch W, Mischak H, Pitt AR (2005) The molecular make-up of a

tumour: proteomics in cancer research. Clin Sci (Lond) 108 (5),

369–383.

37 Chernokalskaya E, Gutierrez S, Pitt AM et al. (2004) Ultrafiltration

for proteomic sample preparation. Electrophoresis 25 (15), 2461–2468.

38 Nabi G, N’Dow J, Hasan TS et al. (2005) Proteomic analysis of urine

in patients with intestinal segments transposed into the urinary tract.

Proteomics 5 (6), 1729–1733.

39 Stasyk T, Huber LA (2004) Zooming in: fractionation strategies in

proteomics. Proteomics 4 (12), 3704–3716.

40 Schirmer EC, Florens L, Guan T et al. (2003) Nuclear membrane pro-

teins with potential disease links found by subtractive proteomics.

Science 301 (5638), 1380–1382.

41 Murayama K, Fujimura T, Morita M et al. (2001) One-step subcellular

fractionation of rat liver tissue using a Nycodenz density gradient

prepared by freezing-thawing and two-dimensional sodium dodecyl

sulfate electrophoresis profiles of the main fraction of organelles.

Electrophoresis 22 (14), 2872–2880.

42 Lopez MF, Kristal BS, Chernokalskaya E et al. (2000) High-throughput

profiling of the mitochondrial proteome using affinity fractionation

and automation. Electrophoresis 21 (16), 3427–3440.

43 Zang L, Palmer Toy D, Hancock WS et al. (2004) Proteomic analysis

of ductal carcinoma of the breast using laser capture microdissection,

LC-MS, and 16O/18O isotopic labeling. J Proteome Res 3 (3), 604–612.

44 Tadros Y, Ruiz-Deya G, Crawford BE et al. (2003) In vivo proteomic

analysis of cytokine expression in laser capture-microdissected

urothelial cells of obstructed ureteropelvic junction procured by

laparoscopic dismembered pyeloplasty. J Endourol 17 (5), 333–336.

45 Chignard N, Beretta L (2004) Proteomics for hepatocellular carci-

noma marker discovery. Gastroenterology 127 (5 Suppl 1), S120–125.

46 Ahmed N, Barker G, Oliva KT et al. (2004) Proteomic-based

identification of haptoglobin-1 precursor as a novel circulating

biomarker of ovarian cancer. Br J Cancer 91 (1), 129–140.

47 Hanash S (2003) Disease proteomics. Nature 422 (6928), 226–232.

48 Mehta AI, Ross S, Lowenthal MS et al. (2003) Biomarker amplifica-

tion by serum carrier protein binding. Dis Markers 19 (1), 1–10.

49 Greenbaum D, Baruch A, Hayrapetian L et al. (2002) Chemical

approaches for functionally probing the proteome. Mol Cell Proteomics

1 (1), 60–68.

50 Joyce JA, Baruch A, Chehade K et al. (2004) Cathepsin cysteine 

proteases are effectors of invasive growth and angiogenesis during

multistage tumorigenesis. Cancer Cell 5 (5), 443–453.

51 Barglow KT, Cravatt BF (2004) Discovering disease-associated enzymes

by proteome reactivity profiling. Chem Biol 11 (11), 1523–1531.

52 Patton WF (2002) Detection technologies in proteome analysis. 

J Chromatogr B Anal Technol Biomed Life Sci 771 (1–2), 3–31.

53 Henkel C, Roderfeld M, Weiskirchen R et al. (2005) Identification of

fibrosis-relevant proteins using DIGE (difference in gel electrophoresis)

in different models of hepatic fibrosis. Z Gastroenterol 43 (1), 23–9.

54 Neverova I, Van Eyk JE (2005) Role of chromatographic techniques

in proteomic analysis. J Chromatogr B Anal Technol Biomed Life Sci

815 (1–2), 51–63.

55 Steel LF, Haab BB, Hanash SM (2005) Methods of comparative 

proteomic profiling for disease diagnostics. J Chromatogr B Anal

Technol Biomed Life Sci 815 (1–2), 275–284.

56 Schwegler EE, Cazares L, Steel LF et al. (2005) SELDI-TOF MS

profiling of serum for detection of the progression of chronic hepatitis

C to hepatocellular carcinoma. Hepatology 41 (3), 634–642.

57 Cordingley HC, Roberts SL, Tooke P et al. (2003) Multifactorial

screening design and analysis of SELDI-TOF ProteinChip array 

optimization experiments. Biotechniques 34 (2), 364–365, 368–373.

58 Utz PJ (2005) Protein arrays for studying blood cells and their

secreted products. Immunol Rev 204, 264–282.

59 Smyth GK, Yang YH, Speed T (2003) Statistical issues in cDNA

microarray data analysis. Methods Mol Biol 224, 111–136.

60 Smyth GK, Speed T (2003) Normalization of cDNA microarray data.

Methods 31 (4), 265–273.

61 Yang YH, Dudoit S, Luu P et al. (2002) Normalization for cDNA

microarray data: a robust composite method addressing single and

multiple slide systematic variation. Nucleic Acids Res 30 (4), e15.

62 Yang YH, Buckley MJ, Speed TP (2001) Analysis of cDNA microarray

images. Brief Bioinform 2 (4), 341–349.

63 Yang MC, Ruan QG, Yang JJ et al. (2001) A statistical method for

flagging weak spots improves normalization and ratio estimates in

microarrays. Physiol Genomics 7 (1), 45–53.

64 Wu LF, Hughes TR, Davierwala AP et al. (2002) Large-scale pre-

diction of Saccharomyces cerevisiae gene function using overlapping

transcriptional clusters. Nature Genet 31 (3), 255–265.

65 Jain KK (2000) Applications of proteomics in oncology. Phar-

macogenomics 1 (4), 385–393.

TTOC03_06  3/8/07  6:49 PM  Page 416



3.6 GENOMICS, GENE ARRAYS AND PROTEOMICS IN THE STUDY OF LIVER DISEASE 417

66 Hekkelman ML, Vriend G (2005) MRS: a fast and compact retrieval

system for biological data. Nucleic Acids Res 33 (Web Server issue),

W766–769.

67 Stuart JM, Segal E, Koller D et al. (2003) A gene-coexpression net-

work for global discovery of conserved genetic modules. Science 302

(5643), 249–255.

68 Chaussabel D, Sher A (2002) Mining microarray expression data by

literature profiling. Genome Biol 3 (10), RESEARCH0055.

69 Yuan J, Liu Y, Wang Y et al. (2001) Genome analysis with gene-

indexing databases. Pharmacol Ther 91 (2), 115–132.

70 Coulouarn C, Lefebvre G, Derambure C et al. (2004) Altered gene

expression in acute systemic inflammation detected by complete 

coverage of the human liver transcriptome. Hepatology 39 (2),

353–364.

71 Yamashita T, Hashimoto S, Kaneko S et al. (2000) Comprehensive

gene expression profile of a normal human liver. Biochem Biophys Res

Commun 269 (1), 110–116.

72 Yamashita T, Honda M, Takatori H et al. (2004) Genome-wide 

transcriptome mapping analysis identifies organ-specific gene ex-

pression patterns along human chromosomes. Genomics 84 (5),

867–875.

73 Yamashita Y, Shimada M, Harimoto N et al. (2004) cDNA microarray

analysis in hepatocyte differentiation in Huh 7 cells. Cell Transplant

13 (7–8), 793–797.

74 Enard W, Khaitovich P, Klose J et al. (2002) Intra- and interspecific

variation in primate gene expression patterns. Science 296 (5566),

340–343.

75 Bigger CB, Brasky KM, Lanford RE (2001) DNA microarray analysis

of chimpanzee liver during acute resolving hepatitis C virus infec-

tion. J Virol 75 (15), 7059–7066.

76 Su AI, Pezacki JP, Wodicka L et al. (2002) Genomic analysis of the

host response to hepatitis C virus infection. Proc Natl Acad Sci USA

99 (24), 15669–15674.

77 Karayiannis P (2005) The hepatitis C virus NS3/4A protease complex

interferes with pathways of the innate immune response. J Hepatol 43

(4), 743–745.

78 Chen L, Borozan I, Feld J et al. (2005) Hepatic gene expression dis-

criminates responders and nonresponders in treatment of chronic

hepatitis C viral infection. Gastroenterology 128 (5), 1437–1444.

79 Honda M, Kaneko S, Kawai H et al. (2001) Differential gene expression

between chronic hepatitis B and C hepatic lesions. Gastroenterology

120 (4), 955–966.

80 Shackel NA, McGuinness PH, Abbott CA et al. (2002) Insights into

the pathobiology of hepatitis C virus-associated cirrhosis: analysis 

of intrahepatic differential gene expression. Am J Pathol 160 (2),

641–654.

81 Smith MW, Yue ZN, Korth MJ et al. (2003) Hepatitis C virus and

liver disease: global transcriptional profiling and identification of

potential markers. Hepatology 38 (6), 1458–1467.

82 Shackel NA, McGuinness PH, Abbott CA et al. (2003) Novel differ-

ential gene expression in human cirrhosis detected by suppression

subtractive hybridization. Hepatology 38 (3), 577–588.

83 McCaughan GW, Xiao XH, Zekry A et al. (2003) The intrahepatic

response to HCV infection. In: Jilbert AR, Grgacic EVL, Vickery K 

et al. (eds) Proceedings of the 11th International Symposium on Viral

Hepatitis and Liver Disease. Sydney: Australian Centre for Hepatitis

Virology, pp. 100–106.

84 Mansfield ES, Sarwal MM (2004) Arraying the orchestration of 

allograft pathology. Am J Transplant 4 (6), 853–862.

85 McCaughan GW, Zekry A (2004) Mechanisms of HCV reinfection

and allograft damage after liver transplantation. J Hepatol 40 (3),

368–374.

86 McCaughan GW, Zekry A (2002) Pathogenesis of hepatitis C virus

recurrence in the liver allograft. Liver Transpl 8 (10 Suppl 1), S7–S13.

87 Wieland S, Thimme R, Purcell RH et al. (2004) Genomic analysis of

the host response to hepatitis B virus infection. Proc Natl Acad Sci

USA 101 (17), 6669–6674.

88 Wieland SF, Chisari FV (2005) Stealth and cunning: hepatitis B and

hepatitis C viruses. J Virol 79 (15), 9369–9380.

89 Seth D, Leo MA, McGuinness PH et al. (2003) Gene expression

profiling of alcoholic liver disease in the baboon (Papio hamadryas)

and human liver. Am J Pathol 163 (6), 2303–2317.

90 Deaciuc IV, Doherty DE, Burikhanov R et al. (2004) Large-scale gene

profiling of the liver in a mouse model of chronic, intragastric

ethanol infusion. J Hepatol 40 (2), 219–227.

91 Shackel NA, McGuinness PH, Abbott CA et al. (2001) Identification

of novel molecules and pathogenic pathways in primary biliary 

cirrhosis: cDNA array analysis of intrahepatic differential gene

expression. Gut 49 (4), 565–576.

92 Sreekumar R, Rosado B, Rasmussen D et al. (2003) Hepatic gene

expression in histologically progressive nonalcoholic steatohepatitis.

Hepatology 38 (1), 244–251.

93 Younossi ZM, Baranova A, Ziegler K et al. (2005) A genomic and 

proteomic study of the spectrum of nonalcoholic fatty liver disease.

Hepatology 42 (3), 665–674.

94 Younossi ZM, Gorreta F, Ong JP et al. (2005) Hepatic gene expres-

sion in patients with obesity-related non-alcoholic steatohepatitis.

Liver Int 25 (4), 760–771.

95 Zhang DY, Sabla G, Shivakumar P et al. (2004) Coordinate expres-

sion of regulatory genes differentiates embryonic and perinatal forms

of biliary atresia. Hepatology 39 (4), 954–962.

96 Galvin P, Clarke LA, Harvey S et al. (2004) Microarray analysis in 

cystic fibrosis. J Cyst Fibros 3 (Suppl 2), 29–33.

97 Norkina O, Kaur S, Ziemer D et al. (2004) Inflammation of the cystic

fibrosis mouse small intestine. Am J Physiol Gastrointest Liver Physiol

286 (6), G1032–1041.

98 Srivastava M, Eidelman O, Pollard HB (1999) Pharmacogenomics 

of the cystic fibrosis transmembrane conductance regulator (CFTR)

and the cystic fibrosis drug CPX using genome microarray analysis.

Mol Med 5 (11), 753–767.

99 Shirota Y, Kaneko S, Honda M et al. (2001) Identification of differen-

tially expressed genes in hepatocellular carcinoma with cDNA

microarrays. Hepatology 33 (4), 832–840.

100 Kim JW, Ye Q, Forgues M et al. (2004) Cancer-associated molecular

signature in the tissue samples of patients with cirrhosis. Hepatology

39 (2), 518–527.

101 Kim BY, Lee JG, Park S et al. (2004) Feature genes of hepatitis B 

virus-positive hepatocellular carcinoma, established by its molecular

discrimination approach using prediction analysis of microarray.

Biochim Biophys Acta 1739 (1), 50–61.

102 Iizuka N, Oka M, Yamada-Okabe H et al. (2004) Molecular signature

in three types of hepatocellular carcinoma with different viral origin

by oligonucleotide microarray. Int J Oncol 24 (3), 565–574.

103 Iizuka N, Oka M, Yamada-Okabe H et al. (2002) Comparison of gene

expression profiles between hepatitis B virus- and hepatitis C virus-

infected hepatocellular carcinoma by oligonucleotide microarray

data on the basis of a supervised learning method. Cancer Res 62 (14),

3939–3944.

TTOC03_06  3/8/07  6:49 PM  Page 417



418 3 BASIC CONCEPTS IN PATHOBIOLOGY

104 Qin LX, Tang ZY (2004) Recent progress in predictive biomarkers for

metastatic recurrence of human hepatocellular carcinoma: a review

of the literature. J Cancer Res Clin Oncol 130 (9), 497–513.

105 Ye QH, Qin LX, Forgues M et al. (2003) Predicting hepatitis B virus-

positive metastatic hepatocellular carcinomas using gene expression

profiling and supervised machine learning. Nature Med 9 (4),

416–423.

106 Pan HW, Ou YH, Peng SY et al. (2003) Overexpression of osteopon-

tin is associated with intrahepatic metastasis, early recurrence, and

poorer prognosis of surgically resected hepatocellular carcinoma.

Cancer 98 (1), 119–127.

107 Tang ZY, Ye SL, Liu YK et al. (2004) A decade’s studies on metastasis of

hepatocellular carcinoma. J Cancer Res Clin Oncol 130 (4), 187–196.

108 Wang W, Yang LY, Huang GW et al. (2004) Genomic analysis reveals

RhoC as a potential marker in hepatocellular carcinoma with poor

prognosis. Br J Cancer 90 (12), 2349–2355.

109 Obama K, Ura K, Li M et al. (2005) Genome-wide analysis of gene

expression in human intrahepatic cholangiocarcinoma. Hepatology

41 (6), 1339–1348.

110 Hansel DE, Rahman A, Hidalgo M et al. (2003) Identification of

novel cellular targets in biliary tract cancers using global gene expres-

sion technology. Am J Pathol 163 (1), 217–229.

111 Bulera SJ, Eddy SM, Ferguson E et al. (2001) RNA expression in 

the early characterization of hepatotoxicants in Wistar rats by high-

density DNA microarrays. Hepatology 33 (5), 1239–1258.

112 Cunningham MJ, Liang S, Fuhrman S et al. (2000) Gene expression

microarray data analysis for toxicology profiling. Ann NY Acad Sci 9

(19), 52–67.

113 Huang Q, Jin X, Gaillard ET et al. (2004) Gene expression profiling

reveals multiple toxicity endpoints induced by hepatotoxicants.

Mutat Res 549 (1–2), 147–167.

114 Jiang Y, Liu J, Waalkes M et al. (2004) Changes in the gene expression

associated with carbon tetrachloride-induced liver fibrosis persist

after cessation of dosing in mice. Toxicol Sci 79 (2), 404–410.

115 Jolly RA, Goldstein KM, Wei T et al. (2005) Pooling samples within

microarray studies: a comparative analysis of rat liver transcription

response to prototypical toxicants. Physiol Genomics 22 (3), 346–355.

116 Jung JW, Park JS, Hwang JW et al. (2004) Gene expression analysis 

of peroxisome proliferators- and phenytoin-induced hepatotoxicity

using cDNA microarray. J Vet Med Sci 66 (11), 1329–1333.

117 Minami K, Saito T, Narahara M et al. (2005) Relationship between

hepatic gene expression profiles and hepatotoxicity in five typical

hepatotoxicant-administered rats. Toxicol Sci 87 (1), 296–305.

118 Shankar K, Vaidya VS, Corton JC et al. (2003) Activation of PPAR-

alpha in streptozotocin-induced diabetes is essential for resistance

against acetaminophen toxicity. FASEB J 17 (12), 1748–1750.

119 Ulrich RG, Rockett JC, Gibson GG et al. (2004) Overview of an inter-

laboratory collaboration on evaluating the effects of model hepato-

toxicants on hepatic gene expression. Environ Health Perspect 112 (4),

423–427.

120 Waring JF, Ciurlionis R, Jolly RA et al. (2001) Microarray analysis of

hepatotoxins in vitro reveals a correlation between gene expression

profiles and mechanisms of toxicity. Toxicol Lett 120 (1–3), 359–368.

121 Waring JF, Jolly RA, Ciurlionis R et al. (2001) Clustering of hepato-

toxins based on mechanism of toxicity using gene expression profiles.

Toxicol Appl Pharmacol 175 (1), 28–42.

122 Waring JF, Cavet G, Jolly RA et al. (2003) Development of a 

DNA microarray for toxicology based on hepatotoxin-regulated

sequences. EHP Toxicogenomics 111 (1T), 53–60.

123 Utsunomiya T, Okamoto M, Hashimoto M et al. (2004) A gene-

expression signature can quantify the degree of hepatic fibrosis in the

rat. J Hepatol 41 (3), 399–406.

124 Iida M, Anna CH, Hartis J et al. (2003) Changes in global gene and

protein expression during early mouse liver carcinogenesis induced

by non-genotoxic model carcinogens oxazepam and Wyeth-14,643.

Carcinogenesis 24 (4), 757–770.

125 Lefkovits I, Kettman JR, Frey JR (2001) Proteomic analysis of rare

molecular species of translated polypeptides from a mouse fetal 

thymus cDNA library. Proteomics 1 (4), 560–573.

126 Lefkovits I, Kettman JR, Frey JR (2000) Global analysis of gene

expression in cells of the immune system I. Analytical limitations in

obtaining sequence information on polypeptides in two-dimensional

gel spots. Electrophoresis 21 (13), 2688–2693.

127 Ratziu V, Charlotte F, Heurtier A et al. (2005) Sampling variability 

of liver biopsy in nonalcoholic fatty liver disease. Gastroenterology

128 (7), 1898–1906.

128 Regev A, Berho M, Jeffers LJ et al. (2002) Sampling error and intraob-

server variation in liver biopsy in patients with chronic HCV infection.

Am J Gastroenterol 97 (10), 2614–2618.

129 Anderson L, Seilhamer J (1997) A comparison of selected mRNA 

and protein abundances in human liver. Electrophoresis 18 (3–4),

533–537.

130 ter Kuile BH, Westerhoff HV (2001) Transcriptome meets

metabolome: hierarchical and metabolic regulation of the glycolytic

pathway. FEBS Lett 500 (3), 169–171.

131 Miklos GL, Maleszka R (2001) Integrating molecular medicine with

functional proteomics: realities and expectations. Proteomics 1 (1),

30–41.

132 Miklos GL, Maleszka R (2001) Protein functions and biological 

contexts. Proteomics 1 (2), 169–178.

133 Jansen R, Gerstein M (2000) Analysis of the yeast transcriptome with

structural and functional categories: characterizing highly expressed

proteins. Nucleic Acids Res 28 (6), 1481–1488.

134 Kristensen DB, Kawada N, Imamura K et al. (2000) Proteome 

analysis of rat hepatic stellate cells. Hepatology 32 (2), 268–277.

135 Kawada N, Kristensen DB, Asahina K et al. (2001) Characterization

of a stellate cell activation-associated protein (STAP) with peroxidase

activity found in rat hepatic stellate cells. J Biol Chem 276 (27),

25318–25323.

136 Eng FJ, Friedman SL (2000) Fibrogenesis I. New insights into hepatic

stellate cell activation: the simple becomes complex. Am J Physiol

Gastrointest Liver Physiol 279 (1), G7–G11.

137 Seow TK, Liang RC, Leow CK et al. (2001) Hepatocellular 

carcinoma: from bedside to proteomics. Proteomics 1 (10),

1249–1263.

138 Kaplowitz N (2004) Drug-induced liver injury. Clin Infect Dis 38

(Suppl 2), S44–48.

139 Fella K, Gluckmann M, Hellmann J et al. (2005) Use of two-

dimensional gel electrophoresis in predictive toxicology: identi-

fication of potential early protein biomarkers in chemically induced

hepatocarcinogenesis. Proteomics 5 (7), 1914–1927.

140 Roelofsen H, Balgobind R, Vonk RJ (2004) Proteomic analyzes 

of copper metabolism in an in vitro model of Wilson disease using

surface enhanced laser desorption/ionization-time of flight-mass

spectrometry. J Cell Biochem 93 (4), 732–740.

141 Low TY, Leow CK, Salto-Tellez M et al. (2004) A proteomic analysis

of thioacetamide-induced hepatotoxicity and cirrhosis in rat livers.

Proteomics 4 (12), 3960–3974.

TTOC03_06  3/8/07  6:49 PM  Page 418



3.6 GENOMICS, GENE ARRAYS AND PROTEOMICS IN THE STUDY OF LIVER DISEASE 419

142 Nordvarg H, Flensburg J, Ronn O et al. (2004) A proteomics

approach to the study of absorption, distribution, metabolism,

excretion, and toxicity. J Biomol Tech 15 (4), 265–275.

143 Merrick BA, Bruno ME (2004) Genomic and proteomic profiling for

biomarkers and signature profiles of toxicity. Curr Opin Mol Ther

6 (6), 600–607.

144 Guzey C, Spigset O (2002) Genotyping of drug targets: a method to

predict adverse drug reactions? Drug Safety 25 (8), 553–560.

145 Meneses-Lorente G, Guest PC, Lawrence J et al. (2004) A proteomic

investigation of drug-induced steatosis in rat liver. Chem Res Toxicol

17 (5), 605–612.

146 Gao J, Ann Garulacan L, Storm SM et al. (2004) Identification of in

vitro protein biomarkers of idiosyncratic liver toxicity. Toxicol In

Vitro 18 (4), 533–541.

147 Fountoulakis M, Suter L (2002) Proteomic analysis of the rat liver. 

J Chromatogr B Anal Technol Biomed Life Sci 782 (1–2), 197–218.

148 Comunale MA, Mattu TS, Lowman MA et al. (2004) Comparative

proteomic analysis of de-N-glycosylated serum from hepatitis B 

carriers reveals polypeptides that correlate with disease status.

Proteomics 4 (3), 826–838.

149 Garry RF, Dash S (2003) Proteomics computational analyses suggest

that hepatitis C virus E1 and pestivirus E2 envelope glycoproteins are

truncated class II fusion proteins. Virology 307 (2), 255–265.

150 Kim W, Oe Lim S, Kim JS et al. (2003) Comparison of proteome

between hepatitis B virus- and hepatitis C virus-associated hepato-

cellular carcinoma. Clin Cancer Res 9 (15), 5493–5500.

151 Lu H, Li W, Noble WS et al. (2004) Riboproteomics of the hepatitis C

virus internal ribosomal entry site. J Proteome Res 3 (5), 949–957.

152 Rosenberg S (2001) Recent advances in the molecular biology of 

hepatitis C virus. J Mol Biol 313 (3), 451–464.

153 Scholle F, Li K, Bodola F et al. (2004) Virus–host cell interactions

during hepatitis C virus RNA replication: impact of polyprotein

expression on the cellular transcriptome and cell cycle association

with viral RNA synthesis. J Virol 78 (3), 1513–1524.

154 Poon TC, Hui AY, Chan HL et al. (2005) Prediction of liver fibrosis

and cirrhosis in chronic hepatitis B infection by serum proteomic

fingerprinting: a pilot study. Clin Chem 51 (2), 328–335.

155 Xu C, Chang C, Yuan J et al. (2004) Identification and characteriza-

tion of 177 unreported genes associated with liver regeneration.

Genomics Proteomics Bioinformatics 2 (2), 109–118.

156 Pasa-Tolic L, Masselon C, Barry RC et al. (2004) Proteomic analyses

using an accurate mass and time tag strategy. Biotechniques 37 (4),

621–624, 626–633, 636 passim.

157 Bogdanov B, Smith RD (2005) Proteomics by FTICR mass spectrom-

etry: top down and bottom up. Mass Spectrom Rev 24 (2), 168–200.

158 Takashima M, Kuramitsu Y, Yokoyama Y et al. (2005) Overexpres-

sion of alpha enolase in hepatitis C virus-related hepatocellular 

carcinoma: association with tumor progression as determined by

proteomic analysis. Proteomics 5 (6), 1686–1692.

159 Kuramitsu Y, Nakamura K (2005) Current progress in proteomic

study of hepatitis C virus-related human hepatocellular carcinoma.

Expert Rev Proteomics 2 (4), 589–601.

160 Takashima M, Kuramitsu Y, Yokoyama Y et al. (2003) Proteomic

profiling of heat shock protein 70 family members as biomarkers for

hepatitis C virus-related hepatocellular carcinoma. Proteomics 3 (12),

2487–2493.

161 He QY, Lau GK, Zhou Y et al. (2003) Serum biomarkers of hepatitis B

virus infected liver inflammation: a proteomic study. Proteomics 3

(5), 666–674.

162 Koopmann J, Thuluvath PJ, Zahurak ML et al. (2004) Mac-2-binding

protein is a diagnostic marker for biliary tract carcinoma. Cancer

101 (7), 1609–1615.

163 Venkatraman A, Landar A, Davis AJ et al. (2004) Oxidative modi-

fication of hepatic mitochondria protein thiols: effect of chronic 

alcohol consumption. Am J Physiol Gastrointest Liver Physiol 286 (4),

G521–527.

164 Liu AY, Zhang H, Sorensen CM et al. (2005) Analysis of prostate 

cancer by proteomics using tissue specimens. J Urol 173 (1), 73–78.

165 Wong YF, Cheung TH, Lo KW et al. (2004) Protein profiling 

of cervical cancer by protein-biochips: proteomic scoring to dis-

criminate cervical cancer from normal cervix. Cancer Lett 211 (2),

227–234.

166 Wiesner A (2004) Detection of tumor markers with ProteinChip

technology. Curr Pharm Biotechnol 5 (1), 45–67.

167 Steel LF, Shumpert D, Trotter M et al. (2003) A strategy for the com-

parative analysis of serum proteomes for the discovery of biomarkers

for hepatocellular carcinoma. Proteomics 3 (5), 601–609.

168 Li C, Hong Y, Tan YX et al. (2004) Accurate qualitative and quantit-

ative proteomic analysis of clinical hepatocellular carcinoma using

laser capture microdissection coupled with isotope-coded affinity tag

and two-dimensional liquid chromatography mass spectrometry.

Mol Cell Proteomics 3 (4), 399–409.

169 Paradis V, Degos F, Dargere D et al. (2005) Identification of a new

marker of hepatocellular carcinoma by serum protein profiling of

patients with chronic liver diseases. Hepatology 41 (1), 40–47.

170 Chen J, Kahne T, Rocken C et al. (2004) Proteome analysis of 

gastric cancer metastasis by two-dimensional gel electrophoresis and

matrix assisted laser desorption/ionization-mass spectrometry for

identification of metastasis-related proteins. J Proteome Res 3 (5),

1009–1016.

171 She YM, Narindrasorasak S, Yang S et al. (2003) Identification of

metal-binding proteins in human hepatoma lines by immobilized

metal affinity chromatography and mass spectrometry. Mol Cell

Proteomics 2 (12), 1306–1318.

172 Cho YM, Bae SH, Choi BK et al. (2003) Differential expression of the

liver proteome in senescence accelerated mice. Proteomics 3 (10),

1883–1894.

173 Schnabl B, Purbeck CA, Choi YH et al. (2003) Replicative senescence

of activated human hepatic stellate cells is accompanied by a pro-

nounced inflammatory but less fibrogenic phenotype. Hepatology 37,

653–664.

174 Killion PJ, Sherlock G, Iyer VR (2003) The Longhorn Array Database

(LAD): an open-source, MIAME compliant implementation of the

Stanford Microarray Database (SMD). BMC Bioinformatics 4 (1), 32.

175 Mockler TC, Ecker JR (2005) Applications of DNA tiling arrays for

whole-genome analysis. Genomics 85 (1), 1–15.

176 Rohner TC, Staab D, Stoeckli M (2005) MALDI mass spectrometric

imaging of biological tissue sections. Mech Ageing Dev 126 (1),

177–185.

177 Maddalo G, Petrucci F, Iezzi M et al. (2005) Analytical assessment 

of MALDI-TOF imaging mass spectrometry on thin histological

samples. An insight in proteome investigation. Clin Chim Acta 357,

210–218.

178 McDonnell LA, Piersma SR, MaartenAltelaar AF et al. (2005)

Subcellular imaging mass spectrometry of brain tissue. J Mass

Spectrom 40 (2), 160–168.

179 Borrebaeck CA, Ekstrom S, Hager AC et al. (2001) Protein chips

based on recombinant antibody fragments: a highly sensitive approach

TTOC03_06  3/8/07  6:49 PM  Page 419



420 3 BASIC CONCEPTS IN PATHOBIOLOGY

as detected by mass spectrometry. Biotechniques 30 (5), 1126–1130,

1132.

180 Kodadek T (2001) Protein microarrays: prospects and problems.

Chem Biol 8 (2), 105–115.

181 Zhu H, Snyder M (2001) Protein arrays and microarrays. Curr Opin

Chem Biol 5 (1), 40–45.

182 Walter G, Bussow K, Cahill D et al. (2000) Protein arrays for gene

expression and molecular interaction screening. Curr Opin Microbiol

3 (3), 298–302.

183 Nagayama K (1997) Protein arrays: concepts and subjects. Adv

Biophys 34, 3–23.

184 Belov L, de la Vega O, dos Remedios CG et al. (2001)

Immunophenotyping of leukemias using a cluster of differentiation

antibody microarray. Cancer Res 61 (11), 4483–4489.

185 Haab BB, Dunham MJ, Brown PO (2001) Protein microarrays for

highly parallel detection and quantitation of specific proteins and

antibodies in complex solutions. Genome Biol 2 (2), RESEARCH0004.

186 Hoos A, Urist MJ, Stojadinovic A et al. (2001) Validation of tissue

microarrays for immunohistochemical profiling of cancer specimens

using the example of human fibroblastic tumors. Am J Pathol 158 (4),

1245–1251.

187 Gillett CE, Springall RJ, Barnes DM et al. (2000) Multiple tissue core

arrays in histopathology research: a validation study. J Pathol 192 (4),

549–553.

188 Ibarrola N, Pandey A (2001) Integrating DNA and tissue microarrays

for cancer profiling. Trends Biochem Sci 26 (10), 589.

189 Andersen CL, Hostetter G, Grigoryan A et al. (2001) Improved pro-

cedure for fluorescence in situ hybridization on tissue microarrays.

Cytometry 45 (2), 83–86.

190 Dhanasekaran SM, Barrette TR, Ghosh D et al. (2001) Delineation 

of prognostic biomarkers in prostate cancer. Nature 412 (6849),

822–826.

191 Moch H, Kononen T, Kallioniemi OP et al. (2001) Tissue micro-

arrays: what will they bring to molecular and anatomic pathology?

Adv Anat Pathol 8 (1), 14–20.

192 Bigger CB, Guerra B, Brasky KM et al. (2004) Intrahepatic gene

expression during chronic hepatitis C virus infection in chimpanzees.

J Virol 78 (24), 13779–137792.

193 Shackel NA, McGuinness PH, Abbott CA et al. (2002) Insights into

the pathobiology of hepatitis C virus associated cirrhosis: analysis 

of intrahepatic differential gene expression. Am J Pathol 160 (2),

641–654.

194 Girard S, Vossman E, Misek DE et al. (2004) Hepatitis C virus NS5A-

regulated gene expression and signaling revealed via microarray and

comparative promoter analyses. Hepatology 40 (3), 708–718.

195 Smith MW, Yue ZN, Geiss GK et al. (2003) Identification of novel

tumor markers in hepatitis C virus-associated hepatocellular carci-

noma. Cancer Res 63 (4), 859–864.

196 Kondoh N, Wakatsuki T, Ryo A et al. (1999) Identification and 

characterization of genes associated with human hepatocellular 

carcinogenesis. Cancer Res 59 (19), 4990–4996.

197 Yamashita T, Kaneko S, Hashimoto S et al. (2001) Serial analysis of

gene expression in chronic hepatitis C and hepatocellular carcinoma.

Biochem Biophys Res Commun 282 (2), 647–654.

198 Liu K, Lei XZ, Zhao LS et al. (2005) Tissue microarray for high-

throughput analysis of gene expression profiles in hepatocellular 

carcinoma. World J Gastroenterol 11 (9), 1369–1372.

199 Kang YK, Hong SW, Lee H et al. (2004) Overexpression of clusterin

in human hepatocellular carcinoma. Hum Pathol 35 (11), 1340–1346.

200 Tackels-Horne D, Goodman MD, Williams AJ et al. (2001)

Identification of differentially expressed genes in hepatocellular 

carcinoma and metastatic liver tumors by oligonucleotide expression

profiling. Cancer 92 (2), 395–405.

201 Obama K, Ura K, Satoh S et al. (2005) Up-regulation of PSF2, a 

member of the GINS multiprotein complex, in intrahepatic cholan-

giocarcinoma. Oncol Rep 14 (3), 701–706.

TTOC03_06  3/8/07  6:49 PM  Page 420



4 Pathology

TTOC04_01  3/8/07  6:51 PM  Page 421



Hepatocellular changes

The ground-glass hepatocyte [1] displays a more homogeneous,
paler eosinophilic staining than the normal hepatocyte in all or
part of its cytoplasm (see Plates 4.1.1 and 4.1.29, facing p. 72). It
is most typically observed in carriers of hepatitis B virus (HBV),
in whom its appearance is due to hypertrophy of the endopl-
asmic reticulum, loaded with HBsAg.

A more or less similar appearance of hepatocytes may be
observed in drug induction, in myoclonal epilepsy (Lafora’s 
disease), in alcoholics treated with aversion drugs (cyanamide)
[2], in glycogenosis type 4 (Andersen’s disease), in fibrinogen
storage disease [3] and in immunosuppressed transplanted
patients [4,5]. In HBV-infected patients, HBsAg can be demon-
strated in ground-glass hepatocytes by special stains (Shikata’s
orcein stain, Victoria blue), immunohistochemical techniques,
and regular and immunoelectron microscopy [6–8].

Acidophil condensation refers to a hepatocyte of reduced size,
with increased density and eosinophilia of its cytoplasm, and
usually pyknosis of the nucleus. The cell may assume a rhom-
boid outline [6,9].

Ballooning or hydropic swelling describes hepatocytes char-
acterized by an increased volume with pale, ‘empty’ appearance 
of most of their cytoplasm; the remaining cytoplasm appears
condensed in the perinuclear region (see Plates 4.1.2 and 4.1.8,
facing p. 72). This lesion is thought to represent a precursor
stage of lytic necrosis. It is observed in viral, toxic and ischaemic
liver damage, predominantly in acinar zone 3 [6,9].

Alcoholic clear cells (‘hépatite alcoolique à cellules claires’
[10]) are enlarged and rounded hepatocytes with pale, rarefied
cytoplasm; nuclei may be enlarged with prominent nucleoli. The
cell borders are usually distinct, accentuated by pericellular
fibrosis. Mallory bodies often occur in ‘alcoholic clear cells’ [7].

Feathery degeneration of hepatocytes is seen in cholestasis,
mostly of longer duration. This lesion resembles ‘hydropic
swelling’ with, in addition, bilirubin impregnation of the visible
threads of cytoplasm. Ultrastructurally, such cells display whorls
of membranous material, thought to result from intracellular

membrane damage due to the detergent action of retained bile
acids [11,12].

Alcoholic hyaline or Mallory body refers to an intracellular
inclusion in hepatocytes, which are often pale and swollen 
(alcoholic clear cells). In its typical form, the Mallory body is 
an irregular, intensely eosinophilic mass (see Plate 4.1.3, facing
p. 72). The lesion corresponds to clumps of aggregated cyto-
keratin filaments. Small Mallory bodies are better identified by
immunostaining for cytokeratins.

The term alcoholic hyaline may be misleading because the
lesion occurs in numerous other diseases besides alcoholic 
liver damage, especially in chronic cholestasis [13] and in non-
alcoholic steatohepatitis.

In alcoholic liver disease, Mallory body-containing hepatocytes
may be encircled by polymorphonuclear and/or mononuclear
inflammatory cells; this lesion is known as satellitosis [7].

Megamitochondria (giant mitochondria) appear as round or
cigar-shaped, intensely eosinophilic inclusions of variable size,
up to the size of a nucleus (see Plate 4.1.3, facing p. 72); they are
negative on periodic acid–Schiff (PAS)–diastase stained sections,
in contrast to α1-antitrypsin inclusions and phagolysosomes,
with which they might be confused [7]. Their presence suggests
a heavy alcohol consumption [14].

Mitochondriosis (oxyphil or oncocytic change) [15] corres-
ponds to an increase in the number of mitochondria in 
hepatocytes, rendering the latter more granular and strongly
eosinophilic than normal parenchymal cells. Oncocytic hepato-
cytes are often found in clusters.

Sanded nuclei [16] are hepatocellular nuclei stuffed with 
hepatitis B core particles causing peripheral margination of the
chromatin. In light microscopy, the central part of the nucleus
appears to be occupied by faintly eosinophilic, finely granular
(‘sand’) material. They may be found in small numbers during
the viral replicative phase of chronic viral hepatitis B. Sanded
nuclei should not be confused with nuclear vacuolation [6,7].

Cytomegalovirus (CMV) inclusions may be found in all types
of cells in the liver, most often in hepatocytes and bile duct cells.
These are characterized by cytomegaly and the development of
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intranuclear basophilic inclusions, surrounded by a clear halo.
The cytoplasm may be strongly basophilic. Appropriate im-
munostaining reveals CMV antigens [17].

Herpes simplex viral inclusions occur as two types. The more
common type renders the nucleus homogeneously basophilic,
with effacement of the nucleolus and most of the chromatin
granules. The second type corresponds to the classic Cowdry
type A inclusion: an eosinophilic, rounded or irregular inclusion
surrounded by a clear halo with margination of the chromatin.
Viral antigens can be identified by appropriate immunostaining
[7,18].

Nuclear vacuolation corresponds to hepatocellular nuclei that
appear empty on light microscopy. The vacuolation may be due
to glycogen (e.g. in diabetics) or to invagination of cytoplasm or
accumulation of lipid into the nucleus. This change is not very
helpful in diagnosis [7,9,18].

Atrophy of hepatocytes is reflected in reduced size and
increased cytoplasmic density and lipofuscin content of hepato-
cytes (see Plate 4.1.19, facing p. 72).

Hypoxic vacuoles are formed in anoxic conditions by invag-
ination of the cell membrane of hepatocytes with engulfment 
of plasma proteins. They occur in acinar zone 3 and appear as
pale-staining smaller or larger vacuoles. Appropriate immuno-
staining reveals the presence of albumin, fibrinogen and other
plasma proteins. Electron microscopy shows that the membrane
surrounding the vacuoles is not part of the endoplasmic reti-
culum, which differentiates the lesion from ‘endoplasmic reti-
culum storage disorders’ such as α1-antitrypsin or fibrinogen
storage [19].

Necrosis and inflammation

Acidophil body (single cell acidophil necrosis; coagulation necrosis)
refers to a rounded clump of intensely eosinophilic cytoplasm,
with or without a pyknotic nucleus, corresponding to necrosis of
a single hepatocyte. The acidophil body is disconnected from the
liver cell plate and becomes phagocytosed by Kupffer cells. The
lesion is often incorrectly referred to as a Councilman (-like)
body [6,9,18].

Apoptosis represents a physiological, preprogrammed mode
of cell death, characterized by budding and fragmentation of a
liver cell into smaller and larger ‘acidophil bodies’ (see Plates
4.1.2 and 4.1.4, facing p. 72). Apoptosis is an essential and vital
component in liver development and growth, in physiology and
in the most diverse pathological conditions. It is the way in
which senescent cells are eliminated in normal liver; it plays a
role in embryonic development of intrahepatic bile ducts, in
regression of ductular reaction and in vanishing bile duct dis-
eases. Apoptosis is part and parcel of focal necrosis and piece-
meal necrosis in chronic hepatitis; it is a common feature in
acute and fulminant hepatitis and in liver allograft rejection.
Furthermore, apoptosis is a key phenomenon in several forms of
toxic liver injury, in carcinogenesis and in the cell kinetics of
hepatocellular carcinoma [20].

Coagulative necrosis is a form of cell death in which hepato-
cytes lose cohesion from surrounding cells and have a deeply
eosinophilic cytoplasm. This change is typical of anoxic injury.

Lytic necrosis represents a mode of liver cell death followed by
rapid disappearance of the dead cells; it is histologically recog-
nized by lack of cells [21,22].

Confluent (lytic) necrosis refers to the disappearance of groups
of contiguous hepatocytes, resulting in denudation of the retic-
ulin framework. According to the extent of confluent necrosis, it
is graded as focal or zonal, the latter occupying an entire acinar
zone, usually zone 3, occasionally zone 1 (for example in severe
viral hepatitis A).

Bridging hepatic necrosis represents more extensive degrees 
of confluent necrosis, leading to necrotic ‘bridges’ between 
adjacent vascular structures.

Central–central bridging necrosis links adjacent central veins; 
it corresponds to confluent necrosis in the microcirculatory
periphery of a complex acinus [23].

Portal–central bridging necrosis links portal tracts and central
veins; it corresponds to confluent necrosis in the microcircul-
atory periphery of the simple acinus.

Still higher degrees of confluent necrosis are described as 
panlobular, multilobular, submassive and massive necrosis
[21,22].

Surgical necrosis [24] is observed in liver specimens taken 
during abdominal surgical interventions. It appears as acidophil
necrosis of hepatocytes surrounded by neutrophil polymorphs
(see Plate 4.1.5, facing p. 72). It is usually observed in acinar 
zone 3; the extent of the lesion increases with the duration of 
the operation and the degree of manipulation of the liver. This
lesion is often observed after revascularization of the donor liver
in liver transplantation.

Piecemeal necrosis occurs at the interface between mes-
enchyme (portal tracts or septa) and parenchyma (interface
hepatitis). Mononuclear lymphoid cells infiltrate the mes-
enchyme and extend into the adjacent parenchyma, associated
with progressive apoptotic cell death and disappearance of hepa-
tocytes, thus leading to an unsharp mesenchymal–parenchymal
border and gradual expansion of the mesenchymal area (see
Plate 4.1.6, facing p. 72) [22].

Lymphocytic piecemeal necrosis represents the ‘classic’ lesion
and is characterized by a predominance of lymphocytes and
plasma cells (see Plate 4.1.6) [7,25].

Biliary piecemeal necrosis occurs in periportal (zone 1) loca-
tions in chronic biliary disease; it is characterized by cholate 
stasis of zone 1 hepatocytes, periportal ductular reaction and
infiltration by inflammatory cells, including neutrophils. This
lesion also creates an unsharp mesenchymal–parenchymal
interphase, and thus resembles classic piecemeal necrosis archi-
tecturally, but not cytologically [7,9,25].

Fibrous piecemeal necrosis apparently represents a late stage of
(biliary) piecemeal necrosis, in which connective tissue strands
surround entrapped groups of hepatocytes with little cellular
inflammation. Around portal tracts, it leads to the formation 
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of new limiting plates that border seemingly enlarged portal
tracts [25].

Ductular piecemeal necrosis describes a lesion that is close to
biliary piecemeal necrosis, with less emphasis on periportal or
paraseptal cholate stasis [25].

Liver cell rosettes [26] correspond to small groups of hepato-
cytes in lymphocytic or fibrous piecemeal necrosis; the cells
appear hydropic and are often arranged around a central lumen
[27] (see Plate 4.1.7, facing p. 72).

Focal necrosis describes cell death (usually apoptotic in
nature) of a small group of hepatocytes, associated with local
accumulation of mononuclear cells (lymphocytes, histiocytes);
apoptotic liver cell fragments are not always identifiable between
the infiltrating cells [9,28].

Spotty necrosis is virtually synonymous with focal necrosis,
referring to involvement of single or very small groups of
parenchymal cells (see Plate 4.1.4, facing p. 72) [9].

Emperipolesis refers to the intracellular location of a cell 
(usually a lymphocyte) inside a hepatocyte (see Plate 4.1.8, 
facing p. 72). The lymphocyte is often surrounded by a narrow
clear halo. Peripolesis describes the close association between a
lymphocyte and a hepatocyte; the former may be located in an
indentation of the latter [7].

Biliary and cholestatic lesions

Parenchymal changes

In its histological meaning, the term cholestasis used to refer to a
microscopically visible deposition of bilirubin in the liver tissue.
In a strict sense, it corresponds to bilirubinostasis. As cholate
stasis (see below) is another important parenchymal feature in
chronic cholestatic conditions, it is more appropriate to replace
the histological term cholestasis with the more precise term
bilirubinostasis [7,29].

Hepatocellular bilirubinostasis corresponds to intracellular
accumulation of bilirubin-stained granules in the parenchymal
cells, especially in toxic cholestasis (e.g. resulting from drugs and
endotoxinaemia) (see Plates 4.1.9 and 4.1.14, facing p. 72) [6,11].

Canalicular bilirubinostasis is recognized as inspissated bile
plugs in more or less dilated intercellular bile canaliculi. It first
occurs in acinar zone 3, but may extend up to acinar zone 1 in
cholestasis of long duration (see Plate 4.1.9) [12].

Kupffer cell bilirubinostasis is represented by smaller and
coarser bilirubin-stained inclusions in hypertrophic Kupffer
cells. It is only observed in cholestasis of several days’ duration
(see Plate 4.1.9) [12].

Ductular bilirubinostasis corresponds to inspissated, bilirubin-
stained concrements in more or less dilated bile ductules. 
It is occasionally seen in longstanding extrahepatic bile duct
obstruction, especially in extrahepatic bile duct atresia in the
neonate. It also occurs in severely necrotizing hepatitis [30]. In
septicaemia, large bile concrements are formed in unusually
dilated periportal ductules [31] (see Plate 4.1.10, facing p. 72).

Cholate stasis is a lesion of zone 1 hepatocytes in longlasting
cholestasis [7,9,29]. The parenchymal cells are pale, swollen and
coarsely granular. Some of the granules correspond to copper
accumulation and stain with rhodamine (copper) and orcein or
Victoria blue (copper-binding protein or metallothionein).
Later on, bilirubin granules may also accumulate, and Mallory
bodies may develop. The term cholate stasis refers to the pre-
sumed intracellular accumulation of bile salts as the suspected
mechanism for this lesion.

The appearance of cholestatic liver cell rosettes [27] is a sign of
longlasting cholestasis. It may be particularly pronounced in
contraceptive steroid-induced cholestasis. Scattered through the
parenchyma, groups of liver cells are arranged in a tubular 
fashion around a smaller or larger lumen, which may appear
empty or filled with eosinophilic or bilirubin-stained material
(see Plate 4.1.11, facing p. 72). The composing hepatocytes
express bile duct-type cytokeratins, indicating an intermediate
differentiation of these hepatocytes [29].

Xanthomatous cells (foam cells) occur as single cells or in clus-
ters, in the parenchyma or portal tracts or both, in the case of
longlasting cholestasis. They correspond to lipid-laden histio-
cytes, related to hyperlipidaemia and hypercholesterolaemia
[32].

Bile infarct (Charcot–Gombault infarct) represents an area of
paraportal necrosis of liver parenchyma; the central part of the
necrotic zone, in particular, is impregnated with bilirubin
(which has affinity for necrotic tissue) (see Plate 4.1.12, facing 
p. 72). With time, the necrotic mass becomes organized in a
fibrous scar. This lesion is mainly (but not exclusively) observed
in longstanding extrahepatic bile duct obstruction [32].

Bile lake refers to a large mass (larger than the usual extracel-
lular bile plug of canalicular bilirubinostasis) in the parenchyma
of a cholestatic liver [26,32].

Portal and periportal changes

Bile extravasates are mainly seen in the late stages of large duct
obstruction; they represent inspissated bile concrements in
ducts associated with erosion and necrosis of the epithelial lining
of the duct. The bile mass in contact with portal connective 
tissue may incite a foreign body giant cell reaction.

Lymphocytic cholangitis [25] describes a normal or damaged
portal bile duct in a dense lymphocytic infiltrate, sometimes
organized as a lymph follicle (e.g. early primary biliary cirrhosis).

Pleomorphic cholangitis [25] refers to a normal or altered 
portal bile duct surrounded (or even infiltrated) by a mixed
inflammatory infiltrate (e.g. in liver allograft rejection and graft-
versus-host disease).

Granulomatous cholangitis [25] indicates the presence of a
non-caseating epithelioid cell granuloma close to or around a
damaged portal bile duct (e.g. in primary biliary cirrhosis and
sarcoidosis with chronic cholestasis) (see Plate 4.1.13, facing 
p. 72). This lesion is also referred to as a florid bile duct lesion 
in primary biliary cirrhosis.
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Fibro-obliterative cholangitis [25] corresponds to prominent
layers of concentric dense connective tissue (‘onion-skinning’)
around a portal bile duct, which may show features of atrophy
and epithelial damage. The lesion indicates chronic irritation of
the duct, but is not disease specific.

Purulent (suppurative) cholangitis [25] is characterized by the
accumulation of polymorphs in the lumen and in the wall of 
bile ducts; destruction of the epithelial lining may proceed to the
formation of cholangitic abscesses.

Paucity of intrahepatic bile ducts (ductopenia) is morphometric-
ally defined as a portal bile duct to portal tract ratio of less than
0.5 (normal value 0.9–1.8) [33]. The disappearance of the ducts
seems to result from pleomorphic cholangitis. The entity is part
of the ‘vanishing bile duct’ disorders [34].

‘Vanishing bile duct’ disorders are recognized by the occur-
rence of portal tracts in which a portal bile duct of approxi-
mately the same size as the accompanying hepatic artery branch
is missing [35]. These disorders include extrahepatic bile duct
atresia, paucity of intrahepatic bile ducts, idiopathic adulthood
ductopenia, primary biliary cirrhosis, autoimmune cholan-
giopathy, Hodgkin’s disease, sarcoidosis with chronic cholestasis,
primary sclerosing cholangitis, hepatic graft-versus-host dis-
ease, liver allograft rejection and some rare forms of prolonged
drug-induced cholestasis [25,34].

The ductal plate is the primitive shape of intrahepatic bile
ducts during embryonic development [34]. It corresponds to a
partly double layer of bile duct epithelium around the primitive
portal tracts (see Plate 4.1.14, facing p. 72). Its normal fate is 
to become remodelled into the normal network of portal bile
ducts [36].

The ductal plate malformation represents a lack of remodelling
of the embryonic ductal plate, with persistence of primitive bile
duct structures [37]. It is observed in infantile polycystic disease,
congenital hepatic fibrosis, Caroli’s disease, Meckel syndrome
and Von Meyenburg complexes (see Plate 4.1.15, facing p. 72).
Ductal plate malformation associated with features of duct
destruction and inflammation (pleomorphic cholangitis) is also
part of early, severe forms of so-called extrahepatic bile duct
atresia [34,38].

Ductular reaction (‘cholangiolitis’) refers to a periportal
increase in the number of ductular profiles in histological sec-
tions. The ductules are accompanied by oedema and neutrophil
polymorphs (inflammation of the ductules or cholangioles) (see
Plate 4.1.16, facing p. 72). It is observed to a variable extent in 
all varieties of biliary disease [26,29,39].

In the case of acute, complete mechanical obstruction of
larger bile ducts, the ductular reaction is mainly the result of
ductular proliferation (so-called ‘typical ductules’, ‘elongation
type’ of ductular proliferation or ‘marginal bile duct prolifera-
tion’) [40], resulting from multiplication of pre-existing duc-
tules at the margin of portal tracts [39].

In the case of chronic, incomplete obstruction of larger 
bile ducts (e.g. in primary biliary cirrhosis, primary sclerosing
cholangitis), the ductular reaction results from ductular 

metaplasia of zone 1 hepatocytes and from activation, prolifera-
tion and differentiation of ‘facultative stem cells’ or progenitor
cells (so-called ‘atypical’ or ‘sprouting type’ of ductular prolifera-
tion) [39].

Pericholangitis [41], reported as a hepatic complication of
ulcerative colitis, corresponds to the ‘isolated small duct 
sclerosing cholangitis’ variant of primary sclerosing cholangitis
[25].

Fibrosis

The term fibrosis indicates an increase in connective tissue in the
liver; it may occur in various patterns.

Portal fibrosis describes increased density and fibrous enlarge-
ment of portal tracts.

Concentric periductal fibrosis is a synonym of fibro-(obliterat-
ing) cholangitis.

Periportal fibrosis refers to fibrous extensions radiating from
portal tracts.

Centrolobular (acinar zone 3) fibrosis describes fibrous scar-
ring around the terminal hepatic venules. When conspicuous, 
as in some forms of alcoholic liver disease, it has been described
as ‘sclerosing hyaline necrosis’ [42].

Perivenular fibrosis [43] indicates a fibrous thickening of the
wall of the terminal hepatic venule. The lesion comprises a
fibrotic rim more than 4 mm in thickness involving at least 
two-thirds of the perimeter of hepatic venules.

In pericellular or perisinusoidal fibrosis, collagen is laid down
around single liver cells or small groups of hepatocytes. It occurs
mostly in acinar zone 3. In alcoholic liver disease, this pattern
was described as ‘chicken-wire fibrosis’ [7,26].

Septal fibrosis indicates fibrosis in the form of fibrous sheets. 
It occurs in various topographical patterns (portal–portal septa,
portal–central septa, central–central septa, incomplete septa,
etc.) according to the type of vascular canals linked by the 
connective tissue membranes [22].

Active septa represent connective tissue sheets that are
infiltrated by mononuclear inflammatory cells, with imprecise
delineation from the adjacent parenchyma. They can be con-
ceived as extensive degrees of piecemeal necrosis (see Plate 4.1.6,
facing p. 72) [22].

Passive septa are fibrous membranes that are rich in fibres 
and poor in cells, with sharp delineation from the adjacent
parenchyma (see Plate 4.1.17, facing p. 72). They derive from
post-necrotic collapse and scarring after extensive confluent
lytic necrosis [7,22]. Older (more than 6 months) passive septa
contain elastic fibres, demonstrable by orcein or Victoria blue
staining [44].

Primary collapse indicates post-necrotic collapse and scarring
after confluent necrosis in a previously normal parenchyma; 
the topographical spacing of the approximated portal tracts and
terminal hepatic veins is more or less preserved [9].

Secondary collapse refers to post-necrotic scarring follow-
ing necrosis in abnormal parenchymal territories (e.g. in 
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cirrhosis), resulting in irregular spacing of afferent and efferent
vessels [9].

Hepatoportal sclerosis corresponds to phlebosclerosis of portal
vein branches, as a result of organized mural thrombi or of 
portal hypertension, usually associated with some degree of 
portal and periportal fibrosis [7,9,12,26].

Biliary fibrosis is often confused with true biliary cirrhosis. 
It represents an advanced but potentially reversible state of
chronic bile duct disease, characterized by periportal or 
portal–portal septa and garland-shaped parenchymal nodules;
the basic lobular architecture and vascular relationships are 
preserved [9,25,29].

Cirrhosis is a diffuse type of septal fibrosis of the liver, asso-
ciated with regenerative parenchymal nodules and disturbed
intrahepatic circulation (see Chapter 7.1) [45].

Vascular changes

Hepatic artery

Obliterative endarteritis is a feature of chronic vascular rejection
of a liver allograft. It consists of the obstruction of arteries by
subintimal fibrosis or the accumulation of foamy lipid-loaded
cells [12].

Afferent and efferent veins

Endothelialitis consists of lymphocytic infiltration of the portal
or central vein endothelium, which appears to be damaged and
lifted from its basement membrane. Endothelialitis is a helpful
diagnostic feature in graft-versus-host disease and in acute liver
allograft rejection [46].

Endophlebitis of the (terminal) hepatic veins consists of 
lymphocytic infiltration in the intima of the vessels. It is seen in
acute (sub)massive necrosis in fulminant hepatitis. A lympho-
cytic phlebitis has been described in the (pre)cirrhotic stages of
alcoholic liver disease [18].

Veno-occlusive disease corresponds to narrowing of the lumen
of terminal hepatic venules and larger draining hepatic veins,
due to subintimal fibrosis. First observed in bush tea intoxica-
tion (senecio and crotalaria alkaloids), it may result from several
drugs, such as methotrexate and chemotherapy drugs used before
a bone marrow transplantation, alcohol and irradiation [12,18,26].

Phlebosclerosis corresponds to fibrous thickening of the 
walls of veins, with or without an increase in elastic fibres.
Phlebosclerosis of terminal hepatic venules occurs in several
conditions, for example chronic passive congestion, alcoholic
liver disease and graft-versus-host disease. Phlebosclerosis of
portal vein branches is part of the lesion of hepatoportal sclerosis
[12,18,26].

Prolapse of hepatocytes into terminal hepatic venules may
result in partial occlusion and disruption of the wall of terminal
hepatic venules. It has been reported in long-term anabolic–
androgenic steroid therapy [18].

Sinusoids and the space of Disse

The space of Disse lies between the sinusoidal wall and the 
sinusoidal surface of the hepatocyte, from which abundant
microvilli project into the space. The sinusoidal endothelium is
discontinuous, extensively fenestrated and lacks a basement
membrane. Therefore, the space of Disse is freely permeable 
to blood plasma and constitutes the immediate exchange area
between blood and hepatocytes. The space of Disse contains 
collagen type 1 and 3, constituting the ‘reticulin’ framework of
the liver. However, several other extracellular matrix compon-
ents are also present, for instance collagen type 4, laminin and
perlecan, in spite of the absence of a morphologically recogniz-
able basement membrane.

Sinusoidal congestion occurs in acinar zone 3 as a result of
venous outflow block; the sinusoids appear dilated and the
parenchymal cells atrophic with pericellular fibrosis (see Plate
4.1.18, facing p. 72); all changes are variable according to the
degree or duration, or both, of the venous congestion.

Sinusoidal dilatation in acinar zone 1 [47] may occur in
patients using contraceptive steroids. It is often accompanied 
by slight perisinusoidal fibrosis in that area [48]. Sinusoidal
dilatation lacking any particular zonal localization can be 
associated with neoplasms, mainly Hodgkin’s disease, and 
granulomatous diseases [49].

Peliosis indicates irregular blood-filled cavities corresponding
to sinusoidal dilatation without constant zonal topography. The
dilatation may be huge, creating blood pools in which liver cells
are missing [12,18,26].

Fibrin deposition in sinusoids is typically seen in acinar zone 
1 in eclampsia (see Plate 4.1.19, facing p. 72) and in irregular
topography in disseminated intravascular coagulopathy.

Capillarization of the sinusoids refers to important modifica-
tions of the space of Disse in fibrotic liver, as a morphologically
distinct basement membrane-like structure appears, containing
collagen type 4 and laminin. In addition, increased amounts of
collagen types 1, 3, 5 and 6, fibronectin, tenascin and undulin 
are deposited along the sinusoids. These changes are associated
with loss of fenestrations of endothelial cells, further impairing
exchange between blood and hepatocytes [50]. Hepatic stellate
cells (Ito cells) increase in number and acquire an activated
myofibroblast-like phenotype.

Hairy cell leukaemia may produce a characteristic ‘angiomat-
ous’ picture, consisting of dilated sinusoids lined by leukaemic
cells that have replaced the sinusoidal lining cells. Hairy cells 
display a clear rim of cytoplasm and are positive for tartrate-
resistant acid phosphatase and non-specific esterase [18].

Extramedullary haematopoiesis is recognized by the occur-
rence in sinusoids of clusters of haematopoietic precursor 
cells of the erythropoietic, granulopoietic and thrombopoietic
series. Normoblasts and megakaryocytes are the most easily
identifiable precursor cells [18].

Amyloidosis is characterized by the linear deposition of homo-
geneous eosinophilic material in vessel walls and in spaces of
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Disse. Occasionally, globular deposition occurs. Advanced 
linear deposition of amyloid in parenchymal territories leads 
to atrophy of parenchymal cells. Amyloid is identified by the
special stains Congo red and Sirius red, displaying characteristic
green dichroism in polarized light [18].

Light chain (deposit) disease resembles amyloidosis with gran-
ular and fibrillar material in the spaces of Disse; the deposited
material is PAS positive but does not stain as amyloid.
Immunohistochemical stains for κ and λ light chains identify
the deposits (see Plate 4.1.20, facing p. 72) [18].

Kupffer cell reaction and granuloma

Sinusoidal cell activation refers to excess sinusoidal cells, often of
different type, including activated Kupffer cells and increased
endothelial cells admixed with lymphocytes, monocytes and
plasma cells [9].

Epithelioid granuloma. The term granuloma is not strictly
defined; it refers to a focal accumulation of histiocytic cells,
assuming epithelioid and multinucleated giant cell appearance
in its most typical form (epithelioid granuloma). Histiocytic and
epithelioid granulomas, with or without associated significant
parenchymal inflammation (hepatitis), occur in numerous 
conditions [51].

Lipogranuloma describes the accumulation of histiocytes and
mononuclear cells around a parenchymal cell with large droplet
steatosis [47].

Mineral oil granulomas are a special form of foreign 
body granuloma, consisting of histiocytes and vacuolated
macrophages around clear spaces (mineral oil deposits) in 
portal tracts and near terminal hepatic venules [18].

Doughnut granuloma (fibrin ring granuloma) has a charac-
teristic appearance with a central empty-appearing fat globule 
surrounded by a collar of histiocytes sprinkled with some 
lymphocytes, neutrophils and sometimes eosinophils, and
encircled by a ring of fibrin. Although highly characteristic of 
Q fever, this lesion is also observed in other conditions (for
instance Hodgkin’s disease, allopurinol hypersensitivity) [18].

Storage phenomena

Several metabolic diseases (storage diseases) are associated with
deposition of metabolites in liver tissue [52]. Many of them
require ultrastructural investigation for adequate identification.
Their description is beyond the scope of this chapter.

Fat storage (steatosis, fatty metamorphosis) in hepatocytes is 
a feature common to numerous liver diseases. Neutral fat can 
be stained with oil red O or Sudan black in frozen sections; 
in paraffin-embedded tissue, fat appears as clear holes in
parenchymal cells. The fat droplets may be small (microvesicu-
lar steatosis) with retained central position of the nucleus (see
Plate 4.1.21, facing p. 72) or large (macrovesicular steatosis), 
in which case the nucleus is pushed to one side of the cell (see
Plate 4.1.22, facing p. 72). The simultaneous presence of 

macro- and microvesicular steatosis indicates the presence of
the inciting agent until the time of biopsy (e.g. alcohol abuse).
Exclusive macrovesicular steatosis indicates a steady state of 
fat overload. Some special conditions with almost exclusive
microvesicular steatosis have been emphasized (microvesicular
fat diseases) [53], including Reye syndrome, acute fatty liver 
of pregnancy, Jamaican vomiting sickness and tetracycline and
valproate intoxication.

Acute alcoholic foamy degeneration is a type of severe 
alcoholic liver damage with nearly exclusive microvesicular
steatosis [54].

Morula cells or spongiocytes correspond to hepatocytes with
microvesicular steatosis, observed in Labrea fever in the Amazon
river basin, which appears to represent delta hepatitis superin-
fection of HBV carriers [9,55], perhaps by a more pathogenic
strain [56].

Phospholipidosis is reflected in light microscopy in very small
clear droplets and eosinophilic fine granules, often associated
with Mallory bodies in some drug reactions (amiodarone, per-
hexiline maleate) [9,18].

Hepatic stellate cell hyperplasia (Ito cell hyperplasia) is recog-
nized by an increased number of hepatic stellate cells (Ito cells,
perisinusoidal cells); they appear as sinusoidal cells contain-
ing smaller or larger fat droplets indenting the nucleus (see 
Plate 23, facing p. 72). It is a diagnostic feature of vitamin 
A intoxication [8].

Iron storage (siderosis) is reflected in the accumulation of
Prussian blue-positive haemosiderin granules in hepatocytes
(parenchymal siderosis) (see Plate 4.1.24, facing p. 72) and/or in
Kupffer cells and macrophages (reticuloendothelial siderosis)
(see Plate 4.1.25, facing p. 72).

Copper storage is recognized by the accumulation of intra-
hepatocellular granules that stain positively with rhodamine
(copper) and orcein or Victoria blue (copper-binding protein 
or metallothionein) [12,26].

Glycogen storage is reflected by a clear appearance of enlarged
hepatocytes with accentuated cell walls (plant cell-like appear-
ance), often associated with glycogen vacuolation of the 
nucleus [52].

α1-Antitrypsin storage in the endoplasmic reticulum appears
as eosinophilic inclusions of variable size in zone 1 hepatocytes.
The inclusions are strongly PAS positive and diastase resistant
(see Plate 4.1.26, facing p. 72), and can be identified by immuno-
histochemical stains and electron microscopy [52].

Fibrinogen storage may take the appearance of eosinophilic
inclusions (resembling α1-antitrypsin inclusions) or of ground-
glass hepatocytes. The fibrinogen nature of the inclusions is
ascertained by immunohistochemical staining [57].

Lipofuscin (wear and tear pigment) appears as brownish 
pericanalicular granules in acinar zone 3 hepatocytes, which
represent the ageing cells of the liver acinus. The amount of 
lipofuscin may increase (lipofuscinosis), for example in abuse 
of analgesics.

The pigment in Dubin–Johnson syndrome (see Plate 4.1.27, 
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facing p. 72) resembles lipofuscinosis. The nature of this pig-
ment (possibly melanin) is still debated [58].

Malaria pigment accumulates as dark granules in Kupffer cells
in chronic malaria and schistosomiasis. The pigment is Prussian
blue negative and birefringent in polarized light [18].

Ceroid pigment is an ill-defined material, appearing as 
granules and coarse clumps in hypertrophic Kupffer cells 
and macrophages (‘ceroid macrophages’) in all conditions asso-
ciated with hepatocellular necrosis. The material represents
phagocytosed debris from necrotizing liver cells. Ceroid
macrophages thus attest to liver cell damage. They lie in the
parenchyma in the early stages and migrate to portal tracts 
later on. Ceroid pigment is PAS positive, diastase resistant, stains
partly with fat stains and is fluorescent under ultraviolet light.

Erythropoietic protoporphyria causes deposition of protopor-
phyrin as dark granules in hepatocytes and Kupffer cells and
larger clumps of black material in dilated canaliculi and duc-
tules. Under polarized light, the material is birefringent (appear-
ing red in Maltese cross configuration in the larger deposits) and
autofluorescent under ultraviolet light (see Plate 4.1.28, facing 
p. 72) [18].

Uroporphyrin crystals accumulate in hepatocytes in porphyria
cutanea tarda. Difficult to recognize on haematoxylin- and
eosin-stained sections, they are best visualized in unstained 
sections examined by polarizing microscopy (birefringence) or
under ultraviolet light (red autofluorescence) [18].

Foreign material which may be stored in Kupffer cells includes
talc, cellulose (in drug abusers), silica and anthracitic pigment
(in coal workers), polyvinyl pyrrolidone (from plasma expanders),
silicone (for instance from prosthetic heart valve devices) and
thorotrast (a former contrast medium) [18].

Hepatitis (inflammation)

The term liver cell pleomorphism summarizes the complex set of
histological changes of the liver parenchyma in several forms of
acute viral- and drug-induced hepatitis (ballooning, acidophil
condensation, apoptosis, regeneration). It is usually most marked
in acinar zone 3 (see Plates 4.1.2 and 4.1.8, facing p. 72) [6].

Lobular disarray refers to the disruption of the normal regular
arrangement of liver cell plates caused by liver cell pleomor-
phism and focal necrosis in acute hepatitis (see Plate 4.1.2 facing
p. 72) [9].

Acute hepatitis is characterized by mononuclear cell infiltra-
tion in portal tracts (portal hepatitis) and in the parenchyma,
associated with signs of parenchymal damage (see Plates 4.1.2
and 4.1.8, facing p. 72). The last depends on the severity of the
hepatitis, corresponding to lobular disarray, liver cell pleomor-
phism and spotty necrosis in milder forms and various extents 
of confluent necrosis in severe cases [6].

Portal hepatitis refers to mononuclear cell infiltration in 
portal tracts. Portal hepatitis without significant parenchymal
damage is the hallmark of mild chronic hepatitis, although of
itself, it is a non-specific lesion [22].

Periportal hepatitis describes necroinflammatory changes in
acinar zone 1 parenchyma around the portal tracts. It is a feature
of viral hepatitis A. As a morphological descriptive term, it also
refers to piecemeal necrosis (e.g. in moderate and severe chronic
hepatitis) [59].

Central (centrolobular) hepatitis refers to necroinflammatory
lesions in acinar zone 3.

Non-specific reactive hepatitis indicates mild inflammatory
changes, combining portal hepatitis and mild focal necrosis
without a demonstrable causative agent in the liver. It is
observed in systemic and extrahepatic diseases, apparently due
to circulating toxins and breakdown products [9,60].

Chronic lobular hepatitis is not a morphological entity.
Histologically, it corresponds to a picture of mild acute hepatitis.
The notion of chronicity relies on the clinical history [9,26].

Hepatitis B can be recognized in several cases by the presence
of ground-glass hepatocytes. In acute episodes, liver cell pleo-
morphism is often marked, and hepatocyte degeneration tends
to be of a ballooning or lytic type and is localized in acinar 
zone 3.

Features suggestive of hepatitis C include portal lymphoid
aggregates or lymph follicles, bile duct damage, intra-acinar
necroinflammatory changes with numerous apoptotic bodies,
some steatosis and a mild degree of piecemeal necrosis [61].

Hepatitis D superinfection of chronic hepatitis B is usually
characterized by severe lobular lesions with extensive piecemeal
necrosis and rapid progression to cirrhosis. Marked panacinar
inflammation with a morphology similar to hepatitis C is typical
[62,63]. ‘Morula cells’ (hepatocytes with microvesicular steato-
sis) have been described in some instances [64].

Fibrosing cholestatic hepatitis, a peculiar morphological pat-
tern of hepatitis B, was first observed after liver transplantation
[65]. It is characterized by unusually high-level expression of
intracytoplasmic HBsAg and HBcAg associated with only mild
necrosis and inflammation. In addition, there is severe bilirubi-
nostasis and a characteristic perisinusoidal fibrosis, encasing
groups of liver cells or entire liver cell plates. It is apparently
related to the immunosuppressed state of the patient, as it has
also been reported in coinfection by HBV and human immuno-
deficiency virus (HIV) [66] and in renal transplant recipients
[67,68].

Drug-induced chronic hepatitis can be suspected in some cases
from the presence of small granulomas, eosinophilic infiltration
and bile duct damage involving the finest biliary radicles.

Autoimmune hepatitis admittedly has no specific histopathol-
ogy; however, a picture of severely active hepatitis including
extensive piecemeal necrosis, bridging confluent necrosis, hep-
atitic liver cell rosettes and abundance of plasma cells is quite
suggestive.

Wilson’s disease is the result of tissue injury due to copper
overload in the liver and other organs. Clinically as well as
histopathologically, it may manifest itself as acute hepatitis
mimicking acute viral hepatitis, as fulminant hepatitis, as
chronic hepatitis indistinguishable from that due to viral and
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other aetiologies or as cirrhosis. Helpful differential clues in the
diagnosis of Wilson’s disease include the presence of steatosis,
glycogenated nuclei, the presence of Mallory bodies in peripor-
tal liver cells and moderate to marked copper storage (best seen
on rhodamine stain).

α1-Antitrypsin deficiency can histologically resemble chronic
hepatitis of viral and other aetiologies. Recently, a high pre-
valence of hepatotrophic viral infection (HCV and HBV) has 
been documented in predominantly heterozygote patients with
chronic liver disease [69]. However, other studies suggest that
α1-antitrypsin deficiency per se may be the cause of chronic liver
disease [70].

Immunohistochemical stains (immunofluorescence and
immunoperoxidase methods) are based on the binding of 
antibodies to specific antigens in tissue sections. Several proce-
dures are available, the two most commonly used at present
being the peroxidase–antiperoxidase immune complex method
and the biotin–avidin immunoenzymatic technique. In the 
latter procedure, the high affinity of avidin for biotin is used to
couple the peroxidase label to the primary antibody. Their use 
in demonstrating viral antigens has enormously increased the
diagnostic impact of liver biopsy in confirming or establishing
the viral aetiology of hepatitis. Some of the most frequently 
used are for hepatitis B (HBsAg, HBcAg), C and D, herpes and
cytomegalovirus. Demonstration of HBsAg and HBcAg on
paraffin sections of liver biopsies from patients with chronic
hepatitis B is helpful in determining whether the patient is still in
the viral replicative phase, and hence a potential candidate for
interferon therapy, or whether the patient has already evolved
into the so-called viral integration phase [63].

In situ hybridization finds increasing application in diagnostic
pathology in general [71]. It is applied to liver tissue for the
assessment of viral replication in hepatitis A, B, C and D,
cytomegalovirus hepatitis and Epstein–Barr viral hepatitis [72].
Combination of the polymerase chain reaction with in situ
hybridization becomes possible, providing the pathologist with
an extremely sensitive detection method.

Acute alcoholic hepatitis (acute hepatitis of the alcoholic type,
fatty liver hepatitis, steatohepatitis) comprises several changes;
there is no general agreement on minimum requirements.
Usually, the histological changes comprise steatosis, Mallory
bodies and satellitosis. In most cases, some degree of fibrosis
(periportal, pericentral, pericellular) is also present. In the 
face of continuing alcohol abuse, the lesions may persist in 
the cirrhotic stage. It must be realized that, in a minority of 
cases, this lesion is not due to alcohol (e.g. diabetes and obesity,
amiodarone and perhexiline maleate toxicity, abetalipopro-
teinaemia) [7,18] (see also Chapters 12.3 and 13).

Regeneration

Parenchymal giant cells (multinucleated hepatocytes) correspond
to huge, often pale parenchymal cells with multiple nuclei; they
result from fusion rather than from incomplete division of 

hepatocytes. They occur most typically in neonatal cholestasis
(so-called neonatal hepatitis and bile duct atresia), but are 
occasionally observed in adults, for example in viral hepatitis C
and some forms of drug-induced hepatitis [9].

Anisokaryosis refers to unequal size of the liver cell nuclei. It
increases with advancing age, due to increasing ploidy of liver
cell nuclei.

Liver cell dysplasia (dysplastic liver cells) [73] usually occurs in
groups of hepatocytes. They are characterized by unequal size
and shape and increased staining density (hyperchromatism) of
their nuclei (see Plate 4.1.29, facing p. 72). Dysplasia seems to 
be related to HBV and HCV infection [74]; its presence heralds
an increased risk of hepatocellular carcinoma [75]. Two types of
liver cell dysplasia, small cell dysplasia and large cell dysplasia,
are recognized.

Twin-cell plates. In the normal liver beyond the age of 5 years,
hepatocytes are arranged in single-cell plates (muralium sim-
plex). Plates of two or more cells in thickness (muralium duplex
or multiplex) indicate regeneration (see Plate 4.1.17, facing 
p. 72).

Nodular regeneration refers to regenerative expansion of
smaller or larger parenchymal territories.

Micronodules are conventionally defined as 3 mm or less in
diameter. They comprise regenerative parenchymal masses that
may correspond to different parts or combinations of architec-
tural liver units, as follows [12,18,26,45]:
1 segments of simple acini dissected by portal–central septa
(pseudolobular nodules without vascular landmarks);
2 segments of simple acini encircled by portal–portal septa, car-
rying a central draining venule (monolobular nodules in biliary
fibrosis and cirrhosis);
3 complex acini delineated by central–central septa and centred
by a portal tract (in congestive or cardiac cirrhosis).

Macronodules (more than 3 mm in diameter) consist of large
areas of parenchyma equivalent to several acini, presumably
regenerating acinar agglomerates (multilobular nodules). A
macronodule reveals a substructure, identified by draining
veins, often in excess of portal tracts, which may appear diminu-
tive; these anatomical landmarks show a less regular distribution
than in normal liver parenchyma [12,18,26,45].

Nodular regenerative hyperplasia is characterized by diffuse
nodularity of the liver parenchyma, due to regeneration and
hyperplasia of acinar zones 1 and 2, associated with parenchy-
mal atrophy and compression in the intervening acinar zones 3,
without obvious internodular septum formation [12,18,26].
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The changing pattern of liver biopsy
reports: from a detailed analytical
report to classification and scoring
systems 

Liver biopsy is a useful diagnostic tool for the hepatologist [1]. It
can assess the effects of a noxious agent on the liver at a level of
detail that cannot be reached by any other means including
imaging techniques [2]. In addition to providing help in diagnosis
or establishing the aetiology of a liver disease (complementary 
to clinical, biological and serological data), liver biopsy pro-
vides valuable information about the intensity of parenchymal
destruction or any other direct effect of the noxious agent that
governs the immediate prognosis. It also provides information
about lobular disorganization and architectural disturbance that
is of major importance for long-term prognosis in chronic liver
diseases. All these data are usually put together in a compre-
hensive and detailed biopsy report, and some of them should
also be included in an easily accessible and more understandable
manner for the hepatologist, namely a scoring system. The
development of efficient treatment in chronic liver diseases 
has also stimulated pathologists, in close association with hep-
atologists, to develop classifications and scoring systems that
summarize the most important lesions in a standardized form,
providing a useful tool for treatment decisions and for assessing
treatment efficacy. However, these scoring systems should not
replace an analytical biopsy report but must complement and
summarize in a concise and easy-to-access manner those features
of importance. 

Advantages of scoring liver biopsy

Dissection of the mental process that leads the pathologist to the
elaboration of a histopathologic diagnosis gives some clues to
the advantages and limits of scoring systems. When evaluating 
a liver biopsy, the first step is the identification of elementary
histopathologic features (steatosis, Mallory bodies, hyaline 
bodies, apoptotic bodies, etc.). Once recognized, these features

must be quantified (percentage, semi-quantification). Then,
these lesions have to be integrated into a pathological diagnosis
according to clinical and biological data. In order to achieve
these goals, the pathologist needs experience in shape recogni-
tion, objectivity for quantification and guidelines to integrate
the features into a diagnosis. Scoring systems can provide the
pathologist with the objectivity to score lesions and the guide-
lines to make a diagnosis. By providing clear and detailed
descriptions for each each elementary lesion and details on how
to associate them, any pathologist should, in theory, be able to
recognize a particular lesion and evaluate it. That is probably
why histological scores have been adopted so widely; there is 
no chronic liver disease for which a scoring system has not 
been proposed, including chronic viral hepatitis, cholestatic
liver diseases, alcoholic steatohepatitis (ASH) and non-alcoholic
steatohepatitis (NASH), iron overload and even cancerous and
precancerous lesions. 

A scoring system provides major advantages both for cohort
studies and also for individuals: 
• Scores are very useful for cohort studies. Scoring a disease
allows standardization of lesion evaluation that increases the 
reliability of multicentre studies. By categorizing patients into
homogeneous groups with the same extent and severity of a 
disease, scoring adds to the validity of large multicentric epi-
demiological studies or clinical trials.
• In clinical practice and at the level of individual patients, 
scoring systems are very useful to support medical decisions.
The best example is the simplification of treatment decisions
provided by scores of chronic viral hepatitis. In addition, scoring
liver damage allows the follow-up of the disease progression in 
a given patient spontaneously or under treatment. The semi-
quantification provided by scores renders the comparison of
biopsies performed in the same patient easier than comparing
detailed reports.
• A score makes a liver biopsy report more accessible to non-
specialized physicians and also to non-specialized pathologists. 
A score is easier to understand than a formal report: it does not
require knowledge of the underlying liver histopathology. 

4.2 Classifications, scoring systems and
morphometry in liver pathology
Pierre Bedossa and Valerie Paradis
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• Finally, numerical scores are also very useful for setting up and
validating surrogate markers, and it must be borne in mind that
non-invasive markers of fibrosis are ultimately surrogates of 
histological scores.

In this context, it is important to emphasize that although
scoring simplifies statistical calculations, restrictions do apply.
Even when expressed in numerical values, scores are only 
semi-quantitative categorical data and not continuous variables.
Although they refer to the progression in the severity of a
histopathological feature or of a group of features, scores 
should not be used as quantitative variables in statistical 
analysis. 

Limitations of scoring systems in liver
biopsies

Although very useful, scoring systems have some drawbacks that
have to be borne in the minds of both clinicians and patholo-
gists. Some are related to the liver biopsy procedure itself while
others are related directly to scoring systems.

Scores and sampling variability

Even for chronic diseases supposed to be diffuse within the liver,
sampling variability remains a major drawback and sampling
error strongly influences the performance of a scoring system.
Sampling variability refers to the possible heterogeneous distri-
bution of a histopathological feature within the liver. A liver
biopsy represents a very limited part (<0.0001–0.00002%) of
the whole organ. Such a tiny piece might give a wrong reflection
of any lesion if this feature is not uniformly distributed in 
the liver. This variability depends on the type of pathological 
feature. Taking chronic hepatitis as an example, inflammation
and steatosis are relatively homogeneously distributed within
the liver, fibrosis is much more heterogeneous [3]. To limit the
extent of sampling variation, the use of biopsy samples of
sufficient size plus a scoring system that is not ‘overprecise’ is
recommended. It has been shown that when the biopsy is long,
the risk of sampling variability is reduced [4]. The recom-
mended minimum sample size is a length of 15 mm; the 
optimum size should be around 25 mm [4,5]. Even with these
thresholds, and taking the whole liver as the reference, 25–30%
of biopsies are wrongly scored when fibrosis is concerned [4].
Fortunately, most discrepancies are only one stage different
from the reference value. It is noteworthy that the complexity of
a scoring system increases the risk of sampling error. A scoring
system in which histopathological features are too rarely repre-
sented or too accurately evaluated does not work well with the
sampling limitations of a liver biopsy core. However, a too 
simplistic score, although less sensitive to sampling error, will
not provide enough information for the clinician. Therefore an
efficient score will be the one that has reached a delicate equilib-
rium between the amount of information in the scoring system
and the sampling variability.

Scores and observer variation

Observer variation refers to differences in scoring between
pathologists. Interobserver variation is a major limitation in
semi-quantitative histopathology and is highly dependent on the
scoring system [6,7]. Observer variation must be tested for any
new classification or scoring system, and only scores with low 
or acceptable interobserver variation should be retained [8,9].
Evaluation of observer variation should include both interob-
server (i.e. the divergence of scores between different patholo-
gists assessing the same biopsy) and intraobserver variation (i.e.
the divergence when one pathologist scores the same biopsy 
at two different times). In general, intraobserver variation is
lower than interobserver variation. Observer variation is closely
related to the scoring system. For observer variation to be low,
the scoring system must relate to unambiguously well-defined
pathological items with accurate definitions of each grade on 
the scale. Observer variation increases with the complexity of 
the scoring system. In order to rule out observer variation, 
scoring by two observers in a collective lecture or by two
observers independently with resolution of discordances in 
a dual lecture are the methods of choice especially in the context
of clinical trials. When several biopsies have been performed 
in the same patient, scoring of more recent ones should be 
performed in conjunction with rereading of the older ones.
Finally, it is recommended that in the context of clinical trials, 
all biopsies should be scored by the same referent pathologist. 
A recent study from France has shown that observer variation 
is related not only to the scoring system but also to pathologist
experience [10]. Observer variation is lower between senior
pathologists specialized in liver pathology and working in 
an academic environment than between junior or general
pathologists. Biopsy size or staining does matter but is less
important. 

Chronic hepatitis C as a paradigm of
scoring systems

The worldwide prevalence of hepatitis C virus infection and its
frequent evolution towards chronicity has provided an instruc-
tive demonstration of the advantages and limits of scoring sys-
tems of liver biopsy [11]. It has also demonstrated how a score
can evolve with time according to better knowledge of the natu-
ral history of the disease, to the expectations of hepatologists and 
to a clearer understanding of the limitations of the liver biopsy
procedure [12].

The international classification that was proposed by an inter-
national panel of pathologists in 1968 has been used for years. 
It made a distinction between chronic persistent and chronic
aggressive (active) hepatitis [13,14]. This classification has been
utilized worldwide due to its clarity and simplicity. However, it
has several limitations:
• Low information value, with only two classes (chronic per-
sistent and chronic aggressive hepatitis).
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• A systematic link between the stage and the grade: chronic 
persistent hepatitis shows no (or low) activity and no fibrosis
whereas aggressive hepatitis shows both. We now know that 
the intensity of grade and stage are often dissociated, especially
in chronic hepatitis C where fibrosis is common and activity
generally low. 
• In clinical practice, ‘persistent’ and ‘active’ hepatitis have been
associated with two different diseases; however, it is now well
known that these two lesions are simply two stages of the same
disease with possible evolution from one to another [15].

Because the different histopathological features in chronic
hepatitis can display a linear spectrum in intensity and can
change either spontaneously or because of treatment, it was
therefore of major importance to have a semi-quantitative scor-
ing system [16]. The histological index of activity (Knodell
score) responded in part to this aim and has been widely intro-
duced [17]. This was a major step forward because it was the first
scoring system that dissociated the different histopathological
features that make up chronic hepatitis. It provides a numerical
score (from 0 to 22) that is easy to computerize, and this index
has been well utilized in clinical trials. However, several criti-
cisms have been raised [18–20]:
• a lack of reproducibility for some items;
• an inappropriate grading system for mild chronic hepatitis;
• a non-linearity in score: values should be considered as cate-
gorical not nominal in statistical evaluations.
• addition of scores in different categories ignores their different
pathogenic mechanisms and prognostic significance. 

In recent years, a great amount of literature has addressed
these concerns, and other new classifications have been pro-
posed [21,22]. Although they differ somewhat in their content
and methods of evaluation, there is a consensus among patholo-
gists on the following points:
• The classification of chronic hepatitis must be reproducible.
Any scoring system must take into account sampling variability.
A histological feature that shows a high sampling variability
must be assessed with a global, not overaccurate, scoring system,
or assessed only on a biopsy of sufficient size. 
• Any classification of chronic hepatitis should assess separately
the grade and the stage of the disease. Grading evaluates the
intensity of necroinflammation (or activity) and staging the
degree of liver fibrosis. These two features must be dissociated
because they correspond to two different mechanisms in term of
pathogenesis, chronology, disease evolution and drug sensitiv-
ity. Whether scoring of fibrosis is easy to define unambiguously,
there is more uncertainty in the grading of necroinflammation.
• The accuracy of a scoring system of chronic hepatitis should
only reflect what the pathologist can reliably evaluate by light
microscopy. However, it must be informative enough to be use-
ful in the management of patients.
• A classification of chronic hepatitis must be applicable to all
the aetiologies, whether infectious, autoimmune or toxic.

Based on these guidelines, the classifications that were com-
monly used in chronic hepatitis have been critically reassessed

and new guidelines and classifications have been proposed
[16,18,19,23,24]. They all satisfactorily meet the main criticisms
outlined previously and differ only on minor points. 

The METAVIR scoring system assesses fibrosis and
necroinflammation separately and linearly [22]. A detailed 
algorithm that enables a global score of activity according to two
elementary features (interface hepatitis and lobular inflamma-
tion) has been defined [25,26]. These scores have shown good
reproducibility (excellent for score of fibrosis and acceptable for
activity) and are widely adopted among pathologists and hepa-
tologists. The detailed METAVIR scores are shown in Table 1.
The simplicity and reproducibility of the METAVIR score make
it useful both for routine practice and for clinical trials. 

The Ishak scoring system is also commonly used [27]. It is a
modification of the Knodell system that takes into account the
major criticisms raised before. Both grade and stage are more
detailed, which provides more information but to the detriment
of reproducibility [28]. The Ishak scoring system is given in Table 2. 

Although very useful, all these systems have limits. None of
these scores assesses perisinusoidal fibrosis, and progress is still
needed as regards the definition of activity. Which histological
features are relevant to prognosis and to predicting response to
treatment? A major criterion of acceptance for any classification
will be its prognostic value, and data for this are still lacking.
Better knowledge of the pathogenesis and natural history of liver

Table 1 METAVIR scoring system with algorithm for evaluation of grade of
activity.

Stage of fibrosis

F0 = No fibrosis

F1 = Stellate enlargement of portal tract without septa

F2 = Stellate enlargement of portal tract with few septa (at least one on the

biopsy)

F3 = Septal fibrosis without cirrhosis (more septa than portal tract without

septa)

F4 = Cirrhosis 

Grade of activity (a combination of periportal and lobular necrosis but not

portal inflammation)

A0 = None

A1 = Mild activity

A2 = Moderate activity

A3 = Severe activity

LN = 0 A = 0 no activity

PPN = 0 LN = 1 A = 1 mild activity

LN = 2 A = 2 moderate activity

LN = 0, 1 A = 1 mild activity

PPN = 1

LN = 2 A = 2 moderate activity

LN = 0, 1 A = 2 moderate activity

PPN = 2 LN = 2

PPN = 3 LN 0, 1, 2 A = 3 severe activity

PPN, periportal necrosis; LN, lobular necrosis.
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fibrosis and cirrhosis in chronic hepatitis would provide a firmer
basis for a definitive classification of chronic hepatitis. 

Scoring systems in other chronic
hepatitides

The scoring systems described above have been developed
mainly for chronic hepatitis C but they are also widely used 
for hepatitis B, although the pattern of necroinflammation is
slightly different. 

For autoimmune hepatitis, combined clinical and
histopathological scoring systems have been proposed and

recently reviewed [29]. They are useful to ascertain the diagnosis
of autoimmune hepatitis and, to a lesser extent, to assess the
severity. The various scores of chronic hepatitis described 
previously are also usable for this purpose.

Scoring systems in other chronic liver
diseases

Alcoholic and non-alcoholic steatohepatitis
(ASH and NASH)

Until the rise of metabolic syndrome and related liver diseases,
there was no universal scoring system for alcoholic and non-
alcoholic steatohepatitis [30]. Most authors used, for either 
clinical trials or research purposes, homemade scores or scores of
fibrosis derived from the score of chronic hepatitis. Although
this approach has been successful in several aspects, the phys-
iopathology as well as key prognostic features of ASH and NASH
are clearly different, rendering the use of these scores partly
inappropriate. As an example, zone 3 and perisinusoidal fibrosis,
which are cardinal features of ASH and NASH, are rarely
encountered in the context of chronic hepatitis and never 
considered in scoring systems of chronic hepatitis [31]. In an
attempt to take these features into account, a system for semi-
quantitative evaluation of fibrosis that is more adapted to the
unique lesions recognized in NASH was proposed by Brunt et al.
and recently reviewed by Kleiner et al. (Table 3) [32,33].

The grading of liver cell lesions in NASH is far from easy
mainly because the natural history of the disease remains partly
unknown [34–36]. Therefore the choice of lesions to score and
their quantification system remains uncertain and has to be
tested and validated in prospective studies.

Cholestatic liver diseases

The scoring systems proposed by P. Scheuer and J. Ludwig et al.
for primary biliary cirrhosis are the ones most widely accepted
[37,38]. These two systems largely overlap. They are used both
for individuals and for cohorts in clinical trials and are divided
into four stages (Table 4). Because one characteristic of these
diseases is the focal distribution of lesions, different stages might
be present in a single liver simultaneously, thus diminishing the
role of staging in cholestatic chronic liver diseases.

Table 2 The Ishak scoring system for grading and staging [27].

GRADING: Necroinflammatory scores Score

A. Periportal or periseptal interface hepatitis (piecemeal necrosis) 

Absent 0

Mild (focal, few portal areas) 1

Mild/moderate (focal, most portal areas) 2

Moderate (continuous around 50% of tracts or septa) 3

Severe (continuous >50% of tracts or septa) 4

B. Confluent necrosis

Absent 0

Focal confluent necrosis 1

Zone 3 necrosis in some areas 2

Zone 3 necrosis in most areas 3

Zone 3 necrosis + occasional portal–central (P-C) bridging 4

Zone 3 necrosis + multiple P-C bridging 5

Panacinar or multiacinar necrosis 6

C. Focal (spotty) lytic necrosis, apoptosis and focal inflammation

Absent 0

One focus or less per 10× objective 1

Two to four foci per 10× objective 2

Five to ten foci per 10× objective 3

More than ten foci per 10× objective 4

D. Portal inflammation

None 0

Mild, some or all portal areas 1

Moderate, some or all portal areas 2

Moderate/marked, all portal areas 3

Marked, all portal areas 4

STAGING: Architectural changes, fibrosis and cirrhosis Score 

No fibrosis 0

Fibrous expansion of some portal areas with or without short 1

fibrous septa

Fibrous expansion of most portal areas with or without short 2

fibrous septa 

Fibrous expansion of most portal areas with occasional 3

portal–portal bridging

Fibrous expansion of portal areas with marked portal–portal (P-P) 4

and portal–central (P-C) bridging

Marked bridging (P-P and/or P-C) with occasional nodules 5

(incomplete cirrhosis)

Cirrhosis, probable or definite 6

Table 3 Score of fibrosis in NASH [33].

0 None

1a Mild zone 3 perisinusoidal fibrosis

1b Moderate zone 3 perisinusoidal fibrosis

1c Portal fibrosis only

2 Zone 3 perisinusoidal fibrosis and portal/periportal fibrosis

3 Bridging fibrosis (any bridging: i.e. central–central, central–portal, 

portal–portal)

4 Cirrhosis (probable and definite)
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Morphometry as a step forward in
scoring systems

When studying a liver biopsy, the hepatopathologist has two
major tasks: shape recognition and shape quantification.
Whereas shape recognition is an achievable goal with experi-
ence, quantification of individual histopathological items is
more difficult, less suited to the working of the pathologist’s 
eyes and brain. In order to gain more accuracy and objectivity in
this matter, pathologists have developed a more sophisticated
approach (i.e. morphometry) where the subjectivity of the
eye–brain connection is replaced by a more objective and com-
plex system that relies on image analysis [39]. Less expensive
computer and image analysis hardware and better software 
and morphometric algorithms have been developed within the
past 10 years and these developments have made morphometry
more accessible and useful to pathologists [40]. It is of note that,
even when using fully automated techniques, morphometry is
very time-consuming and not recommended for routine prac-
tice. One of its most powerful applications is the evaluation of a
drug in clinical trials.

There are several reasons to quantify features by morphometry:
• To decrease variability in quantifying features. Semi-quanti-
fication of morphological changes is dependent on observer 
variability. The sources of variability include the use of different
visual templates, which arise from different educational or ex-
periential backgrounds, and the fact that different pathologists
emphasize the features differently. Morphometry potentially
decreases this variability.
• To provide a finite quantitative scale. Scores are ordinal semi-
quantitative assessments of changes to which numbers are typ-
ically assigned. However, these different scores are categories.
Morphometric approaches to evaluating changes in tissue are
linear and quantitative. 
• To increase sensitivity in identifying minimal changes in 
features. Morphometry also offers the possibility of stratifying 
a disease process by an infinite number of categories, which 
cannot be done by visual estimation of the extent of change. This
would permit a greater number of management and treatment
options.
• To use as a research tool. Certain morphometric abnormalities,
e.g. chromatin texture, area of fibrosis, correlate with biochemical
and molecular changes [41,42].

Technical considerations

Morphometric studies are currently based on the analysis of
two-dimensional structures – sections of cells and of tissue 
[43]. Three-dimensional (stereological) information can also 
be obtained from two-dimensional data, either by making
assumptions about the three-dimensional structure regarding
object size and shape or by directly assessing the third dimension
by different means, such as confocal microscopy, or by recon-
struction of serial sections or using computer-based image con-
volution techniques [44].

The choice of technique depends on the nature of the cells 
or tissue being analysed, the type of measurement being under-
taken and the cost, measured in both time and money.
Techniques can be categorized as manual, partially automated,
automated with user interaction and fully automated. The rapid
development of image analysis systems allowing fully automated
analysis is now the method of choice. The principles are as 
follows: 
• Obtain a digitized image from a histological slide. This is easily
achieved through high-definition digital cameras or with soft-
ware able to digitize analogue images obtained through high-
definition video cameras. In some cases the digitized images are
processed with the interaction of the pathologist to yield more
accurate results. 
• Thresholding the digitized image according to greyscale values
provides the basis for segmenting the objects of interest. 
• Segmentation to divide an image into two regions: the region
that contains objects of interest for analysis (e.g. steatosis or
fibrous tissue) and background data. In general, segmentation is
based on the optical density of stained objects. Therefore highly
contrasted staining is mandatory (such as picrosirius red for
fibrosis). 
• Measuring the structure of interest. Methods include point
counting using a grid superimposed on microscopic sections or
measuring the fractional area of interest using image analysis
software, which provides a very high level of accuracy and allows
complete automation of the process.

The main applications of morphometry are to measure linear
distances (e.g. distance from a malignant tumour to a margin, or
maximal two-dimensional size of a malignancy); object count-
ing (e.g. counting mitoses or quantifying proliferation using
immunohistochemistry to identify cycling cells for estimating
the prognosis of tumours) [45]; measurement of fractional area
(the fraction of tissue that consists of a particular structure or
process); measurement of form factors – size and shape (sizes
and shape of nuclei to identify disease and to predict the
behaviour of cancer); and complex measurements (measure
anisotropic biological structures that are not randomly oriented
in tissue). For this approach, fractal geometry is the technique 
of choice [46]. Fractals are geometric patterns that retain their
form at different scales of measurement [47]. Complex shapes,
such as tumoral cell surfaces or areas of fibrosis, can be expressed
as fractal dimensions [48,49].

Table 4 Score of fibrosis in primary biliary cirrhosis [37].

Stage I Florid lesion. Bile duct damage with inflammatory reaction

Stage II Periportal fibrosis. Vanished bile ducts, portal and periportal 

inflammation and ductular proliferation

Stage III Fibrosis. Portal fibrosis with periportal expansion and bridging 

fibrosis, typically without bile ducts

Stage IV Cirrhosis
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Morphometry in liver diseases

In liver pathology, morphometry has been applied to quantify
different but simple histological features. Despite the recent
development of completely automated procedures, morphome-
try remains time-consuming, which prevents its use in routine
practice. Therefore, morphometry has been used mainly for
research purposes or to evaluate drug effects in clinical trials.

Steatosis
In several studies, objective computer-assisted methods and
stereological point counting have been used to quantify the
degree of steatosis [50,51]. The technique is simple and can 
be performed either by feeding images into the computer and
using an overlay lattice, or supplying one eyepiece of the micro-
scope with a graticule incorporating a point lattice and counting
directly in the microscope [52]. 

Fibrosis
Digital image analysis rapidly provides objective quantitative
results similar to but more precise than those determined 
by semi-quantitative scoring methods. With this approach the
relative area of fibrosis is measured [53,54]. To be valuable, an
interactive procedure with an experienced pathologist is needed
before measuring to eliminate physiological fibrous tissue (e.g.
Glisson’s capsule, large proximal portal tracts). Falling costs and
improvements in electronic and computer technology have
enabled the implementation on personal computers of specific
automatic applications for histology morphometry and fibrosis
quantification [55,56]. Pilette et al. have demonstrated that the
area of fibrosis, as determined by image analysis, and the semi-
quantitative score are well correlated [54]. In addition to portal
or septal fibrosis, morphometry allows rapid, reproducible and
sensitive quantifications of perisinusoidal and perivenular fibro-
sis, features that are not usually assessed in semi-quantitative
scores of fibrosis [57–60]. 

Another approach to assess fibrosis is fractal geometry. The
fractional dimension of its irregular shape defines fibrosis as 
a natural fractal structure. The complex distribution of its com-
ponents can be optimally quantified using a single numerical
score that seems to be a better alternative to the semi-quantitative
methods adopted so far [61,62].

A major advantage of morphometry in liver fibrosis is in the
evaluation of antifibrotic treatments [63–65]. Because the changes
induced by antifibrotic treatment are expected to be mild, the
precision of fibrosis evaluation by morphometry is helpful [66].
However, because sampling error is a major drawback in fibrosis
evaluation, morphometry should be performed in biopsies of 
at least 20mm in length [4]. Finally, due to its linearity and 
accuracy, measuring fibrosis with morphometry is the perfect
reference to evaluate the performance of non-invasive methods.

Cirrhosis
In this context, three-dimensional structure reconstitution is 
of great interest in exploring the architectural reorganization

accompanying cirrhosis. Several studies have used this approach
to clarify the morphogenesis of cirrhotic nodules [67,68].
Morphometry enabled the demonstration that parenchyma
consists of cirrhotic nodules centrifugally formed around the
portal veins, and that their flows drain into the hepatic veins
inside and around the nodule and nodule derived from the first.
The latter was divided into the former by bridging fibrosis-
induced intranodular septation.

Regeneration, benign and malignant liver tumours
Morphometric characterization of a variety of nuclear features
provides the basis for distinguishing carcinoma cells from benign
cells in liver tumours [69]. Combinations of morphometric fea-
tures can be used for diagnosis and classification of tumours and
especially hepatocellular carcinoma [70–73]. Morphological
features of nuclei, including skewness of area, length of the
major axis and nuclear roundness, provide the basis for distin-
guishing hepatocellular carcinoma from regenerative nodules.
Based on these parameters, the positive predictive value of a
neural net classifier of nuclear dimensions was 100%, and the
negative predictive value was 85% in one study [74]. 

Cholestasis
Two- and three-dimensional reconstructions have been used to
explore bile duct and bile-duct remodelling in several conditions
including secondary biliary cirrhosis and bile duct ischaemia
[75–77].

The limits of morphometry 

There are many potential sources of error in morphometry.
Some of the most important are:
• Error in identifying the object of interest. There is marked
variability in the consistency with which observers identify
objects. However, an image analysis system, which identifies
objects by segmenting images, is also subject to variability. This
can result either from the staining procedure, where staining 
can be too weak or lacking sufficient contrast or specificity to
form a reliable basis for greyscale-based separation of object and
background, or from the observer, who sets the threshold. 
• Tissue processing. This involves multiple steps in which tissue
components are chemically modified. The nature of the fixative
and the conditions of fixation alter the dimensions of tissue
components, which can lead to errors in counting objects.
Whether such steps influence the relative fractional area of
objects should be evaluated for each tissue constituent that is to
be analysed.
• Errors in sampling. Is the sample size sufficiently large to
obtain meaningful results? A morphometric analysis should
sample the specimen to an extent sufficient to minimize 
variability [78,79]. The distribution of objects of interest is a
consideration in sampling. Tissue-based studies have shown
greater heterogeneity in feature distribution. Fibrosis or tumour
vascularity is not uniformly distributed throughout a given 
section.
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Conclusion
Semi-quantitative scoring systems are valuable tools for
histopathological evaluation. They have been widely used in 
several chronic liver diseases although chronic viral hepatitis is
probably the one that benefits most from this approach.
Quantification techniques, which so far remain in the realm of
research, might yield increasingly valuable information if the
numerous problems inherent with the techniques can be solved. 

References 
1 Smetana HF (1954) The histologic diagnosis of viral hepatitis by 

needle biopsy. Gastroenterology 26, 612–625.

2 Bravo AA, Sheth SG, Chopra S (2001) Liver biopsy. N Engl J Med 344,

495–500.

3 Regev A, Berho M, Jeffers LJ et al. (2002) Sampling error and intra-

observer variation in liver biopsy in patients with chronic HCV infec-

tion. Am J Gastroenterol 97, 2614–2816. 

4 Bedossa P, Dargère D, Paradis V (2003) Sampling variability of liver

fibrosis in chronic hepatitis C. Hepatology 38, 1449–1457.

5 Colloredo G, Guido M, Sonzogni A et al. (2003) Impact of liver biopsy

size on histological evaluation of chronic viral hepatitis: the smaller the

sample, the milder the disease. J Hepatol 39, 239–244.

6 Bedossa P, Poynard T, Naveau S et al. (1988) Observer variation in

assessment of liver biopsies of alcoholic patients. Alcoholism: Clin Exp

Res 12, 173–178. 

7 Rozario R, Ramakrishna B (2003) Histopathological study of chronic

hepatitis B and C: a comparison of two scoring systems. J Hepatol 38,

223–229.

8 METAVIR (1994) Quelle classification pour les hépatites chroniques?

Les leçons du virus C. Gastroentérol Clin Biol 18, 403–406.

9 Brunt EM (2000) Grading and staging the histopathological lesions of

chronic hepatitis: the Knodell histology activity index and beyond.

Hepatology 31, 241–246.

10 Rousselet MC, Michalak S, Dupre F et al. (2005) Sources of variability

in histological scoring of chronic viral hepatitis. Hepatology 41, 257–264.

11 Perrillo RP (1997) The role of liver biopsy in hepatitis C. Hepatology 26

Suppl., 57S–61S.

12 Goodman ZD, Ishak KG (1995) Histopathology of hepatitis C virus

infection. Semin Liver Dis 15, 70–81.

13 DeGroote J, Desmet V, Gedigk P et al. (1968) A classification of

chronic hepatitis. Lancet ii, 626–628.

14 Anon (1977) Review by an international group. Acute and chronic

hepatitis revisited. Lancet ii, 914–919.

15 Fattovich G, Brollo L, Alberti A (1990) Chronic persistent hepatitis 

B can be a progressive disease when associated with sustained virus

replication. J Hepatol 11, 29–33.

16 Scheuer PJ (1991) Classification of chronic viral hepatitis: a need for

reassessment. J Hepatol 13, 372–374. 

17 Knodell KG, Ishak KG, Black WC et al. (1981) Formulation and appli-

cation of a numerical scoring system for assessing histological activity

in asymptomatic chronic active hepatitis. Hepatology 1, 431–435.

18 Czaja AJ (1993) Chronic active hepatitis: the challenge for a new

nomenclature. Ann Intern Med 119, 510–517.

19 Ludwig J (1993) The nomenclature of chronic active hepatitis: an 

obituary. Gastroenterology 105, 274–278.

20 Scheuer PJ (1995) The nomenclature of chronic hepatitis: time for a

change. J Hepatol 22, 112–114.

21 Ludwig L (1994) Terminology of chronic hepatitis. Am J Gastroenterol

89, S177–1.

22 METAVIR cooperative group (1994) Inter- and intra-observer varia-

tion in the assessment of liver biopsy of chronic hepatitis C. Hepatology

20, 15–20.

23 Desmet VJ, Gerber M, Hoofnagle JH et al. (1994) Classification of

chronic hepatitis: diagnosis, grading and staging. Hepatology 19,

1513–1519.

24 Ishak K (2000) Pathologic features of chronic hepatitis. A review and

update. Am J Clin Pathol 113, 40–55.

25 METAVIR (1993) Proposition d’une grille de recueil des lésions

histopathologiques dans l’hépatite chronique virale C. Ann Pathol 13,

260–265.

26 METAVIR cooperative study group (1996) An algorithm for the 

grading of activity in chronic hepatitis. Hepatology 24, 289–293.

27 Ishak K, Baptista A, Bianchi L et al. (1995) Histological grading and

staging of chronic hepatitis. J Hepatol 22, 696–699. 

28 Westin J, Lagging LM, Wejstal R et al. (1999) Interobserver study of

liver histopathology using the Ishak score in patients with chronic

hepatitis C virus infection. Liver 19, 183–187.

29 Czaja AJ, Carpenter HA (1996) Validation of a scoring system for the

diagnosis of autoimmune hepatitis. Dig Dis Sci 41, 305–314.

30 Ludwig J, Viggiano TR, McGill DB et al. (1980) Nonalcoholic steato-

hepatitis: Mayo Clinic experiences with a hitherto unnamed disease.

Mayo Clin Proc 55, 434–438. 

31 Brunt EM (2004) Nonalcoholic steatohepatitis. Semin Liver Dis 24,

3–20.

32 Brunt EM, Janney CG, Di Bisceglie AM et al. (1999) Nonalcoholic

steatohepatitis: a proposal for grading and staging the histological

lesions. Am J Gastroenterol 94, 2468–2474.

33 Kleiner DE, Brunt EM, Van Natta M et al. (2005) Design and valida-

tion of a histological scoring system for nonalcoholic fatty liver 

disease. Hepatology 41, 1313–1321.

34 Angulo P, Keach JC, Batts KP et al. (1999) Independent predictors of

liver fibrosis in patients with nonalcoholic steatohepatitis. Hepatology

30, 1356–1362. 

35 Matteoni CA, Younossi ZM, Gramlich T et al. (1999) Nonalcoholic

fatty liver disease: a spectrum of clinical and pathological severity.

Gastroenterology 116, 1413–1419.

36 Dixon JB, Bhathal PS, O’Brien PE (2001) Nonalcoholic fatty liver 

disease: predictors of nonalcoholic steatohepatitis and liver fibrosis in

the severely obese. Gastroenterology 121, 91–100. 

37 Scheuer PJ (1967) Primary biliary cirrhosis. Proc Roy Soc Med 60,

1257–1260.

38 Ludwig J, Dickson ER, McDonald GS (1978) Staging of chronic non-

suppurative destructive cholangitis. Virchows Arch A 379, 103–112.

39 Weibel ER (1979) Stereological Methods: Practical Methods for

Biological Morphometry. San Diego, CA: Academic Press. 

40 Dahab GM, Kheriza MM, El-Beltagi HM et al. (2004) Digital

quantification of fibrosis in liver biopsy sections: description of a new

method by Photoshop software. J Gastroenterol Hepatol 19, 78–85.

41 Liautaud RF, Teyssier JR, Ferre D et al. (1992) Can chromatin texture

predict structural karyotypic changes in diploid cells from thyroid cold

nodules? Anal Cell Pathol 4, 421–428.

42 Mulder J-WR, Offerhaus GJA, Feyter EP de et al. (1992) The rela-

tionship of quantitative nuclear morphology to molecular genetic

alterations in the adenoma-carcinoma sequence of the large bowel.

Am J Pathol 141, 797–804.

43 Wied CL, Bartels PH, Bibbo M et al. (1989) Image analysis in quantita-

tive cytopathology and histopathology. Hum Pathol 20, 549–571.

TTOC04_02  3/8/07  6:51 PM  Page 439



440 4 PATHOLOGY

44 Zhu Q, Tekola P, Baak JP et al (1994) Measurement by confocal laser

scanning microscopy of the volume of epidermal nuclei in thick skin

sections. Anal Quant Cytol Histol 16, 145–152.

45 Quinn CM, Wright NA (1990) The clinical assessment of proliferation

and growth in human tumours: Evaluation of methods and applica-

tions as prognostic variables. J Pathol 160, 93–102.

46 Cross SS (1994) The application of fractal geometric analysis to micro-

scopic images. Micron 25, 101–113.

47 Barnsley MF, Massopust P, Strickland H et al. (1987) Fractal modeling

of biological structures. Ann NY Acad Sci 504, 179–194.

48 Keough KMW, Hyam P, Pink DA et al. (1991) Cell surfaces and fractal

dimensions. J Microsc 163, 95–99.

49 Cross SS, Cotton DWK (1992) The fractal dimension may be a 

useful morphometric discriminant in histopathology. J Pathol 166,

409–411.

50 Auger J, Schoevaert D, Martin ED (1986) Comparative study of auto-

mated morphometric and semiquantitative estimations of alcoholic

liver steatosis. Anal Quant Cytol Histol 8, 56–62.

51 Zaitoun AM, Al Mardini M, Record CO (1998) Stereology and mor-

phometry of steatosis in human alcoholic (ALD) and non-alcoholic

liver disease (NALD). Acta Stereol 17, 49–56.

52 Zaitoun AM, Al Mardini H, Awad S et al. (2001) Quantitative assess-

ment of fibrosis and steatosis in liver biopsies from patients with

chronic hepatitis C. J Clin Pathol 54, 461–465.

53 Ryoo JW, Buschmann RJ (1989) Morphometry of Iiver parenchyma in

needle biopsy specimens from patients with alcoholic liver disease:

Preliminary variables for the diagnosis and prognosis of cirrhosis. Mod

Pathol 2, 382–389.

54 Pilette C, Rousselet MC, Bedossa P et al. (1998) Histopathological

evaluation of liver fibrosis: quantitative image analysis vs semi-

quantitative scores. Comparison with serum markers. J Hepatol 28,

439–446.

55 O’Brien MJ, Keating NM, Elderiny S et al. (2000) An assessment of

digital image analysis to measure fibrosis in liver biopsy specimens of

patients with chronic hepatitis C. Am J Clin Pathol 114, 712–718. 

56 Masseroli M, Caballero T, O’Valle F et al. (2000) Automatic

quantification of liver fibrosis: design and validation of a new image

analysis method: comparison with semi-quantitative indexes of 

fibrosis. J Hepatol 32, 453–464.

57 Promrat K, Lutchman G, Uwaifo GI et al. (2004) A pilot study of

pioglitazone treatment for nonalcoholic steatohepatitis. Hepatology

39, 188–196.

58 Imamura H, Kawasaki S, Bandai Y et al. (1994) Morphometry of 

sinusoids and portal hypertension in non-alcoholic cirrhosis. J

Hepatol 21, 167–173.

59 Moragas A, Allende H, Sans M (1998) Characteristics of perisinusoidal

collagenization in liver cirrhosis: computer-assisted quantitative 

analysis. Anal Quant Cytol Histol 20, 169–177.

60 Zimmermann A, Zhao D, Reichen J (1999) Myofibroblasts in the cir-

rhotic rat liver reflect hepatic remodeling and correlate with fibrosis

and sinusoidal capillarization. J Hepatol 30, 646–652.

61 Dioguardi N, Grizzi F, Bossi P et al. (1999) Fractal and spectral dimen-

sion analysis of liver fibrosis in needle biopsy specimens. Anal Quant

Cytol Histol 21, 262–266.

62 Moal F, Chappard D, Wang J et al. (2002) Fractal dimension can dis-

tinguish models and pharmacologic changes in liver fibrosis in rats.

Hepatology 36, 840–849.

63 Baroni GS, D’Ambrosio L, Curto P et al. (1996) Interferon gamma

decreases hepatic stellate cell activation and extracellular matrix 

deposition in rat liver fibrosis. Hepatology 23, 1189–1199. 

64 Bruck R, Hershkoviz R, Lider O et al. (1996) Inhibition of 

experimentally-induced liver cirrhosis in rats by a nonpeptidic

mimetic of the extracellular matrix-associated Arg-Gly-Asp epitope. 

J Hepatol 24, 731–738.

65 Alpini G, Elias I, Glaser S et al. (1997) Gamma-interferon inhibits

secretin-induced choleresis and cholangiocyte proliferation in a

murine model of cirrhosis. J Hepatol 27, 371–380.

66 Neef M, Ledermann M, Saegesser H et al. (2006) Oral imatinib treat-

ment reduces early fibrogenesis but does not prevent progression in

the long term. J Hepatol 44, 167–175.

67 Sakata A, Takasaki S, Kawakami M (1999) Three-dimensional image

analysis of the hepatic restructuring process in chronic active hepatitis.

Anal Quant Cytol Histol 21, 245–249. 

68 Vizzotto L, Vertemati M, Gambacorta M et al. (2002) Analysis of 

histological and immunohistochemical patterns of the liver in post-

hepatitic and alcoholic cirrhosis by computerized morphometry. Mod

Pathol 15, 798–806.

69 Rubin EM, Martin AA, Thung SN et al. (1995) Morphometric and

immunohistochemical characterization of human liver regeneration.

Am J Pathol 147, 397–404.

70 Herman CJ, Vooijs GP, Baak JPA et al. (1984) Quantitative cytologic

and histologic techniques to assist in cancer evaluation. Methods

Achiev Exp Pathol 11, 73–95.

71 Hall TL, Fu YS (1985) Applications of quantitative microscopy in

tumor pathology. Lab Invest 53, 5.

72 Ueda K, Terada T, Nakanuma Y, Matsui O (1992) Vascular supply in

adenomatous hyperplasia of the liver and hepatocellular carcinoma: A

morphometric study. Hum Pathol 23, 619–626.

73 Terayama N, Terada T, Nakanuma Y (1996) A morphometric and

immunohistochemical study on angiogenesis of human metastatic

carcinomas of the liver. Hepatology 24, 816–819.

74 Erler BS, Hsu L, Truong HM et al. (1994) Image analysis and diagnostic

classification of hepatocellular carcinoma using neural networks and

multivariate discriminant functions. Lab Invest 71, 446–451.

75 Ohara N, Schaffner T, Reichen J (1993) Structure-function relation-

ship in secondary biliary cirrhosis in the rat: Stereologic and hemo-

dynamic characterization of a model. J Hepatol 17, 155–162.

76 De Craemer D, Pauwels M, Van Den Branden C (1995) Regression of

bile duct damage and bile duct proliferation in the non-rearterialized

transplanted rat liver is associated with spontaneous graft rearterial-

ization. Hepatology 21, 1353–1360.

77 Beaussier M, Wendum D, Fouassier L et al. (2005) Adaptative bile duct

proliferative response in experimental bile duct ischemia. J Hepatol 42,

257–265.

78 Mathieu O, Cruz-Grive LM, Hoppeler H et al. (1981) Measuring error

and sample variation in stereology: Comparison of the efficiency of 

various methods for planar image analysis. J Microsc 121, 75–88.

79 Collan Y, Torkkeli T, Kosma V-M et al. (1987) Sampling in diagnostic

morphometry: The influence of variation sources. Pathol Res Pract

182, 401–406.

TTOC04_02  3/8/07  6:51 PM  Page 440



5 Investigation of
hepatobiliary disease

TTOC05_01  3/9/07  9:06 AM  Page 441



Signs and symptoms are nonspecific for either liver disease per se
or for differentiating disease of the liver from that of other 
systems. Nevertheless, an adequate history, review of systems
and physical examination can yield the clue to the diagnosis 
even in this age of advanced immunological, virological and 
biochemical testing – let alone the array of wonderful imaging
techniques.

Symptoms

Weakness, fatigue and resulting decrease in
quality of life

Close to 80% of the patients in my outpatient clinic complain of
fatigue regardless of their underlying diagnosis. This is particu-
larly frustrating for both patient and clinician as this symptom is
notoriously difficult to treat.

This nonspecific symptom is said to be particularly prevalent
in hepatitis C; an early study into this topic concluded that 
hepatitis C patients – as compared with healthy controls and
patients with hepatitis B – had marked impairment in quality 
of life [1]. Changes in 1H-magnetic resonance spectroscopy 
correlate well with cognitive impairment and decreased quality
of life [2]. However, when other factors associated with fatigue
such as depression, intravenous drug abuse and advanced liver
disease are removed, the clinical relevance of impaired cognition
becomes relatively minor [3]. 

Fatigue is also a relevant symptom in cholestatic liver disease,
in particular in primary biliary cirrhosis [4]; rat experiments
pioneered by Mark Swain have laid a pathophysiological basis
for this phenomenon suggesting a central origin [5]. In a recent
study, fatigue was present, albeit to a lesser degree, in patients
with primary biliary cirrhosis but the impact on quality of life
was minor; of particular interest was the fact that weakness 
(as assessed by grip strength) was not correlated with the self-
assessment of fatigue by validated questionnaires [6]; indeed, a
population-based survey has demonstrated a clear central effect
for this symptom [7]. In contrast to primary biliary cirrhosis,

patients with primary sclerosing cholangitis appear not to be
fatigued [8].

Anorexia, dysgeusia and dysosmia

Lack of appetite is a prevalent symptom of acute liver disease of
any cause. In endstage liver disease, anorexia is also prevalent.
The reason(s) for anorexia are poorly understood. Research into
satiety hormones may advance the field in the next few years.
Support for this contention is the observation that the organism
tries to correct reduced food intake by upregulating ghrelin [9].

Disordered taste and smell acuity are frequent in patients 
with acute and chronic liver disease but the reasons for this 
phenomenon remain unclear. Zinc defiency would be a plaus-
ible candidate for dysgeusia but this has not been borne out 
by a thorough investigation of different micronutrients [10].
Recently, a central origin for alterations in the sense of taste has
been proposed [11].

Sicca syndrome

Dry gland syndrome is often not spontaneously reported and
should be asked for. Measurement of tear flow with Schirmer’s
test or salivary flow should be performed in the appropriate set-
tings. Although sicca syndrome is obviously strongly associated
with primary biliary cirrhosis it can be seen in any cholestatic
disorder resulting in ductopenia, including sarcoidosis [12] or
drug-induced intrahepatic cholestasis. Another condition where
sicca syndrome is quite frequent is chronic hepatitis C; Cacoub
et al. reported an incidence of 11% [13]. Conversely, the pres-
ence of hepatitis C in patients presenting with sicca syndrome 
is also high at 19% [14]. Sicca syndrome can also be seen in
chronic hepatitis B, albeit less frequently [15].

Abdominal pain and discomfort

Abdominal pain, particularly when it is localized to the right
upper quadrant, may reflect stretching of the liver capsule. 

5.1 Signs and symptoms of liver disease
Jürg Reichen
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This occurs when there is a rapid increase in liver volume due 
to, for example, swelling in right heart failure, hepatic vein
occlusion in Budd–Chiari syndrome or the occurrence of a 
primary or metastatic liver tumour. Patients with chronic liver
disease, in particular hepatitis C but also haemochromatosis,
will often report a dull ache, which often occurs postprandially;
one might speculate that this is due to swelling of the liver as 
a result of the osmotic load of a meal. This symptom often
appears only once the patient has been told that there is 
something wrong with his or her liver. A careful history is of
paramount importance when right upper quadrant pain is pre-
sent; it might guide further evaluation by ultrasonography
and/or oesophagogastroscopy.

A completely different issue is biliary pain – often misnamed
biliary colic. The so-called biliary colic is not colicky at all but 
a constant pain lasting 30 min or more [16]. A meta-analysis
clearly demonstrated that dyspeptic symptoms and fat intoler-
ance are not related to gallstones [17]. Acute obstruction by gall-
stones in either the cystic duct or choledochus will last as long 
as the obstruction persists; biliary pain is often associated with
nausea. In contrast, slowly developing obstruction is usually
devoid of pain because the ducts are able to accommodate the
slow increase in pressure by dilatation.

Abdominal discomfort with a feeling of abdominal swelling is
most often due to intestinal gas, in particular when it is of short
duration and/or waxing and waning. However, persistent dis-
comfort with increased girth leading to changes in the size of
clothes is most often due to ascites or marked organomegaly. In
the latter case, the patient will also report a mass effect.

Bowel habits, stools and flatulence

Constipation is not a feature of liver disease but may aggravate
or precipitate hepatic encephalopathy in patients with advanced
liver disease.

Diarrhoea – a common symptom – should not be primarily
attributed to acute or chronic liver disease but properly evaluated.
It is, however, a frequently encountered presenting symptom in
acute liver disease of viral or, particularly, alcoholic aetiology.
Diarrhoea is seen in only 14% of patients with amoebic liver
abscess [18]. In patients referred for workup of abnormal liver
enzymes or a change in bowel habits to increased frequency
and/or stool volume, several autoimmune diseases including
primary sclerosing cholangitis, primary biliary cirrhosis, Behçet’s
disease and coeliac disease ought to be considered. A rare cause
of liver disease and diarrhoea is amyloidosis – biopsy the intes-
tine rather than the liver if suspicion is high!

Diarrhoea is of particular interest in the transplanted patient;
there, nosocomial infections, antibiotic-induced diarrhoea and
drug-induced diarrhoea ought to be considered [19]. Similar
considerations apply to the HIV-positive patient. A classical but
rare phenomenon is diarrhoea, sepsis and liver abscess due to
iron-dependent microorganisms such as Yersinia enterocolitica
in iron overload. 

Changes in micturition and urine

Patients often notice that their urine gets darker before noticing
scleral icterus; when questioning, one should ask whether the
urine is like coca cola – lesser darkening is usually due to concen-
trated urine in dehydrated patients.

In the review of systems, symptoms of urinary tract infection
(UTI) ought to be sought because UTIs are the second most 
frequent cause of bacterial infection in patients with endstage
liver disease [20]. In contrast to some earlier reports, patients
with primary biliary cirrhosis appear not to be prone to UTIs in
precirrhotic stages [21].

Jaundice and pruritus

Profound jaundice will not be missed by patients; if it is accom-
panied by dark urine (see above), a hepatobiliary cause is very
likely. Intermittent jaundice in a young patient with normally
coloured urine is most probably the result of Gilbert syndrome.

Pruritus is an important sign of cholestatic liver disease but
can also be seen in acute and chronic viral hepatitis. Pruritus is
quite frequent in hepatitis C; different skin diseases – in particu-
lar eczema, urticaria, atopic dermatitis, cryoglobulinaemia and
lichen planus – are often associated with hepatitis C [22,23].

The aetiology of pruritus of cholestasis has recently been
reviewed by Bergasa [24]. Typically, it is more severe at night
and affects the extremities more than the trunk. Painless jaun-
dice together with pruritus in the elderly patient is often due to
malignant obstruction but can also be caused by stones and even
intrahepatic cholestasis, in particular primary biliary cirrhosis.

Muscle cramps

Cramps are a frequent symptom in endstage liver disease, occur-
ring in close to two-thirds of patients with cirrhosis as compared
with 7% in matched controls [25]. This symptom should be asked
for and treatment considered because it is a major factor for the
decreased quality of life in patients with endstage liver disease
[26]. For such a frequent and painful symptom, amazingly little
research has been done to elucidate the cause and optimal treatment.

Fever and shaking chills (rigors)

Fever is a frequent symptom in acute and chronic liver disease
whereas shaking chills are rather rare. The latter – if liver is the
leading diseased organ – should make you consider suppurative
cholangitis or liver abscess.

Liver biopsy should be considered in all patients with fever of
unknown origin and negative imaging studies.

Irritability, confusion, difficulties in
concentration and sleep disturbance

The confused, disoriented patient with asterixis and known 
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cirrhosis is easily recognized as suffering from portosystemic
encephalopathy (PSE). More subtle signs of PSE include a 
reversal in the diurnal rhythm [27], changes in personality – 
in particular irritability – which are often not recognized by the
patient but can be elicited by asking close relatives.

Bleeding and bruising

Easy bruising and spontaneous bleeding from the nose or 
gums is a frequent symptom in endstage liver disease. Bleeding
time in cirrhosis is prolonged concomitant with impairment of
hepatic dysfunction and should therefore be measured in patients
with advanced liver disease before invasive procedures [28].

Massive upper or lower gastrointestinal bleeding is, of course,
a frequent first presentation of chronic liver disease and will be
covered extensively in other chapters. Intra-abdominal bleeding
can be a first manifestation of hepatocellular cancer and other
malignant or even benign liver tumors.

Past medical history, family history and
review of systems

Past medical history

I trust that all hepatologists will obtain a careful history of 
events that have occurred previously in the patient’s life. Of par-
ticular interest for hepatology are previous episodes of jaundice,
abdominal surgery and, in women, the course of pregnancy and
the onset of menopause.

Family history

A history of relatives dying from liver disease may point to in-
herited diseases such as haemochromatosis, alpha-1-antitrypsin
deficiency and others. Of note is that nonalcoholic steato-
hepatitis may run in families. Acquired liver diseases, in 
particular hepatitis B, might be revealed by an appropriate 
family history.

Review of systems

A thorough review of systems is mandatory. Particular attention
should be paid to drugs and medicinal plants. It has to be real-
ized that often megavitamins, a ‘tea against the cold’ (which 
in Europe may contain paracetamol) or phytotherapeutics 
are not considered ‘drugs’ by the patient. The heavily muscled
young man who spends 6 hours per day in the gym will not 
tell you that he has been ingesting anabolic steroids. The elderly
lady who has been taking a benzodiazepine for sleep for decades
does not consider this a drug because she has been with it 
forever.

The review of systems should also consider work, hobbies and
pets because these can be associated with exposure to toxins or
infectious agents of which the patient is not aware.

Signs

Although modern imaging techniques have rendered many 
bedside skills ‘obsolete’, a thorough inspection and physical
examination will still reveal many clues to the presence and even
the aetiology of the underlying disease.

General appearance and vital signs

It goes without saying that the general appearance and the 
nutritional state should be recorded. Malnutrition – part of the
original Child classification – has been shown to be related to 
the degree of liver failure [29]; onset of malnutrition is particu-
larly important when considering the need for liver transplanta-
tion. Conversely, an elevated body mass index (BMI) will lead
the physician to consider the presence of nonalcoholic fatty liver
disease or steatohepatitis (NAFLD/NASH).

Decreased arterial pressure and a high heart rate are part of
the hyperdynamic circulation syndrome in portal hypertension
[30,31]. With liver function decreasing, pre-existing arterial
hypertension often disappears. Conversely, arterial hyperten-
sion is part of the metabolic syndrome and therefore associated
with NAFLD/NASH.

Dyspnoea and tachypnoea are frequent findings in advanced
liver disease as a result of elevation and compression of the
diaphragm by an enlarged liver, ascites or the presence of pleural
effusions. Cystic fibrosis and alpha-1-antitrypsin deficiency
obviously can affect both the lung and the liver; patients with
alcoholic liver disease often smoke, and alcoholic liver disease is
often associated with chronic obstructive pulmonary disease
(COPD). Dyspnoea can also be a sign of portopulmonary hyper-
tension; this will be covered in more depth in Chapter 7.7.

Fever is a hallmark of many acute viral and bacterial liver 
diseases, covered in Sections 9 and 10 respectively. Other liver
infections usually associated with fever include suppurative
cholangitis and liver abscess. Fever should be taken seriously in
any patient with cirrhosis because infections are a leading cause
of death in this population. Similarly, alarm bells should ring in
the transplanted patient with fever (see Chapter 25.6). In the
absence of infection, fever can be an accompanying symptom of
any chronic liver disease, in particular of alcoholic hepatitis (see
Chapter 12.4), hepatitis C and autoimmune liver diseases.

A particularly interesting situation is fever of unknown origin
(FUO). A recent systematic review demonstrated that liver
biopsy can be revealing in 14–17% of cases in this setting even
when liver enzymes are normal [32]. My personal algorithm 
for this condition is to scan thorax and abdomen and, if this is
negative, to proceed with liver biopsy.

Eyes

The obvious sign of liver disease to be sought in the eyes is scleral
jaundice, which can be detected when serum bilirubin exceeds
~35 µmol/L. Red and dry conjunctivae might hint at the 
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presence of sicca syndrome and should elicit further questioning
and performance of Schirmer’s test.

Rare, but delightful if you see it because it allows you to make
a rapid diagnosis, is the presence of a Kayser–Fleischer ring –
golden-brown to greenish pigment deposition in Descemet’s
membrane – which obviously makes you think of Wilson’s 
disease [33]. In advanced cases, this might proceed to sunflower
cataracts by copper deposition on the anterior capsule of the
lens. Kayser–Fleischer ring is not pathognomonic for Wilson’s
disease but might be found in other conditions with severe 
copper overload.

Cataracts in young patients should make you think of 
galactosaemia, cerebrotendinous xanthomatosis or familial
hyperferritinaemia [34]. A posterior embryotoxon is found 
in 95% of patients with Alagille syndrome where other ocular
abnormalities also prevail [35].

Skin

The discussion of the skin is restricted to the most important
and general signs of liver disease; for a more thorough discussion
of this fascinating topic, the reader is referred to Chapter 21.6.

A thorough inspection of the whole integument can yield
valuable clues; a pale skin can indicate anemia, in particular
when verified by pallor of the lips and conjunctivae. Jaundice –
initially best seen in the sclerae and frenulum of the tongue – is
an obvious sign. Neil McIntyre, who wrote the first and second
editions of this chapter, considered enoral jaundice an epi-
phenomenon of little clinical value; our hospital unfortunately
puts our patients on yellow bed linen – using a white lamp, I 
find enoral jaundice a good sign and can detect the usual visual
limit of 35 µmol/L.

Many plant dyes – mostly carotenes and lycopenes – can cause
pseudojaundice; such substances are abundant in carrots, 
tomatoes and papaya. Differentiation can be made chemically or
by inspection of the sclerae: these are spared in pseudojaundice.
Longstanding jaundice leads to a characteristic grey-greenish
discoloration of the whole integument.

Cyanosis is most often thought of as being associated with
cardiac or pulmonary disease. Either can also affect the liver and
lead to hepatomegaly and disturbed liver function tests. In the
patient with known cirrhosis, cyanosis should lead to diagnostic
workup of potential hepatopulmonary syndrome [36].

Haemochromatosis is labelled in old textbooks as ‘bronze 
diabetes’; nowadays the diagnosis should be made earlier. The
increased skin pigmentation in extreme iron overload is due to
iron and melanin deposition [37].

Vitiligo – patchy discoloration of the skin due to local destruc-
tion of melanocytes – can be associated with autoimmune liver
disease and chronic hepatitis C. Whether vitiligo can be pro-
voked by interferon treatment has been claimed but not proven
because it is clearly associated with hepatitis C per se [38].

Xanthelasmata and excoriations hint at a chronic cholestatic
liver disease, most often primary biliary cirrhosis.

Palmar erythema

Palmar erythema is not specific for liver disease but is also asso-
ciated with rheumatoid arthritis, haematological malignancies
and pregnancy. Furthermore, certain drugs – in particular cyto-
static agents – are well known to induce palmar erythema; in 
this case, there is often dysaesthesia, which is absent in patients
with liver disease or other causes of palmar erythema. The origin
of the phenomenon is postulated to be capillary dilatation, 
presumably as a consequence of the hyperdynamic circulation
syndrome; however, blood flow to the skin in the forearm of 
cirrhotic patients is not increased.

Spider naevi

Spider naevi are considered a hallmark of alcoholic liver disease.
They are typically lesions measuring 1 mm to 1 cm with a central
artery and a spider’s web of capillaries radiating from them, and
they disappear with pressure applied by a transparent spatula.
Most spiders (>99%) are seen above the waist. Certain investi-
gators consider palmar erythema and spider naevi as common
manifestations of hyperdynamic circulation and/or a hormonal
imbalance. The latter is supported by the fact that spider naevi
can also appear rapidly and in great number in pregnant women
(who also exhibit a hyperdynamic circulation). The evidence for
and history of spider naevi is amply referenced and, as always,
thoughtfully and scholarly discussed in the series by Professor
Adrian Reuben in Hepatology [39]. The number of spider naevi
should be recorded, because some find their presence and 
number to be of prognostic importance [39–42].

Extremities

An inspection of the extremities can yield valuable clues to 
the presence and even aetiology of liver disease and associated
conditions.

Dupuytren’s disease
This is a thickening of the palmar and digital fascia that can lead
to contracture of the digits. In a prospective study in the late
1980s, a clear association with alcohol consumption – but not
alcoholic liver disease – was found [43]. However, the presence
of Dupuytren’s disease in a liver clinic should not prompt
labelling of the patient as an alcoholic because the disease is fairly
common, increasing from 4% in the general population to 20%
in those older than 65. Moreover, clear associations also exist
between Dupuytren’s disease and diabetes and epilepsy; further-
more, there must be a genetic basis because it is seen almost
exclusively in Caucasians [44].

Nails
Inspection of the fingernails or toenails may yield valuable clues
to the presence of liver disease. Muehrcke’s line – a white trans-
verse line on the nail – was initially described as revealing

TTOC05_01  3/9/07  9:06 AM  Page 446



5.1 SIGNS AND SYMPTOMS OF LIVER DISEASE 447

nephrotic syndrome but can also be seen in cirrhosis. Terry’s
nails is a white discoloration of the nail bed with a pink distal
band, initially described in cirrhotic patients; it is also seen in
heart failure, diabetes and with increasing age; it is thought to
reflect telangiectasias [45] and therefore is probably a manifesta-
tion of the hyperdynamic circulation syndrome. Grey or blue
discoloration of the lunulae may hint at an excess heavy metal 
burden, namely Wilson’s disease or argyrosis.

Clubbing – a sign well known to pneumologists – can also be
seen in cirrhosis and other diseases with portal hypertension. 
It should lead the physician to further explore the presence of
pulmonary arterial hypertension [46].

Cardiopulmonary examination

The effect of cardiovascular disease on the liver is reported in
Chapter 20.1; the converse, the effect of liver disease on the 
cardiovascular system, is detailed in Chapter 21.1. I would just
state here that a thorough cardiopulmonary examination in a
liver clinic is mandatory. Congested neck veins, wet rales or a
third heart sound are clues to congestive heart failure, which
might explain abnormal liver function tests for which the patient
has been referred to the liver clinic. A paradoxical pulse may
indicate constrictive pericarditis – a frequently overlooked cause
of transsudative ascites [47]. 

The same holds true for percussion and auscultation of the
lungs; pulmonary complications of portal hypertension are cov-
ered in Chapter 7.7. I am puzzled by young physicians searching
for pleural effusions with ultrasound: they are easily detected by
percussion and, in a liver clinic (and any other clinic), one should
consider the possibility of hepatic hydrothorax – which accounts
for 5–10% of pleural effusions [48]. A pronounced P2 should
evoke the possibility of pulmonary hypertension, a not so rare
complication of portal hypertension (see Chapter 7.7). Phys-
ical signs of COPD should be taken into consideration because
liver tests are frequently abnormal in severe COPD and sleep
apnoea [49,50].

Physical signs of emphysema in young patients should 
evoke the presence of alpha-1-antitrypsin deficiency or cystic
fibrosis.

Inspection, palpation and percussion of the
abdomen

Inspection
Inspection of the abdomen can reveal striae as signs of recent
distension due to ascites, weight gain or, more joyfully in the
appropriate sex, pregnancy. Fresh striae are also seen in patients
on corticosteroids and patients with autoimmune hepatitis.

Dilatation of the epigastric veins hints at portal hypertension,
particularly if the flow is in the physiological direction, that is,
upwards above the umbilicus and downwards below it. Massive
venous dilatation of epigastric veins, in particular on the side of
the abdomen, is a clue to obstruction of the vena cava; in this

condition, the flow is upwards throughout the venous system
and there is often pronounced leg oedema. Collaterals are also
often seen on the back of the patient.

Umbilical hernia may be an early indicator of ascites for-
mation; if it is associated with a venous hum (Cruveilhier–
Baumgarten syndrome), it indicates recanalization of the 
umbilical vein and portal hypertension. This syndrome is rather
rare – but blue discoloration around the umbilicus due to dis-
tended veins is not.

Flank distension can indicate the presence of ascites. Some
very big and hard livers (and spleens) can be seen with appropri-
ate lighting. This is particularly true for metastatic and polycystic
liver disease, but I have also ‘seen’ hepatic amyloidosis.

Palpation and percussion of the liver
The whole abdomen should be palpated in a liver clinic because
masses can yield a clue to metastatic liver disease. You recognize
an old-fashioned hepatologist by the fact that he or she will stand
at the right side of the patient’s bed. With respect to palpation of
the liver and spleen, both should initially be sought in the pelvic
area: massive hepatomegaly and/or splenomegaly can be missed
if palpation is begun a handbreadth or two below the costal 
margin; this is particularly true if the organ is soft. Riedel’s lobe
is notoriously missed if you do not start palpation in the pelvic
area and to the right of the midclavicular line. Riedel’s lobe is 
a normal variant apparently increasing with age [51] and not
deserving further workup.

I palpate the liver just to the right of the rectus sheet leading
with my index finger; try to exert some pressure, in particular in
muscular patients. Then, ask for a deep breath and you will feel
the liver flipping over your leading finger. Once you have felt the
edge to the right of the rectus abdominis, it will be easy to follow
the remainder of the liver edge into the left side of the belly. In
muscular patients, this might be impossible across the rectus
abdominis. Palpation fares reasonably well in patients with liver
cirrhosis: in a prospective study, correlation between palpation
and sonography regarding liver span was excellent in patients
with cirrhosis but poor in controls [52] (where liver span is not
that interesting anyhow). Palpation will tell you something
about the firmness of the organ. Personally, I cannot feel 
‘nodularity’, for which ultrasound is certainly better. However,
superficial tumors or cysts can often be palpated and might
direct further workup.

The scratch test and liver percussion do not stand up to
scrutiny when compared with imaging procedures for assess-
ing organ size [53,54]. Personally, I still find them helpful in 
following patients, for instance with fulminant hepatic failure 
or congestive heart failure, where a decrease or increase, respec-
tively, might indicate worsening of the condition. With the wide
availability of ultrasonography, however, these tests are, or soon
will be, history.

Pulsatile livers are reported to occur in tricuspid insufficiency
[55] and constrictive pericarditis [56]. It is a rare event and you
can call your students to observe a phenomenon they’ll never see
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again. But kindly do not write a case report if you see it: it has
been seen before.

The gallbladder may be palpated in cases of biliary obstruc-
tion (Courvoisier’s sign). In such cases, it is most often a cystic,
soft mass yielding to pressure in the right upper quadrant tend-
ing toward the umbilicus. In these days where a computerized
tomography (CT) scan is obtained before a history is taken, the
sign has probably lost its clinical usefulness as a clue to pancreatic/
ampullary cancer in a patient with painless jaundice. Moreover,
the gallbladder is enlarged to the same extent in patients with
benign, as those with malignant, biliary obstruction [57].

Murphy’s sign will be covered in the section on gallstone dis-
eases (Chapter 19.3). Briefly, Murphy’s sign can be suggestive of
acute cholecystitis but, in this age of early imaging, more accurate
results are obtained by ultrasound or CT. The sonographer,
however, should report elicitation of the typical pain when
touching the gallbladder. This may be a helpful sign in recurrent
right upper quadrant pain, in particular in gallbladder dysfunc-
tion when the imaging techniques – except for biliary scinti-
graphy – are not revealing.

Palpation and percussion of the spleen
As for the liver, a spleen ought first to be sought in the pelvis. Big
spleens are often reported by the patient as a mass. In the asymp-
tomatic patient, single-handed palpation of the hypochondrium
is not revealing in my experience: I prefer to start with a biman-
ual examination where the right hand is placed below the margin
of the rib cage and exerts an upward and inward pressure. The
right hand – with all digits deployed – is used to feel the spleen
descending on a deep inspiration, accompanied by the men-
tioned movement of the left hand. This manoeuvre should be
repeated with several different starting positions of the right
hand. You will feel the spleen tip flipping over the most sensitive
part of your right hand – the fingertips.

Other methods advocated in the times when clinical examina-
tion was still cherished included palpation with a similar posi-
tion of the right hand as described above and moving the patient
to a right lateral decubitus making use of gravity. If the first
manoeuvre is unsuccessful and, if I have the time, I still use this
method.

A nice study prospectively comparing different methods [58]
concluded that percussion of Traube’s space was best for raising
suspicion of splenomegaly; if positive, it should be followed by
any of the manoeuvres described above and a positive finding
would be most likely in lean patients. Interestingly, ultrasound is
also most revealing in lean patients. On the other hand, percus-
sion is felt to be worthless for assessment of spleen size based 
on a critical analysis of the literature [54]. I beg to disagree – but
I realise that clinical skills will be replaced by more objective
imaging techniques.

Loins, kidneys and testicles
Kidneys can occasionally be felt in the loins – in particular if they
are of the transplanted variety. Enlarged hard kidneys in either

loin and, in particular, if they are also felt in the back are usually
diagnostic of polycystic disease. I have given up on examining
exactly how the organs move with inspiration to differentiate 
a big spleen from a big kidney – this is better answered by 
ultrasound.

Inguinal hernias should be sought in each and every patient,
particularly in those with ascites. You’ll miss them if you look 
for them with the patient lying down comfortably. Because you
have moved to the nether regions of urinary tract organs, you
might as well assess testicular size. ‘Small testicles’ are in the eye
(hand?) of the beholder. But, if the patient confirms that they
have shrunk, you should further explore alcohol consumption
and rule out haemochromatosis.

Auscultation

Auscultation of the whole abdomen should be performed to
check for bowel sounds or absence thereof, arterial bruits,
venous hums and friction rubs.

Arterial bruits
Arterial bruits should be listened for while palpating the pulse
and – because they are usually quite faint – during a breath-hold.
Arterial bruits during systole in the epigastrium are frequent,
particularly in young, lean subjects, and often disappear with a
change in position. Occasionally, they can reflect stenosis of the
superior mesenteric artery; such bruits are louder and longer,
extending into diastole. Arterial bruits may be due to aortic dis-
ease such as aneurysms and aortitis. Splenic arterial bruits are
located over the left hypochondrium or below the left ribcage.
Such bruits can be heard with splenic artery compression due to
pancreatic disease.

Arterial bruits over the liver are rare and usually due to aor-
tovenous fistulae after trauma [59], including liver biopsy [60],
in tumours [61] or in Osler–Weber–Rendu disease with hepatic
involvement [62]. The prevalence of arterial bruits in hepato-
cellular cancer must be low although good data are missing – 
but, when you hear it in a patient with cirrhosis, the odds are
high that imaging will reveal a hepatocellular cancer.

Venous hum
Even more difficult to hear, less frequent and probably com-
pletely unimportant in practice are venous hums. They are 
continuous, of low frequency and heard over the umbilicus in
Cruveilhier–Baumgarten syndrome (see above) or occasionally
over the portal vein. I still listen for them – and, when I hear one,
I am pleased and call the medical students to listen for it. I also
tell them that they probably will not hear it again and that they
can forget it for the qualifying exams.

Rubs
Rubs can be heard over the liver in Fitz-Hugh–Curtis syndrome
– pelvic inflammatory disease most often due to chlamydial
infection [63] but also seen in other venereal and nonvenereal
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diseases including tuberculosis. Rubs can also be heard in
uraemia and with hepatocellular cancer. The sign is rare in my
experience and should be noted when present.

Ascites
Massive ascites is seen on inspection and does not require imag-
ing or further clinical testing. In my experience, there is only one
more or less unequivocal clinical sign of ascites, namely shifting
dullness by percussion: have the patient lie supine and percuss
on both sides and mark the region where dullness goes to reson-
ance (due to floating bowels). Then, have the patient shift on one
side, wait for about half a minute and percuss again. If there is
more than 2 cm in shifting dullness you can be quite certain that
there is ascites. This is supported by a 25-year-old study of a very
limited number of patients [64].

I find ‘fluid thrill’ useless in detecting ascites (it is elicited by
tapping the lateral abdominal wall on one side with the other
hand waiting for the ‘thrill’ to arrive on the other side). Cattau
and colleagues [64] have already called for ultrasound to prove
the presence of ascites; it has to be pointed out, however, that the
Child–Pugh classification is based on clinical detection of ascites.

Neurological examination

I have never had the patience to perform a thorough neurolo-
gical examination on my patients – if I have the impression that
something is wrong, I ask for a neurology consultation and have
the big thinkers sort out what is wrong. This attitude is probably
wrong because reversible focal deficits can be found in ~15% of
patients with hepatic coma [65].

A few tests definitively belong in the hepatology clinic, 
namely signs hinting at hepatic encephalopathy, Wilson’s dis-
ease (covered in Chapter 16.1.) and subtle signs of neuropathy –
in particular loss of sense of vibration – which are frequent in
endstage liver disease, particularly that originating from alcohol
toxicity.

Encephalopathy
The time-proven sign of hepatic encephalopathy is flapping
tremor or asterixis. It is elicited by having the patient dorsiflex
his or her hands in prone rotation. Asterixis is seen as a rhythmic
loss of tone appearing as a flapping movement of the hands,
reminding one of flapping bird wings. In very weak patients,
asterixis can be felt by asking the patient to hold both of your
hands or by looking at the tongue, again asking for a lifting of the
tongue. Further testing for hepatic encephalopathy is described
in Chapter 7.8.

Neuropathy
Peripheral neuropathy is frequent in patients abusing alcohol
[66] but also in advanced liver disease of any atiology [67]. It
should be sought in hepatitis C patients with cryoglobulinaemia.
In patients with longstanding cholestasis, it can be related to
vitamin E deficiency.
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Introduction 

Due to the complex and multiple metabolic functions of the
liver, there is no single, ideal biochemical test that can fully assess
the nature and severity of hepatic dysfunction. Rather, indi-
vidual biochemical tests can be applied to assess specific aspects
of hepatic function. Thus, necrosis of hepatocytes can be assessed
by measuring enzymes that have leaked into the blood through
the damaged plasma membranes of the liver cells. The ability 
of the liver to synthesize plasma proteins produced selectively by
the liver can be assessed from the plasma concentrations of these
proteins, keeping in mind that the concentration of each protein
is influenced also by its catabolism. Impairment of the excretory
functions of the liver, including bile secretion and flow, can 
be indirectly assessed from increases in the plasma levels of
endogenous compounds (e.g. bile salts and bilirubin) that are
normally cleared by the liver and secreted in bile. The plasma
levels, however, may also be affected by changes in the rates of
production, intestinal absorption and enterohepatic circulation,
and renal excretion of these compounds. 

These distinctions among classes of ‘liver function’ tests are
somewhat arbitrary, but examining the results of all of these
markers together often reveals patterns typical of different
pathophysiological conditions, and allows some assessment of
the severity of the liver disease. In this chapter, we will describe
tests for plasma constituents that are commonly measured in the
evaluation of patients with hepatobiliary diseases. For each of
them, we will describe the following features, when available:
description of rationale and biochemical reactions for the test; a
critical comparison of available methods; interpretation of the
results; and clinical relevance.

Markers of hepatocellular damage

Aminotransferases: aspartate
aminotransferase (AST) and alanine
aminotransferase (ALT)

Nature of the enzymes and their reactions
The most frequently used indices of hepatocellular necrosis are

activities in the serum of aspartate aminotransferase (AST, 
previously known as glutamic–oxaloacetic transaminase, GOT)
and alanine aminotransferase (ALT, previously known as 
glutamic–pyruvic transaminase, GPT). These enzymes, which
are involved in the pathways of gluconeogenesis, catalyse the
enzymatic transfer of the α-amino group from an amino acid,
aspartate or alanine, to the oxo- group of α-ketoglutarate, yield-
ing glutamate plus, respectively, oxaloacetate or pyruvate. 

Distribution and localization of the enzymes
ALT is localized exclusively in the cytosol and essentially
restricted to the hepatocytes and renal tubular epithelium,
although there is also slight activity in skeletal muscle and heart
[1]. By contrast, AST is widely distributed throughout the body,
with highest activity in the heart, liver, skeletal muscle, brain,
gastric mucosa, kidney, pancreas, spleen and lung [2]; it is also
detectable in erythrocytes. Inside the liver cell, AST is localized
mainly in the mitochondrial membrane (80%), with the re-
mainder in the cytosol [3]. In normal healthy people, cytosolic
AST is the source of more than 90% of total serum AST activity
[3]. The two isoforms (cytosolic and mitochondrial) can be 
separated by immunochemical methods or by chromatographic
and electrophoretic techniques, but, as those methods are not
available in most laboratories, the distinction in the activity of
the two isoenzymes is seldom used clinically. 

The aminotransferases are released into the blood when
enzyme-containing cells are damaged, resulting in an increase 
in their concentrations and activity in plasma. AST is not
detectable in the urine except during renal ischaemia [4]: 
measurement of urine AST was formerly used to detect kidney
failure after renal tubular necrosis, but other enzymes are now
more reliably employed for this purpose. AST and ALT were 
formerly assayed by colorimetric methods, which have now
been superseded completely by spectrophotometric techniques. 

Assays of enzyme activity
The older colorimetric methods involved addition of the sub-
strates α-ketoglutarate plus aspartate (for AST) or alanine (for
ALT) to a buffered plasma sample. Pyruvate, formed directly
from ALT, or produced by subsequent decarboxylation of the
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oxaloacetate product of AST by addition of aniline citrate, was
then treated with 2,4-dinitrophenylhydrazine. The hydrazone
product turned brown in an alkaline solution, and was meas-
ured colorimetrically. The modern spectrophotometric AST
method, recommended by the International Federation of
Clinical Chemistry [5], is based on a simultaneous double reac-
tion: reduction, with NADH and H+, of the oxaloacetate formed
by the aminotransferase reaction is catalysed by adding malate
dehydrogenase, yielding l-malate and NAD+. The absorbances
at 365, 340 or 334 nm are used to quantify the loss of NADH or
formation of NAD+, which correlates directly with the content
of AST in the sample. The spectrophotometric ALT assay utilizes
a method analogous to that described for AST: l-alanine and 
α-ketoglutarate are transformed by ALT into pyruvate and 
l-glutamate. The pyruvate is then enzymatically converted to
lactate by addition of lactic dehydrogenase and NADH, and the
loss of NADH or formation of NAD+ is monitored spectropho-
tometrically, as with the AST method.

Normal values and influencing factors
The normal serum transaminase levels in adults are below 40 U/L.
Transaminases in serum specimens are stable for 3 days at room
temperature and for 3 weeks in the refrigerator. In whole blood,
by contrast, AST (but not ALT) increases during storage due to
its release from spontaneous haemolysis of red cells.

The half-life of total AST in the blood is 17 ± 5 h whereas that
of ALT is 47 ± 10 h. Within the normal range, the activities 
of AST and ALT in plasma vary with age and sex. AST and ALT
activities increase from childhood to adulthood, then plateau 
at a steady level between the ages of 30 to 60. In adults, the 
enzymatic activity is higher in males than in females, and plasma
levels of AST tend to be lower than ALT. Above age 60, AST 
levels rise slowly, whereas ALT levels decline after 60 [6]. AST is
15% higher in African–American men. 

Abnormal values in hepatobiliary diseases
Aminotransferases in serum are usually elevated during hepato-
cellular injury of any cause. Marked elevations (8–20-fold above
normal) suggest acute hepatocellular necrosis, due to viral 
hepatitis, drug- or toxin-induced liver damage or ischaemic
hepatitis; ischaemic necrosis may lead to extreme elevations in
aminotransferase levels (up to 100-fold). The degree of increase
of serum levels, however, does not correlate with the extent of
liver damage observed on liver biopsy, and does not predict
mortality. Persistent, fluctuating, usually mild elevations of
serum aminotransferase activities are observed during chronic
liver injury caused by chronic viral hepatitis, alcoholic liver dis-
ease, nonalcoholic fatty liver disease (NAFLD), autoimmune
hepatitis, haemochromatosis, Wilson’s disease or liver cirrhosis.
ALT and AST increase during extrahepatic obstruction, typically
associated with elevation in serum of markers of cholestasis
[alkaline phosphatase, γ-glutamyltransferase (γ-GT) and bilirubin]. 

Several patterns of increased aminotransferases have been
touted as markers of specific liver diseases or different prognoses

(Fig. 1). It was suggested that an AST/ALT ratio above 0.6 is
associated with a poor outcome in cases of severe acute hepatitis
[7]. The AST/ALT ratio is also increased in alcoholic liver damage
(see below), exposure to various organic compounds (i.e.
toluene, furan, methylene chloride), and in liver fibrosis. How-
ever, due to the wide spectrum of liver diseases associated 
with mildly elevated levels of aminotransferases, the AST/ALT
ratio is of weak predictive value in defining the aetiology of liver
disease. It is important to remember that, although elevations 
in aminotransferase levels may be the first or only marker of 
liver damage, significant liver damage may be present without
any elevation of either AST or ALT, for example in chronic viral
hepatitis, haemochromatosis or liver cirrhosis [8].

Drug-related hepatotoxicity engenders a significant increase
in serum aminotransferase activity that usually is characterized
by an elevated AST/ALT ratio; this aetiology should be consid-
ered every time an increased AST/ALT ratio is found in patients
who do not consume alcohol. For this reason, aminotransferases
are good markers of chemotherapy-induced hepatocellular
necrosis. Aminotransferase activities are increased in 11–28% 
of patients undergoing anticonvulsant therapy [2]. 

Elevations of AST and/or ALT activity in alcoholic patients
are generally mild (2–4 times the upper normal limits), but may
be higher in acute alcoholic hepatitis. Intake of 3–4 g/kg body
weight of alcohol by healthy subjects leads to an increase of
aminotransferases within 24–48 h. In alcoholic liver disease,
AST tends to be higher than ALT activity [9]. This is due to
release of AST as a result of alcoholic damage to red cells, inhibi-
tion of the ALT reaction by alcohol and an increase in mitochon-
drial AST (mAST) during excessive alcohol consumption. It 
has been suggested that serum mAST activity, or the ratio of
mAST/total AST activity, could be used to screen for excessive
alcohol intake in the general population. In this setting, how-
ever, the specificity and sensitivity were low, and these indices
have proven to be useful markers of alcoholic liver disease only
in an inpatient setting [9]. 

Interestingly, although AST and ALT are both increased in
NAFLD, serum aminotransferase activity is logarithmically
related to body mass index irrespective of the aetiology of liver
disease [10].

An inverse relationship has been described between serum
AST activity and serum creatinine concentration. In uraemic
patients, for unknown reasons, the AST level is decreased, irre-
spective of the analytical method and whether or not the patient
is undergoing dialysis. Furthermore, in uraemic patients, AST
may not increase when hepatic disease supervenes, rendering
the AST determination an unreliable marker of hepatobiliary
disease in such patients [11]. 

Abnormal values in other diseases
AST, in particular, is usually elevated in many nonhepatic dis-
eases. AST is increased in acute myocardial infarction and with
acute muscle damage that occurs in Duchenne’s type muscular
dystrophy, dermatomyositis, muscle trauma or surgery and 
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gangrene of the toes [12]. In children affected by rotaviral gastro-
enteritis, AST of enterocyte origin can be increased in serum
[13]. Elevated serum aminotransferases are typically observed in
pre-eclampsia and HELLP (haemolysis, elevated liver enzymes,
low platelets) syndrome during pregnancy.

Several other factors can affect the AST and ALT plasma activ-
ity: exercise can increase (up to threefold) the AST levels while
ALT levels may decrease. The day-to-day variation is similar 
in liver disease and health, and is around 5–10% for AST and
10–30% for ALT [14]. Even if both AST and ALT activities are
higher in red blood cells than in plasma, only severe haemolysis
causes a significant increase in serum aminotransferase activity
[2]. By an unknown mechanism, aminotransferase activity,
especially ALT, is increased by heparin therapy, more frequently
in males than females [2]. The mAST isoenzyme was suggested
to be useful to assess myocardial damage after thrombolysis as it
is not influenced by the reperfusion of the damaged tissue [15].

Lactate dehydrogenase 

Nature of the enzyme and its reaction
Lactic dehydrogenase (LDH), an enzyme of the glycolytic cycle,
catalyses the reversible conversion of lactate to pyruvate, utiliz-

ing NAD+/NADH as a cofactor. LDH also catalyses the reduc-
tion of other α-keto or α-γ-diketo groups. LDH enzyme is a
tetramer that is constructed from two monomeric isoforms:
type H from heart muscle and type M from liver. Various 
combinations of these two isoforms can yield five different
isoenzymes, which have different tissue distributions. Increased
release of LDH from damaged, dying or metabolically deranged
cells in any of these tissues may cause an elevated serum LDH
concentration. 

Distribution and localization of the enzyme
LDH is highly expressed in kidney but it is also expressed in
heart, skeletal muscle, spleen, liver, lung and erythrocytes. In
liver, only LDH type 5 (the MMMM tetramer) is expressed.
LDH5 is, however, also expressed in kidney, skeletal muscles 
and pancreas.

Assays of enzyme activity
Of the many different LDH assay techniques described, the most
used and most accurate one for automated analysis is the photo-
metric assessment of the oxidation rate of NADH, measured at
365 or 340 nm. The serum sample is incubated with standard
concentrations of pyruvate and NADH, and the results are
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expressed as arbitrary units per litre. For greater tissue
specificity, the different isoenzymes can be separated by elec-
trophoresis on cellulose acetate membranes, and the individual
protein bands incubated with lactate and NAD+; the NADH
product is then reacted with a tetrazolium salt to produce a
coloured dye (formazan), which is quantitated by densitometry.

Normal values and influencing factors
Each laboratory must determine its own normal values. Age
influences the serum LDH activity: the normal range is higher in
children than adults, and it decreases progressively with aging,
reaching an adult range at about age 14 years [16]. The propor-
tions of the five isoenzymes detected in normal serum are:
• LDH1 (HHHH) 18–33%
• LDH2 (HHHM) 28–40%
• LDH3 (HHMM) 18–30%
• LDH4 (HMMM) 6–16%
• LDH5 (MMMM) 2–13%. 

Abnormal values in hepatobiliary diseases
An increase in serum LDH activity is often observed during
acute hepatitis or hepatocyte necrosis of any aetiology.

Abnormal values in other diseases
Because of its wide tissue distribution, serum LDH can be
increased with myocardial diseases, haemolytic anaemia, myo-
pathies, leukaemias and lymphomas, acute pancreatitis and
nephropathies.

Summary of clinical usefulness
Elevations in serum LDH are not specific for active liver disease,
and are less sensitive and specific than the elevations in serum
transaminases in this situation. It may be useful in jaundiced
subjects to determine if haemolysis is contributory, because ele-
vations in LDH, AST and indirect bilirubin are usually more
striking than elevations in ALT in this situation. It is more often
used to evaluate myocardial damage in patients with suspected
myocardial infarction, in which case electrophoretic analysis 
of isoenzyme activity is essential to pinpoint the source of the
serum enzyme elevation. 

Markers to assess hepatic synthetic
function

Albumin

Nature of the protein and its function
Albumin is a single, unglycosylated polypeptide chain of 575
amino acids (molecular mass 69 kDa). It is synthesized exclu-
sively by hepatocytes at a rate of about 14 g/day [17], and
secreted into the plasma [18], where it normally constitutes
58–64% of total serum proteins. It has two principal functions
in plasma: maintenance of osmotic pressure and reversible, non-
covalent binding of a variety of substances, both endogenous

(e.g. bilirubin, bile salts, fatty acids and other organic anions and
metal cations) and exogenous (drugs, contrast media). This
transport function is essential for hydrophobic compounds that
have low aqueous solubility. 

The half-life of albumin in human serum is 14–21 days [19].
Hyperalbuminaemia is observed only with haemoconcentration
during dehydration, whereas hypoalbuminaemia is a frequent
condition, related to decreased synthesis, increased catabolism
or excessive losses in the urine or stool (see below).

Assays
Many methods exist for measurement of the serum albumin
concentration, including: precipitation, electrophoresis,
immunochemical procedures and binding of dyes. Due to the
ease of automation, binding of dyes, particularly bromocresol
green (BCG), is most frequently used. In acid solution (pH
4.15), BCG has high affinity for albumin and little interaction
with other serum proteins. The albumin–BCG complex has an
absorbance maximum at 630 nm that avoids interference from
the spectral peaks of haemoglobin or bilirubin. Some laborat-
ories prefer bromocresol purple, which is more specific, because
it reacts even less with serum globulin or transferrin [20]. With
either dye, falsely low albumin levels may be obtained with jaun-
diced or haemolysed samples due to displacement of the dye
from albumin by bilirubin or haemoglobin respectively. 

Immunoassay techniques can be automated, but are more
expensive. Electrophoresis on cellulose acetate membranes per-
mits simultaneous measurement of the concentrations of all
classes of serum proteins, but is difficult to automate. 

Normal values
Serum albumin levels are typically low in neonates (2.8–
4.4 g/dL), increasing progressively during the first week of life to
normal adult concentrations (3.7–5.0 g/dL). By age 6 years, the
values increase further (4.5–5.4 g/dL) and remain stable through
young adulthood before decreasing again to the normal adult
values. Further mild declines in serum albumin levels occur in
old age, principally due to more rapid catabolism [19]. There is
no significant difference between genders. 

Influencing factors
Several conditions may influence albumin synthesis by a healthy
liver. Despite adequate caloric intake, a strict vegetarian diet can
impair albumin synthesis if it is not supplemented with soy pro-
teins. High altitude can increase albumin synthesis, especially if
the high altitude is reached by climbing. In addition, recovery
from a period of intense physical exercise, in an upright posi-
tion, can increase albumin synthesis. Albumin synthesis can
increase by up to 30% when normoalbuminaemic patients are
treated with haemodialysis [21].

Abnormal values in hepatobiliary diseases
The albumin concentration is decreased in liver cirrhosis, due 
to impaired hepatic synthesis, often aggravated by losses into
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ascitic fluid due to leakage from hepatic lymphatics or exudation
across the capsule of the liver [22].

Abnormal values in other diseases
Decreased albumin synthesis is also observed during malnutri-
tion, and begins after only 24–48 hours of fasting [19]; for this
reason, it is considered to be a good parameter to evaluate 
malnutrition, despite its poor sensitivity [23]. Every kind of
‘stress’ condition (major surgery, injury, severe infection or
almost any severe, acute disease) may be associated with a
decline in the serum albumin levels due to the release of cyto-
kines and hormones (i.e. cortisone, thyroid hormones, growth
hormone, insulin and sex hormones) that inhibit synthesis of
this protein [23].

Hypoalbuminaemia may also result from excessive losses of
serum albumin in the urine or stool. The nephrotic syndrome is
characterized, by definition, by the presence of over 3.5 g/day 
of protein in the urine [24], the majority of which is represented
by albuminuria. Leakage of protein from plasma into the gut
lumen, with excessive faecal losses, characterizes protein-losing
enteropathy, seen with Crohn’s disease, sprue, kwashiorkor,
Ménétrier’s disease, eosinophilic gastroenteritis and radiation
enteritis, among others [25]. Excessive intestinal protein loss
may also occur secondary to high pressure in the portal capillar-
ies, as in Budd–Chiari syndrome and constrictive pericarditis; it
contributes to the hypoalbuminaemia of cirrhosis. With exten-
sive burns or bed sores, exudation of albumin from the damaged
skin can lead to severe hypoalbuminaemia [26]. 

Summary of clinical usefulness
Serum albumin concentration is one of the most important
indices of residual hepatocytic synthetic function. When serum
albumin concentration is decreased (<3.0 g/dL) in patients with
liver disease, it strongly suggests the presence of cirrhosis. Serum
albumin is an important parameter in both the Child–Pugh and
MELD (model for end-stage liver disease) scores, the two most
widely used systems to evaluate prognosis in chronic liver disease.

Prothrombin time (PT) and the international
normalized ratio (INR)

Nature of the reaction
The one-stage prothrombin time (PT) reflects the presence or
functional absence of those factors involved in the extrinsic clot-
ting system. The cascade that leads to clot formation through the
activation of the extrinsic pathway involves factors I, II, V, VII
and X (Fig. 2). All those factors are produced in the liver and
three of them (II, VII, X) require vitamin K as a cofactor for their
synthesis. Low plasma levels of factors II, V and VII have been
reported in patients with liver disease and therefore the PT can
be considered an index of hepatocyte synthetic function [27]. 

Assay
The assay is based on the original method of Quick [28]. Sodium
citrate is added to a blood sample, preventing coagulation by
binding calcium. Afterwards tissue thromboplastin and calcium
are added and the time to form a fibrin clot is registered. The
results are expressed as the interval (in seconds) between the
addition of calcium and the clot formation, compared with 
the time required for clot formation when the same reagents are
added to a citrated pool of normal blood samples (control). 

Normal values and influencing factors
The normal prothrombin time is usually below 12 s, with a ratio
to the control time that is above 0.7. Storage in a refrigerator
falsely shortens the PT, whereas storage at room temperature for
up to 3 days does not influence the result. It is very important to
completely fill the blood sample tube, because incomplete filling
increases the PT. A high haematocrit leads to an increase in the
PT [29].

The determination of PT is highly sensitive to the type of
thromboplastin used (human-brain- or rabbit-brain-derived)
and the PT may be 30–100% longer with different batches [30].
The PT is frequently used for monitoring subjects treated with
anticoagulant drugs (warfarin, acenocoumarol). Because these
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Fig. 2 The coagulation pathway. Highlighted
factors are produced by the liver; vitamin 
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drugs are administered for prolonged periods and patients may
move from one lab to another, it is extremely important to be
able to compare results from different laboratories in order to
safely adjust the dose of the medicine. For this reason, the World
Health Organization (WHO) introduced the international nor-
malized ratio (INR) as a unit for comparison of results among
laboratories everywhere. Each batch of commercial thrombo-
plastin is assigned an international sensitivity index (ISI), which
is derived by comparison of the PT obtained with the commer-
cial batch with a standard thromboplastin. The PT of the labora-
tory sample is then multiplied by the ISI, yielding the INR,
which, like the PT, is an index of residual hepatocytic synthetic
function (see below). Correction of the PT using the ISI has a
greater effect on the PT obtained during anticoagulant treat-
ment than in subjects with liver disease, and a decrease in the 
ISI of the thromboplastin used may not engender a significant
increase in the PT. This is probably related to different isoforms
of prothrombin produced during vitamin K deficiency and/or
liver failure [14]. The general recommendation, therefore, is to
use the INR for monitoring anticoagulant therapy and the PT to
assess hepatic synthetic function.

Abnormal values in hepatobiliary diseases
During liver disease, several pathological mechanisms may 
affect the coagulation cascade, lengthening the PT, including: 
(i) decreased synthesis of coagulation factors and (ii) decreased
intake and/or absorption of vitamin K. The latter cofactor is
lipid soluble and requires adequate concentrations of bile salts 
in the intestinal lumen in order to be absorbed. Decreased syn-
thesis of bile salts in hepatocellular diseases, and/or decreased
biliary secretion of bile salts in cholestatic disorders, may
decrease the luminal concentration of bile salts below the critical
micellar concentration necessary for normal absorption of
lipids, including vitamin K. A third cause of a prolonged PT in
liver failure is related to impaired ability of the hepatic Kupffer
cells to remove activated clotting factors from the circulation.
This may lead to intravascular coagulation, with consumption
of clotting factors [31]. 

Impairment of the PT is roughly proportional to the degree of
liver damage, so the PT is an excellent prognostic index of liver
disease [32]. The sensitivity of the PT as a marker of acute as well
as chronic liver disease is related to the fact that this test assesses
the extrinsic coagulation pathway that begins with the activation
of factor VII. Factor VII has the shortest half-life (3–5.5 h) of
any of the coagulation factors, and so is the first to decline when
synthesis of coagulation factors is impaired, either due to hepa-
tocellar damage or vitamin K deficiency [31].

The injection of 10 mg of vitamin K for three consecutive 
days can help to discriminate between a decreased absorption of
vitamin K (due to cholestasis or other causes) and decreased
hepatic protein synthesis: if the PT returns to the normal range,
the reduced availability of vitamin K was the cause of the pro-
longed coagulation time; if the PT decreases but still is above the
upper normal limit, then a double cause (reduced absorption

and reduced liver synthetic function) should be considered; and
if the PT hardly changes, it means that the PT was prolonged
because of impaired liver function.

Abnormal values in other diseases
The PT may be prolonged in coeliac sprue due to malabsorption
of vitamin K. It may, for unknown reasons, be abnormal in 
hepatic congestion related to right-sided heart failure.

Clinical usefulness
PT is an excellent prognostic factor in either acute or chronic
liver failure. During acute viral or alcoholic hepatitis, the degree
of elevation of the PT ratio is the best predictor of the risk of
death. With paracetamol (acetaminophen) toxicity, however,
only a persistent increase in the PT ratio heralds a fatal outcome
[1]. In cirrhotic patients, the PT ratio is an important compon-
ent of two commonly used prognostic indices, the Child–Pugh
and MELD score; in both algorithms the PT ratio strongly
influences the total score. 

Although a key prognostic index in both acute and chronic
liver disease, the PT has no value as a screening marker for liver
disease. Rather it should be reserved to assess residual hepatic
synthetic function for patients with known liver disease [33]. 

Plasma fibrinogen

Nature of the compound and its distribution
Fibrinogen is a homodimeric plasma protein that is synthesized
in hepatocytes; each monomer is formed by three polypeptide
chains: α, β and γ. In the final step of the coagulation cascade,
fibrinogen is converted to fibrin monomers by the peptidase
activity of thrombin. These in turn aggregate to form the in-
soluble polymer, fibrin gel, which is stabilized by activated 
factor XIII [34].

Assays for detection
The two most useful assays for quantitation of plasma fibrino-
gen are a clotting rate assay and an enzyme immunosorbent
assay (EIA). Sodium citrate is used as anticoagulant to collect the
plasma specimen. For the clotting rate assay, the plasma sample,
diluted 10-fold, is incubated with thrombin; the resultant fibrin
clot is suspended in 6.7 M alkaline urea, and the fibrinogen con-
centration is derived from the optical density at 280 nm, com-
pared with standards containing known concentrations of
fibrinogen. The EIA assay is performed using an immobilized
monoclonal antibody against the carboxyl-terminal end of the
fibrinogen α-chain to capture the fibrinogen. A monoclonal
antibody against the amino-terminal end of the α-chain, com-
plexed with horse radish peroxidase (HRP), is then added. The
clot and EIA methods yield comparable results [35]. 

Normal values, factors influencing them and
abnormal values in organ diseases other than liver
The normal range in plasma is 200–400 mg/dL, and this can 
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be influenced by several different pathological states. Fibrinogen
is an ‘acute phase protein’, concentrations of which are often 
elevated in: severe infections, postsurgical states, collagenoses,
rheumatoid arthritis and pregnancy. Decreases in the plasma
concentration of fibrinogen can be due to a hereditary
dysfibrinogenaemia, or to acquired conditions that decrease
synthesis or increase consumption. Genetic hypofibrino-
genaemia, present from birth, is related to gene mutations 
in either the α, β or γ chain [34]. Increased consumption of
fibrinogen occurs in the syndrome of disseminated intravascular
coagulation (DIC), in which fibrinogen levels are decreased due
to increased degradation of fibrinogen to split products. 

Abnormal values in hepatobiliary diseases
Plasma fibrinogen concentration is usually increased during ful-
minant hepatitis as an acute phase response. In such patients,
the prognosis is poor if the fibrinogen concentration fails to 
rise or decreases, reflecting severely impaired protein synthesis
[36] or development of DIC [37]. With chronic liver disease,
fibrinogen levels usually remain within the normal range,
decreasing only when severe liver dysfunction develops (Child
class C patients) [35]. The decrease in plasma fibrinogen is a
result of decreased protein synthesis and/or increased periph-
eral intravascular coagulation [38]. The latter is distinguished by
increased plasma levels of fibrin split products.

Summary of clinical usefulness
Because plasma fibrinogen concentration decreases mainly in
endstage liver failure, it has very limited predictive value in
chronic liver disease [39] but suggests a poor prognosis in acute
hepatic failure. 

Pseudocholinesterase

Nature of the enzyme and its reaction
Pseudocholinesterase (PChE), or serum cholinesterase, is a fam-
ily of 11 enzymes that hydrolyse acetylcholine and other choline
esters to choline and an organic acid, for example acetic acid.

Distribution and localization of the enzyme
It is expressed in liver and to a lesser extent in small intestine,
smooth muscle cells, heart, pancreas and adipocytes and it is
present in plasma [40]. 

Assays of enzyme activity
Many different tests have been developed to detect PChE 
activity:
• detection of CO2 produced (manometric method);
• assessment of the amount of acetic acid produced by monitor-
ing the decrease in pH;
• direct measurement of acetic acid (titrimetric assay) by colori-
metric or voltammeter detection.
In all of these techniques, the serum sample is incubated with 
10 mM acetylcholine. This high concentration has two purposes:

(i) to produce sufficient concentrations of thiocholine and acetate
to be detected by colorimetric methods, and (ii) to inhibit a dif-
ferent acetylcholinesterase in serum that can contribute to the
enzymatic activity. This cholinesterase, which originates in ery-
throcytes, utilizes acetyl-β-methylcholine as its specific substrate.

Normal values and factors influencing them
Normal values are between 4000 and 12 000 U/L. Normal values
in females are on average 15% lower than in males and fall even
further during pregnancy [41]. PChE concentration can be
lower in subjects without any disease who carry one or two 
atypical alleles (polymorphism) that have much less activity
(serum levels <3000 U/L). Treatment with steroids (corticos-
teroids) can reduce the serum PChE activity [42].

Abnormal values in hepatobiliary diseases
PChE is an index of liver synthetic function and is depressed
during either acute or chronic liver damage. During acute hep-
atitis, the degree of decrease is mild, but it may be lowered 
by 30–50% during severe necrosis. In liver cirrhosis, PChE
decreases progressively to values as low as 50–70% of normal. 
In patients affected by chronic liver disease, this test is more 
sensitive than estimation of plasma albumin to detect impair-
ment of protein synthesis in the liver [43].

Abnormal values in other diseases
Starvation and malnutrition can reduce the serum PChE activity
as part of the general impairment in protein synthesis; the same
effect is observed in patients with intestinal malabsorption, 
sepsis or severe burns [44]. Mild reduction of PChE activity is
observed during myocardial infarction. A severe decrease (up 
to 60% lower than normal values) occurs with intoxication by
organophosphate and carbamate pesticides. High serum activity
is observed in obese patients, and in diabetic patients activity 
is positively correlated with high levels of triglycerides and
inversely with insulin sensitivity; the reasons are unknown [40].
One person in 1500 has a deficit of PChE activity due to inheri-
tance of an atypical variant of the enzyme; such subjects may 
suffer prolonged apnoea after treatment with succinylcholine
during surgical procedures. 

Summary of clinical usefulness
Serum PChE activity is an index of liver function although its
advantage versus serum albumin is not proven. Therefore the
routine use of PChE is not recommended. 

Ammonia

Nature of the compound and its distribution
Ammonia (NH3) is present in normal blood and derives from
the metabolism of amino acids by the kidney and of amino acids
and urea by intestinal bacteria. At the near neutral pH values of
body fluids and cells, ammonia (pKa = 9.25) exists mainly in the
form of ammonium ions (NH4

+), which cannot diffuse passively
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across membranes. Thus, only the small fraction of ammonia in
the form of NH3 is diffusible, and it will passively move along a
pH gradient from a compartment with higher pH to a compart-
ment with lower pH, due to being trapped as NH4

+ in the lower
pH compartment. Thus, the lower pH of the tissues compared
with the blood favours diffusion of NH3 into tissues, and the
lower pH of the colon compared with blood tends to limit
absorption of NH3 from the intestine.

In the fasting state, the intestine (50%) and kidney (40%) are
the two major sources of blood ammonia. The greatest fraction
originates by passive absorption of NH3 from the intestinal
lumen, where it is derived from three sources: (i) NH3 present in
foods like meat and cheese; (ii) the deamination of ingested
amino acids and deamidation of glutamine by the activity of
intestinal bacteria; and (iii) the formation of NH3 and CO2 from
urea, about 25% of which diffuses from the blood into the
intestinal lumen on each circulation. The absorbed ammonia
passes via the portal venous blood to the liver, where it is norm-
ally metabolized to produce urea or ligated to glutamate to 
produce glutamine. Skeletal muscles can also reversibly form
glutamine from ammonia + glutamate.

Assays of blood ammonia
Two different principles are used to extract ammonia from the
blood: one involves isothermal diffusion of NH3, and the other
utilizes ion-exchange resins. The former is performed in a vial
with two chambers separated by a microfilter: after addition 
of potassium carbonate to the blood sample chamber, NH4

+ is
converted to NH3, which diffuses across the microfilter and is
trapped as NH4

+ in the second chamber containing HCl. After 
45 min, the remaining HCl is precipitated as BaCl2 by addition
of 0.01 n barium hydroxide. Measurement of the precipit-
ated BaCl2 by this method allows calculation of the amount of
HCl consumed, and thus the quantity of ammonia that neutral-
ized it. The other method is based on the reversible enzymatic
reaction of glutamate dehydrogenase (GDH). In this method,
the ammonium, trapped in the ion-exchange resin, is incubated
with GDH, α-ketoglutarate and NADPH, resulting in the for-
mation of l-glutamate and NADP+; the decrease of spectral
absorbance of NADPH at 340 nm is directly related to the con-
centration of ammonia.

Normal values and factors influencing them
The normal blood ammonia concentration is quite low: 40–
80 µg/dL (23–46 µM). The blood ammonia determination is very
sensitive to outside influences and variations in technique, so
must be performed with extreme care. The blood sample should
be arterial rather than venous. Red blood cells rapidly deaminate
labile compounds (like glutamine). Studies with an ammonia
electrode show that generation of ammonia by erythrocytes
occurs rapidly from the moment the blood sample is drawn. To
minimize spurious increases in ammonia concentration from
this source, the sample must be put in ice immediately and 
analysed within 2 h. Cigarette smoke contains considerable

ammonia, so the laboratory and technician must be smoke-free
and the patient should not smoke during the previous 8 h [44]. 

Blood ammonia rises markedly after eating protein and after
gastrointestinal bleeding, both of which provide increased sub-
strate for generation of ammonia by the intestinal flora. Acidosis
increases renal ammonia synthesis and vigorous exercise
increases the formation of ammonia from adenylic acid and 
glutamine in muscle. 

Abnormal values in hepatobiliary diseases
Patients affected by either acute liver failure or chronic liver dis-
ease may suffer a decrease in hepatic urea synthesis and shunting
of portal blood around the liver, resulting in increased ammonia
concentrations in the peripheral blood. The consequent eleva-
tions in ammonia levels in the central nervous system may
engender hepatic encephalopathy through both direct and 
indirect mechanisms [45]. There is, however, a poor correlation
between arterial ammonia concentrations and the symptoms 
or severity of encephalopathy [46]. This may be related to the
multiplicity of factors, other than ammonia, that may also affect
CNS function in patients with hepatic failure or cirrhosis, as 
well as the technical problems with measurement of ammonia,
discussed above. 

Abnormal values in other diseases
Few other conditions increase blood ammonia concentrations.
Infants may suffer encephalopathy due to rare congenital hyper-
ammonaemias, caused by genetic deficiencies of enzymes involved
in urea synthesis. The deficient enzymes are carbamoylphos-
phate synthase (type 1) and ornithine transcarbamylase (type 2).
An increase of ammonia is occasionally observed in patients
affected by severe pulmonary emphysema or carbon monoxide
(CO) intoxication.

Summary of clinical usefulness
Blood ammonia is widely used to confirm the diagnosis of 
hepatic encephalopathy in patients with liver dysfunction. 
Its sensitivity and specificity for the diagnosis of hepatic
encephalopathy are, however, only 85% and 29%, respectively,
so this test is used less frequently now than in the past. 

Cholesterol, phospholipids and triglycerides

All of these lipids are both synthesized and catabolized by the
liver, as well as by other organs. 

Abnormal values in hepatobiliary diseases
Modifications of both the amount and composition of plasma
lipoproteins are common in all forms of hepatobiliary diseases,
with different patterns according to the aetiology of the disease.
In cholestatic disorders, either intra- or extrahepatic, there is
commonly elevation of free cholesterol and phospholipids in
plasma. This is due to: (i) inhibition of the conversion of choles-
terol to bile salts; and (ii) regurgitation of cholesterol/lecithin
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vesicles from the bile, which combine with plasma albumin to
form the abnormal lipoprotein, LP-X [47]. LP-X is specific for
cholestasis and familial LCAT (lecithin-cholesterol acyltrans-
ferase) deficiency. Characteristically, in both intra- and extra-
hepatic cholestasis, plasma high-density lipoprotein (HDL),
apolipoprotein A-I (ApoA-I) and apolipoprotein A-II (ApoA-
II) are increased also [48]. Treatment of primary biliary cirrhosis
(PBC) with ursodiol usually decreases the plasma cholesterol
concentration [49]. In patients with chronic excessive alcoholic
intake, either with or without hepatic steatosis, it is common to
observe hypertriglyceridaemia related to an increase of VLDL
(very-low-density lipoproteins); increases in plasma cholesterol
and phospholipids are frequent also. After alcohol withdrawal,
triglyceride clearance is rapid while the cholesterol and phos-
pholipid concentrations decrease more slowly. In cirrhosis,
serum cholesterol and ApoB levels are progressively decreased in
concert with the impairment of the liver function. The decrease
in serum cholesterol concentration is mainly at the expense of
the esterified fraction, associated with decreased concentrations
of α- and pre-β-lipoproteins [50].

Summary of clinical usefulness
Measurement of plasma cholesterol can be useful in two differ-
ent clinical situations: (i) an increase as a marker for the dia-
gnosis and severity of cholestatic disorders, such as PBC; and (ii)
a decrease as a marker of impaired liver function in cirrhosis.
Triglycerides can be used as a marker for the follow-up of
patients with suspected abuse of alcohol.

Markers to assess hepatic excretory
function

Bilirubin

Structure and properties of bilirubin
Bilirubin is a yellow pigment present in serum in two different
forms: unconjugated bilirubin (UCB), also called indirect
bilirubin (see below), and conjugated bilirubin (CB), also called
direct bilirubin. Both forms of bilirubin are potent antioxidants
at low concentrations, and may play a role in protecting cells
against diseases caused by oxidant damage [51]. At higher 
concentrations, however, the unconjugated form, which readily
diffuses across cell membranes, may be cytotoxic. 

UCB is produced in adults at a rate of approximately 
3.8 mg/kg/day as the final product of the catabolism of the por-
phyrin ring of haem. It is a tetrapyrrole with two substituent
propionic acid groups, each internally hydrogen-bonded to the
>C=O and >N–H groups of the opposite dipyrrole half of 
the molecule. This endows the molecule with very low water sol-
ubility (<0.1 µM), requiring that it be transported in blood 99.9%
bound to plasma albumin (90%) and apolipoprotein D (10%). 

Distribution, transport and metabolism of bilirubin
UCB is produced mainly in the spleen from the catabolism of

haem released when senescent red cells are destroyed by the
reticuloendothelial cells. About one-fourth of UCB derives from
ineffective erythropoiesis in the bone marrow and catabolism of
other haem proteins, particularly cytochromes in the liver and
myoglobin in muscle. UCB, delivered from the spleen via the
splenic vein, undergoes uptake across the basolateral membrane
of the hepatocyte by a facilitated diffusion process; the respons-
ible carrier remains unclear [52]. In the hepatocyte cytosol, UCB
is bound to ligandin and then diffuses into the microsomes,
where it is conjugated with one or two molecules of glucuronic
acid by a specific UDP-glucuronosyl transferase (UGT1A1).
This renders the bilirubin soluble in water and CB is actively
secreted in the bile by the multidrug resistance–associated 
protein 2 (MRP2) [53] membrane transporter at the canalicular
membrane. After passing through the biliary tree and the small
intestine, CB is deconjugated by coliforms in the small intestine
and anaerobic bacteria in the terminal ileum and colon. The
anaerobes then reduce UCB to form colourless urobilinogens
that are mostly expelled with faeces. In adults and older children,
small proportions of UCB and urobilinogens are reabsorbed
from the intestine into the portal venous blood and return to the
liver (enterohepatic circulation). The absence of the appropriate
flora in newborns precludes formation of urobilinogens and
enhances greatly the enterohepatic circulation of UCB.

Assays
The ‘gold standard’ is high-performance liquid chromatography
of bilirubins in plasma, either native or after derivatization.
Though very accurate and specific, these methods are expensive
and not easily automated, and are thus not routinely available
clinically. The method most commonly used is based on the
reaction of bilirubin with diazotized sulfanilic acid, which splits
the molecule into two dipyrroles, each coupled with the diazo
reagent [54]. These azopigments, which are red in neutral solu-
tion and blue or green in strongly acid or alkaline solution, are
measured spectrophotometrically. Due to the internal hydrogen-
bonding, UCB couples only slowly with the diazo reagent, and
the reaction essentially measures only ‘direct-reacting’ CB.
Addition of an ‘accelerator’ (caffeine or diphylline) that breaks
the hydrogen bonds of UCB, allows the UCB to react also, yield-
ing the total bilirubin concentration. The total-direct bilirubin =
‘indirect-reacting’ bilirubin, which is a rough measure of UCB
in the sample.

The method used nowadays was originally developed by
Jendrassik and Grof. The serum or plasma sample is added to a
solution of sodium acetate and caffeine–sodium benzoate, which
stabilizes the bilirubin and buffers the pH when the very acid
diazo-reagent is added; for the direct reaction, the caffeine is
omitted. The diazo reagent, freshly prepared by addition of HCl
and sodium nitrite to sulfanilic acid, is then added. After 10 min,
addition of an alkaline solution stops the reaction and changes
the colour of the azopigments from pink to blue–green, shifting
the absorption maximum to 600 nm, well away from the absorp-
tion maxima of other coloured compounds in serum. Inclusion
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of ascorbic acid in the alkaline stop solution helps arrest the
reaction and stabilize the azopigments. Unreactive blanks, pre-
pared without nitrite or with ascorbic acid added before the
diazo reagent, are used to correct for other coloured compounds
in serum. The net A600 is then converted to bilirubin concentra-
tion by comparison with a standard curve prepared from a stock
solution of bilirubin in serum.

A commercial modification of the diazo method (Kodak
Ektachem, Rochester, NY) utilizes multilayered filters/adsorbants
to separate the UCB, CB and δ-bilirubin (bilirubin covalently
linked to albumin in cholestatic disorders), then measures the
azopigments formed in each layer by reflectance spectroscopy. 

In newborns, due to the very small amount of blood sample
available, a direct spectrophotometric determination is often
used. A blood sample is collected in heparinized capillary tubes;
after centrifugation the plasma is removed and diluted in Tris
buffer. The absorbance of this solution is measured spectropho-
tometrically at 453 and 575 nm or at 436 and 578 nm. The lower
wavelength is near the peak of bilirubin absorbance, and the
higher wavelength detects one of the multiple absorbance peaks
of haem, which is commonly present in neonatal plasma due to
haemolysis. Using constants determined from standard samples,
total bilirubin concentration is calculated from the difference
between the two absorbances:

bilirubin (mg/dL) = dilution factor × (1.3A453 − 1.37A575).

This method is feasible only in newborns because yellow caro-
tenoids, which have absorbance maxima similar to bilirubin, are
almost absent from plasma in the first week of life [55]. With this
method it is not possible to differentiate between conjugated
and unconjugated bilirubin. 

Normal values and influencing factors
Normal serum bilirubin levels in adults range from 0.15 to 
1.2 mg/dL (3–21 µM). Some factors may influence the accuracy
of the measurement: it is important that the blood sample is 
collected after 8–12 h fasting, as the postprandial presence of
chylomicrons and lipids in plasma renders the sample turbid,
impairing the absorbance measurement. Haemolysed samples
give falsely low values due to interference of haem with the diazo
reaction. The sample should be kept in the dark or protected
from direct light to minimize photo-oxidation of bilirubins to
products that do not react with the diazo reagent.

It is also important to note that virtually all the bilirubin pre-
sent in normal serum is in the unconjugated form [56]; the low
level of direct-reacting bilirubin (<15% of the total) results from
slow reaction of UCB even in the absence of added accelerator and
possibly from endogenous accelerators in the plasma (caffeine,
urea, bile salts). Unidentified diazo-reactive compounds present
in the serum may falsely elevate the direct-reacting fraction [57].

Abnormal values in hepatobiliary diseases
The metabolism and excretion of bilirubin is impaired in almost
all hepatobiliary disorders, giving rise to retention of the yellow
pigments in the plasma and tissues (jaundice or icterus).

Jaundice can be divided into two major classes: an increase of 
(i) UCB, or (ii) CB + UCB. Type (ii) is readily distinguished by
the presence of bilirubin in the urine, because the conjugated
bilirubins are less tightly bound to plasma proteins and can filter
at the glomerulus. Making this distinction is the first step in the
differential diagnosis of jaundice. 

Unconjugated hyperbilirubinaemia (<15% direct-reacting)
may be caused by overproduction of bilirubin (haemolysis),
shunting around the liver of portal blood (including the UCB-
rich blood in the splenic vein), impaired hepatic uptake of 
UCB, and/or genetic deficiencies of the conjugating enzyme,
UGT1A1. Almost all newborns are ‘physiologically’ jaundiced
because of increased haemolysis and enterohepatic circulation
of UCB, increasing the load on immature mechanisms for
uptake and conjugation of UCB by the liver. Genetic impair-
ment of conjugation by 60–70%, accompanied by impaired
hepatic uptake and/or overproduction of UCB, causes Gilbert
syndrome. Seen in 6–10% of adults, this harmless syndrome is 
characterized by mild indirect hyperbilirubinaemia without
overt haemolysis or evidence of structural liver disease. The rare
Crigler–Najjar syndromes (types 1 and 2) are due to the genetic
absence (I) or very low (<10%) activity (II) of UGT1A1. Type 1
patients show very high serum levels of indirect bilirubin (20–
30 mg/dL) without direct bilirubin; type 2 patients usually 
have 8–12 mg/dL indirect bilirubin in serum, with small pro-
portions of direct bilirubin [58]. 

Conjugated hyperbilirubinaemia is accompanied by biliru-
binuria, and is almost always indicative of significant hepato-
biliary disease, even if as little as 30% of the serum bilirubin is
direct-reacting. The retention of bilirubin conjugates is due to
impaired canalicular secretion or biliary flow, with regurgitation
of the bilirubin conjugates from the liver cell or bile back into 
the plasma. The significant concomitant elevation of indirect-
reacting (unconjugated) bilirubin is due to: (i) deconjugation 
of the retained CB by β-glucuronidases in the tissues; and (ii)
accompanying defects leading to retention of UCB, including
impairment of hepatocytic uptake, portosystemic shunting, and
haemolysis. It is important to realize that bilirubin conjugation
is little impaired in hepatobiliary diseases except with severe
acute or chronic liver failure.

Once conjugated hyperbilirubinaemia has been detected, the
next step is to determine whether the problem is primarily due
to hepatocellular injury or to impaired bile secretion and/or flow
(cholestasis). Initial clues come from the age of the patients, the
history of exposure to drugs, toxins or hepatitis viruses, the pres-
ence of biliary colic, and the symptom of pruritus (itching),
which occurs in 75% of patients with cholestasis.

Elevations of serum transaminases and/or low levels of serum
albumin point to hepatocellular diseases, and the diagnosis is
further established by other serological and biochemical tests,
often followed by liver biopsy. By contrast, an increase in serum
alkaline phosphatase levels to more than three times the upper
limit of normal values favours a cholestatic disorder; in this case,
the next step is to distinguish between intrahepatic cholestasis
and extrahepatic obstruction. This is usually achieved by 
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visualization of the biliary tree, most often by endoscopic
cholangiography. Because some hepatocellular diseases (e.g.
drug-induced) may affect biliary secretion, and persistent
cholestasis secondarily damages the hepatocytes (e.g. in primary
biliary cirrhosis), a mixed clinical and laboratory picture is 
not uncommon. Nonetheless, 85–90% of cases of conjugated
hyperbilirubinaemia can be correctly classified as primarily 
hepatocellular disease vs cholestasis, and intra- vs extra-hepatic
cholestasis, utilizing only history, physical examination and 
routine serum biochemical tests.

Hereditary defects in MRP2, the canalicular exporter of 
conjugated bilirubins, cause the Dubin–Johnson and Rotor 
syndromes [53], typically marked by direct hyperbilirubinaemia
with little or no increase of alkaline phosphatase and the other
serum markers of cholestasis. Hereditary conjugated hyper-
bilirubinemias, due to genetic abnormalities in the canalicular
transporters of bile salts or phospholipids, cause the syndromes
of progressive familial intrahepatic cholestasis (PFIC) types 1–3,
benign recurrent intrahepatic cholestasis, or cholestasis of preg-
nancy. Some of these defects are accompanied by significant 
elevations of γ-GT, which assists in their classification: PFIC 
type 3 is distinguished from the other familial cholestasis by
significant elevations of the γ-GT levels in serum.

Abnormal values in other diseases
Serum UCB can be increased by haemolysis, due to increased
production of bilirubin from the catabolism of haem. Haemolytic
anaemia, by itself, rarely raises the total serum bilirubin above 
4 mg/dL (68 µM). There is no increase of cholestatic markers 
(γ-GT, alkaline phosphatase or 5′-nucleotidase) or ALT, but
release of LDH and AST from the damaged red cells can increase
these enzymes in serum. The diagnosis is made from examina-
tion of erythrocyte ± bone marrow morphology, plus increases
in serum haptoglobin and reticulocytes. 

Clinical usefulness
Although the proportion of direct/total bilirubin tends to be
higher in cholestatic than hepatocellular jaundice, it has been
known for half a century that the overlap among disease cat-
egories is so great that the direct/total bilirubin ratio is of no 
diagnostic value except to distinguish unconjugated (<15%)
from conjugated (>30%) hyperbilirubinaemia.

Total serum bilirubin is an important parameter in assessing
the prognosis of both acute and chronic liver failure and in the
decision to propose liver transplantation; an increased total
serum bilirubin concentration is associated with a shorter life
expectancy. In acute viral hepatitis, a serum total bilirubin con-
centration higher than 384 µM (22.5 mg/dL) predicts mortality
with a positive predictive value of 0.80 and sensitivity of 0.80.
Combination with total serum cholic acid and glycocholic acid
levels enhances the predictive value even further [59]. In cirrho-
sis of the liver of any cause, total serum bilirubin is a key variable
in the Child–Pugh and MELD scores, the two most widely used
to predict long-term survival. The endstage of primary biliary
cirrhosis (PBC), an autoimmune cholangiolitis, is characterized

by an increasing rise of serum bilirubin concentration. Total
serum bilirubin greater than 150 µmol/L (8.8 mg/dL) is the best
single indicator for orthotopic liver transplantation [60].

Alkaline phosphatase (ALP)

Nature of the enzyme and tissue distribution
Alkaline phosphatases constitute a group of membrane-bound,
glycosylated metalloenzymes with low substrate specificity that
catalyse the hydrolysis of a phosphoester bond at an alkaline 
pH, with the release of inorganic phosphate. The ALPs, whose
physiological functions are unknown, comprise four classes 
of isoenzymes (tissue-nonspecific, intestinal, germ-cell and 
placental ALP), encoded by at least four different gene loci.
Posttranslational modifications (e.g. in glycosylation) yield fur-
ther isoforms, the most important of which are produced in
bone and liver [61]. In normal subjects, the serum ALP activity is
represented mainly by the intestinal, bone and liver isoenzymes,
with at least half the activity represented by the liver isoforms.
The placental isoenzyme becomes a major component during
pregnancy. In the liver, ALP is expressed in both the sinusoidal
and canalicular membranes of the hepatocyte, principally in 
the latter [62]. It is also localized in the brush borders of the
epithelial cells of the renal proximal convoluted tubules, small
intestine, pulmonary alveoli and the membrane bordering the
bile canaliculus [63]. 

Assays of detection
ALP activity is assayed enzymatically, utilizing one of a panoply
of phosphate esters that are substrates for ALP. The analytical
methods can be divided into two general categories: detec-
tion of the released phosphate (from phosphate esters as 
β-glycerolphosphate), or measurement of the liberated alcohol
(e.g. phenol from phenylphosphate).

Values obtained on individual specimens agree poorly among
the various methods (Table 1), due to several factors: (i) differ-
ent substrates vary in their affinity for the different isoenzymes;
(ii) activities of the various isoforms and isoenzymes are pro-
foundly and differently affected by reaction conditions (pH,
temperature, type of phosphate ester, the concentration and
nature of the metal activator, etc.) [63]. Conversion factors for
comparison of average values from one test to another are
poorly applicable to individual specimens. Thus, in everyday
clinical practice, ALP activities obtained from different labor-
atories are best compared by expressing the results as the ratio 
to the upper limit of normal range of values for that facility.

Distinguishing isoenzyme activities
Several different physicochemical, electrophoretic and
immunochemical techniques have been developed to distin-
guish the contributions of the different isoenzymes and isoforms
to total ALP activity. Among the most common are:
• differences in sensitivity of isoenzymes to inactivation by 
elevated temperatures, alterations in pH, or concentratons of
urea;
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• comparative reactivity to a panel of specific substrates;
• electrophoretic separation according to molecular weight or
isoelectric point;
• removal of isoenzymes by specific immunoprecipitation.

These techniques are not commonly used because many: (i)
are too cumbersome for a routine use; (ii) have low sensitivity;
(iii) don’t yield a quantitative result; and (iv) poorly resolve the
bone and the liver isoforms (the most important distinction in
clinical practice). For those reasons, the origin of the ALP activ-
ity in patients is usually inferred from the contemporaneous
determination of serum γ-GT and/or 5′-nucleotidase activities,
enzymes that originate mainly from the liver (see below). The
absence of a contemporaneous increase of γ-GT [64] or 5′-
nucleotidase activities suggests that the elevated serum ALP
activity originates from bone or placenta; a pregnancy test can
help confirm the latter possibility. 

Influencing factors
Serum ALP activity increases markedly during the pubertal
increase in height and bone growth, between 5 and 14 years of

age in males and 5 and 12 years of age in females [65]. African
American boys and girls, who have larger skeletal mass, have
higher values than Caucasaians of the same age [66]. After
puberty, activities decrease towards adult values, but tend to
remain higher in males than in females [67]. 

In the elderly, the serum total ALP activity of both sexes
increases with increasing age, especially above age 60 years. The
same trends are seen in the non-bone isoforms (assumed to 
be largely from liver) (Fig. 3). By contrast, the activity of the
bone isoenzyme (b-ALP) increases in women and decreases in
men. The reason for the postmenopausal increase of b-ALP in
women has been attributed to loss of the inhibitory effects of
estrogen on bone turnover. In men, the decline in b-ALP activity
with age correlates with decreases in the histomorphometric
markers of bone formation [68].

Abnormal values in hepatobiliary diseases
Total ALP activity is increased in hepatobiliary diseases due to
three mechanisms: (i) cleavage of the membrane-bound enzyme
from its glycophospholipid anchor in the sinusoidal membrane

Table 1 Some assays used for determination of serum ALP activity. Modified from ref. 63 with permission of Williams & Wilkins Co.

Method Substrate Temp. (°C) pH Buffer Unit Normal range

Bessey–Lowry–Brock p-Nitrophenyl 39 10.5 Glycine 1 mmol 0.8–3.0

phosphate p-nitrophenol/L/60 min

Bodansky b-Glycerophosphate 37 8.6 Diethyl barbiturate 1 mg 1.5–4.0

Pi/100 mL/60 min

International p-Nitrophenyl 37 10.5 2-Amino-2-methyl- 1 µmol p- 21.0–85.0

phosphate 1-propanol nitrophenol/L/min

International Phenylphosphate 37 10.0 Sodium carbonate 1 mg 3.0–13.0

phenol/100 mL/30 min

King–Armstrong Phenylphosphate 37 9.3 Diethyl barbiturate 1 mg 3.0–13.0

phenol/100 mL/30 min

Klein–Read–Babson Phenolphthalein 37 9.3 Tris 1 mg 1.0–4.0

diphosphate phenolphthalein/100 mL/30 min

Shinowara–Jones–Reinhart b-Glycerolphosphate 37 9.3 Diethyl barbiturate 1 mg 2.2–8.6

phenol/100 mL/60 min

Pi, inorganic phosphate.
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Fig. 3 Increase in total serum alkaline
phosphatase (ALP) with age. The two r values
at the left upper corner of the right panel for
women are for (�) pre- and (�) post-
menopausal women respectively. From ref. 68
with permission of American Association for
Clinical Chemistry, Inc.
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of the damaged hepatocyte; (ii) impaired trafficking of the
enzyme from the sinusoidal to the apical membrane of the hepa-
tocyte; and (iii) enhanced enzyme synthesis in the hepatocyte
due to induction by retained bile acids [69]. The former concept
that biliary secretion of the enzymes was impaired in cholestatic
diseases has been negated by evidence that the hepatocyte does
not excrete ALP into the bile [70]. 

The ALP activity is most strikingly increased in cholestatic
and infiltrative liver diseases, less so in hepatocellular diseases. If
ALP is not increased, the presence of cholestasis is unlikely,
except for the cholestasis related to therapy with oestrogens or
anabolic steroids; it is not known why there is little or no eleva-
tion of the serum ALP in the majority of such cases. With biliary
tract obstruction, ALP activity is almost never normal and is at
least three times the upper normal limit in over 90% of such
cases. Elevation of the ALP is often the only abnormal ‘liver
function’ test in patients with partial biliary obstruction (e.g.
due to pancreatic or bile duct carcinomas, or sclerosing cholan-
gitis) or multifocal intrahepatic duct obstruction by infiltrative
diseases (e.g. hepatocellular or metastatic carcinoma, sarco-
idosis, amyloidosis, or abscesses). ALP activity reportedly has 
a high sensitivity (90%) to detect metastatic malignancy [71].

It is important to understand that increased ALP activity is 
of no value in differentiating between intra- vs extrahepatic
cholestasis, as it can be increased whenever bile flow is impaired,
whether from obstructive lesions (tumours, primary biliary 
cirrhosis, sclerosing cholangitis) or hepatocellular damage
(viral, drug or alcoholic hepatitis) [72].

Abnormal values in other diseases
Mild elevation of ALP levels of hepatic origin may occur in
patients with stage I or II Hodgkin’s disease, hypernephroma,
congestive heart failure, myeloid metaplasia, peritonitis, dia-
betes, subacute thyroiditis or uncomplicated gastric ulcer [72].

During pregnancy, ALP activity of placental origin starts 
rising beyond the second trimester and reaches a peak of up to
four times the normal range at the ninth month, then subsides 
to normal levels within 20 days after delivery. 

Increased ALP activity originating from bone is observed in
bone diseases whenever osteoblastic activity is increased (Paget’s
syndrome, healing fractures, rickets, osteomyelitis, bone metas-
tases, osteoporosis, osteomalacia, primary hyperparathyroid-
ism, etc.). Distinctively, in all those diseases, γ-GT and/or 
5′-nucleotidase are usually normal. Patients affected by chronic
renal failure, especially if treated with haemodialysis or peri-
toneal dialysis, can develop an increase of ALP activity related to
the secondary bone or liver disease. 

Several medications (Table 2) interfere directly with the meas-
urement of ALP because they inhibit its enzymatic activity.
Artefactual elevation of ALP activity has been described after
albumin infusion because of the concomitant infusion of the
active enzyme as a contaminant. This is possible because one of
the sources of human albumin for infusion is the placenta and
the ALP isoform in the placenta is resistant to the sterilization

process [73]. ALP can be increased after drug treatment because
of induction of liver damage (e.g. paracetamol, azathiaprine,
methotrexate, oral contraceptives) or by inactivation of vitamin
D (as it occurs in 25% of children receiving anticonvulsant 
therapy). 

As a curiosity we refer to a family with autosomal dominant
inheritance of a 2–4× increase of serum ALP activity in the
absence of disease [74]; the mechanism is unknown.

Gamma-glutamyltransferase (g-GT)

Nature of the enzyme
γ-GT is a cell-surface glycoprotein that cleaves γ-glutamyl amide
bonds. It catalyses the transfer of the γ-glutamyl group from 
the γ-glutamylpeptide to another peptide or amino acid. The
most abundant physiological substrates for the enzyme are 
glutathione and glutathione conjugates. 

Tissue distribution
γ-GT is expressed most strongly in the kidney (brush border
membranes of proximal convoluted tubules), moderately in the
liver and pancreas, and to some degree in the heart, intestine,
lung and spleen [75]. In the liver, its activity is located mainly in
the microsomal fraction of the intra- and extrahepatic bile duct
epithelium. 

Assays of detection
The method recommended by the International Federation 
of Clinical Chemistry is based on the original procedure, using
γ-glutamyl-3-carboxy-4-nitroanilide as a substrate and glycyl-
glycine as the acceptor of the γ-glutamyl group. The final prod-
ucts are l-glutamyl-glycylglycine and 5-amino-2-nitrobenzoate.
The latter compound is chromogenic (yellow) and is measured
spectrophotometrically at a wavelength of 405 nm [76].

Normal serum levels and factors affecting them
The reference range for serum γ-GT is 12–32 IU/L. Within the
normal range, values are influenced by:
• sex (higher in male);
• age (increases with age above 40–50 years) [77];
• race (higher values in black people);
• smoking (higher levels in smokers);
• childbirth (higher levels at 5–10 days postpartum and greater
increase after caesarean section).
Physical exercise does not influence the serum activity [78]. 

Table 2 Drugs that can inhibit enzymatic activity of serum alkaline
phosphatase (ALP). From ref. 73 with permission of Adis International.

Arsenicals Lithium Serum phosphorus

Beryllium salts Serum magnesium Potassium

Ethionamide Nitrofurantoin Sulfhydryl compounds

Fluorides Oxalates Zinc salts
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Serum levels in hepatobiliary diseases
Serum γ-GT activity may be increased in all types of liver disease,
but is most strikingly increased with obstruction of either intra-
or extrahepatic bile ducts, although not directly correlated with
the serum bilirubin levels. In cholestasis, it is more liver-specific
than alkaline phosphatase (ALP), but its sensitivity may be less.
The main clinical value of γ-GT activity is that it is not elevated
when the increased serum ALP activity is of osseous or placental
origin [79]. Its activity is increased in viral acute hepatitis, usu-
ally reaching a peak from the second to the third week, whereas it
remains slightly elevated in chronic viral hepatitis and cirrhosis,
and it can be considered as an expression of intrahepatic
cholestasis during hepatitis. During acute hepatitis, however,
the aminotransferase levels are disproportionally increased sug-
gesting that an ALT/γ-GT ratio may help in the discrimina-
tion between hepatitis and obstructive hepatic disease (<1.8)
[79]. The detection of elevated γ-GT activity in patients with
proven malignancy is highly suggestive for the presence of
metastatic lesions localized in the liver [80]. Elevation in γ-GT
activity may be useful to distinguish PFIC type 3 from types 1
and II. 

Abnormal values in other diseases and clinical
situations
Serum γ-GT activity can be increased by treatment with drugs,
such as the anticonvulsants phenytoin and phenobarbitone, that
induce microsomal enzymes; the γ-GT levels are only weakly
correlated with the drug concentrations in plasma [81]. Other
drugs (i.e. oral contraceptives, carbamazepine, valproate) or
chemicals (i.e. DDT, hexachlorobenzene) likewise may increase
serum γ-GT activity [64].

Persistent alcohol consumption engenders a progressive,
dose-related increase in γ-GT levels, but a single dose of alcohol
has no effect [82]. The apparent half-life of serum γ-GT after
abstention from alcohol varies from 5 to 17 days [83], being
longer in patients with chronic liver disease. In decompensated
cirrhosis, γ-GT levels can remain elevated despite abstinence,
because of severe liver fibrosis [84]. For the detection of alcohol
intake, the sensitivity and specificity of elevated γ-GT levels
range from 33 to 58% and from 70 to 87% respectively. Thus, 
γ-GT alone is inadequate to screen for excessive alcohol intake,
but it can be useful for serially monitoring alcohol abuse by 
individual patients [64].

γ-GT increases with increases in body weight, and in particular
body mass index or hip/waist ratio. γ-GT is frequently elevated
in patients affected by the metabolic syndrome, especially in
patients affected by hypertriglyceridaemia, hypercholesterolaemia
and insulin resistance, and in most patients with nonalcoholic
fatty liver disease (NASH). γ-GT is increased also in 20% of 
diabetic patients – particularly noninsulin-dependent diabetes
mellitus (NIDDM). In all these situations, the increased serum
levels of γ-GT may be related to the associated fatty liver.
Amyloidosis is another infiltrative hepatic disorder in which 
γ-GT activity can be raised [85]. 

Other causes of elevated serum γ-GT activity are myocardial
infarction, congestive heart failure, acute pancreatitis, obstruct-
ive lung disease and chronic kidney failure.

Summary of clinical usefulness
Elevated serum γ-GT activity is a highly sensitive marker of 
hepatobiliary disease, but its usefulness is limited because of 
low specificity, related to the wide spectrum of diseases in which
this enzyme activity is elevated. In our opinion, measurement 
of γ-GT activity is of value only to exclude a hepatobiliary source
for an increased serum ALP, and to monitor the response to
treatment in patients with uncomplicated alcoholic liver disease
or other liver disorders who presented initially with an increased
γ-GT activity. It is also useful in the differential diagnosis of
PFIC.

5′-Nucleotidase

Nature of the enzyme
5′-Nucleotidase is an alkaline phosphatase that specifically 
catalyses the hydrolysis of the phosphopurine nucleotides by
releasing inorganic phosphate from carbon 5 of the ribose 
(pentose) ring.

Assays of detection
Two different techniques are available: the first is based on the
measurement of the total ALP activity (as previously described)
after adding adenosine-5′-monophosphate to the sample as a
specific substrate, and again after inhibiting the 5′-nucleotidase
activity by adding Ni2+ or Zn2+. The difference between the two
values represents the activity of the 5′-nucleotidase. The second
method consists of measuring the total phosphatase activity
with added nonspecific substrates (i.e. phenylphosphate or 
β-glycerolphosphate) ± the specific substrate (adenosine-5′-
monophosphate). The difference is taken as the 5′-nucleotidase
activity. The first method is preferred, because of the greater
influence of the unpredictable activity of nonspecific phos-
phatases on the second method.

Distribution
5′-Nucleotidase is present in most tissues and cells but the 
serum enzyme activity is increased only during cholestasis. This
specificity is supposedly related to the highly hydrophobic
nature of the enzyme, which results in its tight binding to plasma
membranes; it then becomes soluble only upon treatment with
detergents, such as bile salts. The markedly higher levels of
retained bile salts in the liver during cholestasis presumably
explains the specificity of high levels of serum 5′-nucleotidase
for cholestatic disorders [86]. 

Normal serum levels, factors affecting them and
clinical usefulness
The normal values are from 2 to 17 U/L and are not altered by
age or sex [42], nor elevated by pregnancy or bone diseases.

TTOC05_02  3/9/07  9:11 AM  Page 464



5.2 BIOCHEMICAL INVESTIGATIONS IN THE MANAGEMENT OF LIVER DISEASE 465

These features make this assay valuable in infancy, pregnancy or
subjects with bone diseases to discriminate whether an increase
of serum ALP activity is related in part to underlying hepatob-
iliary disease. Because serum γ-GT can discriminate if the ALP
increase is related or not to a biliary disorder except in paediatric
patients, 5′-nucleotidase activity should be used in anicteric or
icteric infants and children when cholestasis is suspected. In
adults, 5′-nucleotidase activity is more specific than γ-GT, but
the sensitivity is lower. Thus, in subjects with an elevated serum
ALP, 5′-nucleotidase is useful only to prove the presence of 
hepatobiliary disease when positive, whereas γ-GT is useful only
to exclude hepatobiliary disease when it is normal.

Overall take-home message 

Unlike the lucky nephrologists, we hepatologists don’t have 
creatinine for liver diseases. This means that we need to combine
different tests to figure out what is wrong in the liver. In addi-
tion, although several of the tests described above have been
used for more than 30 years, we still lack a precise correlation
between the test result and its value for prognosis of the under-
lying liver disease, bar a few exceptions (albumin and proth-
rombin time for cirrhosis and bilirubin for biliary disorders).
Therefore, decisions about what test to use and when must be
driven by clinical suspicion and the results interpreted within
the same frame. 
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Quantitative measurements of specific liver functions have 
been a challenge for hepatologists for many years. The many
vital functions of the liver are not directly measurable, mainly
because of the inaccessibility of sampling blood from the liver
vessels. Several indirect tests have been proposed but few have
proved clinically useful. A number of quantitative tests, each
measuring particular metabolic functions or biliary excretory
processes, are needed [1]. For successful design of such tests, it is
most important to take into account the unique characteristics
of liver structure, microcirculation, intracellular metabolism
and biliary excretion. 

The liver is ideally evolved for removal of substances from the
circulation. Blood flows from the portal vein and the hepatic
artery to the liver veins through a highly interconnected, spon-
gelike system of sinusoids lined by hepatocytes. The endothelial
cells are fenestrated, allowing large molecules, but not the cor-
puscular elements of the blood, direct access to the hepatocyte
membrane, where numerous microvilli extend into the space of
Disse. Bloodborne substances have direct access to a large area of
the sinusoidal surface of the hepatocytes. 

From a functional point of view, the bloodstream is unidirec-
tional from the inlet to the outlet of the sinusoids. Substrate
removal from the blood creates concentration gradients along
the flow direction. This is in contrast to the in vitro test-tube
experiment where all enzyme molecules are exposed to a uni-
form substrate concentration.

When describing the dynamics of hepatic removal of sub-
stances from the circulation, concepts developed in vitro must be
adapted to the sinusoidal arrangement of hepatocyte anatomy
and microcirculation. Model concepts should adequately express
the complex physiological conditions in the intact organ.
Parameters should, however, be limited to a few pertinent 
variables until experimental results justify the inclusion of 
further terms. 

This review starts from enzyme kinetics in vitro and then
transposes those concepts to the liver structure in terms 
of mathematical–physiological models. We describe in vivo
Michaelis–Menten kinetics and discuss clearance measurements

because these may be convenient estimates of liver blood flow or
removal capacity for particular substances. Finally, we introduce
the use of functional imaging by positron emission tomography
(PET) as a unique technique for quantitative 3-D measurements
of regional liver haemodynamics and metabolism. 

In vitro Michaelis–Menten kinetics

In test-tube experiments, the enzymatic conversion of a sub-
strate to a metabolite, viz. substrate removal, is characterized 
by Michaelis–Menten saturation kinetics; the relation between
the conversion rate V and the substrate concentration c depends
on the maximal conversion rate Vmax and the half-saturation
substrate concentration Km (Fig. 1):

V = Vmax c/(Km + c) (1)

At low substrate concentrations, that is c � Km, an increase in c
causes a proportional increase in V; the kinetics is first-order. At
high concentrations, that is c � Km, an increase in c causes only a
small increase in V; the metabolism approximates saturation,
and the kinetics is zero-order.

In vivo Michaelis–Menten kinetics

For the intact liver, we first consider the simplest possible phys-
iological approach, the single equivalent sinusoidal perfusion
model [2,3]: all sinusoids contain the same amount of enzyme
and they are perfused by identical flow rates. Substrate is given as
a constant intravenous (i.v.) infusion so that blood concentra-
tions are constant with time (steady-state), and there is complete
presinusoidal mixing of blood from the portal vein and the 
hepatic artery. Red blood cells have about the same diameter as
the sinusoid and this causes complete mixing of the substrate
within each cross-section of the sinusoid. Diffusion from the
sinusoidal bulk through the space of Disse up to the hepatocyte
membrane is much faster than the removal rate. The substrate
concentration accordingly is similar throughout each transverse
section of the sinusoid. 

5.3 Hepatic removal kinetics: importance
for quantitative measurements of 
liver function
Susanne Keiding and Michael Sørensen
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For the sinusoid, steady-state substrate removal rate, V, is: 

V = F(ci – co) (2)

where F is the blood flow rate, and ci and co are the inlet and 
outlet substrate concentrations respectively. This relation is
model-independent, being based on Fick’s principle of mass
conservation only. 

Removal of substrate by the hepatocytes is assumed to be 
governed by irreversible Michaelis–Menten kinetics of the rate-
limiting step, either due to transport into the cell, metabolic
conversion within the cell, or biliary excretion. The removal
kinetics is described in relation to the local sinusoidal blood (or
rather plasma water) substrate concentration pertaining to the
rate-limiting step. During the passage of blood through the sinu-
soid, substrate removal by the hepatocytes gradually depletes the
substrate, and a concentration gradient develops along the flow
direction [3].

For the whole liver, integration of Equations 1 and 2 for all
sinusoids gives [2,3]: 

V = Vmaxĉ /(Km + ̂c) (3)

where V, Vmax and Km now are parameters for the whole liver
and ĉ = (ci – co)/ln(ci/co). As illustrated in Fig. 1, this is an in vivo
Michaelis–Menten relation where the concentration ĉ is the 
logarithmic mean of steady-state values of ci and co; ĉ is smaller
than (ci + co)/2 and larger than the integrated mean [3] and

accounts for decreasing sinusoidal concentration gradients. It is
seen that the flow F does not appear in Equation 3. This flow-
independence of the relation between V and ĉ is a salient feature
of the model and has been validated experimentally [4–7]. 

Direct in vivo estimates of Vmax and Km were obtained from
sets of steady-state values of ci, co and F (Equations 2 and 3) for
galactose [3,8,9], ethanol [10], antipyrine [11] and the parathy-
roid hormone [12]. 

Approximate estimates of Vmax can be obtained at near-
saturating substrate concentrations since for ĉ � Km, Equation 
3 reduces to V ≈ Vmax. Such estimates of galactose Vmax were
obtained in humans, using constant i.v. infusion of galactose and
liver vein blood samples, and confirmed the flow-independence
of these Vmax estimates [13]. The measurement of the galactose
elimination capacity (GEC) is another example. In this test,
galactose is injected intravenously and GEC calculated from 
the decreasing blood galactose concentration [14]. GEC is 
measured at quasi-steady-state galactose concentrations higher
than 2 mmol/L [14,15]. At these concentrations, ci ≈ ĉ > 10Km

[3,9], and GEC approximates galactokinase Vmax by 85% or
more. GEC has been shown to contain prognostic information
for both acute liver failure [16] and chronic liver disease
[17–20]. 

Urea is produced nearly exclusively in the liver, and the excre-
tion into the urine during constant i.v. infusion of alanine at
near-saturating concentrations is used to quantify the Vmax of
hepatic urea synthesis [21,22]. This value is reduced during 
liver disease [21,23] and is used in studies of liver nitrogen
metabolism [23,24]. 

Clearance

It is not always possible to determine Vmax, because high concen-
trations may be toxic or have unwanted haemodynamic effects.
In this case, clearance measurements can be useful, employing
lower concentrations. Clearance of a substance from the blood is
defined as the substrate removal rate (V) divided by the sub-
strate concentration (c) at first-order kinetics, that is ĉ � Km, 
viz. V � Vmax (see Fig. 1). Before a substance is chosen for clear-
ance measurements, its removal kinetics must be evaluated to
ensure that it follows first-order at the concentrations used. The
consequence of using a substance with kinetics deviating from
first-order is that the calculated clearance value depends on 
the dose given and, furthermore, that it varies with changes in
liver function in a not easily comprehensive way [29,30]. In the
present context it is useful to distinguish between intrinsic and
systemic clearance. 

Intrinsic hepatic clearance

Intrinsic hepatic clearance, Clint, is a flow-independent clear-
ance that depends only on the ‘intrinsic’ transport/enzymatic
removal processes. It is defined in relation to the ĉ substrate 
concentration, and for ̂c � Km, Equation 3 reduces to:
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Fig. 1 Michaelis–Menten steady-state removal kinetics: V = Vmaxc /(c + Km),
where V is the removal rate, c the substrate concentration, Vmax the maximal
substrate removal rate, and Km is the half-saturation concentration. In the
figure, V is normalized in respect to Vmax, and c in respect to Km. In vitro, all
enzymes are exposed to the same concentration. In vivo, the hepatocytes
lining the sinusoids are exposed to substrate concentration gradients along
the blood-flow direction, decreasing from the inlet (ci) to the outlet (co). In
the sinusoidal perfusion model, V = Vmaxĉ /(ĉ + Km), where the logarithmic
average concentration ĉ = (ci – co) / ln(ci /co) accounts for the sinusoidal
substrate gradient. At high concentrations, V approximates in vivo to Vmax.
At low concentrations, V/ĉ approximates in vivo to Vmax /Km.
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Clint = V/ĉ ≈ Vmax /Km (4)

It is seen that replacing V in Equation 4 by the term in Equa-
tion 2 and ̂c by the term in Equation 3, we get: 

Clint = −F ln(1 − E) (5)

where E = (ci − co)/ci is the hepatic extraction fraction related 
to the rate-limiting metabolic step at steady state. E is flow-
dependent (see Equation 7 below) in such a way that Clint

(Equation 5) is flow-independent. It is mathematically identical
to that used in capillary physiology [25] but in the present con-
text applies to steady-state substrate removal. 

For some substances, intrinsic clearance may be used to assess
liver function. For ĉ � 0.1Km, the first-order approximation of
intrinsic clearance Clint to Vmax/Km is 90% or better (Equations 3
and 4). Intrinsic clearance of indocyanine (ICG) may be used 
as a measure of the biliary excretion function [6] and its flow-
independence has been validated in human [6]. As seen from
Equation 4, intrinsic hepatic clearance reflects Vmax of the rate-
limiting step of the particular metabolic or biliary excretory 
process studied, provided Km is not changed by the experimental
or pathophysiological conditions studied. The importance of
this requirement is illustrated by findings in the isolated perfused
pig liver, where experimental hypoxia was followed by parallel
reductions of galactose Vmax and Km, yielding unchanged Clint

values in spite of reduction of Vmax to 2/3 of control values [26]. 

Systemic clearance: classification according to
Vmax/FKm

Systemic clearance (Cl) is based on measurements of peripheral
blood concentration (ci). This clearance expression is of special
interest in many experimental and clinical situations because it
is based on substrate concentration measurements in peripheral
blood only. This advantage is, however, gained at the expense of
introducing a number of theoretical and practical limitations
[27]. As a first approach, we consider cases with steady-state
concentrations, no extrahepatic removal, and complete presinu-
soidal mixing of blood from the hepatic artery and the portal
vein. Then, the sinusoidal inlet concentration ci equals the
peripheral (arterial) blood concentration. For V � Vmax or
V/FKm � 1, Equations 2 and 3 give for the systemic clearance: 

Cl = V/ci ≈ F(1 − e−Vmax /FKm) (6)

It is seen that systemic clearance in general depends on both the
removal capacity, in terms of Vmax /Km, and the liver blood flow
F (Fig. 2). Depending on the specific test substance, blood flow
and the physiological/pathophysiological conditions, systemic
clearance can be used as an approximate estimate of either F
or Vmax /Km. 

Classification of substances for clearance measurements
depends on the Vmax /Km ratio in relation to the blood flow, F.
For substrates with high values of Vmax /FKm, Cl approximates F,
and for low values of Vmax /FKm, Cl approximates Vmax /Km. The

value of Vmax /FKm accordingly can be used for an unambiguous
classification of clearance substances [27,28] (Fig. 3 and 
Table 1). For a substance with Vmax /FKm larger than 2.3, Cl
approximates F by 90% or more (Equation 6). Systemic clear-
ance is flow-determined and may be used as an estimate of 
F. For a substance with Vmax /FKm less than 0.10, Cl approxi-
mates Vmax /Km by 90% or more. Systemic clearance is enzyme-
determined and may be used as an estimate of intrinsic
clearance. For substances with Vmax /FKm within these limits,
clearance depends on both F and Vmax /Km; the substance
belongs to the intermediate clearance regime [27]. 

Previously, many test substances were classified according to
their hepatic extraction fraction [31]. It is true that a high E gen-
erally indicates a high degree of flow-dependence, and that a low
E indicates a high degree of enzyme-dependence. However, the
effects of Vmax /Km and F cannot be separated, as seen from:

E = 1 − e−Vmax /FKm (7)

Hence, E is not a suitable basis for classification of hepatic clear-
ance substances. 

Enzyme-determined systemic clearance

When Vmax of a given substance is small in relation to FKm, the
general clearance relation (Equation 6) reduces to Cl ≈ Vmax /Km,
which is identical to intrinsic clearance (Equation 4). This
enzyme-determined clearance does not vary with flow and is

5

4

3

2

1

0
54

10

Vmax /Km

6

4

2

1

0.1

0.5

3

Blood flow, F (mL/min/g)

210
Sy

st
em

ic
  c

le
ar

an
ce

, C
l (

m
L 

/m
in

/g
)

Fig. 2 Clearance of substances removed by the liver, Cl, in relation to liver
blood flow, F, at different values of Vmax /Km. Clearance is flow-determined
when Vmax/Km � F: Cl ≈ F. Clearance is enzyme-determined when 
Vmax/Km � F: Cl ≈ Vmax/Km (see Table 1).
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Liver disease:
Vmax /FKmT :

shift of clearance
regime for sorbitol

General clearance regime
Cl = F(1 – e–Vmax /FKm)

Flow-determined clearance
Cl ≈ F

Ex: Sorbitol Cl in normal subjects

Enzyme-determined clearance
Cl ≈ Vmax /Km

Ex: Antipyrine clearance

0.1 « Vmax /FKm « 2.3

Vmax /FKm « 0.1Vmax /FKm » 2.3

Intermediate clearance regime
Cl = F(1 – e–Vmax /FKm)

Ex: Sorbitol Cl in liver disease
Ex: ICG Cl in normal subjects and patients with liver disease

Fig. 3 Diagram of clearance regimes with example of shift of clearance regime for sorbitol during liver disease (dotted line). 

Test substrate Experimental model Vmax/FKm Reference
Mean (range)

Enzyme-determined clearance regimen: Vmax /FKm < 0.1

Antipyrine (phenazone) Normal pig, liver perfusiona 0.05 (0.03–0.08) 11

Caffeine Normal human, breath testc 0.002 30

Caffeine Cirrhosis human, breath testc 0.001 30

Flow-determined clearance regimen: Vmax /FKm > 2.3

Sorbitol Normal human, liver vein cath.b 3.6 38

Sorbitol Normal human, liver vein cath.b 2.9 36

Sorbitol Normal human, liver vein cath.b 2.8 (2.3–4.2) 35

Ethanol Normal human, liver vein cath.a 7.4 (3.2–9.7) 10

Ethanol Normal pig, liver vein cath.a 4.6 (1.9–11) 10

Galactose Normal human, liver vein cath.b 2.5 (1.9–4.6) 40

Galactose Normal pig, liver vein cath.a 4.1 (2.1–6.7) 9

Galactose Normal cat, liver vein cath.a 3.2 (2.0–6.3) 8

Intermediate clearance regimen: 0.1 < Vmax/FKm < 2.3

Sorbitol Cirrhosis human, liver vein cath.b 0.57 36

Sorbitol Cirrhosis human, liver vein cath.b 1.9 (0.4–2.8) 35

Indocyanine green Normal human, liver vein cath.b 0.70 36

Indocyanine green Cirrhosis human, liver vein cath.b 0.20 36

Indocyanine green Normal human, liver vein cath.b 0.9 34

Indocyanine green Cirrhosis human, liver vein cath.b 0.4 34

Indocyanine green Normal human, liver vein cath.b 1.7 (0.8–3.1) 35

Indocyanine green Cirrhosis human, liver vein cath.b 0.9 (0.2–2.7) 35

Ethanol Normal pig, liver perfusiona 1.5 (0.7–2.9) 10

Galactose Normal pig, liver perfusiona 2.3 (1.5–3.6) 3

aMeasurements of sets of steady-state ci, co and F (Equation 3). 
bConstant infusion at first-order kinetics with measurements of steady-state ci and co: E = (ci – co) /ci;

Vmax/FKm = –ln(1 – E ) (Equation 5).
cCalculation of clearance from dose and concentration curve; liver flow assumed 1.2 L/min/70 kg body

weight: E = Cl/F; Vmax/FKm = –ln(1 – E ) (Equation 5). 

Table 1 Clearance classification of substrates
removed by the liver according to Vmax /FKm.
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proportional to Vmax. Antipyrine (phenazone) is the only sub-
stance that has been thoroughly evaluated kinetically for its use
as an enzyme-determined clearance substance. It is metabolized
in the microsomes with first-order kinetics, has negligible extra-
hepatic elimination, and Vmax /FKm is about 0.05 in pigs [32]
(Table 1). Antipyrine clearance was reduced in cirrhotic rats
[33], and may provide prognostic information in patients with
acute liver failure [16]. 

Flow-determined systemic clearance

When a substrate is removed in the liver by a process with a 
large amount of enzyme and a high affinity (low Km) relative to
hepatic blood flow, that is Vmax /FKm � 1, the general clearance
relation (Equation 6) reduces to Cl ≈ F. The removal is now
entirely determined by the perfusion; all substrate is removed in
a single pass. In subjects with no liver disease, Vmax /FKm for
steady-state removal of sorbitol (corrected for urinary excre-
tion) is >2.3 (Table 1) and extrahepatic metabolism is negligible
[35–38]. In agreement with this, sorbitol clearance showed good
agreement with flow measurements using ICG–Fick’s principle
(Equation 4) [35]. Sorbitol thus is an ideal test substance for
clearance measurements of liver blood flow in healthy subjects.
In subjects with liver disease, however, Vmax /Km is reduced
[35,37] and sorbitol clearance shifts to the intermediate clear-
ance regime (Table 1 and Fig. 2). 

Galactose has been proposed as a clearance substance for
measurement of liver blood flow because of a very high hepatic
extraction fraction [39], but its use is hampered by significant
extrahepatic elimination relative to that in the liver at low 
galactose concentrations [40]. The same is true for ethanol 
[10] (Table 1). 

Some studies use systemic ICG clearance as a flow measure-
ment, others as a measure of liver cell function. Neither is
justified because ICG belongs to the intermediate clearance
regime (Table 1). 

PET measurements of regional liver
metabolism

Positron emission tomography (PET) is an imaging modality
that is new in the context of quantitative measurements of 
liver functions. The technique provides unique possibilities for
measurements of regional liver blood perfusion and metabolism
by means of i.v. injected radiolabelled tracers. PET tracers are

positron-labelled natural substances, analogues thereof, drugs
or receptor ligands. Combined PET/CT (computed tomography)
cameras have the advantage of depicting functional PET images
in CT-defined structures and allowing for noninvasive measure-
ment of tracer supply through the liver blood vessels. 

Clinical studies usually use PET images of the mean radioac-
tivity concentration in a given time interval after tracer injection.
Such images yield a visual impression of possible differences of
metabolism between specific regions in the tissue. This provides
the basis for the much used diagnostic detection of increased
glucose metabolism in cancer nodules. Quantification of regional
metabolic processes requires dynamic PET scanning, that is
recordings of the time courses of tissue and blood radioactivity
concentrations following tracer administration. Analysis of
dynamic PET data comprises definition of a tissue region of
interest (ROI) and analysis of the time course of tissue radioac-
tivity concentrations in that region in relation to that in blood
supplying the organ (see below). The kinetic modelling is based
on a mathematical model of the metabolic diagram for the
specific tracer used. In the case of 18F-deoxy-2-glucose (FDG),
metabolism can be described as illustrated in Figure 4. 

Hepatic dual-input function

Following an i.v. injection of a tracer, the tracer is supplied to the
liver via its dual blood supply. As seen in Figure 5, tracer radioac-
tivity concentration in the hepatic artery rises steeply, reaches a
peak and then decreases; the portal venous concentration curve
is delayed and dispersed compared with that in the artery. The
concentration resulting from the dual blood supply can be 
calculated as the flow-weighted average of the radioactivity 
concentrations in the hepatic artery and the portal vein. In
experimental pig studies, estimates of kinetic parameters for the
FDG kinetics (Fig. 4) using the liver dual-input function and
nonlinear regression of the model to pig liver data gave para-
meter values that were comparable with independent estimates
of flow and blood volume [41]. 

Because of difficulties in measuring the portal venous concen-
tration, most PET studies of the liver ignore the dual blood 
supply, and kinetic parameter estimates rely on the use of an
arterial input function. However, the importance of using 
dual-input function for determination of the kinetic parameters
in the metabolic diagram (Figure 4) was demonstrated in pig
studies using two glucose analogues, FDG [41,42] and 11C-
methylglucose [41]. 

Intracellular metabolismBlood

FDG FDG

K1

k2

k3

k4

FDG-6-P

Fig. 4 Compartmental metabolic diagram for
FDG (a glucose analogue) in the liver. Arrows
indicate transport /metabolism of FDG. K1 is the
unidirectional clearance of FDG from blood to
cell and k2 the rate constant for the backflux; 
k3 and k4 are rate constants for phosphorylation
and dephosphorylation. If the metabolism is
irreversible, that is, k4 is negligible, then the net
metabolic clearance K = K1k3/(k2 + k3).
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In humans it is not possible to obtain successive blood sam-
ples from the portal vein or to measure the blood flow rates of
the two supplying blood vessels. Work is in progress towards
estimating the time courses of the radioactivity concentrations
and the relative flow rates in the portal vein and hepatic artery 
by combined dynamic PET and contrast-CT for complete non-
invasive measurement of the dual input [43–45]. However, a
simpler but less informative analysis provided by the Gjedde–
Patlak plot [46,47], using arterial concentration measurements
only, can be very useful [41]. For substances with irreversible
liver metabolism and negligible net removal in the intestines, the
‘net metabolic clearance’, K, can be used to describe steady-state
irreversible clearance from blood to cell due to metabolism or
biliary excretion. K is a simple mathematical combination of the
kinetic rate constants as shown in Figure 4. K of FDG was used in
experimental clinical studies to quantify differences in glucose
metabolism between cholangiocarcinoma and nonmalignant
liver tissue [48,49]. This relation has been used to measure 
pig liver metabolism of ammonia [55] and 18F-deoxygalactose
(M. Sørensen, unpublished data) as well as brain metabolism of
ammonia during hepatic encephalopathy [56].

In routine clinical work it may be difficult to obtain series of
arterial blood samples, and radioactivity concentration meas-
urements from the abdominal aorta obtained from dynamic
liver PET images may be used instead [43,50]. Furthermore,
parametric images depicting pixel-by-pixel K values will often
better distinguish between areas with increased metabolism due
to tumour tissue or focal inflammation [49]. Thus, clinically
useful parametric images of the net metabolic clearance can be
produced based on totally noninvasive dynamic scans.

Compartment and microvascular models

Today, the standard kinetic model used for analysis of dynamic
PET scans is most often a compartmental model (Fig. 4). This
model regards tracer input to be instantaneously distributed in

the capillaries/sinusoids and the transport/metabolism to take
place at an identical input concentration all along the vascular
path; it is an ‘arterial equilibration model’. According to this
modelling, mass is exchanged between well-mixed compart-
ments as a function of time, and model parameters are rate con-
stants that describe this exchange (Fig. 4). From a practical point
of view, these models are often useful [41,51] but deviate obvi-
ously from liver physiology. Uncritical use of such models may
lead to unphysiological parameter estimates [52,53]. We there-
fore have developed microvascular models to interpret PET data
with a more physiological approach. When a tracer bolus passes
through the capillary, time- and space-dependent concentration
gradients develop [53], and by external detection the PET cam-
era sees the spatial integral of the concentration at any time.
These new microvascular models have been used to determine
regional liver blood perfusion by dynamic C15O PET of pigs, 
validated by independent measurements using ultrasound 
transit-time flow-meters [53,54]. The models have not yet 
been developed for more complex metabolic diagrams, for
example including backflux from cell to blood. In the next 
sections, we therefore restrict the discussion to the traditional
‘hybrid’ of using compartmental models but including expres-
sions from classical capillary physiology to estimate flow and
clearances (see also Chapter 5.8). 

Physiological complexities

Sinusoidal heterogeneity

In the intact liver, the sinusoids form a highly interconnected,
labyrinthine system. The sinusoids are not ‘equivalent sinu-
soids’. Enzyme content of the hepatocytes may vary along the
sinusoid, a phenomenon called sinusoidal zonation [57]. This
phenomenon has been shown for metabolism of various amino
acids [58], glucose [59] and ammonia [57,60], with ammonia
metabolism being quantified in vivo by pig liver PET studies [61].
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flow-weighted dual-input blood. Initial 7 min
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most pronounced. The PV concentration is
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concentration as the result of the bolus passage
through the intestinal vascular bed. After a few
minutes, the three blood curves are similar.
Blood data points are connected by straight
lines. 
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Heterogeneity between the sinusoids [62] lead to diminished
efficiency of the overall removal, namely a diminished Vmax as
described in the distributed sinusoidal perfusion model [63].

Distribution of hepatic artery branches into acini is hetero-
geneous even in the normal liver as shown in rat studies [64]. In
accordance with this, there was a remarkably higher variation of
13N-ammonia trapped in the liver tissue as 13N-glutamine in pig
livers following 13N-ammonia injection into the hepatic artery
than following tracer injection into the portal or caval vein [65].
Thus, metabolic consequences of vascular heterogeneity could
be quantified by dynamic liver PET. Similarly, measurements of
the hepatic venous pressure gradient in two liver veins in sub-
jects without liver disease showed a larger variation than can be
attributed to measurement uncertainties [66]. The physiological
importance of these variations remains to be elucidated.

Liver blood flow varies under different physiological condi-
tions or pharmacological interventions. Food intake increases
total flow [34,67] and e.g. vasopressin decreases it [13]. In agree-
ment with the predicted flow-independence of Vmax, neither of
these flow changes changed the estimates of galactose Vmax [13]
or ICG intrinsic clearance [6]. Similarly, in perfused rat liver
studies, galactose Vmax was not influenced by flow changes as
long as the perfusion rate was above 0.9 mL blood/min/g liver
[68]. Similar results were found in the intact cat liver [8]. As 
the flow rate was gradually reduced, the effect of sinusoidal 
heterogeneity became more significant [69,70].

Hepatic first-pass elimination and systemic
availability during saturation kinetics

The location of the liver between the portal and the systemic 
circulation means that substances absorbed from the gut have to
pass through the liver before reaching the systemic circulation
[61,71]. This constitutes the basis for the hepatic first-pass filter
function. 

For many orally taken drugs, for example acetylsalicylic acid
[72], hepatic removal follows saturation kinetics and the sys-
temic availability (the fraction of the absorbed dose that reaches
the systemic circulation) depends on the dose (Fig. 6). Systemic
availability approximates to unity at doses (V) approximating
(or exceeding) the maximal removal capacity (Vmax). In general,
the lower the Vmax /FKm, the higher the systemic availability.

Systemic availability is very difficult to quantify in vivo
because of the inaccessibility of portal venous blood. The 
dynamic PET/CT methods for noninvasive measurements of 
the hepatic dual-input function, as mentioned above, provide a
promising methodological basis for a much-needed break-
through in this research area. 

Binding to circulating plasma proteins

Hydrophobic substances, such as long-chain fatty acids and
organic anions like bilirubin and ICG, circulate in plasma bound
to plasma proteins. It has been shown for several substances,

however, that more substrate is removed than corresponds 
to the unbound fraction [73–78]. This may be explained by 
diffusion barriers in the unstirred water layer adjacent to the
hepatocyte plasma membrane [79,80]. The uptake of unbound
substrate by the hepatocytes creates disequilibrium between
bound and unbound substrate and the rate of dissociation of the
protein–substrate complex becomes higher than the rate of
complex formation within the unstirred water layer. Binding
protein is not taken up by the hepatocytes: after unloading the
drug, it returns to the sinusoidal bulk, where equilibrium
between bound and unbound substrate molecules replenishes
protein–substrate complex [81]. This model assumes no mem-
brane binding of plasma proteins, but for free fatty acids there
seems to be some albumin-mediated facilitation of the uptake
process [82]. In liver vein catheterization studies using a con-
stant i.v. infusion of ICG, experimental changes of plasma protein
changed the removal of ICG in agreement with the codiffusion
model in intact pigs [74] and in humans [77]. 

In perfused rat liver studies, backflux of dibromosulphthalein
from the cells to the perfusate increased with increasing albumin
concentration in the perfusate [83], which is also accounted for
by the codiffusion phenomena.

Liver disease

Impaired liver-cell function

When hepatic metabolic functions are impaired due to liver dis-
ease, concepts of using Vmax or enzyme-determined clearance
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measurements are still valid (Fig. 3). Diminished GEC [84,85],
antipyrine clearance [32] and urea synthesis capacity [21] in
liver patients reflect reduced liver cell metabolism. However,
when transposing flow-determined clearance measurements to
pathological conditions, it must be ensured that the require-
ments for flow-determined clearance remain fulfilled. The shift
of sorbitol clearance from being flow-determined in healthy
subjects to being in the intermediate clearance in cirrhotic
patients illustrates this question [35] (Fig. 3). 

Intra- and extrahepatic vascular shunting

Patients with cirrhosis often develop extra- and intrahepatic
portal–hepatic venous vascular shunts [86] and capillarization
of the sinusoids [87]. Loss of metabolic liver function and both
types of shunts will diminish the hepatic first-pass removal of
substances. Systemic availability will increase and may lead to
drug toxicity or hepatic encephalopathy. The effect of extrahep-
atic shunting can be assessed by dynamic magnetic resonance
(MR) scans or catheterization of the azygos vein, which drains
oesophageal varices [88,89]. At present, the effects of intrahep-
atic shunting cannot be distinguished from reduced liver cell
function [37].

Clinical use of quantitative liver
function measurements

Hepatic failure is ultimately the major cause of death in patients
with liver disease. It is, therefore, reasonable to assume that
quantitative measurements of various specific liver functions 
as outlined above, or serial measurements thereof, may pro-
vide clinically valuable prognostic information. Table 2 gives an
overview of tests used today. Numerous tests have been proposed,
but unfortunately most have not proved clinically useful. This 
is probably related to the fact that they have not been founded 
on proper physiological and pathophysiological grounds. Also,
properly performed prognostic studies are astonishingly scarce. 

PET or PET/CT measurements of regional liver haemody-
namics and metabolism have the potential of being clinically
useful prognostic quantitative tests [49].

Acute liver disease

In fulminant hepatic failure, quantitative tests of liver function
may provide information on short-term survival. GEC was of
prognostic value in patients with acute liver failure due to viral
hepatitis [90] or paracetamol intoxication [91]. Following an
overdose of paracetamol, the aminopyrine breath test was also
able to predict fatal outcome [92]. In alcoholic hepatitis, the
aminopyrine breath test predicted survival with reasonable
accuracy [93]. 

Chronic liver disease

In chronic liver disease, GEC provides information on long-
term survival [17–20,94–96]. In patients with primary biliary
cirrhosis, serial determinations of GEC provided prognostic
information [85]. The aminopyrine breath test was one of the
statistically significant predictors of death in patients with cir-
rhosis [97] or chronic hepatitis [98].

Assessment of surgical risk

Liver resection in patients with chronic liver disease is associated
with an increased risk of severe postoperative liver impairment.
In a large prospective study of the predictive value of various
preoperative liver tests, GEC was a strong independent and valu-
able predictor for short- and long-term outcome in patients
with primary and secondary hepatic tumours undergoing resec-
tion [99]. In the treatment of patients with primary liver
tumours or liver metastases, it is often impossible to predict 
if the patient will tolerate treatment with resection, radio-
frequency, stereotactic radiotherapy or chemotherapy.

Assessment of therapeutic response

Only a few studies have attempted to evaluate treatment effects
and prognostic value of quantitative liver function measure-
ments. Jansen and co-workers (100) found that following liver
resection, the liver regained 75% of the volume and 100% of the
galactose elimination capacity after 120 days. In two studies,

Test Provides an estimate of: Reference

Galactose elimination capacity Vmax of cytosolic enzyme galactokinase [15]

Urea synthesis capacity Vmax of alanine to urea synthesis [21]

Antipyrine clearance Vmax/Km of microsomal metabolism [11,105]

Intrinsic clearance of indocyanine green Vmax/Km of biliary excretion [6,35]

Sorbitol clearance Liver blood flow in healthy subjects [35–38]

Caffeine clearance Microsomal function [29,30]

Aminopyrine breath test Microsomal demethylation [106]

Ketoisocaproic acid breath test Mitochondrial decarboxylation [107]

Table 2 Quantitative liver function tests.
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FDG PET was found to be useful for prediction of treatment
response in patients treated with chemotherapy for colorectal
metastases to the liver [101,102]. Recent FDG PET studies 
successfully evaluated the effect of experimental radiotherapy
[103] and radiofrequency treatment [104] of pig livers. Quan-
titative dynamic PET studies may be of significant benefit for 
the patients and more studies need to be done. 
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Introduction to the hepatic immune
system

The hepatic immune system is capable of responding to and
eliminating pathogenic microorganisms, toxins and tumour
cells. At the same time, hepatic defence mechanisms are so
tightly regulated that the induction of tolerance is favoured over
the induction of immunity. The hepatic immune system is
equipped with a specialized repertoire of cells that can selectively
modulate various immune effector functions or tolerance.
Hepatic antigen-presenting cells (APCs), such as Kupffer cells
(liver-resident macrophages), dendritic cells and liver sinusoidal
endothelial cells, can induce either tolerance or immunity via
the selective release of proinflammatory cytokines, such as inter-
leukin (IL)-6 or IL-12, or regulatory cytokines such as IL-10 
or transforming growth factor (TGF)-β [1]. Additionally, hepa-
tocytes, biliary epithelial cells and other liver cells release a com-
plex array of lymphocyte growth, differentiation and activation
factors. The presence of lymphocytes within the liver has, until
recently, largely been dismissed as inflammatory infiltrates that
enter the liver via the blood to respond to pathogenic stimuli.
They were used, in part, to diagnose inflammatory conditions
such as autoimmune and viral liver disease. However, recent
studies have shown that healthy human liver contains large

numbers of lymphocytes (approximately 1010) that appear to be
resident rather than circulating [2]. The liver contains various
conventional lymphocytes such as αβ-T cells, B cells and natural
killer (NK) cells. Many express mature/activated phenotypes,
suggesting that, even in the healthy liver, they are mediating 
routine immunosurveillant functions [2,3]. Besides these, there
are a large number of unconventional lymphocytes such as αβ- or
γδ-natural killer T cells (NKT), which are much more abundant
in the liver than in peripheral blood (Fig. 1) [2,4]. Many of these
cells have roles in innate immunity, as evidenced by their ability
to recognize common, conserved antigenic structures, their
ability to mediate killing of target cells and/or their capacity to
release cytokines that activate and regulate subsequent adaptive
immune responses.

Immune responses against viruses, pathogens, toxins and 
self usually involve both the innate and the adaptive immune
response. One problem in examining this immune response
stems from the fact that we usually just have access to peripheral
blood mononuclear cells and not to the site of inflammation.
Even when analysing a patient’s liver biopsy, this is restricted 
to the surface phenotype of infiltrating leukocytes. Although 
this might be helpful in assessment of the activity of viral 
hepatitis, autoimmune hepatitis and in the diagnosis of acute
transplant rejection and/or graft-versus-host disease, most of

5.4 Immunological investigations in liver
diseases
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Fig. 1 Distribution of lymphocyte subpopulations in healthy human blood and liver.
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the histopathological patterns are unspecific. Furthermore,
specific immunological tests cannot be performed on fixed 
tissue specimens. Systemic cytokine levels have been evaluated
in various hepatic disease conditions and especially after liver
transplantation to identify acute rejection. However, cytokine
levels simply reflect the extent of the immune activation, and no
cytokine pattern has yet been described to be disease specific.
Therefore, systemic measurement of cytokine levels – besides
the problem of preanalytical stability of the serum sample – has
no role in clinical hepatology so far [5]. Likewise, measurement
of caspase activity in serum has been used to evaluate the extent
of hepatic inflammation in steatosis, hepatitis C virus (HCV)
infection and autoimmunity, but the source of the caspases
(lymphocytes or hepatocytes) and their clinical significance
remains uncertain [6,7].

On the other hand, the analysis of T-cell responses against
hepatitis B virus (HBV) and HCV has provided interesting
insights into the pathophysiology of acute and chronic viral
infections of the liver [8]. Similarly, analysis of T-cell responses
was crucial in our understanding of autoimmune liver diseases
[9]. However, because of the large variability of the human
major histocompatibility complex (MHC), the heterogeneity of
the hepatotropic viruses and the variation in the antigen experi-
ence of the human T-cell repertoire between individuals, there 
is no clinical role for the analysis of T-cell responses in clinical
practice.

The most constant and easiest to determine immunological
measures in human viral and autoimmune liver diseases are pro-
vided by the humoral immune response [10]. Antibodies pro-
duced during HBV infection are markers of the immune status,
and antibodies in hepatitis A virus (HAV) and HCV infection
are important signs of the contact of the pathogen with the
host’s immune system (described elsewhere in this book).
Besides this humoral immune response against viral proteins,
measurement of response against self-antigens is a valuable 

scientific and clinical tool for our understanding of autoimmune
liver diseases [10]. This response may also accompany inflamma-
tion caused by pathogens or toxins.

Autoantibodies and autoantigens in
autoimmune hepatitis

Autoimmune hepatitis (AIH) represents a chronic, mainly 
periportal, hepatitis upon histology, which is characterized by
female predominance, hypergammaglobulinaemia and circulating
autoantibodies and benefits from immunosuppressive treat-
ment (Table 1). The diagnosis of AIH is based on clinical, sero-
logical and immunological features as well as on the exclusion 
of other hepatobiliary diseases with and without autoimmune
phenomena. These include disease entities such as chronic viral
hepatitis, primary biliary cirrhosis (PBC), primary sclerosing
cholangitis (PSC) and the so-called overlap or outlier syn-
dromes. The revised AIH diagnostic score contributes to the
establishment of the diagnosis in difficult cases by calculating a
probability expressed as a numeric score [11].

Ever since the first description of AIH in 1950 by
Waldenström [12], serological findings have attracted con-
siderable attention, not only for the diagnosis of this chronic
liver disease but also as a means of studying and eventually
understanding its pathophysiology [13–15]. Waldenström
described a disease predominantly affecting women and charac-
terized by amenorrhoea, jaundice and elevated gammaglobulins
leading to cirrhosis of the liver. It was recognized that patients
with AIH displayed antinuclear antibodies (ANA), which led 
to the designation ‘lupoid’ hepatitis [16,17]. However, the 
term lupoid hepatitis has long been abandoned as AIH is not
part of the syndrome of systemic lupus erythematosus (SLE).
Autoantibodies have been the driving force of research aimed 
at elucidating the underlying mechanisms of AIH. They also
serve as a means of serological subclassification of AIH [18,19].

Table 1 Prevalence of autoantibodies in autoimmune liver diseases.

Criterion AIH PBC PSC

Female:male ratio 4:1 9:1 1:2

Serum Ig elevation IgG IgM Variable

Autoantibodies

ANA 60–85% 20–50% 7–77%

SMA 60–80% 10% 13–20%

LKM-1 5% – –

SLA 30–58% 0% 0%

pANCA 30–75% 18% 26–87% (atypical)

AMA 20% 95% –

Diagnosis AIH score > 15 AMA-M2, cholestatic serum Cholangiography, cholestatic serum enzyme

enzyme pattern, histology pattern, ulcerative colitis, pANCA

AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; Ig, immunoglobulin; ANA, antinuclear antibody; SMA, smooth

muscle antibody; LKM, Liver–kidney microsomal antibody; SLA, soluble liver antigen; AMA, antimitochondrial antibody; pANCA, perinuclear antineutrophil

cytoplasmic antibody.
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Although this classification remains controversial, three sub-
types can be distinguished based on the presence of serum
autoantibodies. The classic form of AIH, AIH type 1, displays
ANA. Research in the 1970s and 1980s led to the realization that
autoantibodies in some patients are directed against antigens
expressed in the endoplasmic reticulum (ER) [20–24]. These
antimicrosomal autoantibodies were later identified as possess-
ing specificity against cytochrome P-450 (CYP) mono-oxygenases
expressed in the ER, which were identifiable in the microsomal
fraction of cells (Table 2). Antimicrosomal antibodies directed
against CYP 2D6, expressed not only in the liver but also in the
kidney (LKM), characterized a second form of AIH (LKM-1)
[24]. Finally, the analysis of serum from a patient with AIH 
by radioimmunoassay identified an antibody directed against 
a protein present in the 100 000-g supernatant of liver
homogenate that was termed anti-SLA/LP [25–27]. These
autoantibodies have recently been identified as being directed
against a UGA repressor tRNA-associated protein [28–31]. The
third serological group of AIH (AIH type 3) is clinically similar
to AIH type 1 and, therefore, some researchers believe it does 
not represent a distinct subentity of its own [32]. The serological
diversity of autoantibodies found in AIH supports the afore-
mentioned subclassification and provides a framework for the
scientific analysis of this heterogeneous disease group [33]. It
also demonstrates that AIH is not a single disease with a single
underlying mechanism, but is most likely a group of diseases
with a similar clinical presentation.

Autoantibodies in autoimmune hepatitis 
type 1

When AIH is classified according to the presence of serological
markers, ANA characterize AIH type 1. In most cases, smooth
muscle autoantibodies (SMAs) are also present. The clinical
profile of ANA-positive AIH shows hypergammaglobulinaemia
in 97% of patients with an elevated immunoglobulin G. This
form of AIH represents 80% of all cases of AIH, making it the
most prevalent subclass. ANA-positive AIH was first described
as lupoid, classical or idiopathic AIH by Cowling and colleagues
[16]. Seventy per cent of patients are women, with a peak incid-
ence between the ages of 16 and 30 years. It is noteworthy that
50% are older than 30 years. An association with other immune
syndromes is observed in 48% of cases, with autoimmune 
thyroid disease, synovitis and ulcerative colitis as leading asso-
ciations. The clinical course is usually not fulminant or clinically
spectacular, and an acute onset is very rare. However, in rare
cases, AIH may start as fulminant hepatitis. About 25% of
patients have cirrhosis at the time of diagnosis.

ANA
ANA show specificity for both functional and structural proteins
in the cell nucleus. They can be directed against nuclear mem-
branes or even DNA [34–38]. Unfortunately, for diagnostic 
reasons, the target antigens are heterogeneous and incompletely
defined, and heterogeneous even within a single disease such 

Table 2 Characterization of the major autoantibodies in autoimmune hepatitis.

Antibody kDa Target antigen Disease

Autoantigens of the endoplasmic reticulum (microsomal autoantigens)
LKM-1 50 Cytochrome P-450 2D6 Autoimmune hepatitis type 2, hepatitis C

LKM-2 50 Cytochrome P-450 2C9 Ticrynafen-induced hepatitis

LKM-3 55 UGTIA Hepatitis D-associated autoimmunity

LKM 50 Cytochrome P-450 2A6 Autoimmune hepatitis type 2

Autoimmune polyendocrine syndrome type 1 (APS-1)

Hepatitis C

LM 52 Cytochrome P-450 1A2 Dihydralazine-induced hepatitis

Hepatitis with autoimmune polyendocrine syndrome type 1 (APS-1)

57 Disulphidisomerase Halothane hepatitis

59 Carboxylesterase Halothane hepatitis

35 ? Autoimmune hepatitis

59 ? Chronic hepatitis C

64 ? Autoimmune hepatitis

70 ? Chronic hepatitis C

Soluble autoantigens of the cytoplasm
LC-1 58–62 Formiminotransferase Autoimmune hepatitis type 2

cyclodeaminase Autoimmune hepatitis

Hepatitis C?

SLA/LP 50 UGA repressor tRNA-associated protein Autoimmune hepatitis (type 3)

LC-1, anti-cytosol type 1; LM, liver microsomal.
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as AIH. For the diagnostic workup of AIH, the molecular 
characterization of target antigen specificity does not supply
important additional information to increase diagnostic preci-
sion. Screening determinations of ANA are routinely performed
by indirect immunofluorescence on cryostat sections of rat 
liver and on Hep2 cell slides. Most commonly, a homogeneous
or speckled immunofluorescence pattern is demonstrable. ANA
have been found to be reactive with an array of antigens that
include centromeres, ribonucleoproteins and cyclin A. They
represent the most common autoantibody in AIH and occur in
high titres, usually exceeding 1:160. However, the titre does not
correlate with disease course, prognosis, progression, require-
ment for transplantation or disease activity.

SMA
SMA autoantibodies are also determined by indirect
immunofluorescence on cryostat sections of rat stomach and
kidney [39]. SMA are directed against cytoskeletal proteins such
as actin, troponin and tropomyosin [40,41]. They frequently
occur in high titres in association with ANA. They are not highly
specific for AIH and have been shown to occur in advanced liver
diseases of other aetiologies and in infectious diseases and
rheumatic disorders (Table 1). In these cases, titres are often
lower than 1:80. In paediatric patients, SMA autoantibodies may
be the only marker of AIH type 1. When present in very young
patients with AIH type 1, the titres may be as low as 1:40. SMAs
have been found to be generally associated with the human
leukocyte antigen (HLA) A1-B8-DR3 haplotype and, possibly as
a reflection of this HLA status, the affected patients are younger
and have a poorer prognosis [42]. Moreover, antibodies to actin
identify a subgroup of patients with SMA who have disease at an
earlier age and a poorer response to corticosteroid therapy [40].

Asialoglycoprotein receptor
The asialoglycoprotein receptor (ASGPR) is a liver-specific 
glycoprotein of the cell membrane. Autoimmunity targeting 
this antigen is observed in 88% of AIH patients [43]. However,
anti-ASGPR antibodies are also found in chronic hepatitis B and
C, alcoholic liver disease and PBC. The levels of anti-ASGPR
antibodies vary according to inflammatory activity of the disease
and could play a role as a marker to monitor therapeutic efficacy
[44]. Anti-ASGPR appears to be a general marker of liver
autoimmunity, and routine clinical determination is not recom-
mended on account of the low specificity.

Antineutrophil cytoplasmic autoantibodies
Antineutrophil cytoplasmic autoantibodies (ANCA) are detected
in 30–75% of sera [45,46]. Care has to be taken that high titres 
of ANAs are not misdiagnosed as perinuclear antineutrophil
cytoplasmic autoantibodies (pANCA) on ethanol-fixed granu-
locytes. Additional stainings on formalin-fixed granulocytes and
Hep2 cells can usually solve this problem (Table 3). pANCAs are
rare in AIH type 2. The role of ANCA in AIH is not clear, and
their routine determination is not recommended. However,
these antibodies can be of diagnostic value for those patients
with AIH type 1 who have been tested negative for ANA/SMA.

Autoantibodies in autoimmune hepatitis 
type 2

AIH type 2 is a rare disorder that affects up to 20% of AIH patients
in Europe but only 4% in the United States [22,47]. There is a
predominance in women. The average age at onset is around 10
years, but AIH type 2 is also observed in adults, especially in
Europe. AIH type 2 carries a higher risk of progression to cirrhosis
and of a fulminant course. When AIH type 2 is diagnosed in chil-
dren, cirrhosis is very frequently present at the time of diagnosis.

LKM-1
The ER of the cell harbours two critical enzyme families that are
the main players in phase I and phase II metabolism: the CYPs
and the uridine diphosphate (UDP)-glucuronosyltransferases
(UGT) [48]. Phase I metabolism leads to the oxidative
modification of compounds, usually by the addition of func-
tional groups such as hydroxylation [49]. Phase II metabolism
leads to the conjugation with polar prosthetic groups such as
glucuronic acid (glucuronidation) [50]. In the case of the UGTs,
glucuronidation leads to a water-soluble glucuronide that is 
targeted for renal or biliary elimination [51]. Both enzyme fam-
ilies are preferred targets of a B-cell response in autoimmune
liver diseases (Fig. 2, Table 2). Indirect immunofluorescence
first led to the description of autoantibodies reactive with the
proximal renal tubule and the hepatocellular cytoplasm in 1973
[52]. These autoantibodies, termed LKM-1, were associated with
a second form of ANA-negative AIH. Between 1988 and 1991,
the 50-kDa antigen of LKM-1 autoantibodies was identified as
CYP 2D6 [20–25]. LKM-1 autoantibodies recognize a major 
linear epitope between amino acids 263 and 270 of the CYP 2D6
protein [53]. These autoantibodies inhibit CYP 2D6 activity 

Table 3 Differentiation between pANCA, cANCA and ANA.

Autoantibody Ethanol-fixed granulocytes Formalin-fixed granulocytes Hep-2 cell

cANCA Cytoplasmic Cytoplasmic None

pANCA Nuclear/perinuclear Nuclear/perinuclear None

ANA Nuclear/perinuclear Reduced/none Nuclear
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in vitro and are capable of activating liver-infiltrating T lympho-
cytes [54, 55], indicating the combination of B- and T-cell activ-
ity is involved in the autoimmune process. In addition to linear
epitopes [53], LKM-1 autoantibodies have also been shown to
recognize conformation-dependent epitopes [56]. However, the
recognition of epitopes located between amino acids 257 and
269 appears to be a specific autoimmune reaction of AIH and is
discriminatory against LKM-1 autoantibodies associated with
chronic HCV infection [57–59].

LKM-3
LKM-3 autoantibodies are directed against UGT proteins with a
molecular weight of 55 kDa. They occur in 10% of patients with
AIH type 2 (Table 2). They are described further below.

LC-1
Anti-cytosol type 1 (anti-LC-1) antibodies are viewed as a second
marker of AIH type 2, in which they have been detected in up to
50% of LKM-positive sera [62]. Other data indicate their occur-
rence in combination with ANA and SMA autoantibodies and
also in chronic hepatitis C [63]. In contrast to LKM autoanti-
bodies, LC-1 autoantibodies appear to correlate with disease
activity. The molecular antigen target has been identified 
as formiminotransferase cyclodeaminase [64]. Their clinical
significance is not yet completely defined, but some rare cases
may present with anti-LC-1 as the sole marker of AIH.

Autoantibodies in autoimmune hepatitis 
type 3

AIH type 3 is serologically defined by the presence of soluble
liver antigen (SLA)/liver–pancreas (LP) autoantibodies (Table 2).

However, 74% of patients also have other serological markers of
autoimmunity, including SMA and ANA. AIH type 3 has a lower
prevalence than AIH type 2, affects female patients in 90% of
cases and has an age maximum between 20 and 40 years. This
subclass of AIH is based solely on the autoantibody profile and
clinically resembles AIH type 1 [17]. Autoantibodies that target
a soluble liver and pancreas antigen (anti-SLA/LP) exhibit a
high specificity for AIH. They are detectable in about 10–30% of
all patients with AIH [26,29–31]. In 1992, specific autoantibod-
ies were identified in patients with a severe form of autoimmune
chronic active hepatitis. These antibodies precipitated a UGA
suppressor serine tRNA–protein complex that is likely to be
involved in co-translational selenocysteine incorporation in
human cells [29]. The screening of cDNA expression libraries
confirmed these findings and identified a previously unknown
amino acid sequence, which presumably encodes a UGA sup-
pressor tRNA-associated protein, as target antigen of SLA anti-
bodies [30,31]. In addition, it was demonstrated that anti-SLA
and the independently described anti-LP are identical, and the
designation anti-SLA/LP has replaced anti-SLA and anti-LP
[27,30]. Recent data confirmed the previous finding that
patients with anti-SLA/LP display a more severe course of AIH
[65–67]. Regarding the disease specificity, anti-SLA/LP may 
be linked to the pathogenesis of the autoimmune process; how-
ever, the exact function and its role in autoimmunity are so far
unclear.

Autoantibodies in primary biliary
cirrhosis

Primary biliary cirrhosis (PBC) is an inflammatory, primarily T
cell-mediated, chronic destruction of intrahepatic small bile

Anticonvulsant
hepatitis

Halothane
hepatitis

Alcoholic liver
disease

Dihydralazine
hepatitis

Hepatitis in
APS-1

Chronic
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CYPs and UGTs
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hepatitis D

Tienilic acid
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2A6 1A2
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Fig. 2 Autoantibodies against enzymes of
phase I and II metabolism in autoimmune liver
disease. APS-1, autoimmune polyglandular
syndrome type 1.
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Autoantibodies in primary sclerosing
cholangitis

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver
disease involving the destruction of larger biliary ducts, which is
frequently associated with ulcerative colitis [77]. A cholestatic
liver enzyme pattern, typical cholangiographic findings and a
compatible histology are mandatory to establish the diagnosis
(Table 1). Autoantibodies can be helpful in early cases in which
cholangiographic findings are mild [78]. However, it is unclear
whether PSC represents a classical autoimmune disease with
lack of adaptive tolerance to a disease-specific antigen, as there
are no disease-specific autoantibodies and no response to
immunosuppressive therapies [77]. The alternative hypothesis
on the pathogenesis proposes PSC as an immune-mediated
inflammatory disease. In this model, tissue destruction would
result from an interplay between innate and adaptive immune
effector mechanisms, resulting in the generation of proin-
flammatory cytokines such as tumour necrosis factor (TNF)α
[77,79]. Tissue specificity in this model would be explained 
by continued homing of inflammatory cells to target tissue
secreting specific chemokines.

pANCA

Between 30% and 88% of PSC patients, with or without ulcer-
ative colitis, have atypical perinuclear-staining, antineutrophil
cytoplasmic antibodies (pANCAs) [77,80]. Autoantibodies in
PSC, irritable bowel disease (IBD) and AIH are rather atypical,
in that they are not reacting with cytoplasmic actin, catalase 
or enolase antigens [81]. Instead, they react with the nuclear
envelope and not cytoplasmic antigens. Therefore, the term
peripheral antineutrophil nuclear antibodies (pANNAs) was
introduced [81]. Western blotting has shown that 92% of atyp-
ical pANCAs in patients with IBD or hepatobiliary diseases 
react with a 50-kDa myeloid-specific nuclear envelope protein
[82]. The putative autoantigen was identified as tubulin-β
isotype 5. The role of pANNAs in the immunopathogenesis of
PSC remains speculative as the myeloid-specific tubulin autoanti-
gen is recognized by autoantibodies from patients with either
PSC or AIH. The presence of atypical pANNAs also correlates
with certain clinical features of PSC, including biliary complica-
tions [83] and intrahepatic rather than extrahepatic strictures
[84], and higher titres are associated with cirrhosis [45]. How-
ever, none of these studies was appropriately powered to assess 
clinical correlations.

Autoantibodies in autoimmune
polyglandular syndrome type 1

Autoimmune polyglandular syndrome type 1 [APS-1, autoim-
mune polyendocrinopathy–candidiasis–ectodermal dystrophy
(APECED)] combines hypoparathyroidism, mucocutaneous
fungal infections, adrenal insufficiency and a number of other

ducts of unknown aetiology. In 90% of cases, it affects women
who exhibit elevated immunoglobulin M, antimitochondrial
antibodies (AMAs) directed against the E2 subunit of pyruvate
dehydrogenase (PDH-E2) and a cholestatic liver enzyme profile
leading to cirrhosis over the course of years or decades (Table 1).
A prominent feature is the presence of extrahepatic immune-
mediated disease associations, including autoimmune thyroid
disease, Sjögren syndrome, rheumatoid arthritis, inflammatory
bowel disease and, less frequently, coeliac disease and CREST
syndrome (calcinosis, Raynaud’s disease, oesophageal motility
disorders, sclerodactyly and telangiectasis). Extrahepatic syn-
dromes frequently precede hepatic disease manifestation [68,69].

AMA

Antimitochondrial antibodies are found in approximately 95%
of patients with PBC and are considered a serological hallmark
of this disease. The targets of AMAs in PBC sera are members 
of an enzyme family, the 2-oxo acid dehydrogenase complexes 
(2-OADC, AMA-M2), which are located on the inner membrane
of the mitochondria and catalyse the oxidative decarboxylation
of various α-keto acid substrates. Components of 2-OADC
include the E2 subunit of PDC (PDC-E2), the E2 subunit of 
the 2-oxoglutarate dehydrogenase complex (OGDC-E2), the E2
subunit of the branched-chain 2-oxo acid dehydrogenase com-
plex (BCOADC-E2) and the dihydrolipoamide dehydrogenase-
binding protein (E3BP) [70]. The most predominant reactivity
of AMAs in sera from PBC patients is directed against PDC-E2.
Reactivity against OGDC-E2 and BCOADC-E2 is lower, around
50–70%. Antibodies to PDC-E1-α are present in lower titres.
Approximately 10% of patients react only to OGDC-E2 or
BCOADC-E2, or to both [71,72].

ANA

Antinuclear antibodies (ANAs) have been identified in more
than 50% of patients with PBC, and some ANA reactivities have
a high specificity for PBC. In AMA-negative patients, they can 
be the only diagnostic marker suggestive of PBC [34]. These
include antibodies against the nuclear pore protein, gp120,
which are found in 25% of patients with AMA-positive PBC and
in up to 50% of patients with AMA-negative PBC. The disease
specificity for the detection of such antibodies by immunoblot-
ting is more than 90% [73]. Other autoantigens include the
nuclear pore protein p62, which is recognized by PBC sera in
32% of cases [74]. In about 20–30% of PBC patients, autoanti-
bodies are directed against the nucleoprotein Sp100, which
appears to have a high specificity for PBC [75]. Less than 1% of
PBC patients present antibodies to the lamin B receptor (LBR),
an inner nuclear membrane protein. These autoantibodies,
although rare, also have a high disease specificity for PBC [76].
In summary, the presence of PBC-associated ANAs in AMA-
negative patients may be the only immunological finding for
establishing the diagnosis of PBC.
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of LKM-1 autoantibodies. The clinical relevance of this finding
remains to be determined [89]. Anti-CYP 2A6 autoantibodies
have also been detected in patients with APS-1 [86].

Autoantibodies in chronic HDV 
infection

LKM-3 autoantibodies are directed against UGT proteins with a
molecular weight of 55 kDa. They occur in 6–14% of patients
with hepatitis D in addition to 10% of patients with AIH type 2.
In contrast to LKM-1 and LKM-2 autoantibodies, which, on
immunofluorescence, stain liver and kidney tissue only, with
LKM-3 autoantibodies, additional fluorescence signals may be
present in tissue from the pancreas, adrenal gland, thyroid and
stomach. Western blot assay revealed several molecular targets
around 55 kDa [60,61]. The molecular targets of the LKM-3
autoantibody were identified as UGTs of family 1 [60,61]. LKM-
3 autoantibodies are not detected in sera from patients with
chronic hepatitis B, chronic hepatitis C, PBC, PSC or lupus ery-
thematosus [60]. Autoantibody titres in patients with chronic
HDV infection are usually lower than they are in patients with
AIH type 2 [61].

Overlap syndromes

The term overlap syndrome describes variant forms of the 
major hepatobiliary autoimmune diseases AIH, PBC and 
PSC. Patients present with both hepatitic and cholestatic 
biochemical patterns and histological features of AIH/PBC
and/or PSC [106]. Autoantibodies characteristic of more 
than one of the disease phenotypes may strengthen the 
diagnosis. AIH/PBC overlaps have been reported in 10% of
adult patients. Up to 8% of patients have an overlap of AIH 
and PSC. It remains unclear whether these overlaps represent
distinct disease entities or just variants of AIH, PBC or PSC
[107,108]. A standardization of diagnostic criteria does not
exist, and the term overlap syndrome is often misused in clinical
practice.

Conclusions

Much progress has been made in characterizing autoantibody/
autoantigen systems in chronic liver diseases, and particularly 
in autoimmune liver diseases. Despite the fact that none of the
autoantigenic targets discussed is expressed in a tissue-specific
fashion and just a few are disease specific, their occurrence is
very important for the diagnosis and classification of auto-
immune liver diseases. Although the classification of AIH based
on serological findings is still controversial, it does indicate the
diversity of the mechanisms underlying AIH and gives us an
indication of a complex aetiology. Autoantigen/autoantibody
characterization continues to be an attractive model to gain
insight into the as yet unresolved mystery of how tolerance of the
liver is given up and autoimmunity ensues.

immune-mediated syndromes, such as nail dystrophy, vitiligo
and alopecia. AIH is found in 10% of patients with APS-1
[85–87]. LKM autoantibodies against CYP 1A2 and CYP 2A6
are found in patients with APS-1 and hepatic involvement
[86–88]. Anti-CYP 2A6 autoantibodies also occur in HCV
infection [57,89]. LM autoantibodies, which are characterized
by an immunofluorescence pattern selectively staining the hepa-
tocellular cytoplasm but not the kidney, have been found to be
directed against CYP 1A2 [90–92]. These autoantibodies are
also found in APS-1 syndrome with hepatic involvement and
occur in dihydralazine-induced hepatitis [86,93] (Fig. 2). APS-1
is associated with the presence of mutations within a single 
gene, the autoimmune regulator gene (AIRE) [94,95]. However,
patients with AIH in the absence of APS-1 do not display muta-
tions of the AIRE gene and are therefore genetically distinct from
this form of AIH [96].

Autoantibodies in chronic HCV 
infection

Hepatitis C is associated with an array of extrahepatic manifesta-
tions, including mixed cryoglobulinaemia, membranoproliferat-
ive glomerulonephritis, polyarthritis, porphyria cutanea tarda,
Sjögren syndrome and autoimmune thyroid disease [97–100].
Not surprisingly, numerous autoantibodies are associated with
chronic hepatitis C. Similar to AIH, ANA, SMA, LKM and
antithyroid antibodies are found with a high prevalence. An
HCV-specific autoantibody, designated anti-GOR, that is pre-
sent in at least 80% of sera from patients with hepatitis C, 
has been described [101]. However, anti-GOR seems to be 
anti-hepatitis C core antibodies cross-reacting with a nuclear
self-antigen rather than being a proper autoantibody. This
assumption is based on the fact that anti-GOR disappears once
HCV replication has stopped. The examination of LKM auto-
antibodies in HCV patients revealed that, although anti-CYP 
2D6 titres are similar to titres in AIH type 2, differences exist
regarding the epitopes recognized by LKM autoantibodies
[58,102–104]. In patients with AIH type 2, the epitope of amino
acids 257–269 is recognized with a significantly higher preval-
ence than in chronic hepatitis C [103]. In addition, the immune
reaction seems to be more heterogeneous than in AIH, as 
indicated by recognized protein targets of 59 kDa and 70 kDa
[105]. The presence of anti-LKM-1 autoantibodies may also
represent a HCV infection in patients with underlying AIH-2. 
In such cases, interferon (IFN)-α therapy can exacerbate the 
disease, and immunosuppression should be considered instead
[57].

Another autoantibody was detected in patients infected with
HCV and the hepatitis G virus (HGV)/GB virus subtype C. About
2% of HCV-positive sera in general and 7.5% of LKM-1-positive
HCV sera recognize CYP 2A6. This autoantibody appears to
occur more frequently in HCV-infected patients with LKM-1
autoantibodies. Interestingly, anti-CYP 2A6 autoantibodies are
not detected in patients with AIH type 2 who exhibit high titres
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Liver biopsy: its indications and
contraindications

The issues of liver biopsy and laparoscopy have been extensively
addressed in several recent textbooks and reviews [1–5]. As 
liver biopsy is an invasive manoeuvre planned subsequent to
previous clinical, functional and imaging procedures, biopsy
candidates must be carefully selected in accordance with distinct
indications. An indication for biopsy should not only be based
on a suspected liver disorder, but also on knowing what can 
reasonably be detected in a small liver tissue sample, and how
findings can be interpreted [6–7]. The main indications for a
liver biopsy (nongrafted livers) are summarized in Table 1.

In addition to the indications listed in Table 1, biopsy in the
case of chronically elevated liver enzymes may be considered
[8–12], but it will frequently be nondiagnostic. The main 

contraindications of liver biopsies include impaired haemostasis,
severe anaemia, tense ascites, high-grade extrahepatic biliary
obstruction with or without bacterial cholangitis, local infec-
tions, hepatic lesions with suspected high risk of bleeding, 
certain tumours (risk of seeding), suspected echinococcal cysts
and cystic lesions that may cause bile leakage upon puncture,
and severely sick or uncooperative patients. Hepatic amyloidosis
is now regarded as a relative contraindication only [13].

What is an adequate, and what is a
normal, liver biopsy?

A needle biopsy of the liver is a ‘sample’ in the proper sense 
of this term, usually representing about 1/50 000 of the organ
mass, which of course raises concern about how representative 
a needle biopsy can be [14]. Against the background of such a
limited sample, three major lesional patterns can be represented
and visualized: diffuse lesions (e.g. steatosis); focal lesions (in
part with anisotropic distribution, e.g. granulomas, multiple
metastases and microabscesses; Fig. 1); and structural lesions
(fibrosing hepatopathy with remodelling/cirrhosis). The pres-
ence of one of these patterns, or combinations thereof, has 
a marked impact on the required sample size. In the case of
chronic hepatitis it has been shown that ‘the smaller the sample,
the milder the disease’ [15]. The diagnostic yield of the sample
also depends on the puncture sites – for example, inflammation
may vary between the two liver lobes [16,17]. Furthermore, the
interpretation of a sample of variable size is subject to intra-
observer and interobserver variations, specifically in grading
and staging [18].

What, then, is an adequate liver biopsy? Although a consensus
has not been reached so far, a biopsy specimen should be at 
least 2.5 cm in length and contain at least 10 completely repres-
ented portal tract areas. Should more than one pass be recom-
mended? Obtaining more than one core of liver tissue can 
augment the diagnostic yield, but morbidity increases with the
number of passes, in particular when three or more consecutive
samples are taken [19], and in the presence of older age and
malignancy [20]. 

5.5 Biopsy and laparoscopy
Arthur Zimmermann

489

Table 1 Indications for a liver biopsy.

Chronic fibrosing liver disease/liver cirrhosis

Chronic viral hepatitis (grading and staging)

Unexplained hepatomegaly

Suspected fatty liver disease (including ALD and NASH)

Cholestasis of unknown origin 

Grading and staging of autoimmune biliary disorders

Diagnosis of space-occupying liver lesions (hyperplastic, dysplastic, 

neoplastic)

Unexplained multifocal liver disease (mainly granulomatous hepatitis and 

metastases)

Metabolic liver disease (haemochromatosis)

Specific infections (in particular mycobacterioses, fungi, CMV and EBV)

Hepatic venous outflow disorders

Suspected multisystem disease with liver involvement

Liver injury due to drugs or toxins

Fever of unknown origin (FUO)

Staging of malignancy

Assessment of response to treatment

ALD, alcoholic liver disease; CMV, cytomegalovirus; EBV, Epstein–Barr virus;

NASH, non-alcoholic steatohepatitis.
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tissue relationships. However, data on normal liver histology are
relatively sparse, owing to the difficulty of obtaining reference
material that is not biased in regard to selection of individuals
with apparently undamaged livers [21]. The shapes, diameters
and densities of portal tracts detected in needle biopsies have
systematically been studied [22]. This study has shown that
there is a significant correlation of aggregate biopsy length with
the number of portal tracts. In regard to ‘normal’ infiltrates, one
study observed grade 1 or 2 inflammatory lesions in two-thirds
of biopsies of patients with Gilbert’s disease only [23], suggest-
ing that there is a background of infiltrates that has to be taken
into account.

Liver biopsy techniques and methods of
processing

Liver biopsies are obtained percutaneously as a core with 
distinct biopsy needles, as needle biopsies performed during
laparoscopy or laparotomy, as a wegde biopsy, or transvenously,
usually via a transjugular route. Percutaneous liver biopsies 
are classified according to the site of entry, whether performed
blind or guided, and whether the track is plugged after 
entry. A transjugular liver biopsy is chiefly indicated for 
patients with severly compromised haemostasis, liver failure,
and/or marked ascites. Each method has advantages and 
disadvantages, and criteria for choosing a given technique, 
the different yields to be expected, and issues of imaging 
assistance for performing a biopsy have been discussed in 
detail [24,25].

The percutaneous approach is, in regard to the size and qual-
ity of the sample thus obtained, preferable. Transjugular biopsy
specimens are thinner than Menghini cores, are advanced only
1–2 cm into liver substance, are sometimes fragmented, and
contain fewer assessable portal tracts, but they may excellently
serve to analyse parenchymal disease and the extent of hepato-
cyte damage. In contrast, wedge biopsies are not recommended,
except for instances where a focal lesion is seen during
laparoscopy or laparotomy. The reason is that, although the
sample may be impressive as to its size, it will only represent a
peripheral (subcapsular) part of the liver that is usually not 
representative. For instance, connective tissue pillars that 
normally extend from the capsule into the liver substance may
mimic septal fibrosis, lymphoid cells are known to accumulate
in the subcapsular compartment in the absence of relevant 
liver inflammation, and hepatocyte iron distribution is different
in core vs. peripheral areas of the liver [26]. Therefore, a 
needle biopsy should also be performed during laparoscopy or
laparotomy. 

Upon harvesting, the biopsy should promptly be transferred
into buffered neutral formalin (ideally 4%), as any delay will
rapidly cause drying and then severe autolytic change of liver 
tissue. In case electron microscopy is planned, small samples
must be preserved in glutaraldehyde, in accordance with the
local laboratory’s requirements. Samples must not be placed on

What is a normal liver biopsy? Liver biopsies present the
interpreter with the question of what is normal, and what the
range of normality is. This refers to several parameters, such as
the overall tissue geometry and the mutual relationship of tissue
compartments (portal tracts vs. elements of the vascular outflow
tract), the configuration of liver cell plates, sinusoids and the
perisinusoidal space, normal fat and other constituents in hep-
atocytes, the amount of connective tissue in portal tracts, the
number of ducts and ductules (see Plate 5.5.1, facing p. 000), and
the physiological amount of infiltrated cells (the liver-associated
lymphoid tissue). Biopsies erroneously classified as normal fre-
quently concern macronodular cirrhosis, regenerative nodular
hyperplasia, and noncirrhotic portal hypertension; avoiding
such errors requires sufficient knowledge of normal histological

(a)

(b)

Fig. 1 Sampling of small focal liver lesions. (a) There is a small (early)
granuloma in the parenchyma (to the right of the middle). Such intralobular
granulomas seem to be randomly distributed, and their detection in biopsies
depends on their number in relation to the sample size. It has been
estimated that many millions of these lesions must be present in the liver 
for them to be reliably represented in a tissue section. (b) Granuloma
located near a portal tract space. In contrast to (a), the spatial distribution 
of such granulomas depends on a pre-existent, highly ordered 
hepatic structure.
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paper or cloth towel, or gauze, which rapidly dehydrate the 
sample, but in a saline-moisturized plastic foil. Immersion of
samples in saline must be avoided, as this causes extraction of
cellular constituents and cell swelling.

Recommendations for staining vary considerably in the 
literature, but minimum requirements for adequate diagnosis
include the haematoxylin and eosin stain, a reliable connective
tissue stain (trichrome stains; a stain containing sirius red; 
or chromotrope aniline stains), a reticulin stain (Gomori stain;
essential for the assessment of liver cell plate thickness and the
recognition of nodular regenerative hyperplasia), the periodic
acid–Schiff (PAS) stain (preferably with and without diastase
pretreatment), and an iron stain (Perls stain). As so much
depends on the high quality of histology stains, staining proced-
ures should be subjected to quality management programmes. 
It is highly advisable to produce sufficient extra sections in 
the first run of cutting (preferably on Superfrost Plus slides 
or a similar product), as any secondary cutting will inevitably
result in tissue loss from the blocks. Apart from paraffin-
embedded biopsies, frozen sections of native or fixed tissue 
may be required in distinct situations, but this approach
requires special skill to produce thin sections based on sparse
material. Intraoperative frozen sections are mainly indicated for
the assessment of liver graft quality (in particular steatosis and
small focal lesions), and for the typing of (unexpected) smaller
nodular lesions during liver resections. Frozen sections also hold
a crucial place in the reliable diagnosis of microvesicular fatty
change. 

Although an adequate evaluation of biopsies will be possible
by use of conventionally stained preparations in most instances,
immunohistochemistry (IHC) plays an increasing role. IHC is
nowadays, with few exceptions, performed employing formalin-
fixed tissue. Particularly important and helpful immunostains
comprise those for microbial antigens – mainly hepatitis B virus
(HBV)-, cytomegalovirus (CMV)- and herpes simplex virus
(HSV)-associated antigens – the selective demonstration of bile
duct and ductular cells (cytokeratins 7 and 19), the assessment of
proliferative activity (e.g. Ki-67) and ubiquitin (detection of
Mallory bodies) (Fig. 2 and Plates 5.5.2 and 5.5.3, facing p. 72).
Tumour typing (primary or secondary hepatic neoplasms) will
require an extended palette of antibodies, as in other tumour
locations. 

Liver biopsies are increasingly used for molecular biology
examinations, specifically in situ hybridization (ISH; e.g. for
EBV and CMV), fluorescence in situ hybridization (FISH), and
polymerase chain reaction (PCR). As, for example, PCR may
require several tissue sections of increased thickness (typically 
10 µm) in order to obtain a sufficient amount of DNA, it is
advisable to clarify the requirements before the biopsy is per-
formed and processed. The same organizational steps have to be
planned in case part of the biopsy material should be preserved
for tissue banking, which usually requires tissue freezing in 
liquid nitrogen, and/or the storage of DNA, RNA or proteins
(proteomics). 

Selected situations for bioptic
assessment of disease

Alcoholic and non-alcoholic fatty liver disease

Macrovesicular steatosis (macrosteatosis; fatty liver disease,
FLD; Fig. 3), defined as visible steatosis exceeding 5%, is increas-
ingly prevalent, mainly related to obesity and excessive weight
(body mass index ≥ 25 kg/m2), type 2 (non-insulin-dependent)
diabetes mellitus and hyperlipidaemia, and is a frequent 
indication for liver biopsy. FLD is broadly classified into two 
categories, namely, alcoholic liver disease (ALD; or alcoholic 
fatty liver disease, AFLD; see Plate 5.5.4, facing p. 72) and 
non-alcoholic fatty liver disease (NAFLD). It is estimated that
NAFLD affects 10–25% of the general population in various
countries. The histological criteria for the diagnosis of these major
groups have been defined and reviewed [27]. The histological

(a)

(b)

Fig. 2 Immunohistochemistry in liver biopsies: assessment of bile duct
injury. (a) In this H&E-stained preparation, a florid bile duct lesion occurring
in primary biliary cirrhosis (PBC) is seen (centre of the figure). (b) Bile duct
lesion in PBC, demonstrated by cytokeratin-19 immunostaining. The details
of the duct lesion are better seen, and this stain may uncover discrete
changes that are not easily detectable in routine stains. Note the
ductocentric granuloma.
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spectrum of macrosteatosis comprises non-alcoholic fatty liver
(NAFL), alcoholic fatty liver (AFL) and steatohepatitis (alcoholic
steatohepatitis, ASH; see Plate 5.5.4a, facing p. 72; and nonalco-
holic steatohepatitis, NASH). NASH is recognized as the pro-
gressive form of NAFLD with histological similarities to ASH
[28]. NASH is associated with obesity, hyperlipidaemia and
insulin resistance syndromes (and hence is a hepatic manifesta-
tion of syndrome X), but also causes progressive fibrotic liver
disease [29]. In the latter context, and similar to chronic viral
liver disease, grading and staging of NASH is necessary, grading
reflecting the degree of steatosis and associated necroinflamma-
tory changes, and staging estimating the extent of fibrosis and
remodelling [30]. Several systems for grading and staging of
NASH have been proposed [31]. In regard to biopsy require-
ments for the diagnosis of these disorders, the confirmation of
fatty liver and early steatohepatitis as diffuse lesions is possible
with small samples, while fibrosing lesions require the same
staging samples as chronic viral hepatitis [32]. 

Chronic viral hepatitis: grading and staging

Liver biopsy has a central role in the assessment of disease activ-
ity and progression in chronic viral hepatitis [33]. A first repro-
ducible semiquantitative approach to score liver biopsies with
chronic hepatitis goes back to 1981, which resulted in a histolog-
ical activity index (HAI) [34]. Later systems more clearly separated
grade from stage, grade referring to the degree of inflammatory
activity (or the immune reaction directed against viral antigens),
and stage to the degree of fibrosis and hepatic remodelling. The
histological features that should be included in grading and stag-
ing (Figs 4–9 and Plates 5.5.5 and 5.5.6, facing p. 72) have been
reviewed in detail [35]. As the manifestations of chronic viral
hepatitis are markedly heterogeneous within the liver, sampling
to obtain an adequate biopsy specimen is particularly crucial 
in grading and staging; for example, it has been suggested that

(a)

(b)

Fig. 3 Fatty liver disease. (a) Macroscopic features of marked diffuse fatty
liver disease. In regard to biopsy sampling it is easily seen that steatosis will
be represented histologically irrespective of the place of the biopsy. 
(b) Macrovesicular steatosis of the liver (macrosteatosis). In this biopsy,
steatosis is a single pathological feature, resulting in a rather broad
differential diagnosis (H&E stain).

(a)

(b)

Fig. 4 Viral hepatitis. (a) The histology of acute viral hepatitis is
characterized by cell damage and a lymphocyte-predominant lobular
infiltrate, indicating the immune response directed against viral antigens
(H&E stain). (b) At higher magnification, the features of the infiltrate are
better resolved. Note that some of the lymphocytes look distorted, owing to
their polarization in the course of locomotion/migration to antigen-
containing cells. In this case, marked cholestasis is in evidence (cholestatic
variant of acute viral hepatitis) (H&E stain).
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adequacy entails a sample that is 2.5 cm or more in length con-
taining more than 10 complete portal tracts, but there is still no
consensus [14]. The earlier Knodell classification has, over the
past decade, been replaced by other systems, although what is
the ‘best’ assessment procedure remains unresolved [36]. Well-
known systems now include the Ishak modification of HAI, the
Scheuer system, the Ludwig system, and the algorithm devised
by the METAVIR group in France (for review see ref. 35). As any

Fig. 5 Fulminant viral hepatitis (massive necrosis). In this periodic
acid–Schiff (PAS) stain, the hepatic architecture is completely effaced, and
only a few PAS-positive, viable-looking hepatocytes are still present. 

(a)

(b)

Fig. 6 Chronic viral hepatitis. (a) Chronic hepatitis C. The activity of the
process manifests in the form of a dense portal tract infiltration, in part
ductocentric. Around the bile duct (upper half), a lymph follicle has
developed (H&E stain). (b) The intralobular component of the inflammation
may be more discrete, and presents in the form of a focal macrophage and
lymphocyte reaction (H&E stain).

(a)

(b)

(c)

Fig. 7 Chronic viral hepatitis: grading. (a–c) Increasing levels of
inflammatory activity in portal tracts and periportal parenchyma. These and
other visible features of the immune reactions and their sequelae form the
grading of lesions. 
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such scoring approach will be prone to intra- and interobserver
errors, the systems should have an appropriate sensitivity
together with an acceptably low level of complexity, plus well-
defined and easily identifiable histological criteria.

Metabolic liver disease

Apart from fatty liver, hepatic iron storage disorders are the
most important metabolic conditions to be assessed by biopsy.
Among these, the now diverse forms of hereditary haemochro-
matosis [37] are regularly approached using biopsies, liver biopsy
still being regarded as the gold standard for grading and, in 
particular, staging of disease (Fig. 10). In addition to haemoch-
romatosis and other, much rarer, hereditary disorders, any
interpretation of liver biopsies with hepatocyte iron overload
has to consider an increasing spectrum of acquired disorders. 
A rather novel hepatic iron overload situation is observed 
in patients with NASH and insulin resistance, the so-called
metabolic syndrome or syndrome X [38]. The assessment of
biopsies with hepatocyte iron overload requires a biopsy from
deeper parts of the liver (as iron is not uniformly distributed 
in this organ), a description of stainable iron distribution, and
an estimation of the amount of iron that has progressively 
accumulated. Frequently employed semiquantitative estima-
tions of iron overload include the Brissot score [39] and the
Deugnier score/histological hepatic iron index [40]. For a quan-
titative assessment, the reference limits for iron in liver biopsies
have been defined [41]. This allows the determination of the
hepatic iron index (HII) calculated by the hepatic iron concen-
tration (µg iron per gram dry weight) divided by the atomic
weight of iron (55.846) times the patient’s age in years, or
µmol/g dry weight divided by the patient’s age in years. An HII
greater than 1.9 strongly suggests haemochromatosis, but not 
all haemochromatosis patients have an HII >1.9, related to the
timing of biopsy and the variable penetrance of the disease. In
case fresh tissue is employed for quantitative iron determina-
tion, the samples must be transported in iron-free containers,
and not in saline, as this may extract part of the iron. Does the
determination of the HII always require fresh tissue? It has been
shown that an accurate measurement of the iron concentration
in deparaffinized biopsy specimens is possible, provided the
sample is ≥ 0.4 mg [42]. 

The role of the biopsy in liver transplantation 

Because in the context of liver transplantation (LTX), clinical
signs and liver function tests do not reflect well the status of the
graft, liver biopsy has a significant place in graft monitoring and
in the timely detection of complications [43]. The most frequent
biopsies in LTX are usually termed ‘null’, ‘protocol’ and ‘indi-
cated’ biopsies. So-called null biopsies, i.e. needle biopsies per-
formed during or immediately after LTX, serve in some centres
as a measure to assess eventual pre- or peritransplantation 
liver lesions (such as preservation injury), the identification of
donor lesions (unrecognized inflammatory or fibrotic lesions),
and as a baseline for comparing later histological findings 
with the original status of the graft. There is still no consensus 
as to whether, and when, such biopsies should be performed.
Indicated graft biopsies are performed at any time when 

(a)

(b)

(c)

Fig. 8 Chronic viral hepatitis: staging. (a) A cirrhotic nodule representing a
stage 4 lesion is seen (upper half). Note that interface lesions indicating
activity of the process involve this nodule (H&E stain). (b) Cirrhosis is
associated with a distinct change of the perisinusoidal matrix. In this
collagen type 4 immunostain, the perisinusoidal space shows a linear red
contour representing the establishment of a sinusoidal basement
membrane (capillarization). (c) Cells critical for the fibrosing process are
hepatic stellate cells (HSC), here demonstrated by use of a desmin
immunostain (frozen section). 
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abnormal graft function requires histological assessment.
Conversely, the indications and the timing of so-called protocol
biopsies (if performed) seem to still be controversial. A fourth,
but not systematically performed, type of biopsy, is the donor
organ biopsy, done in order to assess graft quality, specifically in
regard to macrosteatosis, which is now established to adversely
affect graft function, or in case of other suspected grossly iden-
tifiable lesions of unknown significance. Such biopsies can be
processed as an intraoperative frozen section.

The histopathological alterations detectable in post-LTX liver
biopsies may be divided into four main groups:
• changes directly associated with grafting (sequelae of ischaemia;
rejection; Fig. 11a); infections (Figs 11b, 11c); adverse drug reac-
tions; sequelae of technical complications;
• recurrence of the original liver disease (particularly viral 
hepatitis);
• de novo hepatic disease;
• unexpected donor lesions not recognized so far.

In the context of graft lesions related to preservation injury
and rejection, grading systems have been developed. Acute

rejection is graded according to the rejection activity score
(RAI), and European and Banff classifications are available 
[44]. Similarly, criteria for staging chronic rejection have been
worked out [45]. If microbiological examinations using hep-
atic biopsy material are planned, these procedures should be 
organized according to the local microbiology laboratory’s
requirements. 

Complications of liver biopsy

Several large series (>20 000 interventions) have summarized
the prevalence of minor and major complications directly
related to liver biopsy. Overall, relevant or severe morbidity is
estimated at 0.1–0.2%, while fatality rates range from 0% to
0.2%. Most complications (about 60%) become manifest within
the first 3 hours after biopsy [46–48]. The most frequent adverse
event is pain (usually resolving in 1–2 days), reported to occur 
in up to 50% of the patients, but only about half of them 
will require analgesia. Whereas minor bleeding is frequent,
significant haemorrhage, sometimes requiring transfusion, is

(a)

(b)

(c)

(a)

Fig. 9 Gross and histological features of established cirrhosis. (a) Normal liver. (b) Gross features of diffuse micronodular cirrhosis. The entire organ is
replaced by densely placed regenerative nodules. (c) Cut surface of fully developed cirrhosis in chronic viral hepatitis. (d) Histology of the liver shown in (c).
Note that a needle biopsy will need to be big enough to represent adequately both the nodules and their spatial relation to fibrotic areas (H&E stain). 
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estimated to occur in 0.2% only, but is the most common cause
of biopsy-associated death. Bile leakage with subsequent bile
peritonitis is a high-risk complication, but should be avoidable 
if the typical contraindication of high-grade extrahepatic bile
duct obstruction is respected. Other complications include

right-sided pneumothorax or haemothorax (<0.5%), haemo-
bilia (<0.2%), hepatic arteriovenous fistula (up to 5%), sepsis
(<0.1%), subcutaneous emphysema (<0.2%), adverse anaes-
thetic reactions (<0.3%), needle break (≈0.02%), and puncture

(a)

(b)

(c)

Fig. 10 Haemochromatosis. (a) Gross features of liver cirrhosis in
haemochromatosis. This cirrhotic liver shows diffuse discoloration caused 
by the massive iron overload (pigment cirrhosis). (b) In an iron stain, the
preferential localization of stainable iron (darker areas) in hepatocytes is
seen. Note the typical zonation of iron overload. (c) At higher magnification,
iron overload in cell systems other than hepatocytes (bile ducts,
macrophages) is in evidence.

(a)

(b)

(c)

Fig. 11 Biopsy in liver transplantation. (a) Acute graft rejection. Three key
features – a marked infiltration of portal tracts, venous endothelitis, and bile
duct damage are observed (H&E stain). (b) Cytomegalovirus infection of a
liver allograft. Note the markedly enlarged (cytomegalic) endothelial cell in
the middle of the figure (H&E stain). (c) Immunostaining is particularly suited
to detect cytomegalovirus (CMV) hepatitis. In this liver allograft, a typical
nuclear (dark spot) inclusion body is seen, associated with a neutrophil
accumulation (microabscess). 
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injury to other intra-abdominal organs (overall <0.5%). Intra-
abdominal seeding of neoplastic cells upon puncture of hepatic
malignancy is a possible complication that caused reluctance to
perform such biopsies. In recent studies, needle tract implanta-
tion of hepatocellular carcinoma was found to range in pre-
valence from 1.6% to 5.1% [49,50], hence requiring a careful
risk–benefit analysis when planning a tumour biopsy. 

Laparoscopy

Diagnostic laparoscopy has an important place in the assess-
ment of liver disease, albeit for a restricted spectrum of indi-
cations [51]. These are summarized in Table 2. Diagnostic
laparoscopy is probably one of the most accurate measures for
the diagnostic evaluation of specific forms of chronic liver dis-
ease. In this approach, the surgeon becomes a visual anatomist
[52] whose macroscopic information will help the pathologist in
the histopathological diagnosis (Fig. 12). Laparoscopic liver

Table 2 Indications for diagnostic laparoscopy.

Chronic fibrosing liver disease (in particular, staging)
Primary hepatic tumours, both benign and malignant
Nodular precursor lesions of the liver
Metastatic liver disease
Lymphomatous involvement of the liver
Evaluation of unclear abdominal masses
Staging of primarily extrahepatic malignancies
Ascites of unknown cause
Infection of the peritoneal cavity
Hepatic parasitoses
Chronic abdominal pain
Hepatomegaly or hepatosplenomegaly of unknown cause
Liver disease in renal failure
Liver involvement in multiorgan failure
Subfulminant liver failure
Assessment for liver transplantation

Patients at increased risk for other bioptic procedures

(a)

(b)

Fig. 12 Laparoscopic liver biopsy. (a) Laparoscopic biopsy is indicated in
lesions of uncertain aetiology and in patients with increased risk (e.g. bacterial
infection). In this case, a patient with infectious cholangitis and small focal
liver lesions, the biopsy shows purulent cholangitis with bile duct rupture
and leakage of bile (H&E stain). (b) Precursor lesions of hepatocellular
carcinoma can be reliably assessed by use of laparoscopy. This excision shows
a so-called bulging nodule, histologically representing a dysplastic nodule. 

(a)

(b)

Fig. 13 Laparoscopic liver biopsy. (a) Hepatocellular carcinoma (HCC),
trabecular type. Owing to their highly aggressive and invasive phenotype,
HCC are regarded as a risk factor for needle biopsies (needle tract seeding),
therefore laparoscopic biopsy is preferable (H&E stain). (b) In an excisional
biopsy, the prognostically important feature, angioinvasion, has an
increased chance of being detected (H&E stain). 
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biopsy is frequently used, in particular for patients with com-
promised haemostasis and for whom the transjugular procedure
is not available. In some centres it is performed on an outpatient
basis, and it seems to have a similar complication rate and mor-
tality as percutaneous liver biopsy [51,53]. For certain lesions,
this procedure seems to be more specific, in particular for stag-
ing chronic fibrosing liver disease in case of macronodularity
[54,55]. Even minilaparoscopy (laparoscopy with a small-
diameter telescope) offers the possibility of assessing macroscopic
liver features and of coagulation of the biopsy site [56,57].
Laparoscopy associated with laparoscopic ultrasonography and
biopsy plays an increasing role in the evaluation of patients with
suspected liver tumours and hepatic tumour staging procedures
[58,59,60,61], and allows better control of the circumstances
that may favour tumour cell seeding (Fig. 13), but it also offers
an approach for the treatment of liver tumours [62].
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5.6.1 Ultrasonography
Luigi Bolondi, Valeria Camaggi and Fabio Piscaglia

Ultrasonography (US) is the first-line imaging technique for the
examination of the hepatobiliary system and other abdominal
organs. The main advantages of US are low cost, broad avail-
ability, non-invasiveness, safety, repeatability and efficacy. US 
guidance provides an easy way for performing interventional
procedures, such as percutaneous treatments for hepatic mali-
gnancies and biopsy. Its weakness is the difficulty in exploring
the entire liver in cases of abundant intestinal gas and in obese 
or uncooperative patients. It is an operator-dependent techni-
que, especially Doppler US, which requires thorough training 
to obtain good intra- and interobserver reproducibility.

Overview of the physical principles of US

The properties of ultrasound are used to create a real-time image
of the insonated structures. Ultrasound consists of sound waves

of frequencies beyond the range of human hearing (>20 kHz).
When an ultrasound beam, generated by the US transducer,
crosses an interface between two structures with different acous-
tic impedance, waves are partially reflected and received by the
transducer, which translates them into electric pulses. A bidi-
mensional real-time image is obtained by coding these pulses
into a grey-scale panel of signals.

Human organs contain several acoustic interfaces both at 
a macroscopic (vessels, masses, etc.) and microscopic level (dif-
ferences in cellular content and mesenchymal stroma) that are
the basis for the US representation of the human body. A big dif-
ference in acoustic impedance between two adjacent structures
(i.e. parenchyma and gas or bones) causes the near complete
reflection of the US beam thereby preventing evaluation of the
structures behind. This ‘posterior acoustic shadowing’ hampers
liver examination when generated by ribs or intestinal gas, but
may aid the correct diagnosis in other cases (e.g. gallstones). The
key terms in the description of conventional US features are
reported in Table 1.

Doppler US allows a non-invasive assessment of blood flow 
by the application of the Doppler physical principle: when 
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Table 1 Key terms in conventional US.

Term

Anechoic or echo-free

Echoic or reflective

Hypoechoic

Hyperechoic

Isoechoic

Posterior acoustic shadowing

Posterior acoustic enhancement

FNH, focal nodular hyperplasia; HCC, hepatocellular carcinoma.

Description

Homogenous structure without internal interfaces, 

so that no echoes are returned. It appears black

Every structure that returns echoes. It can assume every

gradation of grey up to white

A structure that is less echoic than the background, 

so that it appears darker

A structure that is more echoic than the background, 

so that it appears brighter

A structure that is as echoic as the background

Absence of echoes behind a structure that reflects the

US beam almost completely

Increased echogenicity behind a homogeneous structure

that presents low attenuation of the US beam

Examples

Liquid filled structures (vessels, gallbladder, cysts),

ascites

Parenchyma, biliary sludge

Several types of liver lesion (neoplasm, abscesses)

Small haemangiomas, some HCC, some metastases

Some liver masses (typically FNH)

Gallstones, bones, intestinal gas, calcifications

Liquid-filled structure (cysts), fluid-rich lesions

(haemangiomas)
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ultrasound is reflected by a moving target, such as blood cells
flowing in the vessels, the frequency of the reflected waves differs
from that of the incident waves: it increases when the target is
moving towards the transducer and decreases when the target 
is moving away. The difference between the incident and the
reflected frequency is the Doppler frequency.

The Doppler frequencies can be represented by different
modalities: colour Doppler displays a map of vascular struc-
tures in a selected portion of the real-time US scan, providing
qualitative information about the presence and direction of
blood flow by means of a colour code. Sensitivity in detecting
slow flow can be increased by using power Doppler, which dis-
plays the integrated amplitude of the Doppler signal instead of
its frequency. Doppler spectral analysis visualizes the velocity 
distribution of blood cells in a time function, giving quantitative
and semiquantitative information about flow velocity and 
features. Impedance indices (i.e. resistance index, RI) and fre-
quency peak are important in the characterization of mass liver
lesions and splanchnic haemodynamics. Unfortunately, very
small vessels (as in tumoral lesions) and deeply located struc-
tures are poorly recognized by Doppler US.

A revolutionary advance in US was the introduction of 
contrast-enhanced US (CEUS). US contrast media are gas-filled
microbubbles dissolved in water. After injection in a peripheral
vein, microbubbles reach the liver through both the hepatic
artery and portal vein in subsequent phases, so that an arterial
(10–30 s after injection), a portal (30–120 s) and a late phase are
recognizable.

As no enhancement is detectable with conventional US, CEUS
requires contrast-specific imaging modes, known as harmonic
imaging techniques, that visualize exclusively the nonlinear 
tissue echoes generated by microbubbles, nullifying the linear
tissutal echoes. Whereas the first-generation contrast media, i.e.
Levovist (Schering AG, Berlin, Germany), permit only intermit-
tent visualization of focal lesions, the second-generation con-
trast media, such as SonoVue (Bracco, Milan, Italy), allow
continuous, real-time evaluation of hepatic structures. Thanks
to this advantage, real-time CEUS, or perfusional angiosonogra-
phy, has become the reference standard in this setting [1].
Clinical indications for US are summarized in Table 2.

Diffuse liver disease

Normal liver parenchyma gives a homogeneous pattern of 
low-level echoes in which vessels appear as anechoic tubular
structures (Fig. 1). The size, morphology, echo-pattern and 
surface characteristics of the liver have to be assessed.

US has a sensitivity of up to 95% in distinguishing normal
from abnormal liver, but the accuracy in discriminating differ-
ent stages of chronic liver diseases is limited, with the exception
of overt cirrhosis [2].

Acute hepatitis

Acute hepatitis does not produce specific US findings. The
‘starry-night liver pattern’, resulting from a decreased parenchymal

Table 2 Indications for US.

Indication What to evaluate

Alteration in liver laboratory exams Signs of diffuse liver disease 

Mass liver lesions 

Bile-duct dilatations, gallbladder pathology

Signs of PTH (ascites, oesophageal varices) Signs of cirrhosis, portal and hepatic vein patency 

Doppler evaluation of splanchnic circulation

Jaundice Bile-duct dilatations and cause of biliary obstruction 

Signs of diffuse liver disease

Abdominal pain Biliary tract disease 

Portal thrombosis 

Extrahepatic causes of pain

Abdominal trauma Hepatic haematoma 

Lesions of other abdominal organs (especially spleen)

Staging of known chronic hepatitis Signs of progression to cirrhosis and PTH

Surveillance of cirrhotic patients (every 6 months) Detection and characterization of mass lesions (HCC?)

Staging and follow-up in patients with known extrahepatic neoplasm Detection and characterization of mass lesions (metastases?) 

Routine CEUS can be useful to disclose small lesions

Characterization of mass liver lesions Conventional US appearance, presence and characteristics of vascular signals, 

pattern at CEUS. Assessment of resectability

Presurgical assessment for OLT Confirmation of endstage liver disease 

Detection of HCC, portal thrombosis, wide collaterals

Follow-up after OLT Vascular and biliary complications

HCC, hepatocellular carcinoma; OLT, orthotopic liver transplantation; PTH, portal hypertension.
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echogenicity enhancing the hyperechoic periportal structures,
has been associated with acute hepatitis, but its specificity and
sensitivity are low. Hepatomegaly is a frequent finding. 

Hepatic steatosis

Fatty infiltration produces an increased reflectivity of hepatic
parenchyma, known as ‘bright liver pattern’ (Fig. 2). This feature

can be assessed by comparing liver parenchyma with the right
kidney’s cortex, which normally presents an echogenicity equal
to or slightly lower than that of the liver (Fig. 1a). Severe steatosis
produces a strong attenuation in the deepest liver sections,
resulting in poor explorability. The liver is frequently enlarged,
with rounded profiles. US is unable to differentiate simple fatty
liver from steatohepatitis.

Steatosis frequently presents an inhomogeneous distribution,
appearing as ‘patchy’ hyperechoic areas, sometimes with a seg-
mental distribution, or as hypoechoic areas frequently located
near the gallbladder or the portal bifurcation. CEUS may help in
distinguishing inhomogeneous steatosis from mass lesions by
disclosing an isoechoic pattern in all the perfusional phases.

Chronic liver disease: from chronic hepatitis to
cirrhosis

Chronic liver disease produces a broad continuous spectrum 
of US anomalies, from a near normal aspect in mild chronic
hepatitis to overt alterations in cirrhosis. The progression from
chronic hepatitis to compensated cirrhosis is difficult to evaluate
with biochemical parameters, imaging techniques or even hep-
atic biopsy, as an underestimation is possible due to sampling
error. Nevertheless, the diagnosis of cirrhosis at an early stage is
useful because specific follow-up programmes are instituted for
cirrhotic patients (i.e. surveillance for hepatocellular carcinoma
and endoscopic evaluation for oesophageal varices).

As fibrosis progresses, US shows an increasingly coarsened
echo-pattern and an increased echogenicity of the liver. A rel-
ative enlargement of the left lobe may take place, but the liver 

(a) (b)

E E

Liver

Kidney

1

Fig. 1 The normal liver parenchyma is isoechoic or slightly hyperechoic in comparison with the right renal cortex (a); it is crossed by vessels, which appear
anechoic (b, arrow).

Fig. 2 Hepatic steatosis: the liver is brighter than the cortex of the right
kidney.
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velocity is reduced. An inversion in portal flow direction is rare
but specific for PHT [4].

Collateral portosystemic pathways are a highly specific sign of
PHT. They can be visualized by conventional US as tortuous
channels, but Doppler US greatly increases the confidence in
their recognition, confirming their vascular nature and showing
traces indicative of turbulent venous flow. One of the most fre-
quent collaterals is the recanalization of umbilical or paraumbil-
ical veins, running from the left intrahepatic portal branch to the
abdominal wall. Spontaneous splenorenal shunts connecting
the splenic vein with the left renal vein are located at the lower
spleen pole and are generally massive. Other sites of portosys-
temic shunts are the left gastric vein behind the left hepatic lobe
(considered a sign of PHT only in case of reversed flow), the
short gastric veins near the upper spleen pole, the gallbladder
wall and retroperitoneum. Direct visualization of oesophageal
varices is rare.

The width and location of collaterals can affect the flow char-
acteristics in the portal system. Large splenorenal shunts reduce
or even reverse the flow in the splenic and portal veins, probably
decreasing the gastro-oesophageal bleeding risk. Umbilical vein
patency can increase portal flow, which is mainly diverted into
the collateral with a reduction or inversion of the right portal
branch flow.

PHT affects the impedance of several arterial vessels [4]. The
intraparenchymal branches of the splenic artery show increased
impedance indices at Doppler evaluation (RI > 0.63), irres-
pective of spleen size. Impedance indices can also increase in
intrarenal arterioles (RI > 0.70), due to renal vasoconstriction.
In contrast, the superior mesenteric artery impedance is reduced
as a consequence of cirrhotic hyperdynamic circulation.

Causes of PHT

US can identify the cause of PHT by showing signs of advanced
chronic liver disease (intrahepatic PHT), portal thrombosis or
splenic arteriovenous fistulae (prehepatic PHT), Budd–Chiari
syndrome or cardiac liver (posthepatic PHT). US findings in 
cirrhosis, the most frequent cause of PHT, have been already
described.

Portal vein thrombosis is frequently related to intrahepatic
PHT, but it can be the primary cause. A recent thrombus is gen-
erally echo-poor, so that it may be undetectable at conventional
US. Colour Doppler shows the absence of flow in the whole 
vessel (complete thrombosis) or in part of it (partial or mural
thrombosis). The optimal setting of the equipment and the use
of power Doppler allow the detection of very slow flow in the
portal system that could have raised the suspicion of thrombosis
at a first examination. As the thrombus organizes, it becomes
visible as echoic material filling the lumen. Cavernous transfor-
mation in longstanding portal thrombosis appears as several
tortuous vessels with turbulent flow at the porta hepatis.

Budd–Chiari syndrome is characterized by occlusion of the
hepatic veins. Conventional US shows hepatomegaly, enlargement

surface still appears smooth and no signs of portal hypertension
are detectable. Small lengthened adenopathies are often detected
at the hepatic hilum in viral and autoimmune hepatitis.

The more sensitive and specific sign of progression to cirrho-
sis is the emergence of an irregular or nodular liver surface 
(Fig. 3), especially when associated with a reduction in portal
flow velocity at Doppler examination [3]. Other findings sug-
gesting cirrhosis are marked hypertrophy of the left and caudate
lobes, atrophy of the right lobe and the onset of ascites. Doppler
US can show signs of portal hypertension, as described below.

Portal hypertension

Doppler US and upper gastrointestinal endoscopy are the first-
line exams when portal hypertension (PHT) is suspected. The
aim of Doppler US is to disclose signs suggesting PHT and its
cause.

US diagnosis of PHT

Many conventional US signs of PHT, namely splenomegaly 
and enlargement of the portal, splenic and superior mesenteric
veins, present poor sensitivity and specificity. Instead, the
absence of the normal calibre variation of splenic and superior
mesenteric veins during forced inspiration–expiration (<40%
reduction) is sensitive (up to 80%) and specific [4].

Doppler examination adds a significant contribution to the
diagnosis of PHT by characterizing splanchnic haemodynamics.
A reduction in portal flow velocity suggests PHT, but is not
totally specific. The normal postprandial increase in portal flow

Fig. 3 Decompensated cirrhosis. Ascites enhances the visualization of 
the nodular liver surface (arrow). Colour Doppler shows a patent portal
system with hepatopetal flow (arrow head).
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of the caudate lobe and ascites. Hepatic veins are not detectable
or appear as fibrotic bands. In other cases, they are dilated and
tortuous with nonvisualization of their confluence with the infe-
rior vena cava (IVC), and Doppler examination discloses a flat
waveform without the normal phasic variations. The latter sign
is nonspecific, as it can also be found in advanced cirrhosis.
Reversed flow in hepatic veins is pathognomonic albeit rare. 
The IVC is often obstructed or narrowed, with continuous and
sometimes reversed flow in its lower portion.

Liver masses

US is the first-line exam for suspected liver masses and often
detects incidental lesions when performed for other indica-
tions. Most benign and clinically irrelevant lesions (i.e. cyst, 
haemangioma and focal nodular hyperplasia) can often be 
diagnosed solely by using Doppler US and ultimately CEUS
(Table 3). In other instances, US represents a complementary
source of information, used in addition to other imaging tech-
niques. Moreover, US can guide biopsy and visualizes the rela-
tionship between lesions and vascular and biliary structures,
which is fundamental in assessing the resectability of liver
tumours.

The clinical setting is useful in suggesting diagnosis (e.g. cir-
rhosis and hepatocellular carcinoma [5], a known extrahepatic
malignancy and metastases, oral contraceptive use and adenoma,
otherwise healthy subjects and haemangioma or focal nodular
hyperplasia).

Liver cyst

Simple liver cyst is a common incidental US finding without any
clinical relevance. Conventional US is diagnostic: cysts appear 

as anechoic, round-to-oval lesions with posterior acoustic
enhancement.

Polycystic liver disease is an inherited condition characterized
by multiple cysts throughout the liver, often associated with
autosomal dominant polycystic kidney disease. Hepatic cysts
generally arise in puberty and increase in number and size with
time. In the case of very numerous or large cysts, the patient may
become symptomatic for abdominal discomfort, early satiety 
or dyspnoea.

Echinococcal cyst

The liver is the most frequent site of hydatid disease.
Echinococcal cysts are characterized by a thick wall, sometimes
with two distinct layers and focal or circumferential calci-
fications. Inner daughter cysts and intraluminal debris may be
present. Inactive lesions appear completely calcified or display
the so-called ‘waterlily sign’, characterized by linear echoes
floating into the cyst.

A classification based on the US appearance has been
approved by the World Health Organization to guide the
approach to treatment.

Liver abscess

Pyogenic liver abscesses present a great variability in US appear-
ance even in the same patient, as their aspect may change over
time. They frequently appear as slightly irregular hypoechoic
lesions with distal enhancement. A hyperechoic pattern is pos-
sible especially in the initial phases.

Amoebic abscesses produce similar features, but they are 
generally round, and in a subcapsular location. Occasionally, a
cystic area persists after recovery.

Table 3 US features of the commonest liver masses. 

Lesion

Cysts

Haemangioma

Focal nodular 

hyperplasia

Dysplastic nodules 

on cirrhotic liver

Hepatocellular 

carcinoma

Metastasis

CE, contrast enhancement.

Conventional US

Anechoic with

posterior

enhancement

Hyperechoic

Isoechoic with

central scar

Generally

hypoechoic

Variable

Variable

Colour Doppler
signals

Absent

Scarce or absent

Rich spoke-wheel

vascularization

Scarce or absent

Present

Scarce or absent

Spectral analysis of arterial signals

Resistance index

–

Low

Low

Low

Very high

High

Peak frequency

–

Low

High

Low

High

High

Contrast-enhanced US

Arterial phase

Anechoic

Centripetal globular

filling (slow)

Early CE from 

central artery 

Isoechoic

Early CE

Peripheral CE

Portal-late phase

Anechoic

Isoechoic

Isoechoic

Isoechoic

Slightly hypoechoic

or isoechoic

Markedly

hypoechoic
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without the spoke-wheel distribution observed in FNH. Both
venous and arterial signals are detectable, the latter with high
peak frequency and low impedance.

No large series are available about the accuracy of CEUS in
adenoma. Like FNH, it usually presents an early flush-like
enhancement in the arterial phase and an isoechoic aspect in the
portal-late phase.

Metastases

Metastases are the most common malignant liver lesions in
developed countries. Unfortunately, US appearance is extremely
variable and does not show a significant relationship with the
primary tumour. A hypoechoic mass is the most frequent 
presentation and may be seen in any type of malignancy.
Hyperechoic lesions, often with a peripheral hypoechoic halo or
a target aspect, are more frequently related to gastrointestinal 
or urogenital cancers.

Vascular signals are absent or rare with both colour and
power Doppler US. Where observed, vascularization is irregular
with high impedance and high peak frequency arterial signals. 

Conventional US sensitivity in detecting hepatic metastases 
is relatively poor compared with contrast-enhanced computer-
ized tomography (CT) and magnetic resonance imaging (MRI).
In contrast, CEUS visualizes small metastases missed at conven-
tional US and is thought to have a sensitivity similar or even
slightly superior to CT in detecting small lesions [8].

The typical pattern of metastases at CEUS is a markedly
hypoechoic aspect in the portal-late phase, due to poor contrast
uptake with respect to the surrounding parenchyma. A peri-
pheral or homogeneous enhancement is sometimes detected 
during the arterial phase.

Lymphoma

Both Hodgkin’s and non-Hodgkin’s lymphomas can affect 
the liver, assuming a diffuse or more rarely a focal pattern.
Occasionally the liver can be the primary and unique site. A 
generalized decrease in hepatic echogenicity can be detected 
in diffuse infiltration. Circumscribed lymphoma appears as a
markedly hypoechoic focal lesion with rare vascular signals.
After contrast medium injection it is hypoechoic in the portal-
late phase.

Cholangiocellular carcinoma (CCC)

No characteristic US and Doppler appearance is described 
for CCC. It appears as a mass located at the hepatic hilum 
with intrahepatic bile duct dilatation (Klatskin tumour) or as 
a focal lesion within the liver parenchyma (peripheral CCC),
often with small satellite nodules. Portal invasion is a frequent
finding. 

Generally, CCC appears hypervascularized in the arterial
phase and hypoechoic in the portal-late phase at CEUS. 

Haematoma

Haematoma, related to abdominal trauma or to interventional
procedures such as biopsy, is usually hyperechoic in the very
early phase and then becomes hypoechoic. Large subcapsular
haematomas can appear hypo- to anechoic even in the early
phase. A residual fibrous scar or a cystic area may persist after
resolution. 

Haemangioma

Haemangioma, the commonest benign hepatic tumour, is gen-
erally an incidental finding. Haemangiomas <3 cm in diameter
typically appear as hyperechoic, well-demarcated lesions, often
adjacent to liver vessels. Such lesions can cast a posterior acous-
tic enhancement. Larger lesions can present atypical features, for
example an inhomogeneous or hypoechoic texture. If steatosis 
is present, haemangioma can be less evident or even appear
hypoechoic. 

Doppler US detects little or no blood flow within the lesion,
because of the low flow velocity inside it.

Haemangioma presents a typical CEUS pattern, namely a
peripheral globular enhancement with centripetal filling, so 
that in the late phase it appears isoechoic or even hyperechoic
[6]. Large haemangiomas may present thrombosed areas that
remain hypoechoic.

Focal nodular hyperplasia (FNH)

FNH generally appears as an isoechoic mass at conventional US.
The presence of a central hyperechoic scar is infrequent, but
highly suggestive for FNH.

Colour Doppler discloses a highly vascularized pattern often
with a distinctive ‘spoke-wheel’ distribution. Spectral analysis
shows both central and peripheral arterial waveforms charac-
terized by high peak frequencies and low impedance [7]. The 
differential diagnosis with other hypervascular lesions (i.e. hepa-
tocellular carcinoma or adenomas) is based on the central scar
and the above-mentioned Doppler features.

At CEUS, FNH presents an early homogeneous filling in the
arterial phase. It subsequently becomes isoechoic [6].

Hepatocellular adenoma

Adenoma is a rare lesion, more common in females using oral
contraceptives. Its recognition is important despite the benign
nature, as adenoma can cause significant morbidity (e.g. haem-
orrhage). In particular, adenoma should be differentiated from
FNH, which shows similar features but is clinically irrelevant. 
If diagnostic clues for FNH are lacking, differential diagnosis 
is difficult and not always possible even for experienced US
operators. Guided biopsy may be required.

Adenoma appears as an isohypoechoic inhomogeneous lesion
characterized by rich peri- and intralesional vascularization
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Mass lesions on cirrhotic liver: hepatocellular
carcinoma (HCC) and non-malignant nodules

Surveillance programmes for cirrhotic patients have made the
US detection of small nodules on cirrhotic liver a frequent event
[5], pointing out the problem of differential diagnosis between
HCC and nonmalignant macronodules [9]. Arterial hyper-
vascularization is the hallmark of HCC [10] and differentiates it
from large regenerative and dysplastic nodules. More recently,
contrast medium washout in the portal–late phase has been 
recognized as a characteristic feature of HCC. The AASLD
guideline [11] stated that, in the case of a nodule >2 cm found on
US screening of a cirrhotic liver, the detection of both arterial
contrast enhancement and venous washout on one imaging
technique (out of CE, MRI, and CEUS) is diagnostic for HCC.
Two concordant imaging techniques showing this pattern are
required if the nodule is 1–2 cm in diameter.

Even if a cirrhotic patient may be affected by any one of the
already described lesions, the detection of a nodule on cirrhotic
liver should always raise the suspicion of HCC. It presents vari-
able features at conventional US. HCCs <5 cm are usually hypo-
echoic, while larger lesions are hyperechoic or have a mixed 
echo-pattern. Nevertheless, up to 20–30% of HCCs <2 cm are
hyperechoic.

The aim of Doppler and CEUS is the disclosure of arterial
hypervascularization (Fig. 4). Doppler examination shows arte-
rial signals with high peak frequencies and high impedance
within or at the periphery of the nodule [7]. CEUS is more 
sensitive than Doppler US in detecting hypervascularization 
in small nodules: HCC appears hyperechoic in the early arterial
phase and becomes isoechoic or slightly hypoechoic in the 
portal-late phase due to contrast medium washout [6]. Non-
neoplastic nodules are isoechoic in all the phases.

HCC has a strong tendency to infiltrate portal vessels, which
appear filled by echoic tissue. The detection of arterial signals
within the thrombus at Doppler US or hypervascularization at
CEUS confirms the suspicion of neoplastic thrombosis.

Biliary disease

In fasting patients, the gallbladder is distended by anechoic bile,
which facilitates the detection of stones and wall abnormalities.
The gallbladder wall appears as a single smooth reflective line 
<2 mm thick. 

Gallstones

A stone in the gallbladder appears as a hyperechoic intraluminal
structure with posterior acoustic shadowing [12]. Its position is
gravity-dependent, so that it moves as the patient changes their
decubitus. Changing a patient’s position can reveal small stones
previously hidden in the gallbladder neck. If the gallbladder is

(a)

(b)

(c)

Fig. 4 (opposite) Hepatocellular carcinoma: appearances on 
(a) conventional US, (b) Doppler US and (c) CEUS (arterial phase). 
Note the feeding artery (arrow) disclosed by CEUS.
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scleroatrophic, gallstones appear separated from the gallbladder
wall by only a thin hypoechoic rim.

Gravity-dependent echoes lacking distal shadowing within
the gallbladder are named biliary sludge or echogenic bile.
Aggregations of biliary sludge can mimic a soft-tissue mass.
Differential diagnosis is aided by the absence of Doppler signals
and by movement of the echoes under gravity.

Acute cholecystitis

The prompt recognition of acute cholecystitis is important due
to the recent spread of early cholecystectomy within 72 hours 
of admission. There is no single absolutely specific US sign for
acute cholecystitis [12], but the simultaneous finding of several
signs increases US specificity up to 88–94%. 

Thickened gallbladder wall is a common finding, but it can 
be present in several other conditions (i.e. PHT, haematological
diseases or physiologically in the postprandial phase). The
detection of an echo-poor halo around the gallbladder or focal
hypoechoic zones in the wall, both ascribed to oedema, is more
specific and is regarded as a major sign of acute cholecystitis.
Other major signs are the presence of gallstones (acute chole-
cystitis is acalculous only in 5–10% of cases, generally related to
severe systemic illnesses), the ‘ultrasonic Murphy’s sign’ (com-
pression of the gallbladder fundus by the US transducer elicits
pain), and the presence of gas in the gallbladder wall (suggesting
emphysematous cholecystitis). Minor signs are gallbladder wall
thickening (>4 mm) without oedema, enlargement of the gall-
bladder, which assumes a rounded shape (transverse diameter
>4.5 cm), the presence of pericholecystic fluid or intraluminal
nonshadowing echoes related to pus or debris.

Gallbladder polyps and carcinoma

Cholesterol polyps appear as small (few millimetres) hyperechoic
masses fixed to the gallbladder wall, without acoustic shadowing.

Gallbladder carcinoma is usually discovered in an advanced
stage. In case of early, generally incidental, diagnosis, it appears
as an irregular thickening of the gallbladder wall or an inhomo-
geneous echoic mass that partly or almost totally fills the lumen.
In more advanced stages the gallbladder is hardly recognizable
and a solid mass is instead visualized in the gallbladder fossa.
The presence of stones within the mass facilitates the diagnosis
[12].

Bile duct dilatation

US is essential in the diagnostic workup of jaundice as it
promptly recognizes bile duct dilatation, the hallmark of
obstructive jaundice, and can reveal the cause of obstruction
(e.g. a mass at the porta hepatis, a stone within the common bile
duct or a pancreatic neoplasm). 

When investigating the common bile duct, it should be con-
sidered that its diameter increases with age (the upper normal

value in millimetres is equal to the patient’s decades of life) and
after cholecystectomy.

Intrahepatic bile ducts are normally too small to be visualized.
When dilated, they appear as anechoic tubular structures run-
ning adjacent to portal vein branches. This is known as the 
‘parallel channel sign’. Dilated bile ducts can be distinguished
from vessels as they do not display flow at Doppler examination
and converge towards the porta hepatis with a stellate pattern
(whereas portal vessels present a branching pattern).

Liver transplant

US examination is useful both in the preoperative assessment of
candidates for orthotopic liver transplantation (OLT) and in the
postoperative follow-up.

Preoperative assessment

Firstly, US examination can confirm the indication for OLT by
showing signs of endstage liver disease and PHT, fulminant 
hepatitis, or Budd–Chiari syndrome. The detection and staging
of HCC is particularly important, as it should not exceed the
accepted transplantation criteria, and many transplant centres
grant a priority in the waiting list in case of HCC. Vascular 
and biliary invasion must be ruled out, as they are absolute 
contraindications to OLT. US also provides a guide for percu-
taneous treatments to prevent tumour growth beyond trans-
plantation criteria.

Another important task of US examination is to assess portal
vein patency. In case of portal occlusion, vascular anastomosis
can be accomplished onto the superior mesenteric vein; if this
vessel is also obstructed, OLT is not feasible according to the
classical procedure and most centres reject such candidates.

Finally, the presence of wide portosystemic collaterals, espe-
cially splenorenal shunts, has to be assessed, because they can
dramatically decrease portal perfusion after OLT.

Postoperative follow-up

The aim of post-transplantation US follow-up is the prompt
recognition of vascular and biliary complications [13]. Moreover,
US shows the disappearance of many haemodynamic alterations
observed in decompensated cirrhosis [14]. Portal vein flow
velocity and renal and splenic impedance return to normal.
Spleen size decreases but generally does not return to normal
values. Collateral vessels persist long after OLT.

Early arterial occlusion is the most frequent and threatening
vascular complication [15], as it causes massive hepatic necrosis.
Right and left intrahepatic branches of the hepatic artery and, if
possible, the extrahepatic artery should be investigated with
colour Doppler and spectral analysis. Failure to identify arterial
signals requires urgent angiography to confirm the occlusion. A
dampened spectrum with very low velocity flow and increased
time between the beginning of systole and systolic peak (known

TTOC05_06  3/9/07  9:08 AM  Page 507



508 5 INVESTIGATION OF HEPATOBILIARY DISEASE

as ‘tardus-parvus’ profile) is suspicious for either thrombosis or
critical upstream stenosis. Angiography is advised to confirm
the diagnosis, and eventually percutaneous angioplasty can 
be performed. US can show further complications caused by
ischaemic damage, such as intrahepatic abscess and biliary leaks
or strictures. Biliary strictures are disclosed by the presence of
bile duct dilatations.

The portal vein should be studied to exclude portal throm-
bosis or significant anastomotic stenosis, which causes a focal
flow acceleration. The portal vein flow velocity is typically
increased over the normal value in the first month after OLT
[14]. It subsequently decreases to normal levels.

The classical surgical procedure for OLT includes resection 
of the recipient’s retrohepatic IVC and double anastomosis 
with the donor’s vena cava. In the case of superior anastomosis
stenosis, a focal flow acceleration is observed and hepatic vein
flow is flattened. 

Piggy-back OLT is a technical variant that preserves the 
recipient’s IVC. An anastomotic stenosis or kinking causes an
obstacle to outflow through hepatic veins; in this case Doppler
US will disclose accelerated and turbulent flow through piggy-
back anastomosis.

There are no reliable conventional and Doppler US signs
related to acute or chronic rejection. 
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5.6.2 Computerized tomography
imaging of the liver
Daniel T. Cohen and Dushyant V. Sahani

The exponential advance in computerized tomography (CT)
imaging technology over the last decade, arguably, has been
faster than improvements in any other imaging modality. The
pixelated single-slice axial images from the first CT scanner in 
1972 have progressed to 64-detector helical scanners with 
true isotropic resolution [1]. More importantly, CT is also the
temporally fastest modality with cross-sectional capabilities
(compared with ultrasound or magnetic resonance imaging).
The addition of multiphase contrast enhancement to CT allows
superior lesion characterization compared with non-contrast
ultrasound. Although magnetic resonance imaging (MRI) may
provide superior contrast resolution and tissue characterization
capabilities even compared with CT, MRI remains a ‘problem-
solving’ modality because of its high cost and long imaging
times. The combination of ready availability, speed and high
spatial resolution with three-dimensional capabilities has made
CT imaging the de facto workhorse of liver imaging. 

The indications for CT imaging of the hepatobiliary system
can be classified as either targeted or non-targeted and incid-
ental. For example, if a patient has a known hepatoma, CT may 
be performed for targeted liver evaluation and assessment of
tumour size and multiplicity. Alternatively, if a patient pre-
sents to the emergency department with episodic right upper
quadrant-flank pain and suspected renal colic, a CT scan may 
be performed for evaluation of the abdominal pelvic urinary
tract. This examination will also necessarily image the liver and
potentially discover incidental hepatic pathology (Fig. 1). This
latter example represents non-targeted, or incidental, imaging
of the liver. This distinction is not merely ‘academic’. With the
marked advances in CT technology, the CT protocol and the
technical parameters of an individual examination can vary 
dramatically depending on indication. In this way, the clinical
history provided at the time of imaging can significantly alter 
the CT protocol and the technical parameters that must be 
optimized to answer the clinical question. 

As illustrated by the thickness of this entire volume, the
pathophysiology of the liver is both broad and complex. Most of
these hepatic conditions are amenable to radiological imaging,
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frequently with CT. A comprehensive discussion of computerized
tomography imaging techniques, protocols, normal variant and
pathological imaging is beyond the scope of this chapter. This
chapter will introduce several key concepts of CT technology
and technique so that the non-imaging clinician can appreciate
the benefits and limitations of a CT examination when utilizing
hepatic CT imaging as part of clinical care. CT imaging can 
not only detect many hepatic abnormalities but also often 
characterize them into benign or malignant aetiologies. The 
latest generation of multidetector CT also provides angiographic
quality assessment of the hepatic vasculature. In addition to 
presenting classic examples of benign lesions that can be con-
fidently characterized by hepatic CT imaging, this chapter will
also focus on detection and characterization of hepatocellular
carcinoma (hepatoma) and hepatic metastases. Common hepatic
metastases frequently present with either hypervascular or hypo-
enhancing characteristics and thus require different imaging
techniques.

CT imaging technique

At the basic level, computerized tomography still relies on the
physical principles that govern plain radiography, the attenua-
tion of an X-ray beam by the relative density differences within 
a patient. However, CT imaging has the marked advantage of
cross-sectional depiction of the body. Early-generation scanners
would generate ‘thick slices’; each CT image represented a rela-
tively large amount of body tissue and often appeared coarse [1].
Long imaging times made the images susceptible to motion; 
respiratory movements would frequently cause significant blur-
ring of the liver (Fig. 2). Current scanners have multiple detector

elements acquiring X-rays simultaneously (detector numbers
range from 4 to 64). Additionally, all multidetector computerized
tomography (MDCT) scanners also operate with a helical mo-
tion; this allows rapid overlapping coverage of the patient.
Improvements in hardware and software capabilities have led to
dramatic reductions in imaging times. During a patient’s breath
hold, the liver can be imaged multiple times (approximately
5–10 s per pass) allowing multiphase contrast imaging. This 
spatial resolution and rapid imaging speed must be coupled with
intravenous (i.v.) contrast to allow appropriate opacification 
of and distinction between hepatic arteries, portal and hepatic
veins, and the hepatic parenchyma; this is known as ‘contrast
resolution’. Intravenous contrast is unambiguously required for
the detection and characterization of nearly all hepatic lesions. 

Iodinated i.v. contrast is categorized based on its osmolarity
relative to plasma. Most radiology departments utilize low
osmolar or iso-osmolar contrast agents because of the reduced
risk of allergic reaction and contrast-induced nephropathy [2].
For dedicated liver imaging, the i.v. contrast must be injected at
a rapid rate to allow for separate imaging of the hepatic arteries
without portal venous opacification on the initial series. With an
injection of the standard 150 mL at a rate of approximately 
2 mL/s and a modern MDCT, this hepatic arterial phase (HAP)
occurs at approximately 30 s after the end of bolus injection. 
At approximately 60–70 s, there is peak opacification of the por-
tal veins, hepatic veins and interposed liver parenchyma; this is
the portal-venous phase (PVP). At longer time intervals, often 
2 min, ‘delayed’ phase images can be obtained that represent 
additional recirculation of the intravascular i.v. contrast and
more homogeneous opacification of the liver parenchyma. This
sequence of arterial, portal-venous and delayed phase series

Fig. 1 Contrast-enhanced axial computerized tomography (CT) image.
Arrowhead denotes hyperdense (white) calcified gallstones layering in the
gallbladder. Gallbladder wall thickening is denoted by the white arrows.
Pericholecystic low-density fluid is also present.

Fig. 2 Contrast-enhanced axial CT image degraded by respiratory motion.
Black arrows denote blurring of the liver edges caused by liver motion
secondary to diaphragmatic movement. In contrast, the vertebral body,
which does not move during respiration, shows crisp edges.
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constitutes the ‘triple phase’ protocol liver CT (see Figs 11 and
19). An unenhanced series of the liver before contrast injection
may demonstrate calcification or acute haemorrhage, which 
are hyperdense relative to the unopacified liver. The diagnostic
role of these multiple phases will be discussed in the follow-
ing sections as they apply to hepatic pathology detection and
characterization. 

The high spatial resolution of MDCT imaging allows for
isotropic data sets; imaging resolution is nearly equivalent in 
all directions. The images can be presented in any coordinate
system (sagittal, coronal and three-dimensional re-formations)
in addition to the traditional axial image sets. CT angiography
with three-dimensional (3-D) re-formations now replaces diag-
nostic catheter angiography in many institutions. With arterial
phase imaging, the aorto-coeliac-hepatic arterial tree can be
optimally opacified without venous contamination. Three-
dimensional manipulation can present these data in various
forms to aid surgeons in preoperative planning. The relation-
ship of intrahepatic tumours to major vascular structures can 
be easily visualized in multiple planes (Figs 3 and 4). Additional
3-D techniques include surface and volume rendering for assess-
ment of relative hepatic lobar volumes (Fig. 5). MDCT with
multiphase imaging and 3-D data reconstruction provides com-
prehensive presurgical imaging for living related liver donors
and hepatic tumour patients assessed for partial hepatectomy
[3,4].

Continued dramatic improvements in CT technology are
expected. CT perfusion, a technique pioneered in cerebral imag-
ing of occlusive stroke patients, can also be utilized to assess any
pathological state that causes alterations in liver parenchyma
vascularity. In the future, CT perfusion will probably play a role
in assessing tumour treatment therapy by monitoring changes
in tumour neovascularity [5].

Normal hepatic anatomy

The unenhanced liver demonstrates intermediate density com-
pared with other soft tissues of the body, between 50 and 75
Hounsfield units. (A Hounsfield unit, HU, is the standard CT
measurement of density ranging from –1000 to 1000, with water
measuring 0 HU and cortical bone approximately 300 HU.) The
normal liver density closely matches the spleen. This liver–spleen
relationship can provide a qualitative reference standard for
assessing diffuse hepatic parenchymal changes on an unen-
hanced CT. The major vascular structures are hypodense to the

RHV

PV

SMV

SV

Fig. 3 Coronal maximum intensity projection from MDCT axial data
demonstrates the portal–venous system. RHV, right hepatic vein; PV, portal
vein; SMV, superior mesenteric vein; SV, splenic vein.

Fig. 4 Coronal maximum intensity projection from MDCT axial data. Black
arrow denotes a large metastatic (colon cancer) lesion in the inferior right
liver lobe. The relationship of the tumour to the hepatic artery (white arrow)
is clearly seen. Prominent tumour neovascularity is also identified (asterisk).

Fig. 5 Three-dimensional volume render of MDCT axial data, originally
with colour coding of liver volumes. Subtle surface nodularity can be seen
suggesting cirrhosis.
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normal unenhanced liver. On contrast injection, the common
hepatic artery (HA) and its major branches can be identified as
they ramify into the liver. Peak HA enhancement occurs around
30 s after standard contrast injection, the HA phase. Variant
hepatic arterial branches, such as a replaced right hepatic artery
from the coeliac artery, are easily identified, especially with 3-D
re-formations. Portal venous (PV) and hepatic venous (HV)
opacification is less pronounced than HA and peaks at around
70 s, the PV phase. Seventy per cent of liver blood flow is via the
portal venous system. In this way, liver parenchyma enhance-
ment is maximized when PV and HV enhancement is optimal.
Thus, the PV phase is the default imaging time for most liver and
general abdominal pelvic imaging indications. The main portal
and hepatic veins are key landmarks in localizing a hepatic lesion
according to the eight Couinaud segments (Figs 3–5). 

Computerized tomography provides an excellent rapid assess-
ment of the biliary tree including the gallbladder. The density 
of bile is low, approximately 0–20 HU. Biliary dilatation, intra-
or extrahepatic, is easily seen and measured especially follow-
ing contrast administration (Fig. 6). Often, CT will identify the 
aetiology of biliary obstruction as well. Many of the classic ultra-
sound ‘signs’ of acute cholecystitis can be assessed with MDCT
including gallbladder wall thickening, pericholecystic fluid and
radio-opaque gallstones (Fig. 1). Nevertheless, rapid acquisition
time and large field of view allow CT to rival ultrasound (US) in
cholecystitis assessment, especially in an uncooperative, obtunded
or obese patient. 

Diffuse hepatic disease

Diffuse, or non-focal, hepatic disease must induce gross,
detectable morphological change in order to be successfully dia-
gnosed or monitored by CT. Along with the rise in body mass
index in western society, there has been a similar rise in the 
frequency of steatohepatitis [6]. Steatohepatitis, or ‘fatty liver’, is
also seen with alcohol and medication use. From a CT imaging
perspective, the aetiology is rarely apparent. On an unenhanced
examination, the liver with steatohepatitis will demonstrate lower
density compared with the ‘internal standard’, the spleen (a 
>10 HU difference) [7]. Qualitatively, if there is sufficient 
fatty infiltration, the liver parenchyma will appear less dense
than the blood vessels, mimicking contrast enhancement (Fig. 7).
Fatty infiltration of the liver can also present as focal geographic
areas of hypodensity, particularly adjacent to the falciform 
ligament and gallbladder fossa (Fig. 8). Conversely, when 
there is a background of steatohepatitis, these same areas can
demonstrate relative absence of the fatty infiltration and will
appear relatively hyperdense compared with the remainder of
the liver. This is termed ‘focal fatty sparing’. The location, geo-
graphical nature and absence of mass effect are often nearly
diagnostic for these ‘inverse’ entities. Magnetic resonance with
fat saturation techniques can provide the most definitive non-
invasive imaging of steatohepatitis as well as focal fatty infiltra-
tion and sparing.

(a)

Fig. 6 (a) Contrast-enhanced axial CT image. (b) Coronal maximum
intensity projection from MDCT axial data. Arrows denote low-density
dilated intrahepatic biliary ducts adjacent to contrast-enhanced portal 
veins. Biliary dilatation was secondary to a pancreatic head mass 
(not pictured).

(b)
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Acute and chronic hepatitis, regardless of aetiology, can 
often be undetectable by CT. When the hepatitis is fulminant in
severity, the liver may demonstrate overall decreased density
with the influx of excess oedema water into the hepatic extra-
cellular space. Accompanying periportal oedema may present 
as a low-density halo surrounding the portal venous tributaries.

Generalized, upper abdominal ascites may be present and is
reactive in nature. 

Most common diffuse hepatic parenchymal diseases present
on CT as hepatic hypodensity. In contrast, the relatively short
differential diagnosis for diffuse increased hepatic density
includes haemochromatosis, Gaucher’s disease, Wilson’s dis-
ease and amiodarone toxicity (Fig. 9). Haemochromatosis rep-
resents abnormal accumulation of iron in the hepatocytes. This
dense metal raises the native liver density to greater than 75 HU
on an unenhanced scan and is the ‘inverse’ of steatohepatitis; 
the liver appears markedly denser than the spleen. In Gaucher’s
disease, secondary to glucocerebrosidase deficiency, abnormal
accumulation of ceramide in reticuloendothelial cells raises the
liver density, and hepatomegaly and splenomegaly will also be
present. Focal hypodense lesions typically represent infarcts.
When there is hepatic involvement, the myriad glycogen storage
diseases can increase hepatic CT density. In Wilson’s disease,
abnormal copper accumulation leads to hyperdensity. Finally,
long-term amiodarone use can lead to increased iodine deposi-
tion in hepatocytes with resultant diffuse hepatic CT hyperden-
sity [8]. In comparison with the other aetiologies for hyperdense
liver parenchyma, amiodarone does not generally lead to gross
morphological changes in the liver [9].

Benign focal liver lesions

‘Non-targeted’ contrast-enhanced imaging of the abdomen is
routinely performed during the portal–venous phase of contrast
enhancement. This PVP provides homogeneous enhancement

Area 3.01 cm2

Avg 14.45 HU
Dev 14.92

Area 4.40 cm2

Avg 54.69 HU
Dev 11.82

Fig. 7 Unenhanced axial CT image. Qualitatively, the liver is less dense
compared with the spleen. Quantitatively, the liver measures 14 HU
compared with 55 HU of the spleen consistent with diffuse fatty infiltration.
Hepatic vasculature appears dense (arrow) mimicking contrast
enhancement.

Fig. 8 Contrast-enhanced axial CT image. Focal area of hypodensity
(arrows) adjacent to falciform ligament and portal vein is consistent with
focal fatty infiltration.

Fig. 9 Unenhanced axial CT image. In this patient with long-term
amiodarone use, the liver parenchyma demonstrates marked hyperdensity
compared with the superior portion of the spleen (SP).
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of the liver, the other abdominal parenchymal organs and the
bowel wall. Although this phase of enhancement is generally
sensitive for both liver and extrahepatic pathology, it often lacks
specificity. Many radiologists will recommend ‘targeted’ multi-
phase hepatic CT imaging for further characterization despite
adequate visualization of a lesion with portal venous CT imag-
ing. The addition of non-contrast, arterial and delayed phase
imaging can often triage a lesion between benign, malignant and
indeterminate aetiologies. 

Hepatic cysts are frequent incidental findings on CT. 
With low-density appearance (<20 HU), they appear as well-
circumscribed, homogeneous masses without enhancement.
Delayed phase imaging is necessary to ensure the absence of late
enhancement, which suggests a solid internal structure (Fig. 10).
Small cysts may appear to have higher density because of partial
volume averaging with denser adjacent liver parenchyma; often,
these small lesions may be too small to characterize by any imag-
ing modality (CT, MR or US). If clinically relevant, watchful
waiting and repeat imaging may be the only option. Unlike renal
cyst classification, the presence of septations generally does not
predict a higher risk of malignancy. However, some infectious
aetiologies can present with septated cystic lesions, for example
echinococcal hydatid cyst. Patients with polycystic syndromes
may demonstrate dramatic macroscopic replacement of the
liver with cysts with amazingly preserved hepatic function [10]. 

The rapid imaging speed of modern CT scanners now allows
confident diagnosis of most hepatic haemangiomas by multi-
phase contrast-enhanced imaging. Cavernous haemangiomas are
the most common liver tumour and frequently are incidental
findings on both ‘targeted’ hepatic CT and ‘non-targeted’ abdom-
inal pelvic CT. Haemangiomas appear as well-circumscribed
lesions that are hypodense to surrounding unenhanced liver 
and may appear similar to benign cysts. Calcification within a
haemangioma is unusual and can have a myriad of appearances
[11]. Cavernous haemangiomas have a typical enhancement
pattern (on both CT and MR), which allows confident diagnosis
by imaging. On arterial phase imaging, the haemangiomas
demonstrate peripheral, but discontinuous, nodular enhance-
ment. There is progressive centripetal contrast filling of the
entire lesion on the PV and delayed phases of contrast imaging.
This ‘fill-in’ combined with nodular enhancement is considered
pathognomonic for a typical cavernous haemangioma (Fig. 11).
The discontinuous nodularity of haemangiomas allows for
confident distinction between this benign lesion and hepatic
metastasis, which can demonstrate a continuous peripheral rim
of enhancement and also delayed homogeneous enhancement,

(a)

(b)

(c)
Fig. 10 (opposite) (a) Non-contrast axial CT image. (b) Portal–venous phase
contrast-enhanced axial CT image. (c) Delayed phase contrast-enhanced
axial CT image. Hepatic cysts (arrows) are low density on non-contrast
imaging and show no evidence of vascular enhancement on contrast
administration. Delayed imaging confirms absence of late tumour
enhancement.
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is slightly less intense, matching both the portal vein and the
aorta density.

Small haemangiomas will frequently show intense and uni-
form enhancement during the arterial phase and persistent
homogeneous density during the PV phase [12]. Unfortunately,
without the classic peripheral nodular enhancement, these small
haemangiomas may be confused with other hypervascular liver
tumours such as hepatoma, focal nodular hyperplasia, adenoma
and hypervascular metastases (Fig. 11). In these cases, the absence
of a history of cirrhosis or primary malignancy is an important
factor in suggesting haemangioma, and short-interval follow-up
imaging documenting stability in size may obviate the need 
for invasive biopsy. The relatively rare giant haemangioma 
generally measures >5 cm. Giant haemangiomas will often 
show atypical enhancement patterns such as persistent central
hypodense areas even on delayed phases and may show central
calcification (Fig. 12). Capsular retraction secondary to hae-
mangioma is possible, although this feature generally suggests a
malignant lesion [13].

Focal nodular hyperplasia (FNH), a benign entity without
malignant potential, is the second most common tumour of the

(a)

(b)

(c)

Fig. 11 (a) Hepatic arterial phase (HAP) contrast-enhanced axial 
CT image. (b) Portal–venous phase (PVP) contrast-enhanced axial CT image. 
(c) Delayed phase contrast-enhanced axial CT image. Classic haemangioma
(white arrow) demonstrates characteristic peripheral nodular appearance 
on arterial phase, with progressive central fill on PVP and homogeneous
enhancement on delayed phase (c). A small right liver lobe enhancing focus
(black arrow) is also probably a small haemangioma but is too small to
characterize by imaging and is without the classic peripheral nodular
enhancement. A non-enhancing cyst is seen (asterisk).

or ‘fill’, of the lesion. Qualitatively, the degree of vascular
enhancement within the haemangioma characteristically matches
that of the aorta. In the early arterial phase, the peripheral 
nodular areas demonstrate intense arterial enhancement.
During the portal–venous phase, the ‘fill’ of the haemangioma 
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liver, generally asymptomatic and usually found incidentally 
as a solitary lesion. The classic distinguishing feature of FNH, 
both radiologically and pathologically, is the presence of a cen-
tral scar of fibrous tissue (Fig. 13). On non-contrast examina-
tion, FNH is hypodense or isodense and may show occasional
mass effect and lobulated contours. On multiphase contrast
enhancement (Fig. 14), the classic FNH shows transient intense
enhancement of the lesion during the arterial phase with rapid
change to isodensity of the lesion during PV and delayed 
phases [14]. In this way, the lesion can easily be obscured by 
surrounding hepatic parenchyma if an arterial phase series is 
not performed. The key to characterization lies in identifying 
the central scar, which will be hypodense on arterial phase with
progressive enhancement until the scar becomes hyperdense
compared with the surrounding lesion and liver on delayed
phase. When possible, classic FNH lesions should be character-
ized by triple-phase contrast imaging so as to avoid unnecessary
biopsy and follow-up imaging. Atypical FNH may be larger than
classic FNH or present as multiple lesions. An atypical FNH may
show less arterial enhancement, absence of a central scar and the
presence of an enhancing pseudocapsule. In these situations, a
broader differential diagnosis must be considered and biopsy or
excision may be indicated.

Hepatic adenomas are rare liver tumours composed of atyp-
ical hepatocytes (without bile ducts or Kupffer cells as seen 
in FNH). With a strong association with oral contraceptives,
anabolic steroids and glycogen storage diseases, adenomas are
most often found in young women. Large adenomas may cause
symptoms secondary to mass effect. Clinically, adenomas carry a
risk of spontaneous intraperitoneal haemorrhage with hypo-

volaemic shock. Intratumoral haemorrhage can cause acute
right upper quadrant pain. Adenomas, even those stable over
many years, may degenerate into hepatocellular carcinoma [15].
Adenomas are usually 5–10 cm in diameter and present as hypo-
dense or isodense lesions on non-contrast imaging. An adenoma

Fig. 12 Contrast-enhanced axial CT image. The giant haemangioma of 
the right liver lobe demonstrates some areas of peripheral nodular
enhancement (white arrow). There is central tumour calcification
(arrowhead). An incidental non-enhancing cyst is seen (black arrow).

(a)

(b)

Fig. 13 (a) Contrast-enhanced axial CT image. Right liver lobe focal
nodular hyperplasia (arrow) demonstrates classic peripheral enhancement
with hypodense central scar (arrowhead). (b) Photograph from gross
resection. Pathological findings mimic the CT imaging appearance: white
arrow denotes tumour edge and black arrowhead shows the pearly white
fibrosis of central scar region.
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is generally well circumscribed because of the presence of a cap-
sule. Prior haemorrhage may show focal areas of precontrast
hyperdensity. During the arterial phase of contrast imaging and
owing to subcapsular feeding arterioles, there may be peripheral
intense enhancement with centripetal ‘fill’ of contrast. Unlike
haemangiomas, this peripheral enhancement is not nodular in
character. Because the adenomas are composed of hepatocytes,
they subsequently match the surrounding liver enhancement 
on portal–venous and delayed phases. As with FNH, larger 
adenomas can give atypical presentations leading to diagnostic
uncertainty. Because of the overlap of imaging characteristics
between adenoma, fibrolamellar hepatoma, atypical FNH and
hypervascular metastasis, most lesions will eventually require
percutaneous biopsy or excision.

Cysts, haemangioma, FNH and adenoma account for a large
portion of the benign focal lesions that will be encountered
either incidentally or on targeted liver imaging. The clinical 
history will often dictate the appropriate differential diagnosis;
for example, multiple hypodense lesions in a febrile immuno-
compromised patient will add abscess to the list of possibilities.
Magnetic resonance imaging, with improved contrast resolution
compared with CT, will occasionally provide additional charac-
terization of lesions that are indeterminate by CT. Finally, the
morbidity associated with image-guided focal liver biopsy is
generally low and, on occasion, definitive characterization may
require a pathologist.

Cirrhosis, nodular hyperplasia and
hepatocellular carcinoma

The anatomical resolution of MDCT is well suited to diagnos-
ing the three main pathological characteristics of moderately
advanced cirrhosis: fibrosis, nodular regeneration and hepatic
architecture distortion [16]. Classic segmental lobar hypertrophy
and atrophy can be easily appreciated; in fact, 3-D re-formations
can provide accurate hepatic volume measurements (Fig. 5). A
caudate to right lobe ratio >0.65 is suggestive of cirrhosis. The
liver surface appears irregular and nodular (Fig. 15). The wide
field of view afforded by MDCT will illustrate many of the 
secondary changes of cirrhosis and portal hypertension includ-
ing portosystemic collateral varices, splenomegaly and ascites
(Figs 16–18). Additionally, multiphase MDCT, particularly
with thin-section series, can confidently diagnose portal vein
thrombosis, a common and unfortunate complication of portal
hypertension and cirrhosis [17]. Hepatic fibrosis and architec-
tural distortion lead to alterations in hepatic perfusion, which
can be seen as geographical, segmental and focal areas of either
hyperperfusion/enhancement or hypoperfusion/hypodensity on
contrast administration. These perfusion abnormalities, often in
the absence of an underlying focal lesion, can create diagnostic
uncertainty when searching for arterially enhancing hepatomas.

The two main types of cirrhosis, chronic sclerosing and 
nodular, demonstrate different morphological and, thus, CT
appearances. In the former, the liver is small with minimal
regenerative hepatocyte activity. In nodular cirrhosis, the liver
may hypertrophy as a result of the innumerable small regenerat-
ing nodules or larger macronodules. The nodules represent 
foci of hypertrophied liver parenchyma surrounded by areas 
of fibrosis. Siderotic, iron-containing, regenerative nodules may
be noted as hyperdense areas on the non-contrast examination.
Macroregenerating nodules (>3 mm in size) may be visualized

Fig. 14 Portal–venous phase contrast-enhanced axial CT image.
Homogeneous enhancement of the left liver lobe hepatic adenoma 
(arrow) appears more prominent because of the background diffuse fatty
infiltration of the liver (asterisk). The density of this liver is so low as to match
the low-density bile seen in the gallbladder (GB).

Fig. 15 Contrast-enhanced axial CT image. Liver surface nodularity
(arrows) consistent with cirrhosis is easily seen. Incidental non-enhancing
cyst is noted (asterisk).
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by distortion of the liver capsule or intrahepatic vasculature 
(Fig. 15). However, the enhancement of regenerating nodules
mimics that of the surrounding fibrotic liver and these nodules
do not show arterial hyperenhancement. Thus, small regenerat-
ing nodules are rarely confidently diagnosed by MDCT, even
with multiphase imaging [18].

Dysplastic nodules differ from regenerating nodules by the
presence of cellular atypia and non-triadal arterial vessels [19].
Despite this increased arterialization on imaging, many dysplastic

nodules do not show discernible arterial enhancement above 
the baseline surrounding liver parenchyma and otherwise match
hepatic density on other phases. Thus, as with regenerating 
nodules, most dysplastic nodules cannot be distinguished from
the cirrhotic liver background with MDCT. Comparatively,
magnetic resonance offers superior hepatocellular nodular
detection through utilization of multiple pulse sequences 
(e.g. T1- and T2-weighted series) in addition to similar i.v. 
contrast multiphase imaging with gadolinium enhancement.
Unfortunately, a minority of small dysplastic nodules may show
a mild degree of arterial enhancement similar to hepatocellular
carcinoma [20]. 

When the arterial–portal venous perfusion ratio shifts even
further away from portal flow, multiphase MDCT can detect 
the arterial neovascularization that is characteristic of classic
hepatocellular carcinoma (HCC) (Fig. 19). With the majority 
of blood flow to the HCC from hepatic artery radicals, these,
now frankly malignant, lesions classically demonstrate marked
arterial enhancement compared with the cirrhotic liver back-
ground. On portal–venous phase, the HCC will be hyperdense –
or isodense to the liver – and is frequently hypodense on delayed
phase. This transition from hyper- to hypoenhancement has
been called ‘washout’. More than 90% of HCC lesions will show
this arterial enhancement and approximatley three-quarters 
will demonstrate contrast ‘washout’ [21]. Whether employing
CT or MR imaging for the detection of HCC, a rapid contrast
bolus injection and fast imaging speed are necessary to con-
fidently detect the HCC arterial blush. About 15% of HCCs will
also demonstrate an enhancing capsular lesion; in some cases,
this capsule may help to distinguish HCC from FNH, which is
usually without a capsule. These ‘classic’ imaging characteristics
apply more frequently to small HCC foci (<1.5 cm). As the

Fig. 16 Coronal maximum intensity projection from MDCT axial data.
Arrows denote the prominent and tortuous gastrosplenic varices resulting
from portal hypertension. Massive splenomegaly is also present.

A

Fig. 17 Contrast-enhanced axial CT image. A recanalized umbilical vein is
present secondary to liver cirrhosis and portal hypertension (arrows).
Splenomegaly at 15 cm is noted.

Fig. 18 Coronal maximum intensity projection from MDCT axial data.
Arrow denotes the prominent and tortuous portal vein radicals resulting
from portal hypertension and cavernous transformation of the hepatic
hilum.
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lesions grow in size, ‘non-classic’ features such as mosaic patterns
of enhancement as well as central necrosis may be seen. Diffuse
infiltration by HCC may be difficult to detect on a background
of cirrhotic fibrosis with altered hepatic perfusion. Calcification
is also present in about 25% of HCC lesions with an increased
frequency (40%) in the fibrolamellar subtype. Fibrolamellar
HCC typically presents in a younger and non-cirrhotic patient
population as a lobulated heterogeneous mass with a central 
scar (Fig. 20). Other hepatic lesions with scar must also be con-
sidered in the differential diagnosis, as discussed previously. MR
may be an adjuvant modality to differentiate these possibilities.

Despite optimization of modern contrast-enhanced MDCT
techniques, CT studies with pathological correlation in transplant
patients demonstrate an overall sensitivity of approximately
65% for the presence of HCC and approximately 40% for the 
total number of lesions [18]. It is clinically important to identify
and characterize these focal lesions as accurately as possible.
Outcomes from treatment of small HCC lesions are superior to
larger, more conspicuous lesions. The Milan criteria, discussed
in Section 23, govern a patient’s ranking on the US United
Network for Organ Sharing (UNOS) transplantation lists. The
presence, size and number of HCC lesions can both elevate a
patient’s rank and also disqualify a patient from transplant.
MDCT can accurately screen the post-transplant patient for dis-
ease recurrence and transplant complication.

Hepatic metastasis

Metastatic disease is the most common neoplasm in the adult
liver and is the second most common focal liver lesion following

(a)

(b)

(c)

Fig. 19 (a) Hepatic arterial phase (HAP) contrast-enhanced axial 
CT image. (b) Portal–venous phase (PVP) contrast-enhanced axial CT image.
(c) Delayed phase contrast-enhanced axial CT image. The hepatocellular
carcinoma (HCC; arrows) shows arterial enhancement (a, HAP) and is
isodense on PVP (b). The HCC is hypodense relative to the surrounding liver
on delayed phase but shows delayed enhancement of its capsule (arrows).
Incidental non-enhancing cyst is noted (asterisk).

Fig. 20 Contrast-enhanced axial CT image. A small left liver lobe
fibrolamellar HCC is seen. The central scar is hypodense (arrowhead) and
internal calcification is present (white arrow).
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hepatic cysts. The liver may be the only metastatic site in some
colorectal carcinomas, HCC and neuroendocrine tumours. Most
metastases (~70%) present as multiple foci in both lobes with
only approximately 10% as single foci [22]. They are generally
iso- or hypodense to the surrounding liver in the non-contrast,
arterial and portal–venous phases. A peripheral, complete ring
of arterial enhancement may be seen. During the PV phase, a
slightly thicker rind of enhancement can be noted; but this rind
is still hypodense compared with the surrounding liver. Late
enhancement of the centre of the metastatic lesion, isodense to
liver on delayed phase, is common. This delayed, ‘centripetal’
fill-in is also a characteristic of haemangiomas. However, as dis-
cussed above, the classic haemangioma can be distinguished by
its peripheral, nodular enhancement. The margins of metastasis
may be irregular or illdefined; this is not a strict criterion, and a
surrounding capsule is unusual. Central necrosis may account
for the low-density centre in larger lesions, which outstrip their
neovascular blood supply (Fig. 21). Mucinous gastrointestinal,
ovarian, breast, lung, renal and thyroid cancer metastases 
may demonstrate variable degrees of calcification. Similarly, all
metastases may show dystrophic calcification following active
therapy. 

A subset of hepatic metastases are hypervascular and will
show homogeneous hyperenhancement relative to the liver 
during arterial phase imaging. The primary tumours include
melanoma, renal cell carcinoma, sarcoma, neuroendocrine (car-
cinoid and pancreatic islet cell), choriocarcinoma and thyroid
cancers (Fig. 22). Often, these metastases will be isodense or
hypodense to the surrounding liver on all other, non-arterial, 
imaging phases. In this way, they are only detectable with MDCT
or MR arterial phase contrast imaging. These hypervascular

metastases, particularly when solitary, can create a diagnostic
dilemma [23]. Many small haemangiomas demonstrate a
homogeneous arterial enhancement, without the classic peri-
pheral nodular rim. These haemangiomas also show a washout
similar to hypervascular metastasis [24]. Capsular retraction
adjacent to a mass is highly suggestive of malignancy [25] 
(Fig. 23).

Colorectal carcinoma hepatic metastasis

Colorectal carcinoma (CRC) metastases deserve special mention.
Although CRC metastasis imaging features are not significantly

Fig. 21 Contrast-enhanced axial CT image. Right liver lobe
cholangiocarcinoma (arrow) demonstrates prominent central low density
consistent with central necrosis.

Fig. 22 Hepatic arterial phase contrast-enhanced axial CT image. Carcinoid
hepatic metastasis demonstrates both central (arrowhead) and peripheral
(arrow) arterial hyperenhancement.

Fig. 23 Delayed phase contrast-enhanced axial CT image. Large primary
liver lymphoma (black arrow denotes tumour edge) shows delayed
enhancement (arrowhead) adjacent to an area of central necrosis. There is
also retraction of the right liver lobe capsule (white arrow).
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different from other hepatic metastases, the clinical management
of metastatic CRC has evolved (Fig. 24). Previously, hepatic
CRC metastases were treated solely with chemotherapy with 
a dismal 5-year survival of approximately 5%. Patients who
undergo hepatic CRC metastasis resection now experience 5-
year survival ranging from 25% to 48%, with long-term disease-
free survival approaching 12–19% [26]. These survival figures are
predicated on primary colonic tumour removal and technic-
ally successful CRC hepatic metastasis resection, as well as the
absence of known additional metastatic sites. Currently, many
oncology surgeons will resect single CRC metastases or even
multiple foci if they are confined to a localized hepatic region;
adequate margins of resection must allow for preserved liver
function following surgery (e.g. all foci confined to one lobe 
or resectable segment). MDCT remains the dominant imaging
modality for screening for CRC metastasis both within the 
liver as well as extrahepatic abdominal pelvic sites. MDCT can
achieve a sensitivity of >90% for hepatic CRC metastasis >1 cm
in diameter and a sensitivity of 56% for smaller lesions [27].
The combination of positron emission tomography (PET) with
MDCT ‘fuses’ the specificity of MDCT anatomical resolution 
to the sensitivity of PET physiological metabolic imaging [28]. 
It is important to identify the total number and sites of CRC
metastasis in order to spare patients from a futile and potentially
morbid hepatic resection in the presence of extensive hepatic or
extrahepatic metastases. Conversely, as mentioned in the section
on imaging technique, MDCT with appropriate angiographic
technique and 3-D re-formation can provide all the necessary
anatomical information for the oncology surgeon to plan a com-
plete and safe CRC metastasis resection when appropriate. 

Conclusion

Modern multidetector computerized tomography with isotropic
high-resolution imaging is a highly sensitive modality for detect-
ing both diffuse and focal hepatic pathology. Rapid imaging
speed and multiphase intravenous contrast-enhanced imaging
allow for characterization of many focal liver lesions. Benign
hepatic lesions such as cysts, haemangiomas, focal nodular
hyperplasia and adenomas can frequently be distinguished 
from hepatocellular carcinoma and hepatic metastases. Atyp-
ical lesions can be triaged between follow-up imaging and
biopsy or excision. Advanced computer techniques yield three-
dimensional display of hepatic pathology for non-invasive 
hepatic vascular assessment and presurgical planning. Of the
advanced radiological imaging modalities, multidetector com-
puterized tomography with multiphase contrast enhancement
provides the most consistent, rapid and, overall, comprehensive
assessment of liver pathology.
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5.6.3 Magnetic resonance imaging
Christoforos Stoupis

The major advantage of magnetic resonance imaging (MRI)
compared with the other cross-sectional imaging techniques is
its ability to detect as well to characterize focal liver lesions due
to the superior soft-tissue contrast of this modality compared
with irradiating and other non-irradiating imaging techniques [1].

Technical aspects

The MR equipment and its field strength is the first important
hardware issue for liver imaging. Soft-tissue contrast between
hepatic lesions and the normal hepatic parenchyma correlates

with the field strength. The most acceptable field strength is 
1.5 T (tesla). 

The second most important issue regarding the equipment 
is the coils. For many years MRI of the liver has been com-
monly performed using a whole-volume body coil; however,
phased-array surface multicoil systems have been developed 
for improved signal-to-noise ratio and high-resolution MR liver
imaging. The phased-array technology has demonstrated the
potential to significantly improve lesion-to-liver contrast, lesion
detection and image definition.

The imaging protocol must be tailored to the clinical problem
being considered. Both T1-weighted and T2-weighted image
sequences are essential and justified for liver imaging [1]. 
T1-weighted imaging analyses the normal anatomy whereas 
T2-weighted imaging is of major importance for the character-
ization of focal lesions. Both sequences are generally used for
transvessel imaging of the liver using a slice thickness ranging
from 4 to 8 mm to cover the whole organ. Today, fast spin echo
sequences are used mainly with breath-hold imaging techniques
in order to obtain multiple images in one breath hold similar to
the techniques used in computerized tomography (CT). Breath-
hold T1- and T2-weighted images of the liver enable shorter
imaging time with a higher contrast:noise ratio compared with
conventional techniques.

In case of diffuse liver diseases, specifically in case of focal or
diffused steatosis, a specific imaging technique has been devel-
oped called fat-suppressed imaging. The most commonly used
technique is the chemical shift imaging method, which is sens-
itive to differences in resonance frequency between water and
triglyceride protons. The opposed phase imaging technique is
the most commonly used chemical shift imaging method; it is
based on signal cancellation within a voxel that contains both
water and triglyceride. This means that areas that contain both
water and triglycerides (such as steatotic liver areas) will reduce
their signal intensity in the opposed phase sequence while areas
of malignancy, containing only water, will not change their 
signal. This imaging technique is proposed in case of focal or 
diffused steatosis of the liver in order to differentiate inhomoge-
neous parenchyma from metastatic disease. A second technique
for faster imaging is the short time inversion recovery technique
(STIR); remember, however, that this sequence suppresses 
signals from any tissue that has relaxation values similar to 
that of fat. Although the signal-to-noise ratio in the sequence is
relatively low, in case of a focal liver lesion there is high lesion-
to-liver contrast value available, and therefore it could be used
for lesion detection.

An important technical advantage of MRI is the potential for
vascular imaging using flow-sensitive MR sequences in order to
depict and image hepatic vessels. The time of flight imaging
angiography allows non-invasive imaging of the portal and the
hepatic venous system without administration of contrast agent;
using a flow-sensitive sequence, blood flowing into an image
section that has higher longitudinal magnetization than the par-
tially saturated stationary tissues within the section can easily be
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detected. Phase-contrast angiographic imaging is based on the
detection of changes in phase secondary to flow; however, this
complicated encoding process is time consuming and the images
are sensitive to motion artifacts. Therefore, phase-contrast
imaging is not in daily use.

Three-dimensional contrast-enhanced MR angiography
(MRA) is nowadays available for regular application; it uses a 
three-dimensional (3-D) gradient echo sequence on magnets
with high-performance gradient systems; high-resolution 3-D
volume of image data acquisition can be accomplished in a 
single breath hold of the patient (Fig. 1). A paramagnetic con-
trast medium is injected intravenously and the image data are
collected as the contrast circulates through the vascular territory
of interest using different phases and acquisition of contrast agent
circulation (early and late arterial phase, hepatic parenchymal
phase, etc.). Compared with other angiography techniques, 
contrast-enhanced MRA has the advantage of non-iodinated
contrast agent with less risk of anaphylactic reactions. There 
is no nephrotoxicity and the volume injected for angiography 
is 20–30 mL as opposed to 80–100 mL with computerized
tomography angiography. The reconstruction of images from
MRA is similar to other imaging techniques. 

MR liver imaging has the advantage of allowing ‘all-in-one
imaging’, including transverse sectional imaging of the liver
(MRI), magnetic resonance angiography in different phases
(MRA) and MR cholangiopancreatography (MRCP; see Chap-
ter 5.6.5), all in the same imaging session in a non-invasive way.

Contrast enhancement

Several contrast agents have been investigated and are in use for
specific MR imaging of the liver. These contrast agents can be
categorized as paramagnetic (increasing signal intensity in T1-
weighted images) or superparamagnetic (decreasing the signal
density of the normal hepatic parenchyma in T2-weighted
images). According to their biochemical behaviour, they can be
characterized as extracellular, reticuloendothelial system-directed
agents or hepatocyte-specific contrast agents [2].

Extracellular agents

The gadolinium chelates are the most widely used MR con-
trast agents. These agents include gadoterate dimeglumine and
gadopentetate dimeglumine (ionic agents), as well as gadodi-
amide and gadoteridol (non-ionic contrast agents). Because
these extracellular agents display a rapid equilibration in the
interstitial spaces, a dynamic MR imaging technique (bolus
injection, rapid acquisition) that provides a high temporary res-
olution is essential to demonstrate differences in enhancement
pattern between the normal hepatic parenchyma and the poten-
tial focal liver lesion. Similar to CT during arterial portography,
gadolinium chelates have also been delivered to the liver via 
the superior mesenteric artery (MR imaging during arterial 
portography) providing the highest parenchymal enhancement,

excellent lesion-to-liver contrast and high sensitivity for lesion
detection although non-tumoral perfusion abnormalities and
invasiveness are drawbacks of this technique. Extracellular
gadolinium chelates, if given with the power injector, can be used
in the initial injection phase for MR angiography acquisition,

(a)

(b)

Fig. 1 MR angiography. (a) 3-D contrast-enhanced MR angiography after
intravenous administration of gadolinium demonstrates the vessels in the
arterial and early portal inflow phase. Note active bleeding within the
gallbladder. This examination was done in a patient with renal insufficiency.
(b) Contrast-enhanced MR angiography in hepatic parenchymal phase
demonstrates collaterals by portal hypertension along the common ways of
portosystemic circulation. Note the splenomegaly.
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again demonstrating the potential for both angiographic and
late arterial hepatic phase and hepatic venous phase of the liver
parenchyma similar to the phases seen by multidetector CT. 

Superparamagnetic contrast agents such as Endorem (Advanced
Magnetics Inc., Cambidge, MA, USA) or Resovist (Schering AG,
Berlin, Germany) are phagocytes by the reticuloendothelial sys-
tem. Because signal reduction of normal hepatic parenchyma,
secondary to the administration of superparamagnetic contrast
agent, is more pronounced on T2-weighted gradient echo
images than on conventional T2-weighted images, gradient
echo sequences (so called T*) are more sensitive in demonstrat-
ing focal liver lesion diseases. Lesions that do not contain reticu-
loendothelial system cells will not demonstrate a signal intensity
drop as opposed to the normal hepatic parenchyma. 

Hepatobiliary agents

Several hepatocyte-specific paramagnetic contrast agents are
available. Mangafodipir trisodium (Mn-DPDP) is a typical
example of this group. T1-weighted images are essential after the
administration of these contrast agents because they affect the
T1 relaxation times and therefore the T1 contrast (high signal
intensity in the area of contrast accumulation). Two gadolinium
chelates (gadolinium BOPTA and gadolinium EOB-DTPA) can
also be used as hepatobiliary contrast agents. These two agents
display extracellular activity; however, there is uptake by the
hepatocytes followed by hepatobiliary secretion. Representative
commercial products include Multihance (Bracco, Milan, Italy)
and Primovist (Schering AG, Berlin, Germany) [3,4]. 

MR imaging of focal liver lesions

Benign hepatic tumours

Benign tumours of the liver are classified pathologically by their
cell origin. Lesions of mesenchymal origin include haeman-
giomas, angiomyolipomas and lipomas. Lesions of epithelial
origin include focal nodular hyperplasia (FNH), hepatocellular
adenomas, hepatic cysts and biliary hamartomas. Determina-
tion of tumour extent and tissue characterization is provided 
by T1- and T2-weighted images as well as after intravenously
administered contrast agents such as extracellular agents, reticu-
loendothelial system (RES)-directed contrasts or hepatobiliary
secreted agents. Knowledge of the underlying gross and micro-
scopic pathological features of benign liver masses leads to a 
better understanding of their MR imaging appearances [1,5]. 

Hepatic cysts are common and mostly asymptomatic, rep-
resenting incidental finding by MR imaging of the liver. Most
are unilocular but occasionally they have a multilocular appear-
ance. On MR imaging they have a homogeneous well-defined
appearance demonstrating low signal intensity on T1-weighted
and high signal intensity on T2-weighted images reflecting 
their simple nature. After gadolinium administration cysts do 
not demonstrate any enhancement (Fig. 2). Complicated cysts

might demonstrate high signal intensity on T1- and low signal
intensity on T2-weighted images.

Biliary hamartomas are benign, solitary or multiple biliary
malformations of small size (<1 cm). Similar to cysts, they 
have low signal intensity on T1- and high signal intensity on 
T2-weighted images. However, after contrast administration
they demonstrate rim enhancement; this feature might cause
difficulties in differentiating them from metastatic lesions.

Angiomyolipoma of the liver is an uncommon tumour of
mesenchymal origin often seen in patients with tuberous sclero-
sis. On MR imaging they often demonstrate high signal inten-
sity on T1-weighted images due to their fatty content, which is 
well suppressed on T1 fat-suppressed images. Usually they do
have moderate to high signal intensity on T2-weighted images.
They demonstrate diffuse and heterogeneous enhancement

(a)

(b)

Fig. 2 Use of contrast agent to differentiate cystic from other lesions. 
(a) T2-weighted image demonstrates multiple lesions in the liver with high
signal intensity. Further differentiation of those lesions is not possible. 
(b) T1-weighted image after gadolinium administration demonstrates that
the lesion in the right lobe of the liver is a haemangioma whereas the other
lesions do not enhance, representing simple cysts.
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after gadolinium administration, which poses difficulties in 
differentiating them from hepatocellular carcinomas. 

Haemangioma is the most common benign tumour of the
liver; symptoms and complications are discussed in Chapter
18.1.1. Haemangiomas are well-defined round or lobular lesions
with low signal intensity on T1-weighted and high signal inten-
sity on T2-weighted images. Due to their large vascular lakes and
channels they demonstrate peripheral enhancements with a typ-
ical cottonwool appearance (Fig. 3). If they are large they might
contain central areas of fibrosis, which do not enhance after 
contrast administration. Unfortunately, areas of calcifications
that can be seen by CT cannot be demonstrated by means of
MRI. If the haemangioma is small and hypervascular, the typical
features of peripheral nodular enhancement with centripetal
progression to homogeneity are not seen. Instead immediate
homogeneous enhancement might be present, which can 
be difficult to differentiate from hypervascular metastases.
Haemangiomas can be differentiated from metastases by 
RES-directed contrast agents (SPIO, superparamagnetic iron
oxide). In haemangioma there is pooling of the contrast agent 
in T2-weighted imaging. Signal intensity is high in T2 images
before and after contrast administration, whereas the pooling
produces a high signal intensity in T1-weighted images after
contrast administration (Fig. 3). Metastases remain hypointense
in T1-weighted images after SPIO administration. In case of
hepatobiliary-directed contrast agents there is enhancement due
to the vascularity of the lesion in the late arterial phase; however,
in the delayed phase there is no pooling of this agent, similar 
to the metastatic lesions where no enhancement is seen. Giant
haemangiomas might be difficult to differentiate from aggres-
sive malignant lesions due to their large size. However, even 
with the presence of fibrosis, with the typical persistent central
hypointense area after gadolinium administration, the peri-
pheral nodular enhancement with a centripetal progression is 
typical and well demonstrated in those lesions [6]. 

Liver cell adenomas are benign tumours of hepatocellular 
origin; their clinical presentation is discussed in Chapter 18.1.2.
Liver cell adenomas are composed of hepatocytes that might
contain substantial amounts of glycogen or fat; therefore, 
T1-weighted images produce high signal intensity, which can 
be suppressed in fat-suppressed T1 images. If any complications
are present, such as haemorrhage, causing high signal intensity
in T1-weighted images similar to that of fat, differentiation
between blood and fat can be accomplished by fat-suppressed
techniques (blood remains bright, fat darkens its signal inten-
sity). On T2-weighted images adenomas are seen as intermediate
signal intensity lesions. After contrast administration they
demonstrate a high vascularity; this sometimes produces dif-
ficulties in distinguishing adenomas from hepatocellular carci-
nomas. Therefore, if imaging appearance suggests adenoma and
the lesion is solitary, surgical resection is suggested. Hepatocyte-
specific contrast agents as well as iron oxide particulate agents
demonstrate uptake, because adenomas accumulate contrast
agents due to the presence of hepatocytes and RES cells [6,7]. 

(a)

(b)

(c)

Fig. 3 Behaviour of contrast agents in haemangiomas. (a) Typical
enhancement pattern by CT after injection of iodinated contrast agent. 
(b) The same patient after administration of gadolinium chelates with a
typical peripheral enhancement of the lesion. (c) The same patient after
superparamagnetic contrast agent administration with typical high signal
intensity within the lesion because of pooling of the agent.
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Focal nodular hyperplasia (FNH) is the second most common
benign hepatic tumour after haemangioma. It is thought to be 
a hyperplastic response to an underlying congenital arterial ven-
ous malformation. The central fibrous scar contains the arterial
venous malformation; this feature demonstrates high signal
intensity on T2-weighted images (Fig. 4). Various appearances
on T1- and T2-weighted images are described. After intravenous
administration of gadolinium the lesions demonstrate prompt
and marked enhancement higher than that of the liver, particu-
larly in the late arterial phase. If the extracellular contrast agents

do not reveal the underlying pathology in a small hypervascular
lesion suspected of being FNH, cell-specific contrast agents can
demonstrate the benign origin of the lesion. This can also be
used to distinguish them from other lesions with a central scar
such as fibrolamellar carcinoma. A specific type of FNH has been
described as a telangiectatic focal nodular hyperplasia, an entity
that does not demonstrate the typical scar and has an appearance
similar to that of hepatocellular adenoma or carcinoma. Cell-
specific contrast agents demonstrate the typical hepatocyte and
Kupffer cell activities and allow for differentiation from carci-
noma and adenoma. 

Malignant hepatic tumours

Fibrolamellar carcinoma (FLC) is a malignant hepatocellular
tumour with clinical and pathological features distinct from
HCC. On MR imaging fibrolamellar carcinomas are typically of
low signal intensity on T1-weighted images with the exception
of bleeding, where hyperintense areas are seen. On T2-weighted
images signal intensity is low; this low-intensity central scar 
differentiates FLC from FNH, where a high signal intensity on
T2-weighted images within the scar is seen (Fig. 4). Radiating
septae with low signal intensity in both T1- and T2-weighted
images are also seen (Fig. 4). After gadolinium enhancement
there is a heterogeneous enhancement of the lesion as opposed
to the homogeneous enhancement of FNH. The central scar is
due to true fibrotic tissue and remains hypointense after con-
trast administration [1].

Hepatocellular carcinoma (HCC) occasionally arises in
patients without any pre-existing hepatic abnormalities; how-
ever, it is mostly seen in a previously damaged liver as in the 
case of hepatitis or fibrosis and cirrhosis (Figs 5 and 6). On MRI
HCC generally has a variable appearance depending on its
growth pattern. Vascular invasion, if present, is well displayed
with thrombosis of the hepatic or portal vein branches. The 
ability of MRI to depict vascular invasion makes this technique
essential for the diagnosis of a suspected lesion. On T1-weighted
images, hepatocellular carcinoma has a variable appearance,
depending on the presence of haemorrhage or steatosis, which
produce high signal intensity. Haemorrhage can be differenti-
ated from fat by the fat-suppression technique. On T2-weighted
images the lesions may demonstrate a hyperintensity relative to
the normal liver with areas of increased signal intensity in case of
necrosis. In case of encapsulated HCC there is often a low signal
intensity rim on T1-weighted images representing the fibrotic
tumour capsule. After intravenous extracellular agent admin-
istration the tumours demonstrate enhancement due to their
hypervascular nature [8,9]. 

Diagnostic problems abound when imaging of liver cirrhosis
demonstrates regenerative and dysplastic nodules, as opposed 
to HCC. There are many studies and papers demonstrating 
the potential of MRI to differentiate between regenerative 
and dysplastic nodules and HCC; however, in general, the
majority of HCC nodules are of slightly higher signal intensity

(a)

(b)

Fig. 4 Differentiation of focal nodular hyperplasia (FNH) from fibrolamellar
carcinoma using the T2-weighted image. (a) Typical flow within the central
scar of the FNH with high signal intensity on T2-weighted image. (b) In case
of fibrolamellar carcinoma there is no flow within the central scar, which
represents fibrous tissue. Around the fibrotic tissue note septae and necrotic
oedematous changes with high signal intensity.
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Although the use of hepatospecific contrast agents (hepatocyte-
or Kupffer cell-directed) suggested a higher degree of charact-
erization of HCC, this remains problematic in the case of 
well-differentiated HCC, where both phagocytosis of SPIO 
particles and hepatocytic activity with uptake is demonstrated.
In general, in the case of hypervascular lesions in a cirrhotic
patient, even if these lesions are of low signal intensity on T2-
weighted images, hepatocellular carcinoma must be considered
in the differential diagnosis, and follow-up examination is
essential. On the other hand attention needs to be paid in case
the hepatocellular carcinoma is not hypervascular; other imag-
ing features such as the high signal intensity in T2-weighted
images and the presence of a pseudocapsule might guide the 
correct diagnosis.

Intrahepatic cholangiocarcinoma is the second most common
primary malignant hepatic neoplasm after HCC. As opposed to
the vascular enhancement of HCC, in cholangiocarcinoma there
is encasement of large vessels without invasion. Areas of necrosis
and haemorrhage can been seen with the typical changes on 
T1- and T2-weighted images. On MR imaging intrahepatic cho-
langiocarcinoma appears as a large heterogeneous mass, often
encasing large vessels such as the portal vein and the hepatic
veins without tumour thrombus as seen in HCC. On T1-
weighted images the lesion is hypointense compared with the
normal liver and on T2-weighted images the variable periphery
is hyperintense with respect to normal liver, with central areas 
of hypointensity corresponding to fibrosis [1,11]. The use of
gadolinium chelates demonstrates concentric enhancement with
sparing of central areas due to the presence of central fibrosis
(Fig. 7). 

In extrahepatic cholangiocarcinoma, unlike intrahepatic
cholangiocarcinoma, there is no space-occupying lesion but a
stenosis of the involved bile duct segment (Fig. 8), while the
additional use of gadolinium might demonstrate a rim enhance-
ment in the area of the stenotic bile duct. MRCP is essential 
in the diagnosis and ‘all-in-one MRI’ could help in the further
evaluation of the disease.

Biliary cystadenoma and cystadenocarcinoma represent two
points on a disease spectrum; they are uncommon and present
as large multilocular intrahepatic cystic masses that contain 
proteinaceous fluid material. On MR imaging the multilocular
cystic masses have an irregular wall. On T1-weighted images the
locules appear with variable signal intensity depending on their
protein content. A similar appearance is seen in T2-weighted
images, where the signal intensity seen is not that of clear fluid,
demonstrating locules with lower signal intensity due to the
content, that is, tinged bile. After gadolinium administration
there is a variable enhancement seen in the irregular septae. The
presence of solid components and mural nodules demonstrates
cystadenocarcinoma [1]. Again, unlike CT, calcifications cannot
be demonstrated by means of MRI. 

Angiosarcoma is a rare malignancy seen specifically after
exposure to different toxins. Haemorrhage and a heterogeneous
appearance of the lesions is commonly seen. On MR imaging

and regenerative nodules are of lower signal intensity on 
T2-weighted images, compared with the liver parenchyma. The
degree of vascularity might be useful in demonstrating the high
vascularity of HCC and the very fast washout compared with the
other lesions. A published study demonstrated that, in the case
of cirrhotic liver, many areas of hypervascularity could be seen
in the late arterial phase. Of those areas that were visualized, only
those whose size exceeded 2 cm were suspected hepatocellular
carcinoma. Lesions in the periphery smaller than 1 cm were
often due to intrahepatic shunts. Lesions between 1 and 2 cm
should be followed up by re-examination; most often they are of
benign regenerative origin [10]. 

(a)

(b)

Fig. 5 Superparamagnetic contrast agent for detection of liver lesions. 
(a) T2-weighted image without contrast administration is unable to clearly
delineate the HCC lesions in this patient. (b) After contrast administration
note the darkening of the normal hepatic parenchyma. The HCC, which
contains no reticuloendothelial system (RES) cells in this case, retains high
signal intensity and therefore can be easily detected and delineated. 
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angiosarcoma is hypointense in relation to the normal liver
parenchyma on T1-weighted images although areas of haemor-
rhage represent hyperintensity, similar to that of adenoma. An
inhomogeneous appearance can be seen on T2-weighted images
where normally, if not complicated, the lesion demonstrates
high signal intensity. The intravenous administration of extra-
cellular contrast agents demonstrates peripheral enhancement,
sometimes similar to that seen with haemangioma [1]. 

Liver metastases

Examination for liver metastasis is one of the most common
indications for liver MR imaging. However, differentiation of
detected lesions in an oncology patient is necessary to exclude

liver metastases specifically if, after chemotherapy, diffuse 
fatty change of the liver has occurred. Similarly to CT, depend-
ing upon the pattern of vascularization, liver metastases have
been classified as hypovascular or hypervascular. A specific
group has been described that is known to be of near 
isovascularity and demonstrates the particular appearance of
those lesions if imaging targets to the vascularization pattern
[3,4].

Hypovascular metastases have a non-specific pattern in MRI,
demonstrating low signal intensity on T1-weighted images and
similar signal intensity to the normal hepatic parenchyma on
T2-weighted images. Because of the characteristic signal and
relaxation changes after gadolinium enhancement, even hypo-
vascular metastases demonstrate a peripheral rim enhancement

(c)

(d)

(a)

(b)

Fig. 6 Use of dynamic imaging to depict and characterize lesions in case of hepatic cirrhosis. (a) Non-enhanced T1-weighted image of the liver does not
demonstrate any focal liver lesions. Note the irregular surface of the liver parenchyma due to cirrhosis. (b) T2-weighted image is unable to detect any liver
lesions. (c) Arterial phase after intravenous administration of gadolinium. Note several lesions in the right and left lobes of the liver; based on the size of the
lesions the one in the right lobe must be suspected HCC. (d) Late parenchymal phase reveals multiple lesions; however, regenerative nodules and HCC cannot
be differentiated in this phase. 
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in the late arterial hepatic phase; however; these lesions typically
demonstrate low signal intensity in the hepatic venous phase.
Although hypovascular metastases may sometimes mimic hep-
atic cysts, delayed enhancement of the liver demonstrates a
slightly peripheral enhancement in the metastases, a finding that
is not seen with cysts.

Hypervascular metastases, similar to CT, are seen in the early
and late hepatic arterial phases, therefore dynamic MR imaging
must be applied in the case of suspected hypervascular metastasis
even if there is no high signal intensity on T2-weighted images. 

Near isovascular metastases, as the name implies, do enhance
when using an extracellular contrast agent, and appear similar to

Fig. 7 Intrahepatic cholangiocarcinoma. (a) Coronal T2-weighted image
demonstrates a space-occupying lesion within the left lobe. The adjacent
intrahepatic bile ducts are dilated. (b) Contrast-enhanced T1-weighted
image demonstrates the lesion in the left lobe with obstruction of the
intrahepatic bile ducts.

Fig. 8 Diffuse hepatic liver steatosis. Chemical shift imaging. 
(a) T1-weighted in-phase image demonstrates no abnormalities of the liver
parenchyma. (b) T1-weighted out-of-phase image demonstrates drop of
signal intensity in the areas where steatosis is evident. Liver segment I and
part of the left lobe do not demonstrate a signal intensity decrease; hence
there is no steatosis. 

(a)

(b)

(a)

(b)
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the liver in early and late arterial phases. Because of this peculiar
pattern of enhancement, attention needs to be paid to the 
non-enhanced T1-weighted images, where the lesions are con-
spicuous and there is at least the potential of differentiation
from other lesions.

As discussed previously, the use of extracellular contrast
agents to detect and differentiate metastases from other lesions
might produce diagnostic problems because of the different 
vascularity patterns of metastases. Therefore, in this situation,
agents other than gadolinium chelates can be applied in order 
to demonstrate the number, location and extent of metastatic
disease in the liver. One group of substances that can be admin-
istered intravenously and can be used for specific detection of
metastases of a known primary tumour are the superparamag-
netic contrast agents, which can be given either by drip infusion
(Endorem) or by means of a bolus technique (Resovist). These
agents target the absence of reticuloendothelial system cells
within the metastatic lesions. On T2-weighted images there is a
signal intensity increase in the normal liver compared with the
non-enhanced images while metastatic lesions remain unchang-
ing in their signal intensity and therefore appear much brighter
in the post-contrast images as opposed to the precontrast
images. Superparamagnetic contrast agents demonstrate a
higher sensitivity than CT in detecting metastatic lesions, 
independent of the vascularity of those metastases. In addition
to the superparamagnetic contrast agents, a specific extracellular
contrast agent that demonstrates partial hepatocyte uptake and
excretion through the biliary system can also be used for detec-
tion of metastases [12,13]. Two products are used routinely:
Multihance and Primovist. Both agents can be used initially 
as extracellular agents to detect vascularity; thereafter, some
20–40 min after injection, a proportion of the contrast agent is
taken up by the hepatocytes. Hence, in T1-weighted images, the
normal liver becomes more intense compared with the images
before the contrast administration, whereas metastatic lesions
do not take up contrast and are darker than in the precontrast
images. A similar contrast characteristic is produced after the
use of Mn-DPDP. Although various different contrast agents
have been introduced for detecting metastatic liver disease,
attention needs to be paid to their utility in differentiating
metastases from other focal liver lesions, specifically benign
hypervascular lesions such as hypervascular haemangiomas 
and FNH. Furthermore, differentiation of small hypervascular
lesions and small intrahepatic vessels is not always easy. Finally,
the imaging of small capsular liver metastases in the case of 
peritoneal metastatic disease is an unsolved issue. 

MR imaging of diffuse liver disease

Hepatic steatosis

Diffuse hepatic steatosis is not uncommon. It is known that CT
examination of the liver can detect fatty liver changes if non-
enhanced imaging is performed. The most sensitive MR technique

to detect fatty change of the liver is the use of specific gradient
echo pulse sequences, particularly chemical shift imaging (Fig. 8).
Using 1.5 T at an echo time of 4.2 ms, water and lipid protons are
in phase and their signal intensities are additive. However, using
an echo time of half this value (i.e. 2.1 ms), water and lipid pro-
tons are out of phase and their signal intensities cancel each
other. Hence, in steatotic areas of the liver the signal intensity
decreases when out of phase compared to when in phase,
whereas in areas of the liver with less fat the signal intensity out
of phase remains similar to that when in phase. This simple
imaging technique can be used not only to detect fatty changes
of the liver parenchyma but also to differentiate fatty changes
from other focal or diffuse entities of the liver such as liver
metastases. This technique can be used to differentiate specific
focal lesions that could mimic liver masses such as focal fatty
infiltration and/or focal fatty sparing, specifically in liver seg-
ment IV. These changes are more pronounced in T1-weighted
sequences; however, they can be manifest in T2-weighted
images specifically with a fast spin echo technique. Therefore, in
and out (opposed) phase gradient echo images must be used in
every liver MRI examination in order to detect or to exclude
focal changes and differentiate those from other potential focal
liver lesions [14–16].

Hepatic iron deposition 

Haemochromatosis of the liver can be genetic in origin or be
caused by transfusional iron overload. In both entities the iron
deposition within the liver decreases the signal intensity in both
T1- and T2-weighted images. However, the findings are more
pronounced in T2-weighted images, where the liver appears
very dark. Differentiation between genetic and transfusional
iron overload can be accomplished using the signal intensity of
the spleen: in the first case the spleen is spared because it com-
prises dysfunctional reticuloendothelial cells, whereas with
transfusional iron overload, iron is found in the Kupffer cells of
the spleen and therefore the spleen decreases its signal intensity.
A specific sequence, called a T2-weighted gradient echo image, is
employed to detect and semi-quantify abnormal iron deposition
in the liver, specifically exploiting the sensitivity of iron in 
the magnetic field. The same sequence can be used to detect 
hepatocellular carcinoma in patients with haemochromatosis,
because iron does not accumulate in hepatoma and therefore
those lesions can be seen within the liver using this T2-weighted
gradient echo sequence [17,18].

Inflammatory liver diseases 

Hepatic abscess

Ultrasonography and CT are the primary diagnostic tools for
detecting pyogenic and amoebic abscesses in the liver with high
sensitivity, and to guide treatment by means of interventional
radiology and drainage of abscesses. Therefore MR imaging
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should not be the first imaging choice where a liver abscess is
suspected. MR imaging is used as a secondary tool for this dia-
gnosis. Biogenic abscesses have a non-specific appearance on MR
imaging and may mimic malignant neoplasms. On T1-weighted
images the lesions are of low signal intensity and in T2 they have
high signal intensity. Following administration of gadolinium
an abscess shows a peripheral rim of enhancement surrounding
the centre filled with necrotic debris of low signal intensity. 
In the case of amoebic abscess, similar to the findings on CT, 
a zone of hyperintensity might be seen around the abscess 
on T2-weighted images with enhancement after gadolinium
administration, demonstrating the surrounding oedematous
non-infected liver parenchyma [19]. 

Hydatid disease

As with other infectious diseases, MR imaging is not a primary
tool for detecting and evaluating hepatic echinococcosis. Due 
to the inability of MRI to detect calcifications, this technique is
not suggested as a primary tool to detect and differentiate cystic
lesions, specifically echinococcosis, from other cystic lesions of
the liver. The MR imaging features of hydatid cysts are those 
of hypointense lesions on T1-weighted imaging and of hyper-
intense lesions on T2-weighted images. In case of calcification 
a low signal intensity is evident on T1- or T2-weighted images.
Dotted cysts may be seen within the lesion with similar signal
intensity on T1- and T2-weighted images, hence they cannot 
be easily detected by MRI. A specific entity that may produce 
differential diagnostic problems is echinococcus alveolaris. In
this case the lesion presents as a mass of low signal intensity 
in T1-weighted images and intermediate to high signal intensity
in T2-weighted images, mimicking malignant tumours, whereas
after contrast administration the lesion does not enhance,
appearing as a necrotic area similar to that of a tumour. There-
fore in cases where hydatid disease is suspected the method 
of choice is CT examination and not MRI because, specifically 
in case of echinococcus alveolaris, MRI may suggest the wrong
differential diagnosis. 

MR imaging of the bile system

One of the major advantages of MRI is the potential for imaging
the bile duct system due to the signal intensity of slow-moving
liquid within the intra- and extrahepatic bile ducts. Using T2-
weighted images it is possible to darken the signal intensity of the
liver, to avoid the appearance of the hepatic vessels and to demon-
strate only the branches of the intra- and extrahepatic ducts
depending upon the quantity of bile within the biliary system.
This technique enables the delineation of the anatomy of the 
biliary system, demonstrating specifically potential variations 
of the bile duct system, an important issue before surgery. It is
the method of choice to detect intra- and extrahepatic stones,
although compared with endoscopic retrograde cholangiopan-
creatography (ERCP), it might miss stones that are smaller than

3 mm. However, MRCP has the potential to detect cholangio-
carcinoma of the extrahepatic bile ducts (Fig. 9). Irregular
changes of the intrahepatic bile duct system with additional
periductal enhancement from contrast agent help to detect 
primary sclerosing cholangitis and differentiate this entity from
other diffuse diseases of the liver that might deform the hepatic
parenchyma. 

In the future, the implementation of stronger and faster gradi-
ent systems, as in 3 T units, ushers in the potential for faster

Fig. 9 Extrahepatic cholangiocarcinoma. Correlation of two different
imaging techniques. (a) ERCP demonstrates the stenosis in the proximal 
part of the extrahepatic bile duct. Note the intrahepatic bile duct dilatation.
(b) In the same patient MRCP reveals similar findings with proximal stenosis
of the bile duct due to extrahepatic cholangiocarcinoma. 

(a)

(b)
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acquisition times and acquisition of a complete data set in one
measurement (single-shot techniques). Echo planar imaging
and diffusion imaging are potential imaging techniques that
could be applied to specific aspects of liver imaging, targeting
perfusional and functional features of the hepatic parenchyma.
However, these exciting techniques are still under development.
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5.6.4 Hepatic angiography
Sanjeeva P. Kalva and Dushyant V. Sahani

The current role of angiography in the investigation of liver 
disease is limited due to technical advances in cross-sectional
imaging. Computerized tomography (CT) and magnetic reso-
nance imaging (MRI) are very useful in the diagnosis of hepatic
parenchymal and vascular disorders. However, angiography 
is useful in a few specific circumstances and is part of various
interventional procedures. This chapter summarizes the current
indications, techniques and findings of hepatic angiography in
liver disease. Angiography of the liver can be divided into three
sections: hepatic arteriography, portal venography and hepatic
venography.

Hepatic arteriography

Hepatic arteriography, the study of hepatic arteries by catheter
angiography, is indicated in the following circumstances [1]. 
• To study the hepatic arterial anatomy before liver resection
and intra-arterial chemotherapy pump placement.
• As part of various interventional procedures such as chemo-
embolization, embolization following trauma and as a part of
planning before intra-arterial therapy with radioactive particles
(such as SIRSpheres, Sirtex Medical, Lake Forest, IL, USA).
• Assessment of hepatic vascular disorders such as vasculitis,
aneurysms, arteriovenous fistulae.
• To diagnose the source of haemobilia.
• Rarely to diagnose primary or metastatic neoplasms. 
• As a part of CT arterioportography.
• Evaluation of vascular complications following hepatic 
transplantation.

Technique 

With a transfemoral antegrade approach, a Cobra or Sidewinder
catheter is used to cannulate the coeliac axis. If an axillary or
brachial arterial approach is used, a Davis or multipurpose
catheter can be used to cannulate the coeliac axis. In general, 
a coeliac arteriogram is performed to obtain a global view of
coeliac axis anatomy. Then, selective cannulation of hepatic
artery is performed using a hydrophilic guide wire or a coaxial
technique. Cannulation of branches of the proper hepatic artery
usually requires coaxial catheters. The complications of hepatic
arteriography include injury to hepatic arteries (dissection, rup-
ture, occlusion) due to catheter manipulation, access site com-
plications such as haematoma, pseudoaneurysm and infection,
and contrast material-related complications.

Standard hepatic arterial anatomy

A standard hepatic arterial anatomy is found in 55–60% of 
the population [2,3]. The common hepatic artery (CHA) arises
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from the coeliac axis (CA) and divides into the proper hepatic
artery (PHA) and gastroduodenal arteries (GDA). The proper
hepatic artery divides into right and left hepatic arteries. The
right hepatic artery (RHA) supplies the right lobe of the liver
through right ventrocranial and right dorsocaudal branches.
The caudate lobe receives blood supply from the right hepatic
artery. The left hepatic artery supplies the left lobe through
medial and lateral segmental branches. The lateral branch 
bifurcates into superior and inferior segmental arteries, which
give the characteristic fork-like configuration to the left hepatic
artery. The artery supplying the medial segment of the left lobe is
often called the middle hepatic artery (segment IV artery). 

Variant hepatic arterial anatomy

A variant hepatic arterial anatomy occurs in 40–45% of the 
population. In general, the following comments can be made. A
portion of or the entire right lobe or the entire liver can get its
blood supply from the superior mesenteric artery. Similarly,
part or all of the left lobe may be supplied from the left gastric
artery (LGA). The proper or common hepatic artery can arise
directly from the aorta or from the superior mesenteric artery
(Fig. 1). The segmental arteries may arise directly from the 
common hepatic artery in 25% of individuals. A maximum of

three hepatic arteries supply the liver. The variations and their
incidence are listed in Table 1 [4].

Collateral pathways for the hepatic artery

In the event of stenosis or occlusion of the coeliac axis or the
common hepatic artery, the proper hepatic artery is perfused
through retrograde flow from the gastroduodenal artery
through the pancreatico-duodenal arcades. Similarly, the acces-
sory or replaced hepatic arteries provide excellent collateral
pathways. Additionally, collateral pathways exist between
phrenic and hepatic arteries at the liver capsule. Hepatocellular
carcinomas can derive blood supply from the internal mam-
mary, gastroepiploic, intercostal, phrenic and oesophageal
arteries. The intrahepatic arteries are end arteries and collateral
pathways within the intrahepatic segments are scant and 
imperfect [5].

Portal venography

Portal venography can be performed by placing a catheter in 
the portal vein (direct portal venography) or by other means
without directly cannulating the portal vein (indirect portal
venography). Portal vein patency and flow direction can be 
reliably imaged on colour Doppler sonography. CT and MRI 
are also useful in the detection of portal vein thrombus or
tumour in the portal vein. The current indications for indirect
portal venography are as follows:
• To assess patency of the portal vein before portosystemic
shunt surgery.
• To assess patency of a portosystemic shunt (such as a
splenorenal shunt). 
• To study the portal haemodynamics (hepatopetal vs hepato-
fugal flow) when other imaging studies are inconclusive. 
• Evaluation of portal vein for suspected vascular compromise
following liver transplantation.

Fig. 1 Variant hepatic arterial anatomy. Superior mesenteric arteriogram
demonstrates common hepatic artery (vertical arrow) arising from proximal
superior mesenteric artery (horizontal arrow). The gastroduodenal artery is
marked with an arrowhead.

Table 1 Variations in hepatic artery anatomy and their incidence.

Anatomical variation Incidence (%)

Variant common hepatic artery (CHA)
Origin from SMA 2.5

Origin from aorta 2.0

Variant proper hepatic artery
Replaced RHA from SMA 12–14

Accessory RHA from SMA 6–8

RHA from aorta or CA or CHA <2

Replaced LHA from LGA 11–12

Accessory LHA from LGA 11–12

LHA/LGA common trunk from aorta 1–2

CA, coeliac axis; LGA, left gastric artery; LHA, left hepatic artery; RHA, right

hepatic artery; SMA, superior mesenteric artery.
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The indications for direct portal venography are as follows:
• All the indications of indirect portal venography when the
results of indirect portal venography are inconclusive.
• To obtain portal vein pressures.
• As part of other interventional procedures such as portal vein
embolization before liver surgery, autologous islet cell trans-
plantation, embolization of gastric and oesophageal varices, and
as part of transjugular intrahepatic portosystemic shunt (TIPS)
procedure.
• Venous sampling for localization of endocrine tumours.

Techniques of portal venography

Direct portal venography can be performed via a percutaneous
transhepatic approach, a transjugular transhepatic venous
approach or by cannulating a patent umbilical vein in retrograde
fashion. These are discussed in separate sections. The methods
of indirect portal venography are arterial portography, spleno-
portography and wedged hepatic venography in patients with
portal hypertension. 

Arterial portography

During this study, either the superior mesenteric or the splenic
artery is catheterized (through a femoral artery or brachial artery
approach) and imaging is continued during the venous phase 
of arteriography (Fig. 2) [6]. This study requires a large volume
of contrast material (40–60 mL injected at a rate of 6–8 mL/s)
and filming is continued for 30–60 s. The drawbacks of this pro-
cedure include poor or inadequate opacification of the portal 
vein in patients with splenomegaly or due to hepatofugal flow 
in the portal vein. Another limitation is that a partial filling
defect may be seen in the portal vein simulating a thrombus due
to inflow from splenic vein during superior mesenteric artery
(SMA) arterial portography or vice versa.

Splenoportography

Percutaneous splenoportography is performed by puncturing
the spleen in the posterior axillary line with a 20–22 G needle
and injecting contrast material into the spleen [7]. Portal pres-
sures can be obtained by directly connecting the needle to a
manometer as the splenic pulp pressure corresponds to portal
pressure. During contrast injection the splenic and portal 
veins are opacified. The presence of portosystemic collaterals,
oesophageal or fundal varices or hepatofugal flow may result in
inadequate opacification of the portal vein. In addition, inflow
of non-opacified blood from superior mesenteric or inferior
mesenteric veins may simulate a thrombus in the splenic or 
portal veins. The main complications of this procedure are
bleeding, which may require transfusions or splenectomy, 
injury to bowel, kidney or lung, and splenic artery aneurysms 
or arteriovenous fistulae. Embolization of the needle tract with
Gelfoam (Pfizer Inc., New York, USA) decreases bleeding com-
plications [8].

Wedged hepatic venography

In patients with portal hypertension, wedged hepatic veno-
graphy provides good opacification of the portal vein. This 
procedure is performed by placing a catheter in a hepatic 
vein tributary (through either a transjugular or femoral vein
approach), such that the catheter wedges in the lumen of 
the hepatic vein, and contrast material is injected through the
catheter. As an alternative, a balloon catheter can be used to
occlude the hepatic vein. In patients with no portal hyperten-
sion, the contrast material opacifies other hepatic veins through
hepatic venous collaterals. However, in patients with portal
hypertension, the portal vein is opacified (Fig. 3). A hepatofugal
flow may opacify the splenic, mesenteric veins and portosys-
temic collaterals. The degree of portal vein opacification
depends on portal venous pressure and flow direction. In 
addition, the use of less viscous contrast material (such as CO2)
rather than the highly viscous iodinated contrast material pro-
vides better opacification of the portal vein [9]. The normal
wedged hepatic venous pressure is <10 mmHg. The wedged 
hepatic venous pressure roughly equals the portal vein pressure.
However, in patients with well-developed portosystemic collat-
erals, the wedged hepatic venous pressure may be less than the
portal vein pressure. The wedged hepatic venous pressure is 
normal in patients with presinusoidal or extrahepatic types of

Fig. 2 Arterial portography. The superior mesenteric artery is catheterized
(white arrow). The venous phase of the arteriogram depicts the portal vein
(horizontal black arrow). The coronary vein (vertical black arrow) and gastric
varices are also seen. The right portal vein is occluded (arrowhead) due to
thrombus from a hepatoma.
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portal hypertension. A falsely elevated wedged hepatic venous
pressure may be recorded if pressure measurements are
obtained after contrast material injection. The complications 
of wedged hepatic venography are minimal and include access
site haematoma, injury to hepatic veins, haemorrhagic infarc-
tion and hepatic perforation [10].

Portal venography through patent umbilical
vein

A patent umbilical vein, especially in patients with portal hyper-
tension, provides a route for direct access to the portal vein 
[11]. The umbilical vein can be catheterized through the anterior
abdominal wall under ultrasound guidance. Direct pressure
measurements in the portal vein and portography can be per-
formed (Fig. 4). The main limitation is that the umbilical vein 
is patent in only a few patients with portal hypertension. The
complications are minimal and include bleeding and injury to
liver, pleura and pericardium.

Percutaneous transhepatic portal venography

Percutaneous transhepatic portal venography is performed from
the right midaxillary line at the 9–10th intercostal space using a
22 G Chiba needle. Generally, the right portal vein is opacified
and the needle is exchanged for a catheter, which is placed in 

the main portal vein. Pressure measurements are obtained and
portal venography undertaken. The catheter tract is usually
embolized with Gelfoam upon completion of the study [12].
The main complications of the procedure are haemorrhage,
injury to the pleura or intestine, traumatic pseudoaneurysm of
the hepatic artery, and infection.

Transjugular transhepatic portal venography

Transjugular transhepatic portal venography is usually a part 
of the TIPS (transjugular intrahepatic portosystemic shunt) pro-
cedure [13]. Once the hepatic vein is cannulated through a 
transjugular route, access to the portal vein is obtained using a
Colapinto needle. The portal vein is opacified and the needle is
exchanged for a catheter over a wire. Portal venography and
pressure measurements are performed (Fig. 5). The complica-
tions of this procedure are bleeding, traumatic pseudoaneurysm
of the hepatic artery, injury to gallbladder, bile leak, injury to
intestine and infection. 

Normal portal venous anatomy

The splenic and superior mesenteric veins join at the pancreatic
head to form the main portal vein. In the porta hepatis the main
portal vein lies anterior to the common bile duct and to the right
of the hepatic artery. As it enters the liver, it divides into right
and left portal veins. The branching pattern is dichotomous and
follows the branching pattern of the hepatic artery.

Fig. 3 Wedged hepatic venography in a patient with moderate portal
hypertension. A balloon occlusion catheter is placed in the right hepatic vein
(horizontal black arrow) and CO2 venography is performed. There is
opacification of the right (vertical black arrow) and left portal veins. 
There is also opacification of other hepatic veins (white arrow). 

Fig. 4 Portography through umbilical vein catheterization. The umbilical
vein (horizontal black arrow) is catheterized and the catheter tip is in the
splenic vein. The coronary vein (vertical black arrow) and the portal vein
(white arrow) are well seen.
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Portosystemic collateral pathways

Multiple communications exist between the portal venous 
circulation and systemic veins that serve as collateral pathways
in patients with portal hypertension [14]. These are listed in
Table 2.

Hepatic venography

Hepatic vein catheterization and venography are indicated in
the following circumstances.
• Measurement of free hepatic vein pressure and wedged hep-
atic vein pressure in patients with portal hypertension.

• During wedged hepatic venography to document patency and
flow reversal in patients with portal hypertension.
• To detect occlusion or thrombus in hepatic veins.
• As a part of other interventional procedures such as transjugu-
lar liver biopsy and transjugular intrahepatic portosystemic shunt
procedure.

Techniques of hepatic venography

There are several methods to opacify the hepatic veins.
• The hepatic veins can be catheterized through either the trans-
jugular approach or femoral vein approach. Other approaches
include subclavian vein or antecubital vein. 
• Inferior venacavography with the Valsalva manoeuvre results
in reflux of the contrast material into the hepatic veins.
• Percutaneous transhepatic venography can be performed if
other methods are unsuccessful. In this method, a 22 G Chiba
needle is used to inject 10–15 mL of contrast material into the
hepatic parenchyma. In normal liver, this produces a dense
parenchymal stain and, later, multiple hepatic veins are
opacified. The portal vein radicals and hepatofugal flow may 
be seen in patients with portal hypertension.

Complications of hepatic venography

Hepatic venography is a safe procedure and complications are
minimal. The complications include intrahepatic haematoma,
focal haemorrhagic infarcts and hepatic perforation with sub-
capsular injection of contrast medium (especially during wedged
hepatic venography).

Pathology

Angiography is rarely performed as a diagnostic test for evaluation
of focal or diffuse liver disease. However, lesions may be detected
on angiography performed for other indications, and it is impor-
tant to know the angiographic appearances of various focal and
diffuse liver diseases. The following sections describe briefly the
imaging appearances of various diseases on angiography.

Fig. 5 Transjugular portography. The portal vein (black arrow) was
catheterized through transjugular access. There is a large sheath in the
hepatic vein (horizontal white arrow) and the catheter’s tip is in the splenic
vein (vertical white arrow).

Table 2 Connections between the portal venous system and systemic veins that can serve as collaterals in portal hypertension.

Portal vessels Connect to

Portal vein tributary (normally drains into the portal vein) Systemic vein tributary (drains into SVC/IVC)

Oesophageal, gastric cardiac veins Oesophageal veins of azygos, hemiazygos veins

Oesophageal, gastric cardiac veins Left phrenic vein, which drains into left renal vein

Superior haemorrhoidal veins of inferior mesenteric vein Middle and inferior rectal haemorrhoidal veins, which drain into internal 

pudendal veins

Splenic vein Retroperitoneal veins such as renal, adrenal and phrenic veins

Recanalized umbilical vein (communicates with left portal vein) Epigastric veins in the anterior abdominal wall

Mesenteric vein tributaries Retroperitoneal veins

Patent ductus venosus (communicates left portal vein directly to IVC) IVC

IVC, inferior vena cava; SVC, superior vena cava.
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Neoplasms

Angiography plays an important role in the management of 
liver malignancies. It is part of interventional procedures such 
as transcatheter tumour embolization, and portal vein embol-
ization to induce liver hypertrophy before liver resection.
Angiography may also be used to detect focal hypervascular liver
tumours that are not visible or incompletely characterized on
other modalities. Angiography is also useful in characterizing
suspected perfusion abnormalities detected on CT or MRI.
Angiography may also be used to evaluate the hepatic arterial
anatomy before chemotherapy pump placement or hepatic
resection. CT arteriography and CT arterioportography require
selective cannulation of the hepatic artery and splenic or me-
senteric artery respectively. These two procedures are performed
for the workup of hepatomas and metastases and for detecting
small tumours in the liver.

Hepatic tumours are of either hepatocyte origin or non-
hepatocyte origin. Tumours can also be divided into benign and
malignant. Tumours of hepatocyte origin are supplied by the
hepatic artery and tend to be hypervascular. The angiographic
appearance depends on the size of the tumour, presence of
haemorrhage or necrosis within the tumour and prior therapy.
The angiographic findings of tumours (Fig. 6) in general are as
follows:
• tumour neovascularity;
• arteriovenous shunting;
• tumour stain;
• contrast pooling or ‘lakes’;
• displacement of vessels;
• enlargement of feeding artery;
• vascular ingrowth or invasion or occlusion.

The angiographic appearances of various liver tumours are
listed in Table 3 [15,16].

Trauma

CT is the initial imaging test for blunt and penetrating trauma.
CT is useful for diagnosing subcapsular haematoma, liver con-
tusion and laceration. Angiography is indicated in suspected
major arterial injury in patients with acute trauma, for evalua-
tion of haemobilia following trauma (especially following biliary
interventions), suspected traumatic pseudoaneurysm on CT,
and in the evaluation of traumatic haematoma in the liver.
Hepatic arteriography may show active extravasation of contrast
material at the site of laceration or amputation or occlusion 
of hepatic arteries, pseudoaneurysm (Fig. 7) or arterioportal or
arteriobiliary fistulae [17]. Intrahepatic haematoma appears as a
focal defect during the parenchymal phase with displacement of
hepatic arteries. An infected haematoma may show peripheral
rim enhancement. Mycotic aneurysms may be seen in associa-
tion with infected haematomas. Subcapsular haematomas result
in characteristic curvilinear configuration to the liver edge 
during the parenchymal phase. Embolization of the hepatic
artery can be successfully performed for traumatic injuries using
Gelfoam, particles or coils [18]. Portal vein patency should be
assessed prior to embolizing the hepatic artery. Injuries to the
portal vein are rarely encountered in practice as these result 
in profound haemodynamic instability and such patients are
usually taken for immediate surgery. In major trauma, inferior
vena cavography should also be performed to assess injury to the
intrahepatic portion of the inferior vena cava.

Fig. 6 Multicentric hepatoma. Coeliac axis angiogram shows multiple
hypervascular liver lesions in the right lobe (black arrows). A large lesion in
the left lobe (white arrows) demonstrates neovascularity, arteriovenous
shunting and tumour stain.

Fig. 7 Post-traumatic hepatic artery pseudoaneurysm. Coeliac axis
angiogram in a 20-year-old male with hepatic laceration on CT following a
motor vehicle accident. There is a pseudoaneurysm (arrow) arising from a
branch of the right hepatic artery. This was successfully embolized.
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arteries may demonstrate delayed filling. The arteries may show
stretching with a normal hepatogram. The portal venous flow 
is hepatopetal with normal morphology. Wedged hepatic
venography shows an inhomogeneous sinusoidal pattern with
no portal vein opacification. During the advanced stages, the
arteries show enlargement with increased flow to the liver 
and occasional portal vein filling during the venous phase. 
The intrahepatic arteries demonstrate a corkscrew appearance
(Fig. 8) with dense hepatogram. The portal vein radicals show
change in calibre with tortuosity and hepatofugal or bidirec-
tional flow pattern. The umbilical vein may be recanalized
(Cruveilhier–Baumgarten syndrome) and other portosystemic
collaterals may be seen. Wedged hepatic venography shows 
preferential filling of the portal vein with minimal or no
opacification of hepatic veins.

Portal hypertension

Portal hypertension is classified based on the location of
obstruction to normal portal venous flow. The types are 
presinusoidal (either extrahepatic or intrahepatic), sinusoidal 
or postsinusoidal. The indications for angiographic evaluation
of portal hypertension are as follows [19]:

Table 3 Angiographic appearances of liver tumours.

Tumour Appearance during hepatic arteriography

Hepatic adenoma Round, well-circumscribed hypervascular lesion with enlarged hepatic artery that is displaced to the periphery of the 

tumour; tumour vessels in the periphery of the lesion; diffuse parenchymal stain; focal areas of hypovascularity if the 

lesion is complicated by haemorrhage and necrosis

Focal nodular hyperplasia Well-circumscribed hypervascular liver lesion that is subcapsular in location; ‘spoke-wheel pattern’ in small tumours as 

the hepatic artery enters the tumour centrally and divides into branches; enlarged displaced hepatic artery in large 

lesions; fine granular appearance in parenchymal phase with radiolucent septae or scar

Capillary haemangioma Enlarged hepatic artery that divides into a capillary network; tumour stain

Cavernous haemangioma Normal sized hepatic artery, splaying of hepatic artery if the tumour is large; irregular, nodular contrast pooling (‘lakes’) 

occurring in the periphery of the lesion and progressively moving towards the centre of the lesion and persisting 

during the venous phase; occasional phleboliths

Peliosis hepatis Appearance similar to cavernous haemangioma; however, the ‘contrast pooling’ is not as dense and nodular as in 

cavernous haemangioma, and does not progress to the centre of the lesion

Regenerating nodule No neovascularity; lesions isodense or hypodense to liver in parenchymal phase; hepatic artery branch at the centre of 

the lesion; displaced portal vein and hepatic vein branches if the lesion is large

Haemangioendothelioma Enlarged hepatic artery; hypervascular lesion with no neovascularity; contrast pooling similar to haemangiomas with 

early washout; arteriovenous shunting

Hepatocellular carcinoma Solitary or multicentric or diffuse; enlarged hepatic artery; hypervascular lesion with neovascularity; dense tumour stain; 

arterioportal shunting (Fig. 6); vascular encasement; vascular ingrowth into the portal vein or the hepatic vein; 

extrahepatic arterial supply from phrenic, intercostal, internal mammary and gastroduodenal arteries

Metastases Angiographic appearance depends on the size and histology of the tumour; hypervascular metastases (carcinoid, islet 

cell, choriocarcinoma, renal cell, thyroid) demonstrate neovascularity, tumour stain and vascular encasement

Hypovascular metastases demonstrate vascular displacement, tumour stain. Portal venography may show amputation or 

encasement of portal vein branches

Cholangiocarcinoma Encasement; displacement of hepatic artery branches and portal vein; absent or minimal tumour stain

Hepatoblastoma Enlarged hepatic artery; hypervascular tumour with neovascularity; tumour stain and arteriovenous shunting

Infections and inflammatory 
disorders

Angiography is rarely performed in the evaluation of hepatic
infections and inflammatory disorders. Ultrasound and CT are
the imaging tests for diagnosis of various focal infections.
Angiographic appearances of abscesses and hepatitis are of 
historic interest. Abscesses may show displacement of vessels
with focal defects in the parenchymal phase of the hepatic arte-
riogram. A peripheral rim enhancement may be seen. A few
abscesses are hypervascular and show dilated tortuous vessels in
the periphery with arteriovenous shunting. In acute hepatitis,
the intrahepatic arteries are stretched and splayed with slow flow
and dense inhomogeneous hepatogram. 

Cirrhosis

Although angiography is not a diagnostic test in the evaluation
of cirrhosis of the liver, angiographic appearances are charac-
teristic and may help stage the disease [19]. The morphological
changes in vessels and flow patterns are secondary to paren-
chymal fibrosis and increased portal venous pressure. During 
the early stage, hepatic arterial flow may be normal or the 
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• To assess the severity of portal hypertension by pressure 
measurements and haemodynamic evaluation.
• To differentiate various types of portal hypertension.
• To evaluate patency of the portal venous system, surgical 
portosystemic shunts and TIPS. 
• To demonstrate and embolize gastric and oesophageal 
varices.

The classification of portal hypertension is covered in Chap-
ter 7.2. and its assessment is considered in Chapter 7.4 

Budd–Chiari syndrome

Budd–Chiari syndrome is due to hepatic venous outflow
obstruction. The obstruction may be in the hepatic veins – due
to thrombus (Fig. 9) or tumour – or suprahepatic either in the
inferior vena cava (thrombus, web, tumour) or in the heart
(right heart failure, constrictive pericarditis). The intrahepatic
type is common in women. Hepatic venography fails to demon-
strate a main hepatic vein and multiple venous collaterals may
be seen in spiderweb fashion during percutaneous hepatic
venography [20,21]. Thrombi in the hepatic veins may be seen
as filling defects. The hepatic wedge pressure is elevated. A web,
thrombus, tumour or extrinsic impression may be demonstr-
able during inferior vena cavography. Portal venography shows
bidirectional or hepatofugal flow with portosystemic collaterals.
Hepatic arteriography may show stretching and splaying of 
hepatic arterial branches with inhomogeneous hepatogram due
to congestive hepatomegaly.

Portosystemic shunts

Angiography of portosystemic shunts or TIPS is indicated 
when shunt malfunction is suspected and endovascular therapy
is planned. During the evaluation of these shunts, pressure 
gradients across the anastomosis and contrast venography 
are obtained. Angioplasty and stent insertion may be performed
whenever indicated.

Diseases of blood vessels

Aneurysms, arteriovenous fistulae, atherosclerosis, emboli, 
dissection and vasculitis may affect the hepatic arteries. Aneury-
sms are often post-traumatic and are usually intrahepatic.
Atherosclerotic hepatic aneurysms affect the extrahepatic 
arteries (Fig. 10) and have a high risk of rupture [22]. Mycotic
aneurysms are secondary to infected haematomas or abscesses.
Multiple intrahepatic aneurysms may be seen in systemic vas-
culitis syndromes such as polyarteritis nodosa. Arteriography is
indicated for diagnosis and treatment planning. Endovascular
therapy may be attempted in intrahepatic aneurysms using 
particles or coils. Extrahepatic aneurysms are usually treated
surgically. Atherosclerotic disease of the hepatic arteries is 
part of systemic arterial disease, and calcified and non-calcified
plaques, vessel narrowing and occlusions may be seen affecting
the extrahepatic arteries. Embolic occlusion is rare and is often
due to emboli from the heart. Dissection of hepatic arteries is
iatrogenic during catheter manipulation during selective hepatic
arteriography. These dissections appear as focal or diffuse 

Fig. 8 Arteriographic appearance of cirrhotic liver. Late phase common
hepatic arteriogram demonstrates corkscrew appearance (arrows) of
intrahepatic arteries with dense hepatogram predominantly affecting the
right lobe.

Fig. 9 Hepatic vein thrombosis in a patient with Budd–Chiari syndrome.
Hepatic venography with catheter in the right hepatic vein demonstrates
multiple filling defects (arrow) consistent with thrombus.
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narrowing, vessel occlusion and may resolve without any treat-
ment. Fibromuscular dysplasia may affect the common hepatic
artery, and the artery appears ‘beaded’ with multiple areas of
focal narrowing and dilatation on arteriography. Various sys-
temic vasculitis syndromes may affect the hepatic arteries and
the angiographic appearance is non-specific with areas of diffuse
or focal smooth narrowing and multiple aneurysms [23].

Evaluation of transplanted liver

Angiographic evaluation of a transplanted liver is indicated when
liver function tests are abnormal and vascular compromise is

suspected. Angiographic evaluation is usually preceded by non-
invasive evaluation with ultrasound or MRI [24]. Aortography
and selective arteriography are performed when arterial anas-
tomotic stenosis or hepatic artery thrombosis is suspected. 
A pressure gradient across the anastomosis may be obtained. 
In the immediate postoperative period, treatment is surgical.
Transluminal angioplasty may be performed during the late
postoperative period [25]. When hepatic venous anastomotic
stricture is suspected, MRI is usually sufficient; however, selective
hepatic venography may be performed and the pressure gradient
may be measured when MRI results are equivocal. Transjugular
liver biopsy may be performed in acute and chronic rejections. 

(a)

(b)

(c)

Fig. 10 Aneurysm of common hepatic artery. (a) CT scan of the abdomen
shows a large aneurysm (arrows) affecting the common hepatic artery.
There is thrombus within the aneurysm. (b) Angiography with catheter in
the common hepatic artery shows a large false lumen (arrow) that
communicates with the true lumen and fills intrahepatic arteries. (c) After
embolization with coils (black arrows), the aneurysm is no longer filling. 
The intrahepatic arteries are seen (vertical white arrow) filling through
capsular collaterals (arrowheads) from the right phrenic artery (horizontal
white arrow).
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ment, and long term outcome. Transplantation 63, 250–255.

5.6.5 Endoscopic retrograde
cholangiopancreatography
Alan J. Wigg and James Toouli

Introduction

Since the first descriptions of therapeutic endoscopic retrograde
cholangiography (ERCP) in 1975, this technique has gained
rapid and widespread acceptance in the diagnosis and man-
agement of a variety of biliary and pancreatic diseases. With
advances in alternative techniques, the role of ERCP has
changed now mostly to a therapeutic one. However, it should be
noted that expertise in ERCP remains the most widely available,
and newer approaches to therapy and diagnosis described below
remain unavailable in many centres. In this chapter, we focus on
the role of ERCP in the diagnosis and therapy of some common
biliary diseases and also on important current controversies.
The role of ERCP in sphincter of Oddi dysfunction is covered
elsewhere in this book, and its role in pancreatic diseases is not
discussed in this chapter.

ERCP in diagnosis

Bile duct stones

The sensitivity and specificity of clinical, biochemical and 
transabdominal ultrasound variables (fever, cholangitis, pan-
creatitis, abnormal liver function tests, dilated bile ducts) is
poor. Mathematical models using combinations of these vari-
ables may improve the ability to predict the presence of bile 
duct stones, but they remain too imprecise for routine clinical
use [1]. This problem has previously led to the routine use of
ERCP in the diagnosis of suspected bile duct stones. Although
ERCP has the obvious advantage of enabling definitive therapy
to be performed immediately following the diagnosis of bile
duct stones, this approach exposes a significant number of
patients, without bile duct stones, to the risks associated with
this invasive procedure. In the commonly encountered clinical
situation in which there are associated gallstones, our approach
is to proceed to laparoscopic cholecystectomy and use intra-
operative cholangiography for diagnosis of suspected common
bile duct stones. However, in instances in which the gallbladder
stones may not be the primary candidate for suspecting bile duct
pathology or where patient comorbidities make laparoscopic
cholecystectomy high risk, a less invasive approach for diagnosis
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is justified. The emergence of sensitive and specific non-invasive
biliary imaging modalities including magnetic resonance
cholangiopancreatography (MRCP), endoscopic ultrasound
(EUS) and computerized tomographic cholangiography (CTC)
are now changing the role of diagnostic ERCP in this setting.

The performance characteristics of these new modalities have
been compared with ERCP by multiple investigators. However,
a number of problems hamper the interpretation of these 
studies. First, ERCP has frequently been used as the gold stan-
dard to measure sensitivity, specificity, positive predictive and
negative predictive values of the alternative diagnostic test. As
ERCP may also have false-positive and false-negative findings in
the diagnosis of bile duct stones, most of these studies measure
only concordance with ERCP findings, and the results can only
be worse than ERCP. Most studies have also suffered from small
size and therefore inadequate power to detect what appear to 
be small differences in performance characteristics between the
various tests.

MRCP, using state of the art technology, experienced radiolo-
gists and single breath-hold techniques, has demonstrated good
concordance with ERCP in the diagnosis of bile duct stones (see
Fig. 1). Sensitivities and specificities for MRCP in this setting
have both been higher than 90% in most studies [2,3]. In one
study, where endoscopic or surgical stone extraction was used 
as the gold standard rather than ERCP images, the sensitivity 
of ERCP (100%) was shown to be superior to that of MRCP
(91%), but specificities were the same (both 100%) [4]. As the
resolution of MRCP currently remains less than that of good-

quality fluoroscopic ERCP images, a reduced sensitivity of
MRCP due to lack of detection of smaller bile duct stones 
(< 5 mm) has been suggested by several authors [4–6].

The use of EUS in the diagnosis of bile duct stones was first
described in 1992 [7]. The superior sensitivity of EUS compared
with conventional transabdominal ultrasound and computer-
ized tomography (CT) has been demonstrated [8], and nine 
reasonable quality studies have reported results comparing the
performance characteristics of EUS vs. ERCP in the detection 
of bile duct stones [2]. In most of these studies, independent 
gold standards have been available as a result of endoscopic 
or surgical stone removal following both EUS and ERCP. The
sensitivities of both techniques have been similar in these studies
ranging from 84% to 96% for EUS and 79% to 100% for ERCP.
Specificities have also been very similar in all studies ranging
from 97% to 100% for EUS and 87% to 100% for ERCP. Sig-
nificantly different differences in performance characteristics
between the tests have not been reported.

CTC has also been proposed as a non-invasive alternative to
ERCP for the diagnosis of bile duct stones. Comparison studies
with ERCP are difficult to interpret because of differences in the
choice of gold standard and the variety of contrast techniques used
(none, oral, intravenous). In studies with independent reference
standards, sensitivities appear to be lower than those for ERCP,
ranging from 71% to 88% [9–12]. Specificities were 95% and
above for three of these four studies. These studies provide an
impression of lower sensitivity of CTC for the detection of bile
duct stones, but more rigorous comparison is not possible.

(a) (b)

Fig. 1 Cholangiography of the same patient with ERCP (a) and MRCP (b) showing multiple filling defects due to bile duct stones.
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On the basis of current evidence, the diagnostic performance
of ERCP, MRCP and EUS appears to be equivalent in patients
with suspected bile duct stones. However, the use of these tests is
also determined by other important factors, including the prob-
ability of therapy and local expertise. In situations in which the
probability of therapy is high, non-invasive diagnostic tests are
likely to increase the expense and time required to treat patients
with bile duct stones. Conversely, where the probability of ther-
apy is lower, the use of non-invasive diagnostic tests has been
shown to reduce the numbers of unnecessary ERCPs, morbidity
and costs associated with the investigation of suspected bile duct
stones [5,13,14]. The choice of non-invasive diagnostic test will
vary according to available expertise. Proponents of EUS have
advocated an approach in which EUS is performed immediately
prior to ERCP, thus enabling avoidance of ERCP in those 
without stones demonstrated by EUS [13]. For most institu-
tions, the logistics of such an approach are prohibitive. We
favour MRCP in this setting as the technique is more widely
available, is non-invasive with negligible morbidity and mortal-
ity and can be performed in an outpatient setting. The greatest
use of MRCP in the diagnosis of bile duct stones is likely to be in
the evaluation of patients with low to intermediate probability
of bile duct stones who do not require cholecystectomy. Neither
MRCP nor ERCP should be used routinely to rule out stones
prior to laparoscopic cholecystectomy, as intraoperative cholan-
giography in this setting is the most cost-effective and efficient
means.

Biliary strictures

Biliary strictures causing obstruction have a variety of benign
(inflammatory, chronic pancreatitis) and malignant causes
(pancreatic and gallbladder cancer, cholangiocarcinoma, portal
metastases). Definitive diagnosis of such strictures and differen-
tiation between a benign and a malignant process is a common
challenge confronting clinicians. The role of ERCP in diagnosis
appears to be changing following the introduction of several
alternative diagnostic techniques.

Studies investigating the ability of MRCP and direct cholan-
giography to differentiate benign from malignant pancreatico-
biliary strictures that have used independent reference standards
(subsequent histology or follow-up) have demonstrated equi-
valent accuracy [15,16]. Initial MRCP also has a number of
advantages in the setting of biliary obstruction. It avoids the 
risk of infection following contrast injection and incomplete
subsequent drainage at ERCP. In conjunction with abdom-
inal magnetic resonance imaging (MRI), it can provide useful 
information about surrounding abdominal structures that is 
not provided by ERCP. Proximal ducts beyond a stricture may
be more easily seen, allowing more careful planning of future
stent placements. Failure to obtain a cholangiogram is rare with
MRCP and occurs less commonly than unsuccessful ERCP.
MRCP can also be performed in patients with Roux-en-Y chole-
dochojejunostomy or Bilroth II gastroenterostomy.

Multislice or multidetector CT, in which rapid 1- to 1.5-mm
sections are performed, is another technique that is useful in the
assessment of biliary obstruction due to strictures. It has been
widely used in the evaluation of pancreatic neoplasms and their
resectability. It may also be a reasonable alternative or comple-
mentary to MRCP in the evaluation of malignant obstruction,
with high sensitivity and specificity for malignant obstruction
reported in one study [17].

With suspected malignant strictures, tissue sampling 
techniques using ERCP have been the mainstay of definitive
diagnosis. Such techniques have included brush cytology, bile 
or pancreatic juice aspiration for cytology, forceps biopsy and
fine-needle aspiration (FNA) cytology. The technical difficulties
associated with forceps biopsy and FNA cytology and the poor
sensitivity of juice aspiration cytology have meant that most
endoscopists use brush cytology alone. The sensitivity of brush
cytology alone, however, remains poor with most studies
reporting sensitivities between 30% and 70%. Techniques such
as the use of microsatellite markers or DNA image analysis,
when combined with brush cytology, may have the potential to
improve the sensitivity of this technique, but are not currently
widely available [18,19].

To improve the accuracy of tissue sampling, EUS-guided 
FNA of biliary strictures has been evaluated by a number of
groups, with varying reported sensitivities for the diagnosis of
malignancy. In one study directly comparing ERCP and brush
biopsy with EUS-guided FNA, sensitivities were similar for both
modalities (46% and 43% respectively) [20]. It is likely that
EUS-guided FNA will be more useful as an adjunct to ERCP, 
following non-diagnostic ERCP intraductal tissue sampling.
Higher sensitivities (86–89%) for the diagnosis of malignancy,
leading to significant impacts on patient management, have
been described using such an approach [21,22].

Intraductal ultrasound (IDUS) has also been proposed as 
a useful adjunct during ERCP to improve sensitivity in the 
diagnosis of malignant bile duct strictures. With this technique,
a high-frequency ultrasound catheter is passed over a guidewire
and into the bile duct during ERCP. Although this technique
does not provide tissue, a number of ultrasonographic criteria
have been proposed which suggest malignancy. In the hands 
of enthusiasts, the combination of ERCP and IDUS has been
reported to be as sensitive than ERCP and ERCP biopsy tech-
niques alone for the diagnosis of malignant strictures [23,24].

In summary, the diagnosis of biliary strictures often remains
difficult. Where available, the use of abdominal MRI and MRCP
is a useful initial strategy with less morbidity and equivalent
diagnostic performance to ERCP. It also frequently enables proper
planning of subsequent therapeutic procedures. Diagnostic (to
obtain tissue specimens) and therapeutic ERCP will also fre-
quently be required. Failure to obtain a tissue diagnosis with
intraluminal biopsy techniques is a common problem due to the
low sensitivity of ERCP tissue sampling methods. In this setting,
the use of complementary testing including EUS-guided FNA or
IDUS should be considered if available.
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ERCP in therapy

Bile duct stones

Bile duct stones (choledocholithiasis) are associated with symp-
tomatic gallbladder stones in 10–15% of cases. The majority of
bile duct stones are formed in the gallbladder and then migrate
to the bile duct. Bile duct stones may also form in the bile duct.
These ‘primary’ bile duct stones are more common in Asian
populations and may be associated with biliary stasis and infec-
tion. Symptoms and complications from bile duct stones are
more frequent than with gallstones so, when discovered, their
removal is usually indicated. Common clinical manifestations 
of bile duct stones and the role of ERCP in each are discussed
below. ERCP removal of bile duct stones is performed following 
endoscopic sphincterotomy using balloon catheters or baskets
(see Figs 2 and 3).

Synchronous gallbladder and bile duct stones

A common clinical scenario is that of a patient with symp-
tomatic gallstones requiring cholecystectomy and with a high
suspicion of bile duct stones. A number of options exist in this
setting including split therapeutic approaches (pre- or postoper-
ative ERCP and cholecystectomy) or a one-stage laparoscopic
cholecystectomy and bile duct clearance. Laparoscopic common
duct exploration techniques have evolved rapidly since their
introduction in the 1990s. The bile duct can be visualized 
intraoperatively via insertion of catheters into the cystic duct
and subsequently explored usually by the transcystic route.
Exploration via the more invasive transductal route (choledo-

chotomy) is usually reserved for when removal of larger stones 
is being considered. Using a variety of techniques, similar to
endoscopic stone removal, successful duct clearance has been
reported in approximately 95% of cases in most recent large
series with morbidity and mortality similar to the range
described for ERCP [25]. Limited randomized control data
comparing split and one-stage approaches have shown similar
rates of duct clearance and morbidity [26,27]. Cost-effectiveness

Fig. 2 Endoscopic sphincterotomy of the ampulla of Vater.

(a) (b)Fig. 3 Methods of endoscopic stone
extraction using a balloon (a) or a basket (b).
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data, however, appear to favour a one-stage laparoscopic
approach [28]. Therefore, in situations in which patients require
laparoscopic cholecystectomy and there is a suspicion of bile duct
stones, we favour the one-stage laparoscopic cholecystectomy
with intraoperative cholangiography (IOC) and laparoscopic
bile duct clearance of visualized stones.

A number of important caveats exist to the routine use of 
this approach. The most significant obstacle to the widespread
adoption of this one-stage laparoscopic approach is its lack of
availability. In addition, outcomes by inexperienced surgeons
are likely to be less impressive than those described by experi-
enced, high-volume centres. Therefore, in the many centres
without access to surgeons experienced in laparoscopic bile 
duct clearance techniques, other treatment options must be
considered. Patient comorbidity can also influence the approach
to synchronous gallbladder and bile duct stones. Patients with
significant comorbidities, which increase the risks associated
with laparoscopic cholecystectomy, should be considered for
ERCP and sphincterotomy alone, particularly if bile duct stones
are primarily responsible for symptoms.

Important indications for urgent preoperative ERCP include
severe cholangitis and severe gallstone pancreatitis, and these are
discussed below. However, in the absence of these indications,
the role of preoperative ERCP for bile duct stones appears to be
limited. While the routine use of preoperative ERCP should be
discouraged, its use in situations where there is a high suspicion
of bile duct stones also remains problematic. Efforts to tighten
the selection criteria for suspected bile duct stones using models
based on clinical, radiological and ultrasound variables still
remain imprecise, and as many as 50% of ERCPs in this setting
will not demonstrate stones [1,29]. Avoiding the morbidity and
cost of unnecessary ERCPs is best achieved by selecting patients
for postoperative ERCP using IOC. When bile duct stones are
discovered at IOC and cannot be dealt with laparoscopically, 
an alternative to postoperative ERCP is conversion to an open
duct exploration. However, this surgery is associated with added
morbidity, and postoperative ERCP should be favoured in cen-
tres with expert endoscopists. To facilitate postoperative ERCP
extraction of bile duct stones, a biliary stent may be placed in the
bile duct and through the sphincter of Oddi into the duodenum.
The stent can subsequently be used by the ERCP endoscopist to
gain access to the bile duct prior to sphincterotomy and stone
removal. Good-quality data examining the cost and risk benefits
of the above algorithms for the management of bile duct stones
around the time of laparoscopic cholecystectomy are lacking
and are an important priority for future research.

Post-cholecystectomy stones

Another common clinical scenario is of symptomatic retained
or recurrent bile duct stones in patients following cholecystec-
tomy. In this setting, ERCP is the most practical option and
avoids the morbidity and expense of surgery. Although such an
approach is routine in clinical practice, prospective randomized

trials confirming the superiority of ERCP over surgery in post-
cholecystectomy patients are lacking. It is unlikely that such trials
will be done as the differences between these two approaches are
marked and obvious.

Cholangitis

Cholangitis is frequently associated with bile duct stones, which
enhance bacterial colonization and become coated with a bacte-
rial biofilm. This bacterial biofilm on stones is often activated by
cytokines from the bile duct epithelium when stones cause
obstruction of bile ducts [30]. The severity of cholangitis varies
greatly. In mild to moderate cases, patients can often be treated
conservatively with appropriate resuscitation and antibiotics
and bridged to elective, definitive procedures involving both
laparoscopic cholecystectomy and laparoscopic or endoscopic
bile duct clearance. A proportion of patients with more severe
cholangitis (hypotension on presentation, deterioration despite
conservative therapy) will require urgent biliary decompression.
Controlled trial data have established ERCP as the preferred
treatment for urgent biliary decompression in the setting of
severe cholangitis, with significantly less mortality than open
biliary surgery [31].

Gallstone pancreatitis

The role of early ERCP in gallstone pancreatitis has been invest-
igated by four randomized controlled studies. In two of these
studies, significant reductions in complications were observed
in the endoscopically treated group compared with the conser-
vatively treated group, and the benefit was greatest in those 
with more severe pancreatitis [32,33]. Non-significant trends
towards reduced mortality were also observed in these studies. A
third study, published in abstract form only, found significant
reductions in both complications and mortality for patients 
with gallstone pancreatitis who were treated with early ERCP
and stone removal [34]. In this study, benefits of early ERCP
were seen for both mild and severe pancreatitis. In the most
recent study, early ERCP was not associated with any reduction
in either complications or mortality [35]. An important differ-
ence between this study and previous randomized controlled
trials was the exclusion of patients likely to benefit from ERCP
(including those with associated cholangitis or jaundice). Two
meta-analyses of these trials have reached slightly different con-
clusions. The first suggested that early ERCP and endoscopic
sphincterotomy when required reduced both morbidity and
mortality in acute biliary pancreatitis [36]. A more recent meta-
analysis, which excluded the unpublished study by Nowak,
found that ERCP with or without sphincterotomy reduced 
complications in severe gallstone pancreatitis but had no benefit
in milder pancreatitis or on mortality in any subgroup [37].

On the basis of the above data, those patients presenting with
severe pancreatitis (based on modified Glasgow scale, APACHE
scores or Ranson criteria) should undergo early ERCP with
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sphincterotomy and stone removal when present. Patients with
associated biliary obstruction or who deteriorate in hospital
despite an initial mild attack should also be considered for
urgent ERCP. Biliary sphincterotomy disconnects the pancre-
atic and bile ducts and may provide some protection from 
recurrent bouts of gallstone pancreatitis. However, unless 
contraindications exist, most patients should also undergo
cholecystectomy during the same admission to prevent further
stone formation in the gallbladder (the usual site of origin of
stones), with subsequent migration to the bile duct. Milder
forms of pancreatitis are best managed conservatively with
spontaneous improvement due to passage of stones occurring in
the majority of such patients. Owing to the high recurrence rate
of biliary pancreatitis in those with persistent gallstones, patients
with milder forms of pancreatitis should also be considered 
for elective laparoscopic cholecystectomy with intraoperative
cholangiography at the time of surgery to confirm passage of bile
duct stones.

Malignant biliary obstruction

Malignant biliary obstruction may result from a variety of causes
including pancreatic and gallbladder carcinoma, cholangiocar-
cinomas, hilar metastases and ampullary neoplasia. Frequently,
malignancies in this region are unresectable, and therapeutic
ERCP has an important palliative role in this setting via the relief
of symptoms (jaundice, pruritus, pain) and improvement in the
quality of life. Important controversies surrounding therapeutic
ERCP in the management of malignant biliary obstruction are
discussed below.

Preoperative biliary decompression

Owing to its widespread availability, ERCP and stenting are 
frequently performed early in the evaluation of patients with
malignant jaundice. In those patients who, on subsequent 
staging, are shown to have resectable disease, the value of preop-
erative biliary decompression has been examined by multiple
studies [38,39]. Studies comparing outcomes following preop-
erative decompression with no decompression have been of
generally poor quality and have given conflicting results. While
preoperative stent insertion has consistently demonstrated an
improvement in bilirubin and liver function tests, it has not
demonstrated improvements in significant clinical outcomes
such as perioperative mortality. Concerns about increased 
infectious complications following ERCP and implantation
metastases due to stenting have also been raised. On the basis 
of currently available data, it therefore seems unnecessary to
decompress patients who are about to undergo surgery, which
highlights the need for thorough staging investigations before
ERCP is contemplated. Preoperative decompression may be more
appropriate in a number of situations other than cholangitis.
Decompression in patients with prolonged waiting times for
surgery because of preoperative chemoradiotherapy may permit

improvements in nutritional status. Patients with prolonged,
severe jaundice may also be at higher risk of poorer postopera-
tive outcomes [40]. Patients with poor cardiac function may 
also benefit from biliary decompression via decreases in levels 
of atrial natriuretic peptide and reductions in left ventricular
systolic work [41]. However, clinical data demonstrating im-
provements in these subsets of patients following preoperative
decompression are currently lacking.

Endoscopic vs. surgical palliation

Palliation of malignant biliary obstruction can be achieved with
endoscopic stenting or surgical bypass, usually performed with
hepaticojejunostomy. Percutaneous transhepatic stenting can
also be performed, but increased mortality and less frequent
technical success rates have been reported when compared with
the less invasive endoscopic approach [42]. Five studies (three
randomized controlled trials, two retrospective studies) have
compared outcomes between endoscopic and surgical bypass
[38]. These data have not demonstrated a survival advantage 
for either approach. An increased perioperative morbidity in the
surgery group and an increased need for readmission and stent
changes in the ERCP group have been consistent findings. More
relevant trials, comparing minimally invasive surgical bypass
techniques with longer patency expandable metal stents, have
not been done and would be helpful in defining the preferred
approach. In the absence of such definitive data, patient man-
agement needs to be individualized. A reasonable approach is to
perform stenting with an expandable metal stent and to reserve
surgical bypass for those patients in whom stenting cannot 
be achieved or who have unresectable disease found at the time 
of operation. In addition, patients who may have difficulty
accessing expert endoscopic services, such as those from remote
locations, may be better served by the surgical approach.

Plastic vs. metal stents

A significant drawback associated with the use of plastic
(polyethylene) stents is stent occlusion due to bacterial biofilms
clogging the internal stent lumen. Consequently, the median
plastic stent patency is only around 4 months. Stent occlusion is
usually heralded by recurrent jaundice and cholangitis. To avoid
stent occlusion, many endoscopists will schedule elective stent
changes 3- to 6-monthly, an approach that increases the costs of
care. An alternative approach has been to perform stent changes
only when clinically indicated; however, this approach may
expose the patient to the risks of cholangitis.

The most promising current strategy to reduce the problem 
of stent occlusion is the use of expandable metal stents. Several
controlled trials have compared the use of metal vs. plastic stents
[43–46]. Conclusions from these studies have been that metal
stents are associated with significantly longer patency rates 
and a reduction in costs associated with stent dysfunction.
Median patency rates for metal stents are reported to be from 
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8 to 12 months in most studies. Therefore, in patients with an
anticipated longer life expectancy, the higher initial costs of
metallic stent insertion seem justifiable. In those patients with
life expectancies less than 4 months, usually because of liver
metastases, the use of plastic stents is more appropriate [46].

Although the use of metal stents appears to represent an
advance in some settings, a number of problems associated with
their use have been described. Tumour ingrowth and over-
growth are common causes of metal stent occlusion. As metal
stents are not removable, further stent placement inside the 
initial stent is then required. Efforts to overcome such problems
are being actively pursued and include the use of covered stents,
removable metal stents and metal stents with antitumour activity.

Proximal lesions

Effective palliation of malignant obstruction involving the
hilum or proximal extrahepatic bile ducts (see Fig. 4) is more
difficult to achieve endoscopically than for distal lesions [47].
The use of multiple stents to provide adequate drainage to both
liver lobes and prevent cholangitis following ERCP has been
advocated. Despite the increased difficulties, proximal lesions

can frequently be managed successfully with the use of single
metal stents and careful preprocedure planning. Using unilat-
eral metal stents, successful palliation of hilar obstruction has
been reported in 97% of cases in one study and in 77% in
another [48,49]. MRI can be particularly useful in helping to 
identify which lobes or segments require decompression and to
avoid stenting atrophic segments. Although encouraging, some
caution is required, as such an approach requires a high degree of
technical expertise and stent occlusion rates are also higher for
proximal lesions compared with distal lesions [47]. Percutaneous
stenting using expandable metal stents is an alternative option in
these patients and one that we usually prefer. In patients with
very poor life expectancies, avoiding the expense and potential
morbidity of biliary stenting can also be a sensible option.
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Unlike other applications of diagnostic imaging, the main
emphasis in interventional radiology is on the procedure, and
this makes it especially amenable to innovation. Image-guided,
minimally invasive therapies will continue to grow in import-
ance as current techniques of delivering various forms of energy
for ablation evolve towards non-invasiveness and methods are
developed to deliver genes, gene products and drugs to specific
target sites in order to control angiogenesis and other biological
processes.

Percutaneous techniques have proved their usefulness in 
the management of hepatic pathology and have become the
treatment of choice in a wide variety of diseases. The next few
paragraphs will explain to what extent and in which situations
interventional techniques are useful in treating problems deriv-
ing from hepatic haemorrhaging, hepatic tumours (in particular
hepatocellular carcinoma) and bile duct obstruction.

Gastrointestinal bleeding of hepatic
origin

Introduction

From the vascular viewpoint, the liver is unique in its double
afferent vascularization. The hepatic artery, a branch of the
coeliac trunk with a wide range of anatomical variants, accounts
for 30% of the vascular flow to the liver. Apart from supplying
the bile tract, this artery practically exclusively feeds liver
tumours, whether primary or metastatic in origin. The portal
vein, which supplies the remaining 70% of flow, is a closed 
system made up of mesenteric and splenic veins, and is con-
nected to the systemic circulation through multiple collateral
(fundamentally gastro-oesophageal, splenorenal and haemor-
rhoidal) vessels. The venous drainage of the liver is achieved
through a single system (hepatic veins), which, like the arteries,
can present multiple anatomical variants.

Arterial haemorrhaging

A lesion in the hepatic artery can manifest itself by bleeding

freely into the peritoneal cavity, as in intrahepatic, subcapsular
lesions or haemobilia, which may ultimately lead to gastro-
intestinal haemorrhage. This type of bleeding can be difficult to
identify and distinguish from other types of intestinal haemor-
rhages. If the lesion is in the extravisceral part of the common
hepatic artery, the haemorrhage is usually massive and difficult
to control. It is normally caused by a pseudoaneurysm related 
to previous surgery (e.g. liver transplant) with or without asso-
ciated infection. Percutaneous treatment consists of selective
embolization, stopping the bleeding in the affected area. It is
highly recommended that the permeability of the gastroduode-
nal artery should be maintained to ensure hepatic arterial per-
fusion. If embolization is not possible, for whatever reason,
then, in isolated cases, the repair of the lesion should be done 
by placing a covered endovascular stent, which will seal the 
point of haemorrhage but at the same time maintain the hep-
atic arterial flow.

Morphologically speaking, vascular lesions causing gastro-
intestinal haemorrhage can be divided into four types [1–4]:
1 Small terminal vessel lesions. Usually caused by biopsy needles
or biliary catheters, these can lead to major haemorrhage.
2 Vascular lacerations, almost always caused by a drainage
catheter, injury or laceration trauma. Such cases need to be
treated at both the proximal and the distal levels. The artery
should be embolized using coils, first in the distal part of the
lesion to avoid reperfusion through intrahepatic collaterals,
after which the proximal artery should be embolized.
3 Vascular lesions with arterial–portal shunt – the traumatic/
iatrogenic arterial–portal shunt is sometimes the only angio-
graphic manifestation of intermittent haemobilia. The closing of
the connection between the portal vein and hepatic artery will
also seal the point of bleeding.
4 Vascular laceration with a pseudoaneurysm. The example
most frequently seen is a lesion in the right hepatic artery or the
common hepatic artery after surgery, especially after a laparo-
scopic cholecystectomy. In large pseudoaneurysms, just as in
vascular lacerations, the most adequate percutaneous treatment
is the occlusion of both the distal and the proximal arteries with
the aim of excluding the arterial lesion and preserving the distal
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flow. Occasionally, this procedure is not technically possible or
is ineffective and, for that reason, it is better to resort to other
possibilities such as the direct treatment of the lesion by direct
puncture and thrombosis using coils, fibrin sponges or thrombin.

Haemorrhage due to portal hypertension

Whatever the circumstances that increase the gradient of the
portal system (the difference in pressure between the portal sys-
tem and the central blood pressure), more than a 10–15 mmHg
increase will develop into a possible rupture of the collateral 
vessels, which leads to the fluid from the portal system entering
the systemic vascularization. The cause of this increase in gradient
has multiple aetiologies and depends upon a number of factors.
The origin may be in the liver parenchyma (e.g. cirrhosis) or in
the venous outflow, as in the Budd–Chiari syndrome, or in the
venous inflow as in portal vein thrombosis.

The endovascular procedures applied in interventional 
radiology have shown their effectiveness in the three above-
mentioned cases. We continue to discuss the different possible
techniques (palliative as well as curative) using interventional
radiology in the treatment of patients with portal hypertension
and bleeding.

Venous outflow obstruction
This can be due to Budd–Chiari syndrome, congenital membran-
ous obstructive disease or postsurgical complications, particu-
larly those arising after liver transplantation (Fig. 1). In these
cases, the percutaneous transhepatic access – guided by echogra-
phy – of the blocked or obstructed vein followed by angioplasty
or the placement of a metallic endoprosthesis offers good 
long-term results and may sometimes be curative. The rate of
restenosis of the treated lesion is very low (permeability at 3
years is 90%), and complications of the procedure are infre-
quent but severe when thy occur [5].

Treatment of diseases causing portal hypertension
by affecting liver parenchyma
Independent of whether the lesion is presinusoidal, sinusoidal
or postsinusoidal, the percutaneous treatment in these cases is
palliative. The transjugular intrahepatic portosystemic shunt
(TIPS) procedure involves a percutaneous approach that con-
nects the hepatic with the portal vein [6]. When it was first
described in 1969, it opened up new and different possibilities
for percutaneous intervention, which allowed direct connection
between the two blood vessels. Since then, it has been incorpo-
rated into various different technical aspects and has become 
a widely used procedure for treating patients with portal 
hypertension. The success rate of the technique is 90%; patients
with acute haemorrhage have a survival rate of more than 70%
after 1 month when the liver function is maintained (Child–
Pugh A/B) [7–9]. The most frequent complications are hepatic
encephalopathy (13%) and intraprosthetic stenosis, which often
recurs.

(a)

(b)

Fig. 1 Liver transplant performed 2 months ago. Patient with ascites;
ultrasound (US) shows a severe slowing down of hepatic vein flow. 
(a) After the percutaneous catheterization of the right and middle hepatic
veins, a phlebography is performed showing moderate stenosis of the
surgical venous connection. Stenosis is crossed with angiographical wires.
Hepatic vein–right atrial pressure gradient is 7 mmHg. (b) Image obtained
after co-locating two metallic autoexpandible prostheses. The pressure
gradient has diminished to 1 mmHg.
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The uncovered prostheses are very effective in creating a
channel deriving directly from the portal vein, but they have a
tendency to occlusion. There are a variety of reasons, one of
which is the intraductal ‘contamination’ of biliary material 
due to the transection of the biliary canaliculus in the TIPS 
procedure. To avoid restenosis, two alternative approaches 
have been developed: first, the creation of extrahepatic portosys-
temic percutaneous connections and, secondly, the implanting
of a covered prosthesis of a non-permeable material [polyte-
trafluoroethylene (PTFE)] [10] (Fig. 2). With these advances,
the permeability of TIPS has changed radically, from 50% to
90% in the year 2005. Therefore, in patients with portal hyper-
tension and gastrointestinal bleeding, in whom pharmacological
and endoscopic treatments have failed, treatment with TIPS is
the best alternative.

Lesions of the portal vein
There are various causes that can generate portal hypertension
as result of alterations in the portal vein and its tributaries.
Among these are inflammatory stenosis and obstructions (pan-
creatic, pylophlebitis, etc.) as well as surgical causes (e.g. after
liver transplant). In the absence of associated liver disease, the
most appropriate treatment is angioplasty, preferably with the
placement of an endoprosthesis, with direct transhepatic portal
access (Fig. 3). There is a high permeability rate in the following
3–5 years after placement [11,12].

Hepatocellular carcinoma percutaneous
treatment

Introduction

Hepatocellular carcinoma (HCC) develops in liver cirrhosis of
any aetiology, being more frequent in advanced cirrhosis and
the final cause of death in more than 50% of these patients.

The possibility of detecting the tumour at an early stage [13],
when curative treatments can be applied, will represent the 
possibility of increasing survival in patients with HCC, who will
otherwise have a really dismal prognosis.

To propose one or other therapy, we use the BCLC 
system [14], which links staging with treatment indication.
Classification as well as diagnosis criteria are explained in
Chapter 18.2.1.

Unfortunately, curative therapies can be applied only in
30–40% of the patients corresponding to stage A [15]. Most of
the patients with HCC are diagnosed at stage B, and the only
option that has been shown to have a positive impact on survival
is transarterial chemoembolization (TACE).

Percutaneous treatments

Destruction or ablation of tumour cells can be achieved by 
the injection of chemical substances [ethanol (PEI), acetic acid
(PAI)] or by inserting a probe that modifies local tumour 

(a)

(b)

Fig. 2 Patient with cirrhosis and recurrent bleeding due to gastro-
oesophageal varices, in spite of being treated with endoscopic
sclerotherapy. (a) Transjugular portography using catheters placed in a
transparietal approach. Portosystemic gradient is 21 mmHg. Note
hepatofugal flow into gastro-oesophageal varices. (b) Metallic prosthesis
covered with PTFE between portal and right hepatic veins. Gradient is 
now 8 mmHg.
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rate of complications: < 3% morbidity with 0.5% mortality
[16,17]. PEI aims at imbibing the tumour completely with
ethanol, resulting in coagulative necrosis of the tissue and
thrombosis of the small surrounding vessels. PEI is usually per-
formed under ultrasound (US) guidance, which allows control
of the diffusion of the alcohol by observing small bright spots
spreading into the tumour and flowing in the nearby vessels.
This permits exact control of the diffusion and change in the
position of the needle if the tissue does not retain the alcohol.
This characteristic can only be detected with US when injecting
alcohol, which preserves a small amount of air that acts as a 
contrast. When using computerized tomography (CT), the dif-
fusion of alcohol cannot be controlled, and a large amount of
alcohol can reach a vessel producing non-desired thrombosis.
PEI has to be repeated on separate days, and it achieves complete
tumour necrosis in 90–100% of HCCs < 2 cm in diameter. This
is reduced to 70% in tumours of 2–3 cm and to 50% in tumours
of 3–5 cm. The 5-year survival of Child–Pugh A candidates with
a complete response is more than 50% [16,17,29]. The presence
of septa prevents the diffusion of ethanol into the whole tumour
volume and, hence, complete necrosis is rarely achieved in
tumours larger than 3 cm [17].

The injection of acetic acid (PAI) represents an alternative. 
It is painless, and comparative studies have shown that PAI
needed fewer sessions than PEI, producing wide areas of 
necrosis. PAI has been employed mainly in China and Japan
[18,19].

The introduction of RF in the late 1990s replaced PEI/PAI in
most instances, PEI/PAI being reserved for some selected cases
or as an adjuvant to RF [20] or TACE. This is particularly true
for tumours near great vessels; vessels larger than 3 mm result 
in rapid dissipation of the heat by blood flow. In such cases, 
PEI in the area close to the vessel permits the achievement of
complete necrosis. In superficial lesions, or those close to the
gallbladder or intestinal structures, the risk of complications
such as seeding or perforation is increased, but they are easily
treated with PEI.

In a recent series [22,26], there are almost no criteria of exclu-
sion for RF, but the incidence of complications is not negligible.
RF is nowadays the ablative therapy used most frequently 
(Fig. 4). It can be applied through different kinds of electrodes,
percutaneously, laparoscopically or intraoperatively. The main
drawbacks of RF ablation are its higher cost, a morbidity of
8–10% and a mortality of close to 1% [23–25]. Studies compar-
ing antitumoral efficacy of RF and PEI showed a clear advantage
for RF [21–22]. RF is usually performed under US guidance, 
but CT or magnetic resonance imaging (MRI) with adequate
needles can be used.

While PEI can be performed in an outpatient setting, RF
needs a minimum of 24 hours in hospital and strong sedation 
or anaesthesia to support the therapy.

A post-RF syndrome consisting of pain, malaise and fever
related to necrosis can appear, but should be over after 1 week. 
If it persists, the presence of complications must be suspected.

temperature [cryotherapy, laser, radiofrequency (RF) and
microwaves (MW)].

Percutaneous ablation is considered the best option for
patients with early HCC who are ineligible for resection or trans-
plantation [5] or who are on a waiting list for a liver transplant.

A few years ago, PEI was the most frequently employed 
technique as it is inexpensive, requires simple technology and –
with expertise in fine-needle puncture of the liver – has a low

(a)

(b)

Fig. 3 A 45-year-old patient with recurrent pancreatitis requiring several
surgical interventions with actual large varices due to a portal vein occlusion.
(a) After a percutaneous transparietal puncture of the portal vein, a vascular
introducer is placed in the right portal vein and a catheter, crossing the
obstruction in the splenic vein. (b) Images obtained after co-locating a
prosthesis in the obstructed area. It corresponds to an indirect portography
after the administration of contrast into the splenic artery. It shows a good
inner flow through the prosthesis without opacity of collateral veins.

TTOC05_07  3/9/07  9:07 AM  Page 552



5.7 INTERVENTIONAL RADIOLOGY IN HEPATOBILIARY DISEASES 553

Control of efficacy
The degree of ablation is assessed at 1 month by dynamic 
contrast-enhanced ultrasound (CEUS), CT or MRI. The absence
of contrast uptake in the tumour reflects tumour necrosis, while
the recognition of contrast uptake indicates incomplete treat-
ment. CEUS is useful during treatment as it detects persistence
of tumour in areas that have not been reached by alcohol, or 24
hours after RF to assess technical adequacy or complications
[27,28].

If CT or MRI is performed early after the treatment, the
hyperaemia induced by the therapy all round the tumour can
generate confusion with respect to the efficacy of the interven-
tion: persistence of tumour or recurrence are usually partial 
and in a nodular shape; also, any enlargement of the lesion will
suggest tumoral growth. CT or MRI will be useful in detecting

new lesions and should be performed every 4 months in the first
2 years.

The recurrence rate after percutaneous ablation is similar to
that detected after surgical resection and can occur within the
vicinity of the treated nodule or in separate segments of the liver.
Tumours initially classified as completely necrosed may present
intratumoral recurrence later on, and this should be considered
as a treatment failure that was not detectable in the early follow-
up on imaging techniques. Nevertheless, initial complete necro-
sis obtained with either alcohol or RF will produce a significant
increase in survival in Child A or B patients [29].

Other percutaneous therapies

Microwave ablation (MW) is an emerging modality [30,31] that

(a)

(b)

(c)

(d)

Fig. 4 (a) Ultrasound imaging of a 4 cm HCC in the right lobe of the liver. (b) Changes in echostructure after radiofrequency ablation performed with US
control. (c) In the arterial phase of ultrasound contrast, no perfusion of the treated area is detected. (d) Coronal plane of CT showing the ablated area and the
coagulation of the needle traject.
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consists of introducing a special needle (antennas) – usually
under sonographic guidance – generating microwaves inside the
tumour. Thereby, wide areas of complete necrosis similar to
those obtained with RF are attained for single tumours < 3 cm.
Newer antennas with different shapes or combination with
embolization have been tried to increase efficacy for larger
tumours. There are no limitations in terms of proximity to large
vessels, but prospective studies are needed to establish the safety
of the procedure.

High-intensity focused ultrasound (HIFU)
This method is well established for prostate cancer. The advan-
tages of this method include non-invasiveness and preservation
of the nearby structures. Recently, this method has been
reported in a series of patients with HCC [32]. The main limita-
tion is the small area of necrosis produced, which can mean up
to 8 hours’ treatment for small lesions.

Transarterial chemoembolization (TACE) for
HCC treatment

Occlusion of hepatic artery blood flow to HCC results in ext-
ensive tumour necrosis and has been a therapeutic option for
years. Extrahepatic disease and absence of portal blood flow
(secondary to portal vein obstruction with thrombosis or
tumour, portosystemic anastomosis or hepatofugal flow) con-
stitute the main contraindications. Patients with advanced dis-
ease (Child–Pugh C) should also be excluded because of the risk
of acute liver failure.

Gelfoam is the most frequently used agent for arterial
obstruction, but polyvinyl alcohol, beads, alcohol, starch micro-
spheres, blood clots and metallic coils have also been used.
Hepatic artery occlusion (transarterial embolization; TAE) is 
an angiographic procedure in which the catheter is advanced
into the hepatic artery, attempting interruption of arterial
inflow as close to the tumour as possible. In the treatment 
of multifocal HCC involving both hepatic lobes, the main
branches of the hepatic artery may be safely occluded in patients
with well-preserved liver function. During injection, it is 
important to avoid the backward flow of particles to avoid
embolization of arterial vessels outside the liver (e.g. ischaemic
cholecystitis).

TAE has been largely abandoned in favour of TACE, i.e.
transarterial chemoembolization, in which the arterial occlusion
is combined with injection of cytostatic drugs such as doxorubi-
cin, mitomycin or cisplatin. The chemotherapeutic agents are
suspended in lipiodol; some centres inject 25% of chemotherapy
into the remaining liver, in the hope of eliminating undetected
tumour cells.

The main side-effect of TACE is the ‘post-embolization 
syndrome’ observed in 50% of patients; it consists of fever,
abdominal pain and a moderate degree of ileus. It is usually self-
limited, and most patients can be discharged within 48–72
hours. Prophylactic antibiotics are not routinely used as post-

procedure fever reflects tumour necrosis. If fever persists, severe
infectious complications such as a hepatic abscess or cholecys-
titis associated with ischaemia should be ruled out.

Therapeutic efficacy is 15–55%, as defined by delayed tumour
progression and vascular invasion. However, the residual tumour
typically recovers its blood supply, and repeated treatments are
necessary (Fig. 5). The results of two randomized trials show a
beneficial effect of TACE in selected patients [33,34]; however,
patient selection and the most active agents remain to be defined.

PEI, RF and, more recently, MW have been used prior to 
or after TACE to add the effects of both therapies, suggesting
that they can be employed in patients with intermediate stage
tumours [14,35].

(a)

(b)

Fig. 5 (a) Arteriography performed prior to TACE. Hypervascularized big
nodule in the right lobe of the liver and a daughter nodule in the periphery.
(b) After two sessions of TACE, complete ischaemia of the tumoral area 
is obtained, preserving the arterial vascularization of the remaining 
non-tumoral liver.
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Local radiation therapy

The potential of conventional radiation therapy of the liver is 
limited because of the high sensitivity of hepatocytes. The poten-
tial of local application of iodine-131, yttrium-90, rhenium-188
or holmium-166 incorporated into lipiodol or microspheres
through TAE appears to be promising, but formal trials have yet
to be performed before such interventions can be incorporated
into clinical practice.

Percutaneous management of bile duct
obstruction due to malignant or benign
strictures

Since the early 1970s, percutaneous techniques such as percuta-
neous transhepatic cholangiography (PTC) [39] and percutaneous
treatment of cholecystolithiasis [40,41] have become popular.
Recent developments such as polyurethane endoprostheses or
expandable metallic stents have changed the palliative manage-
ment of tumours causing obstructive jaundice [42–44].

Stenting in obstructive jaundice due to
malignancy

Biliary obstruction due to a tumour in the biliary tree should 
be diagnosed by non-invasive modalities such as multidetector

computerized tomography (MDCT), magnetic resonance
cholangiography (MRCP) or endoscopic ultrasound (EUS).
Invasive techniques such as PTC or endoscopic retrograde
cholangiopancreatography (ERCP) should be reserved for 
therapeutic interventions.

The main indication for the use of endoprostheses or stents is
the palliation of obstructive jaundice due to biliary malignancy
where resection is not possible, which applies to 70–80% of
patients at the time of diagnosis [45]. Although some authors
believe that surgery is the best palliative technique [46], the use
of stents has become more popular [47].

The choice between PTC and ERCP to access the extrahepatic
biliary tree should be determined by expertise and local availab-
ility. Only in complex high-level obstruction is the percutaneous
radiological approach the first-line option.

For some authors, the only indication for surgical inter-
vention is the presence of both malignant biliary and duodenal
obstruction. Combined self-expandable metal stenting for
simultaneous palliation of malignant biliary and duodenal
obstruction may provide a safe and less invasive alternative to
surgical palliation and should be considered as a treatment option
for patients who are poor candidates for surgery [48] (Fig. 6).

Palliation – who are the right candidates?

Both procedures, percutaneous biliary drainage (PBD) and bil-

(a) (b) (c)

Fig. 6 Neoplasm of the pancreas with duodenal involvement. (a) Incomplete resolution of biliary obstruction after percutaneous implantation of biliary stent.
Marked infiltration of duodenum. (b and c) Complete resolution after peroral implantation of duodenal stent.

TTOC05_07  3/9/07  9:07 AM  Page 555



556 5 INVESTIGATION OF HEPATOBILIARY DISEASE

iary endoprosthesis, can be considered for adequate palliation.
The main objection to the use of an endoprosthesis has been the
fact that they are likely to become occluded in patients with a 
relatively long life expectancy [42]. The use of PBD is associated
with an increase in infection, biliary leakage and pain at the skin
entry site.

In the past, the endoprostheses used were plastic stents 
made of polyethylene or polyurethane. Their high obstruction
rate and other complications were due to the use of large-bore
devices; the main reason for obstruction was not tumour growth
but bile encrustation [50]. Neither Teflon, hydrourethane nor
hydrophilic coating could improve the patency [51].

This was changed by the introduction of metallic stents in the
late 1980s. There are basically two broad categories, i.e. balloon-
expandable stents (Palmaz or Strecker stents) or autoexpandable
stents (Wallstent, Gianturco Z-stent, Zilver stent or Absolute
nitinol stents; Fig. 7).

Their main advantage is that they can be introduced through 
a very small-calibre track (6 Fr), but can be expanded to a large
internal lumen of 10 mm. However, they are still prone to
obstruction; the true incidence of occlusion is difficult to estab-
lish because follow-up of patients in many series is incomplete.
In a recent series of 142 consecutive patients managed with
Wallstent, mean survival was 186 days with a need for reinter-
vention in 12% [47]. Similar results were reported with nitinol
alloy devices [52] or with drug-eluting or covered stents.

Achieving clinical success

We insist on aggressively achieving normalization of coagulation
and broad-spectrum antibiotic coverage. Accurate selection of
the puncture site and a decision about uni- or bilobar drainage is

based on MRCP. Real-time ultrasound permits the identification
of the most appropriate entry site (Fig. 8). To avoid haemobilia,
selection of the most peripheral intrahepatic duct is mandatory.
In our centre, we always use a micropuncture set, Acoustic
(Boston Scientific Corporation) or Cruiser (PBN Medicals
Denmark) with a coaxial sheath and a 0.38-inch stiff guidewire.

In biliary strictures without involvement of the ampulla of
Vater, a stent with the end 1–2 cm above the ampulla is prefer-
able to prevent ascending cholangitis [53]. In high-level obstruc-
tion, a bilobar drainage is accomplished with a single puncture
and two stents in a Y arrangement, but our preference is a double
puncture with two stents side by side (Fig. 9). When the ampulla
is involved, a long stent from the hilum through the ampulla
projecting just 1 cm into the duodenum is recommended to
avoid mucosal damage.

Stent occlusion

Despite large-bore stents and new materials now available, stent
occlusion remains a major problem. With plastic endoprosthe-
ses, bile incrustation and infection were the main problems.
With the metal stents, problems of tumour growth are a major
problem, but also fibrotic mucosal hyperplasia is well docu-
mented. In a palliative situation, the placement of a new stent
provides adequate palliation.

Percutaneous treatment of benign biliary
strictures

The treatment of benign strictures is no longer dependent on
surgical techniques, with radiological and endoscopic approaches
being used as alternatives, in particular for the following groups:

(a) (b) (c) (d)

Fig. 7 Metallic stents. (a) Autoexpandable Wallstent. (b) Absolute nitinol stent. (c) Gianturco Z-stent. (d) Covered Wallstent.

TTOC05_07  3/9/07  9:07 AM  Page 556



5.7 INTERVENTIONAL RADIOLOGY IN HEPATOBILIARY DISEASES 557

1 Iatrogenic or traumatic bile duct lesions after cholecystec-
tomy or liver transplantation.
2 Non-traumatic: sclerosing cholangitis, recurrent pyogenic
cholangitis and Mirizzi syndrome. In this group, imaging diag-
nosis can be difficult, and histology is mandatory to differentiate
benign causes from malignant strictures.

Criteria for selection of a radiological approach

The best results for surgical treatment are better than any 
published results for radiological management and, in specialist
surgical centres, the treatment of choice for strictures of the
extrahepatic ducts should be surgery.

Fig. 8 PBD performed with peripheral puncture under US guidance. Note correlation between US image and cholangiography.

(a) (b) (c)

Fig. 9 (a) Cholangiocarcinoma with hilar involvement. (b and c) Bilateral bile duct puncture with a double stent in a side-by-side arrangement. Good drainage
through the papilla.
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Apart from local expertise, the following factors adversely
affect the outcome of surgical stricture repair [55]. The presence
of one or more of these factors favours the selection of a radio-
logical approach:
1 Multiple previous operative attempts at repair.
2 Stricture of intrahepatic ducts or their confluence, associated
or not with stones.
3 Presence of portal hypertension.

Access and technique for percutaneous
dilation

The transhepatic route provides the most adequate access to
repair biliary strictures, in particular in the presence of a 
biliodigestive anastomosis with a Roux loop. An alternative
approach without hepatic puncture is possible when a surgical
superficially fixed Roux loop is fixed to the anterior abdominal
wall. The afferent fixed loop is marked with metal clips to facili-
tate radiological puncture and retrograde access to the biliary
tree [56]. The technique for gaining transhepatic access is the
standard for PTC.

Strictures are dilated using angioplasty balloon catheters with
a diameter between 6 and 12 mm and a length of 2–6 cm.
Inflation pressures of 12 atm are usual, but there is sometimes
extensive fibrosis requiring high-pressure balloons with a pres-
sure of 17–20 atm. The number and duration of inflations are
variable, and the endpoint of the procedure is to restore a normal
lumen with no residual wasting of the balloon. In our experi-
ence, the best results are accomplished with a catheter or plastic
stent left in place for 4–6 weeks after dilation. Following this, 
the catheter is removed if there is no evidence of restenosis 
at cholangiographic control. Approximately 20–30% of benign
stenoses will present a restenosis at follow-up [57]. Recently, the
use of commercially available cutting balloons (Fig. 10) with
small blades has increased the technical success rate of percu-
taneous management of transplant biliary strictures, with only
10% restenosis [58].

Is the use of metallic stents advisable in
benign biliary strictures?

In spite of relatively good initial results with Gianturco stents
[59,60], long-term follow-up of metallic stents is not encourag-
ing with a high failure rate of more than 50% [60]. Metallic 
biliary stents should be used only for the treatment of benign 
biliary strictures in selected cases, where repeated balloon dila-
tion has failed and the patient is a poor candidate for surgery.
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For the hepatologist, positron emission tomography (PET) 
provides unique possibilities for the direct quantification of
regional liver blood perfusion and metabolism of substances 
in vivo. Furthermore, PET is used in the clinical management 
of patients with malignancies in the liver. 

Before a PET scan the patient inhales or receives an intra-
venous injection of a positron-labelled tracer. Tracers are 
natural substances, analogues hereof, drugs or receptor ligands.
The most commonly used positron-emitters with different
physical half-lives are: 15O (2 min), 13N (10 min), 11C (20 min)
and 18F (109 min). Within the body, an emitted positron travels
a few millimetres and then is annihilated by an electron, which
leads to simultaneous emission of two 511-keV photons travel-
ling in 180° opposing directions. The photons are recorded by
the PET camera and data reconstructed into three-dimensional
images of tracer concentrations in Bq/mL tissue. 

Contemporary PET cameras are available as whole-body
cameras, high-resolution brain cameras, small animal PET 
systems, and PET cameras combined with computerized
tomography (CT). Combined PET/CT cameras have the advan-
tage of aligning PET images of metabolic processes with detailed
CT images of anatomical structures. For most purposes,
PET/CT is performed with a low-dose CT scan, but, if indicated,
it may comprise diagnostic CT, contrast-enhanced CT and 
respiratory-gated recordings. At present, combined PET/
magnetic resonance (MR) cameras are being developed.

Regional liver metabolism 

Dynamic PET recordings are used for quantification of metabolic
processes. Starting at the time of tracer injection, data acquisi-
tion comprises recordings of the time courses of radioactivity
concentrations in tissue and in the blood supply to the organ.
The time course of the tissue concentration is analysed as a 
function of the time course of the blood input radioactivity 
concentration by fitting a kinetic model of the metabolic scheme
for the tracer to the data. This provides clearance values and rate
constants for the metabolic processes.

The dual tracer input to the liver has to be taken into account

when performing detailed calculations of the kinetic parameters
[1–3]. The time course of the blood radioactivity concentration
in the hepatic artery following an i.v. bolus injection shows a
high, narrow peak, whereas in the portal vein the peak is dis-
persed and delayed due to the passage of the bolus through the
intestinal vascular bed (see Fig. 5 in Chapter 5.3). However, for 
a substance with irreversible liver metabolism and negligible
elimination in the intestines, calculation of the net metabolic
clearance of the tracer, K (mL blood/min/mL tissue) using 
arterial blood concentrations, can be used [1]. The constant K
characterizes irreversible steady-state net transfer of the tracer
from blood into intracellular metabolites. Munk et al. [1]
showed that this calculation was applicable for the metabolism
of the glucose analogue, 2-deoxy-2-[18F]fluoro-deoxy-glucose
(18FDG) in the pig liver. The method can be made non-invasive
by replacing arterial blood sampling by scan data of arterial
blood radioactivity concentration from the aorta [4–5]. This
makes the procedure completely non-invasive. In order to 
estimate the dual tracer input from both supplying vessels, 
current studies are exploring the use of combined dynamic PET
and dynamic contrast-enhanced CT scans [6]. This will allow for
non-invasive evaluation of kinetic properties of the initial tracer
distribution, such as blood perfusion and blood-to-cell transfer
processes.

The PET camera measures only total radioactivity concentra-
tion in the tissue. Kinetic models must embody the fact that 
the PET camera cannot separate un-metabolized tracer from
possible radio-labelled metabolites. The models accordingly are
based on metabolic schemes understood from biochemistry but
may be validated by measurements of radio-labelled metabolites
in tissue samples following tracer injection [7–8]. Similarly, the
blood may contain both un-metabolized tracer and radio-
labelled metabolites. However, these can often be accounted for
by direct measurements in blood samples [9–11]. 

Table 1 shows examples of metabolic processes in the liver
that have been studied by PET. Glucose analogues were used to
study the importance of the dual tracer supply to the liver, using
18FDG [1–3] as a substance transported across the cell mem-
brane and metabolized within the cells and 11C-methyl-glucose,

5.8 Positron emission tomography 
of the liver 
Michael Sørensen and Susanne Keiding
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which is transported across the cell membrane in a similar way
to 18FDG but not metabolized. Other studies of liver glucose
metabolism have shown that glucose ingestion inhibits the
18FDG uptake by the liver [12] and that insulin increases hepatic
glucose uptake [13]. In agreement with these findings, Iozzo 
et al. [14] demonstrated insulin receptors in rat liver PET stud-
ies, using 124I-labelled human insulin. 

Transport of three amino acids across the liver cell membrane
was studied in rats [15]. The high first-pass liver metabolism of
ammonia was quantified in pigs by means of a kinetic model of
zonation sinusoidal distribution, with periportal urea produc-
tion and perivenous glutamine production [16]. In a subsequent
paper [17], comparison of the first-pass metabolism of 13N-
ammonia into the portal vein or the hepatic artery suggested
that heterogeneous distribution of the arterial branches gives
rise to heterogeneous tissue ammonia metabolism. Interestingly,
a human study [18] found that liver 13N-ammonia net
metabolic clearance of ammonia, K, was similar in patients 
with cirrhosis and healthy subjects, may be of pathogenetic
importance. Contrary to what was believed hitherto, recent
dynamic 13N-ammonia brain studies have shown that the 
permeability of the blood–brain membrane barrier is not
significantly changed in patients with hepatic encephalopathy
when compared with patients with cirrhosis without hepatic
encephalopathy and healthy controls [10,19]. Brain metabolism
of ammonia was increased corresponding to the increased blood
ammonia [10]. PET studies may give new insight into the role of
ammonia in the development of hepatic encephalopathy and
catabolic stress in patients with liver failure.

Liver protein synthesis [9,20] and fatty acid oxidation [21–26]
are important liver functions that have also been measured by
PET (Table 1). Figure 1 gives an example of the PET measure-
ments of 11C-methionine uptake in a pig liver with production
of 11C-labelled protein released into the blood after a delay 
of approx. 15 min (S. Lausten, unpublished data, December
2006). 

Metabolic schemes are most often represented by compart-
mental models in which tracer input concentration throughout
the capillaries is assumed to equal the input concentration, i.e. in
the present context, that in the mixed hepatic arterial and portal
venous inlet. Such models ignore substrate concentration gradi-
ents along the vascular paths of the organ and in surrounding 
cells. By utilizing the high spatial and temporal resolution 
of contemporary PET technology, Munk et al. recently [27],
developed models of microcirculation that account for the 
concentration gradients of a vascular tracer along the blood 
flow direction as a tracer bolus passes through the capillary.
Application of the model in subsequent pig experiments with
dynamic 15O-CO PET gave values of the liver blood perfusion
comparable with independent measurements [28] (see also
Chapter 5.3).

Liver tumours

PET, with the glucose analogue 18FDG, has proven very success-
ful in the diagnostic evaluation of patients with cancer, and 
it is currently used routinely worldwide [29]. This is based 
on the fact that most malignant cells have increased glucose
metabolism. 18FDG enters the cells through the same Glut-1
membrane transporters as glucose and is phosphorylated by the
rate-limiting hexokinase or, in the hepatocytes, by glucokinase
to 18FDG-6-phosphate. Both membrane transport and phos-
phorylation are up-regulated in cancer cells (Fig. 2). 18FDG-6-
phosphate is not a substrate for hexose-6-P-isomerase and
therefore it accumulates in the cells. In the hepatocytes, but 
not in non-hepatocyte-derived tumour cells and bile duct cells,
18FDG-6-phosphate can be de-phosphorylated by glucose-6-
phosphatase. Compared with surrounding non-malignant liver
tissue, 18FDG-6-phosphate accumulates in cholangiocarcinoma
and metastases in the liver. Hence, these metabolic character-
istics make 18FDG PET especially suitable for detection of such
tumours (Fig. 2). Consequently, tumour nodules are seen as

Table 1 Examples of PET studies of liver metabolism.

PET tracer Experimental model Metabolism studied References

18FDG Pig and human liver Glucose [1–3,12,13]
11C-methyl-glucose Pig liver Glucose [1]
124I-iodoinsulin Rat liver Insulin receptors [14]
13N-ammonia Pig and human liver Ammonia [16–19]
11C-glutamate Rat liver Amino acid [15]
11C-glutamine
11C-aspartate

L-methyl-11C-methionine Rat, pig, and human liver Protein synthesis [9,20]

L-[1-11C]-methionine

14(R,S)-[18F]-6-thia-heptadecanoic acid Rat, pig, and human liver Fatty acid [21–26]

15-18F-fluoro-3-oxa-entadecanoate

1-11C-octanoate
15O-CO Pig liver Blood perfusion [28]
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focal areas of increased radioactivity concentrations, so-called
hotspots (Fig. 3).

Because the tumour-to-liver background tissue ratio is higher
during fasting than after food intake, 18FDG PET is usually per-
formed after a fasting period of 6–8 h [30]. This is of especial
importance for liver studies, as physiologic hyperinsulinemia
stimulates 18FDG uptake in normal liver tissue [13]. Further-
more, PET recordings typically take place at least 1 h after the
18FDG injection, as the contrast between tumour and surround-
ing tissue is higher than at earlier time points [31–33]. This 

so-called static scan yields images of the mean radioactivity 
concentrations in the time period of the recordings. The con-
centrations are often normalized with respect to injected dose
and body weight, yielding images of the standardized uptake
value (SUV). This normalization procedure may be useful for
defining criteria for ascribing hotspots to malignancies [33–34]
and for comparison of PET results between individuals and 
evaluation of response to treatment in individual patients. The
diagnostic accuracy for tumour diagnostics is better in com-
bined PET/CT than in PET or contrast-enhanced CT alone [35].
The radiation dose given to the patient is in of the order of the
yearly background radiation.

Cholangiocarcinoma
18FDG PET is useful for the detection of cholangiocarcinoma. 
In a series of 36 consecutive patients who underwent 18FDG 
PET for suspected cholangiocarcinoma [36], 31 patients had
cholangiocarcinoma and five did not. Sensitivity for nodular
morphology (mass 1 cm) was 85% but only 18% for infiltrating
morphology. Reinhardt et al. [33] found a cutoff SUV of 3.6 
for the detection of malignancy. In the study by Delbeke et al.
[34], each of eight cholangiocarcinomas was classified correctly
compared to pathological diagnosis. Similarly, each of eight
cholangiocarcinomas was clearly visualised in an early 18FDG
PET study by our group [37]. 

Patients with primary sclerosing cholangitis (PSC) are at risk
of developing cholangiocarcinoma [38] and a simple, reliable
screening method for early detection of tumours would benefit
these patients considerable. A key question is, if 18FDG PET can
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Fig. 2 Compartmental model showing the key differences between 18FDG
metabolism in hepatocytes and tumour cells, which form the basis for 
using 18FDG PET in the diagnosis of liver metastases. Bold arrows indicate
enhanced membrane transport and enzymatic phosphorylation of 18FDG in
malignant cells.

1200
Plasma 11C-methionine

Liver tissue 11C-activity

Plasma 11C-protein (×10)

1000

R
ad

io
ac

ti
vi

ty
 c

o
n

ce
n

tr
at

io
n

 (
B

q
/m

L)

1200

150

100

50

0
0 10 20 30

Minutes after tracer injection

40 50 60

Fig. 1 Time courses of 11C-radioactivity
concentrations in pig liver tissue (PET) and
plasma after intravenous injection of 
11C-methionine. Plasma radioactivity was
separated into 11C-methionine and 11C-protein
(radio HPLC).

TTOC05_08  3/9/07  9:07 AM  Page 563



564 5 INVESTIGATION OF HEPATOBILIARY DISEASE

distinguish between malignant tissue and local cholangitis. 
In a recent study, Prytz et al. [39] performed dynamic 18FDG
PET scans of 24 consecutive PSC patients listed for liver trans-
plantation and with no signs of liver malignancies on CT or
ultrasonography. PET results were compared with pathological
diagnosis of the explanted liver in a double-blind study design.
The scans were performed as dynamic studies, and parametric
images of the net metabolic clearance K of 18FDG were retrieved.
By using a cutoff value of lesion-to-normal liver tissue ratio of K,
PET diagnosed three out of four cholangiocarcinomas correctly,
and it correctly classified hotspots with smaller K-ratios as 
being caused by local cholangitis. The procedure missed one
case with high-grade hilar bile duct dysplasia. However, this was
diagnosed by endoscopic cholangiography with brush cytology.
Thus, dynamic 18FDG PET seems to have a role as a supplement
to CT in pre-transplant diagnostic work-up of liver patients.
Dynamic 18FDG PET may further prove to be useful in surveil-
lance programs of patients with PSC. 

Hepatocellular carcinoma

Similar to ultrasonography and CT, 18FDG PET detects only
two-thirds of known hepatocellular carcinoma (HCC) [40–43].
This is ascribed to similarities between 18FDG metabolism in
normal and malignant hepatocytes [42]. Nevertheless, in a study
comprising 91 HCC patients, Wudel et al. [43] found that 18FDG
PET had significant impact on treatment in half of the patients
with positive PET results, corresponding to 28% of all patients.
Furthermore, 18FDG PET was found useful for detection of
extrahepatic metastases [44]. Even so, there is a need for
improved diagnostic methods, and in order to comply with this,
multi-tracer PET approaches have been investigated. In a PET
study comprising 39 patients with HCC [45], 11C-acetate was
found to complement 18FDG for the detection of hotspots.
However, the 11C-radioactivity tumour-to-reference tissue ratio
was relatively low and highly variable, on average 1.96 ± 0.63 
(±SD). Similarly, PET using 13N-ammonia did not supplement
18FDG PET well enough to be clinically useful [46, S. Keiding,
unpublished data, December 2006]. Consequently the search for
more useful PET tracers needs to continue.

Colorectal cancer liver metastases
18FDG PET is an established tool in the clinical management 
of liver metastases from colorectal cancers [47–59]. Delbeke 
and co-workers [34] found that, validated by pathology, static
18FDG PET correctly classified each of 60 colorectal cancer liver
metastases and each of 23 benign hepatic lesions by using a cut-
off value of 2 for the lesion-to-liver background tissue or a cutoff
SUV of 3.5. PET changed diagnostic or therapeutic management
of patients with colorectal cancer liver metastases in 20–50%
[51–54], mainly by detecting previously unknown extrahepatic
and/or hepatic disease. The utility of 18FDG PET in patients with
rising or elevated blood carcinoembryogenic antigen (CEA) is

(a)

(b)

(c)

Fig. 3 18FDG PET/CT scan of a patient treated for colorectal cancer 
revealed synchronous liver metastases (a). The patient was treated with
radiofrequency ablation (RFA). 18FDG PET/CT 4 weeks later showed RFA-
induced necrosis but also residual tumour (b). The patient was treated with
RFA again, this time resulting in complete ablation of the tumour tissue (c).
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discussed by Wiering et al. [49] and Liu et al. [50]. 18FDG
PET/CT does not replace CT and MR for preoperative anatom-
ical evaluation of primary colorectal cancer but is a useful tool
for pre-treatment evaluation of possible spread of the disease 
of known or suspected recurrence.

18FDG PET is suitable for differentiating between benign and
malignant lesions, viz. residual or relapse malignancy versus
scarred liver tissue following resection or local ablative treat-
ment [55]. Figure 3 shows an example of 18FDG PET/CT
findings in the course of a series of radiofrequency ablation
(RFA) of a patient with colorectal liver metastases. Finally, com-
parison of 18FDG PET results before and after chemotherapy of
patients with colorectal liver metastases was predictive for out-
come [56,57]. Thus, 18FDG PET or PET/CT may prove useful
for early detection of treatment failure and lead to revision of the
therapeutic strategy. 

Liver metastases from other tumours

Systematic studies of the use of 18FDG PET or PET/CT in the
therapeutic management of patients with tumour spread to 
the liver are scarce, but the technique seems suitable for the 
diagnosis and staging of liver metastases from breast, malignant
melanoma, pancreatic, gastric and oesophageal cancer [58,59].
Liver metastases from neuroendocrine tumours cannot be
unambiguously visualized by 18FDG, but 11C-hydroxy-tryptophan
or 18F-DOPA seem to be promising PET tracers [60]. 
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Introduction

In general, the circulatory system is evaluated by determination
of blood flow, pressure and volume. In the splanchnic territory,
portal pressure and splanchnic blood flow may be measured;
vascular resistance is calculated by the ratio between pressure
and blood flow. Portal pressure depends on two factors: portal
intrahepatic vascular resistance (and vascular resistance of the
portosystemic collateral when portal hypertension is present);
and portal tributary blood flow (the sum of gastrointestinal, colic,
splenic, mesenteric and pancreatic blood flow). Splanchnic
blood flow or hepatic blood flow is the sum of portal tributary
blood flow and hepatic arterial blood flow. In portal hyperten-
sion, splanchnic blood flow may be higher than hepatic blood
flow as only a fraction of the portal blood reaches the systemic
circulation by passing through the liver.

The haemodynamic investigation of the splanchnic circula-
tion consists of the measurements of pressure and blood flow. 
In man, while pressures may be measured, there is no simple
method for measuring either portal and hepatic arterial blood
flows or the circulation in the collateral vessels. Regional blood
flow can, however, be measured in animals. Finally, as it is
altered in portal hypertension, the systemic circulation must
also be evaluated.

In this chapter, the main haemodynamic methods used in
man are described. It must be emphasized, however, that the
results reported are those measured in fasted, conscious patients
in a supine position. Results obtained in other conditions may
differ widely from those reported below.

Measurement of portal pressure

The measurement of pressure in the portal venous system is the
main method used to define and characterize portal hyperten-
sion. Normally, portal pressure ranges from 7 to 12 mmHg, and
the pressure gradient between portal pressure and vena cava ter-
ritory pressure ranges from 1 to 4 mmHg. Portal hypertension is
present when portal pressure is higher than 12 mmHg or when

the pressure gradient is higher than 4 mmHg. If the pressure in
the vena cava territory increases, portal hypertension develops,
but not collateral circulation. Portal pressure may be evaluated
either directly or indirectly. Direct measurement of portal pres-
sure is more invasive than the indirect method but is more valid,
especially with cases of presinusoidal or extrahepatic portal
hypertension.

Direct methods

During abdominal surgery, portal pressure may be measured
directly by introducing a needle into the lumen of the portal 
vein or by inserting a catheter into a small ileal vein. These 
values differ from those measured without surgery, however, as
anaesthetic agents modify splanchnic and systemic circulation.
The catheterization of the umbilical vein also allows direct 
measurement of portal pressure. As the last invasive technique
necessitates both general anaesthesia and surgery, it is not used
regularly.

The most common direct technique is the percutaneous trans-
hepatic puncture of the portal vein with a thin needle (Chiba
needle). The portal vein may be located by ultrasonography [1].
Larger needles may also be used and, in this case, a catheter may
be inserted in the lumen of the portal vein in order to cannulate
different veins. If ascites or coagulation defects are present, 
these methods are contraindicated. The portal vein may be
catheterized through a hepatic vein in the same manner as with 
a transvenous liver biopsy procedure [2]. This method allows
measurement of the pressure in the inferior vena cava. It may
cause abdominal pain.

Indirect methods

Intrasplenic pressure
Although splenic pressure, measured with a needle, has been
widely used, this technique has a high risk of intraperitoneal
haemorrhage. Splenic pulp pressure is similar to splenic vein
pressure.

5.9 Splanchnic haemodynamic
investigations
Didier Lebrec and Richard Moreau
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568 5 INVESTIGATION OF HEPATOBILIARY DISEASE

Intrahepatic pressure
It has been claimed that pressure in the hepatic tissue reflects
sinusoidal pressure. This intrahepatic pressure measurement is
performed blindly by introducing a needle percutaneously in
the hepatic parenchyma [3]. While this pressure may be ‘sinu-
soidal’, it may also be intra-arterial, portal or that of the hepatic
vein or the biliary tract.

Hepatic venous pressures
As it is simple and safe, measurement of wedged and free hep-
atic venous pressure is the most common procedure used to
evaluate portal pressure indirectly. A radio-opaque catheter is
introduced into a hepatic vein (usually the right vein) with 
an approach through a jugular, femoral or humeral vein under
local anaesthesia. This procedure is performed under radio-
scopic control [4]. The tip of the catheter is wedged to block the
circulation in a small hepatic venule. The wedged position is
verified by the absence of reflux of radio-opaque dye. Wedged
hepatic venous pressure is similar to the occluded pressure
obtained with a balloon catheter. Free hepatic venous pressure is
measured with the tip of the catheter placed in the hepatic vein
close to the inferior vena cava. Recently, a divergence of pressure
measurements between different hepatic veins has been demon-
strated [5]. The investigator’s experience plays a major role in
ensuring that the technique is performed properly [6].

The hepatic venous pressure gradient (wedged minus free
hepatic venous pressure) ranges from 1 to 4 mmHg in normal
subjects. The hepatic venous pressure gradient remains normal
in cases of extrahepatic portal hypertension and in certain cases
of presinusoidal portal hypertension such as schistosomiasis [7].
In presinusoidal portal hypertension, the pressure gradient may
be elevated, in general to no more than 13 mmHg, thus indicat-
ing two blocks (presinusoidal and sinusoidal). In chronic liver
disease with extensive fibrosis, as well as in non-cirrhotic portal
hypertension, the hepatic venous pressure gradient is increased
from 5 to 20 mmHg but remains lower than portal pressure.
This increase in the pressure gradient is also observed in several
acute liver diseases such as fulminant hepatitis [8].

In alcoholic cirrhosis and in hepatitis-B-related cirrhosis,
wedged hepatic venous pressure is similar to portal pressure [4].
The hepatic venous pressure gradient exhibits a circadian vari-
ation with two peaks (09.00 h and 23.00 h), and it may also
increase during physical exercise. Among these patients, the
hepatic venous pressure gradient may differ widely from 10 to 
30 mmHg. This value is correlated with the severity of cirrhosis
as estimated by the Child–Pugh classification [9]. Liver lesions
of acute alcoholic hepatitis increase the hepatic venous pressure
gradient [10]. The value for hepatic venous pressure gradient is
correlated with the extent of fibrosis and the amount of liver cell
necrosis. In patients with cirrhosis, it has also been observed that
the presence of hepatocellular carcinoma may markedly increase
the hepatic venous pressure gradient to more than 30 mmHg,
and that it may be heterogeneous from one vein to another [11].
In patients with alcoholic cirrhosis with a hepatic venous pressure

gradient of more than 12 mmHg, the pressure gradient is not
associated with either the development of oesophageal varices 
or the risk of gastrointestinal bleeding [12]. When the hepatic
venous pressure gradient is less than 12 mmHg, it has been
established that rupture of oesophageal varices does not occur.

A hepatic venous pressure gradient of more than 4 mmHg
indicates sinusoidal portal hypertension, but the mechanism
causing this increase is not clear. It depends mainly on the
reduction in hepatic vascular space, which increases intrahepatic
vascular resistance [13]. This pressure gradient also depends on
several other factors such as portal pressure, portal tributary
blood flow and hepatic arterial blood flow.

Finally, in patients with alcoholic cirrhosis, a pharmacolo-
gical decrease in the hepatic venous pressure gradient indicates 
a reduction in portal pressure [4]. In this case, however, the
reduction in hepatic venous pressure gradient may be more
marked than the decrease in portal pressure.

Oesophageal variceal pressures
In patients with portal hypertension and oesophageal varices,
during oesophageal endoscopy, variceal pressures may be 
measured by different techniques. A first approach consists of
puncturing the lumen of a varix with a needle [14]. This proced-
ure should be performed before sclerotherapy because it may
precipitate variceal bleeding. When measured by this technique,
variceal pressure is elevated in cases with portal hypertension,
but no correlation with portal pressure or hepatic venous pres-
sure gradient has been reported. Intravariceal pressure seems to
correlate with the size of the varix and with a previous history of
ruptured oesophageal varices.

A second approach uses an endoscopic gauge allowing the
measurement of variceal pressure without puncturing varices
[15]. This non-invasive method uses a hemispheric pressure
gauge with a small chamber fed with a constant flow of gas. This
chamber is covered by a latex membrane. When the gauge is
placed over a varix, the pressure needed to fill the gauge, as mea-
sured by a pressure transducer, is equal to the variceal pressure.
It is assumed that the pressure needed to compress a varix equals
the pressure inside the varix. It has been demonstrated recently
that this technique is reproducible and can be used to assess
variceal pressure regularly and evaluate the effects of pharmaco-
logical therapy [16].

A third endoscopic method has been described more recently
using a transparent plastic balloon fixed to the tip of a gastro-
scope and observation of the pressure equilibrium between
varices and the balloon [17]. The pressure values obtained with
this technique correlate well with those measured by needle
puncture or with direct portal pressure measurements [18].

Measurement of blood flow

Portal and hepatic arterial blood flows

During abdominal surgery, portal and hepatic arterial blood flow
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may be measured separately by means of an electromagnetic
flow-meter. The results of this invasive method are erroneous
because it is performed under general anaesthesia. The ratio
between portal and hepatic arterial blood flows can also be 
calculated by measuring hepatic radioactivity after the injection
of a radioactive substance into a peripheral vein. A gamma 
camera may evaluate both hepatic arterial and the portal
radioactivity. This method cannot be widely used because renal
and pulmonary radioactivity interferes with hepatic and portal
radioactivity; moreover, it is difficult to dissociate arterial and
portal curves.

Measurement of hepatic blood flow

Indicator dilution method
Hepatic blood flow can be estimated with the indicator dilution
method [19]. The indicator is injected into either the hepatic
artery or the portal vein, and blood is drawn into a hepatic vein.
Analysis of the hepatic curve gives the hepatic blood flow. This
invasive technique is not widely used because there is inadequate
mixing between the indicator and the blood. This method 
has been used, however, to evaluate hepatic microcirculation,
transit time and distribution volume [20].

Hepatic clearance method

The clearance method is the most widely used technique at 
present for estimating hepatic blood flow in man. It is based on
the Fick principle [21]. The hepatic clearance (Cl) depends on
hepatic blood flow (HBF) and the extraction (E) of a substance
by the liver:

Cl = HBF × E

Hence:

HBF = Cl/E

Absolute hepatic clearance can be calculated by the continu-
ous infusion method. When the peripheral concentration (Cp)
of the substance has reached a plateau, the amount of substance
removed by the liver is equal to the amount of perfused solution
Q:

Cl = Q/Cp

Extraction depends on afferent (Caff ) and efferent (Ceff ) con-
centrations of the substance. Thus:

E = (Caff – Ceff )/Caff

If this substance is captured only by the liver, afferent concen-
tration is equal to peripheral vein or arterial concentration of
this substance. Efferent concentration is obtained from blood
drawn from a hepatic vein. Therefore, hepatic vein catheteriza-
tion is necessary to measure hepatic blood flow by the clearance
method. Hepatic clearance is hepatic blood flow only if extrac-

tion reaches 100%. If extraction is lower than 10%, the values of
hepatic blood flow are not calculated as it is considered that a
slight change in extraction induces large variation in hepatic
blood flow. Thus, the clearance method cannot evaluate hepatic
blood flow in patients with severe liver disease. Moreover, a
decrease in hepatic clearance does not indicate a decrease in 
hepatic blood flow as extraction may also decrease, leaving hep-
atic blood flow constant.

Fraction clearance (K) may also be used for the calculation of
hepatic blood flow:

K = Cl/Blood volume

This method, using a bolus injection, is similar to the continu-
ous infusion method.

Substances used for the clearance method should meet three
criteria: they should be devoid of toxicity, should diffuse only
within the vascular space and should be removed only by 
the liver. Two types of substance can be used: those cleared by
hepatocytes [bromsulphthalein (BSP), indocyanine cardiogreen
(ICG)] and those cleared by the Kupffer cells (colloid labelled
with radiogold, denaturated labelled albumin).

Galactose clearance has been proposed for the estimation of
hepatic blood flow as hepatic extraction of this substance is more
than 90% in normal subjects [22]. In patients with liver disease,
however, this extraction is markedly decreased and, hence, hep-
atic blood flow is not properly evaluated by galactose clearance.
Moreover, it has been demonstrated recently that extrahepatic
uptake of galactose occurs in cirrhotic patients. These findings
clearly indicate that galactose clearance can be used neither for
measurement of hepatic blood flow nor for studying variations
in hepatic blood flow.

Values of hepatic blood flow
In normal fasted conscious subjects in the supine position, 
hepatic blood flow ranges from 1 to 2 L/min, i.e. 1 mL/min per g
of liver tissue. In man, it is accepted, but has not been clearly
demonstrated, that one-third of hepatic blood flow comes from
the hepatic artery and two-thirds from the portal vein. In
patients with liver diseases, hepatic blood flow may differ widely
from one patient to another [23]. In patients with cirrhosis, 
hepatic blood flow may be low, normal or elevated. In particular,
acute alcoholic hepatitis increases hepatic blood flow [24]. 
In patients with acute hepatitis, hepatic blood flow may be
increased, while hepatic blood flow is low in patients with 
extrahepatic portal hypertension [25]. In patients with cirrhosis,
no correlation has been found between hepatic blood flow 
and liver failure, nor has hepatic blood flow been correlated 
with portal pressure [26]. This observation is not surprising as,
in portal hypertensive patients, a certain percentage of the portal
blood does not reach the liver but bypasses this organ through
the collateral circulation. Hence, portal pressure may decrease
without a change in hepatic blood flow. In this case, the reduc-
tion in portal pressure depends on a decrease in portal tributary
blood flow.
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Measurement of portal blood flow

Several invasive methods have been described for measuring
portal blood flow. However, they necessitate the insertion 
of a catheter into the lumen of the portal vein. Portal blood 
flow can be measured by the continuous thermodilution
method or by means of a catheter with an electromagnetic 
flow-meter.

The most common method for the evaluation of portal 
blood flow is by Doppler sonography [27]. This non-invasive
procedure measures the velocity of red blood cells. At present,
however, the pulsed Doppler method is not accurate in man for
the following reasons:
1 The mean angle between the Doppler beam and the axis of the
portal vein may be too large, reaching up to 60°. In this case, a
slight error in the angle results in a large variation in the cosine
angle, which is related to flow velocity.
2 The ultrasound diffraction between the skin and the portal
vein is not taken into consideration.
3 The measurement of maximal velocity in one area of the 
portal vein may differ from one position to another.
4 As the measurement of blood flow depends on the cross-
sectional area of the portal vein, a slight error in the estimated
diameter of the portal vein results in a large variation in this 
value.

The pulsed Doppler method has not yet been validated in
man. The Doppler technique may, however, be used to assess the
presence and direction of portal blood flow. In addition, in the
same individual, physiological or pharmacological variations in
blood velocity in the portal vein may be evaluated. Its accuracy
and reproducibility are still in question [28].

In normal subjects, the portal blood flow goes towards the
liver and has a continuous spectrum, with mild waves. In
patients with portal hypertension, there is a continuous flow
towards the liver. In some cases, alterations in portal blood 
flow appear as an absence of end-diastolic, arterialized flow or
bidirectional flow. Reversed flow is rarely observed in the portal
vein. Portal vein diameter and blood flow changes are not, how-
ever, correlated with the hepatic venous pressure gradient in
patients with cirrhosis [29].

Estimation of blood flow in the
collateral circulation

Quantification of portosystemic circulation

The percentage of portal venous inflow shunted through 
portosystemic collaterals may be estimated by comparing the
area of an isotope dilution curve recorded from the hepatic vein
after injecting an isotope into the superior mesenteric or splenic
artery with the curve obtained after injecting an isotope into 
the hepatic artery [30]. In normal subjects, no shunting was
detected but, in patients with cirrhosis, shunting of mesenteric
or splenic flow ranged from zero to 100%. A similar estimation

may be obtained after intrasplenic injection of a radioactive
indicator.

The comparison of bioavailability of drugs after oral and
intravenous administration allows the measurement of the
shunt fraction of portal inflow [31]. The liver must remove
100% of these substances. The systemic availability of oral glyc-
eryl trinitrate has been used. In this case, drug concentrations in
plasma were replaced by assessments of pharmacological effects
using digital plethysmography [32]. None of these invasive and
non-invasive methods, however, could be used to predict the
complication of portal hypertension.

Azygos blood flow

The superior portosystemic collateral circulation can be esti-
mated by measuring blood flow in the azygos vein [33]. This
vein essentially drains the splenogastric collateral circulation.
Azygos blood flow is measured by the local continuous ther-
modilution method. Under fluoroscopic control, a continuous
thermodilution catheter with a curved tip is introduced into the
azygos vein up to approximately 5 cm from its junction with 
the superior vena cava. Its position is verified by injection of 
a contrast medium into the catheter. During routine haemo-
dynamic investigation, catheterization of the azygos vein may 
be performed either from the femoral vein or from the right
internal jugular vein. In normal subjects, azygos blood flow 
is approximately 100 mL/min. In patients with portal hyper-
tension, azygos blood flow is six times higher than in normal
subjects and ranges from 200 to 1500 mL/min.

An elevated azygos blood flow indirectly confirms the
increased portal tributary blood flow observed in portal hyper-
tensive animals. Azygos blood flow is correlated with portal
pressure and depends on the severity of cirrhosis. Azygos blood
flow is not correlated with either the presence and size of the
oesophageal varices or the risk of ruptured varices [34]. Finally,
azygos blood flow is a more sensitive measurement than the
hepatic venous pressure gradient for evaluating the change in
splanchnic circulation after portal hypotensive drug administra-
tion. Thus, the measurement of azygos blood flow seems to be
the most viable method for the evaluation of portal hypertension.

Preliminary results showed that cine phase-contrast magnetic
resonance angiography is a practical non-invasive method for
measuring absolute azygos blood flow and provides a non-
invasive method of monitoring portal hypertension [35].
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Introduction

On 20 May 1747, the Scottish naval surgeon James Lind studied
six interventions for 12 sailors with scurvy. The patients all had
putrid gums, spots and lassitude. They shared a room and meals.
Lind divided them into six groups: two patients were given sea
water, two cider, two vinegar, two elixir vitriol, two a concoction
of spices, garlic and mustard seeds, and two oranges and 
lemons. Within six days, the two patients given oranges and
lemons became fit for duty or well enough to be appointed nurse
for the remaining patients – see The James Lind Library
(http://www.jameslindlibrary.org) and the European Clinical
Research Infrastructures Network (http://www.ecrin.org). Lind
reported this clinical trial in 1753. It took about another 150
years until we discovered vitamin C and understood the effect of
oranges and lemons in scurvy. It took about another 200 years
until we rediscovered the idea of conducting bias-free comparat-
ive trials (http://www.jameslindlibrary.org). Researchers began
to use randomization at the time of the Second World War. The
methods of conducting randomized trials have been refined
since then. Such trials remain the most reliable way to test the
effects of interventions [1]. 

Hepatobiliary randomized trials started to appear in 1955 [2].
Thomas C Chalmers and co-workers conducted the first two
factorial-designed trials on diet, rest and physical recondition-
ing for acute infectious hepatitis [2]. In these trials, 260 patients
and 200 patients were randomized [2]. Several other early trials
in liver diseases have been reviewed [3]. It took a while before
hepatobiliary controlled trials started to appear regularly (Fig. 1).
Presently about 550 publications on hepatobiliary randomized
trials are published each year (Fig. 1). This corresponds to about
three publications per working day appearing in more than 1000
different journals. Nobody can any longer claim to be a specialist
in all hepatobiliary diseases. The workload of keeping up to date

has become so heavy that we have to collaborate and divide the
tasks among ourselves. The first task is to conduct the random-
ized trials. The second task is to systematically review these trials.
The third task is to implement the evidence from the systematic
reviews into clinical practice.

In this chapter we describe the evidence hierarchy that may
guide evidence-based clinical practice. We assess the proportion
of hepatobiliary randomized trials with sample size estimation,
the achieved sample size, and the proportion with adequate
quality components. We compare the quality of hepatobiliary
randomized trials to that of trials from all medical fields. Finally,
The Cochrane Collaboration and the Cochrane Hepatobiliary
Group (CHBG) are described.

The evidence hierarchy

The hierarchy of evidence is well established [4–6]. It is based 
on the estimated risks of bias in the different study designs.
Randomized trials are internationally considered the gold 
standard for intervention comparisons [1–13]. The results from 
randomized trials form the basis for determining which drugs
and devices are effective. Historically controlled studies, cohort
studies and case–control studies are unreliable designs unless the
intervention effect is dramatic [13,14]. Dramatic intervention
effects are rare. Expert opinions, case reports and experimental
models may be misleading and rank lowest in the evidence hier-
archy [4–6]. Study designs other than randomized trials remain
important for diagnostic [6,15] and prognostic [16,17] studies
as well as for assessing rare adverse events [18,19] – but they 
cannot replace randomized trials in assessing beneficial effects 
of interventions. 

Randomized trials are increasingly being used to guide 
evidence-based clinical practice. You need to address a central
question before you consider using the results for patient care:
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are the results valid? The validity depends on the internal validity
of the trial. The internal validity of a trial depends on the risks 
of random errors [10,20] and the risks of systematic errors (i.e.
bias) [8–13,20,21]. Conducting randomized trials with many
participants and outcomes decreases the risks of random errors
[10,20]. Conducting randomized trials with high methodolo-
gical quality, avoiding selection, performance, assessment, attri-
tion and other biases, decreases the risks of systematic errors
[8–13,20,21]. Methodological quality has been defined as ‘the
confidence that the trial design, conduct, and analysis has min-
imized or avoided biases in its treatment comparison’ [9]. The
methodological quality of a trial can be assessed as described in
Table 1. The external validity of a trial should only be considered
if the internal validity is considered adequate. If the internal
validity is inadequate, the external validity becomes irrelevant.

A single randomized clinical trial may give misleading results
due to random errors or bias. It is essential that independent

groups conduct trials on the same therapeutic question, to
establish firm evidence for an intervention effect [22–26].
Several trials on the same intervention for the same type of
patients may reach more or less concurring conclusions.
Conducting a meta-analysis will increase power and increase
precision [27–29]. Systematic reviews with meta-analyses of 
several randomized trials have become an important tool 
for clinical decision-making [30] – see also The Cochrane
Collaboration website (www.cochrane.org). The tendency not
to publish trials with neutral or negative intervention effects
leads to publication bias [31–34]. It is important that all trials are
registered before inclusion of the first patient [35]. Here, details
of the trial protocol as well as any amendments to the protocol
should be registered. After the end of follow-up of the last patient
and analysis, anonymous data from the trial should also be re-
gistered [35]. This reduces publication bias [31–34], bias due to
post hoc changes of primary outcomes [36,37], and other biases.
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Fig.1 Number of publications on randomized trials and controlled clinical trials during the period 1955 to 2005 according to the Cochrane Hepatobiliary
Group Controlled Trial Register [56]. The decline since 2001 is most likely due to a backlog in identification and registration. RCT, randomized controlled trial.

Table 1 Components used to assess the methodological quality of randomized trials

Generation of allocation sequence

Allocation concealment

Double blinding

Adequate

Computer-generated random numbers, table of

random numbers, or similar

Central randomization, sealed envelopes, or similar

Identical placebo tablets or similar

Inadequate

Not described or inadequate methods

Not described or inadequate (by an open table or similar)

Inadequate (e.g. tablets versus injection), not described,

or no double blinding
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Most hepatobiliary randomized trials are too small and 
have methodological deficiencies [7,14,38–41] (Tables 2–4).
Cumulative meta-analyses (i.e. adding each new trial to the
meta-analyses when the trial is published) of interventions 
preventing oesophageal variceal bleeding and rebleeding, and 
of other interventions, have demonstrated that therapeutic 
recommendations in textbooks lag behind the available evid-
ence [42,43]. Therefore we need a regular systematic review of
the intervention literature. 

Sample size estimation in randomized
trials 

In a trial with a dichotomous primary outcome, the sample size
is determined from four pieces of information [20]:
• prior knowledge of the intervention effect (expected minimal
relevant difference);
• the expected proportion of patients with the primary outcome
during the trial in the control arm;

Table 2 Number of randomized trials, the proportion of randomized trials reporting sample size calculations, and number of participants per intervention
arm in four hepatobiliary journals [7,38–40]

Liver Journal of Hepatology Hepatology Gastroenterologya

Number of trials 32 171 235 383

Sample size calculations 7% 19% 26% NDb

Number of participants per intervention arm

Median 18 19 26 23

Interquartile range 10–36 11–31 14–44 10–50

Range 2–169 5–519 3–542 1–1107

aIncludes trials on both hepatobiliary and other gastroenterology topics. There were no major differences between hepatobiliary trials and trials on other

gastroenterology topics regarding sample size, but sample size varied significantly between the different disease areas examined (Kjaergard LL, Frederiksen S,

Gluud C, unpublished observations).
bND, not determined.

Table 3 Number of randomized trials and the proportion of randomized trials with adequate generation of the allocation sequence, allocation concealment,
and double blinding in four journals publishing many hepatobiliary trials [7,38–40]

Liver Journal of Hepatology Hepatology Gastroenterologya

Number of trials 32 171 235 383

Adequate generation of the allocation sequence 21% 28% 52% 42%

Adequate allocation concealment 5% 13% 34% 39%

Adequate double blinding 28% 30% 34% 62%

aIncludes trials on both hepatobiliary and other gastroenterology topics. There were no major differences between hepatobiliary randomized trials and

randomized trials on other gastroenterology topics regarding methodological quality, but methodological quality varied significantly between the different

disease areas examined (Kjaergard LL, Frederiksen S, Gluud C, unpublished observations).

Table 4 Comparison of 616 hepatobiliary randomized trials from 12 journals on MEDLINE [41] and 519 randomized trials from PubMed [44] regarding
sample size and adequacy of methodological components

Variable Randomized hepatobiliary clinical Randomized trials from all disease areas
trials published from 1985 to 1996 [41] published in December 2000 [44]

Median number of participants per intervention arm 23 participants (7–102 participants) 32 participants (12–159 participants)

(10th to 90th percentiles participants per intervention arm)

Proportion with adequate generation of the 48% 21%

allocation sequence

Proportion with adequate allocation concealment 38% 18%

Proportion with adequate double blinding 34% 38%

TTOC05_10  3/9/07  9:07 AM  Page 574



5.10 THE COCHRANE HEPATOBILIARY GROUP 575

• alpha or the risk of committing a type 1 error (usually set to
0.05);
• beta or the risk of committing a type 2 error (usually set to 
0.20 or 0.10) [20].

The sample size in a trial with a continuous outcome measure
is determined from knowledge of the mean and standard devia-
tion of the outcome instead of the expected proportion in the
control arm [20]. Sample size estimation should be based on the
primary outcome measure of the trial [20,36,37].

It is important to know the targeted sample size when we 
evaluate the internal validity of a randomized trial. Otherwise,
we do not know whether the data of the trial are reported before,
at, or after the targeted sample size was reached. 

Some 7–26% of hepatobiliary randomized trials report a 
sample size calculation, depending on the journal in which 
they were published (Table 2). In a study including PubMed-
indexed randomized trials from all disease areas, the figure was
27% [44].

Sample size of randomized trials

The number of patients included in hepatobiliary randomized
trials varied only a little depending on the journal in which they
were published (Table 2). The median number of participants
per intervention arm was 23 (10th to 90th percentiles from 7 to
102) in hepatobiliary trials published in 12 different journals
during 1985 to 1996 [41] (Table 4). In PubMed-indexed ran-
domized trials from all disease areas, the median number was 
32 participants per intervention arm (10th to 90th percentiles
from 12 to 159) [44] (Table 4). 

Small sample sizes are worrying, because they are connected
with large risks of type 1 and type 2 errors [20,41,44]. With a
small sample size, important prognostic variables may be
unevenly distributed. This could lead to observation of
significant ‘intervention effects’ simply due to the distribution 
of prognostic variables. A two-group comparison with 23 patients
in each arm has 26% power to detect a difference between event
rates of 30% in the control group and 10% in the experimental
group at the 0.05 significance level. The difference in inter-
vention effect corresponds to a relative risk of 0.33 or a relative
risk reduction of 67%. Such intervention effects are rarely dis-
covered. The power to detect smaller differences is less than 26%. 

Random errors are a real problem in hepatobiliary and 
other types of randomized trials. These problems can only be
overcome by developing more effective interventions (the
molecular-genetic ‘revolution’ may give some hope) or by 
clinical researchers realizing that being a small part of a large
trial is more important than being a large part of a small trial.

Methodological quality of randomized
trials

Conducting randomized trials with high methodological quality,
avoiding selection, performance, assessment, attrition and other

biases, decreases the risks of systematic errors [8–13,20,21]. 
We have examined the methodological quality of hepatobiliary 
randomized trials (Tables 3 and 4), and have found that several
trials have methodological deficiencies [7, 38–41,44–46]. 

The low methodological quality raises the question of
whether biased estimates of intervention effects have occurred.
A systematic review of the evidence may answer this question.
The methodological quality of a trial is related to the number 
of centres involved [7], the therapeutic area [7,38,40,41] and
whether the trial was sponsored [41]. We found no significant
difference between the quality of trials sponsored by for-profit
or not-for-profit organizations [41].

The proportion of hepatobiliary randomized trials with 
adequate generation of the allocation sequence varies from 21%
to 52%, depending on the journal in which they were published
(Table 3). About every second trial reported adequate gen-
eration of the allocation sequence among hepatobiliary trials 
published in 12 different journals during 1985–1996 [41]. The
proportion was 21% in PubMed-indexed randomized trials
from all disease areas [44] (Table 4).

The proportion of hepatobiliary randomized trials with ade-
quate allocation concealment varies from 5% to 39%, depend-
ing on the journal in which they were published (Table 3). A
total of 38% of trials reported adequate allocation concealment
among hepatobiliary trials published in 12 different journals
during 1985–1996 [41]. This proportion was higher in some
areas of hepatology (e.g. primary biliary cirrhosis) and lower 
in others (e.g. hepatitis B and C) [41]. The proportion was 
18% in PubMed-indexed randomized trials from all disease
areas [44] (Table 4). Trials with unclear or inadequate allocation 
concealment are associated with a 20–30% exaggeration of 
the intervention effect [8–12,21]. Some studies have found that
unclear reporting of allocation concealment does not necessarily
mean inadequate conduct of allocation concealment, but these
studies have been on small and select groups of trials [47–49].
Other studies observed unclear reporting of allocation conceal-
ment connected with unclear or inadequate methodology in
about 80% of trials [50,51]. 

The proportion of hepatobiliary trials with adequate double
blinding varies from 28% to 62%, depending on the journal 
in which they were published (Table 3). A total of 34% of 
trials were double blind among hepatobiliary randomized 
trials published in 12 different journals during 1985–1996 [41].
In PubMed-indexed randomized trials from all disease areas, 
38% were double blind [44] (Table 4). Due to the nature of
many interventions (e.g. endoscopy for portal hypertension,
gallbladder surgery), double blinding (i.e. blinding of both
patient and caregivers) may not be feasible. Only blinding 
of all involved in a trial can secure that reporting bias, perform-
ance bias, assessment bias, attrition bias and other biases do 
not occur. In trials where control interventions cannot be
blinded with a placebo or a sham, you can always use blinded
outcome assessment. This may reduce assessment and attrition
bias.
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The Cochrane Collaboration

The Cochrane Collaboration works to facilitate the preparation,
maintenance and dissemination of systematic reviews of ran-
domized trials and systematic reviews of other evidence evaluating
health care. The Cochrane Collaboration is named after Archie
Cochrane (1909–1988), the epidemiologist who first emphas-
ized that reliable information from randomized trials is vital for
making sound decisions in health care and research [52]. 

The Cochrane Collaboration started in 1993 and has since
grown rapidly [52,53]. By 2005, 12 Cochrane Centres and 49
collaborative review groups were registered as part of the Col-
laboration. The infrastructure for covering all areas of health
care is now in place. The tasks of the collaborative review groups
are to:
• search the specialist literature for randomized trials, con-
trolled clinical trials, and meta-analyses;
• establish and continuously update databases of these articles;
• prepare protocols for the systematic reviews;
• prepare the systematic reviews as well as continually updating
them.

The protocols and the systematic reviews are peer-refereed by
international experts before acceptance. Once accepted, the pro-
tocols and the systematic reviews are included in the Cochrane
Database of Systematic Reviews in The Cochrane Library
(http://www.cochrane.org). The Cochrane Library is dissem-
inated electronically on CD-ROMs and via the internet
(http://www.cochrane.org). The Cochrane Library contains the
Cochrane Central Register of Controlled Trials. This register
contains more than 450 000 references to abstracts or articles on
controlled clinical trials. Further, The Cochrane Library con-
tains about 20 reviews on methodology, a register of about 7000
articles on methodological issues, and references to different
Methods Groups and Fields.

In 2005, more than 4000 protocols for systematic reviews 
and 2500 systematic reviews were published in The Cochrane
Library. The Library also offers the Cochrane Handbook for
Systematic Reviews of Interventions [29]. This Handbook describes
the steps one has to take during formulating a protocol for a 
systematic review and when conducting the systematic review. 
It is available free of charge from http://www.cochrane.org or as
part of the free software RevMan Analyses. 

The Cochrane systematic review process is dynamic. The
review is modified, as new information becomes available. If you
want to contest something in a Cochrane review, you may send
an e-mail to the Editorial Team and the authors. In this way,
mistakes can be corrected and additional information included.
The Cochrane Collaboration still has much to improve [53,54].

The scope of the Cochrane Hepatobiliary
Group

The CHBG is one of the 49 collaborative review groups of The
Cochrane Collaboration. The CHBG became registered in 1996

[55,56], and its scope is to perform the tasks of the Cochrane
Collaboration within hepatobiliary diseases [55,56]. 

By 2005, the CHBG comprised more than 900 hepatologists,
gastroenterologists, hepatobiliary surgeons and biostatisticians
from more than 80 countries. Its members have expertise in
clinical trials, clinical epidemiology and clinical practice related
to hepatobiliary diseases.

The CHBG has the task of full-text searching the specialist
journals for randomized trials and controlled clinical trials.
Members of the CHBG are involved in searching 26 out of 159
identified specialist journals that need hand searching.

The productivity of the Cochrane
Hepatobiliary Group 

The CHBG has performed searches in a number of databases for
randomized trials, controlled clinical trials, and meta-analyses
pertinent to patients with hepatobiliary disorders. Millions of
references have been identified and scanned. About 20 000 of
these seem relevant for the work of the CHBG (Fig. 2). Of these,
almost 9000 are articles on randomized trials (Fig. 2), published
from 1955 until now (Fig. 1). These references are submitted 
to The Collaboration and included in the Cochrane Central
Register of Controlled Trials in The Cochrane Library.

More than 200 titles for systematic reviews have been regis-
tered with the CHBG and more than 120 CHBG protocols have
been published in The Cochrane Library. Of these protocols, 
50 have turned into CHBG systematic reviews. Abstracts of 
these reviews are available free of charge via PubMed or
http://www.cochrane.org. Total reviews are available free 
of charge in Australia, South Africa, a number of European 
countries, and in low-income countries via the WHO Health
InterNetwork Access to Research Initiative.

How you can participate

You can participate as a hand searcher for randomized trials, 
an author of systematic reviews, or peer-referee of reviews by
contacting the Editorial Team office. Interested parties can
obtain information as to which specialist journals need full-text
searching or which titles need to be reviewed or updated. You
can also register a title for a new systematic review. For further
information, please contact the CHBG Editorial Team Office,
Copenhagen Trial Unit, Center for Clinical Intervention Research,
Department 7102, Rigshospitalet, Copenhagen University
Hospital, Blegdamsvej 9, DK-2100 Copenhagen, Denmark. Tel.
+45 35457175; fax +45 35457101; e-mail dnikolov@ctu.rh.dk;
home page http://inet.uni2.dk/~ctucph/chbg/.

The past and the future of clinical
research

We have witnessed a dramatic increase in the number of ran-
domized trials during the last 50 years (Fig. 1). The trial size and
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methodological quality seem to leave a lot to be desired – 
and progress on this front has been slow or absent
[7–13,29,38–41,44–46,52]. We need to improve education 
in clinical epidemiology and systematic reviewing. We need to
pay more attention to adequate statistical power and adequate
design of randomized trials. The recommendations of the CON-
SORT statement (http://www.consort-statement.org) and the
Cochrane Collaboration [54] may serve as guides to future
research. We need more research into how to organize large 
randomized trials and how to reduce dropouts and insufficient
follow-up. We need more research into analyses of randomized
clinical trials. For example, logistic regression analyses seem to
dramatically increase rather than decrease the risks of over- and
underestimation of intervention effects [13]. We also need more
independent evaluation of interventions [22–26]. Additional
research in methods for systematic reviewing is also important,
for instance how best to conduct trial sequential analysis with
trial sequential boundaries in order to reduce the risk of com-
mitting type 1 errors [57–59]. Finally, we need to bridge the 
gaps between clinical research and clinical practice [60,61].
These tasks may be achieved – with investment and dedicated
collaboration. 
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Introduction

Fibrosis is part of the innate wound healing response that occurs
in injured tissues. Within the liver, fibrosis is characterized by
the deposition of extracellular matrix. Current evidence indi-
cates that net deposition of matrix is the result of a balance
between synthesis and degradation and constitutes a dynamic
process. The progression of fibrosis to cirrhosis has a number of
sequelae. First, it will distort hepatic architecture and vascula-
ture; second, it will have a deleterious effect on hepatic func-
tion; and third, it will increase the propensity for neoplastic
transformation. Therefore, the evolution of fibrosis to cirrhosis
represents a change in the morphology, haemodynamics and
function of the liver. This chapter will focus on the mechanisms
of progression and whether this process is potentially reversible.

Defining cirrhosis

The detailed histological description of fibrosis and cirrhosis can
be found in Chapter 1.2. The definition of cirrhosis remains
morphological, described by a working party for the World
Health Organization (WHO) in 1978 as: ‘a diffuse process 
characterized by fibrosis and the conversion of normal liver
architectures into structurally abnormal nodules’ [1]. Although
nodularity is a prerequisite for the definition, regeneration is
not. Regeneration is an important process in the development 
of cirrhosis but also occurs following virtually any insult to the
liver that results in hepatocellular death. Another important
aspect of the definition is that it does not include vascular
changes associated with cirrhosis. However, these changes are an
important component of the pathophysiology and progression
of cirrhosis, and may determine the reversibility of fibrosis and
cirrhosis, as discussed later in this chapter.

Mechanisms of progression

Iterative injury

It is self evident that iterative injury is an important and com-

mon mechanism by which fibrosis progresses to cirrhosis. This
is exemplified by clinical paradigms in which the injurious 
insult is removed. In alcoholic liver disease, abstinence from
alcohol not only prevents disease progression but may be 
associated with regression. Similarly, antiviral treatment in 
hepatitis B and hepatitis C infection and venesection in
haemochromatosis are therapeutic strategies that can prevent
the development of cirrhosis.

Apoptosis and collapse

Reduced hepatic cell mass is a key feature of advancing liver dis-
ease; apoptosis and collapse both contribute to this.

Toxic injury to hepatocytes can initiate ‘programmed’ cell
death, a process known as apoptosis. However, apoptosis may
also augment inflammation by the direct release of cellular 
contents such as cytokines or by the signals that induce apop-
tosis also co-stimulating inflammatory cascades [2]. Apoptosis
results in the fragmentation of cells into membrane-bound 
bodies called apoptotic bodies. The clearance of apoptotic 
bodies has classically been viewed as not inducing inflamma-
tion but, in certain liver models, it has been shown to be 
fibrogenic [3]. Additionally, secondary necrosis can supervene
in the context of massive apoptosis when clearance mechanisms
are overwhelmed. Therefore, apoptosis not only causes a loss of
hepatocytes but also contributes to inflammation and fibrosis,
which in turn leads to further apoptosis. Finally, the complex
interaction between apoptosis and fibrosis is highlighted by 
the role of apoptosis in the resolution of fibrosis, as discussed
below.

Collapse of architecture results in the approximation of portal
veins to hepatic veins, and it has been postulated that this results
from vascular obstruction. A study of non-alcoholic hepatitis
has demonstrated that 20% of hepatic veins were obstructed in
fibrosis stage 0. This increased to 45% in stage 3–4 fibrosis [4].
These figures suggest that vascular obstruction is an important
pathological process even in the milder stages of disease.
Furthermore, collapse of architecture and disruption of sinu-
soidal blood flow results in hypoxia of the hepatic parenchyma

6.1 The evolution of cirrhosis
John P. Iredale and I. Neil Guha

583

TTOC06_01  3/9/07  9:12 AM  Page 583



584 6 CIRRHOSIS

with resulting accentuation of inflammation and fibrosis (see
section below on angiogenesis).

Inflammation

Inflammation involves the processes of cellular exudation and
increased vascular permeability. The presence or absence of
inflammation in the liver is usually determined by histology.
While the majority of chronic liver diseases are associated with
inflammation, in others, e.g. haemochromatosis, histological
evidence of inflammation may not be prominent. To subdivide
fibrosis into ‘inflammatory’ and ‘non-inflammatory’ processes
is oversimplistic as the two processes have a great deal of overlap.
Furthermore, histological examination offers a ‘snapshot’ view
of events and is also limited by sample size. Moreover, there 
may be evidence of release of cytokines associated with injury
and inflammation even in the absence of a cellular infiltrate.
Therefore, the absence of inflammatory cells on a biopsy does
not always exclude an inflammatory aetiology. However, by
using this classification, one can highlight some of the proposed
mechanisms for the development and progression of fibrosis.

Inflammatory mechanisms of progression

Tissue fibrosis is mediated by fibroblasts and myofibroblasts.
Potential contributors to the hepatic myofibroblast population
in areas of inflammation include the hepatic stellate cell (HSC),
portal myofibroblast and myofibroblast derived from stem cells.
Of these, the HSC is the most thoroughly studied.

The HSC represents one of the principal components in the
initiation, orchestration, progression and resolution of liver
fibrosis (see Chapter 1.6). We will recap some of the important
aspects of HSC activation and perpetuation below.

Stellate cell activation

Activation involves the transdifferentiation of the quiescent,
retinoid-storing HSC, lying in the space of Disse, into the acti-
vated, contractile ‘myofibroblast’. In the activated state, HSCs
enter the cell cycle, leading to an accumulation of HSCs in areas
of injury. There are a number of potential initiators for HSC
activation, including soluble signals released by sinusoidal
endothelium, hepatocytes, Kupffer cells, platelets and leuko-
cytes. They are able to interact with the HSC using a variety 
of mediators ranging from fibronectin release from damaged
endothelium [5] to platelet-derived growth factor (PDGF),
transforming growth factor (TGF)-β1 and epidermal growth
factor from platelets [6].

Kupffer cells, which are resident macrophages in the liver,
have a significant interaction with HSCs. They are able to acti-
vate stellate cells and stimulate matrix synthesis via the release 
of cytokines, in particular TGF-β1, and reactive oxygen inter-
mediates. Kupffer cells also secrete matrix metalloproteinases
(MMPs), tissue inhibitors of metalloproteinases (TIMPs) and

anti-inflammatory cytokines such as interleukin (IL)-10, which
may be important in fibrosis resolution (see below).

Perpetuation of stellate cell activation

The activation and proliferation of stellate cells has a number of
effects. First, there is a direct increase in the amount of matrix
produced, in particular collagen I but also collagen IV and col-
lagen III.

Secondly, the HSC is a source of both MMPs and TIMPs.
Studies in animal and human models have indicated that inter-
stitial collagenase activity decreases with progression of liver
fibrosis, an effect mediated by TIMPs. Therefore, activation 
of HSCs not only results in matrix accumulation, but matrix
degradation is prevented through the expression of TIMPs.
Proliferation of HSCs is promoted by PDGF released in a
paracrine fashion from macrophages [7] and also in an
autocrine manner from HSCs [8]. Other mitogens present in the
inflammatory lesion include thrombin, insulin growth factor 1,
TGF-α, endothelin-1, fibroblast growth factor (FGF) and vascu-
lar endothelial growth factor (VEGF) [9,10].

Studies have demonstrated a positive correlation between the
degree of fibrosis and the accumulation of activated HSCs in 
the damaged liver [11,12]. Conversely, the resolution of acute
liver injury following paracetamol overdose has been shown to
be associated with a reduction in α-smooth muscle actin-positive
activated HSCs [13].

A number of additional mechanisms may mediate both the
activation and the perpetuation of activated HSCs, including
chemotactic loops, retinoid loss and signalling and cytokine
release. These are discussed in greater detail in Chapters 1.6 
and 6.2.

The HSC has a central role in the inflammatory process, but
there is a complex interaction with the other cell types, including
Kupffer cells and T-lymphocyte cells, largely through cytokine
mediators. T-cell subtype has been demonstrated to be im-
portant; for example, a type 2 T helper (Th2) response, in 
comparison to a Th1 response, promotes fibrogenesis [14]. This
dichotomy of response may have evolved as a response to 
parasites, which classically elicit a Th2-driven response. Finally,
there is emerging interest in the relative contribution to fibrosis
from other myofibroblasts, i.e. portal myofibroblasts and
myofibroblasts of bone marrow origin [15].

Extracellular matrix

The matrix components present in hepatic fibrosis include col-
lagens (predominantly interstitial but including other collagen
components, e.g. type 4 collagen), proteoglycans and matrix 
glycoproteins (see Chapter 2.4.3). In turn, this neomatrix may
regulate progression. The normal basement membrane-type
matrix (rich in collagen IV) and its replacement with a matrix
rich in type I collagen, associated with inflammation and fibrosis,
is likely to critically alter cell–matrix interactions, resulting in
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activation and perpetuation of activation of HSCs. Some studies
demonstrate increased activation of HSCs cultured on the EDA
isoform of fibronectin [5], whereas there is inhibition of activa-
tion of HSCs cultured on a membrane analogous to normal
basement membrane [16].

Recent evidence indicates that contact with the type I collagen-
rich matrix and specific integrin-derived signals associated with
the turnover of type I collagen in a pericellular manner may be
associated with stellate cell survival and proliferation respect-
ively. In contrast, degradation of type I-rich matrix may be 
associated with stellate cell apoptosis; indeed, disruption of
specific integrin signals has also been demonstrated to result in
stellate cell apoptosis. Thus, aspects of the activated stellate
cell–matrix interaction in the presence of established fibrosis 
can be viewed as perpetuating the fibrotic response in a manner
that leads to the persistence of fibrosis.

The matrix may also provide a reservoir for the mediators 
of fibrogenesis/fibrolysis, for example by binding cytokines,
MMPS and TIMPs [17].

Non-inflammatory mechanisms of
progression

Contractility

The teleological reason for contractility is the necessity for the
body to close wounds, an integral part of healing. In common
with wound healing processes in other tissues, the myofibroblast
population in hepatic areas determines contractile activity. The
contraction of activated myofibroblasts may have a contributory
role in the development of portal hypertension. Endothelin con-
centrations, a powerful stimulation for contraction of HSCs, rise
after fibrotic injury. To confound this, nitric oxide, which antag-
onizes the effect of endothelin and is derived from endothelial
cells, is reduced in injury. Receptors for endothelin-1 and other
less potent factors, including eicosanoids, prostaglandins, vaso-
pressin, adenosine, thrombin, platelet-activating factor (PAF)
and angiotensin 11, have been found on activated HSCs [18].

Angiogenesis

The endothelial lining of sinusoids becomes non-fenestrated
with the development of perisinusoidal fibrosis. This ‘capillar-
ization’ of the sinusoids leads to functional shunting of the
blood across the lobule, resulting in a deficient supply of 
nutrients and oxygen. Relative hypoxia of the parenchyma can
result in the release of angiogenic factors, as evidenced by animal
models [19,20]. The release of these factors may then contribute
to the development of vascular structures within the fibrous 
tissue connecting portal to portal tract or, more significantly,
connecting portal tract to central vein. Therefore, both func-
tional and anatomic shunting of blood occurs within the lobule,
causing the development of a vicious circle encompassing hypoxia
and fibrosis. Furthermore, vascular thrombosis also contributes

to the vascular insufficiency. Imaging studies have demonstrated
a significant proportion of portal vein thrombosis in cirrhotic
patients [21–23] and, when explanted livers of this group are
examined at autopsy, occlusion of the portal and hepatic vein is
found in 36% and 70% of patients respectively [24].

Models of non-inflammatory progression

The most widely used example of non-inflammatory progres-
sion is haemochromatosis. Pronounced inflammatory cell
infiltration is not a frequent feature seen in liver biopsy speci-
mens from patients with genetic haemochromatosis. Therefore,
other mechanisms of hepatic fibrogenesis have been proposed.
Iron is involved in lipid peroxidation resulting in reactive oxy-
gen species (ROS). Products of ROS, including isoprostanes and
malondialdehyde, have been found in hepatic tissue in animal
and human models of iron overload respectively [25,26]. These
products of ROS may cause Kupffer cell activation or act 
directly on stellate cells. However, despite the absence of overt
inflammation, an immunological/inflammatory aetiology can-
not be entirely excluded. Studies have shown differences in
immunological phenotypes including T-cell subsets and cytokine
expression of IL-10 and interferon (IFN)-γ in patients with
haemochromatosis [27,28]. Additionally, at least one study has
shown that areas of intense iron deposition do not correspond
with HSC activation as determined by immunostaining for 
α-smooth muscle actin [28]. Thus, the relative contribution of
the immunological and oxidative stress pathways in producing
fibrosis has yet to be definitively elucidated.

Studies of liver histology from patients with alcoholic liver
disease have demonstrated that steatosis alone may be associated
with the development of fibrosis [29]. There is some evidence
that acetaldehyde, produced by the metabolism of ethanol,
could also be directly fibrogenic by stimulating collagen produc-
tion in HSCs [30]. However, this effect may require the stellate
cells to be activated initially by an independent mechanism [31].
Furthermore, there is clear evidence that the development of
inflammation in the context of alcoholic injury is associated
with the progression to fibrosis and cirrhosis in comparison with
individuals in whom alcoholic hepatitis does not supervene.

Taken together, these examples suggest that inflammation is a
powerful stimulus for the fibrotic response and, as noted above,
represents the most prevalent interactive injury in worldwide
terms. However, there is significant overlap and synergy of the
different mechanisms responsible for the progression of fibrosis.

Clinical factors influencing progression

In general, the progression of fibrosis requires the presence of
ongoing stimulus over months to years. There are exceptions 
to this including neonatal fibrosis and veno-occlusive disease,
which follow a more fulminant course for reasons that are not
entirely clear [32,33]. The rate of progression varies within and
between diseases. In hepatitis C, factors found to influence the
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progression of fibrosis include male sex, duration of infection,
acquisition of infection at an older age (> 40 years), long-term
excessive alcohol intake, immunosuppression, co-infection with
human immunodeficiency virus (HIV) or hepatitis B virus (HBV)
and non-response to antiviral therapy. Additionally, longitudi-
nal studies have suggested that the degree of necroinflammation
at the first biopsy may predict future fibrosis [34,35] and 
have added weight to the concept that fibrosis progresses in a
non-linear fashion. In hepatitis B, ongoing inflammation,
influenced by host and viral factors, correlates with fibrosis
[36,37]. The risk factors for progression in non-alcoholic steato-
hepatitis (NASH) are still being defined but include obesity,
insulin resistance and age [38].

While some of the risk factors are intuitive, such as continuing
inflammation and dual pathology, others are less so. In hepatitis
C virus (HCV) and NASH, why does the age of acquisition of
disease influence fibrosis progression? Is there a significant 
difference in the wound healing response with increasing age,
perhaps determined by cellular senescence, or does this simply
reflect a higher starting point resulting from subclinical fibrosis?
Large studies to date have not shown that viral genotype has a
role in fibrosis progression in HCV, yet this clearly influences
response to treatment [39]. There is, however, increasing evid-
ence for the role of the host genotype in fibrosis, e.g. polymor-
phisms including TGF-β and angiotensinogen [40] (see also
Chapters 3.3.1 and 3.3.3). Recently, the genetic factor V Leiden
mutation has also been shown to be associated with rapid pro-
gression of fibrosis in hepatitis C [41].

The progression of fibrosis may therefore be through a series
of common pathways, but a multitude of factors determine to
what extent and how quickly the final stage of cirrhosis is reached.

Cell and molecular events mediating
perpetuation of the fibrotic response

While iterative injury and the persistence of inflammation will
clearly continue to drive fibrosis, there are certain aspects of 
activated stellate cell behaviour and phenotype, described above,
that will perpetuate the response and, in turn, may perpetuate
fibrosis even in the absence of injury. Additionally, stellate cells
can mediate inflammation. One recent observation is that senes-
cent stellate cells may develop a proinflammatory phenotype.
Senescence develops after prolonged periods of replication
when critical shortening of telomeres prevents further replica-
tion and induces a specific phenotype of a given cell. One might
anticipate that, in iterative injury in which stellate cells are
driven to relentless cycles of proliferation, the development of
senescence might indeed supervene and, in turn, be associated
with the perpetuation of the inflammatory and fibrotic response.

Is fibrosis reversible?

The reversibility of fibrosis has been demonstrated in a spectrum
of diseases including autoimmune hepatitis treated with steroids,

haemochromatosis responding to venesection, hepatitis C treated
with antiviral therapy and biliary decompression for secondary
biliary fibrosis [42–46].

Animal models demonstrating the reversal of fibrosis also
exist including biliary obstruction and carbon tetrachloride 
toxicity [47]. In the carbon tetrachloride model, biological
mechanisms for this reversal have been proposed. Rats previ-
ously exposed to carbon tetrachloride for 4 weeks demonstrated
evidence of loss of activated HSCs mediated by apoptosis in 
the recovery phase of fibrosis. Additionally, mRNA levels of 
the metalloprotease inhibitors, TIMP-1 and TIMP-2, decreased
during the recovery phase in comparison with collagenase levels,
which remained relatively constant. These findings, in conjunc-
tion with other experiments, suggest that the reversal of fibrosis
is a result of reduced inhibition of collagenases, secondary to
HSC apoptosis, thus tipping the balance towards matrix degra-
dation [48]. Proof of concept is demonstrated by administration
of gliotoxin, a fungal metabolite that induces apoptosis in acti-
vated HSCs, causing an improvement in the severity of fibrosis
in the carbon tetrachloride rat model [49].

The role of macrophages/Kupffer cells in fibrosis is complex.
Macrophages may play opposing roles in fibrosis during injury
and recovery. Using an animal model in which macrophages are
selectively depleted, fibrosis was attenuated and associated with
reduced numbers of HSCs when depletion occurred during
injury. In contrast, if depletion occurred during recovery, there
was a failure of fibrosis resolution but not a significant diminu-
tion in HSCs [50]. The question remains whether the resolution
of fibrosis was due to macrophage-mediated HSC fibrolysis or
HSC-mediated fibrolysis in combination with direct matrix
degradation by macrophages.

Is cirrhosis reversible?

This is a controversial area and opinions on this topic are cer-
tainly not united. There are clinical examples of ‘reversal’ of
fibrosis within cirrhosis in a number of diseases. Poynard et al.
[51] demonstrated a reduction in metavir scoring in patients
with HCV infection, including patients with stage F4 represent-
ing cirrhosis, following combination treatment with pegylated
interferon and ribavarin. However, whether this represents
‘reversal’ of cirrhosis is open to question. A major problem lies
in the obvious propensity of needle biopsy to result in a samp-
ling error, an effect potentially confounded by the limitations 
of semi-quantitative histological scoring. There is a body of 
evidence in both animal and clinical models that resolution of
cirrhosis is associated with the transformation of micronodular
cirrhosis into macronodular cirrhosis. As the fibrous bands 
surrounding macronodules are often not included in the biopsy
specimen, the more subtle aspects of regenerating parenchyma
can be misinterpreted as normal or near normal hepatic archi-
tecture. When larger specimens of liver are examined, such 
as liver explants, there is evidence of regression of microno-
dular cirrhosis into not only macronodular cirrhosis but also 
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incomplete septal fibrosis [52]. Remodelling has also been
shown in a rat model of cirrhosis, studied over 366 days of 
recovery [53]. This model confirmed both a retreat from a
micronodular to an attenuated macronodular cirrhosis as well
as demonstrating that elements of the macronodular cirrhosis
were essentially irreversible. Residual septae that were not
remodelled were characterized by matrix cross-linking and, in
certain cases, neoangiogenesis. This raises the intriguing possi-
bility that cross-linking of collagen is a factor in determining 
the reversibility of cirrhosis. These examples also highlight the
difficulty in trying to characterize a process that can take a pro-
longed and variable length of time. Certainly there is evidence
for an improvement in fibrosis, although the balance of current
evidence suggests that true cirrhosis is not entirely reversible.
Whether this partial regression is sufficient to restore effective
hepatocyte function is at present unknown.

A further problem with demonstrating reversal of cirrhosis
lies in its definition. It is a morphological definition, yet cirrhosis
also encompasses haemodynamic changes depicted above, and
whether an improvement in fibrosis within the context of 
cirrhosis is associated with reversal of neovasculature is also
unknown.

If histological reversal of cirrhosis is so contentious, is there
any evidence of functional improvement in hepatocellular func-
tion as a surrogate measure? Clearly, no single surrogate marker
will indicate reversal of cirrhosis in its entirety. For example, 
it may be possible to demonstrate an improvement in hepatic
synthetic function but, in the presence of continued portal
hypertension, this change is unlikely to represent a reversal of
cirrhosis. In patients with cirrhosis secondary to hepatitis B,
investigators have found an improvement in histological scores
and clinical parameters of portal hypertension following treat-
ment with lamivudine [54]. Similarly, in the HCV treatment
trial quoted above, reduced rates of bleeding in association with
improved liver parameters were found in patients treated with
combination therapy. Using functional assessment is a useful
tool for patients and clinicians alike, but alone cannot substitute
for a histological definition for the reversal of cirrhosis.

Conclusion

The evolution of fibrosis to cirrhosis is critically dependent on
the perpetuation/resolution of the underlying injury, the type 
of disease and host factors including specific genetic traits. 
A greater understanding of which factors have the greatest
influence on progression and how they interact will give us
insights into the prevention of this process.

Fibrosis is a dynamic process, and there is strong evidence that
elements of fibrosis are completely reversible. The activation of
hepatic stellate cells and the recruitment of other myofibroblast
cells and the interaction of these cells with their environment
and the inflammatory milieu may all determine the propensity
of a given fibrotic lesion to resolve. Current evidence indicates
that there are certain irreversible components of cirrhosis and,

while there can be significant histological improvement with
regression of cirrhosis, complete resolution with a return to 
normal architecture seems unlikely. Whether the improvements
that may occur spontaneously or as a result of antifibrotic 
intervention would cause sufficient regression of fibrosis to be
associated with clinical change in hepatic function is currently
unknown. It is intriguing to suggest that the effect of antifibrotic
therapy might be sufficient to obviate the need for liver trans-
plantation by leaving a patient with adequate hepatocellular
function. In this patient, complications such as portal hyperten-
sion could be managed piecemeal by band ligation or shunts
introduced by radiological or surgical means.
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Introduction

Many significant advances in the investigation  of hepatic fibrosis
have led to a new understanding of how the liver generates 
scar in response to injury, and pointed to new approaches to 
its treatment. These advances have included the isolation and
characterization of fibrogenic cell types in liver, elucidation of
pathogenic mechanisms and clarification of mediators. This
chapter will review the substantial progress in understanding the
pathophysiology of hepatic fibrosis, and how this has led to a
rational new template for antifibrotic therapy. Mechanisms
underlying reversibility of fibrosis are summarized in Chapter
6.1 (Evolution of cirrhosis), whereas clinical features of cirrhosis
are detailed in Chapter 6.3 (Clinical aspects of cirrhosis). In
addition, emerging genetic determinants of fibrosis progression
are reviewed in Chapters 3.3.1 (Polymorphisms) and 3.3.3
(Genetic determinants).

Hepatic fibrosis refers to the accumulation of interstitial or
‘scar’ extracellular matrix that follows either acute or chronic
liver injury. Cirrhosis, the endstage of progressive fibrosis, is
characterized by septum formation and scar surrounding nod-
ules of hepatocytes. The composition of extracellular matrix
molecules in fibrotic liver is similar to those of other fibrosing
parenchyma including lung and kidney, and also similar among
different aetiologies of liver disease. Typically, fibrosis requires
years or decades to become clinically apparent, but notable
exceptions in which cirrhosis develops over months may include
paediatric liver disease (e.g. biliary atresia), drug-induced liver
disease and viral hepatitis associated with immunosuppression
following liver transplantation.

Cellular sources of extracellular matrix
in normal and fibrotic liver

The hepatic stellate cell (previously called lipocyte, Ito, fat-
storing or perisinusoidal cell) is the primary source in normal and
fibrotic liver. In addition, related mesenchymal cell types from a
variety of sources may also make minor contributions to total
matrix accumulation, including classical portal fibroblasts [1–3]

(especially in biliary fibrosis), bone marrow-derived cells [4], as
well as fibroblast-derived epithelial–mesenchymal transition
(EMT) [5]. EMT is a well-characterized response of the kidney
[5] to injury, but its role in liver injury has been less convincing.

Hepatic stellate cells are resident perisinusoidal cells in the
subendothelial space between hepatocytes and sinusoidal
endothelial cells (for reviews, see [6,7]). As the primary storage
site for retinoids (vitamin A compounds), stellate cells can be
recognized by their vitamin A autofluorescence, perisinusoidal
orientation and by expression of the cytoskeletal proteins
desmin and glial acidic fibrillary protein.

The concept of ‘stellate cells’ may actually represent a hetero-
geneous population of mesenchymal cells with respect to
cytoskeletal phenotype, vitamin A content and localization [8].
Moreover, remarkable plasticity of stellate cell phenotype has
been documented in vivo and in culture, precluding a strict
definition based only on cytoskeletal phenotype [9,10]. In addi-
tion, stellate cells with fibrogenic potential are not confined to
liver and have been identified in pancreas, for example, where
they contribute to desmoplasia in chronic pancreatitis [11] and
carcinoma [12]. A common origin of hepatic and pancreatic
stellate cells is strongly suggested by the remarkable similarity of
their transcriptional profiles [13].

Stellate cell activation, a central event
in hepatic fibrosis

‘Activation’ of stellate cells refers to a continuum of cellular and
molecular changes in which stellate cells undergo a transition
from a quiescent vitamin A-rich cell to a highly fibrogenic cell
characterized by enlargement of rough endoplasmic reticulum,
diminution of vitamin A droplets, ruffled nuclear membrane,
appearance of contractile filaments and proliferation. Cells with
features of both quiescent and activated cells are often called
‘transitional cells’. Stellate cells have now been characterized in
many human liver diseases. Alcoholic liver disease is the best
studied example, with numerous reports documenting features
of activation in situ (for review, see [14]); activation may even
occur in the presence of steatosis alone without inflammation

6.2 Cellular and molecular pathobiology of
liver fibrosis and its pharmacological
intervention
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[15]. Activated stellate cells have also been identified in viral
hepatitis [16] and hepatocellular carcinoma, where they con-
tribute to the deposition of tumour-associated stroma [17].
Stellate cells have additionally been characterized in a number of
other human diseases, including vascular disease, haematolo-
gical malignancy, biliary disease, mucopolysaccharidosis, par-
acetamol overdose, leishmaniasis and allograft rejection, and in
drug abusers.

Extracellular matrix production by sinusoidal endothelial
cells, while less than that of stellate cells, is nonetheless an
important component of early fibrosis. Like stellate cells, there is
considerable heterogeneity of sinusoidal endothelium in normal
and fibrotic liver. Endothelial cells from normal liver produce
types 3 and 4 collagen, laminin, syndecans and fibronectin 
[18]. Following acute liver injury, increased expression of 
cellular isoforms of fibronectin by these cells is a key early event
[19], because their appearance creates a microenvironment that
activates stellate cells.

Pathways of stellate cell activation (Fig. 1)

Stellate cell activation is conceptualized in two major phases of
progression, initiation (also called a preinflammatory stage) and
perpetuation [6], as well as a key stage of resolution (see Chapter
6.1). Initiation refers to early changes in gene expression and
phenotype that render the cells responsive to other cytokines and
stimuli, whereas perpetuation results from the effects of these
stimuli on maintaining the activated phenotype and genera-

ting fibrosis. Initiation is largely due to paracrine stimulation,
whereas perpetuation involves autocrine as well as paracrine
loops.

Initiation of stellate cell activation
The earliest changes in stellate cells are likely to result from
paracrine stimulation by all neighbouring cell types, including
sinusoidal endothelium, Kupffer cells, hepatocytes and platelets.
As noted above, early injury to endothelial cells stimulates the
production of cellular fibronectin, which has an activating effect
on stellate cells [20]. Endothelial cells are also likely to participate
in the conversion of transforming growth factor (TGF)-β from
the latent to the active, profibrogenic form. Sinusoidal endothe-
lial cells, normally fenestrated to allow rapid bidirectional trans-
port of solutes between sinusoidal blood and parenchymal cells,
may rapidly lose their fenestrations upon injury and express
proinflammatory molecules including intercellular adhesion
molecule (ICAM)-1, vascular endothelial growth factor (VEGF)
and adhesion molecules [21,22]. Together with stellate cells,
they activate angiogenic pathways in response to hypoxia asso-
ciated with local injury or malignancy [22–25].

Early stimulation of stellate cells by lipid peroxides con-
tributes to many forms of liver fibrosis, particularly hepatitis C,
non-alcoholic steatohepatitis (NASH) and iron overload [26].
In fact, there is an increased prevalence of heterozygosity for
mutation of the haemochromatosis gene in patients with NASH,
suggesting a potentially synergistic relationship between fat and
iron overload [27]. Additionally, fibrosis is more likely among
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Fig. 1 Phenotypical features of hepatic stellate
cell activation during liver injury and resolution.
Following liver injury, hepatic stellate cells
undergo ‘activation’, during which they are
transformed from quiescent vitamin A-rich cells
into proliferative, fibrogenic and contractile
myofibroblasts. The major phenotypical
changes after activation include proliferation,
contractility, fibrogenesis, matrix degradation,
chemotaxis, retinoid loss and white blood cell
(WBC) chemoattraction. Key mediators
underlying these effects are shown. The fate of
activated stellate cells during the resolution 
of liver injury is uncertain but may include
reversion to a quiescent phenotype or selective
clearance by apoptosis. ECM, extracellular
matrix; cFn, cellular fibronectin; PDGF, 
platelet-derived growth factor; ET-1,
endothelin-1; TGF-b1, transforming growth
factor b1; MMP-2, matrix metalloproteinase-2;
MCP-1, monocyte chemoattractant protein-1;
HSC, hepatic stellate cell (from ref. 94, with
permission.)
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patients with NASH who are obese, which correlates with
increased hepatic steatosis [28]. Panels of biochemical markers
have been developed to enhance the prediction of fibrosis in
patients with NASH [29,30]. Because antioxidant levels are typ-
ically depleted in cirrhotic liver, as fibrosis advances, their loss
could further amplify the injurious effects of lipid peroxides.

Hepatocytes, as the most abundant cell type in liver, are a
potent source of these fibrogenic lipid peroxides. There is a 
correlation in situ between the presence of aldehyde adducts 
and collagen gene expression by stellate cells [31], and peroxides
stimulate collagen synthesis by cultured stellate cells [32]. Steatosis
in NASH and hepatitis C virus (HCV) infection correlates with
increased stellate cell activation and fibrogenesis [33], possibly
because fat represents an enhanced source of lipid peroxides. In
culture, activation of stellate cells is provoked by the generation
of free radicals and is blocked by antioxidants [34].

Whereas hepatocyte necrosis associated with lipid peroxida-
tion is considered a classical inflammatory and fibrogenic stim-
ulus, recent findings also implicate apoptosis, or programmed
cell death, in the fibrogenic response [35]. Apoptotic fragments
released from hepatocytes are fibrogenic towards cultured stellate
cells, in part through induction of nicotinamide adenine dinu-
cleotide phosphate hydrogenase (NADPH) oxidase [36,37], and
also activate Kupffer cells [38]. Additionally, Fas-mediated hepa-
tocyte apoptosis in vivo in experimental animals is fibrogenic [39].

Platelets are a potent source of growth factors in liver 
injury [40], yet their potential contribution has been largely
overlooked. Potentially important platelet mediators include
platelet-derived growth factor (PDGF), TGF-β1 and epidermal
growth factor (EGF).

Perpetuation of stellate cell activation
Perpetuation of stellate cell activation reflects distinct alterations
in cell behaviour that include: (i) proliferation; (ii) chemotaxis;
(iii) fibrogenesis; (iv) contractility; (v) matrix degradation; (vi)
retinoid loss; (vii) white blood cell (WBC) chemoattractant and
cytokine release. Either directly or indirectly, the net effect of
these changes is to increase the accumulation of extracellular
matrix. For example, proliferation and chemotaxis lead to
increased numbers of collagen-producing cells, but there is also
more matrix production per cell. Cytokine release by stellate
cells can amplify the inflammatory and fibrogenic tissue re-
sponses, and matrix proteases may hasten the replacement of
normal matrix with one typical of the wound ‘scar’.

Proliferation
PDGF is the most potent stellate cell mitogen that has been
identified [41]. Induction of PDGF receptors early in stellate cell
activation increases responsiveness to this potent mitogen [42].
Downstream pathways of PDGF signalling have been well char-
acterized in stellate cells [43]. PDGF also stimulates Na+/H+

exchange, providing a potential site for therapeutic interven-
tion by blocking ion transport [44]. Transgenic expression of
PDGF-C in mice leads to both hepatic fibrosis and carcinoma

[45], raising a potential role for the cytokine in carcinogenesis as
well as fibrosis. Other compounds with mitogenic and/or fibro-
genic activity in stellate cells include VEGF [24], thrombin and
its receptor [46,47], EGF, TGF-β, keratinocyte growth factor
[48] and basic fibroblast growth factor (bFGF) [49]. Signalling
pathways for these and other mitogens have been greatly clari-
fied in stellate cells [43].

Chemotaxis
Stellate cells can migrate towards cytokine chemoattractants
[23,43] mediated by a number of transmembrane receptors
[43,50–53], which is characteristic of wound-infiltrating mes-
enchymal cells in other tissues as well. Chemotaxis of stellate
cells explains in part why stellate cells align within inflammatory
septae in vivo.

Fibrogenesis
Increased matrix production by each fibrogenic cell contributes
significantly to matrix accumulation in hepatic fibrosis.
Regulation of the collagen I gene in stellate cells provides an
important paradigm for understanding the pathophysiology of
stellate cell fibrogenesis (see also Chapter 2.4.3, Function and
metabolism of collagen and other extracellular matrix proteins).
The most potent stimulus to collagen I production is TGF-β1,
which is derived from both paracrine and autocrine sources;
TGF-β1 also stimulates the production of other matrix com-
ponents, including cellular fibronectin and proteoglycans [54].
TGF-β1 stimulates collagen in stellate cells through a hydrogen
peroxide-, p38 MAPK- and C/EBPβ-dependent mechanism
[55,56]. TGF-β expression is increased in patients with chronic
hepatitis C, emphasizing the potential importance of this
cytokine in chronic liver disease [57]. Similarly, serum levels of
TGF-β correlate with the risk of veno-occlusive disease follow-
ing bone marrow transplantation [58]. Also, stellate cell respon-
siveness to TGF-β1 is increased during activation by enhanced
ligand binding to its cognate receptors [54].

Signals downstream of TGF-β1 include a family of bifunc-
tional molecules known as Smads, upon which many extracellular
and intracellular signals converge to fine tune and additionally
enhance TGF-β’s effects during fibrogenesis, downstream of its
receptors [59,60]. The response of Smads in stellate cells differs
between acute and chronic injury to further favour matrix 
production [61,62]. Smads 2 and 3 elicit distinct signalling
responses that promote stellate cell activation and fibrogenesis
[43], whereas Smad 7 is inhibitory, making it an attractive
molecule to use in antifibrotic therapies [63] (see section on
Pharmacological intervention in hepatic fibrosis).

Continued understanding of collagen gene transcription,
translation and mRNA stability have emphasized the many sites
of regulation that may affect collagen production [64–67].

Lipid peroxidation products are recognized as important stimuli
for extracellular matrix production [68], particularly when
derived from hepatocytes [34]. Their effects may be amplified 
by loss of antioxidant capacity of stellate cells as they become
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activated [69]. These important insights have provoked efforts
to use antioxidants as therapy for hepatic fibrosis (see section on
Pharmacological intervention in hepatic fibrosis). Stimulation
of fibrogenesis may be especially critical in the pathogenesis 
of NASH, in which fat provides a large reservoir of potential
reactive oxygen species [70–72]. In addition to TGF-β1, connec-
tive tissue growth factor (now referred to as CCN2) is also a
potent TGF-β-regulated fibrogenic cytokine [73,74].

Contractility
Contractility of stellate cells may be a major determinant of early
and late increases in portal resistance during liver fibrosis.
Activated stellate cells impede portal blood flow by both con-
stricting individual sinusoids and contracting the cirrhotic liver,
as the collagenous bands typical of endstage cirrhosis contain
large numbers of activated stellate cells [75].

As stellate cells become contractile, expression of the
cytoskeletal protein α-smooth muscle actin is increased.
Detection of α-actin appears to be an important clinical 
predictor of subsequent fibrosis, particularly in NASH [76] or
following liver transplantation [77–79].

The major contractile stimulus for stellate cells is endothelin-
1, whose receptors are expressed on both quiescent and activated
stellate cells but whose subunit composition may vary [75]. Unlike
PDGF receptors, endothelin receptor expression does not in-
crease with stellate cell activation, but there is a shift in the type
of endothelin receptor that predominates, combined with increased
sensitivity to autocrine endothelin-1 [80,81]. Increased endothe-
lin levels result from increased endothelin-converting enzyme
(ECE) activity resulting from stabilization of the ECE mRNA
[82]. Contractility of stellate cells in response to endothelin-1
has also been documented in vivo as well as in culture [83].

Another key contractile mediator in activated stellate cells 
is angiotensin II, which is synthesized by activated stellate cells 
in an NADPH-dependent pathway [84–86]. These findings are
particularly relevant to human disease, because antagonism of
this pathway is an attractive antifibrotic therapy using a variety
of safe, well-tolerated medications that are already available 
(see below) [87]. Contraction may also be induced in activated
stellate cells by vasopressin [88], substance P [89] and atrial
natriuretic peptide [90].

Locally produced vasodilator substances may counteract the
constrictive effects of endothelin-1 [91,92]. Nitric oxide, which is
also produced by stellate cells, is a well-characterized endogen-
ous antagonist to endothelin. During acute endotoxaemia, 
stellate cell production of nitric oxide is increased. In vivo studies
suggest that carbon monoxide also mediates sinusoidal relaxa-
tion through its effects on stellate cells [81,93].

Matrix degradation
Quantitative and qualitative changes in matrix protease activ-
ity play an important role in extracellular matrix remodelling
accompanying fibrosing liver injury and resolution (for details,
see Chapter 6.1).

Retinoid loss and nuclear receptor signalling
As stellate cells activate, they lose their characteristic perinuclear
retinoid (vitamin A) droplets and acquire a more fibroblastic
appearance. In culture, retinoid is stored as retinylesters,
whereas stellate cells activate the retinoid released outside the
cell as retinol, suggesting that there is intracellular hydrolysis of
esters prior to export [94]. However, it is unknown whether
retinoid loss is required for stellate cells to activate, and which
retinoids might accelerate or prevent activation in vivo.

Several nuclear retinoid receptors have been identified in 
stellate cells [95–98]. This class of molecules binds intracellular
retinoid ligands and regulates gene expression, but it is uncer-
tain what regulatory role they play in fibrogenesis. This question
has important clinical implications, as methods to use retinoids
therapeutically are being considered (see below).

Recently, peroxisome proliferator-activated receptors (PPAR),
in particular PPARγ, have been identified in stellate cells, and
their expression increases with activation [96]. Ligands for 
this newly identified nuclear receptor family downregulate stell-
ate cell activation [96,99]. Similarly, farnesoid X receptor (FXR)
not only regulates a range of genes involved in choleresis 
but, in stellate cells, may drive antifibrotic pathways alone 
or by converging with PPARγ signalling [95,100,101]. In 
contrast, PPARβ ligands stimulate stellate cell proliferation 
[97].

Inflammatory signalling and WBC chemoattraction
Stellate cells are assuming an increasingly central role in our
understanding of hepatic inflammation. They can amplify the
inflammatory response by inducing infiltration of mono- and
polymorphonuclear leukocytes, and chemokines secreted by 
bile duct epithelium may accelerate stellate cell activation 
during cholestasis [102]. Activated stellate cells produce
chemokines that include MCP-1 [91], CCL21 [16] RANTES 
and CCR5 [103]. They also express Toll-like receptors (TLR)
[104], indicating a capacity to interact with bacterial
lipopolysaccharide and other exogenous ligands including 
possibly viral proteins and/or nucleic acids. TLR activation 
stimulates stellate cells [105], and a complete characterization 
of this receptor family and their potential roles in stellate cell
biology is anticipated.

Stellate cells can also function as antigen-presenting cells [106]
which can stimulate lymphocyte proliferation or apoptosis [107].
Stellate cells produce neutrophil chemoattractants including
CINC [108], which could contribute to the neutrophil accumu-
lation characteristic of alcoholic liver disease.

In addition to regulating leukocyte behaviour, stellate cells
may in turn be affected by specific lymphocyte populations. For
example, CD8 cells harbour more fibrogenic activity towards
stellate cells than CD4 cells [109], which may explain in part the
increased hepatic fibrosis seen in patients with hepatitis C virus
(HCV)/HIV coinfection, in whom CD4/CD8 ratios are reduced,
than in patients monoinfected with HCV alone. Apoptosis of
hepatic stellate cells through stimulation by intrahepatic natural
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killer (NK) cells has also been identified and could reduce 
stellate cell numbers during resolution of fibrosis [110].

Transcriptional regulation of stellate cell 
activation
There have been significant advances in understanding intracel-
lular signalling and transcriptional gene regulation in activated
hepatic stellate cells [111,112]. A growing number of transcrip-
tion factors and signalling molecules may regulate stellate cell
behaviour, including p70S6K [113], PPARα, β and γ [97,114,115],
CRP-2 [116], retinoid receptors [117], NFκB [104], Jun D [111],
Krüppel-like factor 6 [118], Foxf1 [119], Lhx2 [120] and MEF2
[121], among others [111,114].

Disease-specific mechanisms 
regulating hepatic fibrosis – NASH 
and HCV

NASH is associated with an increasing incidence of advanced
fibrosis and cirrhosis with accelerated mortality [28,122]. Leptin,
a circulating adipogenic hormone whose serum concentration
reflects adipose mass, has been clearly tied to stellate cell 
fibrogenesis [123–125] and requires sympathetic neurotrans-
mission [126]. Sources are likely to be both endocrine and
autocrine, associated with enhanced signalling through the 
leptin receptor, which is upregulated during stellate cell activa-
tion [123,127].

In contrast to leptin, downregulation of adiponectin in obe-
sity, a counter-regulatory hormone, may amplify the fibrogenic
activity of leptin. Rapid advances in our understanding of these
adipokines in liver disease reflect their growing significance in
liver fibrosis, particularly NASH [127–129]. For example, mice
lacking adiponectin have enhanced fibrosis following toxic liver
injury [130], and patients with NASH have reduced expression
of adiponectin and its receptors [131].

Advances in HCV biology have uncovered a potential direct
fibrogenic activity of the virus. Activated stellate cells might be
infectable by HCV because they express candidate viral recep-
tors, including CD80, LDL receptor and C1q [132]. Addi-
tionally, adenoviral transduction of HCV non-structural and
core proteins induces stellate cell proliferation and release of
inflammatory signals [132]. The E2 protein of HCV can interact
directly with CD81, a stellate cell plasma membrane receptor
[133]. Moreover, hepatocytes in culture that support HCV
replication generate paracrine factors that also stimulate 
stellate cells [134]. In HCV-infected liver, chemokines and their
receptors are upregulated, stimulating lymphocyte recruitment
[16].

HCV proteins may also interact directly with sinusoidal
endothelium [135]. A ductular reaction with portal expansion
also correlates with fibrosis progression [136]. Steatosis and
apoptosis in HCV may accelerate fibrosis [137], even in patients
without NASH, and steatosis has emerged as an important
determinant of fibrosis progression in HCV [138,139].

Pharmacological intervention in hepatic
fibrosis

Thus far, no drugs are approved as antifibrotic agents in
humans, although a number of agents are in clinical trials. There
are several essential considerations in developing a safe, effective
antifibrotic to be approved for clinical use: (i) therapies will need
to be well tolerated over decades; (ii) there must be good target-
ing to liver and few adverse effects on other tissues; (iii) combi-
nation therapies may prove synergistic rather than additive, but
agents must first be tested individually to establish safety and
‘proof-of-principle’; (iv) it is uncertain whether antifibrotic
therapies will require intermittent or continuous administra-
tion; (v) for potentially effective agents, evidence of a direct
antifibrotic effect must be established in experimental models
rather than only an indirect effect by attenuating the injury that
drives the fibrogenic response; (vi) candidate therapies must be
effective in a liver that is already damaged (as in clinical liver dis-
ease) rather than only before the onset of injury; (vii) antifibrotic
therapies also carry the theoretical concern that inhibiting the
scarring response will prevent the encapsulation of injured
regions, leading to extension of tissue damage. In reality, how-
ever, antifibrotic therapies need only downregulate the scar
response to be effective and, in patients with cirrhosis, it is the
scarring, not injury, which usually leads to liver failure.

Antifibrotic therapies – rationale and specific
agents

The paradigm of stellate cell activation provides an important
framework to define sites of antifibrotic therapy (Table 1) (for
review, see [6]). These include: (i) curing the primary disease to
prevent injury; (ii) reducing inflammation or the host response
in order to avoid stimulating stellate cell activation; (ii) directly
downregulating stellate cell activation; (iv) neutralizing prolifer-
ative, fibrogenic, contractile and/or proinflammatory responses
of stellate cells; (v) stimulating apoptosis of stellate cells; (vi)
increasing the degradation of scar matrix by stimulating cells
that produce matrix proteases, downregulating their inhibitors
or by direct administration of matrix proteases.

Curing the primary disease
The most effective way to eliminate hepatic fibrosis is to clear 
the primary cause of liver disease. This includes abstinence 
in alcoholic liver disease, removal of excess iron or copper 
in precirrhotic genetic haemochromatosis or Wilson’s disease,
clearance of HBV or HCV in chronic viral hepatitis, eradication 
of organisms in schistosomiasis or decompression in mechan-
ical bile duct obstruction. Not to be overlooked, weight loss in
patients with NASH [140], or even those with HCV who are
overweight, may improve histology and is a simple recommen-
dation. Similarly, reversal of jejunoileal bypass-related hepatic
fibrosis and cessation of methotrexate may also prevent progres-
sion to cirrhosis. Identification of the pathogenetic mechanisms
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underlying primary biliary cirrhosis and sclerosing cholangitis
could lead to elimination of bile duct injury and periductular
fibrosis.

Reducing inflammation and immune 
response
Reduced fibrosis has been reported in HCV patients successfully
treated with pegylated α-interferon and ribavirin [141], pre-
sumably through their effect on viral replication and liver injury.
Sustained viral clearance will probably be associated with
marked regression of fibrosis, so that long-term follow-up of
patients successfully cleared of HCV may show more dramatic
reversal of disease than at early time points. Importantly, some
antifibrotic effect is observed even in the absence of viral clear-
ance [142]. In experimental biliary fibrosis, α-interferon also
reduces fibrosis [143], raising the possibility of a direct anti-
fibrotic mechanism in addition to its antiviral effect.

A number of agents have anti-inflammatory activity in vitro
and in vivo, which may eliminate the stimuli necessary for stellate
cell activation. Corticosteroids have been used for decades to
treat several types of liver disease, in particular autoimmune
hepatitis [144]. Their activity is solely as anti-inflammatory agents,
with no direct antifibrotic effect on stellate cells. Antagonists 
to tumour necrosis factor (TNF)α, or NFκB modulators have
some rationale, as do a growing number of biologically active
agents currently used in other chronic inflammatory diseases, in
particular inflammatory liver disease. Pentoxifylline may exert
its antifibrotic activity by downregulating TNFα signalling [145].
Other efforts to neutralize inflammatory cytokines include RGD
(Arg-Gly-Asp) antagonists, which may limit immunological
injury [146,147].

The renin–angiotensin system may also amplify inflamma-
tion through the generation of oxidative stress and, therefore,
either angiotensin-converting enzyme antagonists and/or
angiotensinogen II type 1 receptor antagonists may have anti-
inflammatory as well as antifibrogenic activity [148,149].

Ursodeoxycholic acid has a beneficial effect on fibrosis in 
primary biliary cirrhosis [150,151], possibly in part because of
its anti-inflammatory activity. Similarly, a nitric oxide-releasing
derivative of ursodeoxycholic acid reduces inflammation, fibro-
sis and portal pressure in an animal model [152].

A new class of drugs, broadly referred to as ‘hepatoprotec-
tants’, is showing considerable promise in preclinical and clin-
ical studies, including hepatocyte growth factor (HGF), HGF
deletion variants and HGF synthetic mimetics [153–155], as well
as insulin-like growth factor [156] and a small-molecule caspase
inhibitor that improves aspartate aminotransferase (AST) levels
in patients with chronic HCV and is currently in clinical trials
[157]. The exact mechanism of HGF’s antifibrotic activity is
uncertain, but may include inhibition of TGF-β1 activity or
upregulation of bone morphogenic proteins (BMPs). Trials in
large animals are under way, and those in humans are anticip-
ated, with careful monitoring planned to screen for potential
hepatocarcinogenesis, as HGF is a hepatocyte mitogen.

Table 1 Current and proposed pharmacological interventions for hepatic
fibrosis.

Reducing injury and inflammation
Antiviral therapy for viral hepatitis
Antihelminthic therapy for schistosomiasis
Chelation/venesection, treatment of metabolic disease
Angiotensin II type 1 receptor antagonists, ACE inhibitors
Hepatoprotectants:

Caspase inhibitors
HGF/HGF mimetics

Attenuating stellate cell activation
Alpha interferon
Antioxidants

Vitamin E, PDTC
Angiotensin II type 1 receptor antagonists

Cytokine-directed therapy
TGF-β antagonists
Endothelin receptor antagonists
HGF

PPARγ agonists
FXR agonists
Aldosterone antagonists
Pentoxifylline
Inhibiting properties of activated stellate cells
Antiproliferative

PDGF receptor antagonists
Sodium exchange inhibitors
HMG CoA reductase inhibitors
Plasmin/thrombin receptor antagonists

Anticontractile
Endothelin/endothelin receptor antagonists
Nitric oxide donors

Antifibrogenic
Collagen synthesis inhibitors
TGF-β inhibitors (soluble receptors, neutralizing antibodies)
HGF/HGF mimetics
AT receptor antagonists
ACE inhibitors
Integrin
CTGF/CCN antagonists
Smad 7 agonists

Promoting specific apoptosis of hepatic stellate cells
Gliotoxin
NGF agonists
TIMP antagonists
Degrading scar matrix
Direct collagenase administration
Inhibitors of transglutaminase or collagen cross-linking
TIMP antagonists
TGF-β inhibitors

ACE, angiotensinogen-converting enzyme; AT, angiotensin; CCN, 

cysteine-rich 61/connective tissue growth factor, neuroblastoma

overexpressed; FXR, farnesyl X receptor; HGF, hepatocyte growth factor;

HMG CoA, 3-hydroxy-3-methyl-glutaryl coenzyme A; NGF, nerve growth

factor; NOV, nephroblastoma overexpressed; PDGF, platelet-derived growth

factor; PDTC, pyrrolidine dithiocarbamate; PPAR, peroxisome proliferator-

activated receptor; Smad, mothers against DPP homologue 7; TIMP, tissue

inhibitor of metalloproteinase; TGF-β, transforming growth factor beta.

TTOC06_02  3/9/07  9:12 AM  Page 595



596 6 CIRRHOSIS

Inhibiting stellate cell activation
Reducing the transformation of quiescent stellate cells to acti-
vated myofibroblasts is a particularly attractive target given its
central role in the fibrotic response. The most practical approach
is to reduce oxidative stress, which is an important stimulus for
activation. Antioxidants, including alpha-tocopherol (vitamin
E) suppress fibrogenesis in some [158], but not all [159], studies
of experimental fibrogenesis. Other antioxidants can also reduce
stellate cell activation in culture [160], which provides a ratio-
nale for antioxidant trials in humans although, as noted above,
more potent formulations than those currently available may be
required.

Silymarin, a natural flavonoid component of the milk thistle
Silybum marianum, has sparked interest as a potential antifibrotic
therapy. The compound functions as an antioxidant and may
decrease hepatic injury via both cytoprotection and inhibition 
of Kupffer cell function [160,161]. A single human trial in 
cirrhotics has reported a slight survival advantage in alcoholic
cirrhotics in those with Child’s A disease [162], but larger, care-
fully controlled studies are under way to assess its efficacy.

The cytokine definitive γ-interferon has inhibitory effects 
on stellate cell activation in animal models of fibrosis [163]. 
A clinical trial of γ-interferon did not show the expected
antifibrotic benefit in patients with HCV, however, possibly
because only patients with advanced fibrosis were enrolled and
the treatment period (1 year) may have been too short.

Alpha-interferon, in addition to its antiviral effect, can down-
regulate stellate cell activation and fibrogenesis directly through
well-defined molecular pathways and suppress experimental
fibrosis [164]. Current long-term, low-dose α-interferon trials
in HCV non-responders, including HALT-C [165], are based in
part on this mechanism of action and, if these trials succeed, the
drug may emerge as the first bona fide antifibrotic in humans.
Inhibition of collagen gene expression in experimental models
may also be accomplished using synthetic olignucleotides to
inhibit collagen promoter activity [166].

Great excitement was generated by an uncontrolled trial of 
IL-10, which reported an antifibrotic effect in patients with
advanced HCV [167]. The finding was particularly exciting
because of parallel studies in animals and cultured stellate cells
suggesting a direct antifibrotic activity for this agent [168–171].
However, a controlled clinical trial showed no benefit, possibly
because the drug markedly increased HCV viral load [172].

PPARγ nuclear receptors are expressed in stellate cells, and
synthetic PPARγ ligands (thiazolidinediones) downregulate
stellate cell activation [96,173]. Given their widespread use in
diabetes, second- and third-generation thiazolidinediones (i.e.
lacking the hepatotoxicity seen with first-generation agents 
such as troglitazone) are now being tested in clinical trials in
both NASH and other fibrotic liver diseases. FXR ligands appear
to have similar effects, and small-molecule agonists are under
study in preclinical models with evidence of antifibrotic activity
[100].

Leptin is produced by activated stellate cells [174], which not

only affects lipid metabolism, but can directly influence wound
healing. In fact, animals deficient in leptin have reduced hepatic
injury and fibrosis [175,176]. Based on this finding, the discov-
ery of adiponectin, a natural counter-regulator to leptin, may
lead to the use of this agent in fibrosis, particularly associated
with NASH [127,130].

Progress in understanding transcriptional regulation has offered
the opportunity to block stellate cell activation by inhibiting the
activity of histone deacetylases (HDACs), enzymes critical for
modifying chromatin during gene transcription [177]. Highly
specific HDAC inhibitors offer the potential for selective block-
ing of stellate cell activation with tolerable safety and good
efficacy [178], but none has reached clinical use. Similarly, 
modulation of intracellular proteins including transcription 
factors remains an elusive target for antifibrotic therapy.

Herbal therapies and products derived from natural com-
pounds that are commonly used in the Far East are increasingly
being tested under controlled, scientifically rigorous condi-
tions [179], and some show promise of efficacy, in particular
Sho-Saiko-To [180], salvia miltiorrhiza [181] and a green tea
polyphenol [182].

Neutralizing proliferative, fibrogenic, contractile
and/or proinflammatory responses of stellate cells
Significant advances in growth factor biology will benefit the
treatment of hepatic fibrosis through the development of anta-
gonists to cytokines and their receptors. In particular, many 
proliferative cytokines including PDGF, FGF and TGF-α signal
through tyrosine kinase receptors, inhibitors of which are
already undergoing clinical trials in other tissues [183]. Because
the intracellular signalling pathways for these receptors are well
understood, inhibitors to signalling models are being explored
in vivo or in cultured stellate cells, including γ-linoleic acid and
lipoxygenase inhibitors [184], and PPARγ pathway inhibitors
(see above). Others include inhibitors of HMG CoA reductase
[185], pentoxifylline, which inhibits PDGF receptor signalling
[186], and compounds that elevate intracellular cyclic adenosine
monophosphate (AMP) [187] or block ion transporters, includ-
ing perfenidone [44,188].

The recent success in developing Gleevec, a safe, effective
small-molecule tyrosine kinase antagonist in human leukaemia
and mesenchymal cell tumours [189,190], augurs well for the
potential of oral small-molecule therapies for other indications,
including liver fibrosis. In fact, Gleevec is antifibrotic in experi-
mental liver fibrosis [191,192]. Other orally available, low-
molecular-weight small molecules to block cytokine receptor 
or intracellular signalling are under development. One such
compound is a selective inhibitor of Rho-mediated focal adhe-
sions, which can reduce experimental liver fibrosis [193].
Antisense mRNA to the PDGF B-chain as well as dominant-
negative or soluble PDGF beta receptors also block stellate cell
activation or experimental hepatic fibrosis [194–196]. As siRNA
(small interfering RNA) technology has become clinically appli-
cable, this approach will also merit further evaluation.
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Inhibition of matrix production has been the primary target
of most antifibrotic therapies to date. This has been attempted
directly by blocking matrix synthesis and processing or indir-
ectly by inhibiting the activity of TGF-β1, the major fibrogenic
cytokine. Inhibitors of collagen synthesis such as HOE 077,
which blocks the enzyme prolyl hydroxylase, were among the
first antifibrotic compounds tested in liver, but success with this
agent has been modest. The emerging importance of transla-
tional regulation of collagen gene expression [64,197–199]
could lead to specific translational inhibitors with therapeutic
value. Colchicine generated excitement at one time because of
its apparent efficacy in a small group of patients [200]; however,
a more recent study in alcoholic cirrhosis showed no benefit
[201].

TGF-β antagonists are being tested extensively because 
neutralizing this potent cytokine would have the dual effect of
inhibiting matrix production and accelerating its degradation
(see [54]). Animal and culture studies using soluble TGF-β
receptors or other means of neutralizing the cytokine including
monoclonal antibodies and protease inhibitors to block TGF-β
activation have established proof-of-principle [6,202,203].
Concerns that inhibiting TGF-β may alter hepatocellular
growth or apoptosis will need to be considered as these anta-
gonists reach clinical trials but, in other tissues, there is great
promise for this approach. A number of even newer TGF-β
antagonists are also being developed and may undergo testing
soon. These could include recombinant Smad 7, which anta-
gonizes TGF-β activity in stellate cells [204].

Rapamycin, an immunosuppressive drug used following liver
transplantation, has the added benefit of inhibiting stellate cell
proliferation [205], which could attenuate the accelerated fibro-
sis progression in patients with recurrent HCV; however, enthu-
siasm for using rapamycin has been tempered by a reported
increase in hepatic artery thrombosis [206].

Relaxin, a natural peptide hormone that mediates parturition,
has been developed as an agent to decrease collagen synthesis by
stellate cells and increase matrix degradation in vitro and in vivo
[207]. Stellate cells also express relaxin receptors [208], which
might represent an attractive target for antagonism.

Because endothelin-1 is an important regulator of wound
contraction and blood flow regulation mediated by stellate cells,
antagonists have been tested as both antifibrotic and portal
hypotensive agents. Bosentan, a mixed endothelin A and B
receptor antagonist, has antifibrotic activity and reduces stellate
cell activation in experimental hepatic fibrosis [209]. This and
other endothelin antagonists remain attractive drug develop-
ment targets [210]. Alternatively, delivery of nitric oxide to
injured liver may have the same therapeutic effect as inhibiting
endothelin-1 [152,211].

Halofuginone, an anticoccidial compound, has antifibrotic
activity by blocking collagen expression and has been used in a
number of models of tissue fibrosis, including liver [212].

The potential utility of retinoids (vitamin A) as antifibrotic
therapy has been limited by inadequate knowledge about their

regulatory role in stellate cell activation and by toxicity con-
cerns. Although stellate cells export retinoid as they activate, it
does not follow that restoration of cellular retinoid will prevent
activation. In fact, some retinoids may accelerate fibrosis by aug-
menting membrane injury as in hypervitaminosis A [213].

Stimulating stellate cell apoptosis (see also Chapter 6.1)

Attention is increasingly focused on how liver fibrosis regresses
and, in particular, the fate of activated stellate cells as fibrosis
recedes. Mounting evidence indicates that both reversal of the
activated stellate cell phenotype and apoptosis are possible. In
particular, as liver fibrosis is decreased, there is selective cell
death of activated stellate cells [214]. This exciting observation
has led to animal studies using gliotoxin, which provokes selec-
tive apoptosis of stellate cells in culture and in vivo, leading to
reduced fibrosis [215,216]. A TIMP-1 neutralizing antibody 
has antifibrotic activity in experimental liver fibrosis [217].
Similarly, inhibition of Ikk, whose net effect is to increase NFκB
signalling in stellate cells, may accelerate apoptosis [218]. Apop-
tosis can also be provoked by disruption of integrin-mediated
adhesion [147] or through the use of TRAIL ligands [219].
Stellate cells contain several families of apoptotic mediators,
including Fas/FasL, TNF receptors, nerve growth factor recep-
tors [220] and Bcl/Bax, so that additional targets for promoting
apoptosis will probably be exploited in the future [221].

Increasing the degradation of scar matrix
This component of treatment is very important, because
antifibrotic therapy in human liver disease will need to provoke
resorption of existing matrix in addition to preventing the depo-
sition of new scar. As noted above, TGF-β antagonists have the
advantage of stimulating matrix degradation by downregulating
TIMPs and increasing the net activity of interstitial collagenase
(for review, see [222]). Retinoids may also stimulate matrix
degradation, but concerns over toxicity limit their utility.
Relaxin can directly increase matrix degradation [223].

Direct expression of metalloproteinases in animal models 
of hepatic fibrosis has begun to confirm that matrix can be
resorbed by the expression of exogenous enzymes [224,225].
While this may seem impractical in humans, the data establish
an important proof-of-principle that matrix is responsive to
degradation. Moreover, an experimental study has affirmed the
importance of matrix degradation in the regression of hepatic
fibrosis by demonstrating that a genetically altered mouse
expressing mutant collagen resistant to degradation displays
delayed regression of fibrosis following liver injury [226].

Conclusions

While the prospect of treating fibrosis is not new, current 
strategies of antifibrotic therapies are far more rational and
mechanism based. In view of mounting proof of fibrosis regres-
sion in humans following successful treatment of the underlying
liver disease, continued progress is certain. Therapies will
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increasingly be tailored to host genotype and disease-specific
features, and given in combination. Methods of defining fibrosis
progression risk and the likelihood of treatment response will be
established. The two most immediate hurdles – the development
of better diagnostics to clarify endpoints in clinical trials and 
the need to establish that an antifibrotic can halt or regress 
fibrosis even when the underlying disease is unchecked – will be
important milestones for future trials of antifibrotic therapies.
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Definition

Cirrhosis is defined as the pathological findings of diffuse fibro-
sis and conversion of normal liver architecture into nodules. In
the fifth century bc, Hippocrates recognized that hardening 
of the liver was a poor prognostic sign in the presence of icterus.
The term cirrhosis is credited to René Laënnec and derived from
the Greek kirrhos, meaning orange-yellow. It described the
autopsy appearance of the liver in a patient with cirrhosis that
also demonstrated nodules and an irregular edge. The definition
has been refined over the years, notably by a consensus confer-
ence in La Habana 1956 and a working party sponsored by the
World Health Organization (WHO) in 1978 [1], to give us the
basis for the present definition. Despite its morphological defini-
tion, cirrhosis also implies a disturbance of hepatic and posthep-
atic haemodynamics, which may play a significant role in the
evolution of fibrosis (see Chapter 6.1) and the clinical sequelae.

Classification

Cirrhosis may be classified by three differing morphologies:
micronodular cirrhosis, macronodular cirrhosis and mixed (see
also Section 4).
• Micronodular: this is characterized by small nodules, usually
less than 3 mm in size, distributed uniformly throughout the
liver and contained by thick, regular septa. An example of
micronodular cirrhosis is that induced by alcohol.
• Macronodular: this term is used to describe the presence of
septa and nodules of varying size. The larger nodules may con-
tain portal tracts; the close proximity of three or more portal
tracts is suggestive of architectural collapse.
• Mixed: the combination of micronodular and macronodular
cirrhosis is termed mixed cirrhosis. The proportion of each subtype
may vary but is usually equal. There are examples of micronodular
cirrhosis converting to macronodular cirrhosis in time [2]. 

Aetiology

The causes of cirrhosis are legion and Table 1 lists the 

major underlying diseases and disease associations. More
detailed descriptions of these diseases may be found in specific
chapters. 

Epidemiology

The number of deaths from cirrhosis in different regions is
graphically illustrated in Figure 1. These figures are based on 
estimates made by the WHO report for 2002. 

The precise prevalence of cirrhosis is difficult to ascertain for 
a number of reasons. Firstly, cirrhosis is often clinically silent
and a significant proportion of patients with undiagnosed 
cirrhosis have been found at autopsy studies [3,4]. Secondly, 
the reliance on death certification for the rates of cirrhosis is
dependent on having the infrastructure to collect these data.
Additionally, even if these resources are in place, the stigmata of
documenting cirrhosis and its aetiology will influence reporting.
Differences in prevalence exist not only between continents 
but also within individual countries. For example, Corrao et al.
found a difference in mortality between northern and southern
Europe [5] whilst Lessa reported different prevalence rates
within Brazil [6].

Autopsy studies, even when randomized, have an inherent
bias because cirrhosis carries a risk of mortality. Furthermore,
death rate may not always be a valid surrogate for prevalence and
the relationship is not always linear. For example, if treatment
significantly improves, the prevalence of the condition in the
community will rise but the death rate from the condition,
depending on how data are collected and documented, may
appear to fall if these subjects subsequently die from an unre-
lated condition. Currently, the absence of accurate, validated,
noninvasive tools for the diagnosis of cirrhosis makes popula-
tion screening a difficult proposition (see Chapter 6.2). 

The epidemiology of individual aetiologies of cirrhosis will be
discussed in greater detail in the relevant chapters. Generally,
viral hepatitis is the leading cause of cirrhosis in the developing
world. Alcohol, hepatitis C and, more recently, nonalcoholic
steatohepatitis associated with the metabolic syndrome are the
most significant causes of cirrhosis in the developed world.

6.3 Clinical and diagnostic aspects of
cirrhosis
I. Neil Guha and John P. Iredale
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Clinical features of cirrhosis

The visible signs and symptoms of cirrhosis are summarized in
Table 2.

Compensated cirrhosis

Cirrhosis may progress insidiously without clinical signs or
symptoms, giving rise to the term compensated cirrhosis.

Compensated cirrhosis can continue for a variable length of
time before the development of complications, hepatocellular
carcinoma or hepatic failure. The appearance of these complica-
tions is referred to as decompensated cirrhosis. As stated earlier
in this chapter, quantifying the numbers of asymptomatic cir-
rhotics is difficult because of the bias of autopsy studies and lack
of noninvasive diagnostic tools.

Decompensated cirrhosis (see also Section 7)

Portal hypertension
Portal hypertension is defined by an elevated portal pressure
greater than the normal value of 1–5 mmHg. In general, portal
pressure becomes clinically significant above a level of 12 mmHg.
The major complications of portal hypertension include ascites,
gastrointestinal haemorrhage and renal dysfunction. Of these,
gastrointestinal haemorrhage is the most dramatic and occurs
frequently. Prospective studies suggest that 90% of patients with
cirrhosis will develop oesophageal varices and a third of these
will bleed [7]. Furthermore, gastrointestinal haemorrhage has
been reported to carry a short-term mortality rate as high as 50%
in the group with most severe liver dysfunction [8]. 

Ascites
In the presence of ascites, a diagnostic tap may help distinguish
the possible aetiologies. Traditionally, these were subdivided
into exudative and transudative on the basis of protein in ascites
being greater than 25 g/L. More recently, a newer classification
based on the serum–ascites albumin gradient has been proposed
[9]. A gradient greater than 1.1 g/dL suggests nonperitoneal dis-
ease, including portal hypertension. This can help exclude some
of the peritoneal causes of ascites, which have a gradient less
than 1.1 g/dL, including malignancy, granulomatous peritonitis
and vasculitis. For a more detailed account see Chapter 7.5.

Hypersplenism
This occurs in the context of portal hypertension and results in 
a variable pancytopenia with sequestration of red blood cells,
white blood cells and platelets in the splenic tissues. This will
affect oxygen delivery, coagulation and the immune response.
The extent of thrombocytopaenia does not correlate directly
with splenic size and rarely leads to spontaneous bleeding, but it
may complicate bleeding from other sites such as varices.

Renal dysfunction
In cirrhosis there is abnormal renal handling of sodium and this
in combination with abnormal haemodynamics results in a
spectrum of disease culminating in hepatorenal syndrome
(HRS). Patients with cirrhosis who are free of ascites, termed
preascitic cirrhotics, have been shown to have a positive sodium
balance after being fed a high-salt diet for one week compared
with normal healthy controls [10]. There is increasing evidence
from vascular studies in the supine and upright position that
abnormal salt retention is the initiating event rather than a 

Table 1 Main causes of cirrhosis.

Aetiology Examples

Infectious Hepatitis B, C, D 

Schistosomiasis 

Syphilis 

HIV (sclerosing cholangitis)

Metabolic/inherited Nonalcoholic steatohepatitis (NASH) in 

association with the metabolic syndrome 

Wilson’s disease 

Haemochromatosis 

Alpha-1-antitrypsin deficiency 

Glycogen storage disease 

Cystic fibrosis 

Tyrosinaemia 

Galactosaemia 

Fructose intolerance 

Byler’s disease 

Mucopolysaccharidosis 

Abetalipoproteinaemia 

Porphyria 

Wolman’s disease 

Biliary disease Extrahepatic obstruction 

Intrahepatic obstruction

Immunological Autoimmune hepatitis 

Primary biliary cirrhosis 

Primary sclerosing cholangitis

Vascular Veno-occlusive disease 

Budd–Chiari syndrome 

Cardiac failure 

Hereditary haemorrhagic telangiectasia 

Drugs and toxins Alcohol 

Amiodarone 

Dantrolene 

Halothane 

Isoniazid 

Methotrexate 

Methyldopa 

Aflatoxin 

Diclofenac 

Hypervitaminosis A

Miscellaneous Indian childhood 

Malnutrition 

Sarcoidosis 

Ischaemia 

Graft vs. host disease
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consequence of the hyperdynamic circulation [11,12]. The pro-
gression to hepatorenal syndrome is associated with splanchnic
vasodilatation, increased cardiac output, decreased peripheral
resistance and renal vasoconstriction, as discussed in detail in
Chapter 7.6. 

Prognosis is dependent on the subtype of HRS, as defined 
by the International Ascites Club, with type 2 HRS develop-
ing more insidiously and being associated with increased sur-
vival compared with type 1 (Table 3). Treatment options include
pharmacological intervention with albumin and vasopressors,
transjugular intrahepatic portosystemic shunts (TIPS), dialysis
procedures and orthotopic liver transplantation (OLT) as dis-
cussed in Chapter 7.6. 

Clinical features of portal hypertension
Clinical manifestations of portal hypertension include ascites,
collateral circulation and splenomegaly (see Table 2).

The collateral circulation can manifest on the abdominal sur-
face. For example, dilated veins around the umbilicus are known
as caput medusae, and are derived from portal blood via the
recannalized umbilical vein and paraumbilical veins. The distri-
bution of blood flow on the abdominal surface is away from the
umbilicus in all directions, a feature that can help differentiate 
this diagnosis from occlusion of the inferior vena cava.

Splenomegaly in the context of portal hypertension can 
lead to a pancytopenia with consequences for immunity and
coagulation as discussed previously. Ascites may be clinically
detectable after the accumulation of 2 L of fluid. Where clinical
doubt remains, ultrasound can be a useful investigation.
Abdominal distension will generally cause discomfort with large
volumes of ascites. The presence of underlying infection should
be excluded by performing a diagnostic ascitic tap. Pleural 

effusions can be associated with ascites in approximately 10% of
cases [13]; the majority of effusions are right sided and are due to
defects in the diaphragm.

Gastrointestinal haemorrhage from gastric or oesophageal
varices will usually be self-evident. Endoscopy will provide a
diagnostic and therapeutic tool. Rarely, bleeding is from other
sites of portosystemic anastomoses including rectal and peri-
umbilical varices. These can be more difficult to treat and often
require radiological embolization and/or TIPS insertion. 

Hepatopulmonary syndrome (HPS)
This is a disorder of pulmonary oxygenation occurring in the
context of liver disease or portal hypertension. It is not exclusive
to cirrhosis but, in this setting, studies have shown HPS has a
prevalence of 24% and is an independent risk factor for mortal-
ity [14]. The pathophysiology is thought to relate to nitric oxide
production as evidenced by increased levels of endothelial nitric
oxide synthetase (eNOS) and inducible nitric oxide synthetase
(iNOS) [15,16]. This may cause microvasular dilatation and
contribute to intrapulmonary shunts with resultant hypo-
xaemia. Diagnosis involves the exclusion of other causes of 
cardiopulmonary disease and the demonstration of dependent
hypoxaemia and pulmonary shunts using microbubble echo-
cardiography. Hitherto, there have only been anecdotal or case
reports or small uncontrolled trials of success with medical
treatment. OLT remains the only effective long-term treatment
[17,18], although HPS will also increase the anaesthetic risks
associated with transplantation.

Clinical features
Patients with HPS may complain of dyspnoea on exertion 
and have objective evidence of decreased oxygen saturation.
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Fig. 1 Number of deaths from cirrhosis of the
liver according to region. Data taken from
www.who.int/healthinfo/bodgb2002original/
en/
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Significant disease will result in central cyanosis. Other contri-
butory factors to dyspnoea in the cirrhotic patient include
anaemia, marked ascites and intrinsic pulmonary disease. 

Cirrhotic cardiomyopathy
The affect of alcohol and iron on cardiac function have long
been recognized. More recently, there has been increasing 
evidence of the effect of cirrhosis per se on the myocardium and
the term ‘cirrhotic cardiomyopathy’ was described in 1989 by
Lee [19]. The features include increased baseline cardiac output,
attenuated systolic contractility and diastolic relaxation in
response to inotropic and chronotropic stimuli and the absence

of florid left ventricular failure. There can be associated electro-
physiological abnormalities such as repolarization anomalies
but morphological changes are often not pronounced. The exact
pathophysiology is not completely understood but possibilities
include alterations in beta-adrenergic receptors, membrane
function, calcium channels, nitric oxide and carbon monoxide
[20]. OLT has been shown to improve this condition [21].

Clinical features 
The absence of overt signs of heart failure, which forms part of
the definition, makes this a difficult clinical diagnosis. The con-
dition is sometimes revealed when the patient undergoes acute

Table 2 Clinical stigmata directly or indirectly associated with cirrhosis.

Stigmata Comments

Palmar erythema This condition also occurs in pregnancy, rheumatoid arthritis, leukaemia, chronic febrile illness and 

thyrotoxicosis

Leuconychia Related to hypoalbuminaemia

Finger clubbing Not specific to cirrhosis

Dupuytren’s contracture Thickening of the palmar fascia; occurs in, but not exclusive to, excess alcohol intake

Asterixis Suggests underlying hepatic encephalopathy

Spider angiomas Related to disturbance of oestrogen metabolism

Foetor hepaticus Distinctive aroma thought to be of intestinal origin

Jaundice May be the result of endstage liver disease, decompensation, cholestasis or haemolysis

Collateral veins and caput medusae Direction of flow will differentiate portal hypertension from inferior vena caval (IVC) obstruction

Bruising Results from abnormalities in platelets, coagulation pathways or both

Parotid gland enlargement Raises the suspicion of alcohol as aetiology of cirrhosis

Kayser–Fleischer rings Occurs in the context of Wilson’s disease. Absence does not exclude diagnosis

Xanthelasma May occur in hyperlipidaemia associated with primary biliary cirrhosis

Wernicke’s encephalopathy Triad of symptoms including ophthalmoplegia, ataxia and confusion caused by thiamine deficiency 

and invariably associated with alcoholic liver disease

Splenomegaly Caused by portal hypertension; often the first clinical sign of cirrhosis. 

Ascites Can be clinically detected after approximately 2 L

Cachexia Occurs in the context of malnutrition in cirrhosis but may also be associated with the development 

of HCC

Muscle cramps Nonspecific feature and often difficult to treat

Hypertrophic osteoarthropathy Occurs in cirrhosis but classically associated with carcinoma of the bronchus

Arthritis Rheumatoid arthritis may indicate underlying autoimmune disease; haemochromatosis can cause 

chondrocalcinosis and osteoarthritis

Pigmentation ‘Bronze diabetes’ caused by excess ACTH following pituitary failure in haemochromatosis

Hypotension, bounding pulse and warm peripheries Reduced peripheral resistance in the context of the hyperdynamic circulation

Striae May be related to steroid use for autoimmune hepatitis; also occurs in pregnancy

Central obesity with raised waist to hip ratio These patients are at increased risk of developing NASH and subsequent fibrosis/cirrhosis

Pulsatile liver Classically found in tricuspid regurgitation. Long-term hepatic congestion may lead to cirrhosis

Gynaecomastia Result from oestrogen imbalance but also a side effect of spironolactone

Scratch marks Consequence of pruritus; if irretractable, an indication for OLT in PBC

Testicular atrophy Occurs as a result of cirrhosis but also a direct effect of alcohol

Cyanosis Raises the suspicion of underlying hepatopulmonary syndrome

Hair loss As part of the loss of secondary sexual characteristics

‘Emphysematous’ chest Exclude alpha-1-antitrypsin deficiency

Cushingoid appearance Related to steroid therapy

Telangiectasia Hereditary haemorrhagic telangiectasia is a rare cause of cirrhosis

ACTH, adrenocorticotropic hormone; HCC, hepatocellular carcinoma; NASH, nonalcoholic steatohepatitis; OLT, orthotopic liver transplantation; 

PBC, primary biliary cirrhosis.
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haemodynamic changes such as major surgery or TIPS inser-
tion. An attenuated response to inotropic agents in the intensive
care setting can also be a clue but in this situation there are 
often confounding factors, such as sepsis, causing alterations to
myocardial function. A low index of suspicion and awareness of
the condition are therefore key to making the diagnosis.

Hepatocelluar carcinoma (see also Chapter 18.2.1)
Cirrhosis remains the commonest cause for the development 
of hepatocellular carcinoma (HCC); it has been estimated that
80% of tumours occur in this setting [22]. The aetiology and the
global location of disease are important determinants of the risk
of cirrhosis progressing to HCC. For example, the annual risk of
developing HCC in patients with hepatits C virus (HCV) is esti-
mated to be 3–8% [23]. The 5-year cumulative incidence of
HCC on the background of HCV is reported to be as high as 30%
in Japan compared with 17% in the West. Comparing aetiologies,
the rates decrease in the following order: haemochromatosis,
hepatitis B infection, alcohol and biliary disease [24]. Interest-
ingly, HCC is an uncommon complication of autoimmune hep-
atitis [25]. Regardless of aetiology, independent risk factors for
HCC include gender, age, severity of compensated cirrhosis at
presentation and sustained activity of liver disease [24].

The development of HCC may be heralded by symptoms 
of pain, bleeding, general decompensation or screening (see

‘Follow-up and screening’ below). The pathology and manage-
ment of HCC will be discussed in greater detail in Chapter 18.2.1.

Clinical features 
Right upper quadrant pain and abdominal distension with
bloody ascites, on the background of cirrhosis, are very sugges-
tive of rupture of an underlying HCC into the peritoneal cavity.
However, this occurs infrequently and usually late in the disease.
Often there are few signs of underlying malignancy; for example,
cachexia may not change the physical appearance of the patient
because of the underlying malnutrition. Cirrhotic patients that
decompensate suddenly, either clinically or biochemically, with-
out obvious cause, should always prompt the search for HCC. 

Encephalopathy
Hepatic encephalopathy (HE) on the background of cirrhosis
can occur in a subclinical, acute or chronic setting. The pre-
valence of subclinical encephalopathy (SCE) in patients with 
cirrhosis has reached 84% in some studies [26]. As there may 
be no compromise in routine daily life, SCE may only come 
to light upon psychometric testing using number connection 
tests, block reception tests and reaction times. Acute hepatic
encephalopathy can be precipitated by sepsis, sedatives, dehy-
dration, haemorrhage, etc. but it may also occur with no obvious
precipitants in the presence of terminal liver failure. Chronic
encephalopathy is usually due to the formation of portosystemic
shunts, as part of the disease or iatrogenically as a consequence
of TIPS insertion. In 2002, a working party created a new
classification of hepatic encephalopathy (Table 4) [27]. En-
cephalopathy occurring in chronic liver disease was defined as
episodic or persistent, and subclinical encephalopathy replaced
with the term minimal encephalopathy. For a more detailed
description of the pathophysiology, diagnosis and treatment of
encephalopathy see Chapter 7.8. 

Clinical features 
Reversal of the day/night sleep pattern and somnolence during
the day is a subtle clinical sign of underlying HE. As the HE 
progresses, the patient may become withdrawn, confused and

Table 3 Classification of hepatorenal syndrome (HRS).

Subtypes of HRS 
Type 1: Progressive renal impairment defined by a doubling of initial serum

creatinine above 2.5 mg/dL in less than 2 weeks 

Type 2: Stable or slowly progressive renal impairment 

Critical exclusions/features for the above: 
Absence of shock, ongoing bacterial infection, fluid loss and no treatment

with nephrotoxic drugs 

Absence of obstructive uropathy and intrinsic renal disease 

Serum creatinine concentration >1.5 mg/dL or 24-hour creatinine clearance

<40 mL/min 

No sustained improvement following removal of diuretic and fluid challenge

HE type Nomenclature Subcategory Subdivisions

A Encephalopathy associated with acute liver 

failure

B Encephalopathy associated with portosystemic 

shunts and no intrinsic hepatic disease

C Encephalopathy associated with cirrhosis and Episodic HE Precipitated

portal hypertension/or portosystemic shunts Spontaneous

Recurrent

Persistent HE Mild

Severe

Treatment dependent

Minimal HE

Table 4 Proposed nomenclature of hepatic
encephalopathy (HE) by working party at 11th
World Congress of Gastroenterology, 1998.
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agitated before finally becoming unconscious. The clinical sign
of asterixis (Table 2) usually represents established HE. The
waveforms demonstrated by an electroencephalogram (EEG) in
hepatic encephalopathy are not highly specific to this condition,
as they can also occur in the context of other metabolic
encephalopathies, but nonetheless can be a useful investigation.
The presence of new HE should prompt the clinician to exclude
precipitating factors such as new medications, underlying sepsis,
occult haemorrhage and electrolyte disturbances. In severe cases
of HE, the patient may need to be ventilated, especially if there is
compromise to respiratory function.

Malnutrition
Cirrhosis is a catabolic state and, in combination with dietary
insufficiency, can lead to significant malnutrition. Additionally,
malabsorption, hypermetabolism and resistance to growth 
factors such as insulin and growth factor contribute to the
pathophysiology. In hospitalized patients with liver disease, 
the prevalence of malnutrition is estimated to be as high as 
20% in compensated disease rising to 60% with severe liver
insufficiency [28]. Studies have shown that nourishment, 
measured by parameters such as skin-fold thickness and
midarm muscle circumference, is an independent predictor of
survival at 2 years [29]. 

Measures of anthropometry, such as skin-fold thickness, may
be distorted by fluid retention and occur late in malnutrition.
Thus, there has been interest in finding accurate tools for assess-
ing nutritional status. This has led to the creation of measures
such as the subjective global assessment tool (SGA), prognostic
nutritional index (PNI) and hand grip strength (HGS). A recent
study found that the prevalence of malnutrition was 63% in
patients with Childs A cirrhosis using HGS, compared with a
prevalence of 28% and 19% detected by SGA and PNI respect-
ively [30].

Clinical features 
In severe cases the patient will appear cachectic. Profound 
muscle wasting may manifest by a proximal myopathy and the
inability of the patient to stand up. Diagnosis of less advanced
cases requires objective assessment using one or more of the
tools discussed above. Relying on simple weight measurements
may be inaccurate – for example, the presence of ascites may dis-
guise muscle weight loss.

Sepsis
It has been estimated that sepsis is present in 30–50% of hospital
admissions due to cirrhosis [31]. Once sepsis has developed
there is a higher rate of mortality, up to 30%, and this is inde-
pendent of the severity of liver disease [32,33].

There are a number of reasons for increased susceptibility to
sepsis in this group. Bacterial translocation (BT) is the migration
of bacteria or their products from the intestinal lumen to mesen-
teric lymph nodes. BT has been shown to be significantly
increased in patients with Childs C cirrhosis compared with 
the less severe Childs stages [34]. Moreover, not only does the

antigen load increase but also there are changes in immunity,
both within the local lymph nodes and systemically, which also
determine whether there is progression to sepsis. Studies have
shown a reduced phagocytic and killing capacity of the immune
system [35,36] and reduced opsonization relating to low com-
plement levels in ascites [37].

Sepsis results in a spectrum of physiological outcomes 
including the systemic inflammatory response syndrome
(SIRS), septic shock and multiorgan failure [38]. The inflam-
matory response associated with sepsis is mediated by the
cytokine cascade. Activation of Toll-like receptors by bacterial
products, including lipopolysaccharide (LPS), is one such
mechanism of activating the innate immune system. Inves-
tigators have found that the expression of Toll-like receptor 
2 (TLR2) is increased on peripheral blood mononuclear cells 
in patients with cirrhosis but Toll-like receptor 4 (TLR4) is 
unaltered or downregulated [39,40]. Furthermore, the same
study showed raised serum levels of tumour necrosis factor
alpha (TNFα) levels correlating with TLR2. Thus, the cytokine
response may be influenced by the amount and type of bacterial
product presented and also the relative expression of the cor-
responding receptors. 

It has been postulated that sepsis has a major aetiological role
in disturbances of coagulation, haemodynamics and variceal
bleeding. It is a predictor of variceal rebleeding, and patients
with controlled bleeding have lower rates of sepsis than those
with uncontrolled bleeding [41]. In the presence of variceal
haemorrhage, cirrhotic patients given prophylactic antibiotic
therapy have been shown to have improved survival rates [42].
Optimizing haemodynamic state is also important in cirrhotics
with sepsis. In spontaneous bacterial peritonitis, survival has
been shown to improve if albumin is administered with intra-
venous antibiotic compared with antibiotics alone [43].
Additionally, parameters of haemodynamics such as renin 
levels and renal function also improved in the group 
administered albumin. The alterations in coagulation may be
due to increased amounts of heparinoid substances [44] and
may augment the deficiencies in clotting factors because of 
hepatic insufficiency.

Clinical features 
The characteristic features of sepsis in the previously healthy
individual, such as hypotension, tachycardia and warm periph-
eries, often occur in cirrhotics with no evidence of sepsis because
of the hyperdynamic circulation (see Table 2). Additionally,
aetiologies such as alcoholic hepatitis cause the release of
inflammatory cytokines, resulting in a low-grade pyrexia and
raised peripheral white cell count. Thus, supervening sepsis in
these individuals can be difficult to distinguish. The possibility
of sepsis should be explored in unexplained decompensation or
patients slow to respond to treatment with supportive measures.
Often, confirmation of microbial infection by culture is not pos-
sible, particularly in the context of fungal sepsis, necessitating
the use of broad-spectrum antibiotics. Expert advice should be
sought at an early stage in these situations.
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Haematological complications

Reduced platelets
The reduction of platelet count in cirrhosis is largely due to the
effects of hypersplenism causing increased splanchnic pooling as
discussed above. In health, 30% of the total platelet population 
is sequestered in the spleen but this can rise to 90% in portal
hypertension. Additionally, there may be reduced bone marrow
production particularly in alcoholic liver disease and viral hep-
atitis. Not only are absolute numbers of platelets reduced but
also there may be deficiencies in function, particularly aggrega-
tion, and membrane composition. 

Anaemia
A macrocytic, microcytic or normochromic anaemia can be
found in cirrhosis. Macrocytic anaemia, secondary to folate
deficiency, is often due to poor nutrition particularly in the con-
text of alcoholic liver disease. Macrocytosis also occurs as a result
of poor membrane function and is associated with advanced 
cirrhosis. Increased destruction of red blood cells occurs because
of increased fragility, as a consequence of membrane defects.
Damaged red blood cells are then extracted by the spleen.
Haemolysis is also associated with certain autoimmune liver 
diseases, Wilson’s disease, Zieve syndrome (alcoholic hepatitis
and hypercholesterolaemia) and following the placement of
uncovered stents inserted at TIPS. Reduced bone marrow pro-
duction further contributes to lower red cell numbers. 

Impaired coagulation
The liver is responsible for the production of both coagulants
and anticoagulants. Disruption of synthetic function can disturb
the homeostatic balance of these two pathways. Commonly,
patients have impaired coagulation and, in combination with
quantitative and qualitative deficiencies in platelets, this leads to
complications of bleeding. Factors II, VII, IX and X, labile factor
V, factor VIII, contact factors XI and XII, fibrinogen and fibrin-
stabilizing factor XIII are vitamin K dependent. Vitamin K is
produced by the intestinal bacteria and requires bile salts for
absorption. Therefore, cholestatic conditions, in particular bili-
ary obstruction, will also contribute to impaired coagulation.

Clinical features of haematological disturbance
Bruising in a patient with cirrhosis will often signify an under-
lying bleeding diathesis. In some cases, the bruising also may
bring to light less obvious causes of internal bleeding. For 
example, a subdural haemorrhage in a patient with alcoholic
liver disease may cause the patient to have further falls and 
external bruising. Haemolysis will cause a rise in unconjugated
bilirubin and, if significant, result in jaundice (see Table 2). 

Endocrine disturbance
Because the liver plays a major role in the metabolism of 
hormones it is unsurprising that cirrhosis affects a variety of
endocrine pathways.

Feminization and hypogonadism
Feminization in men is reflected by a loss of libido, reduced 
secondary sexual hair and gynaecomastia. Testicular atrophy
may be a consequence of alcohol rather than liver disease itself.
In women, hypogonadism manifests as sterility, erratic or absent
menstruation and loss of feminine characteristics in pre-
menopausal women. Although there may be changes in plasma
testosterone and oestradiol, they are insufficient to account for
the degree of feminization or hypogonadism. Thus, a variety of
mechanisms may be important. 

Dysfunction of the hypothalamic–pituitary axis is suggested
by normal levels of gonadotropins even in the presence of testi-
cular or ovarian failure [45]. Oestradiol and testosterone are
bound to sex hormone-binding globulin (SHBG); increasing
levels of SHBG seen in cirrhosis can lead to a lower unbound
fraction and subsequent decreased biological effect. The liver is
responsible for the uptake and metabolism of oestrogen and
testosterone; the concentration of receptors, blood delivery and
conjugation process will all be altered by cirrhosis. Finally,
increased peripheral conversion of the androgenic hormones
into oestrogens may account for local effects.

The metabolic syndrome (see also Chapter 13)
The link between liver disease and the metabolic syndrome, 
previously known as syndrome X, has become more clearly
established over recent years. The metabolic syndrome is char-
acterized by insulin resistance, obesity, hyperlipidaemia and
hypertension. Its associated liver condition, nonalcoholic fatty
liver disease (NAFLD), represents a spectrum of disease from
steatosis to hepatic necroinflammation (nonalcoholic steato-
hepatitis, or NASH) to cirrhosis. The diagnosis requires the
presence of hepatic steatosis, usually macrovesicular, and the
absence of excessive alcohol consumption. The progression of
fibrosis within NAFLD has been estimated at 30% and evolution
of NASH to cirrhosis estimated at 10–20% [46–48]. The true
incidence of cirrhosis related to NAFLD is difficult to know 
precisely because of the indolent and asymptomatic nature of
the disease. Moreover, with advancing disease, the steatosis is
replaced by fibrotic tissue and therefore there may be few clues
of NAFLD histologically. It is thought that a significant pro-
portion of patients provisionally diagnosed with cryptogenic
cirrhosis have underlying NAFLD. This is evidenced by 
studies showing a greater incidence of diabetes and obesity in
cryptogenic cirrhosis compared with cirrhosis of other causes
[49–51].

The exact pathophysiological mechanisms of NAFLD are
incompletely understood. The interplay of insulin resistance
and hepatic steatosis has a major role, with one worsening the
other. Triglyceride accumulation is thought to result from
excess free fatty acid influx into the liver. The ‘second hit’ may
come from a variety of sources, including oxidative stress, 
endotoxins and cytokines, and leads to necroinflammation. 

The production of hormones and cytokines from fat depots,
termed adipokines, is also thought to have a role in the evolution
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of NASH. Individuals with NASH have been shown to have low
levels of adiponectin and high levels of TNFα [52]. Whilst 
TNFα promotes insulin resistance and liver inflammation,
adiponectin antagonizes fatty acid oxidation and reduces the
production and activity of TNFα. In addition, adiponectin 
is antifibrotic. The hormone leptin has been shown to be im-
portant in the development of fibrogenesis in animal models. 
The fibrotic response, absent in leptin-deficient mice, becomes
apparent once leptin is restored by exogenous injection [53].
Also, higher serum leptin concentrations are found in patients
with NASH compared with controls [54]. Research continues
into the pathogenic roles of the adipokines and how they inter-
act in patients with NASH. A more comprehensive review of 
the pathophysiology, treatment and management of NAFLD is
given in Chapter 13.

Clinical features of endocrine disturbance 
The endocrine stigmata of cirrhosis include spider angiomas
and palmar erythema (Table 2). Spider angiomas are classically
described as lying in the distribution of the vascular territory of
the superior vena cava, but occasionally they occur outside this
area. They consist of a central arteriole surrounded by smaller
vessels. When sufficiently large, they can be seen or felt to pulsate.
The lesion can be seen to disappear by applying pressure to the
central region. Occasionally they may grow to cover a large area
when the diagnosis may be mistaken. Their aetiology is thought
to be related to oestrogen metabolism and can occur in other
conditions including pregnancy, rheumatoid arthritis and
oestrogen therapy.

Palmar erythema manifests with a bright-red coloration of 
the thenar and hypothenar eminences and pulps of the fingers.
The soles of the feet may also be affected. Palmar erythema 
can coexist with spider angiomas but the two conditions also
appear independently. The reason for the development of 
palmar erythema is obscure. White nails (leuconychia) occur
due to an opacity of the nail bed. A small pink zone at the tip of
the nail is preserved. The condition occurs bilaterally.

Foetor hepaticus is a sweet, faecal smell on the breath. It may
represent a failure of hepatic detoxication function and is likely
to have an intestinal origin, being more pronounced when there
is an extensive collateral circulation and lessening after the use of
broad-spectrum antibiotics.

In patients with the clinical suspicion of NASH, certain 
phenotypic features may be present. A history of type 2 diabetes
and hypertension is suggestive of the presence of the under-
lying metabolic syndrome. Central obesity, and in particular 
an enlarged waist to hip ratio, is a risk factor for the presence 
of underlying steatohepatitis. Striae can occur with the use of
steroids and pregnancy, but may also occur in rapid weight loss;
the latter is a risk factor for NASH. 

Miscellaneous features of cirrhosis
The patient with cirrhosis may have nonspecific symptoms such
as fatigue, weight loss and depression. Furthermore, conditions

such as gallstones and peptic ulcers have been reported to be
higher in this patient subgroup [55,56].

Finger clubbing, hypertrophic osteoarthropathy, Dupuytren’s
contractures, parotid gland enlargement and muscle cramps
may also be seen in cirrhosis although they are not specific to this
condition (Table 2).

Diagnosis

The diagnosis of cirrhosis is based on a histological definition
and therefore liver biopsy has been regarded as the ‘gold stand-
ard’. But liver biopsy is not without its problems (see below). In
practical clinical terms, a diagnosis of ‘cirrhosis’ is sometimes
made in the presence of indicative clinical features, with serum
and imaging results which map to a diagnosis (e.g. primary bil-
iary cirrhosis). Therefore, the utilization of clinical, biochemical,
haematological, endoscopic and radiological tools is vital in the
diagnosis of cirrhosis and its associated complications (see also
Chapter 6.2). 

Clinical 

A careful history and examination is important to ascertain 
aetiological clues and assess the severity of disease. A history 
of thyroid disease or family history of autoimmune conditions
may suggest a predisposition to autoimmune liver disease.
Medication is of relevance as certain drugs may directly cause
hepatotoxicity (see Table 1) or may be prescribed for conditions
that can be associated with fibrosis and cirrhosis: for example,
oral hypoglycaemics prescribed in the context of type 2 diabetes.
Furthermore, a thorough clinical examination will not only give
rise to aetiological clues but may also indicate how far fibrosis
has progressed. For example, a middle-aged man presenting
with a history of intravenous drug abuse and signs of portal
hypertension raises the clinical suspicion of chronic hepatitis C
that has progressed to possible cirrhosis. In the history, careful
attention to ethnic background, occupation, family history,
blood transfusions, history of sexual contacts, history of partici-
pation in mass inoculation programmes, recreational drug use,
alcohol consumption and medications is important. These details
will influence the diagnostic tests requested and augment their
findings. 

Biochemical and haematological
investigations in the clinical setting

A detailed description of blood tests used to diagnose and mon-
itor liver disease is given in Chapter 5.2. The following section 
will address investigations of particular relevance to cirrhosis. It
should be stated that individual haematological and biochemical
tests are not diagnostic of cirrhosis but certain patterns do 
suggest significant underlying disease. The term ‘liver function
tests’, traditionally used for the biochemical description of
transaminases, γ-glutamyl transferase and alkaline phosphatase,
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is something of a misnomer. It could be argued that serum albu-
min and prothrombin time are a better reflection of underlying
synthetic function and hence truer liver function tests.

Transaminases
Alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) can be depressed, normal or elevated in cirrhosis. 
It has been proposed that an AST/ALT ratio of >1 can be helpful
in diagnosing cirrhosis in nonalcoholic liver disease [57]. In
hepatitis C, the specificity of this ratio appears to be better than
the sensitivity [58]. In alcoholic liver disease, the ratio of
AST/ALT is >1, independent of the development of cirrhosis.
Although usually elevated in cirrhosis, both AST and ALT can be
normal in up to 10% and 35% of cases respectively [59].

g-Glutamyltransferase (g-GT)
This test is often nonspecifically raised in cirrhosis. Alcoholic
liver disease and cholestasis are thought to have a more pro-
found effect on this enzyme compared with other aetiologies.

Alkaline phosphatase
This enzyme is not infrequently raised in cirrhosis; a level greater
than threefold the upper limit of normal suggests either intra- or
extrahepatic cholestatic aetiology.

Serum albumin
Diminished serum albumin levels are a hallmark of cirrhosis.
Hypoalbuminaemia results from a combination of decreased
synthesis, haemodilution and decreased secretion. However,
care needs to be taken in the interpretation of hypoalbumin-
aemia. For example, intervening sepsis can produce fluctuations
in serum albumin.

Hypoglycaemia
This usually is associated with fulminant liver failure, but also
with acute alcohol ingestion.

Renal dysfunction
Hyponatraemia is a common finding in cirrhosis. The intrinsic
water- and salt-handling abilities of the kidneys are impaired in
cirrhosis (Table 5); the appearance of hyponatraemia represents
a poor prognostic sign [60]. The injudicious, inappropriate or
insufficient use of fluids during hospital admission and use of
diuretics will additionally influence serum sodium levels.

Urea and creatinine levels are influenced by underlying 
muscle mass and protein metabolism. Both urea and creatinine

levels can be depressed in cirrhosis. This has particular relevance
in monitoring renal function, because a serum creatinine within
the ‘normal range’ may be indicative of significant deterioration
in glomerular function. 

Serum globulin
There is a polyclonal increase in immunoglobulins in cirrhosis.
The subtype of immunoglobulins increased will depend on the
aetiology of disease, for example, increased IgA in alcoholic 
cirrhosis, IgG in autoimmune cirrhosis and IgM in biliary 
cirrhosis.

Prothrombin time
This is a useful marker of synthetic function in cirrhosis. Alone
or in combination with other serum tests it has been used in
screening tests for cirrhosis. The prothrombin time (PT) is the
best day-to-day parameter of hepatic function because of the
half-life of clotting factors. The PT is also exquisitely sensitive to
conditions of vitamin K deficiency, and this may supervene in
the ill cirrhotic patient, particularly after extensive malnourish-
ment. Thus, the PT should be measured in the context of replete
vitamin K levels.

The above are general biochemical and haematological inves-
tigations. In addition, specific investigations to find the cause 
of the underlying liver disease may be required, for example
antimitochondrial antibody in primary biliary cirrhosis, urinary
copper excretion in Wilson’s disease, transferrin saturation in
haemochromatosis, antibodies to and RNA levels of hepatitis C
virus, etc. (see Chapter 5.4 for more details). 

Imaging techniques valuable in cirrhosis
(see also Chapter 6.2)

Ultrasound
Ultrasound is a relatively noninvasive method of assessing the
size, texture and vascular patency of the liver and for detecting
space-occupying lesions in the liver. The former parameters may
change in cirrhosis, but unfortunately are not specific to the
condition. The cirrhotic liver may be enlarged (e.g. nonalcoholic
steatohepatitis), normal or reduced in size. The echo pattern 
of the liver is frequently described as coarse (increased irregular
echogenicity) in cirrhosis but can alternatively be small and
nodular. Care must be taken in the interpretation of these
findings as they are subjective and, additionally, conditions such
as fatty infiltration, granulomatous disease and diffuse malign-
ant infiltration can produce a similar textural appearance.
Ultrasound is able to detect certain complications of cirrhosis,
such as ascites and splenomegaly. Additionally, it is a useful, 
initial investigation in the patient with liver disease and jaundice
to exclude extrahepatic causes of biliary obstruction.

Doppler ultrasound provides a technique to measure blood
flow in the portal vein, hepatic artery and hepatic veins. It meas-
ures the frequency differences between the ultrasound signal
emitted from the transducer and returned from the vessel to

Table 5 Features of hyponatraemia in cirrhosis.

Splanchnic arterial vasodilatation

Arterial underfilling

Nonosmotic release of vasopressin

Impaired water excretion

Dilutional hyponatraemia
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generate direction and velocity of flow. The major vascular
changes seen in cirrhosis reflect underling portal hypertension.
They include reversal of portal vein blood from hepatopetal to
hepatofugal, flattening of the Doppler waveform in hepatic veins
and enlargement of the portal vein to greater than 15 mm. 

Ultrasound has a further role in detecting the development 
of HCC on the background of cirrhosis. Isolated nodules 
larger than 2 cm are detected with good sensitivity but lower
specificity. In combination with an elevated alpha-fetoprotein,
the presence of HCC can be suspected (see ‘Follow-up and
screening’ below). The performance of ultrasound in the pres-
ence of diffuse malignancy is poor.

Computed tomography (CT)
CT also has a role in assessing parenchymal disease in cirrhosis.
The density of liver parenchyma is usually within the normal
range but can vary depending on aetiology – for instance, it
increases in haemochromatosis and decreases in fatty infiltra-
tion. The advantage of CT is that it provides cross-sectional
anatomy. With the advent of multislice CT scanning, detailed
information about space-occupying lesions can be gleaned.
Furthermore, the addition of contrast agents such as lipiodal
may improve detection of HCC. Helical CT can also visualize 
vascular anomalies of lesions by obtaining images in the arterial
or portal phase. For example, HCC typically will have a brisk
enhancement during the arterial phase (Fig. 2) but appears
hypodense during the portal phase. Direct catheterization of 
the superior mesenteric artery and hepatic artery can also be
used in combination with CT to improve diagnostic accuracy.
Therefore, CT in isolation or in combination with arteriography
is able to provide a ‘road map’, highlighting the blood supply 
of lesions or vascular anomalies that occur in the context of 
cirrhosis. 

Magnetic resonance imaging (MRI)
This modality represents an emerging tool in liver disease.
Dramatic and remarkably clear images of cirrhosis can be
obtained in advanced disease (Fig. 3). There is evidence for 
the use of MRI in assessing hepatic iron concentration [61] and
differentiating small benign nodules and HCC [62]. Injection 
of Resovist® may help distinguish lesions of focal nodular 
hyperplasia and HCC. MRI spectroscopy is currently an experi-
mental tool but may yet emerge to provide a measure of
metabolic changes within the liver; its role in the assessment 
of cirrhosis is hitherto unproven.

Arteriography
Arteriography does not a have a major diagnostic role in cirrhosis
per se. It may be a useful additional investigation for HCC and
remains the gold standard for the delineation of hepatic vascula-
ture. Occasionally, the attenuated and tortuous arterial patterns
seen in cirrhosis are observed when arteriography is performed
for another indication, a finding that can be diagnostically 
useful. 

Miscellaneous
Radionuclide scans and positron emission tomography (PET)
scans are both emerging examples of other imaging modalities
for cirrhosis. Neither technique has yet become widespread. PET
imaging based on metabolic changes, particularly in ammonia
and glucose metabolism, has been effectively focused on changes
in the brain related to encephalopathy.

The role of radiology also extends to the diagnosis of compli-
cations arising in the presence of cirrhosis. For example, patients
with cirrhosis have a higher incidence of gallstones. Gallstones
within the common bile duct are not adequately visualized by
ultrasound and mild intrahepatic biliary duct dilatation may be

Fig. 2 CT image of a hepatocellular carcinoma, enhanced by lipiodal, on
the background of a cirrhotic liver.

Fig. 3 MRI image of a liver showing dense uptake of Resovist® by a nodule
on the background of cirrhosis.
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more difficult to detect within a cirrhotic liver. Thus, magnetic
resonance cholangiopancreatography (MRCP) is a useful non-
invasive tool. If gallstones are found, patients can then be selected
for endoscopic retrograde cholangiopancreatography (ERCP)
or cholecystectomy for therapeutic intervention. Radiology is
also valuable in the diagnosis of specific malignant complica-
tions of fibrotic and cirrhotic processes, such as the presence of a
dominant stricture or cholangiocarcinoma on the background
of primary sclerosing cholangitis. A combination of investigations
including helical CT, MRCP and ERCP may be required,
depending on the site of the lesion, to reach a diagnosis.

Endoscopy
It is not uncommon for the cirrhosis to present initially with 
gastrointestinal haemorrhage. Portal hypertension may be sus-
pected at endoscopy by the presence of varices. Although these
can occur at the site of any collateral circulation, they commonly
occur in the lower oesophagus and gastric fundus. Bleeding, 
particularly in the context of a coaguloapthy, may also occur
from portal gastropathy, which typically gives a ‘snake-skin
appearance’ to the gastric mucosa. It is important to remember
that approximately 50% of upper gastrointestinal bleeding
episodes in a patient with cirrhosis may arise from lesions other
than varices.

Histology

As alluded to earlier in this chapter, histological analysis remains
the ‘gold standard’, and arguably from the purist’s standpoint,
the only method of diagnosing cirrhosis. Various histological
classifications exist for the grading of fibrosis and cirrhosis
including Scheuer, Ishak, Knodell and Metavir [63–65]; the
majority of scores were originally validated for hepatitis C. A
more detailed account of histological analysis and classification
is given in Section 4.

The method for obtaining a liver biopsy can vary from the
blind versus image-guided transabdominal approach, trans-
jugular approach, laparoscopic approach and open approach at
operation or post mortem. The choice of route will depend on
factors such as body habitus, clotting abnormalities, the pres-
ence of ascites, available expertise and the quantity of specimen
required (see Chapter 5.5 for more details).

The biopsy provides information in three major areas. Firstly,
it can elucidate aetiology: for example, marked accumulation of
iron in the hepatic parenchyma suggests haemochromatosis
whereas biliary duct damage associated with granulomas raises
the suspicion of primary biliary cirrhosis. Secondly, it stages 
the severity of fibrosis and presence of cirrhosis. Thirdly, it can
also act as a prognostic indicator. For example, in the context of
hepatitis C, inflammation in the biopsy is suggestive of future
fibrosis [66].

Liver biopsy does have its limitations and some have ques-
tioned whether it truly represents a ‘gold standard’ reference
test. In large studies of patients undergoing biopsy, pain has been

reported in 20% and severe complications reported in 0.57%
[67]. Sampling error exists, which is unsurprising considering
the average biopsy specimen represents just 1/50 000th of the
organ. Studies have shown discordance rates of up to 30% or
more when right and left lobes are sampled laparoscopically,
even in homogeneously distributed disease [68]. Interpretation
of the biopsy is open both to intra- and interobserver error
[69,70]. Morphometry allows an automated assessment of
fibrosis, but hitherto the finer points of staging disease by
pathologists have been difficult to replicate.

Surrogate markers
There has been considerable interest in finding surrogate 
markers of cirrhosis and liver fibrosis as an alternative to liver
biopsy. Serum tests include markers of matrix turnover such 
as hyaluronic acid and procollagen of PIIINP [71–73]; more
recently, panels of serum tests that produce a continuous score
using algorithms have been published [74–78]. A systematic
review of serum tests in the context of hepatitis C suggested 
that these markers, particularly panel markers, showed promise
[79]. The tests in general are more robust in distinguishing 
cirrhosis from mild disease whereas they are less effective in 
differentiating more subtle variations such as moderate versus
mild fibrosis. 

The surrogate markers, however, still have significant limita-
tions even in the context of cirrhosis. They are unable to provide
aetiological clues to disease and, whilst this may not be required
in diseases with good diagnostic tests such as hepatitis C, it may
be more relevant in cases of cryptogenic cirrhosis or where there
is a question concerning dual aetiology. The subtle aspects of
architectural disturbance, fibrosis distribution and neovascular
formation can only be seen on biopsy. On the positive side, sur-
rogate markers largely offer a continuous scale for the diagnosis
of fibrosis and cirrhosis, although the thresholds with high 
sensitivities and specificities tend to occur at the extremes of the
scale and are not applicable to the majority of the population
tested. The correlation of serum markers to clinical outcomes
may overcome some of the limitations of using liver biopsy as a
gold standard. Furthermore, surrogate markers may prove most
useful in the serial monitoring of an individual or in the assess-
ment of the effectiveness of intervention (e.g. antifibrotic trial). 

Despite reservations, there is a continuing search for surrogate
markers using more powerful technologies and varying com-
binations of markers. For example, it may be possible to bring
serum markers together with imaging in an algorithm that gives
clinically valuable sensitivities and specificities for the diagnosis
and monitoring of cirrhosis. 

Differential diagnosis

The differential diagnosis will depend on the mode of presenta-
tion. This is best illustrated by the use of clinical examples.

A patient presents with marked jaundice and signs of portal
hypertension. The causes of jaundice are multiple (see Table 2)
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and include haemolysis, biliary obstruction, decompensated
liver disease and fulminant liver failure. Tests that will diagnose
haemolysis include unconjugated/conjugated bilirubin, reticu-
locyte count, haptoglobulin, a Coombs test and blood film. The
presence of signs of encephalopathy – decreased conscious level,
rapidly deteriorating synthetic function (occasionally seen early
after presentation) and hypoglycaemia – is highly suggestive 
of fulminant hepatic failure. Finally, radiological investigation
with ultrasound, CT and MRCP may be required to exclude the
presence of a supervening HCC, cholangiocarcinoma or biliary
tract disease.

A patient presents with ascites and deranged liver function
tests. The causes of ascites need to be considered. A diagnostic
ascitic tap is required for microbiology, cytology and the
serum–ascites albumin gradient to be calculated. A gradient of 
2 g/dL with findings of portal hypertension on ultrasound may
then narrow the diagnosis to cirrhosis, veno-occlusive disease
(VOD), congestive heart failure and constrictive pericarditis.
The last two differentials potentially could be excluded by 
clinical findings or, where doubt remains, by echocardiography.
This leaves VOD and cirrhosis, which may require more detailed
radiology or a liver biopsy to disentangle. 

The final example is a patient presenting with an acute upper
gastrointestinal haemorrhage and jaundice. An endoscopy
shows bleeding oesophageal varices suggesting portal hyperten-
sion. Clinical findings of emaciation and parotid gland enlarge-
ment accompanying biochemical test results of a raised γ-GT 
and AST/ALT ratio of >1 would further suggest alcohol as the

major aetiological factor. If this patient also had recurrent
attacks of pancreatitis, the possibility of portal vein thrombosis
would need to be excluded by radiological investigation. If por-
tal vein thrombosis was present, three differentials could still
exist: alcoholic cirrhosis with secondary portal vein thrombosis,
portal vein thrombosis secondary to pancreatic inflammation
and/or liver disease but not cirrhosis, and cirrhosis accompany-
ing a portal vein thrombosis caused by pancreatic inflammation.
Detailed histological and radiological assessment will therefore
be required to reach the final diagnosis. 

Prognosis

The prognosis will depend on the underlying aetiology of dis-
ease, the continuing presence or cessation of aetiological factors,
stage of disease progression and underlying residual capacity of
the liver. For example, in patients with alcoholic liver disease, if
they are able to maintain abstinence over time they will have a
prognosis similar to healthy individuals. If symptoms of decom-
pensation have occurred, prognosis is adversely affected. In
alcoholic liver disease, 5-year survival is 90% in compensated
cirrhosis but falls to 30% in decompensated disease [80]. 

Prognostic models are either generalized or more disease
specific. Examples of disease-specific prognostic scores include
the Mayo model of primary biliary cirrhosis. Generalized 
prognostic models include the Child–Turcotte score and the
modified Child–Pugh score [81]. The original purpose of the
score was to assess the operative risks of patients undergoing

A B C

Serum bilirubin (mg/100 mL) <2.0 2.0–3.0 >3.0

Serum albumin (g/100 mL) >3.5 3.0–3.5 <3.0

Ascites None Easily controlled Poorly controlled

Neurological disorders None Minimal Severe, coma

Nutrition Excellent Good Poor, ‘wasting’

Table 6 Criteria for Child–Turcotte
classification.

1 2 3

Serum bilirubin (mg/100 mL) <2.0 2.0–3.0 >3.0

Serum albumin (g/100 mL) >3.5 2.8–3.5 <2.8

Prothrombin (seconds prolonged) 1–4 4–6 >6

Encephalopathy (grade) None 1 and 2 3 and 4

Ascites Absent Slight Moderate

For primary biliary cirrhosis: 

Bilirubin (mg/100 mL) 1–4 4–10 >10

Bilirubin (µmol/L) 17–68 68–170 >170

Each parameter is assigned a score from 1 to 3: 

Child’s A: 0–6

Child’s B: 7–9

Child’s C: 10–15

Table 7 Criteria for modified Child–Pugh.
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portosystemic shunts, but it has evolved into a model for 
assessing prognosis in liver disease. Tables 6 and 7 show the
parameters that constitute the score. 

More recently the Model for End-Stage Liver Disease (MELD)
has been developed to guide prioritization in liver transplanta-
tion. There are parallels to the Child–Pugh score as the MELD
was originally developed to predict survival in patients under-
going TIPS. It has subsequently been validated in different 
disease aetiologies and centres [82,83]. The formula for the MELD
score is:

3.8 loge[bilirubin (mg/dL)] + 11.2*loge(INR) 
+ 9.6 loge[creatinine (mg/dL)] 
+ 6.4 (aetiology: 0 cholestatic or alcoholic, 1 otherwise) 

The advantages of MELD over the Child–Pugh score include 
the use of objective parameters and its greater discriminatory
ability; it is rapidly gaining acceptance as a method for prioritiz-
ing patients awaiting transplantation. 

Treatment

General

Ultimately the goal in cirrhotic liver disease is identification of
the aetiology and, when possible, to treat the underlying disease
to prevent the progression and promote the reversal of disease.
Patients generally present when disease is advanced and import-
ant supportive measures may be required.

Nutrition

Nutritional management must be active. As discussed above and
in Chapter 23.2, patients with cirrhosis are catabolic and, par-
ticularly alcoholics, may have profound nutritional deficiencies.
In the short term, a reduction in caloric intake has been shown
to be an independent risk factor for mortality [84]. This study
observed that enteral feeding was often initiated late and to
patients who had advanced liver dysfunction. Overnight naso-
gastric feeding (ng) can be a useful measure, allowing patients to
eat meals during the day. By feeding patients in an upright posi-
tion, gastro-oesophageal reflux and pulmonary aspiration can
be reduced. Enteral nutrition may be in the form of a polymeric
diet, hypercaloric diet, hyperproteinic diet or a combination of
these depending on nutritional requirements. Previously, there
was a school of thought advocating the avoidance of high-
protein diets in cirrhotic patients to prevent hepatic enceph-
alopathy. This view is no longer widely held and nutritional
repletion should be considered paramount. In individuals for
whom protein feeding is associated with encephalopathy, the
dietary/supplemental intake can be adjusted.

Nutritional support has also been shown to have beneficial
effects in specific conditions. For example, in a randomized 
controlled trial of patients with alcoholic hepatitis, patients in
the enteral nutrition arm had similar short-term survival and

improved 1-year survival compared with the corticosteroid 
arm [85].

Haemodynamic consequences of cirrhosis

The complications of variceal haemorrhage will require endo-
scopic, pharmacological and radiological intervention in isola-
tion or combination as discussed in Chapter 7.3. The prevention
of ascites by vigilance over salt and water intake may be possible
during the earlier stages of disease. However, in more advanced
disease, specific intervention may be required in the form of
large volume paracentesis or TIPS. Large multicentre controlled
trials are divided about the benefit of TIPS versus paracentesis
[86–89], as discussed in Section 7.5, but it seems likely that a
consensus on TIPS as a treatment for ascites will emerge in the
near future. 

Orthotopic liver transplant (see Section 25)

The indications for liver transplantation will depend on the
underlying aetiology and presence of complications such as
diuretic resistance ascites, encephalopathy, hepatorenal syn-
drome, etc. Liver transplantation offers potentially curative
treatment in toxic and metabolic conditions such as alcoholic
liver disease and Wilson’s disease. However, in the context of viral
hepatitis or NASH, recurrence can frequently occur and may
take a more aggressive form with rapid progression to fibrosis.
There are also limits on resources, even when the evolving prac-
tice of living donor transplantation is taken into consideration.
The complications listed above, which may be the indication for
orthotopic liver transplantation (OLT), will also influence the
success and postoperative recovery. Thus, OLT, whilst still offer-
ing the best available treatment for endstage liver disease, is not
universally available, or without its problems, including those
associated with long-term immunosuppression. See Chapter 25
for a more detailed review.

Antifibrotic drugs

There are a number of antifibrotic agents, as discussed in detail
in Section 6.2. There have been a small number of published 
trials utilizing specific antifibrotic strategies (e.g. colchicine,
interferon-gamma and peroxisome proliferator-activated recep-
tor (PPAR) ligands) in patients with fibrosis [90]. Although the
data from these trials are encouraging, the consensus opinion 
is that an effective, inexpensive and safe antifibrotic is so far
unavailable. There are ongoing randomized controlled trials
looking at novel targets, both in the context of fibrosis and cir-
rhosis. Patients with established cirrhosis are the most difficult
to treat yet they may have the most to gain because of dwindling
hepatic reserve. The other interesting question posed is what
constitutes a success in treatment in this group – reversal in 
histological parameters, clinical outcomes, or both (see Chapter
6.1 for discussion of reversal of cirrhosis).
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Follow-up and screening

Patients with compensated cirrhosis are at risk of developing 
the complications listed above. Careful follow-up may help 
to prevent or detect them at an early stage. Of particular 
relevance are the issues of upper gastrointestinal varices and
HCC. Elective endoscopy to detect varices remains the gold
standard diagnostic test, although there has been interest in
noninvasive tests [91]. In the presence of varices, primary 
prophylaxis is recommended by either pharmacological means
(e.g. beta-blockers) or band ligation in those intolerant to 
medication.

Screening for HCC remains controversial (see Chapter 18.2).
The majority of HCC (80–90%) arise on the background of 
cirrhosis [92], and it has been estimated that the annual risk 
of developing HCC in this context is 1–5% per year. Therefore, 
it could be argued that this represents a good population to
screen. Additionally, the screening tools of ultrasound and
alpha-fetoprotein (AFP) are widely available and have a negligi-
ble morbidity. The sensitivity and specificity of these tests varies
from 60 to 90%. Ultrasound has a subjective element and is
operator dependent whilst the specificity of AFP is reduced 
by regeneration, which occurs in the context of cirrhosis and
fluctuating viral replication. However, there is no substantive
evidence that screening using ultrasound and AFP reduces 
mortality and there is no consensus that screening is cost effec-
tive [93]. The reasons for this may be due to, firstly, the inability
to detect tumours at a stage that is amenable to treatment.
Secondly, although there are a number of treatment modalities,
including resection, chemoembolization and radiotherapy abla-
tion, only OLT prevents de novo HCC from arising in the future.
The latter is limited by resources, and by the time an appropriate
graft is available the disease may have progressed. Despite the
lack of firm evidence, many clinicians choose to screen patients
with cirrhosis on a 6-monthly basis with ultrasound and AFP.
With improving diagnostics and therapy, there may be stronger
evidence for screening in the future. 

The transition from compensated disease into decompen-
sated disease will usually be self-evident and often requires
emergency admission. There will also be cases of insidious pro-
gression with reducing reservoirs of hepatic function. In these
cases, the timing of liver transplantation is crucial and careful
attention to clinical, nutritional and biochemical trends is
required over a period of time. 
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7.1 Anatomy of the portal venous system
in portal hypertension
J. Michael Henderson

Normal anatomy of the portal system

Embryology [1]

The development of the portal circulation builds around the 
two vitelline veins bringing blood from the yolk sac and the two
umbilical veins returning the blood from the placenta. The
vitelline veins intercommunicate in the septum transversum
which is the site of development of the liver sinusoids. The extra-
hepatic portal venous system develops primarily from the left
vitelline vein, which is later joined by the splenic vein to join 
the portal vein. Portions of both the right and left vitelline veins
disappear and the remnant of the right vitelline vein continues
as the right branch of the intrahepatic portal vein, while the left
branch of the intrahepatic portal vein is formed from the left
vitelline vein. The right umbilical vein atrophies; the left main-
tains its patency and communicates with the liver sinusoids but
is directly connected to the sinus venosus. The ductus venosus
communicates directly to a large common hepatic vein, bypass-
ing much of the hepatic sinusoids in the fetal circulation, allow-
ing most of the placental blood to bypass the developing liver.
Despite this complex development, there are surprisingly few
congenital anomalies of the portal venous system.

Gross anatomy [2]

The adult portal venous system includes all the veins that collect
blood from the abdominal portion of the alimentary tract, the
spleen and the pancreas. The portal vein itself is formed behind
the neck of the pancreas by the confluence of the superior
mesenteric and splenic veins. It is approximately 6–8 cm long, 
1–1.2 cm in diameter, and passes superiorly from the upper
margin of the pancreas, behind the duodenum, in the free 
edge of the lesser omentum, to terminate at the right end of the
portahepatis.

The superior mesenteric vein is primarily formed by all the
veins draining the small bowel, with significant further con-
tributions of the ileocolic, right colic and middle colic veins. It
runs in the root of the mesentery, in front of the third portion of

the duodenum to unite with the splenic vein behind the neck of
the pancreas. The splenic vein originates at the splenic hilus and
runs on the posterior surface of the pancreas transversely to join
the superior mesenteric vein behind the neck of the pancreas.
The splenic vein receives numerous small feeding branches from
the body and tail of the pancreas. The short gastric veins enter
the spleen pulp superior to the origin of the splenic vein as 
does the left end of the gastroepiploic arcade. The third vein to
contribute to portal venous inflow is the inferior mesenteric vein
which drains blood from the rectum and the left colon. It enters
the splenic vein in approximately two-thirds of patients within 
1–2 cm of the splenic veins union with the superior mesenteric
vein. In one-third of subjects, the inferior mesenteric vein enters
directly into the superior mesenteric vein or at its confluence
with the splenic vein. Finally, the left gastric, or coronary vein,
has a variable entry into the portal venous system usually within
1–2 cm of the confluence, entering the splenic vein approxi-
mately 50% of the time and the portal vein in the other 50%.

The portal system carries all the blood from the alimentary
tract to the liver and, thus, in the normal subject, all of the above
named veins have blood flow directed towards the liver. This is
of particular pertinence in portal hypertension because, in these
patients, some of these vessels show reversal of blood flow with
blood going away from the liver to collateral veins, which shunt
directly to the systemic circulation [3].

The gastro-oesophageal junction

The normal venous anatomy of the gastro-oesophageal junction
and lower oesophagus is particularly relevant to this chapter on
portal hypertension [4–7]. This has been extensively studied by
Vianna and colleagues [4]. Their work used the three techniques
of radiological study, corrosion casting and morphometry.
These studies were performed in specimens of a block of tissue
that comprised the lower two-thirds of the oesophagus and the
entire intra-abdominal portal circulation. Injections for corro-
sion casting and for radiographic studies were made by cannu-
lating the splenic vein, ligating obviously leaking sites in the
tissue block and proceeding to injection with the test substance.

623
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The morphometric studies examined 1-cm slices in the region of
interest to document luminal areas of the main venous channels.

These studies documented four distinct zones of venous
drainage:
1 The gastric zone, which extends for 2–3 cm just below the 
gastro-oesophageal junction, is the junctional zone between the
stomach and lower oesophagus; the veins are longitudinal rather
than the irregular network seen in the rest of the stomach. These
veins are in the submucosa and lamina propria and come
together at the lower (gastric) end to drain into the short gastric
and left gastric veins. This configuration can be seen in Figures 1
and 2 marked as GZ.
2 The palisade zone extends 2–3 cm superiorly from the gastric
zone into the lower oesophagus. The veins are uniformly dis-
tributed, parallel and run longitudinal in four groups which 
correspond to the oesophageal mucosal folds. The corrosion
casting and radiological imaging of this zone (PZ) are illustrated
in Figures 1 and 2. There are multiple anastomoses between
these veins, which occupy the lamina propria as illustrated in
Figure 3. There are no perforating veins in the palisade zone
linking the intrinsic and extrinsic veins of the distal oesophagus.
Morphometric study shows that the cross sectional area of the
veins at this level is increased compared to other levels. These
observations strongly support the palisade zone as being the
watershed between the portal and systemic circulation. This is
the anatomic location of the lower oesophageal sphincter – a
region of the oesophagus of major physiological importance in
swallowing and in control of gastro-oesophageal reflux.

PV LGV

pz

pfz

CV

SMV

SV

LGE

P

Fig. 1 A corrosion cast of the portal venous system, with emphasis of the
upper stomach and lower oesophagus. P, pancreas; SMV, superior
mesenteric vein; PV, portal vein; LGV, left gastric vein; LGE, left gastric
epiploeic vein; SV, splenic vein; pz, palisade zone; pfz, perforating zone. 
This corrosion cast of normal blood vessels illustrates how the portal venous
system condenses at the gastric fundus to form a tight longitudinal plexus of
veins through the lower oesophagus in the palisade zone. (From ref. 4, with
permission)

TZ

PfZ

PZ

GZ

Fig. 2 A postmortem radiograph study of the venous anatomy at the
gastro-oesophageal junction in a normal subject. The vessels have been
injected with a barium gelatine solution to demonstrate the venous
anatomy. GZ, gastric zone; PZ, palisade zone; PfZ, perforating zone; 
TZ, truncal zone. The network of veins in the gastric fundus condense just
below the gastro-oesophageal junction and come together with
longitudinal channels in the palisade zone. The perforating veins in the
perforating zone can be identified. (From ref. 4, with permission.)

mp
e

mm
lp

sm

Fig. 3 A morphometric study of a transverse section of the distal
oesophagus in a normal subject. This specimen has been injected with
barium gelatine and transected 3 cm above the gastro-oesophageal
junction. lp, lamina propria; sm, submucosa; mm, muscularis mucosa; 
e, epithelium; mp, muscularis propria. The white channels in the lamina
propria represent the venous channels of the palisade zone which can
clearly be seen to congregate in the longitudinal folds of the oesophagus.
(From ref. 4, with permission.)

TTOC07_01  3/9/07  9:14 AM  Page 624



7.1 ANATOMY OF THE PORTAL VENOUS SYSTEM IN PORTAL HYPERTENSION 625

3 The perforating zone extends approximately 2 cm further 
up the oesophagus above the palisade zone. The organized 
longitudinal structure is lost, with veins looping and forming 
a network. The main feature of this zone is perforating veins
through the muscle wall of the oesophagus linking the internal
and external veins. These perforating veins occur circumferen-
tially around the oesophageal wall and are best illustrated in 
Figure 2.
4 The truncal zone is 8–10 cm long and is characterized by four
or five longitudinal veins in the lamina propria, as illustrated in
Figure 2. Perforating veins penetrate from the submucosa at
irregular intervals to the external oesophageal venous plexus.

The summary of these zones is schematically illustrated in 
Figure 4, as conceptualized by Vianni and colleagues [4]. This 
diagram represents the blood flow directions in the four zones
described above.

Changes with portal hypertension

Obstruction of portal venous flow, whatever the aetiology,
results in a rise in portal venous pressure. The first response 
to increased venous pressure is the development of a collateral
circulation diverting the obstructed portal flow to the systemic

veins [8]. The sites and extent of these collaterals’ paths vary 
and are illustrated in some of the following figures. While some
of these collaterals are relatively ‘benign’, clinically the most
important and dangerous are gastro-oesophageal varices. The
patterns of development and anatomic variations of these will be
described in more detail.

Collateral pathways

Figure 5 illustrates a large inferior mesenteric vein shown at
angiography in a patient with cirrhosis and portal hypertension.
The flow in this vein is away from the liver towards the rectum
and anal canal, which is one of the natural portal–systemic 
collateral sites. Retrograde flow in the inferior mesenteric vein is
a consistent finding in portal hypertension, but only occasion-
ally does the vein enlarge to the size illustrated in this figure.

Figure 6 illustrates a large umbilical vein in a patient with cir-
rhosis and portal hypertension. The umbilical vein can enlarge
from its vestigial size up to 2 cm in diameter and this always
communicates with the left portal vein. It runs in the falciform
ligament and may give rise to the clinical finding of a caput
medusae at the umbilicus. Although the umbilical vein may not
always be visualized at angiography, a prominent dye pattern in

Fig. 4 Diagrammatic representation of the postulated pattern of normal
venous drainage of the lower oesophagus. Venous drainage from the
gastric fundus and lesser curvature is inferiorly to the portal vein. In the
palisade zone, there is to/fro flow that is probably respiration dependent.
The perforating veins connect the intrinsic and extrinsic oesophageal
plexuses. Flow in the truncal zone is inferior to the perforating zone. 
(From ref. 4, with permission.)

PV

IMV

Fig. 5 Venous phase of a superior mesenteric artery injection in a patient
with cirrhosis. PV, portal vein; IMV, inferior mesenteric vein. The inferior
mesenteric vein fills in a retrograde pattern indicating blood flow away from
the liver in this patient with portal hypertension. This large inferior
mesenteric vein fills pararectal varices and anastomosis to the
haemorrhoidal veins.
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the left portal vein is usually due to the origin of an umbilical
vein. Flow in this is again away from the liver depriving the liver
sinusoids of portal flow.

Figure 7 illustrates retroperitoneal collaterals with spontane-
ous shunting to the gonadal vessels. This is more common in
female patients where the retroperitoneal collaterals will often
communicate with larger ovarian vessels and spontaneously
shunt into the iliac veins.

Figure 8 illustrates a patient with portal vein thrombosis 
and cavernous transformation of the portal vein. Rather than a
single portal vein going to this liver, there are three or four very
large channels, which demonstrate the preferred collateraliza-
tion route when there is portal vein thrombosis. It is easier 
for the obstructed, high pressure superior mesenteric vein to
collateralize to the low pressure sinusoids in the liver than to
seek the more complex routes illustrated above. A clinical 
correlation with this abnormality is that an ultrasound exam
may demonstrate an apparently good portal flow to the liver,
when in reality one is only visualizing one of the large collateral
vessels.

Gastro-oesophageal varices
This collateral pathway is of particular clinical importance
because of the propensity of these abnormal veins to bleed. In
total, 30% of patients identified with compensated cirrhosis and
60% of patients with decompensated cirrhosis have gastro-
oesophageal varices at the time of presentation. The risk of

PVumb
V

Fig. 6 This venous phase superior mesenteric artery injection demonstrates
prograde flow in the portal vein (PV) and hepatofugal flow in the umbilical
vein (umb V) carrying blood away from the liver towards the umbilicus. This
patient had a caput medusae fed by this large umbilical vein.

Fig. 7 Venous phase of a superior mesenteric artery injection showing
large retroperitoneal collaterals around the terminal ileum, cecum and the
right pelvis.

Fig. 8 Venous phase superior mesenteric artery study of cavernous
transformation of the portal vein in a patient with portal vein thrombosis.
Three large collateral venous channels can be seen in the region of the
portal vein and have developed from the obstructed superior mesenteric
vein to the low pressure sinusoids in this normal liver.
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bleeding from gastro-oesophageal varices is 30% in the first 
year after their identification [9]. An understanding of the
pathophysiology leading to the development of varices and of
the anatomic changes around the gastro-oesophageal junction
provide some basis for therapies used to reduce the risk of 
bleeding.

There are two main inflows to gastro-oesophageal varices.
The first of these is the left gastric or coronary vein. This may 
be a major contributor to variceal inflow as illustrated in 
Figure 9 where virtually all the portal venous flow is diverted
into the left gastric vein to gastric fundal and oesophageal
varices. In contrast, the patient illustrated in Figure 10 also had a
major bleed from gastro-oesophageal varices, yet the left gastric
vein is of a very small calibre.

The other major route of inflow for gastro-oesophageal
varices is from the splenic hilus through the short gastric veins.
This is illustrated in Figure 11, where the dominant venous
outflow from the spleen is into gastric varices. The splenic vein 
is open in this patient with cirrhosis. However, the finding of
isolated gastric fundus varices raises the question of isolated
splenic vein thrombosis, where all the splenic outflow traverses
the short gastric veins to the gastric fundus. The importance of
identifying these patients is that they have a normal liver and are

Fig. 9 Superior mesenteric artery injection in a patient with cirrhosis in
whom there is no prograde portal flow into the liver although the portal
vein is patent. Virtually all of the superior mesenteric venous flow is diverted
into a large left gastric vein (↑) filling varices at the gastric fundus (gastric
zone) and large paraoesophageal varices around the oesophagus. Note that
there is also retrograde filling of the splenic vein.

Fig. 10 Superior mesenteric venous phase study in a patient with cirrhosis
who still has good prograde portal flow to the liver. The increased density in
the left branch of the portal vein is probably the origin of a large umbilical
vein. The arrow indicates a small left gastric vein filling small gastric fundal
varices. It should be noted that this patient had significant variceal bleeding.

G.V.

S.V.

Fig. 11 The venous phase of a splenic artery injection in this patient with
cirrhosis demonstrates a tortuous splenic vein (S.V.) and large gastric fundal
varices (G.V.). It should be noted that these gastric varices drain through 
the retroperitoneum into a spontaneous splenorenal shunt with faint
visualization of the inferior vena cava. The lower catheter is in the left renal
vein which can be seen to drain some of the contrast on this venous phase
study.

TTOC07_01  3/9/07  9:14 AM  Page 627



628 7 PORTAL HYPERTENSION AND ITS COMPLICATIONS

cured by splenectomy. The impact of these inflow changes on
the venous anatomy at the gastro-oesophageal junction has been
studied with the same techniques as those described previously
for normal anatomy. The gastric, palisade perforating and trun-
cal zones can again be identified, but undergo significant change
in portal hypertension. The two main features of adaptation 
are dilatation and tortuosity, which are highly variable and do
not occur in any constant or regular manner. Dilatation of the
veins in the palisade zone is the most clinically problematic as
this is the commonest site of rupture and bleeding. In contrast,
enlargement of the paraoesophageal varices has less clinical 
consequence in terms of bleeding risk, but has physiological
significance in terms of diverting portal flow.

Resin cast studies by Kitano and coworkers [10] demonstrate
the dilatation and tortuosity of both the deep and superficial
venous plexuses and are illustrated in Figures 12 and 13. When
the deep veins become very large, they can displace the
superficial veins and lie immediately beneath the mucosa as
illustrated in Figure 13.

Further interesting data were generated by Spence et al. [11]
who showed blood-filled channels in the oesophageal squamous
epithelium as illustrated in Figure 14. These are apparently fed
by communicating channels which erode into the epithelium.
The precise relationship of each of these anatomic abnormalities
to the event of variceal bleeding has not been fully clarified.

The main vascular patterns that develop in portal hypertension,
demonstrated by these various studies, can be summarized as:
1 Varices in the fundus of the stomach are predominantly fed
by the short gastric veins but may also be fed by the left gastric
vein. From a clinical perspective, gastric varices may either occur
‘in continuity’ with oesophageal varices or be ‘isolated’ in the

fundus. The latter group have a higher propensity to bleed and
are particularly problematic in management.
2 Varices in the gastric and palisade zones form most of the
varices seen in clinical practice, are markedly tortuous, numer-
ous and dilated. They run longitudinally in these two zones and
are usually in continuity. Because there are no perforating veins
in the palisade zone, the submucosal veins are particularly prone
to rupture and bleeding. This is the main anatomical site for the
clinical problem of bleeding gastro-oesophageal varices.
3 Varices at the perforating and truncal zones – the perforating
vessels above the palisade zone – provide a communication
between the paraoesophageal varices and the submucosal
varices. These perforating pathways can increase the pressure in
the submucosal varices and in some patients flow to submucosal
vessels will increase the risk of bleeding. Doppler ultrasound
studies of perforating veins in patients with portal hypertension
have suggested that these may be incompetent and there may 
be bidirectional flow through the perforators [12]. It has been 
speculated that turbulence of flow through these incompetent
perforators is a risk factor in further bleeding.
4 Paraoesophageal varices are not at risk of bleeding but 
may develop as very large veins with significant flow. This flow
can be measured clinically as azygos blood flow. These channels
become important when there are incompetent perforators
allowing this high flow to increase submucosal venous pressure
and flow.

Anatomic studies of the portal circulation, and particularly
the detailed studies of the gastro-oesophageal junction, have
increased knowledge as to why and how gastro-oesophageal
varices form. This information also provides pointers as to the
therapeutic options.

Superficial venous
plexus overlying
deep intrinsic veins

Superficial venous plexus

Oesophagus Gastro-oesophageal
junction

Deep intrinsic
vein

Stomach

Fig. 12 Schematic representation of a resin cast of the lower oesophagus
and upper stomach in a patient with portal hypertension. This cast has been
partially dissected with the anterior wall removed to demonstrate the
enlarged superficial venous plexus of veins as well as large deep intrinsic
veins. These intercommunicate in the gastric zone. (Reprinted from ref. 10,
with permission.)

Oesophagus
Variceal channels
(deep intrinsic vein)

Stomach

Superficial venus plexus

Fig. 13 A resin cast of the lower oesophagus and upper stomach at a later
stage of dissection. Two very large, tortuous deep intrinsic variceal channels
are demonstrated with overlying superficial venous plexus. For this
dissection, some of the superficial venous plexus illustrated in the previous
figure has been removed. (Reprinted from ref. 10, with permission.)
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Fig. 14 (a) Blood-filled channels in the oesophageal epithelium in a patient with portal hypertension. In addition, there are dilated vessels in the lamina
propria. Magnification × 40. (b) A large subepithelial blood-filled channel in a patient with portal hypertension. The smaller intraepithelial channel appears to
be arising from papillary capillary present to the right of the larger lesions. Magnification × 26. (Reproduced from ref. 11, with permission.)
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Introduction

Portal hypertension is the haemodynamic abnormality most 
frequently associated with cirrhosis of the liver, although it is
also recognized less commonly in a variety of hepatic and extra-
hepatic diseases. Many of the most lethal complications of liver
cirrhosis are related to the presence of portal hypertension,
including haemorrhage from gastro-oesophageal varices, hep-
atic encephalopathy, ascites and functional renal failure, bac-
terial infections and hepatopulmonary syndrome. A thorough
knowledge of the pathogenesis leading to portal hypertension
sets the framework for a rational approach to treatment and 
is, therefore, central in the management of the patient with 
liver cirrhosis and in devising rational investigational strategies.
This chapter is an overview of the basic pathophysiological
mechanisms of the intrahepatic, splanchnic and systemic 
circulatory derangements involved in the genesis of portal
hypertension.

Pathogenesis of portal hypertension:
resistance and flow

Ohm’s law states that changes in pressure (P1–P2) along a blood
vessel are a function of the interplay between blood flow (Q) and
vascular resistance (R):

P1 – P2 = Q × R

It follows that portal hypertension may develop as the result
of an increase in portal blood flow, an increase in resistance to
portal blood flow, or both. The pathophysiology of portal hyper-
tension is best approached by analysing these components sepa-
rately, although mathematical formulas necessarily oversimplify
the complex and dynamic interactions that exist in biological
systems. Resistance to the flow in vessels can be expressed by
Poiseuille’s law:

R = (8nL)/πr 4

where n is the coefficient of viscosity, L the length of the vessel
and r its radius. Under physiological conditions, resistance is

mainly a function of changes in r, which have a dramatic
influence because these are taken to the fourth power. In con-
trast, L and n are basically constant because neither the length 
of a vessel nor the viscosity of blood vary greatly under usual 
circumstances. The liver is the main site of resistance to portal
blood flow, but the liver itself has no active role in regulating
portal inflow; this function is provided by resistance vessels at
the splanchnic arteriolar level. Hence, the normal liver is a pas-
sive recipient of fluctuating amounts of blood flow that, because
of its huge and distensible vascular network, can encompass a
wide range of portal blood flow with minimal effect on pressure
in the portal system. Thus, an increase in portal venous inflow,
per se, does not induce portal hypertension. This means that 
the primary and necessary factor for the development of portal
hypertension is an increased resistance to portal blood flow [1].
However, once portal hypertension develops, a series of mechan-
isms (not yet fully characterized) leads to an increase in portal
venous inflow, which contribute to perpetuate and aggravate
portal hypertension.

Hepatic vascular resistance

In liver cirrhosis, the most frequent cause of portal hypertension
in western countries, marked morphological aberrations, char-
acterized by fibrous tissue and regenerative nodules, result in
vascular obliteration that leads to increased resistance to blood
flow. In the early stages of liver fibrosis, sinusoidal capillarization
is probably the initial factor that induces portal hypertension.
Capillarized sinusoids are characterized by the accumulation 
of extracellular matrix in the space of Disse, and sinusoidal
endothelial cells that lose their fenestrations and their typical
phenotype. This, per se, may limit the ability of the sinusoids to
accommodate variations in blood flow. In viral hepatitis, this
occurs initially in the periportal area, while in alcoholic liver dis-
ease, it is predominant at the pericentral area. Later, the develop-
ment of fibrous septae and regenerative nodules markedly alters
the hepatic angioarchitecture. Additionally, it was suggested
recently that thrombosis of the small portal and hepatic venules
[2] could contribute to increase hepatic resistance and could 
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be an important factor in the progression of the architectural
disturbances of cirrhosis. Although these morphological changes
are undoubtedly the most important factor, functional factors
leading to an increase in intrahepatic vascular tone also con-
tribute to increased hepatic resistance in cirrhosis. The initial
demonstration that vasodilators could decrease hepatic resist-
ance in cirrhosis was the key study by Bhathal and Grossman 
[3], in which the use of the isolated and perfused liver model
allowed the evaluation of the changes in hepatic resistance 
independently from the changes in systemic haemodynamics. It
was suggested that up to 30% of the increase in hepatic resist-
ance in cirrhosis is due to an increased vascular tone. There are
no convincing studies that have quantified the magnitude of this
functional component in patients with cirrhosis, and it is not
well known whether its importance changes during the natural
history of cirrhosis. This finding set the rationale for the treat-
ment of portal hypertension with vasodilators.

The dynamic component in the increase in hepatic resistance
reflects the existence of contractile structures in the liver that
modulate hepatic resistance in response to endogenous or phar-
macological vasoactive substances. In the normal liver, it has
been demonstrated that the hepatic sinusoids can contract, and
that changes in sinusoidal calibre colocalize with hepatic stellate
cells (HSCs) [4]. These cells, located in the space of Disse, norm-
ally act as a deposit for retinoids and regulate the extracellular
matrix turnover, but their contractile properties allow HSCs to
behave as tissue pericytes that regulate microcirculation through
capillary contraction [5]. The contractile capacity of HSCs,
already present in the normal liver [4], is particularly important
after liver injury, when HSCs acquire an activated phenotype,
with increased proliferative, synthetic and contractile capacity,
behaving as myofibroblasts [5]. Also, in the normal liver, it 
has been demonstrated that portal venules contract in response
to vasoactive substances [6], but it is unknown whether this 
contributes to the increased hepatic resistance in cirrhosis. In
that regard, data from a rat model of cirrhosis suggest that presi-
nusoidal resistance is decreased in cirrhosis [7]. The same study
suggests that the contraction of the postsinusoidal vascular 
bed could contribute to the increase in hepatic resistance and 
to ascites formation in cirrhosis. It is uncertain whether these
results could be generalized to human cirrhosis.

Several vasoconstrictors and vasodilators have been shown to
modify hepatic resistance. These substances can be of hepatic
origin and act in a paracrine fashion [nitric oxide (NO), prosta-
cyclin, endothelin, locally produced angiotensin II, thrombox-
ane and leukotrienes], can arrive in the liver from the systemic
circulation (circulating angiotensin II, vasopressin or nore-
pinephrine) or can be of neural origin (norepinephrine). It is
not known which of these systems is more relevant, but it is clear
that in cirrhosis there is an imbalance between vasoconstrictive
and vasodilating forces, characterized by an abundance of vaso-
constrictors and a deficient production of and deficient response
to vasodilators. These abnormalities are amplified by the fact that,
compared with the normal liver, the hepatic vascular bed of the

cirrhotic liver exhibits an increased response to vasconstrictors
and a deficient response to vasodilators. In addition, most vaso-
constrictors have profibrogenic actions, whereas vasodilators
have antifibrogenic properties, so the effects of this imbalance go
beyond the increase in intrahepatic vascular tone.

Deficit and hyporesponse to vasodilators
In the early 1990s, it was demonstrated that NO regulates 
intrahepatic resistance in the normal liver [8]. In the normal
liver, sinusoidal endothelial cells respond to increases in shear
stress with an increase in NO production. This allows the nor-
mal liver to accommodate physiological changes in portal 
blood flow with minimal changes in portal pressure. In contrast,
the cirrhotic liver exhibits endothelial dysfunction, character-
ized by an insufficient production of NO, that contributes to 
an increase in hepatic vascular tone (and, thus, to the develop-
ment and progression of portal hypertension) and a decreased
capacity to accommodate increases in flow [9–11] (Fig. 1). The
physiological increases in portal blood flow, such as those 
occurring after the ingestion of a meal, result in marked
increases in portal pressure in cirrhotic patients [12]. Recent
work in experimental models of cirrhosis have validated hepatic
NO deficiency as a useful therapeutic target in cirrhosis, showing
that it is possible to improve portal haemodynamics by increas-
ing NO bioavailability in the liver circulation, either by transfec-
tion of the liver with adenovirus encoding nitric oxide synthase
(NOS) [13] or by the administration of a liver-selective NO
donor [14].

The mechanisms leading to the insufficient production of 
NO in cirrhosis have not been fully clarified. Endothelial nitric
oxide synthase (eNOS) expression has been found to be normal
[10,11] or decreased [13], while eNOS activity has been found 
to be consistently decreased. This is due to abnormalities in 
the complex posttranslational regulation of the enzyme, which
include protein–protein interactions, phosphorylation and
intracellular localization. Among other mechanisms, interac-
tion with caveolin-1 reduces the activity of eNOS, while Akt-
dependent eNOS phosphorylation increases eNOS activity. In
the cirrhotic liver, an increase in caveolin-1 expression has been
found and increased interaction of this protein with eNOS, with
ensuing decreased activity of eNOS [11]. Also, a decrease in 
Akt-dependent eNOS phosphorylation has been found in the
cirrhotic rat liver [15]. The status in the cirrhotic liver of other
posttranslational regulatory mechanisms of eNOS has not been
explored so far.

On the other hand, the response of the liver circulation to NO
is impaired [16]. The mechanisms involved in this abnormality
are not well understood, but could involve increased degrada-
tion of NO before the molecule reaches its targets (i.e. by
increased oxidative stress and superoxide production [17]) or
abnormalities at the downstream signal pathways of NO (the
most relevant being the cGMP pathway) [18].

Carbon monoxide is another endogenous vasodilator that 
has been shown to modulate hepatic resistance in the normal
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liver [19]. In the cirrhotic liver, an increased expression of
haemoxygenase-1 (the enzyme responsible for carbon monoxide
synthesis) has been demonstrated [20], but its relevance in the
pathogenesis of portal hypertension has not been addressed 
so far.

Increased production and response to
vasoconstrictors
As discussed previously, both the normal and the cirrhotic liver
vasculatures have contractile capacity. Consequently, infusion
of vasoconstrictors increases intrahepatic resistance in the 
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Fig. 1 Impaired NO production, pressure
regulation and NOS activity in cirrhotic liver. 
(a) NO in the perfused liver was significantly
lower in cirrhotic than in control animals (black
bars). The addition of L-NMMA to the perfusate
significantly inhibited NO production in both
groups (white bars). (b) Flow-induced increases
in perfusion pressure in both experimental
groups. The increase in perfusion pressure was
greater in cirrhotic animals (closed circles), as
demonstrated by a significantly greater
perfusion pressure at each flow rate and a
significantly greater pressure–flow slope (k). 
(c) NOS activity was significantly reduced in liver
tissue from cirrhotic animals compared with
parallel control animals when normalized per
milligram of protein (left) and per milligram of
liver tissue (right) (from ref. 11, with
permission).
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isolated liver [21–23]. In the cirrhotic liver, there is an increase
both in local vasoconstrictors produced in the liver itself and 
in circulating levels of vasoconstrictors [24–26]. Further, the 
cirrhotic liver exhibits an enhanced response to certain vasocon-
strictors with respect to normal liver [7,21,23,27]. This hyper-
response has been attributed to different abnormalities, namely
an increase in the amount of contractile tissue (proliferation of
myofibroblast and activation of HSCs), a deficient production
of vasodilators, changes in the expression and sensitivity of the
receptors and amplification of the vasoconstrictive response by
secondary production of vasoconstrictors. While the first two
mechanisms would be non-specific and apply to every vasocon-
strictor, the other two would be associated with changes in the
signalling pathways of specific vasoconstrictors.

Endothelin
This is the vasoconstrictor that has been most thoroughly 
studied in the hepatic circulation. However, its role in portal
hypertension remains unclear. There is evidence that circulating
and intrahepatic levels of endothelin are increased in cirrhosis
[25,28], and that endothelin can increase intrahepatic resistance
in the isolated liver [29]. Endothelin acts through two receptors:
ET-A and ET-B. The former mediates vasoconstriction, while
the latter can mediate both vasoconstriction and vasodilation.
The vasoconstrictive response of the cirrhotic liver vasculature
to endothelin has been found to be both increased [29] and
decreased [22] compared with the normal liver, while the vaso-
constrictive response to selective ET-B agonists has been shown
to be uniformly increased in cirrhosis [22]. On the other hand,
activation of HSCs is associated with a change in endothelin
receptor pattern from a predominance of ET-A receptors in nor-
mal subjects to a predominance of ET-B receptors in cirrhosis
[25], which could suggest a change in the sensitivity of HSCs 
to endothelin. In vivo studies have not contributed to the
clarification of the role of endothelin in portal hypertension.
Acute administration of a mixed ET-A/ET-B receptor blocker
seems to decrease portal pressure, whereas chronic administra-
tion does not modify portal pressure. On the contrary, chronic
selective blockade of ET-A receptor decreases collagen accumu-
lation in a secondary biliary cirrhosis model, whereas acute 
ET-A blockade to cirrhotic rats does not lower portal pressure
[30]. Preliminary results in humans have shown that neither 
ET-A nor ET-B blockers are able to decrease portal pressure 
in cirrhotic patients, and that ET-A blockers induce marked
hypotension [31]. Therefore, although these results suggest that
endothelin might regulate hepatic resistance in the normal and
cirrhotic liver, endothelin does not seem to be a useful pharma-
cological target in portal hypertension in cirrhosis.

Angiotensin II
In patients with advanced cirrhosis, there is a marked activation
of the renin–angiotensin system (RAS), which correlates with the
severity of portal hypertension [26]. In experimental studies in
the isolated liver, angiotensin II infusion increases intrahepatic

resistance [21,22], and infusion of angiotensin II through the
portal vein of cirrhotic patients increases portal pressure and
decreases hepatic blood flow. These effects are probably medi-
ated by the contraction of HSCs which, once activated, express
angiotensin II type 1 receptors and contract in response to
angiotensin II [32]. Further, HSCs express all the components 
of the RAS [33], which suggests that not only circulating
angiotensin but also locally produced angiotensin II has a role 
in the increased resistance in cirrhosis. Activation of RAS, how-
ever, is a homeostatic process that contributes to maintaining
arterial pressure in advanced cirrhosis [34] and, therefore, RAS
blockade induces marked hypotension in these patients without
a significant decrease in portal pressure [35]. This means that
angiotensin II is probably not a useful target for the treatment of
portal hypertension, at least in advanced cirrhosis.

Cysteinyl-leukotrienes
These are potent vasoconstrictors that are derived from 
arachidonic acid through the 5-lipoxygenase (5-LO) pathway.
Cysteinyl-leukotriene production is increased in livers from 
cirrhotic rats, which show an increase in 5-LO expression
[24,27]. The isolated cirrhotic liver responds to leukotrienes
with a marked increase in intrahepatic resistance, and 5-LO
blockade decreases hepatic resistance in cirrhotic livers [27].
There is no information on the in vivo haemodynamic effects 
of 5-LO blockers.

Alpha-adrenergic stimulus
This increases hepatic resistance [21], and this effect is higher 
in cirrhotic than in normal liver [7,9,23]. This finding cannot 
be fully explained by a decreased production of NO in the cir-
rhotic liver [23]. A recent study demonstrated that the cirrhotic
liver responds to alpha-adrenergic agonists with an increased
endothelial production of thromboxane A2 mediated by COX-1,
which amplifies its vasoconstrictive effect [23,36]. This expands
the concept of endothelial dysfunction in cirrhosis, character-
ized not only by insufficient production of NO but also by
increased production of vasoconstrictive prostanoids (Fig. 2). 
In vivo studies have shown that alpha-adrenergic blockade
decreases intrahepatic resistance in patients with cirrhosis, but
the use of these agents in portal hypertension is hampered by the
fact that, like most vasodilators, they not only act in the hepatic
circulation, but also induce hypotension [30].

In summary, the cirrhotic liver exhibits a dysregulation in the
production of and response to a number of vasconstrictors and
vasodilators, and it is likely that more than a single target needs
to be hit to effectively decrease intrahepatic resistance in cirrhosis.

Collateral resistance

The development of collaterals in portal hypertension is the 
key event that leads to severe complications such as variceal
bleeding and hepatic encephalopathy. Collaterals develop as 
a consequence of the pressure increase in the portal system, 
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allowing the decompression of the portal territory to vascular
beds of low pressure. However, this decompression is ineffec-
tive, not because these collaterals have a very high resistance but
because, in parallel with the development of collaterals, an
increase in portal blood inflow maintains portal hypertension.

Collateral formation results in part from the opening and
dilation of preformed channels. Additionally, an active angio-
genesis process intervenes in collateral formation, and this pro-
cess is vascular endothelial growth factor (VEGF) dependent.
VEGF expression increases in the intestine and mesentery of 
rats with prehepatic portal hypertension, and VEGF blockade
reduces by 50% the development of collaterals in this model
[37]. Additional studies showed that collateral formation is 
also NO dependent [38], raising the possibility that VEGF acts
upstream of NO in the collateralization process.

Because as much as 90% of portal blood flow could be
shunted through portosystemic collaterals in advanced portal
hypertension, changes in collateral resistance can modify portal
pressure. A number of studies performed in a model in which
the collateral bed is perfused in situ have demonstrated that
these vessels have functional receptors for vasopressin, endothe-
lin, serotonin and alpha- and beta-adrenergic receptors, and
respond to NO with vasodilation [39,40].

Increase in hepatic blood flow: the
hyperdynamic circulation

In 1953, Kowalski and Abelman first demonstrated that cirrho-
sis is associated with a hyperdynamic circulatory syndrome,
characterized by a marked decrease in systemic vascular resis-
tance, arterial hypotension and increased cardiac output. These
profound alterations in peripheral circulation in liver cirrhosis
contribute to the development of complications such as ascites,

hepatorenal syndrome and hepatopulmonary syndrome.
Additionally, in the 1970s, a series of studies in patients with
liver cirrhosis suggested that the splanchnic circulation was also
hyperdynamic, and that not only an increase in hepatic resis-
tance but also an increase in portal blood flow contributed to
portal hypertension in cirrhosis [41]. This was unequivocally
demonstrated in subsequent studies in rodent models of portal
hypertension [42], and set the rationale for the use of vasocon-
strictors in the treatment of portal hypertension. The hyperdy-
namic circulatory state in portal hypertension is the consequence
of two pathophysiological phenomena: arterial vasodilation and
plasma volume expansion. The presence of both is required for
the expression of the hyperdynamic state [34,43,44].

Splanchnic and peripheral vasodilation
At least three mechanisms are thought to contribute to vasodi-
latation in portal hypertension: (i) increased concentration of
circulatory vasodilators; (ii) increased endothelial production 
of local vasodilators; and (iii) decreased vascular responsiveness
to endogenous vasoconstrictors. The last mechanism is probably
due to the effect of the first two components.

Circulatory vasodilators

Glucagon Initial studies focused on circulating mediators that
would be increased as a result of deficient removal by the liver
because of deteriorated liver function and/or portosystemic
shunting. Glucagon is probably the humoral vasodilator for
which there is the most evidence of a significant role in promot-
ing splanchnic hyperaemia in portal hypertension. Many studies
have demonstrated that plasma glucagon levels are elevated in
cirrhosis. Hyperglucagonism results, in part, from decreased
hepatic clearance but, more importantly, from an increased
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Splanchnic circulation
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Prostacyclin
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Fig. 2 The endothelium has a central role in the pathophysiology of portal hypertension. In the normal endothelium, a balanced production of
vasoconstrictive and vasodilatory substances maintains a normal vascular tone and an anti-inflammatory and antithrombotic environment. In cirrhosis,
endothelial dysfunction develops in the intrahepatic circulation, characterized by a decreased production of nitric oxide and an increased production of
vasoconstrictive prostanoids and endothelin. This results in an increase in the intrahepatic vascular tone, and probably contributes to create a
prothrombogenic and proinflammatory environment. In contrast, in the splanchnic circulation, there is an increase in the endothelial production of nitric
oxide, which contributes to splanchnic vasodilation and the ensuing increase in portal blood inflow that maintains and worsens portal hypertension.
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secretion by pancreatic alpha cells [45]. Support for a role for
glucagon in modulating the splanchnic blood flow comes from
studies showing that the normalization of the circulating levels
of glucagon partially reverses the increased splanchnic blood
flow, and this can be prevented by a concomitant glucagon 
infusion [46]. However, some studies showed no correlation
between glucagon levels and splanchnic blood flow, thus ques-
tioning a major role for hyperglucagonism in portal hyperten-
sion. Glucagon release is clearly implicated in postprandial
hyperaemia which, in patients with cirrhosis, is associated with
marked increases in portal pressure [47]. Collectively, these 
data provided the rationale for the use of somatostatin and
octreotide in the treatment of patients with portal hypertension,
although it has been demonstrated recently that these drugs pro-
mote vasoconstriction by mechanisms independent of those of
glucagon inhibition [48].

Endocannabinoids In rats and in patients with advanced 
cirrhosis, there is an increase in the production of the endoge-
nous cannabinoid anandamide by monocytes [49,50], and the
specific blockade of the peripheral cannabinoid receptor CB1
attenuates the hyperdynamic circulation [49,50] and decreases
portal pressure [49]. It has been postulated that cannabinoids
would act through an increase in NO production [49], but results
are contradictory [50]. The mechanisms that would induce
anandamide production are not clear, but could be related to the
frequent endotoxaemia observed in cirrhosis.

Several other circulating vasodilators, such as calcitonin gene-
related peptide (CGRP), adrenomedullin and carbon monoxide,
have also been linked to the pathogenesis of vasodilation in 
portal hypertension, but evidence is still scarce.

Local vasodilators
The implication of NO in portal hypertension was initially sug-
gested by Vallance and Moncada [51]. Several lines of evidence
confirmed the central role of NO in the development of the
hyperdynamic circulation. On one hand, patients with cirrhosis
have increased levels of nitrites and nitrates [52], the degrada-
tion products of NO. In experimental animals, it was demon-
strated that NO production is increased in the splanchnic
vascular bed of portal hypertensive rats, and this accounts for
the hyporesponse to vasoconstrictors characteristic of portal
hypertension [53]. Furthermore, inhibition of NO production
reduces portal pressure, portosystemic shunting and prevents
(although not completely) the development of the hyper-
dynamic circulation [54,55]. This last finding, together with the
fact that double eNOS/inducible NOS (iNOS) knockout mice
still develop the hyperdynamic circulation after the induction of
portal hypertension [56], suggests that NO is the principal, but
not the only, mediator of vasodilation.

A number of studies have characterized at the molecular 
level the mechanisms leading to increased NO production in
portal hypertension. At odds with the original hypothesis, which
suggested that endotoxaemia present in cirrhosis would upregu-

late iNOS [51], overwhelming data suggest that increased NO 
in portal hypertension is mediated by eNOS [57]. Preliminary
data suggest that neuronal NOS (nNOS) activation could also
have a role in the increased NO production that occurs in portal
hypertension [58], but this role would be far outweighed by that
of eNOS [59].

The most powerful stimulus for eNOS upregulation is shear
stress. Indeed, shear stress is increased in portal hypertension
once the hyperdynamic circulation is established. Furthermore,
the superior mesenteric vascular bed from portal hypertensive
rats shows an enhanced production of NO in response to shear
stress [53]. Bacterial translocation also contributes to increased
NO production in advanced cirrhosis, but the mechanism
involves an upregulation of eNOS, not iNOS [60]. Finally, por-
tosystemic shunt, per se, can induce NO-mediated vasodilation
[61]. However, sequential studies in the portal vein ligated
model have shown that eNOS activation occurs before any of
these three mechanisms is present [62,63]. This indicates, on the
one hand, that increased eNOS production is a primary factor in
the development of vasodilation and, on the other hand, that
different mechanisms from those mentioned above activate
eNOS in the very early phases of portal hypertension. Recent
data indicate that the initial eNOS upregulation occurs at the
small arterioles of the intestinal mucosa, and that it is secondary
to VEGF upregulation [64], raising the possibility that the first
stimulus that upregulates eNOS is intestinal hypoxia secondary
to congestion or to superior mesenteric artery (SMA) reflex vaso-
constriction in response to increased portal pressure [63]. In
keeping with these findings, it was demonstrated recently that
blocking VEGF action from the onset of portal hypertension
markedly attenuates the development of the hyperdynamic 
circulation and decreases portal blood inflow by 50% [65].
Whether these mechanisms account for the development of 
the hyperdynamic circulation in human cirrhosis needs to be
confirmed.

When looking at the signalling level, molecular studies have
shown that, in the early stages of portal hypertension, increased
eNOS activity is detected before the increase in eNOS expres-
sion. This is due to activation of eNOS at the posttranslational
level, mediated by increased Akt-dependent eNOS phosphoryla-
tion [66]. In the more advanced stages of portal hypertension,
NO production increases as a result of both an increase in eNOS
expression [60] and an increase in eNOS activity related to
changes at the posttranslational level. This latter mechanism
involves an increased interaction of eNOS with the molecular
chaperone Hsp90 [67]. Also, it has been shown that bacterial
translocation activates eNOS through a tumour necrosis factor
(TNF)α-dependent increase in tetrahydrobiopterin (BH4)
[60,68], an essential cofactor of eNOS. Taken together, these
studies show that different mechanisms upregulate eNOS 
(Fig. 3) and that the relative importance of these mechanisms
varies during the evolution of portal hypertension.

In summary, in striking contrast to what occurs in the intra-
hepatic circulation, in which there is a deficit in NO production,
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in the splanchnic circulation, there is an increase in NO produc-
tion (Fig. 2) [57]. This paradox poses enormous difficulties 
in developing NO-based therapies for portal hypertension.
However, it must be taken into account that the primary defect
is the increase in intrahepatic resistance, and splanchnic vasodi-
lation is a secondary alteration. Therefore, it is likely that, by
improving the increase in hepatic resistance, some of the alter-
ations in the splanchnic circulation can be reverted [15].

Another local vasodilator that has been linked to splanchnic
hyperaemia in portal hypertension is prostacyclin [69,70], but
the available evidence is less extensive than that for NO.
Systemic and splanchnic production of prostacyclin is increased
in portal hypertension as a consequence of an increased expres-
sion of COX-1 and COX-2 [71]. Blocking any of the two 
isoforms increases the response of the splanchnic vasculature 
to vasoconstrictors, but the effect of COX-2 blockade is more
intense [71]. Further, COX blockade has been shown to attenu-
ate the hyperdynamic circulation in portal hypertension [72,73].

Plasma volume expansion
For many years, plasma volume expansion has been recognized
in a wide variety of portal hypertensive liver diseases. In condi-
tions of constant peripheral vascular resistance, an increase in
circulatory blood volume results in increased venous return and
cardiac output. However, expansion of blood volume leads to
stress relaxation of the vasculature and, after this initial increase,
cardiac output returns to normal. This demonstrates that blood
volume expansion alone is not sufficient in itself to maintain a
hyperkinetic circulatory state. It is the combination of arterial
vasodilation and blood volume expansion that produces opti-
mal conditions for maintaining the hyperdynamic circulatory
state in portal hypertension.

Sodium retention is the earliest and most frequent abnorm-
ality of renal function associated with portal hypertension.
Sodium restriction markedly attenuates the development of the
hyperdynamic circulation in portal hypertensive rats, normaliz-
ing cardiac output and portal venous inflow [74]. On the other
hand, it has been demonstrated that diuretics such as spirono-
lactone decrease (although mildly) portal pressure [75]. The 
initial stimulus for sodium retention is arterial vasodilation

[76,77], which leads to arterial underfilling and subsequent 
activation of baroreceptors. This leads to the activation of the
sympathetic nervous system, renin–angiotensin system and
vasopressin secretion. The final result is sodium and water
retention by the kidneys and plasma volume expansion (Fig. 4).

Portal hypertension

eNOS upregulation

SMA reflex
Vasoconstriction

Intestinal hypoxia?

Bacterial
translocation

Portosystemic
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Fig. 3 Portal hypertension activates different
mechanisms that ultimately lead to eNOS
upregulation.

Increased
resistance

Portal
hypertension

Increased
flow

Functional

Increase in CO

Portosystemic
collaterals

Varices

Vasodilatation

Hypotension
Central hypovolemia

Activation NE, VP, A-II Na and water
retention increase
venous return to

the heart

Structural

Fig. 4 Summary of the pathophysiology of portal hypertension. The
increase in hepatic resistance leads to an increase in portal pressure. This
leads to a cascade of disturbances in the splanchnic and systemic circulation
characterized by vasodilation, sodium and water retention and plasma
volume expansion, which are major players in the pathogenesis of ascites
and hepatorenal syndrome. Additionally, these alterations lead to an
increase in portal blood inflow that contributes to maintaining and
aggravating portal hypertension. Another characteristic feature is the
development of portosystemic collaterals that are responsible for
complications such as variceal bleeding and hepatic encephalopathy. 
CO, cardiac output; NE, norepinephrine; VP, vasopressin; A-II, angiotensin II; 
Na, sodium.
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This has been called the peripheral arterial vasodilation
hypothesis [34], and not only explains the pathophysiology of
the hyperdynamic circulation in portal hypertension, but also
many aspects of other complications of portal hypertension
such as ascites and hepatorenal syndrome [43].

Summary and conclusions

The primary event leading to portal hypertension in liver cirrho-
sis is increased hepatic resistance. This is due not only to the
architectural disturbances in liver vasculature associated with
the cirrhotic process, but also to an increased intrahepatic 
vascular tone that results from an imbalance between excessive
vasoconstrictors and deficient vasodilators. Besides, portal
hypertension induces marked alterations in the systemic and
splanchnic circulation, characterized by a decrease in systemic
vascular resistance, arterial hypotension, increased cardiac out-
put and plasma volume expansion, and is known as the hyper-
dynamic circulatory state. This leads to an increase in portal 
blood inflow that contributes to maintain and aggravate portal
hypertension (Fig. 4). These concepts provide the rationale for
understanding the pharmacological treatments of portal hyper-
tension in cirrhosis.
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Introduction

Variceal bleeding is one of the commonest and most severe 
complications of liver cirrhosis. Even with the current best med-
ical care, mortality from variceal bleeding is still around 20%.
Moreover, variceal bleeding often leads to deterioration in liver
function, and it is a common trigger for other complications of
cirrhosis, such as bacterial infections or hepatorenal syndrome.
In this chapter, we will review the natural history of varices in
patients with cirrhosis, the primary and secondary prevention 
of acute variceal bleeding, and the medical management of the
bleeding episode.

The natural history and clinical course of
variceal bleeding

Development of oesophageal varices

When cirrhosis is diagnosed, varices are present in about
30–40% of compensated patients and in 60% of those who 
present with ascites [1]. In those cirrhotic patients who present
without varices, the annual incidence of new varices is about
5–10% [2–6]. An hepatic venous pressure gradient (HVPG)
over 10 mmHg [6] is a strong predictor for the development of
varices. This is in keeping with the role of portal pressure as the
driving force for the development of collaterals. No other factors
have been associated with the development of varices [5,7].

Progression of oesophageal varices from
small to large

Once developed, varices increase in size from small to large
before they eventually rupture and bleed. Studies assessing the
progression from small to large varices are controversial, show-
ing rates of progression of varices ranging from 5% to 30% per
year [1,5,8,9]. The most likely reason for such variability is the
different patient selection and follow-up endoscopy schedule
across studies (7). The factor that has been most consistently
associated with variceal progression is baseline Child–Pugh or

its worsening during follow-up [5,8,10]. Other reported factors
were alcoholic aetiology of cirrhosis and the presence of red wale
markings [5]. It has been shown that changes in HVPG [either
‘spontaneous’ or caused by drug therapy or transjugular intra-
hepatic portosystemic shunts (TIPS)] are usually accompanied
by parallel variations in the size of the oesophageal varices,
which are significantly reduced when HVPG falls below 12
mmHg [11,12]. Thus, an increased HVPG plays a key role in
both the development and the progression of the varices.

Incidence and risk indicators of first bleeding
from oesophageal varices

Once varices have been diagnosed, the overall incidence of
variceal bleeding is of the order of 25% at 2 years in non-selected
patients [13]. Many efforts have been made to define risk criteria
for the development of variceal bleeding. The most important
predictive factors are variceal size, severity of liver dysfunction
expressed by the Child–Pugh classification and red wale marks
[14]. These risk indicators have been combined in the North
Italian Endoscopic Club (NIEC) index, which allows the
classification of patients into different groups with predicted 
1-year bleeding risk ranging from 6% to 76% [14]. Overall,
variceal size remains the most useful predictor for variceal
bleeding [15]. This is the variable used in clinical practice to
decide whether a patient should be given prophylactic therapy
or not. The risk of bleeding is very low (between 1% and 2%) in
patients without varices at the first examination, and increases to
about 5% per year in those with small varices, and to 15% per
year in those with medium or large varices at diagnosis [1].

The course of the acute bleeding episode

Prognostic factors
Ruptured oesophageal varices cause 70% of all upper gastroin-
testinal bleeding episodes in patients with portal hypertension
[16]. Thus, in any cirrhotic patient with acute upper gastroin-
testinal bleeding, a variceal origin should be suspected. Clinical
features are those of upper gastrointestinal bleeding (often 
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massive), combined with those of liver cirrhosis. The incidence
of variceal bleeding shows a diurnal rhythm, with two peak inci-
dences at 08.00–10.00 and 20.00–22.00 [17,18]. This rhythmic-
ity is probably related to circadian variations in portal pressure
[18]. Variceal bleeding is often intermittent, which should be
taken into account in its diagnostic approach. Diagnosis is estab-
lished at emergency endoscopy based on observing one of the
following: (i) active bleeding from a varix (observation of blood
spurting or oozing from the varix) (nearly 20% of patients); 
(ii) white nipple or clot adherent to a varix; (iii) presence of
varices without other potential sources of bleeding.

Initial control of bleeding
Because variceal bleeding is frequently intermittent, it is difficult
to assess when the bleeding stops and when a new haematemesis
or melaena should be considered an episode of rebleeding.
Several consensus conferences have addressed this issue and set
definitions for events and timing of events related to episodes 
of variceal bleeding [19]. By using these definitions, data from
placebo-controlled clinical trials have shown that variceal bleed-
ing is spontaneously controlled in 40–50% of patients [13]. With
currently available treatments, control of bleeding increases to
about 80% of the patients [16].

Early rebleeding
The incidence of early rebleeding ranges between 30% and 40%
in the first 6 weeks. The risk peaks in the first 5 days, with 40% 
of all rebleeding episodes occurring in this very early period,
remains high during the first 2 weeks and then declines slowly 
in the next 4 weeks. After 6 weeks, the risk of further bleeding
becomes virtually equal to that before bleeding [20]. Currently
available treatments have reduced 6-week rebleeding to 20%
[16]. Early rebleeding is a strong predictor of death within 6
weeks, indicating that its prevention should be a priority in the
management of variceal bleeding. Prognostic indicators for early
rebleeding were assessed in most studies together with initial
failure to control bleeding and 5-day risk of death, confirming 
a composite endpoint referred to as ‘5-day failure’. Bacterial
infection [21–23], active bleeding at emergency endoscopy
[16,22,24], Child–Pugh class or score [16,22], aspartate amino-
transferase (AST) levels [16], the presence of portal vein throm-
bosis [16] and an HVPG > 20 mmHg measured shortly after
admission [25,26] have been reported as significant predictors
of risk for 5-day failure.

Mortality
Mortality from variceal bleeding has greatly decreased in the last
two decades from 42% mortality registered in the Graham and
Smith study in 1981 [20] to the current 15–20% [16,27]. This
decrease results from the implementation of effective treat-
ments, such as endoscopic and pharmacological therapies and
TIPS, as well as improved general medical care (i.e. antibiotic
prophylaxis). As it may be difficult to assess the true cause of
death (i.e. bleeding vs. liver failure or other adverse events), the

general consensus is that any death occurring within 6 weeks
from hospital admission for variceal bleeding should be con-
sidered as a bleeding-related death [19].

Immediate mortality from uncontrolled bleeding is in the
range of 4–8% [3,4,16]. Prehospital mortality from variceal
bleeding might be around 3% [28]. Like the risk of rebleeding,
the risk of mortality peaks in the first days after bleeding, slowly
declines thereafter and, after 6 weeks, becomes constant and 
virtually equal to that before bleeding [13,20]. Nowadays, only
40% of deaths are directly related to bleeding, while 50% are
caused by liver failure and hepatorenal syndrome [16]. Thus,
although there is still room for improving haemostatic treat-
ments to substantially decrease mortality from variceal bleed-
ing, therapies should be able to prevent liver and renal function
deterioration.

Accurate indicators of risk of early death, available at hospital
admission, could allow selection of patients for more aggressive
therapies, such as emergency shunt or TIPS, before their con-
ditions deteriorate, hampering further therapy. Unfortunately,
the indicators of risk so far identified are also indicators of poor
outcomes after derivative treatments and, consequently, are of
limited clinical value. On hospital admission, the most consis-
tently reported death risk indicators are Child–Pugh classifica-
tion or its components, blood urea nitrogen (BUN) or creatinine,
active bleeding on endoscopy, hypovolaemic shock and hepato-
cellular carcinoma [16,20,21,29–31]. Additionally, an HVPG 
> 20 mmHg [25] has been reported as a strong indicator of treat-
ment failure. Conceivably, it is also associated with a higher risk
of death, although its specific prognostic role for 6-week mortal-
ity has not been assessed. Prognostic indicators gathered in the
early follow-up period are of no help in selecting immediate
therapy, but do aid in developing a more focused and rational
management of the patient. The most important among late
prognostic indicators are early rebleeding [24,30], bacterial
infection [23] and renal failure [30,31]. From these data, it is
clear that management of the bleeding cirrhotic patient should
be aimed not only at controlling the bleeding, but also at pre-
venting early rebleeding, infection and renal failure.

Long-term recurrent bleeding from oesophageal
varices and mortality
Patients surviving a first episode of variceal bleeding have a very
high risk of rebleeding and death. Median rebleeding incidence
within 1–2 years in untreated patients is around 60%, while
mortality is around 33% [13]. Because of these high risks, all
patients surviving a variceal bleeding should be treated for 
prevention of rebleeding independently of other risk indicators
[32,33]. Randomized controlled trials (RCTs) for the preven-
tion of rebleeding suggest that risk indicators of rebleeding and
death are variceal size, Child–Pugh class, continued alcohol abuse
and hepatocellular carcinoma [13]. An HVPG > 20 mmHg is
significantly associated with a higher risk of 1-year mortality [25].
A spontaneous decrease in portal pressure after alcohol abstin-
ence or the pharmacological reduction of portal pressure by
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more than 20% of baseline values or below 12 mmHg are 
associated with a sustained decrease in the risk of rebleeding
[11,34,35], indicating that effective portal pressure reduction
can reverse the natural history of portal hypertension [35] (see
below).

The management of portal
hypertension

Rational basis for the treatment of portal
hypertension

A very important concept, which has been strongly substanti-
ated in recent years, is that the major factor determining the
development of the complications and the clinical significance
of portal hypertension is that portal pressure (assessed in clinical
practice by the HVPG) increases above a critical threshold value.
Varices do not develop until HVPG increases to ≥ 10 mmHg,
and the HVPG should be of at least 12 mmHg for the appearance 
of other complications, such as variceal bleeding and ascites
[36–38]. Implicit in this concept is that preventing the HVPG
from increasing above these values will prevent the development
of the complications of portal hypertension. Further, if HVPG is
reduced below these thresholds by means of pharmacological
treatment [12,34] or spontaneously as a result of an improvement

in liver disease [11], variceal bleeding is totally prevented and
varices decrease in size. Besides, even if this target is not
achieved, a 20% decrease from baseline HVPG offers an almost
total protection from variceal bleeding [34,35,39–43]. Such a
reduction in HVPG, below 12 mmHg or of more than 20% of
baseline, is now accepted as a therapeutic target in the treatment
of portal hypertension. Achievement of these targets has also
been shown to be associated with a decreased risk of developing
ascites, spontaneous bacterial peritonitis, hepatorenal syndrome
and death [35]. This provides the proof-of-concept of the
reversibility of the portal hypertensive syndrome by means of
portal pressure reduction.

A basic knowledge of the pathophysiology of portal hyperten-
sion is required to understand the pharmacological treatment of
portal hypertension (Fig. 1). The initial factor that leads to portal
hypertension is the increase in vascular resistance to portal
blood flow. In cirrhosis, this increase in resistance occurs at the
hepatic microcirculation (sinusoidal portal hypertension). It is
important to emphasize that, contrary to what was traditionally
thought, increased hepatic vascular resistance in cirrhosis is 
not only a mechanical consequence of the hepatic architectural
disorder caused by the liver disease, but there is also a dynamic
(and therefore reversible) component secondary to an increased
intrahepatic vascular tone. This provides a rationale for the 
use of vasodilators in portal hypertension. Another way of 

Activation of
vasoactive systems

Hypotension
Effective hypovolemia

Vasodilatation

Functional Structural

Na and water retention
Hypervolemia

Increase in CO

Portosystemic
collaterals

Increased resistance

Varices

Portal
hypertension

Tips/surgical PSS

Endoscopic therapies

Vasoconstrictors

Diuretics

Vasodilators

Increased flow

Fig. 1 Rationale for the treatment of portal hypertension (see text for details). CO, cardiac output; Na, sodium; PSS, portosystemic shunt.
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overcoming the increased resistance through the cirrhotic liver
is by means of portosystemic shunt surgery and TIPS. These
procedures are highly effective in decreasing portal pressure, but
have the detrimental effect that, by further decreasing portal
blood flow through the liver and by increasing portosystemic
shunting, they may enhance liver failure and facilitate hepatic
encephalopathy.

A second factor contributing to portal hypertension is an
increased blood flow through the portal venous system due to
splanchnic arteriolar vasodilatation. Splanchnic hyperaemia
contributes by aggravating the increase in portal pressure, and
this explains why portal hypertension persists despite the estab-
lishment of an extensive network of portosystemic collaterals
that may divert over 80% of the portal blood flow. The increased
portal venous inflow can be corrected pharmacologically by
means of splanchnic vasoconstrictors, such as vasopressin and
its derivatives, somatostatin and its analogues and non-selective
beta-adrenergic blockers, which are the drugs that have been
more widely used in the treatment of portal hypertension.
Splanchnic vasodilatation is accompanied by increased cardiac
index and hypervolaemia, representing the hyperkinetic circula-
tory syndrome associated with portal hypertension [44,45]. An
expanded blood volume is necessary to maintain the hyper-
dynamic circulation, which provides a rationale for the use of a
low-sodium diet and spironolactone to attenuate the hyper-
kinetic syndrome and the portal pressure elevation in patients
with cirrhosis [46].

Combined pharmacological therapy consists of associating
vasoconstrictive drugs, which act by decreasing portal blood
inflow, and vasodilators, which reduce the intrahepatic and 
portocollateral vascular resistance, in an attempt to enhance 
the reduction in portal pressure caused by the former.

Local treatments at the varices complete the spectrum of
treatments for complications of portal hypertension. These
treatments do not decrease portal pressure and therefore have
no potential for preventing other complications of portal hyper-
tension. Endoscopic therapy is directed at ‘eradicating’ the
varices either by injecting a variety of irritating substances into
or around the varices to promote thrombosis and fibrosis or by
ligating the varices using elastic bands. It is possible that the
efficacy of endoscopic therapy could be enhanced if combined
with an agent that effectively lowers portal pressure [47]. Finally,
haemostatic agents, such as recombinant activated factor VII,
are being explored as adjuvants to conventional therapy to arrest
variceal bleeding [48].

Prevention and treatment of the bleeding
episodes

The treatment of portal hypertension includes the prevention of
variceal haemorrhage in patients who have varices but never
bled, the treatment of the acute bleeding episode and the pre-
vention of rebleeding in patients who have survived a bleeding
episode from oesophageal or gastric varices. So far, there is 

no effective treatment to prevent the development of varices
(‘preprimary prophylaxis’) [6].

The main difference between these scenarios is that natural
history and prognosis are very different from one to another.
The previous considerations about the natural history of each of
these situations should guide the selection of therapies, as the
haemostatic or prophylactic efficacy of the available treatments
are inversely proportional to their invasiveness and adverse
effects.

Prevention of first bleeding from oesophageal
varices

Screening for oesophageal varices
The aim of screening for oesophageal varices is to detect those
patients with varices that will benefit from prophylactic treat-
ment. The current consensus is that every cirrhotic patient
should be screened endoscopically for varices at the time of dia-
gnosis [19]. Although several studies indicate that non-invasive
tests (particularly platelet count and data obtained from abdom-
inal ultrasound) may have a potential use in selecting a group of
patients with a high risk of varices [49–52], so far none of these
has proved to be accurate enough in independent samples so
that endoscopy can safely be omitted in patients with negative
non-invasive indicators.

Cost-effectiveness decision analysis has challenged universal
endoscopy screening in cirrhosis [53,54]. In these reports, it is
suggested that empiric beta-blocker therapy for all patients
without endoscopic screening is more cost-effective than uni-
versal screening and primary prophylaxis only in patients with
large varices. A third study also suggested that empiric beta-
blocker therapy is more cost-effective, but only in patients with
decompensated cirrhosis [55]. However, the major drawbacks
of beta-adrenergic blockers are patient adherence and side-
effects (and thus quality of life), which are difficult to account
for fully in decision analysis studies. The lack of effectiveness 
of beta-adrenergic blockers in preventing the development of
varices and the high rate of side-effects observed even in well-
compensated patients [6] severely compromise the use of beta-
adrenergic blockers without screening.

In patients without varices on initial endoscopy, a second
(follow-up) evaluation should be performed after 2–3 years to
detect the development of varices before these bleed [19]. In
those centres in which hepatic haemodynamic studies are avail-
able, it is advisable to measure HVPG. An HVPG over 10 mmHg
indicates a more rapid progression to complications of cirrhosis
and calls for shorter surveillance intervals [6]. In patients with
small varices on initial endoscopy, the aim of subsequent evalua-
tions is to detect the progression of small to large varices because
of the important prognostic and therapeutic implications. Based
on an expected 10–15% per year rate of progression of variceal
size, endoscopy should be repeated every 1–2 years in patients
with small varices [19]. In patients with advanced cirrhosis, red
wale marks or alcoholic aetiology of cirrhosis, a 1-year interval
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might be recommended [5,7]. Once the patient is started on
beta-adrenergic blockers, there is no need for further endo-
scopic surveillance.

Treatments for the prevention of first bleeding

Pharmacological therapy The modern era of drug therapy for
portal hypertension started in 1980 with the first publication of
the use of propranolol for the prevention of recurrent variceal
bleeding [56]. Since then, the efficacy of non-selective beta-
adrenergic blockers has been assessed in a number of RCTs that
consistently showed a significant reduction in the bleeding risk,
both in the prophylaxis of first bleeding and in the prevention of
rebleeding.

Non-selective beta-adrenergic blockers reduce portal pres-
sure by decreasing portal venous inflow. Also, by reducing portal
blood inflow, these drugs reduce portocollateral blood flow.
This means that beta-adrenergic blockers can be beneficial in the
prevention of variceal bleeding even in the absence of a decrease
in portal pressure. The decrease in splanchnic blood flow is the
result of a decrease in cardiac output due to the blockade of car-
diac beta-1 adrenoceptors, and of splanchnic vasoconstriction
due to the beta-2 receptor blockade, which leads to unopposed
alpha-adrenergic activity [57].

Both propranolol and nadolol have been proven effective in
the prevention of variceal bleeding [13]. Nadolol may be more
convenient as it is administered once a day and, on account of its
low lipid solubility, may have lower potential for central side-
effects [58]. Timolol also has low liposolubility [58] and has the
greatest beta-2 adrenoceptor blocking effect [59], but this drug
was only tested in one randomized trial evaluating the pre-
vention of the development of varices, with negative results [6].
Therefore, there is no evidence to support the use of timolol for
the prevention of variceal bleeding.

The dose of beta-adrenergic blockers is determined by step-
wise increases in dose until reaching the maximum tolerated.
This approach is probably more effective than titrating against
heart rate to achieve a reduction of about 25% [35]. Propranolol
is commonly initiated at a dose of 20–40 mg b.i.d., while nadolol
is initiated at a dose of 40 mg/day. The most common side-
effects are lightheadedness, fatigue, shortness of breath, impo-
tence and sleep disorders. Although severe events are rare, these
side-effects often result in lack of compliance. About 10–15% 
of patients develop intolerance that results in treatment with-
drawal [60]. In addition, up to 15–20% of cirrhotic patients
with varices present contraindications that preclude the use 
of beta-blockers [61]. Absolute contraindications are congestive
heart failure, asthma, chronic obstructive pulmonary disease,
second- or third-degree heart block and peripheral vascular dis-
ease. Insulin-dependent diabetes and portopulmonary hyper-
tension are relative contraindications.

A total of 12 trials have been conducted assessing beta-
adrenergic blockers for the prevention of first bleeding. Meta-
analysis of these studies shows that continued propranolol or
nadolol therapy markedly reduces the bleeding risk, from 25%

with non-active treatment to 15% with beta-adrenergic blockers
over a median follow-up period of 2 years [13]. Mortality was
only slightly reduced from 27% to 23%; this effect barely
approached the level of statistical significance. The benefit of
therapy has been proved in patients with moderate/large varices
(> 5 mm), either with or without ascites or with good or poor
liver function [13,62]. A recent trial demonstrated that beta-
adrenergic blockers reduce the rate of progression from small 
to large varices, and decrease the incidence of variceal bleeding
in patients with small varices [9]. Although confirmatory 
double-blind trials are required before a definite recommenda-
tion can be given [63], this suggests that the indication of 
beta-adrenergic blockers could be extended to patients with
small varices, especially to those in Child class B and C. Therapy
with beta-adrenergic blockers should be maintained indefinitely
because, when they are withdrawn, the risk of variceal haemor-
rhage returns to what would be expected in an untreated popu-
lation [64].

The addition of isosorbide mononitrate increases the portal
pressure reduction of beta-adrenergic blockers [65,66]. How-
ever, it is not clear whether this translates into a greater clinical
efficacy. An open trial comparing nadolol vs. nadolol plus
isosorbide mononitrate demonstrated a significantly lower rate
of first bleeding in the combination group, which was maintained
after 55 months of follow-up, without survival advantage [67,68].
However, a large, randomized, double-blind study failed to
confirm these results [60]. The current consensus does not rec-
ommend this combination therapy in primary prophylaxis [19].
Isosorbide mononitrate administered alone, despite its mild
portal pressure-lowering effect, is ineffective in the prevention
of variceal bleeding [61].

Endoscopic therapy Endoscopic band ligation is also effective 
in preventing the first variceal bleeding in patients with medium
to large varices [69]. Twelve trials have compared endoscopic
band ligation with beta-adrenergic blockers as first-line option
for primary prophylaxis of variceal bleeding [70–81]. The meta-
analysis of theses trials shows a clear but marginal advantage 
of endoscopic band ligation over beta-adrenergic blockers in
terms of prevention of first bleeding, with no differences in 
mortality (Figs 2 and 3). However, the performance of beta-
adrenergic blockers in the two trials showing a significant 
benefit of endoscopic band ligation was extremely poor [74,78].
Five of these trials are only available in abstract form, which
makes it difficult to evaluate their quality. An additional concern
is that, in the largest study [72], there was a 7% incidence of
bleeding from ligation-induced ulcers, and two patients died as 
a direct consequence of this complication (treatment-related
mortality of 2.6%). Further, because of the short duration of 
follow-up in most of these studies, the long-term safety and
benefits of prophylactic endoscopic band ligation are still 
uncertain. On the contrary, the long-term safety and efficacy 
of prophylactic therapy using non-selective beta-adrenergic
blockers has been established in a large number of trials 
[64,82]. On this basis, the current recommendation is to restrict
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the use of endoscopic band ligation to those patients with 
contraindications or intolerance to beta-adrenergic blockers
(Fig. 4) [19]. Even in this case, the use of band ligation is contro-
versial, as a recent trial comparing band ligation with no treat-
ment in this subgroup of patients was stopped because of a high
rate (12%) of iatrogenic bleeding in the band ligation group
[83].

The combination of endoscopic band ligation plus beta-
adrenergic blockers appears to offer no benefit in terms of 
prevention of first bleeding when compared with endoscopic
band ligation alone, but more studies are required [84]. There is
a lower rate of recurrence of varices in patients treated with
endoscopic band ligation plus propranolol, but at the expense of
more side-effects.

Study RR (random)
95% CI

First variceal bleeding
RR (random)

95% CI

0.01 0.1

Favours EBL

1 10

Favours beta-blockers

100

Chen et al. 1998 [81]
De et al. 1999 [70]
Sarin et al. 1999 [74]
Song et al. 2000 [77]
de la Mora et al. 2000 [80]
Gheorghe et al. 2002 [78]
Lui et al. 2002 [71]
Lo et al. 2004 [73]
Schepke et al. 2004 [72]
Drastich et al. 2005 [79]
Juthaba et al. 2005 [75]
Thuluvath et al. 2005 [76]

Total. (95% CI)

Test for heterogeneity: c2 = 10.20 (P = 0.51)
Test for overall effect: Z = 2.84 (P = 0.005)

0.54 [0.05–5.59]
2.00 [0.20–19.78]
0.33 [0.11–0.93]
0.83 [0.32–2.18]
0.50 [0.05–4.81]
0.26 [0.08–0.80]
0.67 [0.22–2.03]
0.46 [0.19–1.12]
0.89 [0.52–1.50]
0.55 [0.10–3.10]
0.09 [0.01–1.58]
1.88 [0.19–18.60]

0.63 [0.46–0.87]

Fig. 2 Prevention of first variceal bleeding. Meta-analysis (random effects model) of randomized controlled trials comparing endoscopic band ligation (EBL)
with beta-adrenergic blockers in the prevention of first variceal bleeding. EBL achieves a marginal improvement in the risk of developing a first variceal
bleeding. RR, relative risk.
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1.08 [0.24–4.87]
0.98 [0.30–3.14]
0.60 [0.22–1.64]
0.33 [0.01–7.45]
0.22 [0.03–1.79]
0.92 [0.48–1.75]
1.09 [0.53–2.24]
1.06 [0.74–1.51]
1.65 [0.16–17.40]
0.11 [0.01–1.98]
1.88 [0.57–6.19]

0.98 [0.76–1.26]

Fig. 3 Prevention of first variceal bleeding. Meta-analysis (random effects model) of randomized controlled trials comparing endoscopic band ligation (EBL)
with beta-adrenergic blockers in the prevention of first variceal bleeding. EBL does not improve mortality. RR, relative risk.
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Prevention of recurrent bleeding from oesophageal
varices
Because of the extremely high risk of rebleeding in untreated
patients, all patients surviving a variceal bleeding should receive
active treatments for the prevention of rebleeding [19,32,85]. In
addition, those with poor liver function or with other recurrent
complications of portal hypertension should be considered for
liver transplantation.

Drug therapy
Pharmacological treatment is based on the use of non-selective
beta-adrenergic blockers [86]. Meta-analyses consistently found
a marked benefit from beta-adrenergic blockers, in terms of
both rebleeding (from 63% in control subjects to 42% under
beta-adrenergic blockers) and mortality (from 27% to 20%)
[13]. Controversy exists over whether nitrates should be added

to beta-adrenergic blockers. Two trials are available [87,88],
with one of them double-blind and placebo-controlled, but only
published in abstract form [87]. These studies failed consistently
to show a benefit from combination therapy in terms of rebleed-
ing or survival. However, combination therapy has been used as
‘optimal’ pharmacological therapy for comparisons with band
ligation. Whenever possible, it is recommended to assess the
haemodynamic response to beta-adrenergic blockers. If a 20%
decrease in baseline HVPG or a decrease to ≤ 12 mmHg is not
achieved, isosorbide mononitrate may be added, which results
in achieving the target reduction in portal pressure in a third of
non-responders to beta-adrenergic blockers alone (‘à la carte’
treatment) [89].

Endoscopic therapy
Endoscopic injection sclerotherapy of oesophageal varices also

Propranolol or nadolol treatment

Evaluate varices

Follow-up endoscopy
at 2–3 years*

Contraindications to
  -blockers?

Follow-up endoscopy
at 1–2 years

Lifelong   -blockers

Intolerance to
  -blockers?

Endoscopy

Diagnosis of cirrhosis

Presence of
varices?

Endoscopic band
ligation

YES

YES NO

YES

NO

NO

Small1Large

Fig. 4 Algorithm with recommendations for
the prevention of first variceal bleeding in
patients with cirrhosis. *Beta-adrenergic
blockers might be initiated in patients with
small varices. This would be especially indicated
in patients in Child class B and C or with red
signs at the varices.
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reduces both rebleeding and death [90], but has been replaced
by endoscopic band ligation, which is superior to sclerotherapy
in terms of efficacy and complications [90,91]. The meta-analysis
of the four available trials comparing optimal endoscopic treat-
ment (band ligation) vs. optimized pharmacological treatment
(the combination of beta-blockers and isosorbide mononitrate)
[41,92–94] shows comparable results with the two therapies, but
significant heterogeneity exists in the reported risk of variceal
rebleeding (Fig. 5). Therefore, both beta-adrenergic blockers ±
nitrates or banding ligation can be used as first-line treatments
for the prevention of variceal rebleeding. If the patient bleeds
while on primary prophylaxis with beta-adrenergic blockers,
then the choice should be to add banding ligation, maintaining
beta-adrenergic blockers (Fig. 6).

Two recent trials have shown that the association of beta-
adrenergic blockers and endoscopic band ligation fares better
than band ligation alone [47,95], suggesting that treatment with
band ligation alone should be restricted to patients with con-
traindications to beta-adrenergic blockers.

Transjugular intrahepatic portosystemic shunt (TIPS)
A large corpus of consistent data indicates that TIPS is more
effective than endoscopic therapy in preventing rebleeding [96].
A single trial demonstrated that it is also better than pharmaco-
logical therapy with propranolol and isosorbide mononitrate
[97]. However, TIPS is associated with an increased rate of
encephalopathy, does not increase survival [96] and is more

expensive than drug therapy [97]. Thus, TIPS should only be
used as rescue therapy for patients experiencing repeated or
significant episodes of rebleeding while being treated with beta-
adrenergic blockers ± isosorbide mononitrate or endoscopic
band ligation. An open question is whether TIPS should be 
preferred to surgical shunts in patients with good liver function
(Child A or ‘good’ B). Two RCTs have addressed this issue so far.
One compared TIPS with an 8-mm prosthetic H-graft porto-
caval shunt, showing a lower rate of rebleeding, death and 
liver transplantation in the surgical group [98]. Another trial
including 140 patients compared TIPS and distal splenorenal
shunt in endoscopic and/or pharmacological failures [99].
There were no significant differences in rebleeding, hepatic
encephalopathy or death. Patients with TIPS required more
reinterventions to maintain portal decompression, on account
of the well-known tendency of TIPS to dysfunction over time.
The use of polytetrafluoroethylene (PTFE)-covered stents has
dramatically decreased the rate of TIPS dysfunction, clinical
relapses and the need for reinterventions [100], overcoming the
main drawback of traditional bare stents without increasing 
the risk of hepatic encephalopathy and liver failure. Therefore,
PTFE-covered stents should be the choice for TIPS placement.

Treatment of acute variceal bleeding

The management of acute variceal bleeding should be under-
taken in an intensive care setting by a team of experienced 

Study
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Variceal bleeding
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Lo et al. 2002 [94]
Patch et al. 2002 [92]
Romero et al. 2006* [93]

Total (95% CI)

Test for heterogeneity:   2 = 12.41 (P = 0.006)

0.63 [0.40–0.98]
2.13 [1.19–3.82]
0.65 [0.35–1.22]
1.10 [0.69–1.78]

0.98 [0.57–1.68]

Test for overall effect: P = 0.95

Mortality

0.2 0.5

BB+IMN
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EBL
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Villanueva et al. 2001 [41]
Lo et al. 2002 [94]
Patch et al. 2002 [92]
Romero et al. 20061 [93]

Total (95% CI)

Test for heterogeneity:   2 = 2.57 (P = 0.46)

0.77 [0.50–1.18]
0.52 [0.24–1.15]
1.07 [0.63–1.82]
1.00 [0.46–2.17]

0.83 [0.63–1.11]

Test for overall effect: P = 0.21

Fig. 5 Meta-analysis of available randomized controlled trials comparing pharmacological treatment [beta-adrenergic blockers plus nitrates (BB + IMN)] with
endoscopic banding ligation (EBL) to prevent rebleeding. There were no differences between the two therapies in terms of variceal rebleeding and survival. 
*In the trial by Romero et al. [93], low-volume sclerotherapy was added to banding ligation.
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medical staff, including well-trained nurses, clinical hepatologists,
endoscopists, interventional radiologists and surgeons. Lack of
these facilities demands immediate referral. Decision-making
should follow the guidelines set up in a written protocol de-
veloped to optimize the resources of each centre.

Acute variceal bleeding is defined as either active bleeding at
endoscopy (emanating blood from a varix oozing or sprouting)
or signs of an upper gastrointestinal bleeding (haematemesis,
intragastric blood or coagulated blood, melaena) when active
bleeding cannot be detected by endoscopy.

General management
The general management of the bleeding patient is aimed at 
correcting hypovolaemic shock (with judicious volume replace-
ment and transfusion) and preventing complications associated
with gastrointestinal bleeding (such as renal failure, hepatic
decompensation, hepatic encephalopathy and bacterial infec-
tions). These goals, which are independent of the cause of the
haemorrhage, demand immediate management.

Blood volume replacement should be initiated as soon as 
possible, aiming at maintaining the haematocrit around 24%
(haemoglobin 8 g/L). The avoidance of prolonged hypo-
volaemic shock is particularly important in preventing compli-
cations such as infection and renal failure, which are associated
with the risk of rebleeding and death [4,31]. Overtransfusion
should be avoided, not only because of the risks inherent with

blood transfusion, but also because there may be a rebound
increase in portal pressure with a consequent risk of continued
bleeding or rebleeding [101,102]. Although the role of transfu-
sion of platelets in patients with a platelet count less than 
50 000/µL and of administration of fresh frozen plasma in
patients with coagulopathy has not been assessed in clinical
studies, these agents are frequently used. Initial reports demon-
strated that recombinant activated factor VII (rVIIa, Novoseven)
corrects prothrombin time in cirrhotics, both in non-bleeders
[103] and in the acute variceal bleeding setting [104]. A recent
double-blind, multicentre RCT showed that rFVIIa administra-
tion may significantly improve the results of conventional therapy
in patients with moderate and advanced liver failure (stages B
and C of the Child–Pugh classification), in whom variceal 
bleeding carries a more severe prognosis, without increasing 
the incidence of adverse events [48], but these results must be
confirmed in new trials focusing on this target population.

Infection is a strong prognostic indicator in acute variceal
bleeding [22,105]. The more frequent infections are spontane-
ous bacterial peritonitis (50%), urinary tract infections (25%)
and pneumonia (25%). The use of antibiotics in acute variceal
bleeding has been shown to reduce both the risk of rebleeding
[106] and mortality [107]. Therefore, antibiotics should be
given to all patients from admission. Norfloxacin, 400 mg/12 h,
is the first choice on account of its simpler administration 
and lower cost [108]. In high-risk patients (hypovolaemic 

– add EBL
– maintain

  -blockers +/– ISMN

  -blockers ± ISMN
or EBL
or both

Minor Major

Lifelong
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Variceal
bleeding under prophylactic

  -blockers?
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bleeding?

Further
bleeding?
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Continue or combine
EBL + drugs

(optimise dose and schedules)
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(PTFE-covered stent)
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Fig. 6 Algorithm with recommendations for
the prevention of rebleeding in patients who
had recovered from an episode of acute
variceal bleeding. EBL, endoscopic band
ligation; ISMN, isosorbide mononitrate.
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shock, ascites, jaundice or malnutrition), intravenous ceftriaxone
has recently been shown to be superior to oral norfloxacin [109].

Bronchial aspiration of gastric contents and blood is a par-
ticular risk, especially in encephalopathic patients, which may 
be further exacerbated by endoscopic procedures. Endotracheal
intubation is mandatory if there is any concern about the safety
of the airway. Variceal bleeding can trigger hepatic encephalopa-
thy. Lactulose can be given orally or by enema to prevent hepatic
encephalopathy, although this has not been evaluated in ran-
domized trials.

Specific therapy for control of bleeding
Specific therapy for acute variceal bleeding includes vasoactive
drugs, endoscopic therapy and portosystemic shunts, either 
surgical or TIPS.

Pharmacological therapy
The action of vasoactive drugs is to reduce variceal pressure 
by decreasing variceal blood flow. The selection of the drug
depends on the local resources. Terlipressin should be the first
choice if available, as it is the only drug shown to improve sur-
vival [110]. Somatostatin, octreotide or vapreotide are the sec-
ond choice [13,111]. If these drugs are not available, vasopressin
plus transdermal nitroglycerin is an acceptable option [13].

Vasopressin was the first drug used, but was abandoned 
25 years ago because of the severity of its cardiovascular adverse
events. The association of vasopressin infusion plus nitrogly-
cerin resulted in an enhanced fall in portal pressure and less
marked systemic effects, and has been shown to be more effec-
tive and safer than vasopressin [13]. Vasopressin is started at
0.2–0.4 units/min and can be increased to a maximum of 
0.8 units/min. Nitroglycerin is most commonly administered
transdermally (20 mg/12 h). This combination is still used in
countries were neither terlipressin nor somatostatin is available,
but should not be maintained for more than 48 h because of an
increased incidence of side-effects.

Terlipressin is a long-acting triglycyl lysine derivative of vaso-
pressin. On top of its own vasoactive effects, terlipressin is slowly
transformed to vasopressin by enzymatic cleavage of the trigly-
cyl residues by tissue peptidases [112]. Clinical studies have 
consistently shown less frequent and severe side-effects with 
terlipressin than with vasopressin, even when vasopressin is
associated with nitroglycerin. It has been speculated that this
increased safety may be related to the combination of high tissue
concentration with low circulating levels consequent to the 
slow release of vasopressin [112]. Terlipressin should be used
with great caution in the rare cirrhotic patient with ischaemic
heart disease or peripheral vascular disease. The most common
side-effects are abdominal pain and hyponatraemia. Serious
side-effects such as peripheral or myocardial ischaemia occur in
less than 3% of patients [113].

Terlipressin may be initiated as early as variceal bleeding is
suspected at a dose of 2 mg/4 h for the first 48 h, and it may be
maintained for up to 5 days at a dose of 1 mg/4 h to prevent

rebleeding [113]. Compared with placebo or non-active treat-
ment, terlipressin significantly improves the rate of control of
bleeding and survival [114]. This is the only treatment that 
has been shown to improve the prognosis of variceal bleeding 
in placebo-controlled RCTs and meta-analysis [13,114]. Ter-
lipressin is as effective as any other effective therapy, including
endoscopic injection sclerotherapy (EIS), and is safer than 
vasopressin plus nitroglycerin and EIS [13,113,114]. The overall
efficacy of terlipressin in controlling acute variceal bleeding 
at 48 h is 75–80% across trials [114] and 67% at 5 days [113].
Terlipressin is also useful in hepatorenal syndrome [115]. Thus,
the use of terlipressin for variceal bleeding may prevent renal
failure, which is frequently precipitated by variceal bleeding [31].

Somatostatin has been used for over two decades [116] in the
treatment of acute variceal bleeding, based on its ability to
decrease portal pressure and collateral blood flow [117]. The
usual scheme for somatostatin administration is an initial bolus
of 250 µg followed by a 250 µg/h infusion that is maintained
until the achievement of a 24-h bleed-free period. The bolus
injection can be repeated up to three times in the first hour if
bleeding is uncontrolled. Therapy may be maintained for up to 
5 days to prevent early rebleeding [118]. The use of higher doses
(500 µg/h) has been shown to translate into increased clinical
efficacy in the subset of patients with more difficult bleedings
(those with active bleeding at emergency endoscopy) [119].
Major side-effects with somatostatin are negligible. Minor side-
effects, such as nausea and vomiting, occur in up to 25% of
patients [120] and hyperglycaemia in 2–4% [118,119,121]. Several
RCTs have shown that somatostatin significantly improves the
rate of control of bleeding compared with placebo or non-active
treatment [13,111]. However, despite the beneficial effect on
control of bleeding, somatostatin did not reduce mortality [13].
Somatostatin has been compared with terlipressin, and no dif-
ferences were found for failure to control bleeding, rebleeding,
mortality or in the incidence of adverse events in both treatment
groups [13].

Octreotide is a somatostatin analogue with a longer half-life.
However, this is not associated with longer haemodynamic
effects than somatostatin [122]. The optimal doses are not 
well determined. It is usually given as an initial bolus of 50 µg,
followed by an infusion of 25 or 50 µg/h [111]. As with somato-
statin, therapy can be maintained for 5 days to prevent early
rebleeding. The safety profile of octreotide is similar to that of
somatostatin. The efficacy of octreotide as a single therapy for
variceal bleeding is controversial. No benefit from octreotide
was found in the only trial using octreotide or placebo as initial
treatment [123], which may be due to rapid development of
tachyphylaxis [122]. However, RCTs using octreotide on top 
of sclerotherapy or ligation have shown a significant benefit in
terms of reducing early rebleeding [124]. It has been speculated
that this may be related to its sustained ability to prevent post-
prandial increase in portal pressure [111]. However, mortality
was not affected [13,124]. These results suggest that octreotide
may improve the results of endoscopic therapy but has no or 
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little effect if used alone. When compared with other vasoactive
drugs, octreotide was better than vasopressin and equivalent 
to terlipressin, again suggesting a clinical value from the use of
octreotide [13]. Side-effects were less frequent and severe with
octreotide than with either vasopressin or terlipressin, but the
difference was significant only for vasopressin [13].

Endoscopic therapy
Both sclerotherapy and band ligation have been shown to be
effective in the control of acute variceal bleeding [90]. Two 
randomized trials specifically compared band ligation and scle-
rotherapy in acute variceal bleeding [125,126]. In one of them,
all patients received pharmacological therapy (somatostatin)
[126]. Additional information can be drawn from eight trials in
which these two modalities were compared for both acute bleed-
ing and the prevention of rebleeding [90]. The meta-analysis of
these data shows that endoscopic band ligation is better than
sclerotherapy in the initial control of bleeding and is associated
with less adverse events and improved mortality (Fig. 7).
Additionally, it has been shown that sclerotherapy, but not band
ligation, induces a sustained increase in portal pressure [127], a
factor associated with increased risk of treatment failure [25].
Therefore, band ligation should be the endoscopic therapy of

choice in acute variceal bleeding, although injection sclerother-
apy is acceptable if band ligation is not available or is technically
difficult. Endoscopic therapy can be performed at the time of
diagnostic endoscopy, soon after admission. However, if there is
no active bleeding and the patient is stable, endoscopic treat-
ment can probably be delayed until the next working day. This
approach allows endoscopic therapy to be performed in the best
conditions by a skilled endoscopist and an experienced nursing
team, instead of the commonly less skilled physicians on duty.
This may reduce the complications and the burden from emer-
gency endoscopic procedures.

Current recommendations for initial treatment
The current recommendation is to combine these two
approaches, starting vasoactive drug therapy early (ideally 
during the transfer to the hospital, even if active bleeding is only
suspected) and performing endoscopic band ligation (or injec-
tion sclerotherapy if band ligation is technically difficult) after
initial resuscitation (Fig. 8a). The rationale for this comes from a
number of RCTs demonstrating that early administration of a
vasoactive drug facilitates endoscopy and improves the control
of bleeding and 5-day rebleeding [110,128,129]. Drug therapy
also improves the results of endoscopic treatment if started just

Study OR (random)
95% CI

Initial control of bleeding
OR (random)

95% CI

Stiegemann 1992
Gimson 1993
Jensen 1993
Laine et al. 1993 [91]
Fakhry 1995
Hou 1995
Lo 1995
Lo et al. 1997 [125]
Sarin 1997
Villanueva et al. 2006 [126]

Total (95% CI)

Number of patients 204 (EBL), 200 (Scl)

0.56 [0.08–4.01]
1.11 [0.14–8.64]
7.00 [0.32–151.38]
1.00 [0.05–18.91]
1.22 [0.07–22.40]
0.14 [0.01–3.17]
0.24 [0.02–2.54]
0.09 [0.01–0.77]
1.50 [0.07–31.57]
0.32 [0.08–1.25]

0.48 [0.24–0.98]

P = 0.04

Mortality

0.01 0.1

Better EBL

1 10

Better sclerotherapy

100

0.01 0.1 1 10 100

Lo et al. 1997 [125]
Villanueva et al. 2006* [126]

Total (95% CI)

Number of patients: 93 (EBL), 94 (Scl)

0.43 [0.14–1.26]
0.52 [0.19–1.41]

0.47 [0.23–0.99]

P = 0.05

Fig. 7 Endoscopic therapy in acute variceal bleeding. Meta-analysis of studies comparing endoscopic band ligation (EBL) with endoscopic injection
sclerotherapy (EIS). Note than EBL is better than sclerotherapy in terms of initial control of bleeding and mortality (update of the meta-analysis by de Franchis
and Primignani [90]). OR, odds ratio. 
*All patients received somatostatin.
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after sclerotherapy or band ligation [13,111,124]. Moreover, the
association with endoscopic therapy may improve the efficacy of
vasoactive treatment [121]. However, this combined approach
failed to improve 6-week mortality compared with endoscopic
therapy [130] or a vasoactive drug [121] alone. On the other
hand, single vasoactive therapy is as effective as endoscopic ther-
apy, but with significantly fewer side-effects [131]. The optimal
duration of drug therapy is not well established and requires
evaluation. The current recommendation is to maintain the
drug for 2–5 days. The rationale for this would be to cover the
period of maximum risk of rebleeding [19].

Rescue therapies: tamponade, surgery and TIPS
In 10–20% of patients, variceal bleeding is unresponsive to ini-
tial endoscopic and/or pharmacological treatment. If bleeding 
is mild and the patient is stable, a second endoscopic therapy
might be attempted. If this fails, or bleeding is severe, the patient
should be promptly offered a derivative treatment before further
deterioration in the clinical status of the patient occurs. Balloon
tamponade achieves haemostasis in 60–90% of variceal bleed-
ings [85] but should only be used in the case of massive bleeding,

for a short period of time (less than 24 h) as a temporary ‘bridge’
until definite treatment is instituted. These treatments include
implantation of a TIPS and surgical shunts. Both are extremely
effective in controlling variceal bleeding (control rate
approaches 95%), but invasiveness and side-effects (mainly
encephalopathy and worsening of liver function) result in high
mortality [85,132,133]. TIPS is the first choice, as most patients
have advanced liver disease [134]. In patients with sepsis,
inotropic support, ventilation after aspiration and deteriora-
tion of liver and renal function [132], mortality after TIPS 
placement is nearly 100%. This clearly indicates that some
patients do not benefit from TIPS in this setting, and it is 
usually not difficult to make a clinically based decision. Rarely, 
if ever, will a patient with a Child–Pugh score over 13 survive
TIPS. Prognostic scores [135] may provide objective parameters
to ease the decision of not offering invasive treatments in some
cases.

It was suggested recently that some high-risk patients might
benefit from TIPS implantation as a first-line therapy. This sug-
gestion comes from a single study showing that patients with
high portal pressure (> 20 mmHg) who underwent early TIPS

Vasoactive drug
therapy

Suspected variceal
bleeding

Continue vasoactive drugs
for 2–5 days.

Start long-term treatment

Control of
bleeding?

Antibiotics, cautious
volume restitution

Endoscopy

Oesophageal
variceal bleeding

Repeat endoscopic
therapy

Balloon tamponade
if required

TIPS / surgery

SevereMild

Evaluate severity

Endoscopic band ligation
(sclerotherapy if not feasible)

Control of
bleeding?

YES

YES

(a)

NO

NOFig. 8 Algorithm with recommendations for
the treatment of acute variceal bleeding. 
(a) Bleeding from oesophageal varices. 
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placement after endoscopy had significantly fewer treatment
failures and lower mortality rates than patients undergoing 
standard therapy [26]. If further studies, preferably with clinical
criteria of high risk of failure, confirm this finding, TIPS may
become an integral part of treatment for acute variceal bleeding
according to individual risk factors.

Gastric varices

Gastric varices develop in approximately 20% of patients with
portal hypertension [136]. They are the source of 5–10% of all
upper digestive bleeding episodes in patients with cirrhosis. The
risk of gastric variceal bleeding is lower than that of oesophageal
variceal bleeding, but gastric variceal bleeding, in particular that
from fundal varices, tends to be more severe, to require more
transfusions and to have a higher mortality rate [136].

The optimal treatment of gastric varices has not been deter-
mined, as there are only a few RCTs and most data come from
retrospective series and case reports. Although no RCT has been
conducted until now, it seems reasonable to use non-selective
beta-adrenergic blockers in patients with gastric varices to pre-
vent the first bleeding episode. Also, the optimal treatment of acute

gastric variceal bleeding is not known. The initial treatment is
similar to that of oesophageal variceal bleeding, including the
administration of a vasoactive drug (terlipressin, somatostatin
or a somatostatin analogue) and general management for
haemodynamic stabilization and the prevention of complica-
tions (Fig. 8b). However, the efficacy of vasoactive drugs has not
been assessed. Balloon tamponade, with the Linton–Nachlas
tube, has been used with limited success [137,138], but may
serve as a bridge to derivative treatments in massive bleedings.

Some endoscopic therapies are promising, but quality infor-
mation is scarce. Sclerotherapy, glue injection, thrombin, elastic
band ligation and ligation with large detachable snares have
been reported [139]. In most uncontrolled series, cyanoacrylate
is highly effective, in the order of 90% [140–142]. A recent RCT
confirmed that endoscopic obturation using cyanoacrylate was
more effective and safer than band ligation in the management
of bleeding gastric varices [143]. Also, in another RCT by Sarin
and coworkers, cyanoacrylate was better than alcohol injection
at achieving initial haemostasis and at achieving faster variceal
obliteration [144]. Novel endoscopic therapies are under evalu-
ation. Among them, the use of human thrombin injection
[145,146] seems the most promising, as this treatment does not

Vasoactive drug
therapy

Suspected variceal
bleeding

Continue vasoactive
drugs 2–5 days.

Start long-term therapy

Active
bleeding?

Antibiotics, cautious
volume restitution

Endoscopy

Gastric variceal
bleeding

Balloon tamponade
if required

TIPS / surgery(b)

Endoscopic variceal obturation
(tissue adhesives or human

thrombin)

Control of
bleeding?

NO YES

YES

NO

Fig. 8 (b) Bleeding from gastric varices.
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cause mucosal damage and ulceration. These techniques need
expertise and may not be feasible in massive bleedings.

TIPS is very effective in the treatment of bleeding gastric
varices, with a more than 90% success rate for initial haemostasis
and a low rebleeding rate [147,148]. In these patients, many 
centres associate TIPS with the embolization of the collateral
vessels that feed the varices. Derivative and devascularization
surgery is also effective, but with limited applicability in
advanced cirrhosis.

The authors’ recommendation is to start with a vasoactive
drug. If bleeding is not controlled and an expert endoscopist 
is available, endoscopic treatment (cyanoacrylate or human
thrombin) should be attempted. In cases of massive bleeding 
or after failure of previous therapies, TIPS (or surgical shunt in
Child A patients) is mandatory. In some patients, especially in
those with massive initial bleeding or in centres with reduced
endoscopic experience in the treatment of gastric varices, TIPS
may be used even before attempting endoscopic therapy.

Portal hypertensive gastropathy (PHG)

Portal hypertensive gastropathy is a macroscopic finding of a
characteristic mosaic-like pattern of the gastric mucosa (‘mild’
PHG), red point lesions, cherry red spots and/or black–brown
spots (‘severe’ PHG) [149]. However, these lesions are not
entirely specific, i.e. they can occur in the absence of portal
hypertension. In PHG, there is marked dilatation of the vascu-
lature of the gastric mucosa and submucosa, together with an
increased blood flow and a tendency towards decreased acid
secretion. PHG is unrelated to Helicobacter pylori infection. In
the largest study on the natural history of PHG, the overall
prevalence of this condition was 80% in patients with cirrhosis
[149]. Its prevalence is strongly correlated with the severity of
portal hypertension and ranges between 11% and 80%. The
incidence of acute bleeding is low (< 3% at 3 years) with a mor-
tality of 12.5%; for chronic bleeding, the incidence is around
10–15% at 3 years. Chronic PHG bleeding usually manifests as
chronic iron deficiency anaemia. Iron supplementation might
be enough to keep a normal haemoglobin level. If not, beta-
adrenergic blockers are the only treatment that has proved 
effective in these patients [150]. In acute PHG bleeding, beta-
adrenergic blockers, somatostatin, octreotide, vasopressin, terli-
pressin and estrogens have been proposed based on their ability
to decrease gastric perfusion in this condition [151–154].
However, only one uncontrolled study has so far evaluated 
one of these drugs (somatostatin) in the treatment of acute
bleeding from PHG [155], achieving haemostasis in all patients.
Propranolol has been found to reduce recurrent bleeding from
PHG in a randomized trial [150]. The role of derivative treat-
ments is controversial. Reported results with shunt surgery and
TIPS suggest that these treatments are effective [156–158] but,
because of a lack of randomized studies, the fluctuating nature
of PHG and, possibly, unreported failures, both TIPS and shunt
surgery should be considered only as rescue therapies for the

uncommon patient who has repeated bleeding from PHG
despite propranolol treatment. Liver transplantation reverses
portal hypertension and therefore effectively treats PHG.
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Portal hypertension is a frequent clinical syndrome defined by 
a pathological increase in the portal venous pressure, which is
responsible for the more frequent and severe complications 
of cirrhosis: gastrointestinal bleeding from gastro-oesophageal
varices, ascites, renal dysfunction and hepatic encephalopathy.
Because of the combined impact of these complications, portal
hypertension represents the main cause of death and liver trans-
plantation in patients with cirrhosis [1].

Measurement of portal pressure

Introduction and scientific basis

Measurement of the portal pressure is still the single most
important haemodynamic measurement in portal hyperten-
sion. Other methods, such as the endoscopy assessment of the
existence of oesophageal or gastric varices or the visualization 
of portal collateral circulation by imaging techniques, provide
additional information but are not substitutes for the measure-
ment of portal pressure.

The first published measurement of portal pressure in
humans was that of Thompson et al. in 1937 [2] who recorded
portal venous pressure during abdominal surgery. But it was 
in 1951 that Myers and Taylor [3], inspired by Dexter et al.’s
experience with pulmonary capillary pressure for measuring left
auricular pressure [4], developed the measurement of wedged
hepatic venous pressure (WHVP) as an indirect index of portal
venous pressure. The scientific basis is that, when blood flow in a
hepatic vein is stopped by a ‘wedged’ small catheter, a continu-
ous column of blood between the catheter and the sinusoid 
is formed, resulting in a pressure reading that is equal to the 
sinusoidal pressure. Thus, WHVP is a measurement of the 
hepatic sinusoidal pressure and not of the portal pressure itself.
However, many studies have demonstrated that WHVP ade-
quately reproduces portal pressure in alcoholic liver disease and
hepatitis C- and hepatitis B-related cirrhosis [5,6]. These entities
are by far the most frequent aetiologies of chronic liver disease 
in developed countries. It was soon evident that hepatic vein
catheterization constituted a safe and relatively simple technique

for performing accurate measurements of portal pressure in
patients with liver disease [7,8]. However, it took five decades 
of broad experience with the technique before hepatic vein 
pressure measurements were recognized as a useful tool in 
the clinical management of patients with cirrhosis and portal
hypertension. A limitation of this technique is that it does not
reproduce the portal pressure in presinusoidal causes of portal
hypertension such as portal vein thrombosis, early primary 
biliary cirrhosis, idiopathic portal hypertension or schistosomi-
asis. In these cases, a direct assessment of the portal pressure is
mandatory.

Portal pressure should be expressed in terms of the portal
pressure gradient, defined as the difference between WHVP 
and free hepatic venous pressure (FHVP), the so-called hepatic
venous pressure gradient or HVPG, which has the advantage 
of not being modified by changes in intra-abdominal pressure
such as those occurring in the presence of tense ascites or 
after total-volume paracentesis [9]. Increased intra-abdominal
pressure will increase both the WHVP and the FHVP, but will
not significantly modify the HVPG.

Description of the technique

Portal pressure may be measured by either direct or indirect
methods.

Direct measurements of portal pressure
Direct measurement of portal pressure involves invasive tech-
niques based on the surgical, percutaneous transhepatic or
transvenous (transjugular) catheterization of the portal vein. 
In these techniques, except for the transjugular approach, the
measurement of inferior vena cava (IVC) pressure requires the
additional, simultaneous puncture of a hepatic vein to be able 
to determine the portal pressure gradient [10]. Because of this
inconvenience and the associated surgical or haemorrhagic risk,
direct measurements of portal pressure are reserved for cases of
suspected presinusoidal portal hypertension.

The safety of either the percutaneous transhepatic or tran-
sjugular catheterization of the portal vein may be increased by

658

7.4 Haemodynamic assessment of portal
hypertension
Juan Carlos García-Pagán, Juan Turnes and Jaime Bosch

TTOC07_04  3/9/07  9:13 AM  Page 658



7.4 HAEMODYNAMIC ASSESSMENT OF PORTAL HYPERTENSION 659

performing the procedures under ultrasonographic guidance.
The haemorrhagic risk is greater in the percutaneous procedure,
which precludes its use in patients with impaired coagulation.
This can be partly overcome by using a thin needle and by
occluding the intrahepatic tract with gelatine sponge particles 
or coils passed through the catheter while withdrawing it from
the liver.

Other drawbacks of the technique are the risk of causing 
portal vein thrombosis due to local trauma, capsular laceration
with haemoperitoneum and subcapsular haematoma.

Indirect measurements of portal pressure: 
hepatic vein catheterization
This is the most commonly used technique to evaluate portal
pressure [11] and has become a routine test in many hospitals.
Basically, it consists of introducing, by the Seldinger technique, a
venous introducer into the femoral or jugular vein under local
anaesthesia and conscious sedation. A 5 or 7 French balloon-
tipped catheter is then advanced into a hepatic vein, usually 
the main right hepatic vein, under fluoroscopic control. Before
balloon inflation, the pressure measured is the FHVP, which
reflects the IVC pressure (indeed, the difference between both
should be less than 2 mmHg). WHVP is measured by occluding
the hepatic vein, either by inflating the balloon at the tip of 
the catheter (‘occluded’ pressure) or by advancing the catheter
until it becomes ‘wedged’ into a small branch of a hepatic vein
(Fig. 1). The wedged/occluded position is confirmed by a slow
injection of 5 mL of contrast dye through the catheter. If wedg-
ing is complete, the contrast outlines a portion of the hepatic
venous tree distal to the catheter tip. Otherwise, the contrast
flows back along the catheter or washout through communica-
tions with other hepatic veins (Fig. 2). The catheter should be
carefully rinsed with 5% dextrose before measuring pressures.
The balloon catheter is preferred on account of the lower 
variability of measurements as the pressure obtained represents
the average of a wider vascular area of the liver [12]. In addition,
the balloon catheter technique has the advantage of allowing
repeated measurements from the same hepatic vein, which 
otherwise requires advancing and withdrawing the catheter for
each HVPG measurement.

Although it is easy and simple to perform, accurate HVPG
measurements require specific training, because the procedure
differs from that used in heart catheterization laboratories and
intensive care units. The following are useful tips to ensure 
adequate measurements:
• The transducer should be calibrated against known external
pressures before starting measurements (e.g. 13.6 cmH2O
should read 10 mmHg and 27.2 cmH2O should read 
20 mmHg). Transducers that do not calibrate exactly should be
discarded.
• The transducer should be placed at the level of the right atrium
(midaxillary line), and the ‘zero’ pressure (the atmospheric 
pressure with the transducer open to the air) should match the
‘zero’ line in the pressure tracing.

1

2

(a)

(b)

Fig. 1 The catheter (a) is advanced until it becomes ‘wedged’ into a small
branch of the hepatic vein. Injection of contrast dye shows a small area of
liver parenchyma draining to the vein where the catheter is wedged (1). 
The balloon-tipped catheter (b) allows occlusion of the blood flow in a larger
segment of the liver (2), and allows repeat measurements of WHVP and
FHVP in the same position.
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• Use an appropriate scale to be able to sense small changes. The
scales used for arterial pressure measurements are not adequate.
The scale should be set, at least, at 1 mmHg = 1 mm of paper.
• Digital readings on the screen are instantaneous readings 
and may not reliably reflect the true pressure. Therefore, paper
recordings should be used, allowing for the independent review
of pressure tracings (Fig. 3).
• Venous pressures should be allowed to stabilize over a period
of at least 1 min for WHVP and 15 s for FHVP (some patients
may require longer). A slow paper speed (< 5 mm/s) should be
used in the recorder.
• FHVP should be measured with the catheter tip introduced
less than 5 cm into the hepatic vein. FHVP should not be more

than 2 mmHg greater than the IVC pressure, measured at the
level of the hepatic veins. If the difference is greater, a hepatic
outflow problem should be investigated.
• Check that inflating the distal balloon totally occludes the 
hepatic vein before measuring WHVP.
• For each measurement, also obtain a ‘mean’ pressure by
‘filtering’ the tracing or by selecting this option in the recorder.
• Do all measurements in duplicate (or triplicate if the pressures
differ by more than 1 mmHg).
• Any event that may cause an artifact, such as coughing or
moving, should be noted.

In addition to pressure measurements, hepatic vein catheter-
ization allows for the performance of a wedged hepatic retrograde
portography using CO2 as a contrast agent (Fig. 4). This will
demonstrate the portal vein in most instances. In fact, an inabil-
ity to demonstrate the portal vein on CO2 retrograde portogra-
phy strongly suggests the presence of presinusoidal portal
hypertension [13]. Hepatic vein catheterization also allows for
the performance of a transjugular liver biopsy, which adds very
little time, discomfort and risk to the procedure, and can be
done on a day-hospital basis.

Indications
The principal applications of HVPG measurements are dis-
cussed below.

Classification of portal hypertension
Findings at hepatic vein catheterization may help to identify 
the cause of portal hypertension. Causes of portal hypertension
may be classified into presinusoidal, sinusoidal or postsinu-
soidal. In patients with clinical manifestations of portal hyper-
tension who have normal WHVP, a presinusoidal source of
portal hypertension should be suspected. In these cases, WHVP
underestimates the true portal pressure because the catheter is
recording the pressure of the normal sinusoid but not of the
obstructed area. In liver cirrhosis, the increased WHVP is nearly
equal to portal venous pressure [5,6]. In postsinusoidal portal
hypertension resulting from Budd–Chiari syndrome, IVC
obstruction, right heart failure or constrictive pericarditis, both
FHVP and WHVP are increased, while HVPG remains usually
normal [14] (Fig. 5).

1

Fig. 2 In the presence of a communicating hepatic vein (1), WHVP will not
reflect the actual portal pressure in this patient unless in a different hepatic
vein there are no communicating vessels. This finding is more frequent in
instances of presinusoidal intrahepatic portal hypertension, such as
‘idiopathic’ portal hypertension.
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Fig. 3 Typical reading of correct
measurements of hepatic venous pressures
before (FHVP) and after balloon inflation
(WHVP).
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Evaluation of portal hypertension and assessment of the
response to pharmacological therapy
The normal HVPG value is up to 5 mmHg. Oesophageal varices
do not develop until the HVPG increases to 10–12 mmHg, and
the HVPG should be at least 12 mmHg for the appearance of
complications of portal hypertension, such as variceal bleeding
and ascites [15,16]. Furthermore, longitudinal studies have
demonstrated that, if HVPG is decreased below 12 mmHg by
means of pharmacological treatment [17,18] or spontaneously
due to an improvement in liver disease [19], variceal bleeding is

totally prevented and varices may decrease in size. Therefore,
patients with a HVPG below 12 mmHg are at negligible or no
risk of experiencing portal hypertension-related complications.
Besides, even if this target is not achieved, a decrease in HVPG 
of at least 20% [18] from baseline levels offers an almost total
protection from variceal bleeding. Lack of achievement of these
targets (reduction below 12 mmHg or more than 20% from
baseline) constitutes the strongest independent predictor of var-
iceal bleeding or rebleeding [18,20–22]. Therefore, tailoring the
treatment of portal hypertension by measuring the individual
portal pressure response to therapy would allow us to predict
whether the treatment is likely to offer optimal or adequate 
protection from the risk of bleeding at short- and long-term 
(up to 8 years) follow-up [22,23]. However, whether the HVPG
response to ‘à la carte’ treatment is cost-effective must be evalu-
ated in specifically designed clinical trials [24].

Prognostic evaluation during variceal bleeding
Early measurements of HVPG within 48 h of admission for
acute variceal bleeding provides useful prognostic information
regarding the outcome of the bleeding episode and 1-year 
survival [25]. Patients with an HVPG > 20 mmHg are five 
times more likely to experience failure to control acute variceal 
bleeding or early rebleeding, require significantly more blood
transfusions and days in the intensive care unit and have a higher
mortality on follow-up. In addition, recent work has suggested
that the early use of transjugular intrahepatic portosystemic
shunts (TIPS) in these high-risk patients improves the control of
bleeding and reduces early rebleeding and mortality [26].

Preoperative evaluation of resection risk in patients with
small hepatocellular carcinoma
HVPG measurement may provide useful prognostic information
in patients undergoing partial hepatectomy for small (< 5 cm)
hepatocellular carcinoma. Patients with an HVPG > 10 mmHg
and/or increased bilirubin levels have an increased risk of hep-
atic decompensation after surgical resection of hepatocellular
carcinoma [27], even in cases with well-preserved liver function
(Child–Pugh A). In a recent study, more than 50% of Child–
Pugh class A patients had hepatic decompensation after surgery.
This decompensation not only affected quality of life but was
also associated with reduced long-term survival [27,28]. Surgical
resection should therefore be restricted to patients with an
HVPG below 10 mmHg. Otherwise, liver transplantation or
local ablative therapies should be preferred.

Evaluation of progression of chronic liver disease
It has been suggested that, in the setting of severe chronic 
hepatitis C, HVPG could be considered a dynamic marker of
fibrosis progression [29]. Thus, HVPG measurements may be
considered as an adjunctive for the therapeutic evaluation of 
the response to antiviral therapy [29,30]. However, prospective 
trials in this area are needed to clarify the role of HVPG in the
management of these patients.

5

1

4

3

2

Fig. 4 Wedged retrograde portography using CO2 as a contrast agent
showing patent portal (1), mesenteric (2) and splenic veins (3). Retrograde
portography also showed an extensive collateralization (4) in a patient with
HCV-related cirrhosis in which a Sengstaken tube (5) was placed to treat a
variceal bleeding episode.

Posthepatic
  WHVP, PVP
and FHVP

Intrahepatic
  WHVP = PVP
FHVP normal

Prehepatic
  PVP
WHVP and 
FHVP normal

Fig. 5 Intrahepatic causes of portal hypertension may be classified into
presinusoidal, sinusoidal or postsinusoidal according to the position of
blood flow obstruction. 
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Contraindications
Past episodes of allergic reaction to radiographic contrast
medium constitute the only major contraindication to hepatic
vein catheterization. Coagulation disorders are usually seen in
cirrhotic patients, but the evidence of complications associated
with severe thrombocytopenia or low prothrombin time is 
limited. Therefore, we do not use supportive therapy for routine
HVPG measurements.

Complications
The measurement of the HVPG is a reproducible method that
can be repeated because it carries very little discomfort.
Performed under slight conscious sedation that does not modify
haemodynamic measurements (midazolam 0.02 mg/kg i.v.)
[31], its acceptability is comparable to that of upper gastroin-
testinal endoscopy, and the cost is similar to that of conventional
venography. The complications reported occur in less than 1%
of patients [32], and major complications are usually limited 
to local injury of the femoral or jugular vein (arteriovenous
fistulae, leakage or rupture of venous introducers), Horner 
syndrome and transient brachial paralysis. These complications
are greatly reduced by performing the venous puncture under
Doppler ultrasonography guidance. Passage of the catheter
through the right atrium may cause arrhythmias that are usually
transient or easily corrected. Transjugular liver biopsies may
rarely be complicated by intraperitoneal bleeding due to capsu-
lar perforation and subcapsular haematomas. The authors have
observed no fatalities in over 10 000 studies. Because of the many
clinical applications, hepatic vein catheterization is becoming a
routine test in many hospitals.

Hepatic blood flow

The portal hypertension syndrome is characterized by the devel-
opment of a hyperdynamic circulation with increased cardiac
output and decreased systemic vascular resistance that leads to
splanchnic vasodilatation with increased portal blood flow.
Under normal circumstances, total hepatic blood flow repre-
sents approximately 25% of the cardiac output; a third is sup-
plied by the hepatic artery and the remainder by the portal
venous system. A reduction in portal blood flow results in an
increase in hepatic artery flow up to 100% from baseline. This
‘hepatic artery buffer response’ is very important in cases in
which portal blood flow decreases dramatically, such as in portal
vein thrombosis or portocaval shunts. In contrast, the portal
venous system is thought to be a passive vascular bed receiving
the venous blood draining from the stomach, intestines, pan-
creas, spleen and omentum. Therefore, factors that regulate 
portal venous flow are those that control the arterial supply of
blood to these organs. Contrary to what happens in the hepatic
artery, there is no portal venous buffer hyperaemia in response
to decreased hepatic arterial flow.

Measurement of hepatic blood flow is usually performed by
means of clearance techniques. These techniques require the

injection of dyes or radiolabelled particles that are avidly
extracted by the liver. If a substance is totally extracted by the
liver in a single pass, its plasma clearance will be equal to total
hepatic blood flow. However, no substance possesses this prop-
erty. Because of that, it is necessary to measure the hepatic
extraction of the test compound directly (the fractional uptake
in a single passage through the liver), which requires sampling
blood simultaneously from a hepatic vein and a peripheral
artery once the steady-state concentration for this substance has
been reached. This is particularly true in the setting of clinical
liver disease, in which extraction of the indicator is frequently
diminished [33]. The most commonly used indicator is the
albumin-bound dye indocyanine green, which is removed only
by the liver, and its plasma clearance rate represents the hepatic
clearance of the compound [34]. The extrarenal sorbitol clear-
ance has been reported to be a safe, non-invasive and reliable
means of measuring ‘parenchymal’ or ‘effective’ liver blood flow
in patients with normal or diseased livers [35]. Other techniques
have been described such as the indicator dilution technique and
the inert gas washout, but these are invasive methods requiring
catheterization of the hepatic artery and/or the portal vein, as
well as of the hepatic vein.

The main application of measurements of hepatic blood 
flow is in the setting of studies aimed at assessing changes in 
the hepatic blood flow following the administration of vasoac-
tive drugs and evaluating the accommodation of the hepatic 
vascular bed to increases in blood flow such as that produced 
by meals.

Measurement of azygos blood flow

Superior portal–systemic collaterals, including gastro-oesophageal
varices, drain mainly into the azygos venous system. Therefore,
measurement of the azygos blood flow represents an index 
of blood flow through the gastro-oesophageal collaterals and
oesophageal varices in portal hypertension [36]. Patients with
portal hypertension have an increased portocollateral blood
flow, leading to an increased azygos blood flow. Values in 
normal subjects range from 100 to 250 mL/min, whereas mean
values in patients with portal hypertension average 650–700
mL/min [36]. The azygos blood flow is also increased in patients
with non-cirrhotic portal hypertension. Measurement of azygos
blood flow requires the retrograde catheterization of the azygos
vein using a continuous thermal dilution catheter. The pro-
cedure is simple and may be done in the course of routine 
haemodynamic investigations. Blood flow is measured by the
thermodilution technique, applying Fick’s principle.

It is important to note that this technique does not allow the
separation of how much of the increase in azygos blood flow is
contributed by oesophageal varices and how much by peri-
oesophageal collaterals, which also drain into the azygos vein. In
addition, in 25% of the cases, these gastro-oesophageal collater-
als drain into other thoracic veins (subclavian, innominate and
pulmonary), different from the azygos vein. Therefore, a normal
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azygos blood flow does not necessarily indicate the absence of
oesophageal varices.

The main application of measurements of azygos blood flow
is in the monitoring of the effects of pharmacological therapy 
in portal hypertension. Azygos blood flow is markedly reduced
by the use of vasoconstrictive drugs such as vasopressin [37],
somatostatin [38], octreotide [39–41], terlipressin [40] and
beta-blockers [42]. The ability of the technique to quantify
changes in portocollateral blood flow has allowed a better
understanding of the beneficial effects of vasoactive drugs 
currently used in the medical treatment of portal hypertension.
It has been demonstrated that some splanchnic vasoconstric-
tors, such as propranolol, cause greater decreases in azygos
blood flow than in portal pressure [42], suggesting that they may
have specific effects at the collaterals, which cannot be evaluated
by the isolated measurement of portal pressure [42,43].

Finally, promising results have been obtained measuring por-
tal and azygos blood flow non-invasively using phase-contrast
magnetic resonance imaging (MRI) angiography [44,45] and,
recently, with dynamic contrast material-enhanced MRI [46].
Endoscopic ultrasonography has also been proposed [47],
although it is less accurate.

Measurement of variceal pressure

Several endoscopic findings, such as the size of the varices and
the presence of red colour signs, show a significant correlation
with the risk of bleeding [48]. These are some of the main deter-
minants of variceal wall tension [49], which is believed to play 
a key role in determining variceal rupture [50,51]. According 
to Laplace’s law, variceal wall tension is directly related to the
radius of the varix and inversely related to its wall thickness [49].
The other direct determinant of variceal wall tension is the
transmural pressure at the varices, the difference between
intravariceal pressure and oesophageal luminal pressure.

Variceal pressure can be accurately measured at endoscopy by
puncturing the varices or by means of pressure gauges or low-
resistance balloons [52–54]. The endoscopic pressure gauge is
the method that has been used most commonly in prospective
studies. The technique is based on the assumption that, because
of their thin walls and lack of external tissue support, the 
varices behave as an elastic structure; thus, the pressure needed
to compress a varix equals the pressure inside the varix. It con-
sists of using a pressure-sensitive capsule, attached to the tip 
of an endoscope, that has a small chamber covered by a thin 
latex membrane, which is continuously perfused with a con-
stant flow of nitrogen. It is assumed that, when the gauge is
applied to the varix, the pressure needed to perfuse the gauge
equals the pressure inside the varix. The difference between 
the pressure measured when applying the gauge over a varix 
and the pressure recorded when the gauge is free in the
oesophageal lumen equals the transmural variceal pressure,
which is the value used to express the results using this technique
[50,53,55].

Variceal pressure correlates significantly with portal pressure
[53]. Despite this correlation, variceal pressure is significantly
lower than portal pressure, probably because a significant resis-
tance along the collaterals feeding the varices causes a pressure
drop from the portal vein to the varix [50]. Variceal pressure is
of clinical interest because patients who have bled from varices
have significantly greater variceal pressure than those who have
not [56,57]. Several clinical studies have demonstrated that
variceal pressure measurements using the endoscopic pressure
gauge have prognostic value with regard to the evolution of an
acute variceal bleeding episode [58], the development of the first
variceal haemorrhage [59] and the risk of variceal rebleeding in
patients receiving pharmacological therapy [60]. In addition,
variceal pressure measurement may be used to assess the effects
of pharmacological treatment [57,60,61]. A fall in variceal pres-
sure after pharmacological therapy of at least 20% from baseline
was associated with a very low risk of variceal bleeding on 
follow-up (the actuarial probability of variceal bleeding was only
7% at 3 years, whereas this was 46% in patients failing to achieve
this target [60]). The prognostic value of the variceal pressure
response to treatment was as powerful as that of the HVPG
response. The two methods identify different populations of
patients with a favourable outcome; therefore, they should be
considered complementary rather than mutually exclusive [60].

Unfortunately, measurements of variceal pressure are difficult
and prone to artifacts resulting from oesophageal peristalsis. In
addition, the technique is not feasible in every patient; about
25% of patients initially scheduled to have variceal pressure
measurements must be excluded because of technical difficult-
ies, mainly in patients with small varices [60]. Variceal pressure
measurements are considered satisfactory only when fulfilling the
following predetermined criteria: (i) stable intra-oesophageal
pressure; (ii) absence of artifacts caused by oesophageal peristalsis;
and (iii) correct placement of the capsule over the varix, as
shown by the fine fluctuations of the pressure tracing according
to heart cycle and respiration, for at least 12 s [60]. These condi-
tions are easily met when the procedure is performed by a skilled
endoscopist in a cooperative patient. However, it should be kept
in mind that endoscopic measurements are not exactly non-
invasive, although certainly less so than HVPG measurements.
Finally, the variability of the measurement and the training
required for correct measurements exceed, by far, those of
HVPG. Because of these limitations, it is highly unlikely that it
might be used in routine clinical practice.
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Aetiology and diagnosis of ascites

Causes

Many diseases are known to lead to the formation of free fluid
within the peritoneal cavity. Basically, the causes of ascites may
be grouped into those conditions in which the pathological 
process does not directly affect the peritoneum and those in
which the peritoneum itself is involved. The first group includes
diseases associated with sinusoidal portal hypertension, hypoal-
buminaemia and a variety of disorders that may cause ascites
through different mechanisms, such as myxoedema, ovarian
diseases, chronic pancreatitis, biliary tract leakage, diseases
affecting the lymphatic system of the splanchnic area and
chronic renal failure. In the second group, ascites is formed 
as a consequence of primary peritoneal disease or as a result 
of peritoneal involvement in systemic processes; tuberculous,
fungal, parasitic and granulomatous peritonitis, primary or
metastatic peritoneal tumours, vasculitis, eosinophilic gastroen-
teritis and Whipple’s disease are the most characteristic causes of
ascites in this group. By far the most frequent cause of ascites in
Europe and in North America is hepatic cirrhosis, followed by
neoplasms and, to a lesser extent, congestive heart failure and
tuberculous peritonitis. These four conditions account for more
than 90% of the ascites in these areas [1].

Detection

The diagnosis of ascites is simple when large amounts of fluid
accumulate in the peritoneal cavity. However, the diagnosis is
much more difficult by physical examination when there is a
small volume of ascitic fluid. It has been suggested that minimal
amounts of ascites (less than 500 mL) can be detected by an
exploratory manoeuvre that combines percussion and ausculta-
tion of the abdomen [2]. After 5 min in the prone position, the
patient is asked to assume a position on hands and knees so that
the middle portion of the abdomen is dependent. One flank is
percussed by repeated, light flicking at a constant intensity, with
the stethoscope being over the most dependent portion of the

abdomen (the area of the ascitic ‘puddle’). The stethoscope is
then gradually moved towards the flank opposite the percussion
site. A positive sign indicating the presence of ascites consists of a
marked change in the intensity and character of the percussion
note as the stethoscope is moved from the ascitic puddle to the
flank opposite the point of percussion, where ascites is not pre-
sent. A point of demarcation between the ascitic puddle and the
area without intraperitoneal fluid can be obtained, correlating
with the amount of ascitic fluid present. Nevertheless, in a
prospective study in which five physical signs (bulging flanks,
flank dullness, shifting dullness, fluid wave and puddle sign)
were compared with the ultrasonographic demonstration of
ascites (which can detect as little as 100–200 mL of intraperi-
toneal fluid) in patients in whom the bedside diagnosis of ascites
was in question, the puddle sign did not show greater specificity
and sensitivity for the detection of intra-abdominal fluid than
the other signs of ascites [3].

Peripheral oedema (oedema in the lower extremities) is com-
mon in patients with cirrhosis. In many cases, it precedes the
development of ascites by weeks or months, but it may also
appear simultaneously with, or following, the accumulation of
fluid within the abdomen. Massive peripheral oedema without
ascites is occasionally seen in cirrhotic patients with severe 
hepatic insufficiency and a surgical portocaval shunt. Peripheral
oedema in cirrhosis decreases or disappears with nocturnal rest
and increases with ambulation. It is postulated that hypoalbu-
minaemia and increased venous pressure in the lower extremities
due to constriction of the intrahepatic segment of the inferior
vena cava or to the high intra-abdominal pressure caused by 
the presence of ascites are the main factors causing peripheral
oedema in cirrhosis.

Ultrasonography, computerized tomography (CT) and mag-
netic resonance imaging (MRI) are very useful in the assessment
of patients with ascites [4–7]. In addition to their sensitivity 
in detecting minimal amounts of ascites, they may suggest its
cause, based on the characteristics of the intra-abdominal
organs and vessels and the appearance of the intra-abdominal
fluid. Ultrasonography is the best of these methods as it is not
expensive, is as reliable as CT and is free of radiation hazards.
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Intraperitoneal fluid resulting from portal hypertension appears
as homogeneous, echo-free areas surrounding and interposed
between the loops of bowel and viscera in a relatively uniform
manner. When the amount of ascites is small, the fluid tends to
collect in the flanks and the superior right paracolic gutter, around
the liver and in the lowest peritoneal reflection in the pelvis.
Rectal and transvaginal echography are particularly sensitive 
in the detection of small volumes of intra-abdominal fluid, the
transvaginal approach being able to detect less than 50 mL of
ascitic fluid [8]. Atypical sonographic characteristics, such as 
the presence of multiple fine echoes (indicating the presence 
of debris) or septations and fibrous strands within the ascitic
fluid, may be seen in exudative ascites. Matted loops of bowel,
plastering of the liver to surrounding structures and loculation
of fluid, when present, are very suggestive of malignant ascites
[9]. Peritoneal thickening, lymphadenopathy and bowel thick-
ening in the ileocaecal junction are suggestive of a tuberculous
aetiology [10].

Characteristics of cirrhotic ascites

The ascitic fluid in cirrhotics is transparent and yellow/amber 
in colour. Traditionally, ascites in these patients is considered to
have the characteristics of a transudate, with a total protein 
concentration of less than 2.5 g/dL and with relatively few cells.
However, cirrhotics with ascites do not constitute a homogene-
ous population with respect to the characteristics of the ascitic
fluid. Total ascitic protein concentration ranges between 0.5 and
more than 6 g/dL [11] and is greater than 3 g/dL (‘exudative
ascites’) in up to 30% of patients with otherwise uncomplicated
cirrhosis [12–14]. The proportions of albumin and globulins in
the total protein concentration are approximately 45% and 55%
respectively [12,14]. There is a close, direct correlation between
ascitic albumin and globulin concentrations, indicating that
proteins in ascitic fluid in cirrhosis derive from capillaries with
relatively large pores, such as the hepatic sinusoids [14,15]. This
contention is also supported by the observation of a similar
ascites:plasma ratio for albumin and globulins (approximately
0.3 for both types of proteins) [12,14,15]. However, although
ascitic proteins may come mainly from the extremely permeable
hepatic sinusoids, the relative contribution of the hepatic
microvasculature and the splanchnic capillaries to the forma-
tion of ascites may vary markedly from patient to patient, as the
ascitic fluid:plasma ratios for total proteins, albumin and globu-
lins range between 0.04 and 1.03 in patients with cirrhosis and
ascites [12,14–16]. The total protein, albumin and globulin 
concentrations in ascitic fluid in cirrhosis correlate directly with
the corresponding plasma concentrations and inversely with
portal pressure [14]. The mobilization of ascites with diuretics
increases the concentration of proteins in the ascitic fluid [17].
The total protein concentration in ascitic fluid in cirrhosis is an
important predictive factor for spontaneous bacterial peritonitis.
Spontaneous bacterial peritonitis usually occurs in cirrhotics
with a low total protein concentration in ascitic fluid (< 1 g/dL),

whereas it is infrequent in cirrhotics with higher protein concen-
trations in ascitic fluid and in patients with cardiac or malignant
ascites, who generally have a protein concentration over this
limit. The ascitic fluid has opsonic and bactericidal activity,
which seems to be mediated by complement and fibronectin
[18,19]. The total protein concentration in ascitic fluid corre-
lates with the concentration of these proteins with antibacterial
activity; the predictive value of the total protein concentration 
in ascitic fluid for the development of spontaneous bacterial
peritonitis is probably a consequence of this relation [20,21].

The ascitic fluid in the cirrhotic without spontaneous bacte-
rial peritonitis usually has fewer than 300–500 white blood
cells/µL; nevertheless 10–15% may have more than 500 cells 
and 5% more than 1000 cells [12,22,23]. More than 70% of these
white cells are mononuclear leukocytes. In contrast, in cirrhotic
patients with spontaneous bacterial peritonitis, the ascitic 
fluid usually contains more than 500 white blood cells/µL (fre-
quently more than 2000), with more than 70% of them being
polymorphonuclear leukocytes [23,24]. The pH and the con-
centration of lactate in ascitic fluid in otherwise uncomplicated 
cirrhosis is similar to that in plasma [25]. Patients with spon-
taneous bacterial peritonitis have a significantly lower pH 
and higher lactate concentration in ascitic fluid than in plasma
[26,27]. As with the total protein concentration, the absolute
concentration of white cells in ascitic fluid increases during
diuretic treatment, while the concentration of polymorphs
remains unchanged [28]. Therefore, the percentage of poly-
morphs over the total leukocyte content of the ascitic fluid actu-
ally decreases during the mobilization of ascites with diuretics.
The concentration of red blood cells in cirrhotic ascites is usually
lower than 1000 cells/µL, although higher concentrations may
occasionally be detected. In fact, bloody ascitic fluid, which 
indicates more than 50 000 red cells/µL (haematocrit of about
0.5%), occurs in approximately 2% of cirrhotics [22]. In one-
third of these patients, bloody ascites is secondary to a superim-
posed hepatocellular carcinoma bleeding into the peritoneal
cavity [29]. However, in as many as 50% of patients, no apparent
cause of bloody ascites can be detected. The hepatic and the 
thoracic lymph of cirrhotics is often bloody also [30]. The mech-
anism of bloody ascites in cirrhotics without hepatocellular 
carcinoma could, therefore, be related to the leakage of bloody
lymph from the liver lymphatics.

Alterations in the coagulation-related proteins in ascites 
have been reported in cirrhotic patients. The concentration of
fibrinogen and plasminogen in ascitic fluid is lower than that
expected from their molecular weights, whereas the concentra-
tions of plasminogen activators and fibrin/fibrinogen degrada-
tion products are higher than in plasma [31]. This suggests that
fibrinolysis is occurring within the peritoneal cavity. In addition,
there is apparently intraperitoneal coagulation in cirrhotic
patients as the concentration of fibrin monomers in ascitic 
fluid is almost 10 times higher than in plasma [32]. Therefore,
the alterations in the coagulation-related proteins in cirrhotic
ascites are probably the consequence of a complex coagulation
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disturbance within the ascitic fluid, resulting in intraperitoneal
coagulation and primary and secondary fibrinolysis. The infu-
sion of ascitic fluid into the general circulation, either directly or
by the insertion of a peritoneovenous shunt, is often associated
with disseminated intravascular coagulation, as manifested by 
a marked reduction in platelet count, prothrombin time and
fibrinogen concentration, and an increase in the plasma concen-
trations of fibrin degradation products, thus confirming the
procoagulant activity of ascitic fluid [33,34]. This coagulopathy
is clinically significant in 20–50% of patients treated with a 
peritoneovenous shunt and sometimes requires ligation of the
prosthesis. Several substances present in the ascites, such as 
tissue thromboplastin, endotoxin, collagen, activated clotting
factors and fibrin degradation products, have been implicated in
the procoagulant activity of the ascitic fluid.

Cirrhotic patients with ascites have a very high concentration
of interleukin (IL)-6 in ascitic fluid. The ascitic fluid:plasma
concentration ratio of IL-6 is approximately 100 in these
patients, indicating intra-abdominal production of this cytokine
[35,36]. The concentration of tumour necrosis factor (TNF) is
also higher in ascitic fluid than in plasma in cirrhotic patients,
although the differences are much less impressive than with IL-6
[36]. Significant concentrations of soluble TNF receptors have
also been detected in the ascitic fluid of cirrhotic patients with
and without spontaneous bacterial peritonitis, the significance
of which is still unknown. Activated peritoneal macrophages
could be the origin of the intra-abdominal production of
cytokines. Spontaneous bacterial peritonitis is associated with a
marked increase in cytokines in the ascitic fluid [37]. Intra-
abdominal cytokines escape into the systemic circulation, and
this may explain some of the complications observed in patients
with spontaneous bacterial peritonitis, particularly the impair-
ment in circulatory and renal function [37]. The concentration
of leptin and vascular endothelial growth factor (VEGF) is also
higher in ascitic fluid than in plasma [38,39].

The biochemical and cytological characteristics of ascitic fluid
in other diseases causing intrahepatic sinusoidal portal hyper-
tension, such as acute alcoholic hepatitis, fulminant or subacute
viral or toxic hepatitis and massive metastatic infiltration of the
liver, are similar to those found in cirrhotic ascites.

Differential diagnosis of cirrhotic ascites

Malignant ascites
The macroscopic appearance of malignant ascites is generally
similar to that of cirrhotic ascites (less than 10% of malignant
ascites are macroscopically bloody) [40]. Thus, the differential
diagnosis must be based on exploratory findings and laboratory
tests. Measurement of the total protein concentration of the
ascitic fluid (generally over 3 g/dL in malignant ascites) and 
its cytological examination for malignant cells, which were the
laboratory tests first used to differentiate malignant ascites from
that secondary to portal hypertension, are still the most com-
mon methods used [40,41].

Standard cytological examination is 60–90% accurate in the
diagnosis of malignant ascites, especially when adequate vol-
umes of fluid (at least several hundred millilitres) and concen-
tration techniques are used [42]. False-positive results are rare in
skilled hands. The greatest source of confusion is the differentia-
tion of malignant cells from atypical mesothelial cells. The use of
immunocytochemical techniques with monoclonal or poly-
clonal antibodies against numerous tumour markers is helpful
in differentiating malignant from non-malignant ascites in these
cases. These techniques may also help to differentiate primary
(mesothelioma) from metastatic peritoneal malignancy. False-
negative results on standard cytological examinations are the
rule when ascites is due to portal hypertension secondary to
massive liver metastases with little peritoneal involvement [40].
In this type of ascites, the total ascitic protein concentration is
usually lower than 2.5 g/dL.

The serum–ascitic fluid gradient for albumin improves the
diagnostic accuracy of the total protein concentration in ascitic
fluid (Fig. 1) [40,41,43]. The concentration of lactic dehydroge-
nase in malignant ascites is higher than the corresponding values
in plasma because of leakage of the enzyme from the malignant
cells lining the peritoneum, whereas the reverse is the rule for
cirrhotic ascites [44]. The concentration of lactic dehydrogenase
in ascitic fluid and its ascitic fluid:plasma ratio are, therefore,
useful for differentiating malignant from cirrhotic ascites,
although they do not improve the results obtained with the
ascitic fluid:plasma albumin gradient (Fig. 1) [40,44]. Other
measurements in ascitic fluid that have proved to be of value in
differentiating malignant from cirrhotic ascites include total
lipids, free fatty acids, cholesterol, fibronectin, carcinoembry-
onic antigen and other tumour-associated antigens, urokinase,
tissue plasminogen activator, plasminogen activator inhibitor
and fibrin/fibrinogen degradation products, and human chori-
onic gonadotropin-β [40,43–48]. Of these, the cholesterol con-
centration of ascitic fluid, which is higher in most malignant
ascites than in cirrhotic ascites owing to higher permeability to
lipoproteins (Fig. 1), seems to be the most interesting because of
its simplicity and cost-effectiveness [43,44]. Laparoscopy and
direct biopsy of the peritoneal metastases is a useful approach to
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confirm the diagnosis of malignant ascites in those cases with
negative cytology [49].

Chylous ascites
Chylous ascites is an infrequent feature in patients with cirrho-
sis. In some cases, it develops in the postoperative period after
splenorenal shunt but, in most instances, it appears spon-
taneously [50]. Chylous ascites is macroscopically turbid and
white (‘milky’ ascites), and separates into layers on standing.
These characteristics are due to a high concentration of chylomi-
crons very rich in triglycerides. The diagnosis of chylous ascites
is based on triglyceride concentration in ascitic fluid, which is
usually over 110 mg/dL and always higher than the correspond-
ing value in plasma [51]. The concentration of cholesterol and
phospholipids in ascitic fluid is, however, similar to that of non-
chylous ascites. Gross milkiness of chylous ascites correlates
poorly with absolute triglyceride concentrations because turbid-
ity also reflects the size of the chylomicrons [51]. The proportion
of lipids in chylous ascites is very similar to that in human
intestinal and thoracic duct lymph after the ingestion of a fat
meal [52]. As patients with cirrhosis usually have elevated pres-
sure within the splanchnic lymph vessels, it has been suggested
that spontaneous chylous ascites in these patients may be a con-
sequence of the rupture of these lymph vessels, leading to the
leakage of whole intestinal lymph into the peritoneal cavity [52].
Chylous ascites after splenorenal shunt is probably secondary to
injury to retroperitoneal lymphatics [53]. In fact, chylous ascites
is a well-recognized postoperative complication in patients 
submitted for renal transplantation, aortic aneurysmectomy,
retroperitoneal lymph adenectomy and pancreatoduodenectomy
[51]. Hepatic cirrhosis is a relatively infrequent cause of chylous
ascites. Primary abnormalities of the lymphatics (lymphangiec-
tasia) and the obstruction of the lymphatic system due to malig-
nancies, especially lymphomas, are by far the most common
causes in adults [51]. Other diseases associated with chylous ascites
in adults include portal vein thrombosis, sarcoidosis, nephrotic
syndrome, tuberculosis, pancreatitis, abdominal trauma, con-
strictive pericarditis, encapsulating peritonitis and pulmonary
fibrosis with thoracic duct obstruction. Congenital malforma-
tions of the lymphatic system, including stenosis or atresia of the
lymphatics and lymphatic mesenteric cysts, are the main causes
of chylous ascites in children. Chylous ascites should be differ-
entiated from pseudochylous ascites in which, although the
macroscopic appearance may be identical, the triglyceride con-
centration is lower than 110 mg/dL. Clinically, chylous ascites is
usually silent except for the distension of the abdomen.

Tuberculous peritonitis
The differential diagnosis between cirrhotic ascites and ascites
due to tuberculous peritonitis is particularly important as 
alcoholic cirrhosis may predispose to peritoneal tuberculosis.
Clinically, tuberculous peritonitis is characterized by fever,
abdominal pain, anorexia, weight loss, abdominal tenderness
and ascites. However, none of these symptoms is invariably 

present. The proportion of patients with pleural or pulmonary
tuberculosis or with a reactive tuberculin skin test ranges
between 21% and 78% and between 30% and 89%, respectively,
in the different series [54,55]. In females without active pul-
monary tuberculosis, peritoneal tuberculosis may represent the
local extension of a tuberculous salpingitis. However, in many
cases, no active focus of tuberculosis, apart from the peritoneal
disease, can be detected. Ultrasonography and CT may suggest
the diagnosis of tuberculous peritonitis. Findings frequently
seen in tuberculous peritonitis include diffuse, regular peri-
toneal thickening, infiltration of the greater omentum, ascites
with fine, mobile septation or floating debris on ultrasono-
graphy, loculation of ascites, bowel thickening, particularly in 
the ileocaecal area, retroperitoneal lymph node enlargement,
lesions in solid organs (pelvic, adrenal, hepatic, splenic), cold
abscesses and adhesions [55]. Results of examination of the 
peritoneal fluid are also suggestive of tuberculous infection if
there is an increased concentration of proteins (over 3 g/dL) and
lymphocytes. However, it has been shown that the ascitic fluid
may be a transudate, particularly in cirrhotics with ascites and
tuberculous peritonitis [56]. Ziehl–Nielsen-stained smears usu-
ally fail to show acid-fast bacilli. The proportion of cultures 
of ascitic fluid positive for Mycobacterium tuberculosis varies
markedly from series to series (from 8% to 69%), probably
reflecting technical differences. It has been suggested that the
proportion of positive cultures may be increased up to 80% by
concentrating 1 L of the fluid by centrifugation. Nevertheless,
the diagnosis of tuberculous peritonitis cannot be based on cul-
tures of ascitic fluid as the usual techniques of culturing acid-fast
bacilli may require several weeks to obtain a definite result. The
activity of lactic dehydrogenase in ascitic fluid is greater in
tuberculous peritonitis than in cirrhosis. As in malignant ascites,
the concentration of this enzyme in tuberculous ascites is higher
than in plasma [56]. The activity of adenosine deaminase in 
the peritoneal fluid is a proven sensitive and specific test for
tuberculous peritonitis [54,57] (Fig. 2). This is an enzyme
involved in the catabolism of purine bases (catalysing the 
deamination of adenosine with the formation of inosine). It 
participates in the proliferation and differentiation of lympho-
cytes, and increases in tuberculous effusions, probably as a con-
sequence of the stimulation of cell-mediated immunity and 
T lymphocytes. The concentration of adenosine deaminase in
ascitic fluid in tuberculous peritonitis correlates directly with
the total protein concentration in ascites. It is therefore not 
surprising that the number of false-negative results for adeno-
sine deaminase in tuberculous peritonitis is higher in cirrhotic
patients than in patients without chronic liver diseases [58].

Open peritoneal biopsy during a laparotomy or minilaparo-
tomy, blind needle biopsy of the peritoneum and laparoscopy
with direct biopsy of the affected areas have been used to
confirm the diagnosis of tuberculous peritonitis [59,60].
Laparoscopy with direct peritoneal biopsy is the best of 
these methods [61]. The peritoneum characteristically shows
scattered or confluent miliary nodules of uniform size, with
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adhesions between bowel loops, liver capsule and abdominal 
walls. The histological appearance is characterized by the pres-
ence of caseating granulomas. In some instances, tubercle bacilli
may be seen by staining with auramine–rhodamine and
microscopy under ultraviolet light. Mycobacterium tuberculosis
can be cultured from the biopsy specimen of the peritoneum.
The macroscopic and microscopic appearances of tuberculous
peritonitis are similar to those of other conditions causing gran-
ulomatous peritonitis, such as sarcoidosis, Crohn’s disease and
iatrogenic granulomatous peritonitis. The last condition occurs
after 0.15% of abdominal operations and is usually caused by a
cell-mediated immune response to starch, talc, cotton fibres and
wood fibres originating from disposable surgical gowns and
drapes [62]. Iatrogenic granulomatous peritonitis appears 2–9
weeks postoperatively and is characterized by abdominal pain,
tenderness and fever, and frequently by the accumulation of
ascites. The observation of starch granules in the ascitic fluid
obtained by paracentesis can be diagnostic.

The detection of DNA of Mycobacterium tuberculosis by
means of polymerase chain reaction (PCR) assay of ascitic fluid
is very rapid and appears to be as sensitive as culture. To date,
however, there are no controlled studies of PCR in patients with
tuberculous peritonitis. Moreover, false-negative results have
been reported, justifying the administration of antituberculous
treatment in patients with clinical and histological features char-
acteristic of peritoneal tuberculosis, even in cases with negative
results from culture and PCR analysis [63]. The ligase chain
reaction (LCR) DNA amplification method has recently been
introduced into practice. This assay provides rapid information
for the diagnosis of extrapulmonary tuberculosis with a higher
diagnostic accuracy than PCR [64]. Further studies are needed
to determine the clinical use of PCR and/or LCR in the diagnosis
of tuberculous peritonitis.

Ascites due to hepatic venous outflow block
Ascites secondary to postsinusoidal portal hypertension gener-
ally shows a total protein concentration and ascitic fluid:plasma
albumin gradient similar to that reported in malignant ascites
and tuberculous peritonitis [65]. The diagnosis can, however, be
established by considering the clinical condition of the patient
and the concentrations of leukocytes, lactic dehydrogenase,
cholesterol and adenosine deaminase in the ascitic fluid, which
are lower in ascites secondary to hepatic outflow block. Patients
with ascites due to constrictive pericarditis often lack symptoms
of congestive heart failure. It is therefore important to seek phys-
ical findings characteristic of this entity in any patient with
exudative ascites and no evidence of liver disease. Clear lung
fields on radiographic examination and low voltage of the elec-
trocardiogram suggest constrictive pericarditis. The diagnosis is
confirmed by cardiac echography or catheterization. In patients
with ascites due to a congenital web in the inferior vena cava, 
a cava-to-cava collateral circulation can be observed on the
abdomen or back. The final diagnosis is based on inferior vena
cavography. The differential diagnosis between chronic Budd–
Chiari syndrome and cirrhosis is often difficult on clinical
grounds. The protein concentration in ascitic fluid may be low
in some of these patients as a result of the capillarization of the
hepatic sinusoids. On the other hand, they may have hepatic
stigmata, abnormal liver function tests, splenomegaly and
oesophageal varices. If major hepatic veins are not visualized by
CT and ultrasonography, this may suggest Budd–Chiari syn-
drome. The liver scintiscan sometimes shows a marked increase
in isotope uptake centrally, possibly because of hypertrophy of
the caudate lobule related to its autonomous venous drainage
directly into the vena cava. However, in most cases, the diagnosis
is made by liver biopsy. Ascites with a high protein concentra-
tion is frequently found in the postoperative period of liver
transplantation. It is usually due to postsinusoidal portal hyper-
tension secondary to deficient venous drainage from the
implanted liver. Ascites due to obstructed hepatic venous
outflow has also been reported in patients with polycystic liver
disease.

Bile ascites
The leakage of bile into the peritoneal cavity may lead to two 
different clinical pictures [66]. Some patients develop signs 
and symptoms of acute peritonitis. Others have essentially no
symptoms other than those caused by the accumulation of large
quantities of bile ascites in the abdominal cavity. In both cir-
cumstances, paracentesis yields a green ascitic fluid with a biliru-
bin concentration considerably higher than in plasma. Between
these two extremes, there is a wide spectrum of symptoms. Why
intraperitoneal leakage of bile induces these two clinical pictures
is unknown. Bile ascites usually occurs after biliary tract surgery
(mainly cholecystectomy), percutaneous diagnostic procedures
(liver biopsy and percutaneous transhepatic cholangiography)
and trauma with injuries to the gallbladder, common bile duct,
hepatic duct or liver. In contrast, the most common cause of bile
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Fig. 2 Ascitic fluid concentration of adenosine deaminase (ADA) in
different groups of patients with ascites: group I, tuberculous peritonitis;
group II, non-tuberculous septic peritonitis; group III, malignant ascites;
group IV, miscellaneous; group V, cirrhosis (reproduced with permission
from ref. 56).
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peritonitis is spontaneous perforation of the gallbladder or bile
ducts due to erosion by stones or cholecystitis [66].

Pancreatic ascites
Pancreatic ascites occurs in approximately 3% of patients with
chronic pancreatitis as a result of the leakage of fluid from a rup-
tured pancreatic duct, or from a pancreatic pseudocyst, into the
peritoneal cavity [67]. Other, less frequent causes include acute
haemorrhagic pancreatitis, abdominal trauma and pancreatic
cancer [68]. As most patients with chronic pancreatitis are alco-
holics and may develop massive ascites with little or no abdomi-
nal tenderness, the differential diagnosis of pancreatic from
cirrhotic ascites may be difficult on clinical grounds. Laboratory
analyses are therefore essential to establish a correct diagnosis.
In virtually all cases, ascitic fluid amylase and lipase are dramati-
cally increased. The concentration of pancreatic enzymes in
ascitic fluid is between 5 and 20 times greater than the plasma
concentrations obtained simultaneously. The protein concen-
tration in ascitic fluid is generally over 3 g/dL, and the fluid is
usually serous, but can be serosanguineous, turbid or chylous.
The concentration of methaemalbumin in ascites is markedly
increased in patients with haemorrhagic pancreatitis and has
prognostic significance. The concentration of leukocytes in
ascitic fluid ranges between 70 and 2200/µL, 80% being lympho-
cytes [69]. Ultrasonography and CT are important diagnostic
procedures for pancreatic ascites as they may detect the presence
of a pseudocyst. Pseudocysts in patients with pancreatic ascites
are usually small, due to continuous leakage of the cystic fluid
into the peritoneal space.

Other types of ascites
Other causes of ascites easily differentiated from cirrhotic ascites
include nephrogenic ascites, myxoedema and Meig syndrome.
Nephrogenic ascites may become a severe problem in approxi-
mately 5% of patients maintained on chronic haemodialysis
[70]. The pathogenesis of ascites in these patients is unknown.
The protein concentration in ascitic fluid is usually over 3 g/dL,
and the white blood cell count ranges between 30 and 1500/µL.
The amylase and lactic dehydrogenase activities in ascitic fluid
are lower than the plasma concentrations obtained simultane-
ously. Peritoneal biopsies show only minor inflammation or
fibrosis. The diagnosis of nephrogenic ascites is one of exclusion,
so that it is important to rule out other causes.

Myxoedema is an infrequent cause of gross ascites (about
3–4% of cases of myxoedema develop significant ascites). As the
systemic changes of myxoedema may be mild, it may not be
identified as the cause of the ascites, thus leading to unnecessary
diagnostic procedures. The ascitic fluid in myxoedema may be
serous or gelatinous and characteristically has a high protein
concentration. The pathogenesis of myxoedematous ascites is
unknown.

Meig syndrome consists of the association of ascites and
hydrothorax with various types of benign ovarian tumours
(fibroma, cystadenoma, struma ovarii). A ‘modern’ type of Meig

syndrome is the ovarian hyperstimulation syndrome occurring
in patients treated with clomiphene and human menopausal
gonadotrophins to induce ovulation. This syndrome is char-
acterized by massive ascites, pleural effusions, signs of hypo-
volaemia (tachycardia, haemoconcentration, oliguria), enlarged
ovaries (more than 10 cm in diameter), marked arterial vasodi-
lation and activation of the renin–aldosterone and sympathetic
nervous systems and antidiuretic hormone [71].

Cirrhotic hydrothorax
Pleural effusions, in the absence of primary pulmonary, pleural
or cardiac disease, occur in approximately 5% of patients with
hepatic cirrhosis [72]. Clinical ascites is almost always evident,
and the pleural effusion is usually right-sided. Occasionally,
however, effusion develops in the left pleura, on both sides or in
the absence of detectable ascites. The pathogenesis of cirrhotic
hydrothorax involves, in most cases, the direct passage of 
ascitic fluid from the abdomen through acquired defects in the
diaphragm into the pleural space (Fig. 3) [73,74]. The driving
force leading to the peritoneal–pleural transfer of fluid is the
hydrostatic gradient between the positive intra-abdominal pres-
sure and the negative intrathoracic pressure. In cases of cirrhotic
hydrothorax without detectable ascites, the transport of fluid
into the pleural space probably equals the rate of production 
of ascites. The presence of direct communications between the
peritoneal and pleural cavities can be demonstrated by radioiso-
topic studies. The intraperitoneal injection of tracer amounts 
of [99mTc]sulphur colloid is followed by the rapid appearance of
the isotope in the pleural cavity. The communications can be
visualized by ultrafast echo MRI. The biochemical and cytologi-
cal characteristics of the pleural fluid are similar to those of the
ascitic fluid obtained simultaneously. It is not unusual, however,
to find slightly higher concentrations of total protein, albumin,
cholesterol and total lipids in pleural than in ascitic fluid, proba-
bly related to a higher rate of water reabsorption from the pleu-
ral compartment. However, if there are marked differences in

Fig. 3 Hole of 1 mm diameter in the right hemidiaphragm in a cirrhotic
patient with right pleural effusion (reproduced with permission from 
ref. 74).
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the biochemical or cytological characteristics between the pleu-
ral and the ascitic fluids, one should search for another cause 
of the pleural effusion. Spontaneous bacterial empyema due 
to Gram-negative bacilli is a frequent complication in patients
with cirrhotic hydrothorax. The pathogenesis of this complica-
tion is similar to that of spontaneous bacterial peritonitis [75].
Videothoracoscopy has been used effectively to localize and close
the diaphragmatic defects causing cirrhotic hydrothorax [76].

Factors involved in ascites formation in
cirrhosis

Portal hypertension

In patients with liver disease, portal hypertension is essential for
the formation of ascites. The accumulation of fluid within the
peritoneal cavity is a common complication in diseases causing
sinusoidal portal hypertension, for example Budd–Chiari syn-
drome, hepatic veno-occlusive disease, cirrhosis and severe
acute hepatitis of toxic, viral or alcoholic origin. In contrast, it is
extraordinarily infrequent in liver diseases in which the block to
portal flow occurs before the sinusoids. Similarly, when portal
hypertension develops as a consequence of an extrahepatic
blockage of the hepatic or portal blood flow, ascites only occurs
in those circumstances in which the vascular blockade increases
sinusoidal pressure (right heart failure, constrictive pericarditis,
obstruction of the inferior vena cava by congenital membranous
webs), but not when the portal or the splenic veins are occluded.
The relation between sinusoidal portal hypertension and the
formation of ascites is also evident from experimental studies.
Obstruction of the thoracic inferior vena cava or the hepatic
veins is followed by rapid accumulation of fluid within the
abdominal cavity. Ascites also occurs in several experimental
models of cirrhosis (induced by carbon tetrachloride, dimethyl-
nitrosamine or chronic ligation of the bile duct). In contrast,
partial or even complete obstruction of the portal vein is not 
followed by the formation of ascites.

Effect of sinusoidal portal hypertension on
trans-sinusoidal fluid exchange

Differences in anatomical and functional characteristics between
the hepatic and splanchnic microvasculature have been pro-
posed to explain why ascites only develops in circumstances 
of sinusoidal portal hypertension. The hepatic sinusoids are
structurally unique among microvessels as they do not have a
basement membrane. They are lined by three main types of cells:
endothelial, Kupffer and fat storing (Ito or stellate cells). The
endothelial cells are by far the main component of the sinusoidal
wall. Kupffer cells also contribute to the wall, although they are
most often found within the lumen, attached by processes to 
the endothelial cells. Ito cells are found in the space of Disse,
between the endothelial and liver cells. The endothelial cells
form a very porous sinusoidal wall with large apertures, ranging

from 100 to 500 nm in radius (Fig. 4). Occasionally, microvilli
from the hepatocytes cross the space of Disse and pass through
these gaps in the endothelial membrane, thus reaching the 
sinusoidal lumen. This extremely porous membrane is almost
completely permeable to macromolecules, including plasma
proteins. These special characteristics of the sinusoidal wall are
not surprising considering that the main function of the hepatic
sinusoids is to promote intimate contact between the blood
entering the liver and the hepatocytes. The space of Disse is rel-
atively inconspicuous in normal conditions. It includes sparse
bundles of collagen, glycosaminoglycans, occasional particles of
very-low-density lipoprotein, Ito cells and hepatocyte microvilli.
As no lymph vessels can be identified within the hepatic lobule,
it has been suggested that the fluid in the space of Disse, in free
communication with the interstitial spaces at the portal and cen-
tral venous ends of the sinusoid, enters the lymphatics present in
the portal tracts and in the central venous area as liver lymph.
The highly porous nature of the sinusoidal wall explains why, 
in the normal liver, the protein concentration of hepatic lymph
is approximately 95% that of plasma measured simultaneously
[77]. A consequence of this high permeability is that the trans-
sinusoidal oncotic gradient is virtually zero. Liver lymph is prin-
cipally drained by vessels leaving at the liver hilus, although a
small proportion passes through vessels accompanying the 
hepatic veins into the chest [78]. Lymph from the hilus, as well as
that from other organs including the pancreas, spleen, kidney,
adrenals, stomach, large and small intestines, gallbladder and
mesentery, all drains via the para-aortic plexus and cisterna chyli
into the thoracic duct [78]. This duct is a lymphatic channel
36–45 cm long that begins at the upper end of the cisterna chyli
near the lower border of the 12th thoracic vertebra, passes
through the diaphragm and ascends in the posterior medi-
astinum in close relation to the aorta and azygos vein. It 
passes into the neck behind the aortic arch and then curves 
laterally, joining the left subclavian or internal jugular vein. The

Fig. 4 Surface view of the endothelial lining of a liver sinusoid, as seen by
scanning electron microscopy. Numerous fenestrae, with a pore size of
100–500 nm radius, are observed.
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anatomical arrangement of the terminal thoracic duct is
extremely variable. Only occasionally does it drain into the 
right jugular or subclavian vein alone. Usually, there are many
anastomotic sites between it and the venous system in the left
side of the neck. In normal humans, the thoracic lymph flow
may reach 800–1000 mL/day.

Constriction of the suprahepatic inferior vena cava or the
hepatic veins in experimental animals has been the model most
frequently used to investigate the effect of sinusoidal portal
hypertension on fluid exchange through the sinusoidal wall. The
increased pressure in the hepatic veins is almost completely
transmitted back to the hepatic sinusoids, indicating that capil-
lary pressure is not autoregulated in the liver [79]. In addition,
because of the high permeability to plasma proteins of the sinu-
soidal wall, no oncotic force opposes the increase in hydrostatic
sinusoidal pressure. Consequently, elevation of hepatic venous
pressure is followed by a dramatic increase in the passage of fluid
with a protein concentration similar to that of plasma, from the
sinusoidal lumen to the space of Disse [79–81]. The relation
between sinusoidal pressure and the hepatic production of
lymph is such that an increase of 60% in lymph production
occurs for every millimetre rise in sinusoidal pressure [80]. The
macroscopic consequence of this phenomenon is a marked
enlargement of the liver. However, the compliance of the liver,
that is the relation between interstitial pressure and interstitial
volume, is very low [82]. This means that little interstitial fluid
can accumulate without altering interstitial pressure. It has 
been estimated that, for venous pressures between zero and 
30 mmHg, approximately 65% of the rise in hepatic venous
pressure is transmitted to the hepatic interstitium [83]. The
remaining 35% is absorbed by the increase in intravascular 
and interstitial volume. This high interstitial pressure explains
the two major consequences of experimental sinusoidal portal
hypertension: a striking increase in lymph flow through the liver
lymphatics and thoracic duct; and the direct passage of hepatic
lymph with very high protein concentrations from the liver 
surface into the peritoneal cavity, forming ascites [79,81].

Results of studies in cats with experimental constriction of 
the thoracic inferior vena cava strongly support the hypothesis
that the ascitic fluid produced during acute experimental block-
age of the hepatic outflow is mainly derived from the hepatic
microvascular compartment. Greenway and Lautt [80] invest-
igated the effect of increasing hepatic venous pressure on the 
formation of hepatic lymph in anaesthetized cats. The livers 
of these animals, with venous and arterial inflow intact, were
inserted into a plethysmograph. The sequence of events occur-
ring after the elevation in hepatic venous pressure consisted of a
transient increase in hepatic volume, followed by a rapid accu-
mulation of fluid with a protein concentration of approximately
80% of the plasma concentrations within the plethysmograph.
With obstruction of the hepatic lymphatics, the rate of fluid
filtration through the liver surface was directly proportional to
the sinusoidal pressure. Freeman [84] and Mallet-Guy et al. [85]
repositioned the liver supradiaphragmatically and subsequently

constricted the thoracic inferior vena cava. Ascites only devel-
oped in the thoracic cavity. When a cellophane bag was placed
around the liver, ascitic fluid only accumulated in the bag.

Effects of portal hypertension on splanchnic
transmicrovascular fluid exchange

The structural and functional characteristics of the microvascu-
lature of the stomach and small and large intestines are very 
different from those of the liver. First, the splanchnic capillaries
are much less porous than the hepatic sinusoids and have a 
well-defined basement membrane. Although most splanchnic
capillaries are fenestrated, the estimated pore size, 3.7–12 nm 
in radius, is between 50 and 100 times less than that of the hep-
atic sinusoids. The oncotic reflection coefficient (ORC), which
describes the fraction of the total protein oncotic pressure 
generated across a capillary membrane (impermeable proteins
generate 100% of their maximum oncotic pressure, ORC = 1,
whereas freely permeable proteins generate no oncotic pres-
sure, ORC = 0) has been estimated as 0 in the normal liver and
0.78, 0.92 and 0.85 in the stomach, small intestine and colon re-
spectively [80,86]. Consequently, any increase in filtration in the
splanchnic capillaries is quickly counterbalanced by an increase
in the oncotic pressure difference between the capillary lumen
and interstitial space. This may explain the infrequency of ascites
in presinusoidal portal hypertension.

Three other factors may contribute to the infrequency of
ascites when the blockage to portal flow occurs before the 
sinusoids. First, the gastric and intestinal interstitium is much
more compliant than the hepatic interstitium, and considerable
interstitial fluid can accumulate in these organs without causing
any major changes in interstitial pressure [82]. Secondly, the
intestines have a very efficient lymphatic system for removing
interstitial oedema. In this respect, it is interesting that, in 
normal conditions, approximately 20% of the fluid absorbed by 
the small intestine is carried out into the general circulation by
the lymphatics. The abrupt elevation in portal venous pressure
increases lymph flow from the stomach, small intestine and
colon [86,87]. Because of the low permeability of intestinal cap-
illaries to plasma proteins, the ratio between protein concentra-
tions in the intestinal lymph and in plasma in conditions of
portal hypertension is characteristically low (20%) [77]. Finally,
as most splanchnic capillaries are located within the submucosa
[82] and the hydraulic conductance (permeability to submu-
cosal interstitial fluid) of the muscular and serosal layers of the
stomach, small bowel and colon is probably low, it is not surpris-
ing that partial occlusion of the portal vein produces marked
accumulation of fluid in the submucosa with no major changes
in the serosal and muscular layers. This also explains why tran-
sudation of fluid out of the gut in this condition occurs mainly
into the lumen and not into the intraperitoneal space. In fact,
net fluid and electrolyte secretion into the lumen of the small
bowel occurs in animal models following acute elevation of 
portal pressure [83].
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Source of ascites in cirrhosis

All the findings discussed above offer a rational explanation for
the absence of ascites in patients and experimental animals with
presinusoidal portal hypertension. They also suggest that an
imbalance between hepatic lymph production and the capacity
of the lymphatic system of the liver and thoracic duct to return
the hepatic lymph to the general circulation may be the predom-
inant mechanism of ascites formation in experimental blockade
of the hepatic venous outflow and in patients with constrictive
pericarditis, Budd–Chiari syndrome and hepatic veno-occlusive
disease, who have increased lymph flow in the thoracic duct and
ascites with a high protein content [82,88]. However, as hepatic
cirrhosis differs in many respects from experimental blockade 
of the hepatic venous outflow, the pathogenesis of ascites in
patients with chronic liver disease may vary from that in experi-
mental sinusoidal portal hypertension.

First, it is well established that there are marked structural
changes in the hepatic microvasculature in cirrhosis, the most
characteristic being capillarization of the hepatic sinusoids. This
abnormality has been extensively investigated by Huet et al.
[89]. These workers showed that the marginal areas of the 
regenerative nodules were perfused with capillaries rather than
sinusoids, whereas sinusoids were present in the central areas of
the micronodules. The sinusoids were fenestrated in a normal
fashion and lacked a basement membrane. In contrast, capillar-
ies exhibited a continuous endothelial lining lacking fenestrae,
supported by a basement membrane and collagenous tissue. The
structure was such that, along a single vascular pathway, capil-
lary and sinusoidal structures were encountered in sequence.
Variations in the degree of capillary change were found from
patient to patient. Huet et al. also investigated the functional
consequences in cirrhotic patients of this alteration in liver
microcirculation by using a multiple indicator dilution tech-
nique. Labelled red blood cells and albumin were injected simul-
taneously into the portal vein or hepatic artery and the outflow
dilution pattern was obtained from hepatic venous blood. In the
normal liver, labelled red cells occupy the intravascular com-
partment, whereas the volume of distribution of albumin, which
gains access to the space of Disse, includes both the intravascular
and the interstitial compartments. This explains why, in normal
livers, the volume of distribution of albumin exceeds that of red
cells by 60%. In contrast, in organs with less permeable capillar-
ies in which no significant albumin exchange occurs during the
time of a single passage, the difference between the volume of
distribution of these two markers is only 7%. In cirrhotic patients,
the calculated volume of distribution of albumin within the liver
exceeded that of red cells by 7–60%. Some patients showed a
pattern similar to that expected in the normal liver, while in others
the hepatic sinusoids were almost impermeable to albumin.

Second, there is evidence that, contrary to what occurs in
other vascular territories, the intestinal microvasculature does
not autoregulate its capillary pressure or the capillary filtration
coefficient in cirrhosis. Portal hypertension in cirrhotic patients

and in animals with experimental cirrhosis is not associated with
an increased splanchnic arteriolar resistance but, rather, with a
generalized splanchnic arteriolar vasodilation [90]. As discussed
later, the simultaneous occurrence of increased portal venous
pressure and arterial blood inflow to the splanchnic microcircu-
lation leads to a marked increase in splanchnic microvascular
hydrostatic pressure and permeability, explaining why interstitial
oedema in the mucosal, muscular and serosal layers is promin-
ent in human cirrhosis. The serosal oedema is manifested by a
fivefold increase in the thickness of the jejunal peritoneum in
cirrhotic patients compared with control subjects [91].

Third, the total protein content in hepatic and thoracic duct
lymph and in ascitic fluid is remarkably lower in cirrhosis than
in experimental blockage of the hepatic outflow. Increased flow
of thoracic duct lymph (usually 8–9 L/day) is a characteristic
finding in cirrhosis, whether or not ascites is present [92]. This is
associated with a marked enlargement of the thoracic duct and
an elevation in duct pressure, which has been attributed to the
presence of valves and endothelial folds at the duct–venous
junction, making the flow of lymph into the venous system of
the neck difficult. The number, size and thickness of lymphatics
in the hilum of the liver, and in the mucosal and serosal layers of
the intestine and mesentery, are markedly increased in cirrhosis.
The hepatic lymph:plasma ratio for total proteins in cirrhosis
with ascites ranges between 20% and 80% [93]. This low protein
concentration of hepatic lymph is probably a consequence of the
capillarization of hepatic sinusoids. The total protein content of
intestinal lymph in cirrhotics with ascites is generally under 20%
of that in plasma [93]. Finally, the thoracic duct lymph and the
total protein concentration of ascitic fluid in these patients are
between those of the hepatic and intestinal lymph [77,93]. It is
therefore very likely that ascites in cirrhosis derives from both
hepatic and splanchnic vascular compartments.

Studies evaluating the escape of radiolabelled albumin from
the intravascular to the extravascular compartment and to 
the intraperitoneal space (which estimates the fluid dynamics
through the capillary wall and peritoneum and liver surface
respectively) indicate that the lymphatic system is extremely
efficient in returning most of the excessive hepatic and splanch-
nic lymph to the general circulation in cirrhotic patients with
ascites [16]. The transvascular escape rate of radiolabelled albu-
min in these patients is remarkably high (8.5% of the total
intravascular mass of albumin per hour). The fraction of the
transvascular escape of albumin passing into the peritoneal 
cavity is, however, very low (0.21%). Ascites formation is there-
fore the consequence of a small spillover of the increased rate 
of formation of hepatic and splanchnic lymph, most of which is
returned directly to the circulation through the lymphatic system.

Effects of portal hypertension on splanchnic
arteriolar circulation

In addition to increasing hepatic and splanchnic lymph produc-
tion, portal hypertension induces a profound alteration in the
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splanchnic circulation. Classically, portal hypertension was con-
sidered to be due solely to an increased resistance to portal
venous flow. However, it is now clear that the pathogenesis of
portal hypertension is much more complex and that increased
portal venous inflow secondary to a generalized splanchnic arte-
riolar vasodilation also plays an important part in the increased
portal pressure [90,94–98]. This high portal venous inflow may
explain why, in experimental animals, portal pressure remains
increased despite the development of a marked collateral circu-
lation. The mechanism by which portal hypertension induces
splanchnic arteriolar vasodilation and increased portal venous
inflow is not entirely understood. There is strong evidence 
suggesting that an increased local production of vasodilatory
substances (i.e. nitric oxide) is the most probable mechanism 
of splanchnic arterial vasodilation associated with portal hyper-
tension. This enhanced production of local vasodilators also
explains the decreased sensitivity of the gastric and intestinal
microvasculature to endogenous vasoconstrictor systems, which
also contribute to the splanchnic hyperaemia associated with
portal hypertension [99].

There is indirect evidence that splanchnic arteriolar vasodila-
tion also occurs in patients with cirrhosis and portal hyper-
tension. Under normal conditions, almost all the flow circulating
in the splanchnic bed reaches the liver, so the hepatic equals 
the splanchnic blood flow. In patients with cirrhosis and portal
hypertension, because there is important shunting of blood
through the portosystemic collateral circulation, the hepatic
blood flow represents only a part of the splanchnic blood flow.
Between 60% and 80% of the mesenteric and splenic blood flow
is shunted through the collateral circulation in cirrhotic patients
[100,101]. As several investigations have shown that the hepatic
blood flow is normal or even increased in most such patients
[102–104], it follows that in these there must be a marked
increase in splanchnic blood flow secondary to arteriolar vaso-
dilation. The observation that the mean transit time in the
splanchnic vascular bed is substantially reduced in alcoholic cir-
rhotics further indicates the occurrence of splanchnic arteriolar
vasodilation in these patients [105].

Renal functional abnormalities

Sodium retention is the most common abnormality of renal
function in cirrhosis. It is constantly present in patients with
ascites and plays a major role in the pathogenesis of this compli-
cation. Ascites disappears in most patients when sodium reten-
tion is inhibited by diuretics. Conversely, diuretic withdrawal 
or a high sodium diet leads to the reaccumulation of ascites. 
The degree of sodium retention in cirrhosis with ascites varies
considerably from one patient to another, being practically non-
existent in some patients, but relatively high in others [106]. The
observation that ascites might disappear in the latter patients
only by reducing sodium intake below sodium excretion is a 
further argument for the importance of sodium retention in the
pathogenesis of ascites. Experimental studies have shown that

sodium retention precedes ascites formation in cirrhosis [107].
The impairment of sodium excretion in most cirrhotics occurs
in the setting of a normal glomerular filtration rate. Therefore,
the predominant mechanism for sodium retention in these
patients is an increased tubular sodium reabsorption.

Patients with compensated cirrhosis do not have sodium
retention. However, they present subtle abnormalities of sodium
metabolism. For example, these patients are unable to excrete an
acute intravenous salt load normally [108–110]. On the other
hand, compensated cirrhotics with severe portal hypertension
may not ‘escape’ from an exogenously administered mineralo-
corticoid hormone. If a normal individual ingesting a diet con-
taining a constant amount of sodium is given a salt-retaining
mineralocorticoid daily, a transient period of sodium retention
is experienced, and limited weight gain occurs, reflecting the
expansion of the extracellular fluid volume. After 3–5 days,
however, sodium excretion increases and equals dietary intake,
so that no further weight gain or extracellular volume expansion
occurs. In contrast, compensated cirrhotics with high portal
pressure may not escape from the sodium-retaining effect of
mineralocorticoids, and they develop continuous renal fluid 
and sodium retention, leading to the formation of ascites and
oedema [111,112]. Finally, it has been shown that compensated
cirrhotics retain sodium while they are in an upright posture,
whereas they show an exaggerated natriuresis during bedrest
[113,114].

The oral or the intravenous (as 5% glucose solution) adminis-
tration of a water overload of 20 mL/kg body weight over 45 min
to a normal individual is followed after a period of between 
30 and 60 min by the excretion of hypotonic urine (60–110
mosm/kg), at a rate of 8–14 mL/min. The volume of water
excreted per minute by this individual can ideally be divided 
into two parts. The first consists of water, which dissolves 
urinary solutes iso-osmotically with respect to plasma (osmolar
clearance). The second part consists of water free of solutes
(free-water clearance, Ch2o). As osmolar clearance in normal
individuals is 1.5–2.5 mL/min, free-water clearance after a water
overload in these subjects ranges between 6 and 12 mL/min. 
This means that a healthy person is able to maintain total body
water within normal limits even if water ingestion is 10 L or
more per day.

Ch2o after a water overload is normal in compensated cir-
rhotics and reduced in most patients with cirrhosis and ascites
[115–117]. The degree of impairment of water excretion in cir-
rhosis with ascites also varies markedly from patient to patient
(Fig. 5). Thus, whereas in some cirrhotics with ascites, Ch2o
after a water overload is only slightly reduced, others present
very low Ch2o or may be unable to dilute the urine after the
water load (negative Ch2o). These patients with very low 
(< 1 mL/min) or negative Ch2o retain most water taken in with
the diet, causing a dilution of the interior milieu, hyponatraemia
and hypo-osmolality [118]. Hyponatraemia in cirrhosis with
ascites is, therefore, a consequence of an excess of water and 
not of sodium deficiency. This concept is important from a 
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therapeutic point of view. The incidence of hyponatraemia in
cirrhotic patients with ascites is approximately 35% [118].

Hepatorenal syndrome is a peculiar type of functional renal
failure that occurs in patients with acute liver failure and cirrho-
sis with ascites. It is due to reduced renal perfusion and, in most
cases, renal histology is normal or presents minor abnormalities.
Retrospective studies indicate that it is present in approximately
17% of patients admitted to hospital with ascites and in more
than 50% of the cirrhotics who die [119]. The probability of
developing hepatorenal syndrome 2 and 5 years after the onset
of ascites in patients with cirrhosis is 32% and 41% respectively
[120]. Hepatorenal syndrome represents the most accurate
prognostic index in patients with cirrhosis and ascites: most of
these patients die within weeks or months after the onset of the
syndrome, independently of the degree of hepatic insufficiency
[121,122]. There are two distinct types of hepatorenal syndrome
in cirrhosis [122,123]. Type 1 hepatorenal syndrome is charac-
terized by a rapid increase in blood urea nitrogen (BUN) and
serum creatinine, which reach extremely high levels within days
after the onset of renal failure (over 100 mg/dL and 5 mg/dL
respectively). Most of these patients also present progressive
oliguria, dilutional hyponatraemia (often below 120 mEq/L)
and hyperkalaemia. This rapidly progressive renal impairment
always occurs in patients with extremely poor hepatic function
who, in addition to ascites, often present other complications 
of the underlying cirrhosis, such as jaundice or hepatic
encephalopathy. Type 1 hepatorenal syndrome is commonly
observed in alcoholic cirrhotics with superimposed severe alco-
holic hepatitis or in any aetiological type of cirrhosis with ascites

in which hepatic function deteriorates rapidly as a consequence
of a serious bacterial infection, gastrointestinal haemorrhage 
or a major surgical procedure. The development of type 1 hepa-
torenal syndrome carries an ominous prognosis as most of 
these patients die within days or weeks after the onset of the 
syndrome. Type 2 hepatorenal syndrome is characterized by a
moderate increase in BUN and serum creatinine (usually lower
than 60 mg/dL and 2 mg/dL respectively), which remains steady
for months [122,123]. It is important to realize, however, that in
cirrhosis a small increase in BUN or serum creatinine represents
a marked fall in glomerular filtration rate (GFR). In fact, GFR in
patients with type 2 hepatorenal syndrome is reduced by more
than 50%. Type 2 hepatorenal syndrome usually occurs in cir-
rhotics with a relatively preserved hepatic function, whose main
clinical problem is an ascites refractory to diuretic treatment
[122]. Survival of these patients, however, is considerably less
than that of non-azotaemic cirrhotics with ascites (Fig. 6).

Mechanisms of renal function abnormalities
in cirrhosis

Several neurohumoral systems and endogenous substances with
sodium- or water-retaining activities, or vasoactive properties,
have been implicated in the pathogenesis of renal dysfunction 
in cirrhosis, including the renin–angiotensin–aldosterone and
the sympathetic nervous systems, antidiuretic hormone,
prostaglandins, leukotrienes, natriuretic peptides, endothelin,
nitric oxide, carbon monoxide, endogenous cannabinoids,
natriuretic hormone, the renal–kallikrein–kinin system, glo-
merulopressin, endotoxin, false neurotransmitters, platelet-
activating factor, estrogens and vasoactive intestinal peptide. It
is important to point out, however, that more than 100 different
compounds with significant effects on renal function have been
isolated in human urine. Therefore, the systems and substances
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cited above probably represent only a small fraction of the neu-
rohumoral factors that may affect renal function in cirrhotics
with ascites. In addition, alterations in intrarenal haemodynam-
ics may also participate in the pathogenesis of sodium and water
retention in these patients. Here, we summarize the extensive
data presently available implicating the renin–angiotensin–
aldosterone system, sympathetic nervous system, antidiuretic
hormone and arachidonic acid metabolites in the pathogenesis
of renal dysfunction in cirrhosis. Readers should consult other
articles and chapters to review the potential role of other vaso-
active substances, such as natriuretic peptides, nitric oxide and
endothelin.

The renin–angiotensin–aldosterone system
Through the secretion of renin, the kidney exerts powerful con-
trol over arterial pressure, extracellular fluid volume (including
blood volume), sodium and potassium excretion and the elec-
trolyte composition of the body [124]. Renin is produced in the
kidney by specialized cells of the juxtaglomerular apparatus, the
granular cells of the wall of the afferent arteriola, which are in
intimate contact with the macula densa in the ascending limb of
the loop of Henle. The vascular and tubular components of the
juxtaglomerular apparatus are richly innervated by sympathetic
nerves. Renin is an enzyme with no biological activity and acts
on an α-globulin (renin substrate or angiotensinogen), synthes-
ized by the liver, releasing the inactive decapeptide angiotensin I
(A-I).

Three major mechanisms control renin release from the 
kidney: the renal baroreceptor mechanism sensitive to changes
in renal perfusion pressure; the macula densa mechanism, which
responds to changes in sodium delivery or transport within the
ascending limb of the loop of Henle; and the renal sympathetic
nervous activity, which directly stimulates renin release by 
operating upon β1-receptors present in the juxtaglomerular
apparatus. These three mechanisms operate in concert, as they
are influenced in the same direction when there are changes in
effective circulating blood volume or arterial pressure.

A-I is subsequently transformed to the octapeptide A-II by the
action of the specific converting enzyme dipeptidyl carboxypep-
tidase. As the largest concentration of this converting enzyme 
is found in the lung, it was believed that conversion of A-I to 
A-II was primarily systemic rather than intrarenal. However, 
the converting enzyme is also present in the juxtaglomerular
apparatus, and significant amounts of A-II are generated locally
within the kidney.

A-II is one of the active components of the renin–
angiotensin–aldosterone system. It is among the most active 
of the endogenous vasoconstrictors so far identified. The renal
vasculature is especially sensitive to the vasoconstrictor effect 
of A-II because a striking reduction in renal blood flow occurs
with doses of A-II well below those required to induce a pressor
response. A-II also reduces the glomerular filtration rate. The
latter effect is related to both a decrease in renal perfusion and a
direct contractile effect on glomerular mesangial cells. Finally, the

interaction of A-II with AT1 receptors in the adrenal glomeru-
losa cells stimulates the aldosterone biosynthetic pathway and
increases the release of this hormone to the circulation [124].

The second active component of the renin–angiotensin–
aldosterone system is aldosterone, an important regulator of
sodium, potassium and acid–base balance [124]. The collecting
tubule is the nephron segment responsive to aldosterone. The
principal cells, located predominantly in the cortical segments,
probably mediate the aldosterone-regulated sodium reabsorp-
tion and potassium secretion, whereas the intercalated cells,
which predominate in the inner stripe of the outer medulla, 
participate in the aldosterone-regulated hydrogen ion transport.
Aldosterone diffuses freely across the basolateral membrane 
of the principal cells and binds to a cytoplasmic receptor. The
steroid–receptor complex is transported into the nuclear com-
partment and binds to specific promoters of a number of genes
that are under aldosterone regulation. The interaction of the
steroid–receptor complex with the promoter leads to the tran-
scription of mRNAs which are, in turn, translated into their
respective proteins, mediators of the sodium transport process.
Among these proteins, the amiloride-sensitive sodium channel
and the Na+-K+ATPase are of particular importance in the 
antinatriuretic effect of aldosterone. The sodium channels are
inserted into the luminal membrane and favour the passive
transport of sodium from the tubular lumen to the intracellular
space. The Na+-K+ATPase (or sodium pump) molecules are
located in the basolateral membrane and promote the active
transport of intracellular sodium to the extracellular compart-
ment and the entry of potassium from the extracellular to the
intracellular space. The kaliuretic effect of aldosterone is related
to its stimulatory effect on Na+-K+ATPase and probably also 
to the activation of luminal membrane potassium channels. 
The synthesis of the proteins activated by aldosterone takes time,
and the half-life of these proteins is relatively prolonged. This
explains the delay between the administration or withdrawal of
spironolactone, a drug that competitively inhibits the binding of
aldosterone to the cytosolic receptor, and the onset or finaliza-
tion of the diuretic action.

The renin–angiotensin–aldosterone system is activated in
most cirrhotics with ascites with marked sodium retention (urin-
ary sodium excretion lower than 5 mEq/L) and in all patients
with hepatorenal syndrome (Fig. 7). In many of these patients,
the plasma levels of renin and aldosterone reach extraordinarily
high values. In cirrhotic patients with ascites and moderate
sodium retention, the plasma levels of renin and aldosterone
may be normal or only slightly elevated (Fig. 7). Plasma renin
activity and aldosterone are normal or reduced in compensated
cirrhotics [125,127]. Several lines of evidence indicate that
aldosterone plays a major role in the pathogenesis of sodium
retention in cirrhosis. Urinary sodium excretion in cirrhotics
with ascites correlates closely with the degree of hyperaldostero-
nism, plasma aldosterone levels being higher in cirrhotics with
marked sodium retention [128]. On the other hand, sodium
retention can be reversed in most of these patients following the
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blockade of the renal tubular effect of aldosterone with spirono-
lactone [129]. The observation that cirrhotics with ascites may
present sodium retention in the absence of hyperaldosteronism
is generally considered to be an indication that factors other
than aldosterone are involved in the excessive tubular sodium
reabsorption [126]. However, cirrhotics with moderate sodium
retention and normal plasma aldosterone concentration are
extremely sensitive to spironolactone [128]; these patients may
have an increased tubular sensitivity to aldosterone.

Studies using pharmacological agents that interrupt the
renin–angiotensin–aldosterone system (inhibitors of the con-
verting enzyme and structural analogues that competitively
antagonize A-II at the vascular AT1 receptor) have been im-
portant in our understanding of the activation of the renin–
angiotensin–aldosterone system in patients with cirrhosis and
ascites. These patients present a systemic circulatory dysfunc-
tion characterized by low arterial pressure, hypervolaemia, high
cardiac output and low peripheral resistance, findings consistent
with marked arteriolar vasodilation [122,129–132]. Inhibition
of the endogenous renin–angiotensin–aldosterone system in
cirrhotic patients with increased plasma levels of renin by the
intravenous injection of saralasin, a specific antagonist of A-II,
or by converting enzyme inhibitors is associated with a further
decrease in arterial pressure and peripheral resistance; this may
be striking in patients with marked overactivity of the renin–
angiotensin–aldosterone system [133]. The systemic circulatory
disturbance of these patients would, therefore, be much more
intense if endogenous A-II was not acting at the peripheral vas-
culature to maintain arterial pressure at normal or near-normal
levels. Renin release in cirrhotics with ascites is, therefore, a

homeostatic mechanism to maintain systemic haemodynamics,
with arterial hypotension being the most likely mechanism of
hyper-reninism in these patients.

Plasma renin activity is particularly elevated in patients with
hepatorenal syndrome (Fig. 7) [134,135]. On the other hand,
plasma renin activity in non-azotaemic cirrhotic patients with
ascites is an independent predictor of hepatorenal syndrome
development [120]. Therefore, it is reasonable to presume that
endogenous A-II is involved in the pathogenesis of the active
vasoconstriction, causing hepatorenal syndrome in cirrhosis.

The sympathetic nervous system
The sympathetic nervous system is another important endogen-
ous mechanism controlling systemic haemodynamics and renal
function in man. This system is influenced by high-pressure
baroreceptors located in the carotid sinus and aortic arch and
low-pressure baroreceptors (volume receptors) present in the
cardiac atria and pulmonary veins. High-pressure baroreceptors
are quiescent below an arterial pressure of 80 mmHg and show 
a progressive excitation with increasing arterial pressure up to
approximately 180 mmHg. The activity from these receptors
elicits a reflex inhibition of the sympathetic outflow and thus
provides the afferent limb of the buffer reflexes that stabilize
arterial pressure. When compared with the sympathetic activity
directed to other visceral structures, efferent renal nerve activity
appears to be particularly sensitive to inhibition by arterial
baroreceptors [136]. Low-pressure baroreceptors are activated
by distension of the cardiac atria and pulmonary veins and,
therefore, function as intravascular volume receptors. Afferent
impulses arising from high- and low-pressure baroreceptors

Pl
as

m
a 

re
n

in
 a

ct
iv

it
y 

(n
g

/m
L

/h
)

70

60

50

40
30

20

10

5

0

Controls Cirrhotics
without
ascites

Without
renal

failure

With
renal

failure

Cirrhotics with ascites

800
700

500
400

600

250

150

200

300

100

50

0

25

15

Controls Cirrhotics
without
ascites

Without
renal

failure

With
renal

failure

Cirrhotics with ascites

Pl
as

m
a 

al
d

o
st

er
o

n
e 

(n
g

/d
L)

Fig. 7 Plasma renin activity and plasma aldosterone concentration in healthy subjects, cirrhotic patients without ascites and cirrhotic patients with ascites
with and without hepatorenal syndrome. Measurements were made after 5 days on a 50-mEq sodium diet and without diuretics. Plasma renin activity was
measured after incubating for 1 h.

TTOC07_05  3/9/07  9:16 AM  Page 678



7.5 PATHOGENESIS,  DIAGNOSIS AND TREATMENT OF ASCITES IN CIRRHOSIS 679

travel via the glossopharyngeal and vagus nerves to an integ-
rative site in the medulla, which alters the sympathetic nervous
outflow according to the information received. Afferent impulses
from high- and low-pressure baroreceptors are also sent to the
supraoptic and paraventricular nuclei of the hypothalamus, thus
modifying antidiuretic hormone secretion [137]. Therefore, three
neurohormonal vasoactive systems, the sympathetic nervous
system, the renin–angiotensin–aldosterone system and antidi-
uretic hormone, are closely interrelated and operate simultane-
ously to regulate arterial pressure and intravascular volume.

The kidney is richly innervated by sympathetic noradrenergic
fibres, which reach the afferent and efferent arterioles, juxta-
glomerular apparatus, proximal and distal convoluted tubules,
thick ascending limb of the loop of Henle and distal and collect-
ing tubules [138]. In contrast, there is neither physiological nor
anatomical evidence supporting the existence of sympathetic
cholinergic vasodilator fibres in the kidney. Direct electrical
stimulation of the renal nerves produces a decrease in renal
blood flow and GFR, and stimulates sodium reabsorption in the
proximal tubule, loop of Henle and distal nephron [139]. These
effects, which can also be demonstrated when the renal sym-
pathetic nervous system is reflexively activated through high- and
low-pressure baroreceptors, are mediated by α1-adrenoreceptors
[139]. The effect of the sympathetic nervous system on renal
sodium metabolism is independent of its haemodynamic effect,
as it can be observed with subpressor nerve stimulation in the
absence of changes in renal perfusion and GFR.

The most commonly used method to assess sympathetic 
nervous activity in man is by measuring the plasma levels of
noradrenaline (nonepinephrine), as most noradrenaline circu-
lating in plasma is derived from that released as a transmitter at
postsynaptic sympathetic nerve terminals. Many studies have
been performed using this method in patients with cirrhosis
with and without ascites or hepatorenal syndrome; they demon-
strate that the plasma noradrenaline concentration in peripheral
venous samples is normal in compensated cirrhosis, and usually
increased in patients showing sodium retention and ascites (see
Fig. 8) [130,134,135,140,141]. In normal subjects, the plasma
concentration of noradrenaline in renal vein samples is similar
to, or lower than, that in arterial samples, the renal venous–arterial
difference, therefore, being zero or slightly negative. In contrast,
in cirrhotics with ascites, this difference is usually positive, indi-
cating an increased activity of the renal sympathetic nervous 
system [141]. By using radiotracer techniques, it has been shown
that both total body and renal release of noradrenaline was 
elevated in parallel in these patients [142]. Direct evidence of a
generalized overactivity of the sympathetic nervous system in
cirrhosis has been provided by measuring the sympathetic nerve
discharge rates from a peripheral muscular nerve. Muscular
sympathetic nerve activity is markedly increased in patients with
ascites and normal in patients without ascites, and correlates
directly with plasma noradrenaline.

As the sympathetic nervous activity stimulates sodium reab-
sorption and is a vasoconstrictor in the renal circulation, it has

been implicated in the pathogenesis of sodium retention and
hepatorenal syndrome in cirrhosis. There is evidence supporting
this contention. Plasma noradrenaline and total noradrenaline
spillover are normal in compensated cirrhotics, and usually
increased in patients with ascites and sodium retention. In the
latter group, sodium excretion correlates inversely with these
measurements [140]. Acute bilateral renal surgical denervation
is followed by increased urine volume and sodium excretion in
bile duct-ligated miniature swine with cirrhosis and ascites; in
conscious cirrhotic rats with ascites, it improves renal excretion
of both an intravenous and an oral sodium load. Such direct 
evidence has also been presented in patients with cirrhosis, in
whom anaesthetic blockade of the lumbar sympathetic nervous
system, a manoeuvre that reduces the renal sympathetic nervous
activity, improves sodium excretion [143]. Among cirrhotics
with ascites, patients with hepatorenal syndrome have the 
highest plasma concentration of noradrenaline (Fig. 8) [131].
Moreover, the acute inhibition of the renal sympathetic outflow
with clonidine in patients with cirrhosis is associated with a
reduction in renal vascular resistance and an increase in GFR,
indicating that the activation of the sympathetic nervous system
participates in the pathogenesis of the renal vasoconstriction of
cirrhosis.

Factors other than the sympathetic nervous activity and
aldosterone are involved in sodium retention in cirrhosis [126].
A series of non-azotaemic patients with ascites, moderate to
intense sodium retention and normal recumbent levels of plasma
renin activity, aldosterone and noradrenaline were studied in an
upright position and during moderate physical exercise and
compared with a group of normal subjects and a group of
patients with compensated cirrhosis. There were no significant
differences in plasma renin activity, aldosterone and noradrenaline
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between the three groups in any of the study conditions.
Interestingly enough, the cirrhotic patients with ascites showed
high circulating levels of atrial natriuretic peptide, indicating
that sodium retention may occur in cirrhosis in the absence 
of detectable activation of the renin–angiotensin–aldosterone
system and sympathetic nervous system and despite increased
circulating levels of natriuretic peptides.

Antidiuretic hormone
Antidiuretic hormone (ADH) is produced by magnocellular
neurones arising bilaterally in the supraoptic nuclei of the
hypothalamus [137]. These neurones project medially to merge
in the pituitary stalk and continue to form the posterior lobe of
the pituitary gland. The neurones terminate as bulbous enlarge-
ments on capillary networks scattered through the stalk and
body of the neurohypophysis. Biosynthesis of ADH occurs from
the peptide precursor propressophysin, which is composed of
ADH and the vasopressin-binding protein neurophysin. The
precursor is synthesized in cell bodies in the supraoptic nuclei,
packed in secretory granules and cleaved progressively as it
moves down to the axon to yield neurophysin and ADH. In the
nerve terminals, ADH and neurophysin are stored in secretory
granules and secreted.

The most important physiological stimulus for ADH secretion
is the osmotic pressure of body water, which induces changes 
in the water content of a group of neurones (osmoreceptors)
concentrated in the anterior hypothalamus near the supraoptic
nuclei [137]. The functional properties of these neurones re-
semble those of a set-point receptor. Plasma osmolality below a
threshold level suppresses ADH to low or undetectable levels.
Above that point, plasma ADH rises steeply in direct proportion
to plasma osmolality. Secretion of ADH is also affected by
changes in systemic haemodynamics [137]. Small decreases 
(< 10%) in blood volume or arterial pressure have little effect on
plasma ADH. However, beyond that point, plasma ADH rises at
a rapidly increasing rate. The ADH responses to haemodynamic
changes are mediated by neurogenic stimuli that arise from
high- and low-pressure baroreceptors. Changes in blood volume
or pressure large enough to affect ADH secretion do not inter-
fere with osmoreceptor regulation of the hormone but, rather,
raise or lower the threshold level of hormone secretion. For
example, in the presence of hypovolaemia, plasma ADH secre-
tion can be suppressed if plasma osmolality falls, but the set-point
at which ADH decreases in response to hypo-osmolality is lower
than under normal conditions. This concept is of importance in
explaining the relationship between ADH and plasma osmolality
in circumstances, such as cirrhosis, with simultaneous changes
in systemic haemodynamics and extracellular osmolality.

The two major biological effects of ADH are to increase water
permeability in the cortical and medullary collecting tubules
(hydro-osmotic effect), thus allowing water to be reabsorbed
passively from the tubular lumen to the isotonic cortical and
hypertonic medullary interstitium, and to produce contraction
of the vascular smooth muscle cells (vasoconstrictor effect)

[137]. The hydro-osmotic effect of ADH is mediated by the
insertion of water channels (aquaporin-2), which are stored 
in cytoplasmic vesicles near the tubular lumen, in the luminal
membrane of the collecting tubule epithelial cells [144,145]. In
the unstimulated state, this membrane is almost impermeable 
to water because of a lack of water channels. In contrast, the
basocellular membrane, which is very rich in aquaporin-3 (a dif-
ferent water channel that also transports non-ionic solutes such
as urea), is highly permeable to water. The hydro-osmotic effect
of ADH is initiated by the binding of the hormone to a V2 recep-
tor on the basolateral membrane of the collecting duct epithelial
cells. This receptor is coupled to adenylate cyclase by a guanine
nucleotide-binding protein (Gs), which stimulates the enzyme.
Adenylate cyclase stimulation results in the insertion of 
aquaporin-2 molecules into the luminal membrane. The vaso-
constrictor effect of ADH is initiated by the interaction of the
hormone with V1 receptors placed in the plasma membrane of
the vascular smooth muscle cells. The vascular effect of ADH is
particularly striking in the splanchnic, muscular and cutaneous
vasculature, with renal circulation being much less sensitive to
its vasoconstrictor action.

The production of free water within the kidney occurs in 
the ascending limb of the loop of Henle by a process involving
the reabsorption of sodium chloride without a concomitant
reabsorption of water (this segment of the nephron is almost
impermeable to water) [146]. Free-water formation is, there-
fore, the result of a reabsorption of electrolytes from the tubular
fluid rather than of an addition of water. In normal conditions,
the kidney is continuously producing a hypotonic tubular fluid
in the ascending limb of the loop of Henle. The final osmolality
of the urine, therefore, depends on the degree of water reabsorp-
tion in the cortical and medullary collecting tubules, which is
influenced by ADH [146].

Impairment in free-water excretion in cirrhosis was initially
considered to be the result of reduced delivery of sodium chlo-
ride to the ascending limb of the loop of Henle due to low GFR
and increased sodium reabsorption in the proximal tubule.
Recent studies, however, have presented data indicating that
ADH plays a major role in the impairment of free-water excre-
tion in cirrhosis. Plasma levels of ADH are increased in most 
cirrhotics with ascites and correlate closely with the reduction in
free-water excretion (Fig. 9) [140,147]. Longitudinal studies in
rats with experimental cirrhosis and ascites have shown that
impairment of water excretion appears in close chronological
relationship to the onset of ADH hypersecretion. Brattleboro
rats (rats with a congenital deficiency of ADH) with cirrhosis do
not develop an impairment in water excretion [148]. Kidneys
from cirrhotic rats with ascites show increased gene expression
of aquaporin-2, the ADH-regulated water channel. The block-
ade of V2 receptors with specific peptide and non-peptide ADH
antagonists returns the impaired renal water excretion to nor-
mal in rats with carbon tetrachloride-induced cirrhosis and
ascites [149] and in patients with cirrhosis, ascites and dilutional
hyponatraemia [150–152]. This effect has also been observed
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following the administration of niravoline (RU-51599), a kappa
opioid agonist that inhibits the release and the tubular effect 
of ADH, to rats with cirrhosis and patients with ascites [153].
Plasma levels of ADH in patients with cirrhosis and ascites also
correlate with renal perfusion and GFR, patients with hepatore-
nal syndrome having higher levels of ADH [147]. Therefore,
ADH might contribute to the active renal vasoconstriction in
hepatorenal syndrome.

The increased plasma ADH concentration in cirrhosis is 
due to an increased hypothalamic synthesis and not to a reduced
systemic clearance of the peptide. Evidence indicates that this
increased synthesis of ADH is related to a non-osmotic haemo-
dynamic stimuli. Most patients with high plasma levels of ADH
have a degree of hyponatraemia that would suppress the release
of this hormone in normal subjects [147]. Moreover, ADH in
cirrhotic patients with ascites correlates with plasma renin act-
ivity and noradrenaline, and is suppressed by manoeuvres that
increase effective arterial blood volume, such as head-out water
immersion or peritoneovenous shunting [140,147]. Finally, the
blockade of V1 receptors with specific ADH antagonists in rats
with experimental cirrhosis, ascites and ADH hypersecretion is
followed by a significant decrease in arterial pressure, an effect
not observed in control animals [149]. This indicates that ADH
hypersecretion contributes to the maintenance of arterial pres-
sure in cirrhotics and suggests that the most likely mechanism 
of ADH hypersecretion in decompensated cirrhosis is arterial
hypotension.

Arachidonic acid metabolites
The kidneys are able to synthesize substances that act locally 
to regulate renal function. Among these substances, the most

extensively studied are prostaglandins (PGs), which are derived
from arachidonic acid metabolism. The initial step in the forma-
tion of these compounds is the interaction of a stimulus, com-
monly a hormone, with a receptor on the cell surface, leading to
an activation of phospholipase A2. The net effect of this process
is an increase in free arachidonic acid concentration, norm-
ally quite low, within the cell. The second step is the synthesis 
of the endoperoxides PGG2 and PGH2 from arachidonic acid.
This is a complex process catalysed by a cyclo-oxygenase. Cyclo-
oxygenase exists in two isoforms. Cyclo-oxygenase-1 (COX-1) 
is constitutively expressed in most of the tissues and is involved
in the physiological production of PGs. Activation of COX-1
leads, for instance, to the production of PGI2 which, when
released by the renal vasculature, contributes to the mainten-
ance of renal perfusion and GFR and, when released by the 
gastric mucosa, is cytoprotective [154]. The inducible form,
cyclo-oxygenase-2 (COX-2), is present in cells exposed to pro-
inflammatory agents, including cytokines, and is expressed 
during certain inflammatory processes. Inhibition of inducible
COX-2 by non-steroidal anti-inflammatory drugs (NSAIDs)
explains the therapeutic utility of these drugs as anti-inflammatory
agents, whereas inhibition of constitutive COX-1 explains 
their unwanted side-effects on the stomach and the kidneys. 
The recent development of new drugs with selective action 
on COX-2 has opened a new field in the pharmacology of the
inflammatory process, particularly in patients who require PGs
to maintain vital functions. PGG2 and PGH2 are extremely
unstable intermediates that are rapidly converted through 
various enzymes to the active compounds PGF2α, PGE2, PGI2

(or prostacyclin), PGD2 and thromboxane A2 by the action of
specific enzymes.

The kidney contains several structures capable of synthesizing
PGs. Glomeruli predominantly produce PGI2 with lesser amounts
of PGE2, thromboxane A2 and PGF2α; afferent and efferent 
arterioles produce PGI2 and PGE2, and medullary interstitial
cells and collecting duct epithelial cells produce PGE2. PGs 
are rapidly metabolized to products with no biological activity.
Because of their rapid degradation, their biological actions are
exerted at the site of synthesis. Therefore, PGI2 and PGE2 syn-
thesized by the arterioles and glomeruli are thought to regulate
renal perfusion and GFR; PGE2 synthesized by the collecting
duct epithelial cells is involved in the tubular handling of
sodium and water in the distal nephron [155].

PGs are involved in the control of renal haemodynamics.
PGE2 and PGI2 have powerful vasorelaxant effects on the renal
arterioles and the glomerular mesangium [156]. In contrast,
thromboxane A2 and leukotrienes C4 and D4 produce contrac-
tion of the mesangial cells and possibly also the renal arterioles
[156]. A-II and ADH, by interacting with ATI and V1 receptors,
respectively, in vascular smooth muscle and mesangial cells,
stimulate phospholipase A2, which releases arachidonic acid
from membrane phospholipids and enhances the renal synthesis
of PGI2 and PGE2. Noradrenaline and efferent renal nerve 
activity also stimulate the renal synthesis of PGs, an effect that 
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is mediated by α-receptors. PGE2 and PGI2 antagonize the renal
vasoconstrictor effect of these endogenous vasoactive com-
pounds. Finally, cyclo-oxygenase inhibition by NSAIDs potenti-
ates the renal vasoconstrictor effect of A-II, noradrenaline, ADH
and renal nerve stimulation, and impairs renal blood flow and
GFR in circumstances of low effective blood volume, in which
there is activation of the renin–angiotensin–aldosterone system,
sympathetic nervous system and ADH. In these conditions, the
renal production of PGs is increased, probably as a homeostatic
response to antagonize the renal vascular effects of these sys-
tems. Renal PGE2 and PGI2 therefore regulate renal haemody-
namics by modulating the renal vascular effects of endogenous
vasoconstrictors.

PGE2 also modulates the renal tubular action of ADH 
[156]. ADH stimulates the production of PGE2 by cortical and
medullary collecting duct epithelial cells. This effect appears to
be secondary to the interaction of ADH with V1 receptors pre-
sent in these cells. On the other hand, PGE2 inhibits the hydro-
osmotic effect of ADH. Finally, inhibition of PGs with NSAIDs
enhances the tubular effect of ADH. A negative feedback there-
fore exists, in which ADH itself stimulates the synthesis of its
antagonist PGE2 in the collecting duct epithelial cells.

The following points support the suggestion that PGs play an
important role in the homeostasis of renal blood flow and GFR
in cirrhotic patients with ascites:
1 The urinary excretion of PGE2 and 6-keto-PGF1α (a stable
metabolite of PGI2), which is thought to estimate the renal 
production of PGE2 and PGI2, respectively, is increased in non-
azotaemic cirrhotics with ascites, whereas it is reduced in
patients with hepatorenal syndrome [134,135,157,158].
2 Non-azotaemic cirrhotics with ascites also show high urinary
excretion of thromboxane B2 (a stable metabolite of thrombox-
ane A2) and PGF2α [157,158], which suggests that the stimulus
promoting synthesis of PGs in these patients acts at the initial
step of the arachidonic acid cascade, thus increasing the syn-
thesis of all prostaglandins.
3 The administration of NSAIDs induces a profound decrease
in renal blood flow and GFR in non-azotaemic cirrhotics with

increased activity of the renin–angiotensin–aldosterone system
and sympathetic nervous system and marked sodium retention.
In contrast, PG inhibition with these drugs in patients with ascites
and normal plasma renin activity and plasma noradrenaline is
not associated with significant changes in renal perfusion and
GFR (Fig. 10) [15,159,160]. These findings are the most persua-
sive arguments indicating that renal PGs are important factors
in the maintenance of renal blood flow and GFR in non-azotaemic
cirrhotics with ascites, and that an equilibrium between the
degree of activity of endogenous vasoconstrictors and the renal
synthesis of vasodilator PGs is of crucial importance in the
homeostasis of renal haemodynamics in these patients.
4 In patients with compensated cirrhosis, the urinary excretion
of PGs is similar to that in normal subjects [135,158,161]. On the
other hand, there have been several studies showing that renal
perfusion and GFR are normal in these patients and that PG
inhibition with NSAIDs is not associated with significant
changes in renal function [135,159,162]. These studies therefore
indicate that PGs are not involved in the regulation of renal 
perfusion during the initial phases of cirrhosis, prior to the
appearance of ascites. This feature is not surprising as it is 
well known that PGs are important in the maintenance of renal
perfusion only in conditions of activated endogenous renal
vasoconstrictors.

The increased renal production of PGE2 in non-azotaemic
cirrhotics with ascites, by antagonizing the hydro-osmotic effect
of ADH, also contributes to the maintenance of free-water
excretion in these patients. Most cirrhotic patients with ascites
can dilute the urine after a water load despite inadequate sup-
pression of ADH, indicating a relative resistance to the tubular
effect of this hormone [147]. This renal resistance to ADH is
related to increased renal production of PGE2, as PG inhibition
in these patients is associated with marked impairment in free-
water excretion, occurring in the absence of changes in plasma
ADH and independent of changes in renal blood flow and GFR
[147].

Studies in experimental animals with cirrhosis and ascites and
a recent investigation in patients with cirrhosis, ascites and
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increased activity of the renin–angiotensin system show that
COX-2 inhibitors do not impair renal function in decompen-
sated cirrhosis [163]. The PG synthetic pathway participating in
the maintenance of renal function in decompensated cirrhosis
is, therefore, that related to COX-1.

Circulatory dysfunction in cirrhosis: role
in the pathogenesis of renal function
abnormalities in cirrhosis

Splanchnic arterial vasodilation: the
peripheral arterial vasodilation hypothesis of
renal dysfunction in cirrhosis

Renal dysfunction in patients with cirrhosis occurs in the setting
of a circulatory dysfunction characterized by a marked arterial
vasodilation [104,164] (Fig. 11). There is evidence that the site of
this arterial vasodilation is the splanchnic circulation as there is
vasoconstriction in all the other major vascular territories such
as the kidneys, muscle and skin and brain [142,165,166]. In con-
trast, in the splanchnic circulation, there is vasodilation, which
increases the inflow of blood into the portal venous system [167].

The mechanism of the decreased splanchnic arterial vascular
resistance associated with portal hypertension in cirrhosis is 
not completely understood. For many years, arterial vasodila-
tion in cirrhosis has been attributed to increased circulating
plasma levels of vasodilators such as glucagon, prostaglandins,
adrenomedullin and natriuretic peptide. However, because the
site of arterial vasodilation is the splanchnic circulation, a local
mechanism (increased release of a vasodilator substance within
the splanchnic area) is a more likely hypothesis. Results of 
subsequent studies suggesting that nitric oxide, a vasodilator

substance that acts in a paracrine manner, is important in the
pathogenesis of splanchnic arterial vasodilation in cirrhosis is
consistent with this hypothesis. Increased activity of nitric oxide
synthase in the splanchnic circulation has been reported in
experimental cirrhosis [168–170]. On the other hand, inhibition
of nitric oxide normalizes circulatory function in experimental
cirrhosis [170]. Two hypotheses have been raised to explain the
mechanism of the increased production of nitric oxide in the
splanchnic circulation. The first is that it is secondary to bac-
terial translocation from the intestinal lumen to the interstitial
intestinal space. Endotoxin and the increased cytokine produc-
tion would stimulate the activity of nitric oxide synthase in 
the endothelial and vascular smooth muscle cells [169,171]. The
second hypothesis considers that there is a stimulation of the
non-adrenergic, non-cholinergic nervous system secondary to
portal hypertension [169,172]. This is a sensitive system that,
when activated, releases numerous vasodilatory neurotransmit-
ters, including nitric oxide, calcitonin gene-related peptide, 
substance P and vasoactive intestinal peptide [173,174]. Non-
adrenergic, non-cholinergic terminals are abundant not only 
in the gastrointestinal smooth muscle but also in the vascular
smooth muscle cells. It may be possible that portal hypertension
induces changes in the intestinal wall (increase in interstitial
pressure and interstitial oedema) that stimulate this system 
and cause splanchnic arterial vasodilation and an inhibitory
effect on the gastrointestinal smooth muscle cells. In fact, the
gastrointestinal transit time is greatly prolonged in patients with
cirrhosis [175].

At the initial stages of cirrhosis, the circulatory dysfunction
induced by the splanchnic arterial vasodilation is compensated
by the development of a hyperdynamic circulation. Plasma vol-
ume, cardiac output and heart rate increase and the circulatory
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transit time decreases. The incidence of arterial hypertension 
in cirrhotic patients with portal hypertension is very low because
of this circulatory abnormality. With the progression of the 
liver disease and the accentuation of portal hypertension and
splanchnic arterial vasodilation, patients develop sodium reten-
tion and ascites. In the initial phases of ascites, the renin–
angiotensin and the sympathetic nervous systems are not 
stimulated, and the mechanism of sodium retention in this
period is unknown. Later during the course of the disease, the
renin–angiotensin–aldosterone system and the sympathetic
nervous system become progressively activated in parallel with a
more intense reduction in urinary sodium excretion. Patients 
with ascites and normal plasma renin activity and aldosterone
concentration, in general, have urinary sodium excretion over 
10 mEq/day, and they easily respond to low diuretic dosage. In 
contrast, most patients with high renin and aldosterone show a
urinary sodium excretion lower than 5 mEq/day (in many cases
almost zero) and need high diuretic dosage to achieve a natri-
uretic response. Hypersecretion of antidiuretic hormone occurs
at later stages of the disease. This explains why hyponatraemia 
is a late event in decompensated cirrhosis. This is probably
related to the fact that antidiuretic hormone is less sensitive than
the sympathetic nervous system and the renin–angiotensin 
system to changes in the effective circulating blood volume.
Hepatorenal syndrome (HRS) develops in the very late stages of
the disease, always in the setting of a significant arterial hypo-
tension and an intense activation of the renin–angiotensin and
sympathetic nervous systems and antidiuretic hormone.

These different phases of circulatory and renal dysfunction in
cirrhosis correlate closely with the progression of portal hyper-
tension and splanchnic arterial vasodilation. In patients with
cirrhosis, there is a strong direct relationship between the degree
of portal hypertension, plasma levels of renin, aldosterone and
norepinephrine and the intensity of sodium retention. Arterial
pressure is lower in patients with cirrhosis and ascites than in
those with compensated cirrhosis. Finally, among patients with
ascites, those with HRS present the lowest arterial pressure and
the highest plasma levels of renin, norepinephrine and anti-
diuretic hormone.

Renal and other extrasplanchnic regional
circulations in cirrhosis

Traditional studies with para-aminohippurate clearance and re-
cent investigations with the echo Doppler technique have shown
increased intrarenal vascular resistance in patients with cirrhosis
and ascites prior to the development of HRS. HRS is therefore
the extreme expression of an impairment in renal circulatory
function starting at earlier stages. Renal plasma flow, intrarenal
vascular resistance and GFR in cirrhosis with ascites correlate
closely with the degree of stimulation of the renin–angiotensin
system and the sympathetic nervous system [135]. Patients 
with normal or moderately increased plasma levels of renin and
norepinephrine usually show normal renal perfusion and GFR,

whereas these substances are markedly increased in patients
with HRS. These data have led to the contention that HRS 
in cirrhosis is caused by renal vasoconstriction related to the
activation of these systems [176]. However, this hypothesis is
too simple and, at present, there is evidence that intrarenal
mechanisms may also participate in the regulation of renal 
perfusion.

The kidneys synthesize vasodilator substances. As discussed
previously, renal PGE2 and prostacyclin antagonize the vasocon-
strictor effect of angiotensin II and norepinephrine and, by this
mechanism, play an essential role in the maintenance of renal
perfusion and GFR in decompensated cirrhosis. A syndrome
similar to HRS can be produced in patients with non-azotaemic
cirrhosis and ascites by the administration of NSAIDs, which
inhibit prostaglandin synthesis [135,159]. Investigations in
experimental animals with cirrhosis and ascites have shown 
that the renal production of nitric oxide also participates in 
the maintenance of renal perfusion [177]. Finally, the adminis-
tration of antagonists of the vascular receptors of natriuretic
peptides in animals with cirrhosis and ascites induces an impair-
ment in renal function that mimics HRS [178]. Therefore,
intrarenal and circulating vasodilatory substances contribute to
the maintenance of renal perfusion in cirrhosis with ascites. HRS
would develop when the renal production of these substances is
insufficient to antagonize the renal effects of the endogenous
vasoconstrictor systems. This can occur when there is a stimula-
tion of the vasoconstrictor systems, a reduction in the synthesis
of vasodilators or both.

The kidney produces vasoconstrictor substances, such as
angiotensin-II, endothelin and adenosine. The production of
these substances is stimulated in conditions of renal hypoper-
fusion. Therefore, these substances could also participate in the
pathogenesis of HRS. If fact, it has been proposed that, when
severe renal hypoperfusion develops in cirrhosis with ascites,
there could be a reduction in the intrarenal synthesis of vasodila-
tors and a stimulation of the renal synthesis of vasoconstrictors
secondary to renal ischaemia, thus creating vicious circles that
lead to a rapidly progressive impairment in renal perfusion and
GFR (type 1 HRS).

Doppler studies of the brachial and femoral arteries, which
supply blood mainly to skin and muscles, and of the middle
cerebral artery, which supplies approximately 75% of the blood
in the cerebral hemispheres, in patients with cirrhosis and ascites
have also shown the presence of vasoconstriction in these vascu-
lar territories [165]. This vasoconstriction is correlated with the
renal blood flow (Fig. 12). Because cutaneous, muscular and
cerebral vascular resistance in patients with cirrhosis and ascites
parallels renal vascular resistance and correlates closely with the
degree of activity of the renin–angiotensin and sympathetic 
nervous systems, it is clear that changes in these regional 
circulations in decompensated cirrhosis represent a homeostatic
response to maintain the arterial pressure.

Finally, the circulatory dysfunction induced by the splanchnic
arterial vasodilation could contribute to the increased resistance
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to the portal venous flow and to portal hypertension. It is well
known that, although the distortion of the liver vascular archi-
tecture caused by fibrosis and nodule formation is the most
important mechanism in the increased intrahepatic vascular
resistance in cirrhosis, there is a functional component of portal
hypertension due to an increase in the intrahepatic vascular
tone. The contractile intrahepatic vascular elements include the
vascular smooth muscle cells from the small hepatic and portal
venules and the hepatic stellate cells that surround the sinusoids.
In cirrhosis, these stellate cells undergo a phenotypical transfor-
mation acquiring receptors for numerous endogenous vaso-
active substances, including angiotensin II, norepinephrine,
antidiuretic hormone and endothelin, and contractile proper-
ties. Therefore, the circulatory dysfunction in cirrhosis and the
secondary activation of these endogenous vasoactive substances
may result in an increase in the intrahepatic resistance to the
portal venous flow and portal pressure. Three types of evidence
support this contention. First, portal pressure in cirrhosis corre-
lates closely with the plasma levels of renin and norepinephrine.
Second, angiotensin-II blockage is associated with a decrease in
portal pressure in the absence of changes in hepatic blood flow,
indicating a decrease in intrahepatic vascular resistance. Finally,
circulatory dysfunction associated with spontaneous bacterial
peritonitis (SBP)-related type 1 HRS induces an acute and marked
increase in portal pressure and a reduction in hepatic blood flow
[176,179].

Splanchnic arterial vasodilation persists in decompensated
cirrhosis despite the marked stimulation of the renin–angiotensin
and sympathetic nervous systems and the non-osmotic hyper-
secretion of antidiuretic hormone. This phenomenon is related
to a marked resistance of the splanchnic arterioles to the vaso-
constrictor effect of angiotensin II, noradrenaline and vasopressin.

Data on experimental cirrhosis suggest that the resistance is
caused by increased local synthesis of nitric oxide, because 
inhibition of nitric oxide synthase normalizes the response of
the splanchnic circulation to these vasoconstrictors. Therefore,
splanchnic arterial vasodilation in cirrhosis progresses with the
increase in portal hypertension, increases the activity of the
endogenous vasoconstrictor systems and leads to vasoconstric-
tion in the extrasplanchnic vascular territories. Because the
splanchnic circulation in cirrhosis has little capacity to partici-
pate in the homeostasis of arterial pressure due to the lack of
response vasoconstrictors, muscular and cutaneous blood flow
is very low under resting conditions, and the cerebral circulation
is regulated by a very effective mechanism, the maintenance of
circulatory function in cirrhosis relies mainly on the renal circu-
lation. This explains why cirrhotic patients with ascites are very
prone to the development of renal impairment and HRS in con-
ditions associated with an impairment in circulatory function,
such as bacterial infections, paracentesis, haemorrhage and
diuretic treatment.

Cardiac dysfunction in cirrhosis: a second
important mechanism of circulatory and renal
dysfunction and ascites

Research on circulatory function in cirrhosis has been focused
for many years on the peripheral arterial circulation. However,
recent studies suggest that, in cirrhosis, there is also a cardiac
dysfunction that could be of major importance in the deteriora-
tion of circulatory and renal function and in the pathogenesis 
of ascites and HRS [176,179]. As indicated previously, arterial
vasodilation in the splanchnic circulation increases during the
course of the disease, leading to homeostatic activation of the
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renin–angiotensin and sympathetic nervous systems to main-
tain arterial pressure. This progressive decrease in cardiac after-
load should be followed by an increase in cardiac output and
heart rate. However, this is not the case (Table 1). Heart rate 
in patients with non-azotaemic cirrhosis, ascites and normal 
or slightly increased activity of the renin–angiotensin and 
sympathetic nervous systems is similar to that in non-azotaemic
patients with increased activity of these systems or with HRS,
indicating a severe impairment in cardiac chronotropic func-
tion. On the other hand, the cardiac output, although higher
than normal in most cases, decreases progressively during the
course of the disease. The mechanisms of circulatory dysfunc-
tion in cirrhosis may, therefore, be more complex than that 
proposed by the peripheral arterial vasodilation hypothesis 
(Fig. 13). In patients with compensated cirrhosis, the splanchnic
arterial vasodilation would be compensated by an appropriated
cardiac response, with increased heart rate, left ventricular 
systolic ejection fraction and cardiac output. However, with 

the progression of liver failure and portal hypertension, this
compensatory mechanisms fails. The increased arterial vasodil-
ation is not followed by an increase in heart rate. On the other 
hand, the cardiac output decreases rather than increases.
Arterial pressure homeostasis is, therefore, solely dependent 
on the stimulation of the endogenous vasoconstrictor systems
(renin–angiotensin system, sympathetic nervous system and
antidiuretic hormone), which has deleterious effects on renal
perfusion and on the perfusion of other organs and produces
sodium retention and ascites formation.

Cardiac chronotropic dysfunction in cirrhosis is probably
related to a downregulation of β-adrenergic receptors owing to
the overactivity of the sympathetic nervous system. The decrease
in cardiac output is probably related to a reduction in cardiac
preload [176]. There is a cirrhotic cardiomyopathy characterized
by an impaired left ventricular diastolic function and cardiac
hypertrophy [180]. However, it is unlikely that it plays a
significant role in the decrease in cardiac function because, 

Progression of liver failure
and portal hypertension

Reduction in effective
arterial blood volume

Water retention
Hyponatraemia

Sodium
retention

Hepatorenal
syndrome

Splanchnic arterial
vasodilation

Decrease in
cardiac output

SevereModerate Extreme

Fig. 13 Liver failure and portal hypertension.

NA-1 NA-2 Type 2 HRS

Mean arterial pressure (mmHg)* 88 ± 9 86 ± 10 79 ± 7

Plasma renin activity (ng/mL/h)* 3 ± 2 7.5 ± 3.7 11.9 ± 4.8

Norepinephrine (pg/mL/h)* 221 ± 256 412 ± 155 628 ± 320

Systemic vascular resistance (dyn/s/cm–5) 962 ± 256 1058 ± 265 1014 ± 276

Cardiac output (L /min)* 7.2 ± 1.8 6.2 ± 1.4 5.8 ± 1.2

Heart rate (b.p.m.) 87 ± 15 84 ± 12 80 ± 14

NA-1: Baseline measurement in non-azotaemic cirrhotic patients who did not develop hepatorenal

syndrome in the follow-up. 

NA-2: Baseline measurement in non-azotaemic cirrhotic patients who developed type 2 hepatorenal

syndrome in the follow-up.

*P < 0.01.

Table 1 Chronological changes in vasoactive
systems and cardiovascular function from 
non-azotaemic cirrhosis with ascites (NA) to
type 2 HRS.
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in decompensated cirrhosis, cardiac output increases following
manoeuvres that expand the central blood volume (head-out
water immersion, plasma volume expansion, therapeutic para-
centesis and insertion of a peritoneovenous or a transjugular
intrahepatic portocaval shunt), indicating a preserved cardiac
reserve. Cardiac dysfunction in cirrhosis, therefore, appears to
be a functional disorder unrelated to the structural changes in
the heart.

Pathogenesis of ascites

The forward theory

The traditional concept of ascites formation in cirrhosis considers
hepatic oedema to be a direct consequence of the ‘backward’
increase in hydrostatic pressure in the hepatic sinusoids and
splanchnic capillaries due to the sinusoidal portal hypertension
[92,93,181]. This feature, together with the hypoalbuminaemia,
would alter the Starling equilibrium within the hepatic and
splanchnic microcirculation, leading to the accumulation of
fluid in the interstitial space of these vascular territories. Leakage
of fluid from the interstitial space to the peritoneal cavity would
occur when the formation of interstitial oedema overcomes 
the capacity of the abdominal lymphatic system to return the
hepatic and splanchnic lymph to the systemic circulation. Renal
dysfunction in cirrhosis would be a consequence of a reduction
in the circulating blood volume secondary to the formation of
ascites. The fact that the blood volume is constantly increased in
patients with cirrhosis would not invalidate this hypothesis, as
the effective blood volume would be reduced as a result of an
enlargement of the intravascular venous compartment promoted
by the increased portal pressure. During the last decade, data have
been presented indicating that ascites formation in cirrhosis
could be better explained on a ‘forward’ basis, as follows:
1 As indicated above, splanchnic arteriolar vasodilation is a
constant finding in cirrhosis with ascites and portal hyper-
tension. It is the primary event in the hyperdynamic circulation
(hypervolaemia, high cardiac output, low peripheral vascular
resistance, arterial hypotension) that characterizes patients 
with compensated and decompensated cirrhosis prior to HRS.
Arteriolar vasodilation is also the primary event in the stimula-
tion of the renin–aldosterone and sympathetic nervous systems
and ADH, and renal dysfunction (sodium and water retention
and HRS) in patients with ascites [182].
2 Investigations on portal vein-ligated rats have demonstrated
that the increased hydrostatic pressure in the splanchnic micro-
circulation in chronic portal hypertension is predominantly due
to the increased inflow of blood to this vascular territory, sec-
ondary to the splanchnic arteriolar vasodilation [97,183,184].
This increased inflow of blood into the splanchnic microcircula-
tion increases not only the capillary hydrostatic pressure but 
also the filtration coefficient, leading to a marked increase in
intestinal lymph flow [97]. Splanchnic arteriolar vasodilation 

is therefore the predominant mechanism of increased lymph
formation during chronic portal hypertension.
3 Portal hypertension is higher in cirrhosis than in prehepatic
portal hypertension. In experimental animals with chronic 
ligation of the portal vein, portal pressure averages 15 mmHg,
whereas it approaches 25–30 mmHg in experimental cirrhosis
[97]. Among cirrhotic patients, the degree of portal hypertension
is also higher in those with rather than without ascites [104].
Splanchnic arteriolar vasodilation is also higher in patients with
decompensated than compensated cirrhosis, as they have a 
similar decrease in peripheral vascular resistance in the setting of
marked overactivity of endogenous vasoconstrictor systems
[104].

These data suggest that the pathogenesis of ascites could be
satisfactorily explained on the basis of the changes in the arterial
circulation induced by portal hypertension (Fig. 14) [185]. The
hypothesis (forward theory of ascites formation) considers that
the accumulation of fluid within the abdomen is a consequence
of the splanchnic arteriolar vasodilation, which would simulta-
neously produce arteriolar vascular underfilling and a ‘forward’
increase in the splanchnic capillary pressure and filtration
coefficient. In patients with compensated cirrhosis or with pre-
hepatic portal hypertension, the degree of portal hypertension
and of splanchnic arteriolar vasodilation is moderate. Their
arterial vascular underfilling can be compensated for by tran-
sient and undetectable episodes of sodium and water retention
that increase the plasma volume and cardiac index and refill 
the dilated arterial vascular bed [182]. The lymphatic system is
able to return the moderate increase in lymph produced to the
systemic circulation, thus preventing leakage of fluid into the
abdominal cavity. As cirrhosis progresses, however, portal
hypertension and the secondary fall in splanchnic vascular 
resistance are more intense and, on the other hand, the heart is
unable to maintain an appropriate hyperdynamic circulation to
compensate for the progression in the splanchnic hyperaemia.
The maintenance of arterial pressure then requires persistent

Portal hypertension

Splanchnic arteriolar vasodilation

‘Forward’ increase
of splanchnic

capillary pressure
and permeability

Arterial vascular
underfilling and

activation of sodium
retaining mechanisms

Sodium and water
retention

Ascites

Lymph formation
> lymph return

Fig. 14 The forward theory of ascites formation.
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activation of the renin–aldosterone system, the sympathetic 
nervous system and ADH, which produces continuous water
and sodium retention. The retained fluid is, however, ineffective
in refilling the dilated arterial vascular bed because it escapes
from the intravascular compartment, due to an imbalance
between the excessive lymph production and the ability of the
lymphatic system to return it to the systemic circulation. The
final consequence of both disorders is continuous leakage of
fluid into the abdominal cavity and the formation of ascites.

Reabsorption of ascites

Although the above discussion has exclusively emphasized fac-
tors involved in the formation of ascites, the amount of ascites
present at any given time reflects the balance between the rates of
formation and reabsorption. Information on reabsorption is
limited. It appears that the lymphatics on the undersurface of
the diaphragm are especially important in removing ascitic fluid
from the peritoneal cavity. Electron microscopic studies of the
diaphragmatic peritoneum have demonstrated an anatomical
arrangement that facilitates absorption from the peritoneal 
cavity. The peritoneal surface of the diaphragm is covered by a
single layer of two different populations of mesothelial cells
(cuboidal and extremely flattened) [186,187]. These cells rest 
on a connective tissue matrix within which lies a rich plexus 
of terminal lymphatic vessels (lymphatic lacunae). Cuboidal
mesothelial cells are usually over the lymphatic lacunae, and the
submesothelial connective tissue between them is scant or even
absent. The remaining areas of the diaphragm, which lack sub-
mesothelial lymphatic lacunae, are mainly covered by flattened
cells. Areas with cuboidal and flattened cells differ markedly in
the structure of their intercellular (lateral) surfaces. Flattened
cells form a layer with no discontinuity between adjacent cells.
In contrast, numerous gaps are present between the cuboidal
mesothelial cells, large enough to allow the passage of particles of
Indian ink, colloidal carbon and of erythrocytes. Basically, two
types of structurally different intercellular gaps may be found
between the cuboidal cells. One type, which is formed by inter-
lacing filamentous processes from adjacent mesothelial cells,
represents a ‘true intercellular gap’ and overlies a thin layer of
connective tissue. The other type, which represents a ‘stoma’,
consists of a circular pore formed among several mesothelial
cells whose cell membranes form adhesions with the underlying
lymphatic endothelium. This results in a well-defined channel
leading directly from the peritoneal cavity to the lumen of the
lymphatic lacunae. The submesothelial plexus of lymphatic ves-
sels intercommunicates at regular intervals by way of transverse
anastomoses that drain into a deeper plexus of valved collecting
vessels, which penetrate connective tissue septa of the muscular
fibres of the diaphragm. Drainage from the deeper lymphatics of
the diaphragm is mainly via parasternal trunks on the ventral
thoracic wall, right lymphatic duct and right subclavian or 
internal jugular veins [188]. The lymphatic drainage of the
diaphragm is therefore independent of the thoracic duct. The

periodic respiratory movements of the diaphragm may be
important in the passage of ascites into the lymphatic system
and general circulation [188]. During inspiration, intercellular
gaps and stomata close, intraperitoneal pressure is increased,
and the lacunae are emptied through the combined effects of
local compression and increased intra-abdominal and reduced
intrathoracic pressures. During expiration, the gaps and stomata
are opened, and free communication is re-established. The
importance of diaphragmatic lymphatics in the reabsorption of
intraperitoneal fluid has been demonstrated in animal studies
showing that particles and cells of various sizes are rapidly
removed from the peritoneal cavity by the lymphatics of the
diaphragm; the obliteration of these diaphragmatic lymphatics
by abrasion significantly delays the absorption of serum from
the peritoneal cavity and increases the propensity of portal
hypertension to produce ascites [186].

Reabsorption of ascites from the peritoneal cavity into the
general circulation is a rate-limited phenomenon. The average
fractional reabsorption rate of radiolabelled albumin from 
the peritoneal cavity into the general circulation in cirrhotics
with ascites has been estimated as 1.27% of the intraperitoneal 
protein mass per hour, corresponding to a rate of ascitic fluid
reabsorption of 1.4 L/24 h [16]. The rate of reabsorption of
ascitic fluid, as estimated by the transport of radiolabelled pro-
teins from the abdominal cavity into the circulating plasma,
varies markedly from patient to patient [16,189]. Henriksen
et al. [16] reported a range of reabsorption rates of 0.57–
4.42 L/24 h in six cirrhotics with a mean ascitic fluid volume 
of 6.2 L. The values obtained by Buhac et al. [189] in 12 patients
with an average volume of ascitic fluid of 9.95 L ranged from 1.0
to 5.3 L/24 h (mean 2.25 L/24 h). The time of appearance of
radioactivity in plasma after the injection of radiolabelled albu-
min into the ascitic fluid in these patients was, on average, 0.5 h
(range 0.1–1.2 h). This time lag between the intraperitoneal
injection of tracer and the appearance of tracer in plasma sug-
gests that the transport of ascitic fluid into the general circula-
tion is slow and through tubes (lymphatic vessels) and not a
transperitoneal absorption [16]. There are very few data on the
factors influencing the reabsorption rate of ascitic fluid. Animal
studies have demonstrated a positive relation between intra-
abdominal pressure and reabsorption of intraperitoneal fluid.
However, this relation was not observed in cirrhotic patients, in
whom a decrease in intra-abdominal pressure did not lead to
significant changes in the reabsorption of ascitic fluid from the
peritoneal cavity [189]. The low rates of ascites formation and
reabsorption of ascitic fluid in cirrhotics with ascites should not
be taken as an indication that, in these patients, the intraperi-
toneal cavity is a segregated compartment isolated from the rest
of the body. In fact, the transperitoneal exchange of water and
water-soluble substances (for example antibiotics not bound to
proteins) by diffusion is very rapid in cirrhotics with ascites. It
has been demonstrated that the water content of ascitic fluid
enters and leaves the peritoneal cavity very rapidly, approximat-
ing 40–80%/h.
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Prognosis of patients with cirrhosis 
and ascites

The appearance of ascites in patients with cirrhosis carries a
poor prognosis. The probability of survival 1 and 5 years after
the first episode of ascites has been estimated as 50% and 20%
respectively [190]. Among cirrhotics with ascites, those with
hepatorenal syndrome have the shortest survival. They usually
die within weeks or months after the onset of renal failure, inde-
pendent of the degree of hepatic insufficiency [120]. Studies in
non-azotaemic cirrhotics with ascites have shown that sodium
excretion and plasma renin activity have prognostic significance
[191]. Non-azotaemic cirrhotics with elevated plasma renin
activity or with marked sodium retention (urinary sodium
excretion lower than 10 mEq/day) have a significantly lower 
survival than those with normal plasma renin concentrations or
relatively high urinary sodium excretion. Two investigations
have evaluated the prognostic value in cirrhotics with ascites 
of numerous variables based on history, physical examination,
hepatic biochemical tests (including galactose elimination
capacity), renal function tests, systemic and splanchnic haemo-
dynamics and endogenous vasoactive systems. Among 38 vari-
ables considered in the series by Llach et al. [121], composed of
139 patients in hospital for the treatment of an episode of ascites,
only seven had independent prognostic value, including mean
arterial pressure, plasma noradrenaline, glomerular filtration
rate, urinary sodium excretion, nutritional status, hepatomegaly
and serum albumin (Fig. 15). In the multivariate analysis by
Tage-Jensen et al. [192] in 81 alcoholic cirrhotics with and with-
out ascites, among the 25 variables considered, only the presence
of ascites, the plasma noradrenaline concentration, portal 
pressure and serum bilirubin were independent predictors of 
survival. Thus, both studies indicate that measures estimating

systemic and portal haemodynamics and renal function are 
better predictors of survival than those used to estimate hepatic
function in patients with cirrhosis and ascites. Other variables
with prognostic significance in cirrhotic patients with ascites
include the Child–Pugh score, the ascitic protein concentration,
a history of spontaneous bacterial peritonitis, the presence of
dilutional hyponatraemia and the resistance of the ascites to
diuretic therapy [118,193–198].

Treatments for ascites

Bedrest and low-sodium diet

The assumption of an upright posture by patients with cirrhosis
and ascites is associated with a striking activation of the renin–
angiotensin–aldosterone and sympathetic nervous systems, a
reduction in GFR and sodium excretion and a decreased
response to loop diuretics. These effects are even more striking
when upright posture is associated with moderate physical 
exercise [126,199]. Therefore, from a theoretical point of view,
bedrest could be useful for the treatment of ascites in cirrhosis,
particularly in patients who respond poorly to diuretics.

The aim of the medical treatment of ascites is to mobilize 
the intra-abdominal fluid by creating a net negative balance 
of sodium. In approximately 10–20% of cirrhotics with ascites,
those who spontaneously excrete relatively high amounts of
sodium in the urine, this can be obtained simply by reducing 
the sodium content in the diet to 60–90 mEq/day [106,200,201].
A more intense dietary sodium restriction is not practical, as it is
difficult to accomplish and may worsen the anorexia and malnu-
trition commonly present in these patients. In the remaining
cases with marked sodium retention, a negative sodium balance
cannot be obtained without the aid of diuretics to increase 
urinary sodium excretion over intake. However, even in these
patients, dietary sodium restriction is very important as it
reduces the diuretic requirements. In cirrhotics responding
poorly to diuretic treatment, a negative sodium balance cannot
be obtained unless sodium intake is limited. A frequent cause 
of diuretic-resistant ascites is inadequate sodium restriction.
This ‘apparently intractable’ ascites should be suspected in any
patient whose ascites does not decrease despite a good natri-
uretic response to diuretics. In this respect, it is important to
note that many drugs, particularly antibiotics, may contain rel-
atively high amounts of sodium. Once ascites has disappeared,
many cirrhotics continue to require a strict sodium diet and
diuretics to avoid its reaccumulation. Other cases can, however,
be maintained without ascites by moderate sodium restriction
and low doses of diuretics. Finally, some patients may even
recover their ability to excrete sodium normally and may be 
free of ascites despite normal sodium intake and no diuretics.
Therefore, the long-term management of cirrhotics with ascites
varies markedly from patient to patient, and every effort should
be made to adjust sodium intake and diuretic dosage to indi-
vidual requirements during the course of the disease.
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Fig. 15 Probability of survival in 136 cirrhotic patients with ascites classified
according to mean arterial pressure, plasma noradrenaline concentration,
urinary sodium excretion and glomerular filtration rate (GFR) (reproduced
with permission from ref. 121).
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Diuretics

Loop diuretics, in particular furosemide, and distal diuretics,
especially spironolactone, are the drugs most commonly used in
the treatment of ascites in cirrhosis. Loop diuretics inhibit chlo-
ride and sodium reabsorption in the ascending limb of the loop
of Henle but have no effect on the distal nephron (distal and col-
lecting tubules) [202,203]. They must reach the tubular lumen
to be effective. Loop diuretics are all organic acids and are highly
bound to plasma proteins. As a consequence, they can only
reach the lumen by being actively secreted from the blood into
the urine via the organic acid transport pathway of the straight
segment of the proximal tubule. Once in the luminal com-
partment, furosemide is carried with the luminal fluid to the
ascending limb of the loop of Henle, where it inhibits a specific
cotransport system, the Na+-2Cl–-K+ carrier, located in the
luminal membrane of the ascending limb cells. It is therefore 
not surprising that the urinary concentration of furosemide 
correlates best with the response. Loop diuretics also increase
the renal synthesis of prostaglandins, and anti-inflammatory
drugs reduce their natriuretic effect. Renal prostaglandins there-
fore appear to be involved in the natriuretic response to loop
diuretics.

Loop diuretics such as furosemide are the most powerful
diuretics presently available. High dosage of furosemide can
increase sodium excretion up to 30% of the filtered sodium 
in normal individuals. This high natriuretic potency can be
attributed to two features. Firstly, between 20% and 50% of the
filtered sodium is reabsorbed in the loop of Henle. Secondly, 
in the absence of hyperaldosteronism, the distal and collecting
tubules, which are downstream from the loop of Henle, have a
limited capacity for sodium reabsorption and are not capable of
mitigating the diuresis induced by loop diuretics. Furosemide is
rapidly absorbed from the gut. The onset of action is extremely
rapid (within 30 min of oral administration), with peak effects
occurring within 1–2 h; most of the natriuretic activity has
finished in 3–4 h.

Spironolactone and other distal diuretics (triamterene,
amiloride) have a much lower intrinsic natriuretic potency than
loop diuretics. They are able to increase sodium excretion up 
to 2% of the filtered sodium in normal individuals [202,203].
Spironolactone undergoes extensive metabolism in man, lead-
ing to numerous biologically active compounds, including 
canrenone, 6-β-hydroxy-7-α-thiomethylspironolactone and 7-
α-thiomethylspironolactone [204]. The antimineralocorticoid
effect of spironolactone has traditionally been attributed to its
major metabolite, canrenone. However, recent studies show
that canrenone only accounts for 10–25% of the antimineralo-
corticoid activity. Other metabolites are therefore important in
its diuretic effect. Spironolactone metabolites are tightly bound
to plasma proteins, from which they are released slowly to the
kidney and other target organs; the half-life of these metabolites
in healthy individuals has been estimated to range between 10
and 35 h after single or multiple doses of spironolactone. This

explains the 24- to 48-h delay between drug withdrawal and the
end of the natriuretic effect. Spironolactone metabolism is
impaired in cirrhosis, so that the terminal half-lives of spirono-
lactone and its metabolites are increased when compared with
values in normal individuals [205].

Spironolactone metabolites act by competitively inhibiting
the tubular effect of aldosterone on the distal nephron. The
activity of spironolactone and spironolactone metabolites does
not depend on their filtration or tubular secretion but, rather, 
on their plasma concentrations because they act on the capillary
side of the collecting tubular cells. They enter the basolateral
membrane and interact with the mineralocorticoid cytosolic
receptor. However, contrary to what occurs with aldosterone,
the interaction of spironolactone with the receptor does not result
in the exposure of the high-affinity DNA region. Therefore,
spironolactone acts as a specific antagonist of aldosterone. This
explains why spironolactone is effective in increasing sodium
excretion in patients with primary or secondary hyperaldostero-
nism and in healthy people on a low-sodium diet; however, it
has no effect on patients with adrenalectomy or healthy people
on a high-sodium diet. The half-life of the aldosterone-induced
proteins (sodium channels and Na+-K+ATPase molecules) is 
relatively prolonged, explaining the lag of 2 days between the
beginning of spironolactone treatment and the onset of the
natriuretic effect. The effective dosage of spironolactone de-
pends on the plasma aldosterone concentration. Patients with
moderately increased plasma aldosterone require low doses
(100–150 mg/day), but as much as 500 mg/day may be required
to antagonize the tubular effect of aldosterone in cases with
marked hyperaldosteronism [128].

The administration of standard doses of loop diuretics to
non-azotaemic cirrhotics with ascites gives rise to a good natri-
uretic response in only 50% of patients [128]. The mechanism of
this poor diuretic effect is not well established. The bioavailabil-
ity of furosemide is reportedly normal in cirrhotics with ascites,
indicating that the renal resistance to the drug cannot be
explained by impaired intestinal absorption [206]. On the 
other hand, although there is one study that shows impaired
tubular secretion of furosemide in cirrhotics with ascites [207],
others suggest that the pharmacokinetics and renal handling 
of furosemide in such patients are similar to those in healthy
individuals [206–209]. Therefore, the most likely mechanism
for diuretic resistance to furosemide in cirrhosis with ascites 
is pharmacodynamic in nature; that is, furosemide does not
increase sodium excretion either because the delivery of fluid to
the loop of Henle is reduced, owing to enhanced proximal
sodium reabsorption [210], or because most sodium not reab-
sorbed in the loop of Henle by the action of furosemide is subse-
quently taken up in the convoluted distal and collecting tubules,
owing to secondary hyperaldosteronism. The latter proposal is
supported by several studies showing that non-azotaemic cir-
rhotics with ascites who have renal resistance to furosemide or
other loop diuretics are those with higher plasma aldosterone
concentrations [128,206].
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Treatment of non-azotaemic cirrhotics with ascites with
spironolactone is followed by a good natriuretic response in
most patients. Therefore, contrary to what would be expected on
the basis of their intrinsic natriuretic potencies, spironolactone
is more effective than furosemide in non-azotaemic cirrhotics
with ascites, which was also the conclusion in the only published,
randomized study comparing furosemide with spironolactone
in these patients [128]. The most rational treatment of cirrhotics
with ascites is spironolactone alone or with furosemide. The
simultaneous administration of furosemide and spironolactone
increases the natriuretic effect of both drugs and reduces the
incidence of the hypo- or hyperkalaemia frequently observed
when these agents are given alone.

Two different approaches are commonly employed in the
treatment of cirrhotic ascites with diuretics. The ‘step care’ 
medical treatment consists of progressive implementation of the
therapeutic measures currently available [210,211]. Treatment
is begun with a low-sodium diet; if there is no response, spirono-
lactone is given at increasing dosage (starting with 100 mg/day)
until a satisfactory diuresis is achieved. Where there is no
response to the highest dosage of spironolactone (400 mg/day),
furosemide is added, also at increasing dosage (40–160 mg/day).
A more rapid therapeutic schedule, which may be particularly
indicated in patients with tense ascites and avid sodium reten-
tion, is the ‘combined treatment’ [212]. It begins with the simul-
taneous administration of 40 mg/day furosemide and 100 mg/day
spironolactone. If there is no response after 4–5 days, the dos-
age is increased stepwise up to 160 mg/day furosemide and 
400 mg/day spironolactone. A recent randomized controlled
trial has shown that the step care and the combined treatment
approaches are similar regarding response rate, rapidity of
ascites mobilization and incidence of complications [213].
There is general agreement that patients not responding to this
programme should be considered to have diuretic-resistant
ascites (see below). The best way to assess the effectiveness 
of diuretic therapy is by monitoring body weight. The goal 
of diuretic treatment should be to achieve a weight loss of
300–500 g/day. Once ascites has been mobilized, diuretic 
treatment should be adjusted to maintain the patient free of
ascites. In most non-azotaemic cirrhotics, this can be achieved
with low doses of spironolactone (100–200 mg/day). The most
important predictor of diuretic response in cirrhotic patients
with ascites is the degree of impairment of circulatory and renal
function. Patients with a low glomerular filtration rate and/or
high plasma concentrations of renin, aldosterone and nora-
drenaline require a high diuretic dosage or do not respond to
medical treatment [128,210,211].

Complications of diuretic treatment in cirrhosis
The use of diuretics in cirrhotics with ascites may be associated
with complications related to the effect of these drugs on the 
kidney and on extrarenal organs. Approximately 20% of these
patients develop azotaemia due to depletion of intravascular
volume [122]. This diuretic-induced renal failure is usually

moderate and always reversible after diuretic withdrawal; it is
the consequence of an imbalance between the intravascular fluid
loss caused by the diuretics and the net passage of fluid (ascites
reabsorption minus ascites formation) from the peritoneal 
cavity into the general circulation [214]. If diuretic therapy 
produces a loss of fluid above the net passage of ascitic fluid 
into the intravascular compartment, a contraction in circulating
blood volume and a concomitant decrease in glomerular filtra-
tion rate will occur. Interstitial fluid accumulated as oedema is
more easily reabsorbed than ascites. This explains why diuretic-
induced renal failure occurs less frequently in patients with both
ascites and oedema than in those with only ascites.

Hyponatraemia, occasionally severe, is another common
complication of diuretic therapy in cirrhotics with ascites
[215,216]. Although the pathogenesis of this abnormality is
multifactorial, impairment of the renal ability to excrete free
water induced by these drugs is probably the most important
mechanism. Free-water formation in the kidney occurs in the
ascending limb of the loop of Henle, where sodium chloride 
is reabsorbed without a concomitant reabsorption of water,
leading to hypotonic urine. The second factor in water excretion
is ADH, which regulates water reabsorption in the collecting
tubules. Loop diuretics inhibit chloride and sodium reabsorp-
tion in the ascending limb of the loop of Henle. Moreover, the
intravascular volume depletion produced by diuretic therapy
increases fluid reabsorption in the proximal tubule, thus dimin-
ishing the delivery of sodium chloride to the loop of Henle. Both
mechanisms impair the formation of free water in the diluting
segment of the nephron. Finally, diuretic-induced hypovolaemia
stimulates the release of ADH.

The distal nephron (distal and collecting tubules) plays a 
critical part in regulating acid balance. Sodium reabsorption in
this segment generates a lumen-negative voltage that promotes
passive potassium and H+ excretion into the lumen. In cirrhotics
with ascites, the inhibition of sodium reabsorption by spirono-
lactone or other distally acting diuretics, such as triamterene 
or amiloride, may therefore produce metabolic acidosis. The
administration of loop diuretics alone markedly increases potas-
sium excretion and may produce serious hypokalaemia. This is
not due to a specific direct effect on potassium transport but to
increased potassium secretion by the distal nephron promoted
by a high delivery of fluid to this segment. Spironolactone, tri-
amterene and amiloride increase the serum potassium and 
may produce severe hyperkalaemia when used at high doses.
This complication is particularly common in cirrhotics with
hepatorenal syndrome. Spironolactone-induced hyperkalaemia
is generally considered to be due to a reduction in urinary potas-
sium excretion secondary to the inhibition of distal sodium
reabsorption. However, studies on cirrhotics with ascites have
shown that spironolactone produces a small but significant
increase in potassium excretion [128]. An alternative mech-
anism may be a shift of potassium from the intracellular to 
extracellular space due to inhibition of the aldosterone effect 
on internal potassium balance or to metabolic acidosis.
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The most important complication of diuretic therapy is 
hepatic encephalopathy, which has been estimated to occur in
approximately 25% of cirrhotic patients admitted to hospital
with tense ascites and treated with diuretics [215,216]. Diuretic-
induced hepatic encephalopathy was traditionally considered to
be secondary to hyperammonaemia because of increased renal
ammonia production following diuretic-induced hypokalaemia
and alkalosis. However, more recent studies show that some
diuretics may also impair the urea cycle, leading to reduced 
hepatic transformation of ammonia to urea. Finally, other more
recent studies suggest that, in cirrhotic patients with ascites,
there is an increase in arteriolar vascular resistance in the 
cerebral circulation that may result in a reduction in cerebral
blood flow. As cerebral arterial vascular resistance correlates
closely with renal vascular resistance in these patients, the 
hypothetical mechanism of cerebral vasoconstriction in decom-
pensated cirrhosis is arterial vascular underfilling. Because
diuretic therapy may impair effective arterial blood volume, 
a further deterioration in cerebral blood flow could contribute
to diuretic-induced hepatic encephalopathy.

Perhaps the most frequent side-effects of spironolactone in
cirrhotics with ascites are those related to its antiandrogenic
activity. Chronic spironolactone treatment is often associated
with decreased libido, impotence and gynaecomastia in men,
and menstrual irregularities in women. The origin of these
abnormalities is probably related to alterations in sex steroid
metabolism. At high dosage, spironolactone reduces testoster-
one biosynthesis and increases the peripheral conversion of
testosterone to estradiol. In addition, in vitro experiments have
shown that spironolactone inhibits the binding of testosterone
to the cytosolic and nuclear receptors in the target organs.

Finally, cirrhotic patients treated with diuretics over a long
period frequently complain of intense muscle cramps. They usu-
ally appear during the night, affect both the lower extremities
and the hands and disappear rapidly either following assump-
tion of the upright position or spontaneously. The mechanism
of diuretic-induced muscle cramps is unknown. They are clearly
related to the reduced effective arterial blood volume present in
these patients as muscle cramps occur particularly in cases with
low mean arterial pressure and high plasma renin activity, and
their frequency can be drastically reduced if diuretic treatment is
combined with plasma volume expansion with albumin [217].
The oral administration of quinine reduces the frequency of
muscle cramps [218].

Refractory ascites

Although the term refractory ascites (or intractable ascites, 
resistant ascites or problematic ascites) was introduced in the 
1950s to define ascites not responding to sodium restriction 
and diuretics, there has been major confusion concerning the
use of this term during the last few decades. For this reason, the
International Ascites Club recently organized a consensus con-
ference to elaborate a new definition and the diagnostic criteria

for refractory ascites in cirrhosis [123]. This conference extended
the concepts proposed by a consensus conference held in Rome
during the 13th International Congress of Gastroenterology 
in 1988.

According to this organization, ‘refractory ascites’ is that
which cannot be mobilized or the early recurrence of which 
(i.e. after therapeutic paracentesis) cannot be satisfactorily pre-
vented by medical therapy. Two different subtypes of refractory
ascites can be identified: (i) ‘diuretic-resistant ascites’ is that
which cannot be mobilized or the early recurrence of which 
cannot be prevented because of a lack of response to dietary
sodium restriction and intensive diuretic treatment; (ii)
‘diuretic-intractable ascites’ is that which cannot be mobilized
or the early recurrence of which cannot be prevented because 
of the development of diuretic-induced complications that pre-
clude the use of an effective diuretic dosage.

The following criteria were considered to be important for the
diagnosis of refractory ascites:
1 Ascites: the term ascites in these definitions refers to grade 2
or 3 clinically detectable ascites (grade 1, mild; grade 2, moder-
ate; grade 3, massive or tense).
2 Mobilization of ascites: decrease of ascites to at least grade 1.
3 Treatment period to define refractory ascites: patients must
have been on intensive diuretic treatment for at least 1 week.
4 Lack of response: mean loss of body weight of less than 
200 g/day during the past 4 days on intensive diuretic therapy
and urinary sodium excretion of less than 50 mEq/day.
5 Dietary sodium restriction: a 60- to 90-mEq sodium diet.
6 Intensive diuretic treatment: spironolactone, 400 mg/day,
plus furosemide, 160 mg/day (bumetanide, 4 mg/day, or equival-
ent doses of other loop diuretics).
7 Early ascites recurrence: reappearance of grade 2–3 ascites
within 4 weeks of initial mobilization; reaccumulation of ascites
within 2–3 days of paracentesis must not be considered as early
recurrence because it represents a shift of interstitial fluid into
the intraperitoneal space.
8 Diuretic-induced complications: diuretic-induced hepatic
encephalopathy is the development of hepatic encephalopathy
in the absence of other precipitating factors. Diuretic-induced
renal failure is an increase in serum creatinine by greater than
100% to a value above 2 mg/dL in patients with ascites respond-
ing to diuretic treatment. Diuretic-induced hyponatraemia is 
a decrease in serum sodium by greater than 10 mEq/L to a con-
centration lower than 125 mEq/L. Diuretic-induced hypo- or
hyperkalaemia are, respectively, a decrease in serum potassium
to less than 3 mEq/L or an increase to more than 6 mEq/L despite
appropriate measures to normalize potassium concentrations.

‘Recidivant ascites’ is defined as ascites that recurs frequently
(on three or more occasions within a 12-month period) despite
dietary sodium restriction and adequate diuretic dosage, and is
not to be considered as a true refractory ascites [123].

Most cirrhotics with diuretic-resistant ascites have type 2 
hepatorenal syndrome [123], or lesser, although significant,
degrees of impairment in renal perfusion and glomerular 
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filtration rate (increased serum creatinine to between 1.2 and 
1.5 mg/dL) [106,200,203] It is important to stress that the inverse
relation between glomerular filtration rate and serum creatinine
concentration is hyperbolic. This means that a small increase in
creatinine over normal represents a marked impairment of renal
haemodynamics and glomerular filtration rate. The mechanism
whereby ascites is resistant to diuretic therapy in cirrhotics with
renal failure is probably related to alterations in both the phar-
macokinetics and the pharmacodynamics. The access of loop
diuretics to the organic acid secretory site, and of spironolactone
to the aldosterone receptors, which is mainly determined by 
the amount of blood flowing to the proximal tubule and distal
nephron, respectively, may be impaired in cirrhotics with func-
tional renal failure due to the low renal perfusion. Moreover, 
the delivery of sodium chloride to the loop of Henle and distal
nephron, the sites where furosemide and spironolactone inhibit
sodium reabsorption, may be markedly reduced in cirrhotics
with functional renal failure secondary to a low glomerular
filtration rate and enhanced sodium reabsorption in the prox-
imal tubule [210]. Therefore, both impaired access of diuretics 
to the effective sites on the tubular cells and a reduced substrate
for the diuretic action are presumably the most important
mechanisms of refractory ascites in cirrhosis. Additional factors
that may contribute to the renal resistance to diuretics in cirrhotics
with functional renal failure are hypoalbuminaemia, which
reduces the delivery of diuretics to the kidney, and the increased
activity of endogenous systems with sodium-retaining effects
(renin–angiotensin–aldosterone and sympathetic nervous sys-
tems), which may inhibit the natriuretic effect of diuretics.

NSAIDs depress the diuretic response to furosemide and
spironolactone in cirrhotics with ascites by a mechanism unre-
lated to the impairment in renal haemodynamics [219,220].
Evidence for the possible use of these agents should therefore 
be carefully sought in any cirrhotic patient not responding to
sodium restriction and an adequate diuretic regimen.

Therapeutic paracentesis

Treatment with a low-sodium diet and diuretics is very effective
in mobilizing ascites in cirrhosis. However, it has several limita-
tions. First, approximately 10–20% of patients do not respond
to diuretics (diuretic-resistant ascites). Second, diuretic treat-
ment is frequently associated with complications, particularly
when high doses of diuretics have to be used. Finally, the mobil-
ization of ascites with diuretics is a slow process. This problem,
which is not relevant in the care of patients with moderate
ascites, who are usually treated as outpatients, is very important
in patients with massive ascites, most of whom need prolonged
hospitalization for diuretic therapy.

The demonstration in 1987 that large-volume paracentesis
associated with plasma volume expansion is a rapid, effective
and safe treatment for ascites in cirrhosis has considerably 
simplified the treatment of patients admitted to hospital with
tense ascites [221]. Therapeutic paracentesis is considered to 

be the therapy of choice for tense ascites in cirrhosis [201]. It
considerably shortens hospital stay and therefore the cost of
treatment, and the incidence of complications during hospital-
ization is significantly lower among patients treated with para-
centesis than among patients treated with diuretics [221–223].
In patients with moderate ascites, diuretics should be preferred 
to paracentesis.

Although paracentesis is a very simple procedure, several pre-
cautions should be taken to avoid complications. Therapeutic
paracentesis can be performed either as repeated large-volume
paracentesis (4–6 L/day until complete disappearance of ascites)
or as total paracentesis (complete removal of ascites in only one
paracentesis session). Total paracentesis is the best method
because it is faster and associated with a lower incidence of local
complications [221–223]. Ascites leakage through the skin or
within the abdominal wall is relatively frequent after partial
paracentesis, because a significant volume of ascites remains in
the peritoneal cavity after the procedure. On the other hand,
although complications related to the insertion of the needle are
exceptional, the incidence increases with the number of taps.
Paracentesis should be performed under strictly sterile condi-
tions with specially designed needles. There are commercial kits
for paracentesis using different types of needles with blunt-
edged cannulas and side holes. With the patient under local
anaesthesia, the needle is inserted into the left lower abdominal
quadrant. The inner part is removed, and the cannula is con-
nected to a large-capacity suction pump. The physician should
remain at the bedside throughout the procedure. With this 
technique, the duration of treatment ranges from 30 to 60 min,
depending on the amount of ascitic fluid removed. Total para-
centesis procedures are finished when the flow from the cannula
becomes intermittent despite gentle mobilization of the cannula
within the peritoneal cavity and turning the patient to the left
side. Peripheral oedema is rapidly reabsorbed after the mobiliza-
tion of ascites in most patients and usually disappears within the
first 2 days after treatment. Most of the fluid goes to the abdom-
inal cavity as ascites. It is therefore not infrequent for patients
with marked peripheral oedema to need a second procedure
after complete mobilization of ascites at the initial paracentesis.
Patients treated by means of repeated large-volume paracentesis
should recline for 2 h on the side opposite the paracentesis site to
prevent the leakage of ascitic fluid.

When paracentesis is performed without plasma volume
expansion, there are no apparent major changes in circulatory
function. Arterial pressure decreases slightly, but this also occurs
when paracentesis is performed with plasma volume expansion.
The pulse rate does not increase, and the patient does not experi-
ence any symptoms other than those related to the disappear-
ance of ascites [222,224]. In addition, if serum creatinine and
serum electrolytes are measured within the first days after para-
centesis, no changes are observed in most patients. For this 
reason, some investigators have suggested that therapeutic 
paracentesis does not adversely affect circulatory function and
that, consequently, plasma volume expansion is not necessary 
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in the care of patients with cirrhosis and ascites treated with this
procedure.

However, when circulatory function is assessed by sensitive
direct and indirect measures, marked changes are detected
[222]. Immediately after paracentesis, circulatory function
improves with a marked increase in cardiac output and stroke
volume, a reduction in cardiopulmonary pressure and a sup-
pression of the renin–angiotensin and sympathetic nervous 
systems [222]. These effects, which persist for approximately 
12 h and have been attributed to mechanical factors (reduction
in intrathoracic pressure and increase in venous return), are 
followed by opposing haemodynamic changes, including a
reduction in cardiac output to baseline value and marked 
activation of the renin–angiotensin and sympathetic nervous
systems over levels before paracentesis [224]. Renal function
also improves during the first hours after paracentesis and may
worsen 24–48 h after the procedure. The impairment in circulat-
ory function induced by paracentesis is not related, as proposed
initially, to a decrease in circulating blood volume secondary to a
rapid reaccumulation of ascites, but rather to an accentuation 
of the arterial vasodilation already present in these patients 
(Fig. 16). The mechanism by which paracentesis induces reduc-
tion in peripheral vascular resistance and the site where this
vasodilation occurs are unknown. An important observation is
that the circulatory dysfunction induced by paracentesis is not
spontaneously reversible [223]. Once plasma renin activity and
plasma norepinephrine concentration increase, they remain 
elevated throughout the course of the disease. The cause of this
phenomenon is unknown.

Plasma renin activity is a very sensitive marker of circulatory
function and is the parameter used to detect impairment 
in circulatory function after paracentesis in most studies.

Paracentesis-induced circulatory dysfunction has been defined
as a 50% increase in plasma renin activity over baseline on the
sixth day after treatment up to a value greater than 4 ng/mL/h
(upper normal limit) [223,224]. According to this criterion, 
the incidence of spontaneous circulatory dysfunction among
patients with cirrhosis admitted to hospital because of tense
ascites and not receiving any treatment during 1 week of hospi-
talization was 16% (unpublished observations). The incidence
of paracentesis-induced circulatory dysfunction has been estim-
ated to be 75% among patients not undergoing plasma volume
expansion, 33–38% in patients receiving polygeline (saline 
solution, 8 g/L ascitic fluid removed), dextran-70 (dextrose solu-
tion, 8 g/L ascitic fluid removed) or saline and 11–18% among
patients receiving albumin (salt-poor solution, 8 g/L ascitic fluid
removed) [223]. Similar findings have been reported in a recent
trial comparing albumin with saline in patients with ascites
treated by total paracentesis [225]. The incidence of paracentesis-
induced circulatory dysfunction was 33.3% in patients receiving
saline and 11.4% in those receiving albumin.

The amount of ascitic fluid removed is a predictor of 
paracentesis-induced circulatory dysfunction (Fig. 17). When
the amount of ascitic fluid removed is less than 5 L, the incidence
of circulatory dysfunction is similar among patients treated with
albumin and those treated with synthetic plasma expanders
(16% vs. 18%). However, when the amount is between 5 and 
9 L, the incidence of circulatory dysfunction is higher among
patients receiving synthetic plasma expanders (19% vs. 30%).
Differences are particularly marked when the volume of 
paracentesis is greater than 9 L. In this case, the incidence of
paracentesis-induced circulatory dysfunction is 21% among
patients receiving albumin and 60% in those receiving synthetic
plasma expanders [223].

These data indicate the following: (i) paracentesis-induced
circulatory dysfunction is very frequent when the plasma volume
is not expanded; (ii) plasma volume expansion with synthetic
colloids is effective in reducing the incidence of circulatory 
dysfunction after paracentesis; (iii) plasma volume expansion
with albumin almost totally prevents paracentesis-induced 
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Fig. 16 Direct negative correlation between the increase in plasma renin
activity (D PRA) and the decrease in systemic vascular resistance (D SVR)
following therapeutic paracentesis in cirrhosis (reproduced with permission
from ref. 224).
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removed and the type of plasma expander used (reproduced with
permission from ref. 223).
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circulatory dysfunction; (iv) among patients with an ascitic fluid
volume of less than 5 L, the incidence of paracentesis-induced
circulatory dysfunction is low and independent of the type of
plasma expander used; (v) when the amount of ascitic fluid 
volume removed is more than 5 L, the incidence of circulatory
dysfunction increases with the volume of paracentesis in
patients receiving synthetic plasma expanders but not in patients
receiving albumin.

Despite being asymptomatic, paracentesis-induced circula-
tory dysfunction adversely affects the clinical course of the dis-
ease. The incidence of hyponatraemia (3.8% vs. 17%) and renal
impairment (0 vs. 11%) within a few days after paracentesis is
significantly lower among patients receiving albumin infusions
than among those not receiving plasma expanders. The time to
first readmission to hospital is significantly shorter for patients
with circulatory dysfunction after paracentesis than among
those who do not have this complication. Finally, the probability
of survival is also lower among patients with circulatory dys-
function after paracentesis [223].

The mechanism by which deterioration in circulatory func-
tion impairs the clinical course and the prognosis for patients
with cirrhosis and ascites is probably multifactorial. Circulatory
dysfunction is associated with an increase in circulating levels 
of vasoconstrictors that impair renal haemodynamics and the
renal response to diuretics. Angiotensin-II and norepinephrine
are important mechanisms of HRS, which is associated with
poor survival. These substances also induce vasoconstriction 
of intrahepatic vascular resistance, which may reduce liver per-
fusion, impair hepatic function and increase portal pressure.
These changes may further deteriorate circulatory function and
create vicious circles that accelerate the course of the disease.
One study has shown that the hepatic venous pressure gradient
(an estimation of the intrahepatic vascular resistance) increases
after paracentesis in patients in whom circulatory dysfunction
develops but not in patients who do not have this complication
[224].

Therefore, there is substantial evidence indicating that 
paracentesis-induced circulatory dysfunction is a relevant com-
plication that should be prevented. The best way to do this is to
expand the plasma volume with albumin when the volume of
ascitic fluid removed is more than 5 L. When the volume is less
than 5 L, less expensive synthetic plasma expanders can be used.
The amount of albumin given in most centres is 8 g/L ascitic
fluid removed, which represents the approximate amount of
albumin removed with the paracentesis. We infused 50% of 
the dose immediately after paracentesis and 50% 6 h later. The
patient may then leave hospital with diuretics to prevent the
reaccumulation of ascites. Patients with normal BUN and 
serum creatinine require a standard diuretic dosage (200 mg/day
spironolactone or 40 mg/day furosemide plus 100 mg/day
spironolactone). However, higher diuretic dosages are required
in patients with abnormal BUN or serum creatinine con-
centration, or in patients with ascites that is refractory before
treatment.

Peritoneovenous shunting

In 1974, LeVeen and associates [226] introduced the peri-
toneovenous shunt for the treatment of cirrhotics with 
diuretic-resistant ascites. This device consists of a perforated
intra-abdominal tube connected through a one-way, pressure-
sensitive valve to a silicone tube that traverses the subcutaneous
tissue up to the neck, where it enters one of the jugular veins
(usually the internal jugular). The tip of the intravenous tube is
located in the superior vena cava near the right atrium or in the
right atrium itself. The aim of the shunt is to produce sustained
expansion of the circulating blood volume by the continuous
passage of ascites from the peritoneal cavity to the general cir-
culation. Whenever a pressure gradient of 3 cmH2O or more
exists between the abdominal cavity and the superior vena cava,
the valve remains open, and ascitic fluid flows into the central
venous system. If this gradient diminishes, the valve closes, thus
preventing blood from reflushing into the venous limb of the
shunt. The insertion of a LeVeen shunt is technically simple and
can be performed under local anaesthesia. It is advisable to
assess the correct placement of the venous tip by chest radio-
graphy in the operating room. Although the LeVeen is the most
widely used peritoneovenous shunt, other types are available.
The Denver shunt has a valvular system with a pumping mech-
anism. The valvular system opens at low pressure gradients 
(1 cmH2O) or when the pump chamber, placed in an intercostal
space, is pressed externally. The Denver shunt was designed to
reduce the high incidence of shunt obstruction observed with
the LeVeen. It was thought that the compression of the pump
chamber would avoid the formation of thrombi at, and within,
the tip of the intravenous segment and the deposition of fibrin
within the valve. However, a randomized study comparing LeVeen
and Denver shunts in cirrhotics with medically intractable ascites
showed a higher probability of shunt obstruction in patients
treated with the Denver shunt, probably as a consequence of 
the reflux of blood into the valve during the release phase of 
the pumping cycle [227]. To avoid this problem, a double-valve
Denver shunt was later developed. Whether this new valvular
system is effective in preventing shunt obstruction is unknown.

Numerous studies show that the peritoneovenous shunt is
capable of correcting most abnormalities thought to be involved
in the pathogenesis of ascites. It produces a striking increase in
circulating blood volume and cardiac output. As arterial pres-
sure does not rise, there is a concomitant reduction in peripheral
vascular resistance. These haemodynamic changes are associ-
ated with an increase in the plasma concentration of atrial nat-
riuretic factor and a suppression of the plasma concentrations 
of renin, aldosterone, noradrenaline and ADH. Urine volume
and free-water clearance increase in most patients, as is seen
with the serum sodium in cases with dilutional hyponatraemia.
However, there is significant natriuresis in less than half the
patients. In cirrhotics with moderate functional renal failure, 
the peritoneovenous shunt may improve renal blood flow and
glomerular filtration rate [228]. Finally, a marked reduction in
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portal pressure and intrahepatic vascular resistance, as estimated
by the wedged-to-free hepatic venous pressure gradient, has
been reported after the insertion of a peritoneovenous shunt.
The mechanism of this last effect is unknown. Follow-up studies
show that these haemodynamic and hormonal changes persist 
in most cases and that a significant proportion of patients
remain with minimal or no ascites despite a moderate sodium
restriction and low diuretic dosage. Additionally, the nutritional 
status, as estimated by the arm muscle circumference, improved
significantly in patients successfully treated with a perito-
neovenous shunt.

Unfortunately, the procedure is associated with a high rate 
of complications, which may occur early in the postoperative
period or at any time during follow-up. Acute bacterial infec-
tion, generally caused by Staphylococcus spp., is the most serious
early complication [229]. The prosthesis is usually colonized
and, in most cases, the infection cannot be eradicated unless the
shunt is removed. The prophylactic administration of anti-
staphylococcal antibiotics 24 h before and for 48 h after surgery
reduces the incidence of early postoperative infections [229].
Postoperative fever, probably related to the passage of endotoxin
contained in the ascitic fluid into the general circulation, is
almost inevitable and disappears spontaneously within the sec-
ond postoperative week [230]. Practically every cirrhotic patient
treated with a peritoneovenous shunt develops biochemical
signs of intravascular coagulation within the early postoperative
period, including a decrease in plasma fibrinogen and platelets,
prolongation of prothrombin, thrombin and partial thrombo-
plastin times and a rise in the plasma concentrations of fibrin
and fibrinogen degradation products [231,232]. The mechan-
ism of this complication is unknown, but it may possibly be 
secondary to the massive passage of tissue thromboplastin and
clotting factors, plasminogen activators, endotoxin, fibrin split
products and collagen, which are present in the ascitic fluid, into
the general circulation. The incidence of symptomatic intra-
vascular coagulation was relatively high (25%) within the years
immediately following the introduction of the shunt when the
shunt was inserted without prior removal of ascitic fluid. At that
time, the mortality rate attributed to intravascular coagulation
was 5%. However, at present, with the widespread acceptance 
of the need to evacuate ascitic fluid preoperatively, or during
surgery before inserting the shunt, the rate of symptomatic
intravascular coagulation after peritoneovenous shunting has
decreased dramatically. Some investigators have suggested the
removal of all ascitic fluid and its replacement with normal
saline before insertion of the prosthesis. Antiplatelet therapy
with aspirin (300 mg/day) and dipyridamole (400 mg/day) 
in the immediate pre- and postoperative periods prevented
intravascular coagulation after peritoneovenous shunting [233].
Other postoperative complications, such as bleeding from
oesophagogastric varices and congestive heart failure, which 
are related to the acute expansion in the circulating blood 
volume, can also be prevented by reducing the volume of 
ascitic fluid before inserting the shunt. Postoperative mortality

(within the first month after surgery) ranges between 0% and
26% [229].

Obstruction of the shunt is the most common complication
during follow-up [229]. It occurs in more than 30% of patients
and is usually due to deposition of fibrin within the valve or
around the intravenous catheter, thrombotic obstruction of 
the venous limb of the prosthesis or thrombosis of the superior
vena cava or right atrium initiated at the venous end of the shunt
or in damaged endothelium [229]. Although the thrombosis 
of the superior vena cava is usually incomplete, total occlusion
may occur, resulting in the development of a superior vena 
cava syndrome. Vascular thrombosis may result in pulmonary
embolism. Obstruction of the shunt is frequently, but not neces-
sarily, followed by reaccumulation of ascites. In these cases,
Doppler ultrasonography or 99mTc scintigraphy after intraperi-
toneal injection of radioisotope will show the absence of flow
through the shunt. When obstruction is confirmed by these
techniques, a shuntogram after the injection of contrast medium
into the proximal subcutaneous limb of the shunt should be per-
formed in order to identify its exact site. Patients with obstruc-
tion at the venous limb of the shunt require venography or
digital angiography to rule out vascular thrombosis. It has been
suggested that the insertion of a titanium tip 3 cm long into the
venous end of the LeVeen shunt prevents thrombotic obstruc-
tion of its venous limb and the development of thrombosis in
the superior vena cava. Titanium is highly thromboresistant, a
characteristic that has been exploited extensively in intravascu-
lar devices such as prosthetic heart valves. The titanium tip was
also designed to provide gradual, streamlined flow convergence
of ascites and blood. Finally, the weight and design of the tip 
may limit endothelial damage and mural thrombus formation in
the superior vena cava. Unfortunately, in a study on a large series
of patients, Ginès et al. [234] were not able to confirm that the
titanium tip reduces the incidence of obstruction in perito-
neovenous shunts.

Bacterial infections, particularly bacteraemia and spontaneous
peritonitis, are also common complications during follow-up
[229]. Bacteraemia can be successfully treated with antibiotics.
Early recurrence indicates colonization of the shunt or bacterial
endocarditis. Removal of the shunt has been recommended in
patients with peritonitis, although some have successfully treated
patients with bacterial peritonitis without this [229]. To prevent
bacterial infections in patients with peritoneovenous shunts,
prophylactic antibiotics should be administered whenever an
invasive manoeuvre is to be performed.

Finally, another long-term complication of peritoneovenous
shunting is small bowel obstruction, which occurs in approx-
imately 10% of patients [235]. The small bowel is compressed
and kinked inside multiple ‘cocoons’ and cysts consequent to
marked peritoneal fibrosis. The shunt is usually not ensnared in
the fibrosed areas but remains free. The cause is unknown.

Because of the high incidence of shunt-related complications,
peritoneovenous shunting should be restricted to patients with
refractory ascites. However, these patients often have endstage
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liver disease and an extremely poor prognosis, which cannot be
modified by successful treatment of ascites. In fact, an overall
analysis of the four prospective, randomized trials comparing
peritoneovenous shunting with conventional medical treatment
in patients with refractory ascites does not disclose any benefit in
terms of survival [236–239]. The role of peritoneovenous shunt-
ing in the management of patients with hepatorenal syndrome is
also unclear: a beneficial effect has been observed in single cases,
but the results obtained in the only two randomized trials pub-
lished so far seem to indicate that peritoneovenous shunting,
although preventing the progression of functional renal failure,
does not improve the chances of survival. The reintroduction of
therapeutic paracentesis has led to a decline in the use of peri-
toneovenous shunting. In the two randomized, controlled 
trials comparing paracentesis with the LeVeen shunt in patients
with refractory ascites, shunting was superior in the long-term
control of ascites, as estimated by the time to first readmission 
for ascites, the number of readmissions for ascites and diuretic
requirements [234,240]. However, these advantages had little
impact on the natural course of the disease as patients treated in
both groups did not differ significantly in their time to first read-
mission for any reason, total time in hospital during follow-up
and probability of survival. Furthermore, frequent reoperations
were required in the surgical group because of shunt obstruc-
tion. At present, many groups consider paracentesis to be the
treatment of choice in patients with refractory ascites, peri-
toneous shunting being indicated only in those intolerant of 
frequent paracentesis. The morbidity and survival of cirrhotics
treated with the LeVeen shunt correlate with the degree of
impairment of liver and renal function, patients with severe hep-
atic and renal failure having a higher incidence of complications
and lower survival. Therefore, the best results with this proce-
dure should be expected in those very few patients with diuretic-
resistant ascites and preserved hepatic function.

Surgical portocaval anastomosis and
transjugular intrahepatic portacaval shunt
(TIPS)

Ascites and its complications (hepatorenal syndrome and spon-
taneous bacterial peritonitis) are rare in cirrhotic patients sub-
mitted to end-to-side portocaval anastomosis for the treatment
of variceal bleeding, and the surgical relief of portal hyperten-
sion, either by end-to-side or side-to-side portocaval anastomo-
sis, is an apparently effective treatment for ascites. It is therefore
not surprising that portocaval anastomosis has been proposed as
a treatment for refractory ascites. In 1970, Orloff [241], review-
ing the literature on the surgical treatment of ascites, was able to
collect data for 71 cirrhotics with ascites treated with end-to-side
portocaval anastomoses and for 131 patients treated with side-
to-side portocaval shunts. In most of these cases, ascites was
refractory to diuretic treatment. Twenty-three patients treated
with end-to-side shunts (32%) and 24 treated with side-to-side
anastomoses (18%) died in the postoperative period. Of the 

surviving patients, 39 (81%) in the end-to-side group and 100
(90%) in the side-to-side group remained free of ascites during a
follow-up period ranging from months to more than 10 years,
despite a normal sodium diet and no diuretics. Subsequently, it
was shown that, in cirrhotics treated with end-to-side portocaval
shunts, the development of ascites during follow-up usually
occurs in those cases who maintain a relatively high sinusoidal
pressure and hepatic arterial blood flow. More recently, Franco
[242] reported his experience with 41 patients submitted to side-
to-side or end-to-side portocaval anastomoses for the treatment
of refractory ascites. Almost all these patients had previously
been treated with a LeVeen shunt that had to be removed
because of complications such as thrombosis of the superior
vena cava, infections or gastrointestinal haemorrhage. The oper-
ative mortality (within 2 months of surgery) was exceptionally
low (two patients, 4.8%), probably related to the relatively 
well-preserved hepatic function presented by most cases. Every
patient reaccumulated ascites in the immediate postoperative
period, and 12 developed renal failure. However, ascites and
renal impairment disappeared a few days after the operation in
all but two cases. Only one of the survivors developed ascites
during follow-up. The probability of survival 1 and 3 years after
surgery was 73% and 39% respectively. However, the incidence
of severe chronic hepatic encephalopathy (36%) was very high.
Other studies have shown that side-to-side portocaval shunting
may be followed by a return to normal renal function in patients
with hepatorenal syndrome. The disappearance of ascites and
renal failure in patients treated with portocaval shunts is asso-
ciated with a return to normal plasma concentrations of renin 
and aldosterone. These data suggest that, although portocaval
anastomosis is an effective treatment for refractory ascites in
patients with cirrhosis and preserved hepatic function, it is asso-
ciated with a high postoperative mortality and a high incidence
of incapacitating chronic hepatic encephalopathy. As no con-
trolled trials have compared the portocaval shunt with other
treatments such as the LeVeen shunt or therapeutic paracentesis,
its role in the management of refractory ascites is unconfirmed.
Nevertheless, it is important to point out that only a few patients
with refractory ascites are suitable candidates for surgical 
portocaval shunts as they usually present with a severe hepatic
insufficiency that precludes any major surgical procedure.

The development of the transjugular intrahepatic portacaval
shunt (TIPS) for the treatment of gastrointestinal haemorrhage
in cirrhosis has reintroduced the idea of treating ascites and 
its complications (hepatorenal syndrome and refractory ascites)
by reducing portal pressure. TIPS works as a side-to-side porto-
caval shunt and, from a theoretical point of view, it should 
correct the two principal mechanisms in the pathogenesis of
ascites [243]. By doing so, it should suppress the endogenous
vasoconstrictor system, improve renal perfusion and GFR and
increase the response to diuretics. On the other hand, by 
decompressing both the splanchnic and the hepatic microcir-
culation, TIPS should decrease the formation of lymph both in
the liver and in the other splanchnic organs.
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A review of the records of the first 358 reported patients 
with refractory ascites treated with TIPS clearly indicated that
this therapeutic procedure is extremely effective in improving
circulatory and renal function and in the management of ascites
in these patients [243]. TIPS induces a marked increase in car-
diac output, a decrease in systemic vascular resistance and an
elevation in right atrial pressure, pulmonary artery pressure and
pulmonary wedge pressure [243]. These changes, which are sim-
ilar to those following peritoneovenous shunting, are probably
caused by an increase in venous return resulting from the pres-
ence of portocaval fistulas. The decrease in systemic vascular
resistance, which is also a constant feature in patients treated by
peritoneovenous shunting, is probably a physiological response
to accommodate the increase in cardiac output.

Because it increases the hyperdynamic circulation, it has been
suggested that TIPS impairs the systemic haemodynamics in 
cirrhosis. However, the results of studies of the effects of TIPS 
on the endogenous vasoactive systems do not support this con-
cept. The results indicate that effective arterial blood volume 
is markedly improved following TIPS in patients with cirrhosis
and ascites. As indicated earlier, the maintenance of arterial
pressure in patients with advanced cirrhosis and ascites is 
critically dependent on a marked overactivity of the renin–
angiotensin system, sympathetic nervous system and antidi-
uretic hormone. If TIPS enhances arterial vasodilation, a further
increase in the degree of stimulation of these vasoconstrictor
systems should occur. In contrast, TIPS insertion is associated
with marked suppression of the plasma levels of renin, aldos-
terone, norepinephrine and antidiuretic hormone [243]. Sup-
pression of the renin–angiotensin–aldosterone system occurs
within the first week following TIPS insertion and persists dur-
ing the follow-up period. Suppression of norepinephrine and
antidiuretic hormone appears to require a longer period of time.

Deterioration in circulatory function should also be associated
with a further impairment in renal function after TIPS; however,
TIPS insertion induces a rapid increase in urinary sodium excre-
tion, which is already observed within the first 1–2 weeks and
persists during the follow-up period [243]. A significant increase
in serum sodium concentration and GFR is also observed, indic-
ating an improvement in renal perfusion and free-water clear-
ance. However, these changes require 1–3 months to occur.

TIPS induces a marked decrease in the portocaval gradient. 
In the aforementioned review of the care of 358 patients with

refractory ascites treated by TIPS, the mean decrease was from
20.9 to 10 mmHg [243]. Portal venous pressure also decreased
markedly, from 29.4 to 21.8 mmHg. However, TIPS only par-
tially decompresses the portal venous system; portal venous
pressure in most healthy subjects is less than 5 mmHg. Although
suppression of the renin–aldosterone system is evident, the
plasma levels of renin and aldosterone do not decrease to 
normal levels. Improvement in splanchnic and systemic haemo-
dynamics is associated with disappearance of ascites or partial
response (no need for paracentesis) in most patients. Only 
10% of cases do not respond to TIPS. Ascites characteristically
resolves very slowly (within 1–3 months). Continuous diuretic
treatment is required in more than 95% of cases, either for the
management of ascites or to reduce the peripheral oedema that
frequently occurs in patients treated with TIPS. The persistence
of portal hypertension and hyperaldosteronism may be the
explanation for this phenomenon.

Hepatic encephalopathy is the most important complication
among patients with cirrhosis with refractory ascites managed
with TIPS [243]. More than 40% of patients have this complica-
tion. In most cases, hepatic encephalopathy responds to stand-
ard therapy. However, it occasionally requires a decrease in 
stent size. Although hepatic encephalopathy before TIPS is a
predictor of encephalopathy after TIPS, new or worsening hep-
atic encephalopathy develops in approximately 30% of cases.
Shunt dysfunction is also a major problem, occurring in approx-
imately 40% of cases within the first year. This is an important
limitation of TIPS requiring frequent retreatments. However,
the recent introduction of covered stents, which is associated
with a very low rate of shunt dysfunctions, has solved this prob-
lem. The 1-year probability of survival among patients with 
cirrhosis with refractory ascites treated with TIPS is extremely
poor. Early mortality (within 30 days after TIPS) is approx-
imately 12% and late mortality 40%. Predictors of survival 
are the Child–Pugh score, age and the presence of HRS prior to
TIPS [243].

Five randomized, controlled trials have been reported com-
paring TIPS and therapeutic paracentesis [244–248] (Table 2).
Two included patients with recidivant and refractory ascites,
and three included only patients with refractory ascites. The five
trials clearly show that TIPS is better than paracentesis in the
long-term control of ascites. Three trials showed significantly
higher incidence of hepatic encephalopathy in patients treated

Table 2 TIPS vs. paracentesis for refractory ascites: a summary. 

Control HRS Hepatic encephalopathy Cost Survival

Lebrec et al. [244] Better with TIPS – No difference – Worse with TIPS

Rossle et al. [245] Better with TIPS – No difference – Better with TIPS?

Gines et al. [247] Better with TIPS Less frequent with TIPS Worse with TIPS Greater with TIPS No difference

Sanyal et al. [248] Better with TIPS – Worse with TIPS – No difference

Salerno et al. [246] Better with TIPS – Worse with TIPS – Better with TIPS
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with TIPS. An improvement in survival in the TIPS group was
only observed in the trials including patients with recidivant
ascites. The total time in hospital during follow-up was similar
in both groups owing to the high incidence of shunt obstruction
requiring new hospitalization for the treatment of complica-
tions related to portal hypertension and/or restenting. In one of
these trials, the quality of life was assessed, and changes were
similar in the two therapeutic groups [249]. These results indic-
ate that TIPS changes the course of cirrhosis from ascites to 
hepatic encephalopathy without improving the overall results of
paracentesis in relation to length of hospitalization and survival.

Treatment of hyponatraemia in cirrhosis
with ascites

Aquaretic drugs

Dilutional hyponatraemia is the most common abnormality 
of serum electrolytes in patients with cirrhosis and ascites.
Traditionally, hyponatraemia has been considered a minor
problem in cirrhosis, as it is usually asymptomatic, even in
patients with a markedly reduced serum sodium. On the other
hand, the presence of hyponatraemia does not contraindicate
diuretic treatment in patients with cirrhosis and ascites. In 
fact, most cirrhotics with ascites and hyponatraemia respond
satisfactorily to diuretics without a further reduction in serum
sodium. For these reasons, the use of aggressive procedures for
the treatment of hyponatraemia in cirrhosis, such as the inser-
tion of a LeVeen shunt or a TIPS, has never been justified.
However, recent studies suggest that hyponatraemia may be
more relevant than previously thought. It is associated with very
poor prognosis. The probability of hepatic encephalopathy is
significantly higher in patients with hyponatraemia than in
those with comparable deterioration of hepatic function but
with normal serum sodium concentration. Finally, the incidence
of severe neurological events after liver transplantation in patients
with dilutional hyponatraemia, probably related to the rapid
correction of extracellular osmolality during the operation, is
relatively high [250]. Therefore, treatment of hyponatraemia
could be beneficial in patients with decompensated cirrhosis.

Studies using isotopic techniques have shown that total body
sodium is markedly increased in cirrhotic patients with ascites
and hyponatraemia, indicating that the reduced serum sodium
is the result of a dilution of body fluids secondary to the impair-
ment of free-water excretion. Consequently, the treatment of
hyponatraemia should be directed towards reducing total body
water. The administration of sodium may produce a transient
increase in serum sodium, but at the expense of increasing 
the rate of ascites formation. Classically, the treatment of dilu-
tional hyponatraemia consisted of water restriction. However,
this therapy is difficult to carry out and is rarely effective.
Demeclocycline, a tetracycline that inhibits the tubular effect 
of ADH, has been shown to correct water retention and 
hyponatraemia in cirrhotics with ascites, but its usefulness in

these patients is limited by the high incidence of renal failure
that it produces [251,252].

During the last two decades, a great effort has been made to
develop specific antagonists of the tubular effect of ADH that
could act as aquaretic agents and be used for the treatment 
of dilutional hyponatraemia in cirrhosis with ascites, and in 
congestive heart failure. The initial approach was to develop
analogues of the ADH molecule with affinity for the V2 receptors
but lacking hydro-osmotic activity. Unfortunately, although
several peptides with aquaretic activity in experimental animals
were developed, they disclosed ADH agonistic activity when
given to humans. It is interesting that the administration of 
one of these analogues to rats with carbon tetrachloride-induced
cirrhosis, ascites and dilutional hyponatraemia was associated
with a normalization of renal water metabolism with polyuria
and an increase in free-water excretion [149]. 

The investigation of non-peptidic substances with aquaretic
effects has had very promising results, and several types of
aquaretic agents have been developed that are effective in 
experimental animals as well as in man. The first renal ADH
antagonist identified was a benzazepine derivative named OPC-
31260, which is 100 times more selective for V2 receptors than
for V1 receptors. It is active after oral and intravenous adminis-
tration, has no agonistic effect and increases the urine volume in
normal rats and in rats treated with ADH without increasing
urinary solute excretion, but not in Brattleboro rats with con-
genital diabetes insipidus. In normal man, OPC-31260 also
induces a marked increase in urine volume (it may be as high 
as that obtained with furosemide) with a decrease in urine
osmolality towards very low values (it may reach concentrations
below 100 mosmol/kg), resulting in a remarkable increase in 
free water, with minor effects on electrolyte excretion [253]. 
The peak effects on urine volume and osmolality are observed
between 1 and 2 h and last for 4 h. With the highest single dose
used in normal individuals, the aquaretic effect is so marked that
it is associated with a significant increase in serum osmolality
and sodium. The plasma ADH also increases in these indi-
viduals. Other non-peptide V2 antagonists have been developed
(VPA-985, SR-121463, OPC-41061 and YMD-087) and are 
currently being investigated.

There are several studies assessing the effects of V2 antagonists
in human and experimental cirrhosis. Tsuboi et al. [254] exam-
ined the role of OPC-31260 in rats with carbon tetrachloride-
induced cirrhosis and control rats. Water excretion after a 
water load increased fourfold and minimal urinary osmolality
decreased by 30% after the administration of this agent.
Additionally, serum sodium and urinary sodium excretion
increased significantly when compared with the control group.
However, in another study by Bosch-Marcé et al. [255], the
maximum effect of this drug was limited to the first 2 days of
treatment, probably due to the development of tachyphylaxis.
Jimenez et al. [256] reported the long-term (10 days) efficacy 
of SR-121463 in cirrhotic rats with ascites and impaired water
excretion after a water load. The administration of the drug led
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to a significant increase in urine volume and reduced urine
osmolality when compared with a vehicle. This also resulted in a
great renal ability to excrete a water load and normalization of
serum sodium and osmolality. In contrast to OPC-31260, the
effects of SR-121463 were sustained, and there was no tachyphy-
laxis. Finally, Fernández-Varo et al. [257] in 2003 reported the
effects of conivaptan, a combined receptor V1a/V2 antagonist, on
renal water handling and systemic haemodynamics in cirrhotic
rats with ascites. In this study, the chronic administration 
(10 days) of this agent to rats with severe water retention and
ascites produced an acute increase in urine volume and a reduc-
tion in urine osmolality; the aquaretic effect lasted for only 
5 days. Interestingly, there was a remarkable improvement in
sodium excretion, which was probably due to the effect of 
conivaptan on the renin–angiotensin system. Most importantly,
these effects occurred without affecting creatinine clearance or
arterial pressure, an effect that could be expected because of the
vasoactive action that the V1a receptor exerts over blood vessels
mediating vasoconstriction.

Inoue et al. [258] reported in 1998 the first study in humans
examining the therapeutic effect of OPC-31260 in patients with
cirrhosis and ascites. The administration of 30 mg/day p.o. to
eight patients with cirrhosis and ascites without hyponatraemia
was associated with an increase in the urine volume and solute-
free water clearance at 2 and 4 h, respectively, and a decrease 
in urine osmolality at 2 h after administration. However, as
patients did not have hyponatraemia at baseline, the effect on
serum sodium was not assessed. Furthermore, neither the nor-
mal serum sodium rise nor urinary sodium excretion changed.
In 2002, Guyader et al. [259] reported the pharmacodynamics,
safety and pharmacokinetics of ascending single doses of 
VPA-985 (25–300 mg) in 27 patients with cirrhosis and ascites in 

a phase II randomized, double-blind, placebo-controlled trial.
VPA-985 produced a marked dose-related rise in urinary output
and a dose-related decrease in urine osmolality when given 
at 300 mg/day. Urine volume increased significantly with the
300-mg dose. Solute-free water clearance increased to levels
greater than 3 mL/min for doses of 100 mg and higher. In 
addition, significant increases in urine sodium excretion and
serum osmolality, sodium and vasopressin levels were observed
(Fig. 18). In this pharmacodynamic study, the authors only
demonstrated the potential of VPA-985 as a therapeutic agent
for water retention in cirrhosis. But, as the main endpoint was to
evaluate the safety and efficacy of this compound, they did not
examine its role in managing patients with dilutional hypona-
traemia; in fact, all patients had serum sodium levels above 
130 mEq/L. Both agents (VPA-985 and OPC-31260) in the above
studies were clinically well tolerated and did not produce any
significant side-effects or changes in systemic haemodynamics.

Two multicentre, randomized, placebo-controlled trials pub-
lished in 2003 evaluated the use of VPA-985 in cirrhotic patients
with dilutional hyponatraemia. In the first trial, Wong et al.
[260] investigated the effects of VPA-985 on serum sodium 
during a 7-day period in 44 hospitalized patients with dilutional
hyponatraemia [33 with cirrhosis, five with congestive heart fail-
ure and five with syndrome of inappropriate secretion of ADH
(SIADH)]. Patients with cirrhosis and congestive heart failure
were kept on diuretics, and an escalating dose of VPA-985 rang-
ing from 50 to 500 mg/day was given. VPA-985 had a significant
aquaretic response compared with placebo in those on diuretic
therapy as well as in patients not on diuretics (SIADH group).
There was a dose-related increase in the net fluid volume (urine
output-minus fluid intake) and solute-free water clearance,
leading to significant increases in serum sodium and serum
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Fig. 18 Urine volume and serum sodium after a single dose of VPA-985 in cirrhotic patients with ascites (reproduced with permission from ref. 264.
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osmolality. Unfortunately, there was a high dropout rate (12
patients or 27%; six due to dehydration and the other half for
other reasons). The highest doses of the drug (250–500 mg/day)
were poorly tolerated and associated with dehydration, as
assessed by systemic postural hypotension, increased thirst and
marked sodium elevation. As a result, half the patients on the
500-mg/day dose had the medication withheld on several occa-
sions. VPA-985 was most effective and safe when given at a 
dose of 125–250 mg/day. The second study by Gerbes et al. [261]
included 60 patients with cirrhosis and dilutional hyponatraemia
on fluid restriction who were randomly assigned to receive 
100 or 200 mg/day VPA-985 or placebo for 7 days. There was a
significant dose-dependent increase in serum sodium concen-
tration and urine volume as well as a significant reduction in
urine osmolality and body weight in both groups receiving VPA-
985, whereas no changes in these parameters were found in 
the placebo arm (Fig. 19). Complete response, defined by reach-
ing serum sodium ≥ 136 mEq/L, was observed in 27% on the
100-mg dose and 50% on the 200-mg dose. Thirst sensation was
the main side-effect in the 200-mg group, but not in the other
groups. Two problems with this study were the small number of
patients in each group (around 20) and the effects of VPA-985
were only evaluated until serum sodium normalized with no
information on long-term response.

A recent report in abstract form of the use of satavaptan (SR-
12146) in patients with cirrhosis, ascites and dilutional hypo-
natraemia at baseline showed that it had significant effects 
on improvement in serum sodium [152]. In this randomized, 
double-blind, placebo-controlled study, the drug was adminis-
tered in fixed doses of 5, 12.5 and 25 mg in 110 cirrhotic patients
with ascites who received spironolactone treatment (100 mg/day).
The percentage of patients with improvement in serum sodium
at day 5 (defined as serum sodium ≥ 135 mEq/L or an increase of
≥ 5 mEq/L) was higher for the 5-mg, 12.5-mg and 25-mg doses
(61%, 54% and 64% respectively) compared with the placebo
(19%; P < 0.05 for all).

The findings of these studies suggest that the effects of 
V2 receptor antagonists seem to be independent of sodium 
reabsorption proximal to the renal collecting tubules. This 
compound was administered in combination with diuretics
without any significant problems. In fact, other aquaretics such
as tolvaptan and conivaptan have a significant natriuretic effect 
in disease states such as congestive heart failure. This makes V2

receptor antagonists attractive drugs for potential combination
therapy with diuretics in diseases where there is concomitant
sodium retention and dilutional hyponatraemia, such as cir-
rhosis and ascites. Nonetheless, caution would be needed when
administering V2 receptor antagonists and diuretics such as
furosemide because this combination could produce a marked
diuretic effect and lead to volume depletion and subsequent
dehydration and/or renal failure. Currently, studies with V2

receptor antagonists in patients with cirrhosis and dilutional
hyponatraemia demonstrate that these drugs have a dose-related
response when correcting hyponatraemia over 1 week. Results
of further phase III trials will certainly help to define the useful-
ness of V2 receptor antagonists in clinical practice.

A second type of aquaretic agent that may be relevant for 
the treatment of dilutional hyponatraemia in oedematous con-
ditions are the κ-opioid agonists (ketazocine, ethylketazocine,
bremazocine, R-84760, E-2078, U-62,066E, CI-997 and RU-
51599), which increase urine volume in man and experimental
animals with a reduction in urine osmolality and without changes
in electrolyte excretion. The mechanism of this aquaretic effect
is complex but clearly mediated through κ-receptors as it is
blocked by κ-opioid receptor antagonists. The κ-opioid agonists
act on the central nervous system, inhibiting the release of 
ADH from the neurohypophysis. The observation that these
substances increase urine flow in the isolated perfused kidney
suggests the existence of a local, intrarenal mechanism of action.
The efficacy of κ-opioid agonists in the treatment of water 
retention in human and experimental cirrhosis was recently
evaluated by Gadano et al. [262] and by Bosch-Marcé et al.
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Fig. 19 Effects of V2 receptor antagonist (VPA-985) on urine volume and serum sodium in patients with cirrhosis and hyponatraemia (reproduced with
permission from ref. 261).
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[153]. The acute subcutaneous administration of RU-51599
(niravoline) to rats with cirrhosis, ascites and impaired free-
water excretion was associated with normalization of renal water
metabolism. The plasma concentrations of ADH decreased after
the administration of the drug, but did not reach normal values
The acute intravenous administration of RU-51599 to patients
with cirrhosis and ascites induced a marked (five to seven times)
increase in urine volume during the first 2–3 h, associated with 
a reduction in urine osmolality to values lower than plasma
osmolality and a significant increase in serum sodium. Personality
disorders and mild confusion were detected in only two of the
eight patients treated and disappeared within 8 h.

There is only one study assessing the effect of these two differ-
ent types of aquaretic drugs given long term (10 days). This is a
comparative study of OPC-31260 and RU-51599 in rats with
experimental cirrhosis [255]. The aquaretic effect of OPC-31260
was transitory, occurring only during the first 2 days. In con-
trast, RU-51599 showed an aquaretic effect throughout the whole
study period. There are no such studies recorded in humans.

Drug-induced renal impairment in
cirrhosis

Antibiotics

Patients with cirrhosis and ascites are predisposed to aminogly-
coside nephrotoxicity, the reported incidence of which (32%)
[263] is much higher than that found by other investigators in
the general population (3–11%). In that study, aminoglycoside
nephrotoxicity was associated with a marked deterioration in
renal function. A study of the risk factors in aminoglycoside toxi-
city found that the presence of liver disease was an independent
predictor of nephrotoxicity [264]. The mechanism of this high
incidence of aminoglycoside nephrotoxicity in cirrhosis is not
known. In the study by Cabrera et al. [263], gentamicin or
tobramycin was administered in association with cephalothin,
which is known to increase the nephrotoxicity of aminoglyco-
sides. However, this was not the case in the study by Moore et al.
[264]. Another possibility is that patients with decompensated
cirrhosis are prone to develop this complication; they frequently
have impaired renal blood flow and glomerular filtration rates,
and renal accumulation of aminoglycosides is greater with renal
impairment. Cabrera et al. [263] found that aminoglycoside
nephrotoxicity was five times more frequent in patients with
renal failure before treatment than in those with a normal base-
line serum creatinine.

The diagnosis of aminoglycoside nephrotoxicity in cirrhotics
with serious infection is difficult because these patients may 
also develop functional renal failure. The determination of urin-
ary sodium concentration, fractional sodium excretion and
urine:plasma osmolality and creatinine ratios is not useful in dif-
ferentiating functional renal failure from acute tubular necrosis
in cirrhotic patients with ascites. The differential diagnosis,
however, is of clinical importance. Aminoglycosides must be

interrupted when nephrotoxicity develops, whereas careful
dosage adjustment is necessary in the presence of functional
renal failure. Furthermore, dialysis is indicated in cirrhotics with
acute tubular necrosis, but not in patients with functional renal
failure. The measurement of other urinary markers of tubular
damage, such as β2-microglobulin and tubular enzymes, may
help in differentiating these disorders. The urinary concentra-
tion of β2-microglobulin in alcoholic cirrhotics with superim-
posed acute alcoholic hepatitis, severe renal failure and deep
jaundice (serum bilirubin greater than 20 mg/dL) may be similar
to that commonly observed in acute tubular necrosis, suggesting
a spontaneous development of tubular damage in these patients.
Therefore, urinary β2-microglobulin and tubular enzymes may
not be useful in the diagnosis of aminoglycoside nephrotoxicity
in patients with terminal hepatic and renal failure.

Non-steroidal anti-inflammatory drugs

The initial studies showing that patients with cirrhosis and
ascites develop renal failure after cyclo-oxygenase inhibition
with NSAIDs were made almost 20 years ago [159,265,266]. 
The first group of investigators observed that the oral adminis-
tration of indomethacin (50 mg every 6 h for a total of four
doses) produced a significant reduction in renal plasma flow 
and glomerular filtration rate in a large series of cirrhotics with
ascites, but not in patients without ascites. Zipser et al. [266]
gave indomethacin (200 mg for 1 day) or ibuprofen (2 mg for 
1 day) to 12 cirrhotics with ascites and eight normal individuals;
both drugs induced a marked decrease in urinary PGE2 excre-
tion and creatinine clearance in all patients, but they caused no
change in creatinine clearance in normal individuals. Finally,
Arroyo et al. [265] gave an intravenous bolus of 450 mg of lysine
acetylsalicylate (equivalent to 250 mg of acetylsalicylic acid) to
five normal individuals, nine cirrhotics who had never had
ascites and 19 cirrhotics with ascites; it did not alter renal func-
tion in normal individuals and cirrhotics without ascites, but it
reduced the glomerular filtration rate in 11 of the 19 patients
with ascites. Urinary PGE2 was decreased in all individuals 
after lysine acetylsalicylate. In these three studies, the degree of
impairment in renal function after NSAIDs correlated with
baseline values of urine sodium excretion and plasma renin and
noradrenaline; patients with lower sodium excretion and higher
plasma renin activity and noradrenaline concentrations devel-
oped greater reductions in renal plasma flow and glomerular
filtration rate. These studies therefore indicate that cirrhotics
with increased activity of the renin–angiotensin and sympathetic
nervous systems and marked sodium retention are especially
predisposed to develop renal failure after cyclo-oxygenase inhi-
bition. The results of these three studies have been confirmed 
by subsequent investigations in cirrhotic patients with ascites
receiving indomethacin, naproxen, lysine acetylsalicylate and
sulindac, and in dogs with cirrhosis secondary to common bile
duct ligation. The decline in glomerular filtration rate and renal
blood flow in the dogs with ligated common bile ducts and 
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cirrhosis was preventable by prior administration of saralasin 
or captopril [267], confirming that overactivity of endogenous
vasoconstrictor systems as well as inhibition of renal pro-
staglandin synthesis is a major determinant of renal failure after
NSAID administration.

Some investigators have suggested that non-acetylated 
salicylates are less effective in inhibiting renal synthesis of
prostaglandins than other NSAIDs, and do not impair renal
function or the renal response to furosemide in patients and
experimental animals with cirrhosis and ascites. On the other
hand, there are several experimental studies and one investiga-
tion in human cirrhosis showing that pharmacological doses 
of COX-2 inhibitors (celecoxib), given during a short period of
time (3 days), do not affect renal function or the renal response
to diuretics in patients with ascites and increased plasma renin
activity [268–270]. Further studies are needed to confirm these
findings.

The most important practical conclusion of these investiga-
tions is that NSAIDs should be used with great caution, if ever, 
in patients with cirrhosis and ascites because they may induce
renal failure, water retention and dilutional hyponatraemia, and
diuretic-resistant ascites. Although these adverse renal effects
have always been rapidly reversible after drug withdrawal, it is
important to note that, in these studies, NSAIDs were given as 
an investigative tool, at low dosage and for 1 or 2 days only.
Whether renal impairment would also be quickly reversible after
long-term treatment with therapeutic dosages of these drugs is
unknown.

Drugs used in the treatment of portal
hypertension

Reports on the renal effects of somatostatin, a drug used for the
treatment of acute variceal bleeding, are conflicting. One study
[271] shows a significant decrease in glomerular filtration rate,
sodium excretion and free-water clearance during the acute
infusion of somatostatin. Conversely, another study [272]
shows an increase in urine volume and creatinine clearance in
patients with ascites who received octreotide, a synthetic ana-
logue of somatostatin.

Propranolol, the drug used most extensively in the prophy-
laxis of variceal bleeding and rebleeding, has significant effects
on systemic and splanchnic haemodynamics and on the endo-
genous vasoactive systems. It reduces cardiac output, increases 
systemic vascular resistance and circulating noradrenaline and
reduces plasma renin activity and aldosterone in patients with
cirrhosis with and without ascites. However, it has no significant
effects on renal function in these patients [273].

Nitrates have been introduced for the prophylaxis of variceal
rebleeding, given alone or in combination with propranolol. They
reduce portal pressure mainly by decreasing hepatic vascular
resistance, whereas propranolol is effective by reducing portal
venous inflow and acting on the portocollateral circulation. This
difference might explain the additive effects of the combined

treatment in reducing portal pressure. The acute oral adminis-
tration of isosorbide-5-mononitrate in cirrhotic patients with
and without ascites is associated with a significant reduction 
in cardiac output, systemic vascular resistance and arterial 
pressure, an increase in plasma renin activity and aldosterone
concentration, a suppression of the plasma concentrations of
atrial natriuretic peptide and a reduction in renal blood flow,
glomerular filtration rate, free-water clearance and sodium
excretion [274]. These effects were particularly marked in the
patients with ascites. These findings were later confirmed [275]
in a study that observed the same changes after the acute admin-
istration of isosorbide-5-mononitrate in 21 patients with and
without ascites. Interestingly, Salerno et al. [275] also found a
significant reduction in arterial pressure, urine volume and
sodium excretion during long-term administration of the drug
in the patients with ascites. Therefore, acute and chronic 
administration of nitrates alone impairs renal function in
decompensated cirrhosis. The effect of the combined treatment
(propranolol plus nitrates) on renal function is more controver-
sial. Vorobioff et al. [276] compared patients chronically treated
with propranolol alone with those treated with propranolol plus
isosorbide dinitrate. Eight of the 14 patients with ascites or a his-
tory of ascites receiving propranolol plus isosorbide dinitrate
showed impairment in renal function and sodium metabolism,
as reflected by the clinical development or worsening of ascites
and a need for higher diuretic dosage. This high frequency of
renal impairment did not occur in patients receiving propra-
nolol alone, In contrast, others did not observe any detrimental
effects on renal function after 3 or 6 months of therapy with 
a combination of isosorbide-5-mononitrate and β-blockers
[277,278].

Prazosin is another drug investigated as a possible treatment
for portal hypertension. It is an α-adrenergic blocker that
reduces portal pressure by decreasing intrahepatic vascular
resistance. Long-term administration of prazosin to compen-
sated cirrhotic patients with portal hypertension caused vasodi-
lation of the systemic circulation, which led to ascites or oedema
formation in a significant number of patients [279].
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Renal failure is a frequent complication of patients with advanced
cirrhosis [1,2]. Its occurrence usually entails a poor prognosis
because of the combined detrimental effect of renal and liver
failure. In some instances, renal failure in cirrhosis is due to 
aetiological factors that may also lead to renal failure in patients
without liver disease, such as volume depletion, shock or admin-
istration of nephrotoxic drugs, or it is the consequence of an
intrinsic renal disease, such as glomerulonephritis. However, in
other instances, renal failure in cirrhosis occurs in the absence of
these aetiological factors and with a normal renal histology. This
unique condition, known as hepatorenal syndrome (HRS), is
due to marked abnormalities in circulatory function that lead 
to an intense vasoconstriction of the renal circulation, which
causes a striking reduction in glomerular filtration rate (GFR)
[1–5]. In recent years, significant advances have been made in
the knowledge of HRS. The aim of this chapter is to provide 
an updated revision of HRS, with special emphasis on clinical
features, diagnosis and management.

Definition

HRS is a clinical condition that usually occurs in patients with
advanced liver disease and portal hypertension and is character-
ized by a combination of disturbances in circulatory and kidney
functions [6]. The major abnormality in the systemic circulation
is arterial hypotension due to markedly reduced total systemic
vascular resistance. Kidney function is markedly impaired
because of severe reduction of renal blood flow. HRS occurs 
predominantly in the setting of cirrhosis, but it may also develop
in other types of severe chronic liver diseases, such as alcoholic
hepatitis, or in acute liver failure [7–9].

Pathogenesis

The pathophysiological hallmark of HRS is vasoconstriction 
of the renal circulation [1,2,4,6,10–15]. The mechanism of this
vasoconstriction is incompletely understood and possibly mul-
tifactorial, involving disturbances in the circulatory function
and activity of systemic and renal vasoactive mechanisms. In the
systemic circulation, there is severe arterial underfilling due to a

marked arterial vasodilation located in the splanchnic circula-
tion, which is related to the presence of portal hypertension. In
contrast, in the kidney, there is marked vasoconstriction.

The theory that best fits with the observed alterations in the
renal and circulatory function in HRS is the arterial vasodilation
theory, which proposes that HRS is the result of the effect of
vasoconstrictor systems (i.e. the renin–angiotensin and the 
sympathetic nervous systems) acting on the renal circulation
activated as a homeostatic response to improve the extreme
underfilling of the arterial circulation [6,15–17]. As a result 
of this increased activity of the vasoconstrictor systems, renal
perfusion and GFR are markedly reduced, but tubular func-
tion is preserved. Most available data suggest that the arterial
underfilling is due to a marked vasodilation of the splanchnic
circulation related to an increased splanchnic production of
vasodilator substances, particularly nitric oxide [18,19]. In the
early phases of decompensated cirrhosis, renal perfusion is
maintained within normal levels because of an increased synthesis
of renal vasodilator factors (mainly prostaglandins). In later
phases of the disease, renal perfusion is not maintained because
of the extreme arterial underfilling causing maximal activation
of vasoconstrictor systems and/or decreased production of renal
vasodilator factors, and HRS develops. The marked activation 
of vasoconstrictor systems results in vasoconstriction of some
vascular beds other than the kidneys, including lower and upper
extremities and brain [20–23]. The splanchnic area escapes from
the effect of vasoconstrictors probably because of a markedly
enhanced local production of vasodilators. Several recent studies
suggest a role for a decreased cardiac function in the pathogenesis
of the arterial underfilling leading to HRS [24–27]. A schematic
illustration of the proposed pathogenesis of HRS is shown in
Figure 1.

Clinical and laboratory findings

HRS usually occurs in the late stages of cirrhosis when patients
have developed some of the major complications of the 
disease, especially ascites. Low urine sodium and dilutional
hyponatraemia are the major risk factors for the development 
of HRS in patients with ascites [28]. The presence of ascites is
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universal in patients with HRS, so that the lack of ascites in 
a patient with cirrhosis and renal failure argues against HRS
being the cause of renal failure and points towards other causes,
particularly prerenal failure due to volume depletion because of
excessive diuresis.

Precipitating factors

In some instances, HRS develops spontaneously without any
apparent triggering event, whereas, in others, it occurs in close
chronological relationship to some precipitating factors that 
can impair circulatory function [1,3,15,29]. The most common
precipitating factors are bacterial infections, particularly spon-
taneous bacterial peritonitis (SBP), although the frequency of
HRS after SBP has decreased markedly (from 33% to 10%) since
the introduction of albumin in the management of patients 
with SBP (see below) [30,31]. Another well-known precipitating
factor of HRS is large-volume paracentesis without plasma
expansion [32]. Up to 15% of patients with ascites develop HRS
when large volumes of ascitic fluid (more than 5 L) are removed
without the administration of a plasma expander. Finally, renal
failure occurs in about 10% of patients with cirrhosis and 
gastrointestinal bleeding [33,34]. However, it should be pointed
out that a large proportion of episodes of renal failure after 
gastrointestinal bleeding are probably due to acute tubular
necrosis related to hypovolaemic shock and not to HRS [34].
Intravascular volume depletion (i.e. diuretic-induced, extrarenal
fluid losses) has been classically considered as a triggering factor
for HRS [1], but no convincing evidence has been reported to
support this pathogenetic relationship.

Renal function

In the past, HRS was generally diagnosed because of the develop-
ment of oligoanuria [1,35–37]. Currently, however, with the

widespread use of frequent biochemical monitoring for both
outpatients and, especially, inpatients, HRS is most frequently
first diagnosed by a finding of increased concentrations of serum
creatinine and/or blood urea nitrogen (BUN). In some patients,
there is a rapid rise in serum creatinine and BUN to very 
high values [3,37,38]. In other patients, the increases in serum
creatinine and BUN levels are moderate with no (or very little)
tendency to progress over time, at least in the short term
[38–40]. These two different patterns of progression of renal
failure define two different clinical types of HRS, type 1 and type
2 HRS [6,38]. The rate of progression used to define HRS type 1
has been arbitrarily set as a 100% increase in serum creatinine
reaching a value greater than 2.5 mg/dL (221 µmol/L) in less
than 2 weeks [6]. Patients not meeting these criteria of progres-
sion are considered to have type 2 HRS. Some patients with type
2 HRS eventually develop a sudden progression of renal failure
after weeks or months of stable serum creatinine levels and may
then meet the criteria for type 1 HRS. In patients with type 1
HRS, GFR is very low, commonly below 20 mL/min, and serum
creatinine levels are high, with average values around 4 mg/dL
– 356 µmol/L [38]. In contrast, patients with type 2 HRS have
less severely abnormal GFR and creatinine concentrations (aver-
age around 2 mg/dL or 178 µmol/L) [38]. The predominant clinical
feature of patients with type 1 HRS is severe renal failure, while
that of patients with type 2 HRS is recurrent ascites because 
of poor or no response to diuretics due to the combination of
reduced GFR and marked activation of antinatriuretic systems
[6,38]. A major clinical difference between the two types of HRS
is that patients with type 1 HRS have a very poor short-term out-
come compared with that of patients with type 2 HRS (Fig. 2) [38].

Besides renal failure, patients with HRS have marked sodium
retention with features of salt and water overload. Urine sodium
is lower than 10 mEq/L in most patients [6,15,29,38]. The subse-
quently enhanced positive sodium balance results in weight gain
due to an increase in ascites volume and peripheral oedema.

Albumin Reduced effective arterial blood volume

Cerebral
vasoconstriction

Renal
vasoconstriction

Brachial/femoral
vasoconstriction

Vasoconstrictor systems

dd Effective
arterial blood volume

Hepatorenal
syndrome

Vasoconstrictors Splanchnic arterial vasodilation

Liver transplantation Cirrhosis

TIPS Portal hypertension

Fig. 1 Proposed pathogenesis of hepatorenal syndrome in cirrhosis according to the arterial vasodilation theory and effective therapeutic interventions. TIPS,
transjugular intrahepatic portosystemic shunts.
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Serum sodium concentration is low in patients with HRS, and
most patients have hyponatraemia (serum sodium lower than
130 mEq/L) [6,38]. If serum sodium concentration in a patient
with cirrhosis and renal failure is normal (> 135 mEq/L), the
diagnosis of HRS is unlikely, and the patient should be investig-
ated for a different cause of renal failure, particularly an intrinsic
renal disease. Hyperkalaemia is also common but usually 
moderate. High rates of increase in plasma potassium levels are
infrequent. Nevertheless, potassium levels should be monitored
frequently and hyperkalaemia treated aggressively, if present, to
avoid cardiac complications. Severe metabolic acidosis is also
uncommon in HRS except for patients who develop a severe
infection.

Cardiovascular function

Cardiovascular function is severely affected in patients with
HRS. The total systemic vascular resistance is markedly reduced
despite a striking activation of major vasoconstrictor systems,
such as the renin–angiotensin and the sympathetic nervous 
systems [2,6,15–17,20,21,27,41–44]. Cardiac output may be
increased, normal or reduced [15,20,21,27,42–45]. Recent stud-
ies have reported a reduction in cardiac output in some patients
with HRS, which may be due to cardiomyopathy associated with
cirrhosis [24–27]. Arterial pressure is usually low but stable
(average mean arterial pressure around 70 mmHg). When
haemodynamic instability exists, sepsis should be suspected.
Except for arterial hypotension, the other cardiovascular abnorm-
alities mentioned are not recognized unless invasive vascular
monitoring is done and vasoconstrictor factors are measured.
Nevertheless, these procedures are not required in the diagnosis
or management of patients with HRS. Pulmonary oedema,
which is a common and severe complication of acute renal 

failure in the absence of liver disease, is very rare in patients with
HRS except in patients with very low urine volume who are
treated aggressively with plasma expanders.

Liver function

Most patients with HRS show signs and symptoms of advanced
liver failure and portal hypertension, particularly jaundice,
coagulopathy, malnutrition and hepatic encephalopathy, yet a
small proportion may develop HRS in the setting of only moder-
ate liver insufficiency [38]. Because of this, most patients belong
to the Child–Pugh C class, although some patients belong to
class B. Model for Endstage Liver Disease (MELD) scores of
patients with HRS are high (average MELD score 22) owing to
the combined effect of liver and renal failure. Patients with type
1 HRS have MELD scores higher than those of patients with type
2 HRS (Fig. 3).

Severe bacterial infections, especially septicaemia (either
spontaneous or related to intravenous catheters), SBP and 
pneumonia, are common in patients with HRS and constitute 
a frequent cause of death [28,38,46,47]. Both the renal failure
and advanced liver disease probably account for an increased
susceptibility to the infections.

Diagnosis

The initial step in the diagnosis of HRS is the demonstration of
the existence of renal failure. The serum creatinine concentra-
tion is usually considered a better marker of GFR than the 
BUN concentration, but this has not been specially assessed. 
On the other hand, serum creatinine concentration is not an
ideal marker of GFR in cirrhosis because it is usually lower 
than expected for any given level of GFR as a result of a low
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endogenous production of creatinine related to the reduced
muscle mass that frequently occurs in advanced cirrhosis [48,49].
Nevertheless, as the use of more sensitive clearance techniques
to evaluate GFR is expensive and not available in all settings,
serum creatinine concentration is currently considered the
method of choice to estimate GFR in cirrhosis [6]. There is con-
sensus to establish the diagnosis of HRS when serum creatinine
has increased above 1.5 mg/dL (133 µmol/L), which approx-
imately corresponds to an average GFR of 30 mL/min [6,29]. 
In patients with increased serum creatinine concentration re-
ceiving diuretics, measurement of serum creatinine should be
repeated after diuretic withdrawal because the use of diuretics
may increase serum creatinine levels.

Because of the lack of specific diagnostic tests, the diagnosis of
HRS must always be made after exclusion of other conditions
that may cause renal failure in cirrhosis [6]. An algorithm for the
diagnosis of HRS is shown in Figure 4. Acute renal failure of pre-
renal origin due to gastrointestinal fluid losses (vomiting, diar-
rhoea, nasogastric aspiration) or renal fluid losses (overdiuresis
due to an excessive diuretic treatment) should be investigated by
history and physical examination in all patients with cirrhosis
and renal failure. If renal failure is secondary to volume deple-
tion, renal function improves rapidly after volume expansion,
whereas no improvement occurs in patients with HRS. The 
existence of shock before the onset of renal failure precludes 
the diagnosis of HRS and points towards the existence of acute
tubular necrosis. Hypovolaemic shock due to gastrointestinal
bleeding is easily recognized. However, septic shock may be
more difficult to diagnose in the early phases because of the
paucity of symptoms of bacterial infections in some patients
with cirrhosis and because arterial hypotension due to sepsis
may be erroneously attributed to the advanced liver disease.
Therefore, a bacterial infection should always be ruled out by
physical examination, laboratory tests and other procedures 
(i.e. chest X-ray) before the diagnosis of HRS is made. On the

other hand, some patients with cirrhosis and bacterial infections
(either SBP or sepsis) develop transient renal failure, which may
resolve after resolution of the infection [30,50]. In these patients,
the diagnosis of HRS should be made if renal failure persists after
complete resolution of the infection. Patients with cirrhosis are
at high risk of developing renal failure during treatment with
non-steroidal anti-inflammatory drugs or aminoglycosides [51].
Therefore, treatment with these drugs in the previous days or
weeks before the initiation of renal failure should always be
ruled out before the diagnosis of HRS is made. Renal failure due
to the administration of radiocontrast agents is very uncommon
[52]. Finally, patients with cirrhosis may also develop renal 
failure due to intrinsic renal diseases, particularly glomeru-
lonephritis [53,54]. These cases may be recognized by the exist-
ence of proteinuria and/or haematuria. The diagnosis may be
confirmed by renal biopsy in selected cases.

No published information exists as to the comparative fre-
quency of the different causes of renal failure in patients with
cirrhosis. In a prospective ongoing study of renal failure in
patients with cirrhosis being carried out at our unit, which so far
includes 320 episodes of renal failure diagnosed over a 3-year
period, the frequency of the different causes of renal failure is as
follows: (i) bacterial infections, 38%; (ii) hypovolaemia, 26%;
(iii) intrinsic renal diseases, 13%; (iv) HRS, 12%; (v) mixed, 7%;
and (vi) nephrotic drugs, 3% (P. Ginès, unpublished).

Prognosis

Patients with type 1 HRS have an extremely poor outcome, 
with a median survival of only 1 month [38]. Survival in 
patients with type 1 HRS is independent of the MELD score.
Patients with type 2 HRS have a better prognosis than that 
of patients with type 1, with a median survival of 7 months. 
In patients with type 2 HRS, survival is dependent on MELD
score (Figs 2 and 5) [38].

History
and physical
examination

Blood
and urine
chemistries

Renal
ultrasound

Prerenal
failure

Renal failure
(serum creatinine > 1.5 mg/dL)

Fluid losses

Signs of
infection

Persistence of
renal failure after

infection resolution

Nephrotoxic
drugs

Proteinuria and/or
hematuria

Abnormal renal
ultrasound

Nephrotoxic
renal failure

Infection-induced
renal failure

Hepatorenal
syndrome

Intrinsic
renal disease

Fig. 4 Diagnostic flow chart of HRS (modified
from ref. 75).
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Management

Type 1 hepatorenal syndrome

Patients with suspected type 1 HRS should have vital signs, urine
output and blood chemistries monitored closely. Because 
most patients have dilutional hyponatraemia, total fluid intake
[both oral and intravenous (i.v.) fluids] should be restricted to
1000 mL/day to avoid a positive fluid balance, which would
cause a further reduction in serum sodium concentration. The
administration of saline solutions may increase ascites and
oedema markedly because of the presence of severe renal
sodium retention, and therefore is not recommended. For this
same reason and the lack of severe metabolic acidosis in most
patients, the routine administration of sodium bicarbonate is
also not advisable. Potassium-sparing diuretics should be with-
held because of the risk of inducing severe hyperkalaemia. Early
identification of infections and treatment with broad-spectrum
antibiotics is fundamental, as severe infections are common and
contribute to death in these patients. The efficacy of antibiotic
prophylaxis for the prevention of infections in patients with
HRS has not been assessed.

Several therapeutic approaches, which are discussed below,
can be used in the management of type 1 HRS (Table 1).

Liver transplantation
Liver transplantation is the treatment of choice for patients with
cirrhosis and type 1 HRS because it allows the cure of both liver
disease and the associated renal failure [55,56]. The most fre-
quent contraindications for transplantation in these patients are
advanced age, active alcoholism and infection. The main prob-
lem in the use of liver transplantation for type 1 HRS is that a
significant proportion of patients die before transplantation is
possible because of the short survival expectancy and prolonged
waiting times in most transplant centres. This issue can be
solved by assigning these patients a high priority for transplanta-
tion from a cadaveric donor. Because patients with type 1 HRS
have high MELD scores (Fig. 3), the use of MELD score as a sys-
tem for organ allocation for liver transplantation may improve
the probability of transplantation in this patient population
[57]. On the other hand, patients with type 1 HRS may probably
benefit from treatment with vasoconstrictors before trans-
plantation. This may improve renal function and help reduce
the (moderately) higher morbidity and mortality reported in
patients transplanted with HRS compared with those of patients
transplanted without HRS [58–60]. In fact, patients with HRS
treated with vasoconstrictors before transplantation have an
outcome after transplantation that is no different from that 
of patients transplanted without HRS [61]. The use of combined
liver–kidney transplantation for patients with HRS does not
seem to improve the overall results obtained with liver trans-
plantation alone and should not be used [62].

Vasoconstrictors
The administration of vasoconstrictors represents the only
effective medical therapy currently available for the manage-
ment of HRS. The rationale behind this therapy is to improve
circulatory function by causing vasoconstriction of the extremely
dilated splanchnic arterial bed, which subsequently improves
arterial underfilling, suppresses the activity of the endogenous
vasoconstrictor systems and increases renal perfusion (Fig. 1)
[24]. Two types of drugs can be used, vasopressin analogues
(terlipressin) or alpha-adrenergic agonists (noradrenaline or
midodrine), which act on V1 vasopressin receptors and α-1-
adrenergic receptors, respectively, present in vascular smooth
muscle cells (Table 2). In most studies, vasoconstrictors have
been given in combination with i.v. albumin to further improve
the arterial underfilling. Terlipressin is the vasoconstrictor that
has been used more frequently in HRS [46,47,63–65]. The
administration of terlipressin (0.5–2 mg/4–6 h i.v.) is associated
with a complete renal response (reduction of serum creatinine
below 1.5 mg/dL) in 50–75% of patients. The improvement 
in GFR occurs slowly over several days and, despite a marked
improvement, GFR usually remains below normal values at the
end of treatment. Recurrence of HRS after treatment withdrawal
in responders is uncommon (approximately 15% of patients),
and retreatment is usually effective. The incidence of ischaemic
side-effects requiring the discontinuation of treatment ranges
between 5% and 10%. The survival of responders to terlipressin
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Fig. 5 Three-month survival probability in patients with type 1 and type 2
HRS according to MELD score (reproduced with permission from ref. 38).

Table 1 Recommendations for the management of type 1 hepatorenal
syndrome.

Evaluate the patient for liver transplantation

Set up high priority for transplantation in candidate patients

Start vasoconstrictors plus i.v. albumin

Consider TIPS in patients without severe liver failure in whom 

vasoconstrictors have failed

Consider renal replacement therapy if there is pulmonary oedema, severe 

hyperkalaemia or metabolic acidosis not responding to medical therapy

TIPS, transjugular intrahepatic portosystemic shunt.
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is greater than that of non-responders [46,47]. There are two
major shortcomings of the treatment with terlipressin, lack of
availability in some countries and high cost, the latter being 
a major limiting factor for its use in some areas of the world.
Alpha-adrenergic agonists (noradrenaline, midodrine) repres-
ent an attractive alternative to terlipressin because of their very
low cost, wide availability and apparently similar efficacy com-
pared with that of terlipressin [43,44,66]. However, information
on the efficacy and side-effects of alpha-adrenergic agonists in
patients with type 1 HRS is still very limited.

Transjugular intrahepatic portosystemic shunts
Only a few studies have reported the effects of transjugular intra-
hepatic portosystemic shunt (TIPS) in patients with type 1 HRS
[67,68]. In patients with type 1 HRS, TIPS improves circulatory
function and reduces the activity of vasoconstrictor systems.
This is associated with a slow reduction in serum creatinine 
levels in approximately 60% of patients. Median survival after
TIPS in patients with type 1 HRS ranges between 2 and 4 months
[67,68]. TIPS is considered to be contraindicated in patients
with severe liver failure (high serum bilirubin levels and/or
Child–Pugh score greater than 12) or severe hepatic
encephalopathy. Before comparative studies between TIPS and
vasoconstrictors become available, it appears that vasoconstric-
tors are the treatment of choice in type 1 HRS because of an
apparent similar efficacy, wider availability and lower costs com-
pared with TIPS.

Other therapeutic methods
Renal replacement therapy (i.e. haemodialysis) is frequently
used in the management of patients with type 1 HRS, especially
in those who are candidates for liver transplantation, in an
attempt to maintain patients alive until liver transplantation is
performed or a spontaneous improvement in renal function
occurs [69]. Unfortunately, the potential beneficial effect of this
approach has not been unequivocally demonstrated. It is the
clinical experience that most patients do not tolerate the
haemodialysis and develop important side-effects, including
arterial hypotension, bleeding and infections that may con-
tribute to death during treatment. Moreover, findings that 
indicate the need for renal replacement therapy (severe fluid
overload, acidosis or hyperkalaemia) are uncommon, at least 

in the early stages of type 1 HRS. Therefore, the initial therapy
for these patients should probably include measures aimed at
improving circulatory function (vasoconstrictors, TIPS) before
haemodialysis is started.

Recently, extracorporeal albumin dialysis, a system that uses
an albumin-containing dialysate that is recirculated and per-
fused through charcoal and anion-exchanger columns, has been
reported to improve renal function and survival in a small series
of patients with HRS, but these results require confirmation in
larger series of patients [70].

Type 2 hepatorenal syndrome

Unlike patients with type 1 HRS, patients with type 2 HRS can 
be managed as outpatients unless they develop complications
that require hospitalization. The most frequent clinical finding
in these patients is refractory ascites. Diuretics should be given
only if they cause a significant natriuresis (i.e. urine sodium 
> 30 mEq/day). Care should be taken with the use of spironolac-
tone in these patients because of the risk of development of
hyperkalaemia. Repeated paracentesis with i.v. albumin is 
probably the method of choice for the treatment of episodes 
of large ascites in these patients [71]. If dilutional hyponatraemia
is present, total fluid intake should be restricted to approxim-
ately 1000 mL/day. Bacterial infections should be diagnosed and
treated early because of the risk of precipitating type 1 HRS. The
usefulness of prophylactic antibiotics in patients with type 2
HRS has not been assessed and would be worthy of study.
Recommendations for the management of patients with type 2
HRS are outlined in Table 3.

Liver transplantation is the treatment of choice for candidate
patients. As for patients with type 1 HRS, the use of MELD score
for organ allocation in liver transplantation may be useful in
reducing mortality on the waiting list. There is limited informa-
tion on the use of vasoconstrictors in the treatment of patients
with type 2 HRS, but it appears that their administration
improves renal function in these patients [47,72]. However,
more information is required before a definitive conclusion
about this therapeutic approach can be drawn. The use of TIPS
in patients with type 2 HRS is associated with an improvement
in renal function, better control of ascites and reduced risk of
progression from type 2 to type 1 HRS [71,73]. However, TIPS

Table 2 Drugs used in the therapy of hepatorenal syndrome.

Drug Dose range Maximum duration of therapy (days) Potential side-effects

Terlipressina 0.5–2 mg/4 h i.v. bolus 15 Peripheral, splanchnic or cardiac ischaemia 

Noradrenalineb 0.5–3 mg/h i.v. perfusion 15 Peripheral, splanchnic or cardiac ischaemia

Midodrinec 7.5–12.5 mg/8 h p.o. Indefinite? Not reported

aFrom refs 46, 47, and 63–65.
bFrom ref. 66.
cFrom refs 43 and 44.
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does not improve survival in these patients compared with 
treatment with repeated paracentesis and i.v. albumin [74].
Therefore, the beneficial effects of TIPS in reducing ascites
recurrence rate and progression to type 1 HRS in patients with
type 2 HRS should be weighed against the lack of improvement
in survival, increased risk of encephalopathy and high costs.

Prevention

Until very recently, no effective methods for the prevention of
HRS existed. However, two recent studies have shown that HRS
can be prevented effectively in two specific clinical settings: SBP
and alcoholic hepatitis. In patients with SBP, the administration
of albumin (1.5 g/kg i.v. at the diagnosis of the infection and 
1 g/kg i.v. 48 h later) together with antibiotics markedly reduces
the occurrence of HRS compared with the standard treatment
with antibiotics alone (10% in the albumin group vs. 33% in the
non-albumin group) [31]. Moreover, hospital mortality is also
lower in patients receiving albumin (10% vs. 29% respectively).
The beneficial effect of albumin is probably related to its capa-
city to prevent arterial underfilling and subsequent activation of
vasoconstrictor systems during the infection. In patients with
alcoholic hepatitis, the administration of pentoxifylline (400 mg
t.i.d.) reduces the occurrence of HRS and mortality (8% and
24% respectively) with respect to a control group (35% and 46%
respectively) [9]. The beneficial effect of pentoxifylline is prob-
ably related to its capacity to inhibit tumour necrosis factor 
production. Although the beneficial effects obtained in these
two clinical trials require confirmation in other studies, they
represent the first big step forward towards effective prevention
of HRS in patients with endstage liver disease.
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Introduction

Pulmonary complications of portal hypertension can be
grouped broadly into two major categories: pulmonary vascular
abnormalities and pleural/diaphragm effects of ascites. The pul-
monary vascular abnormalities include hepatopulmonary syn-
drome, portopulmonary hypertension and pulmonary emboli.
Ascites can result in pleural effusions (hepatic hydrothorax) 
and subsequent effects on pulmonary function test results. This
chapter will focus on the clinical presentations, diagnostic essen-
tials and important treatment considerations, especially for liver
transplantation candidates, when these pulmonary complica-
tions exist.

Pulmonary vascular complications

Hepatopulmonary syndrome (HPS)

First reported by Hoffbauer and Rydell in 1956, the classic 
triad of chronic liver disease, arterial hypoxaemia on room air
and intrapulmonary vascular dilatation characterizes HPS [1]. A
consensus statement emanating from a task force co-sponsored
by the European Respiratory Society (ERS) and the European
Association for the Study of the Liver (EASL) has summarized
current thinking regarding diagnosis, epidemiology, pathophysi-
ology and therapeutic advances (Table 1) [2].

The clinical presentation of HPS includes dyspnoea and
fatigue (manifestations of hypoxaemia at rest, with exertion and
during sleep) [2]. The physical examination findings associated
with HPS are nail bed and lip cyanosis, as well as skin spider
angiomas. Screening for arterial hypoxaemia can be accom-
plished by either finger pulse oximetry or arterial blood gas 
analysis. Patients with finger pulse oximetry saturations less
than 94% or arterial blood gas Pao2 < 80 mmHg while breathing
room air in the sitting position should undergo testing for pul-
monary vascular dilatations [2]. It is common in HPS to docu-
ment worsening dyspnoea (platypnoea) and arterial oxygen
(orthodeoxia) as the patient moves from the supine to sitting to 
standing position [3]. This phenomenon is presumably due to 
a combination of decreasing cardiac output and redistribution
of blood flow to vascular dilatations in the lung bases as one
assumes the standing position.

With the evolution of HPS over months and years, profound
hypoxaemia (Pao2 < 50 mmHg) is not uncommon [3].
Spontaneous resolution of the syndrome with normalization 
of arterial oxygenation can occur, but is rare. Although varying
degrees of hypoxaemia are common (40–50%) in the setting of
chronic liver disease, the reported prevalence of this uncommon
syndrome as a reason for hypoxaemia has varied as a function 
of cutoffs for arterial hypoxaemia [4]. Approximately 5% of
patients referred annually to the Mayo Clinic liver transplant
programme have HPS (using criteria of Pao2 < 70 mmHg) due 
to documented pulmonary vascular dilatations by contrast
echocardiography [3].

Non-invasive methods used to determine the existence of
pulmonary vascular dilatations are based upon the concept of
either microbubbles (10–90 µm in diameter) or technetium-
labelled macroaggregated albumen (99mTc-MAA 20–90 µm 
in size) traversing dilated pulmonary vessels (> 8 µm) [2,5].
Following peripheral arm vein injection of hand-agitated saline,
the microbubbles are created and can be detected in the left 
heart by transthoracic echocardiography. Similarly, peripherally
injected 99mTc-MAA can be measured over the brain by radionu-
clide scintigraphy. The echocardiography test is qualitative and
more sensitive in detecting pulmonary vascular dilatation than

720

7.7 Pulmonary complications of portal
hypertension
Michael J. Krowka

Table 1 Diagnostic criteria for hepatopulmonary syndrome (HPS).a

1. Liver disease (usually portal hypertension)

2. PaO2 < 80 mmHg or alveolar–arterial oxygen gradient > 15 mmHg

3. Pulmonary vascular dilatation documented by either

a. ‘positive’ contrast enhanced transthoracic echocardiogram;b or

b. brain uptake > 6% following lung perfusion scanning with 99mTc 

macroaggregated albumin

aModified from the ERS–EASL task force report.
bMicrobubbles were detected in the left atrium between three and six

cardiac cycles after visualization of microbubbles in the right atrium.
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the lung perfusion test [2,5]. However, the lung perfusion study
with brain uptake gives a quantitative, reproducible measure of
the degree of pulmonary vascular dilatation (Fig. 1).

Pulmonary angiography as a means of documenting (or 
further characterizing) pulmonary vascular dilatation is not
necessary in most cases [3]. However, angiography is advised 
in HPS patients when the degree of hypoxaemia is severe (Pao2

< 50 mmHg) and the response to 100% inspired oxygen is poor
(< 300 mmHg). The reason for proceeding to angiography is 
to identify and treat (with vascular embolization) discrete 
arteriovenous communications. Such discrete lesions are quite
uncommon; most patients with HPS have either normal or 

diffuse, bilateral spongy lesions noted on pulmonary angiography
that are not usually amenable to embolization.

Approximately 20–30% of HPS patients may have other
comorbidities that can cause significant hypoxaemia [i.e. ascites,
hydrothorax, pneumonia, pulmonary fibrosis and chronic
obstructive pulmonary disease (COPD)] [3,6]. The 99mTc-MAA
lung scan is extremely helpful in discerning vascular dilatation
(abnormal brain uptake ≥ 6%) vs. non-vascular reasons (normal
brain uptake < 6%) for hypoxaemia in the setting of liver 
disease. This distinction is of clinical importance when dis-
cussing expectations of modifying arterial hypoxaemia when
liver transplantation is considered.
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15333
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Normal shunt index < 6%

= 27.47

14876

Left Lat Right Lat

15103Brain

Post Geometric Mean

POST

LT LAT

Fig. 1 Lung perfusion scan with 99mTc-MAA
and quantitative measurement of uptake over
the brain in a patient with HPS. Abnormal
uptake estimated the intrapulmonary shunt to
be 27.5% (normal < 6%).
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Human and animal studies suggest that the pathophysiology
of HPS may be related to circulating mediators that result in
excess local effects of nitric oxide and bacterial translocation,
upregulate pulmonary endothelium endothelin B receptors
causing vasodilatation and pulmonary capillary proliferation via
angiogenesis [2]. Yet, no proven medical treatments exist for
HPS other than nasal cannula oxygen supplementation. There is
no proven role for transjugular intrahepatic portosystemic shunts
(TIPS). As the definitive treatment for HPS, orthotopic liver
transplantation (OLT; cadaveric or living donor) is strongly
advised assuming that no other major comorbidities complicate
advanced liver disease [7–9]. Complications following OLT are
not uncommon and appear to be related to the severity of
hypoxaemia prior to transplantation. Some series have reported
a 30–38% mortality within 12 months of OLT [5,6] and 16%
transplant hospitalization mortality [7,10]. In addition, preliver
transplant 99mTc-MAA lung perfusion scanning with brain
uptake > 20% is associated with higher post-OLT mortality [11]
However, complete resolution of HPS can occur even in the 
setting of severe hypoxaemia prior to OLT, and the time to 
resolution (usually many months) is related to the severity of
hypoxaemia.

HPS alone is a risk factor for poor prognosis in patients with
cirrhosis [11]. Long-term survival once the diagnosis of HPS 
has been established is related to the severity of hypoxaemia and
whether liver transplantation can be successfully accomplished.
The 5-year survivals with and without liver transplantation 
are 76% vs. 23% respectively. Pao2 < 50 mmHg with or with-
out OLT is associated with worse survival compared with 
Pao2 > 50 mmHg (Fig. 2) [13]. Deterioration in Pao2 while 
awaiting OLT (approximately 5–10 mmHg per year) is well 
documented [13].

Portopulmonary hypertension (POPH)

Beginning with the 1951 report by Mantz and Craige, clinicians
have recognized that patients with portal hypertension are pre-
disposed to pulmonary arterial changes indistinguishable from
those seen in idiopathic pulmonary artery hypertension [14].
The Venice 2003 Conference on Pulmonary Hypertension 
recognized POPH as one of the proven reasons for pulmonary
artery hypertension [15]. The ERS–EASL consensus report 
estimated that fewer than 10% of patients referred for liver
transplantation had true POPH based upon current right 
heart catheterization (RHC) diagnostic criteria (Table 2) [2].
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Fig. 2 Survival curves for patients with
hepatopulmonary syndrome. Patients who
underwent OLT had statistically similar baseline
PaO2 levels, MELD scores and Child scores
compared with those who did not undergo
OLT. Survival for HPS patients who did not
undergo OLT was significantly worse than for
HPS patients who underwent OLT (P < 0.001).

Table 2 Diagnostic criteria for portopulmonary hypertension.

1. Presence of portal hypertension (clinical diagnosis)

2. Mean pulmonary artery pressure (MPAP) > 25 mmHga

3. Pulmonary artery occlusion pressure (PAOP) < 15 mmHga

4. Pulmonary vascular resistance (PVR) > 240 dynes/s/cm5b

aMPAP and PAOP are measured pressures obtained during right heart

catheterization (RHC). MPAP is the measured mean arterial pressure of the

systolic and diastolic pressures obtained from a distal catheter transducer in

the main pulmonary artery. PAOP is the pressure obtained via the distal

catheter transducer when the catheter is advanced peripherally with balloon

occlusion to impede arterial flow. This measurement provides an estimate of

pulmonary venous pressure. Hence, a pressure gradient (MPAP–PAOP) is

obtained. Cardiac output (CO) is measured to give an estimate of blood

flow. The pressure gradient and flow are used to calculate the pulmonary

vascular resistance to flow (PVR).
bPVR is a calculated number obtained via the following formula (multiplier

80 is used to keep units consistent):

PVR = [(MPAP–PAOP) × 80]/CO
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RHC is essential to make the diagnosis of POPH as there 
are several reasons for increased pulmonary artery pressures in
patients with portal hypertension (Table 3). For example, the
high flow–hyperdynamic circulatory state (increased cardiac
output) is common in portal hypertension. Such a state fre-
quently results in increased pulmonary artery pressures, yet the
actual resistance to flow is normal. In addition, increased central
volume may contribute to increased pulmonary artery pressure
[16]. It is the patient with increased pulmonary artery pressure
(MPAP), increased pulmonary vascular resistance (PVR) to
flow and normal central volume (PAOP) who is the most prob-
lematic [17]

The clinical presentation of POH includes exertional dys-
pnoea (the earliest symptom) and later complaints of chest 
pain, palpitations and even syncope. Signs and symptoms of
hypoxaemia are uncommon in POPH [2]. Sudden death due 
to cardiovascular events is not uncommon. Chest radiographic
abnormalities (enlarged central pulmonary arteries and car-
diomegaly) and electrocardiogram changes (right ventricle
strain with T-wave inversion in the anterior chest leads V1–V4)
are late signs of at least moderate to severe POPH [2].

In the early liver transplant era, the diagnosis of POPH was
initially made in the operating room in 65% of patients who
underwent liver transplant surgery [18]. Subsequent mortality
was 36% and was deemed unacceptable, and efforts began 
to screen all liver transplant candidates for POPH [18]. The
American Association for the Study of Liver Diseases (AASLD)
now advises transthoracic Doppler echocardiography to screen
for pulmonary artery systolic pressures by estimating right vent-
ricular systolic pressures (RVsys) as a practice guideline [19].
Patients with elevated pressures are advised to undergo RHC to
confirm the diagnosis of POPH [2,19]. This is crucial for liver
transplant candidates. Thresholds for proceeding to RHC have
varied, but recent data suggest that up to 34% of those with
RVsys > 50 mmHg simply have a high flow state (low calculated
PVR at RHC) and do not satisfy accepted criteria for POPH
(increased PVR); 66% have the true problem of POPH [20]. The
correlation between Doppler echo and RHC pressures worsens
when RVsys > 50 mmHg [21,22].

The pathophysiology of POPH is poorly understood. No an-
imal models for POPH exist to date. Intuitively, it is suspected,
but not proven, that circulating mediators (such as increased
endothelin, a potent vasoconstrictor and stimulus for smooth
muscle proliferation) associated with portal hypertension, and
mediators resulting from abnormal hepatic metabolism, may
initiate the pulmonary endothelium injury [2,23]. Endothelial
proliferation, smooth muscle proliferation, in situ thromboses,
platelet aggregation, vascular remodelling (plexogenic arterio-
pathy) and subsequent obstruction to pulmonary arterial flow
results [2]. The natural history of POPH is that of progressive
right heart failure and death. Unlike HPS, spontaneous resolu-
tion of POPH has never been reported. The resolution of 
hepatopulmonary and subsequent development of pulmonary
artery hypertension has occurred both spontaneously and fol-
lowing the transplant resolution of HPS [2].

In the current era of liver transplantation, POPH has resulted
in intraoperative death and increased transplant hospitalization
mortality [17,24]. Multicentre, retrospective analysis evidence
indicates that a preoperative MPAP > 35 mmHg serves as a
threshold for increased risk of death. MPAP values between 
35 and 50 mmHg predispose to a 50% increased risk of death
[18]. Some investigators suggest that MPAP values alone should 
not be considered absolute and, in a recent multicentre study,
patients with MPAP > 50 mmHg survived OLT without pre-
OLT pulmonary vasodilator therapy; however, very few centres
have transplanted patients in this range [10,25]. Despite poor
outcomes, persistence of POPH and the de novo development of
pulmonary artery hypertension after liver transplantation, many
case reports of post-OLT improvement in POPH exist [2].

In the pre-OLT and prostacyclin therapy era, mean and
median survival following diagnosis was 15 and 6 months,
respectively, with half of the deaths related to pulmonary hyper-
tension [26]. In the current OLT era, limited data suggest 5-year
survivals of 53% and 28% for POPH patients with and without
OLT respectively [26]. Worse survival trends appear to be 
associated with selected haemodynamic cutoffs such as the
transpulmonary gradient (TPG = MPAP–PAOP > 30 mmHg),
MPAP (> 50 mmHg) and PVR (> 400 dynes/s/cm5). The role 

Table 3 Mayo Clinic classification of pulmonary hypertension in the setting of portal hypertension.a

Type MPAP PAOP CO PVR

I. Pulmonary artery high flow state ↑ n or ↓ ↑↑ ↓
II. Excess pulmonary venous volume ↑ ↑ ↑ ↓
III. Portopulmonary hypertensionb

a. pulmonary vascular obstruction; normal volumec ↑↑↑ n or ↓ ↑ ↑↑↑
b. pulmonary vascular obstruction; excess volume ↑↑ ↑ ↑ ↑

aBased upon right heart catheterization measurements (MPAP, CO, PAOP) and calculations (PVR).
bAll patients with portopulmonary hypertension have increased transpulmonary pressure gradients (MPAP–PAOP > 12 mmHg); most will have (a) normal (n)

PAOP, but some will have (b) increased PAOP.
cPAOP < 15 mmHg.
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of living donor OLT in the setting of POPH has yet to be 
determined [27].

Pre-OLT treatment with continuous intravenous infusions of
prostacyclin may confer a survival advantage after OLT [28–31].
However, no large standardized protocols or randomized trials
have addressed the issue of which agent may be the optimal 
pulmonary vasomodulating therapy in the setting of POPH 
or for those POPH patients considered for OLT. Single case
reports and small series do suggest improved pulmonary haemo-
dynamics with the use of newer pulmonary vascular modulating
agents such as inhaled prostacyclin (iloprost) [32], dual endothelin
receptor antagonists (bosentan) [33–35] and phosphodi-
esterase-5 inhibitors (sildenafil) [36]. Long-term survival data
collection in cohorts of POPH patients treated with pulmonary
vasodilators (with and without OLT) will be informative. It is
likely that surrogate measures of right heart function (sequential
echocardiography and plasma levels of B-type natriuretic peptide
to assess right ventricular strain) will play an important role in
patient prognosis and management [2].

Pulmonary emboli

Acute or chronic pulmonary emboli in the setting of portal
hypertension are rare. Most case reports follow surgical pro-
cedures, prolonged bed rest or coagulopathies associated with
Budd–Chiari syndrome. Although most patients with advanced
liver disease have some component of coagulopathy due to hep-
atic synthetic dysfunction in synthesizing coagulation factors II,
VII, IX and X, the increased risk of deep venous thrombosis 
and pulmonary embolism rarely exists as a result of inability 
to produce protein C, protein S and antithrombin III [37]. 
Post-mortem pulmonary arterial thromboses associated with
portopulmonary hypertension are thought to be related to
platelet aggregation, in situ clot formation due to low flow or
emboli that have originated from portosystemic vascular shunts
[2,15]. Asymptomatic radiopaque pulmonary emboli follow-
ing endoscopic injection sclerotherapy for oesophagogastric
variceal bleeding can occur. No management interventions are
necessary [38].

Pleural/diaphragm effects of ascites

The effects of ascites can lead to clinically significant dyspnoea
for two reasons. First, with massive ascites, the upward stretch
and displacement of the hemidiaphragms cause a restrictive pul-
monary physiology, in which the total lung capacity (TLC) and
forced vital capacity (FVC) are reduced [39,40]. Ventilation 
of the lungs is restricted and dyspnoea follows. Within 2 h of
performing large-volume paracentesis in patients with tense
ascites, dyspnoea can be ameliorated as the diaphragms move to
a more normal position followed by immeasurable, improved
ventilatory function [40]. Secondly, when ascitic fluid traverses
the hemidiaphragms with any degree of ascites and fills either or
both the pleural spaces (‘hepatic hydrothorax’), the underlying

lung may become atelectatic, causing a physiological shunt (no
ventilation with persistent perfusion) that leads to hypoxaemia
(Fig. 3) [41]. The movement of ascitic fluid from the peritoneal
cavity to the pleural space is thought to occur via lymphatic
drainage and/or small hemidiaphragm anatomical defects. This
movement is facilitated by the positive hydrostatic pressure in
the peritoneal cavity combined with the negative pleural pres-
sure with inspiration. If necessary to prove the abdominal origin
of pleural fluid, scintigraphy can demonstrate the abnormal
presence of thoracic activity within 90 min following intraperi-
toneal injection of 99mTc-sulphur-colloid radioisotope [41].

Hepatic hydrothorax (occurring in up to 12% of cases with
portal hypertension) is usually transudative [low protein, low
lactate dehydrogenase (LDH)], yellow in colour and not asso-
ciated with pain or fever [41]. Chylous effusions (triglyceride 
levels > 110 mg/dL) are not infrequent [42]. A serum–pleural
fluid albumen gradient of > 1.2 g/dL suggests a transudative
pleural effusion in the setting of marked diuretic use. Although
commonly bilateral, such pleural effusions can be right sided
only, left sided only and may occur in the absence of clinical
ascites on account of the negative pleural pressure that accom-
panies each inspiration. Most effusions occupy less than 25% of
the hemithorax, but massive pleural effusions can occur causing
a cardiac tamponade physiology as a result of collapse of the
right ventricle. Infected hepatic hydrothorax (spontaneous bac-
terial empyema) is associated with 20% mortality without chest
tube drainage; approximately 50% of cases are not associated
with spontaneous bacterial peritonitis [43]. Aggressive medical
management which includes dietary salt restriction and com-
bination diuretics (including spironolactone) frequently reduces
the symptoms resulting from hepatic hydrothorax.

Fig. 3 Hepatic hydrothorax associated with massive ascites. Compressive
atelectasis of right lower lobe of the lung resulted in significant hypoxemia
(PaO2 = 43 mmHg in the supine position).
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Therapeutic and diagnostic transthoracic thoracentesis may
be necessary when dyspnoea is debilitating or if the clinical situ-
ation suggests neoplasm (pain) or infection within the pleural
space (fever with or without pain). Chest tube insertion in the
absence of infection for continual pleural fluid drainage is not
advised because of the development of renal dysfunction, elec-
trolyte imbalances and infection. Increased mortality in patients
with prolonged chest tube drainage (> 5 days) has been asso-
ciated with increased total bilirubin levels, encephalopathy 
and Child’s C severity of liver disease [44].

When medical management fails, placement of a TIPS can
reduce the amount of pleural fluid and improve symptoms 
in 60–80% of patients with hepatic hydrothorax [45,46]. TIPS
can acutely worsen right heart function, but the effects usually
improve within weeks [46]. Video-assisted thoracoscopy with
hemidiaphragm defect closure can successfully eliminate the
accumulation of pleural fluid in selected cases [41]. Refractory
hepatic hydrothorax is considered to be an indication for liver
transplantation [48].

Implications for liver transplantation

Understanding the distinctions between pulmonary vascular
complications of portal hypertension are important, especially
when OLT is considered (Table 4). No doubt, a subgroup of
HPS patients poses a higher post-transplant risk of mortal-
ity (those with Pao2 < 50 mmHg breathing room air), but 
syndrome resolution over months is well documented even 
in those situations. For patients with POPH, the increased 
cardiopulmonary risk of the transplant procedure itself, 
transplant hospitalization complications and expected postliver
transplant normalization of pulmonary haemodynamics remains
problematic. Such patients remain an area of active clinical
research with the advent of prospective screening [49] and POPH
clinical trials that incorporate new pulmonary vasomodulat-
ing drugs. Complete resolution of hepatic hydrothorax and 

pulmonary effects of massive ascites can be expected within
weeks of successful OLT.

The experience of several liver transplant centres has cul-
minated in the recommendation to obtain chest radiographs, 
measures of arterial oxygenation (pulse oximetry or arterial
blood gases) and sequential screening by transthoracic Doppler
echocardiography for any patient being considered for liver
transplantation [19]. In selected patients, complete pulmonary
function testing should be accomplished: (i) in those with smok-
ing histories and (ii) in any patient whose portal hypertension is
associated with an abnormal antitrypsin phenotype.

Summary

Clinically significant pulmonary complications are estimated 
to occur in 5–10% of patients with portal hypertension. These
pulmonary vascular complications result from the downstream
effect of absent/excessive blood levels of circulating mediators
(HPS and POPH) with poor correlation with the degree of portal
hypertension. The pleural/diaphragm complications (hepatic
hydrothorax and restrictive lung mechanics) result from direct
anatomical effects of ascites production. Importantly, treating
hepatic dysfunction (with combinations of diuretics, TIPS and
OLT) and using pulmonary vasomodulating drugs (in the case
of POPH) may dramatically improve the pulmonary symptoms
and enhance survival associated with these complications.
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Post-OLT syndrome resolution Very common Extremely variable

Table 4 Summary of therapeutic and liver
transplant considerations for hepatopulmonary
syndrome (HPS) and portopulmonary
hypertension (POPH). UNOS, United Network
for Organ Sharing.
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Definition and classification

Hepatic encephalopathy, defined in broad terms as changes in
neurological function that result from liver disease, encom-
passes a wide range of neuropsychiatric signs and symptoms that
are associated with both acute and chronic liver failure [1–3].
The term is not used when specific liver diseases exhibit discrete
neurological findings (e.g. Wilson’s disease, Zellweger syndrome
or bilirubin encephalopathy in Crigler–Najjar syndrome). Rather,
it focuses on the changes in mental state seen in cirrhosis and
fulminant hepatic failure. The development of encephalopathy
carries important prognostic implications in such patients. 
In acute liver failure, individuals with deep encephalopathy 
can succumb from neurological complications such as brain
oedema and intracranial hypertension. In cirrhosis, the grade 
of encephalopathy is one of the five elements included in the
Child–Pugh classification, a prognostic tool [4].

Two major alterations underlie the development of
encephalopathy in acute and chronic liver disease: on the one
hand, hepatic insufficiency and, on the other, portal–systemic
shunting, in which the opening of collateral vessels as a result of
portal hypertension allows elements in the portal blood to gain
access to the systemic circulation. In acute liver failure, liver

function is lost while extrahepatic portal–systemic shunting is
not present. In patients with cirrhosis and hepatic encephalo-
pathy, the degree of hepatic failure and the extent of portal–
systemic shunts are variable. In addition, even with similar
degrees of shunting, flow through larger and wider collaterals
increases the rate of delivery of substances from the portal blood
to the systemic circulation [5]. Still, the separation between liver
function and portal–systemic shunting should not be a rigid 
one as there is an interplay between both elements: extensive 
and longstanding portal–systemic shunting (seen after a non-
selective portocaval anastomosis) can result in liver atrophy,
while the ability of the liver with cirrhosis to extract substances
from the portal vein decreases with worsening liver function [6].
In acute liver failure, portal blood flowing through a necrotic
liver can also be viewed as a total portal–systemic shunt.

These considerations have led to a classification of hepatic
encephalopathy that is based on the clinical setting in which
symptoms occur (Table 1) [7]. The encephalopathy of acute
liver failure shares clinical characteristics with that of cirrhosis,
but also exhibits unique features (see below). Although not fully
proven, there is agreement that the pathogenesis of hepatic
encephalopathy in both conditions has similar underpinnings.
In cirrhosis, three major syndromes can be present:
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Table 1 Classification of hepatic encephalopathy.

Acute liver failure

Cirrhosis

Episodic encephalopathy

Persistent encephalopathy

Minimal encephalopathy

TIPS, transjugular intrahepatic portosystemic shunt.

Hepatic failure

Maximal

Variable

Variable

Variable

Extrahepatic portal–systemic
shunting

Absent

Variable

Generally large

Variable

Special features

Development of brain oedema and intracranial hypertension

Low-grade cerebral oedema without overt signs of

intracranial hypertension

Precipitant induced

Most often seen after portocaval surgery or TIPS

Requires neuropsychological/neurophysiological testing

TTOC07_08  3/9/07  9:15 AM  Page 728



7.8 HEPATIC ENCEPHALOPATHY 729

1 Episodic (precipitant-induced) encephalopathy, commonly
seen in the hospital setting, where a superimposed event is a key
factor.
2 Persistent (chronic) encephalopathy, seen with extensive 
portal–systemic shunts and after portocaval shunt surgery or
placement of transjugular intrahepatic portosystemic shunt
(TIPS).
3 Minimal (subclinical) encephalopathy reflects alterations in
cognitive function in patients who clinically exhibit a normal
mental state. Its diagnosis requires the use of neuropsychologi-
cal or neurophysiological testing; many subjects with cirrhosis
(up to 70%) appear to exhibit such deficits.

With the advent of surgical techniques to decompress 
the portal hypertensive territory, the term ‘portal–systemic
encephalopathy’ had been coined to highlight the importance of
the anatomical rearrangement [8]. The term can also be applied
to patients who exhibit clinical and structural changes in the
brain with extensive portal–systemic shunts in the absence 
of parenchymal liver damage [9], also referred to as type B
encephalopathy [7]. Patients with congenital portal-systemic
shunts exhibit abnormalities of neuropsychological tests and
magnetic resonance spectroscopy (MRS) similar to those observed
in liver cirrhosis [10,11].

Pathogenesis

Seldom has an area of hepatology been so full of controversy as
the study of the pathogenesis of hepatic encephalopathy. Several
hypotheses have been postulated over several decades [12–15].
However, most of these hypotheses, such as the false neurotrans-
mitter hypothesis [16] or the γ-aminobutyric acid (GABA)
hypothesis [17,18], could only explain some, but not all,
findings in hepatic encephalopathy. The difficulties in obtaining
information on human neurochemistry have led to the use of
animal models that reproduce some features of the human
counterpart but do not replicate the picture in its entirety [19].
As in many other neurological conditions, the response to
specific therapeutic measures has been one arbiter of the validity
of a postulated hypothesis. However, with the availability of
modern techniques of cell and molecular biology, on the one
hand, and the advances in human non-invasive brain imaging
and quantification. on the other, such as magnetic resonance
imaging (MRI) and MRS, positron emission tomography (PET)
scanning and magnetencephalography (MEG), considerable
progress has been made in the understanding of the pathogenesis
of hepatic encephalopathy. Although many questions are still
open, the emerging pathogenetic picture largely integrates pre-
vious experimental findings with clinical observations. With
regard to the latter, pathogenetic concepts need to explain the
remarkable dynamics and diversity of encephalopathy symptoms
and why episodes of hepatic encephalopathy are precipitated 
in patients with cirrhosis by very heterogeneous conditions such
as drugs, electrolyte disturbances, bleeding, trauma or infec-
tions. The following cornerstones for the understanding of the

pathogenesis of hepatic encephalopathy will be reviewed, before
an attempt is made to integrate this knowledge into a patho-
genetic picture:
1 ammonia and other circulating neurotoxins;
2 neuroanatomical changes;
3 brain water homeostasis;
4 neurotoxins, astrocyte swelling and astrocyte function;
5 oxidative and nitrosative stress;
6 energy metabolism;
7 alterations in neurotransmission; and
8 disturbances of oscillatory networks in the brain.

Ammonia and other circulating neurotoxins

In the 1950s, it was postulated that the liver synthesizes com-
pounds that are critical for brain function, such as cytidine and
uridine [20]. From this perspective, hepatic encephalopathy
could be viewed as arising from the lack of production of such
compounds by a diseased liver. However, experimental and clin-
ical evidence does not support this concept. Cross-perfusion
experiments in a rat model of hepatic liver failure showed that
depuration of its blood through a normal liver is far more 
critical for an adequate mental state than the provision of 
liver-derived blood from a normal animal [21]. For many years,
the controversy has centred around the nature of gut-derived
toxins. The clinical evidence that supports the existence of such
toxins can be surmised from the response to therapy in cirrhosis.
They are of nitrogenous origin, as witnessed by the precipitation 
of encephalopathy with different nitrogenous substances [22].
While constipation can precipitate encephalopathy, increased
catharsis is a cornerstone of treatment. The main source of this
activity appears to be the colon, as drugs that act at that level
(non-absorbable disaccharides) are used to improve mental
state. Intestinal bacteria appear to be involved in the generation
of the toxins, as non-absorbable antibiotics (e.g. neomycin) are
used therapeutically. The toxins must be present in high concen-
trations in portal blood, as the construction of a portocaval
anastomosis can precipitate encephalopathy. Several gut-
derived neurotoxins have been implicated, of which ammonia
plays a key role.

Ammonia
In the early 1930s, it had already been noted that ammonia salts
would induce neurological changes in patients with cirrhosis
[23]. A role for ammonia in the pathogenesis of encephalopathy
has been evaluated extensively over many years, and much is
known about its metabolism and mode of action.

Ammonia is generated in the intestine via two major mech-
anisms: as a result of the breakdown of urea by bacteria in the
colonic lumen and from the metabolism of glutamine by small
bowel mucosa [24]. It is absorbed via non-ionic diffusion and
exhibits a high concentration in the portal vein, almost 10-fold
higher than arterial levels [6]. In the liver, both portal-derived
ammonia and that derived from amino acid metabolism are
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taken up by periportal hepatocytes and used as a substrate 
for urea synthesis, in a reaction that exhibits a low affinity but a
high capacity for ammonia metabolism. In downstream peri-
venous hepatocytes, ammonia combines with glutamate to 
form glutamine, a reaction catalysed by glutamine synthetase
and exhibiting a high affinity but a low capacity for ammonia
metabolism [25]. The cells that contain glutamine synthetase
have been termed perivenous scavenger cells [26], because 
they eliminate with high affinity the ammonia not used by the
upstream urea-synthesizing compartment. They are of crucial
importance for the maintenance of non-toxic ammonia levels in
the hepatic vein: selective damage of perivenous scavenger cells
does not impair upstream urea synthesis, but leads to hyperam-
monaemia due to a failure of scavenger function [27]. The net
effect of the two metabolic systems in series is a tight control of
the levels of ammonia in the hepatic vein (see Chapter 2.3.7).

In patients with cirrhosis, multiple mechanisms contribute 
to the development of hyperammonaemia. The absorption rate
from the intestine may be higher in view of the increased
splanchnic inflow seen in the portal hypertensive state [28]. In
view of the high hepatic extraction of ammonia, portal–systemic
shunts, both extra- and intrahepatic, will result in an increased
systemic bioavailability. A reduction in hepatic mass will
decrease the capacity to synthesize urea [29] and glutamine [30].
Furthermore, extrahepatic sites also contribute to the develop-
ment of hyperammonaemia. The synthesis of glutamine in muscle,
an important alternative site for ammonia metabolism,[24,31],
may be decreased in patients who lose muscle mass, a common
finding in advanced cirrhosis with ascites. Generation of ammo-
nia by the kidney may be increased in the face of respiratory
alkalosis, an alteration that arises from primary hyperventilation
seen in cirrhosis [32], and as a result of potassium deficiency
[33], a frequent finding in cirrhosis irrespective of the use of
diuretic therapy.

Studies using 13NH3-PET scanning have shown an increased
uptake of circulating ammonia into the brain in patients with
cirrhosis, [34] and the increased permeability–surface product
seen on PET scanning suggests that either the blood–brain 
barrier is more permeable to ammonia or an increased capillary
surface is present, a finding that could be explained by cerebral
vasodilatation and increased cerebral blood flow. Ammonia
uptake by the brain may involve aquaporin 9, which is expressed
in astrocytes [35] and was shown to mediate NH3 and/or NH4

+

uptake [36]. Ammonia taken up by the brain is trapped, at least
in part, by glutamine synthesis, as evidenced by high glutamine
signals in 1H-MRS derived from the brain in patients with 
cirrhosis [37–39] and those with acute liver failure [40–41].
Ammonia-induced glutamine accumulation in the brain is
probably one major event in the development of cerebral
oedema in patients with hepatic encephalopathy (see below)
[38,42,43]. Measurements of glutamine in the cerebrospinal
fluid (CSF) of patients with hepatic encephalopathy correlate
reasonably well with the degree of alteration in the mental 
state [44].

Once inside neural tissue, ammonia may exert deleterious
effects at many levels [45–46]. Brain glucose and energy
metabolism may be affected [47–51]. Specific alterations may 
be present in neurons, astrocytes and the interactions between
both cell types [52,53]. Direct effects on cortical neurons include
inhibition of chloride extrusion, affecting postsynaptic inhibitory
potentials [54]. In addition, ammonia may decrease the activity
of the tricarboxylic acid cycle via inhibition of α-ketoglutarate
dehydrogenase [55]. The multiple effects of ammonia on astro-
cytes, which also involve changes in astrocyte hydration, mor-
phology and the generation of oxidative/nitrosative stress, are
discussed below.

A wide range of medical disorders that affect mental state 
are also associated with hyperammonaemia. These include urea
cycle enzyme deficiencies, Reye syndrome and toxicity from
drugs such as sodium valproate [53]. Medications that reduce
ammonia levels (e.g. lactulose or sodium benzoate) or increase
the activity of the urea cycle (zinc, ornithine–aspartate) have
been reported to improve the altered mental state in all these
conditions, including hepatic encephalopathy.

Although ammonia is widely accepted as a key factor in the
pathogenesis of hepatic encephalopathy, hyperammonaemia
cannot be equated with hepatic encephalopathy. Not all ammo-
nium salts induce encephalopathy. Overt seizures, common in
congenital hyperammonaemias [53], are seldom observed in
subjects with cirrhosis and hepatic encephalopathy. The lack of
correlation between circulating ammonia levels and the degree
of encephalopathy has been a classic criticism; however, in the
presence of an increased passage of ammonia into the brain, as
seen in humans with hyperammonaemia [34], a direct relation-
ship between blood and brain levels need not necessarily be 
present. A recent study showed a better correlation between
mean values of PNH3 and stages of encephalopathy [56], not
confirmed by other authors [57].

Other neurotoxins
Other products of colonic bacterial metabolism may act 
synergistically with ammonia to aggravate encephalopathy. In
experimental animals receiving intravenous doses of ammonia,
the administration of mercaptans, such as methanethiol and
dimethyldisulphide, reduced the dose of ammonia that resulted
in coma [58]. Mercaptans are sulphur-containing products of
methionine metabolism and have been implicated in the genesis
of fetor hepaticus, a unique odour detected in the breath of
encephalopathic patients. In one study, there was no relation-
ship between the levels of methanethiol and the presence of
encephalopathy [59]. However, administration of methionine
to patients with cirrhosis can result in an altered mental state
[60]. The mechanisms by which mercaptans may affect brain
function have not been studied extensively. Phenols, derived
from the catabolism of phenylalanine and tyrosine, are another
category of compounds that may affect mental state [61]; their
role is uncertain. Likewise, the role of indoles, which originate
from bacterial tryptophan metabolism, remains to be settled.
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Oxindol has neurodepressive effects [62], and its plasma levels
are increased in acute liver failure in experimental animals [63].

Short-chain and medium-chain fatty acids may also potentiate
the effects of ammonia on the brain [64]. Production of octanoic
acid and C3–C5 short-chain fatty acids (such as propionate,
butyrate and valerate) is reduced with therapy of hepatic
encephalopathy using non-absorbable disaccharides [65].

Infections may synergistically modulate ammonia effects on
the brain [66] in line with the longstanding experience that
infections can trigger or exacerbate episodes of hepatic
encephalopathy in patients with cirrhosis. Increased levels of
inflammatory cytokines such as tumour necrosis factor α
(TNFα), interleukin-1 and -6, oxidative stress and haemody-
namic alterations may underlie this condition [67], as in sepsis-
associated encephalopathy [68]. A relationship between plasma
TNFα levels and the severity of hepatic encephalopathy was
reported in cirrhotics [69].

Amino acid-derived neurotoxins may also be generated
within the brain tissue itself. An increased transfer of neutral
amino acids, such as phenylalanine and tryptophan, across the
blood–brain barrier has been observed in experimental models
[70]. It was explained by an increased exchange with glutamine
[71], coupled with a plasma amino acid imbalance characterized
by elevated plasma levels of aromatic amino acids (phenylala-
nine, tyrosine), but decreased levels of branched-chain amino
acids [72] in chronic liver disease [73]. It was hypothesized that,
in the presence of high aromatic amino acid levels in the 
brain, ‘false neurotransmitters’ such as octopamine, tyramine
and β-phenylethanolamine are increasingly synthesized. How-
ever, measurements of brain catecholamines in postmortem
samples from cirrhotic patients have shown a decrease in 
brain octopamine with normal noradrenaline/adrenaline 
(norepinephrine/epinephrine) values [74], and an increased
entry of aromatic amino acids into brain was not confirmed in a 
group of patients with cirrhosis [75]. Also, clinical attempts 
at re-establishing the normal plasma aromatic/branched-chain
amino acid ratio, which is also seen in patients without
encephalopathy, have given inconclusive results.

Like the false neurotransmitter hypothesis, the ‘gut-derived
GABA hypothesis’, proposed in the early 1980s [17,18] has
essentially been abandoned. According to this view, GABA, a
potent inhibitory neurotransmitter, which can also be generated
within the intestine from the decarboxylation of glutamate,
would gain access to the brain in the presence of liver failure
and/or portal–systemic shunting and induce neuroinhibition
after binding to GABA receptors, whose number is increased.
Many tenets of this hypothesis have been refuted, as methodo-
logical problems were identified with regard to the measure-
ments of GABA receptor density [76] and determination of GABA
in plasma, hampered by cross-reactivity with other amino acids
[77]. Furthermore, an increased permeability of the normally
impermeable blood–brain barrier to GABA was not found in all
animal models [78], and no alterations in GABA levels [79] or
binding [80] were seen in human postmortem brain tissue.

Nonetheless, an alteration in GABAergic neurotransmission
may still be present in hepatic encephalopathy. An increased
concentration of compounds that bind to the GABA receptor
(but not GABA itself ) have been described in the plasma, CSF
and brain of patients with acute and chronic liver failure [81].
These compounds have been termed ‘endogenous’ or ‘natural’
benzodiazepines, as they cross-react in a benzodiazepine
radioreceptor assay but do not appear to exhibit the structure 
of this group of pharmacological agents. Animals without 
any lifetime exposure to exogenous benzodiazepines also have
measurable levels of this activity [82,83]. A small fraction corre-
sponds to known benzodiazepine compounds [84], but the
source and nature of the greater fraction are unclear. It has been
proposed that precursors of these compounds are produced by
specific intestinal micro-organisms [85]. More recently, neuro-
steroids with positive allosteric modulatory properties at the
GABAA receptor complex were identified in brain from patients
with hepatic coma [86]. Animal studies showed that the syn-
thesis of pregnenolone, which is a precursor of neurosteroids, is
increased in hyperammonaemia and acute liver failure, prob-
ably as the result of activation of peripheral benzodiazepine
receptors [87,88]. Ammonia may also synergistically interfere
with GABAergic neurotransmission by increasing GABA-
induced chloride currents in cultured neurons, ligand binding
to the GABA receptor complex and inhibition of GABA uptake
by astrocytes [89].

Neuroanatomical changes

With the exception of brain oedema, the brain of patients dying
from acute liver failure in hepatic coma is surprisingly devoid 
of gross abnormalities. The only consistent change is the diffuse
hyperplasia of astrocytes of the cerebral cortex, subcortical
nuclei (such as the dentate and lenticular nucleus) and other
brainstem nuclei [52]. Other parenchymal structures are minim-
ally involved. In animal models of fulminant hepatic failure,
astrocyte swelling (Fig. 1a) is a prominent pathological feature
in practically all preparations [19,90,91]. Morphometric studies
in patients with cirrhosis dying in hepatic coma indicate an
increase in the size of astrocyte nuclei [92]. A characteristic
appearance, the so-called Alzheimer type 2 astrocyte [93], is
commonly observed in brains examined after immersion–
fixation (Fig. 1b). It is characterized by enlarged pale nuclei with
peripheral margination of chromatin and often prominent
nucleoli. Human retinal glial cells undergo similar changes [94].
The changes can be reproduced in the experimental setting after
administration of ammonia [95], and appear to be related to
ammonia itself, as they can still be detected after inhibition 
of ammonia detoxification with methionine–sulphoximine, an
inhibitor of glutamine synthetase [96]. They are also seen in
congenital hyperammonaemic conditions [97]. Coupled with
other evidence of astrocyte pathology, such as loss of glial 
fibrillary acidic protein, an intermediate filament [98,99], 
these changes highlight the need to consider a dysfunction of
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this cell in any theory of the pathogenesis of encephalopathy
[100].

Cortical atrophy can be seen on neuroradiological imaging
[101,102], but may also reflect the additive effects of alcohol,
ageing or other non-liver-related processes. It is viewed as a
minor player, if any, in the symptomatology of hepatic
encephalopathy. Discrete macroscopic changes can be detected
in the so-called hepatocerebral degeneration [103]. This entity is
characterized by a patchy but diffuse, spongy degeneration of
the cortex, in which, histologically, neuronal degeneration of the
deep cortical layer can be observed. Microcavitation can be seen
in the striatum [104], a lesion that is also observed in Wilson’s
disease, and hence the term ‘acquired hepatolenticular degenera-
tion’ is also used to define this condition. This is a feature of 
longstanding portal–systemic shunting, and can be seen many
years after portocaval shunt surgery. Very rarely, spinal demyel-
ination can occur after shunt surgery, with a symmetrical and
variable loss of axons beginning in the spinal cord and becoming
more conspicuous at lower levels. It predominates in the lateral
pyramidal tracts and can give rise to a syndrome of spastic 
paraparesia [105].

More recently, MRI has raised the possibility that abnormal-
ities of the basal ganglia may be more widespread than previously
thought. A symmetrical hyperintense globus pallidus (Fig. 2) 
on T1-weighted MR spin echo sequences can be observed in
more than 70% of stable subjects with cirrhosis, even without
evidence of encephalopathy [106,107]. It has been related to
plasma ammonia levels, portal–systemic shunting and liver
function [108–110]. It persists (at least) over a 2-year period
[111] and is reversible after hepatic transplantation. Quantitative
T1 mapping with partial inversion recovery showed a relationship
between T1 in the globus pallidus and the severity of hepatic
encephalopathy; however, the signal is affected by both man-

ganese and cerebral water content in opposite directions [112].
Direct measurements of the human brain at autopsy indicate
that the accumulation of manganese could explain the hyper-
intensity seen on MR [113,114]. Manganese intoxication is a
discrete neurological entity characterized by the development of
similar changes in basal ganglia [115]. Manganese is neurotoxic,
and possible pathogenic mechanisms include oxidative stress
and excitotoxicity [116,117], inhibition of glutamate uptake 
in cultured astrocytes [118] and upregulation of binding sites 
for peripheral benzodiazepine receptor ligands [119]. In liver
disease, portal–systemic shunting and biliary excretory failure
could contribute to hypermanganesaemia [110,120]. The rea-
sons for selective brain deposition of manganese are unclear,
although a recent study suggests that hyperintensity seen at MR
may be more widespread than a sole change in basal ganglia
[121].

Brain water homeostasis

Whereas cerebral oedema is a frequent complication of ful-
minant liver failure [122], patients with cirrhosis and hepatic
encephalopathy usually show no clinical signs of overt cerebral
oedema and increased intracranial pressure, except for a few
cases at the terminal stage [123]. Nonetheless, recent evidence
suggests the presence of a low-grade cerebral oedema (without
clinically overt signs of increased intracranial pressure) in
patients with cirrhosis, which is even found in minimal hepatic
encephalopathy and is considered to be of pathogenetic relev-
ance [38–42]. The first indication for the presence of a low-
grade cerebral oedema in patients with cirrhosis was derived
from 1H-MRS studies on the human brain in vivo, which
identified the myoinositol signal as reflecting an osmosensitive
myoinositol pool [38]. The brain from patients with hepatic

Fig. 1 Alterations in astrocytic morphology 
in liver failure. (a) Hydropic foot processes 
of astrocytes surround a cerebral capillary 
from the cerebral cortex in a rabbit with
galactosamine-induced fulminant hepatic
failure (courtesy of Dr Mauro dal Canto,
Northwestern University). (b) An Alzheimer
type 2 astrocyte (arrow), with a large nucleus
and its chromatin displaced to the side
(courtesy of Dr Roger Butterworth, Université
de Montreal, Canada).(a) (b)
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encephalopathy consistently shows a depletion of this osmolyte
(myoinositol) pool, which is accompanied by an increase in 
the glutamine/glutamate signal (Fig. 3) [38,124–126]. In view of
the role of myoinositol as an organic osmolyte in astrocytes
[127,128], these MRS findings suggested a disturbance of 
astrocyte volume homeostasis in the brain [43], supportive of 
a cellular (cytotoxic, but not vasogenic) oedema. This can be

explained, at least in part, by an osmotically active intracellular
accumulation of glutamine in response to hyperammonaemia and
counteraction of the resulting astrocyte swelling by myoinositol
depletion. In addition to myoinositol, other organic osmolytes
such as taurine and α-glycerophosphorylcholine are also
depleted in order to counteract astrocyte swelling [127,129,130].
However, ammonia-induced glutamine accumulation may not
be the only mechanism by which astrocyte swelling is triggered
in hepatic encephalopathy. Astrocyte swelling occurs in vitro
not only under the influence of ammonia in a methionine–
sulphoximine-sensitive way [131], but also in response to
hyponatraemia [132,133], some neurotransmitters [132,134,135],
cytokines [136] and benzodiazepines [137]. The above-mentioned
1H-MRS findings are also induced in the rat following porto-
caval shunting [138], are aggravated following institution of a
TIPS [38] and largely normalize following liver transplantation
[139,140]. There is a good correlation between the extent of
these 1H-MRS changes and the clinical severity of hepatic
encephalopathy (Fig. 3) [124]. The existence of a low-grade
cerebral oedema in patients with cirrhosis in vivo was meanwhile
confirmed in studies on magnetization transfer ratios [140–141]
and by quantitative cerebral water mapping based on a new MRI
method for fast quantitative mapping of T1 and water content
(see the chapter by Shah in ref. 3).

Whereas hepatic encephalopathy in patients with cirrhosis is
characterized by a low-grade cerebral oedema without clinical
signs of a rise in intracranial pressure, the development of severe
brain swelling in acute liver failure is frequent and a major 
complication. Brain oedema in acute liver failure is thought 
to involve cytotoxic and vasogenic components. A cytotoxic 
(or cellular) oedema results from an increase in intracellular
osmolarity, and sodium and glutamine have been proposed as
possible osmolytes. In the case of sodium, circulating inhibitors

Fig. 2 Radiological alterations in cirrhosis. MR
examination of a normal control subject (a) 
is compared with that of a cirrhotic individual
(b), with conspicuous changes in the area of
the basal ganglia. A hyper-resonant globus
pallidus is seen (reproduced from ref. 108, 
with permission).

Control

Minimal HE

Manifest HE

4 3 2 1 ppm

Ino
Cho

Cr

Glx

NAA

Fig. 3 Parietal 1H-MR spectra from a healthy person (control) and patients
with posthepatitic cirrhosis and minimal hepatic encephalopathy (HE) or
manifest grade I–II HE. Note the decrease in myoinositol (Ino) signal and the
increase in the glutamine/glutamate (Glx) signal. Other peaks refer to
choline (Cho), creatine (Cr) and N-acetylaspartate (NAA) (reproduced from
ref. 38, with permission).
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of Na+-K+ATPase activity [142], whose presence can be deter-
mined indirectly, would enter brain tissue and prevent the 
exit of intracellular sodium. However, the existence of such
inhibitors is controversial, and inhibition of brain Na+-
K+ATPase has not been demonstrated convincingly in animal
models. On the other hand, there is little doubt that the accumu-
lation of glutamine, especially in astrocytes, plays a major role.
Glutamine accumulation in the brain has been demonstrated 
in human postmortem tissue [79,143]. Inhibition of glutamine
synthesis in animals infused with ammonia prevents the devel-
opment of brain oedema [144,145]. There is clinical evidence
that other acute conditions, such as chemotherapy-associated
hyperammonaemia, are associated with brain swelling [146].
Interestingly, 1H-MRS revealed that cerebral glutamine accumu-
lation in acute liver failure was associated with unchanged
myoinositol levels [141], while an increase in glutamine and a
reduction in myoinositol are characteristic features of MRS in
cirrhosis [37,38]. This suggests that, in contrast to the situation
in liver cirrhosis, a compensatory osmolyte efflux in response 
to intracellular glutamine accumulation is compromised in the
patient with acute liver failure, which results in more severe
brain swelling (Fig. 4). The reasons underlying this difference
between chronic and acute liver failure are unclear, but they may
relate to different kinetics and time requirements of intracere-
bral glutamine accumulation, on the one hand, and the onset of
volume-regulatory adaptations, on the other.

A vasogenic component (‘vasogenic’ oedema) would imply a
disrupted blood–brain barrier. However, indirect evidence sug-
gests that a gross disruption, as in cerebral tumours or trauma, is
not seen in acute liver failure. Computerized tomography (CT)
shows minimal changes [147] or, when present, subtle but dif-
fuse changes in the cerebral cortex [148]; patchy involvement 
of both grey and white matter is noted in areas where the
blood–brain barrier is broken. Brain biopsies of patients who

had died with brain oedema showed intact tight junctions in 
the capillary endothelial cells [149]. On the other hand, there is
evidence in experimental models of alterations of blood–brain
barrier permeability towards the end of their clinical course
[19]. It is unclear whether these arise from specific alterations 
in endothelial cell function or from changes in the cerebral 
circulation.

The fact that hepatic encephalopathy is associated with 
astrocyte swelling in both acute and chronic liver disease and
that astrocytes are targets of neurotoxin action makes this 
cell type a central element in the pathogenesis of hepatic
encephalopathy.

Neurotoxins, astrocyte swelling and astrocyte
function

Astrocytes are the most abundant cellular element in the brain
[150,151]. Their name reflects their stellar-like anatomy, with a
small cellular body and extensive foot processes that surround
capillary endothelial cells and neurons as well as axons.
Functionally, this anatomical arrangement results in several key
roles: neuronal function is optimized by controlling the extra-
cellular environment (via mechanisms for the uptake of critical
compounds such as CO2, potassium and glutamate) [152,153].
Furthermore, astrocytes are components of the blood–brain
barrier, which does not exhibit signs of gross disruption in liver
disease [91,149,154]; however, alterations in distinct transport
processes may be present [75]. Astrocytes also affect the func-
tion of the endothelial cells; in isolated preparations, coculturing
with astrocytes allows endothelial cells to express blood–brain
barrier properties, such as impermeable tight junctions [155].
Astrocytes are the only cellular elements containing glutamine
synthetase, the sole mechanism that the brain possesses to
detoxify ammonia [156].

Ammonia
Neurotoxins

ALF

Cirrhosis

Fast

Slow

Compensatory
osmolyte release

Astrocyte

ICP increase,
clinically overt
brain oedema

Herniation

No ICP increase,
“low grade

cerebral oedema”

Astrocyte dysfunction

GIN
Osm

GIN
Osm

Osm
GIN

Fig. 4 Astrocyte volume homeostasis.
Astrocyte swelling in acute liver failure (ALF)
involves intracellular glutamine (GLN)
accumulation, which is accompanied by an
insufficient compensatory osmolyte release.
Severe brain oedema with clinical signs of
intracranial pressure (ICP) increase can develop.
Glutamine also accumulates in the astrocytes of
cirrhotic patients, but only a clinically
inapparent low-grade cerebral oedema without
signs of ICP increase develops due to a volume-
regulatory osmolyte release. However, the mild
increase in astrocyte water content may trigger
astrocyte dysfunction.
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Neurotoxin-induced alterations in astrocyte function have
been studied in cultured astrocytes and experimental animals.
Such alterations may be induced directly by neurotoxins and/or
indirectly by the astrocyte swelling triggered by such neuro-
toxins. Changes in the cellular water content, i.e. cell hydration 
or the degree of cell swelling, have been identified in recent 
years as an independent signal that regulates function and gene
expression through osmosensing and osmosignalling pathways
in almost every cell type [157,158]. Thus, small increases in
astrocyte water content, present in hepatic encephalopathy, may
have important functional consequences despite the absence of
clinically overt increases in intracranial pressure. Many, but not
all, effects of ammonia on cultured astrocytes can be mimicked
by swelling the astrocytes slightly in hypo-osmotic media. Like
ammonia exposure, hypo-osmotic swelling of astrocytes activ-
ates extracellularly regulated protein kinases [132], upregulates
the peripheral-type benzodiazepine receptor (PBR) [159], elev-
ates the intracellular calcium concentration [160], affects mul-
tiple ion channels and amino acid transport [161] and increases
the pH in endocytotic vesicles [162], i.e. a compartment that is
involved in receptor/ligand sorting. Also, the increased deposi-
tion of glycogen in astrocytes in animal models of chronic 
hepatic encephalopathy can be explained by cell swelling [163].
Hyperammonaemia depresses glucose consumption in rat brain
[164]. This and other metabolic effects of ammonia intoxication
were shown to depend upon ammonia-induced glutamine syn-
thesis, but not upon the presence of ammonia per se [165,166].
This points to a critical role for ammonia-induced astrocyte
swelling, because inhibition of glutamine synthesis prevents
ammonia-induced astrocyte swelling (see the chapter by
Norenberg in ref. 167). Both ammonia and hypo-osmotic 
astrocyte swelling activate N-methyl-d-aspartate (NMDA)
receptors and induce oxidative/nitrosative stress (see below).
Astrocyte swelling leads to a release of cellular taurine, which 
has antioxidant properties. Taurine was shown to induce lon-
glasting enhancement of corticostriatal neurotransmission [168],
and taurine depletion may therefore affect synaptic plasticity
[169]. Further, taurine depletion in mice was shown to upregulate
GABAA receptors in various brain regions [170], and increased
GABAergic tone may be found in the brain of patients with 
hepatic encephalopathy.

However, not all ammonia effects on astrocytes are triggered by
ammonia-induced cell swelling. For example, ammonia, but not
hypo-osmotic exposure, induces haem oxygenase-1 expression
in cultured astrocytes [171]. An increased haem oxygenase-1
expression was also found in the brains from ammonia-
intoxicated [171] and portocaval-shunted rats [172] and may
play a role in the pathogenesis of cerebral hyperaemia found 
in acute liver failure, through the increased formation of the
vasodilator carbon monoxide [173].

Genechip studies have revealed profound effects of ammonia
and portocaval shunting on gene expression in astrocytes and
the cerebral cortex. The genes involved comprise components 
of signal transduction, antiapoptosis, oxidative stress defence

and genes for various receptor and transport systems [172].
Ammonia effects on the expression of glutamate transport 
systems were studied in detail. Ammonia downregulates the
astrocytic glutamate transporters GLAST and GLT-1 [174,175]
and the activity of the neuronal glutamate transporter EAAT3
[176]. Thus, acute ammonia intoxication inhibits glutamate
uptake and contributes to the established increase in extracel-
lular brain glutamate, which may be responsible for hyper-
excitability in acute liver failure or acute ammonia intoxication.

Ammonia impairs axonal growth in cultured embryonic rat
brain cell aggregates, a finding not observed in mature cultures
[177,178]. This disturbance is accompanied by a decrease in
phosphocreatine and creatine, and is prevented by creatine 
supplementation. Such phenomena may contribute to the 
irreversible neurological damage that is observed in inborn
hyperammonaemic syndromes, such as urea cycle defects.

Oxidative and nitrosative stress

A role for oxidative and nitrosative stress in the pathogenesis of
hepatic encephalopathy is largely derived from in vitro and an-
imal studies, whereas little direct evidence is available in humans.
Indirect support arises from some beneficial therapeutic 
measures in hepatic encephalopathy that exhibit antioxidant
properties together with the increased amounts of lipofuscin in
the brains from patients who died with hepatic encephalopathy
[133,179]. In cultured astrocytes, ammonia induces an oxidative
stress response [180,181], which is also seen when astrocytes
undergo hypo-osmotic swelling [182] or are treated with benzo-
diazepines [183] or inflammatory cytokines such as TNFα
or interferons (newly published [406]). These oxidative stress
responses are mediated by an activation of NMDA receptors,
but the exact mechanism of this activation is unclear [133].
Possibilities include a swelling-induced glutamate release from
astrocytes and a deinhibition of NMDA receptors due to a 
depolarization-induced Mg2+ removal. There is a close relation-
ship between astrocyte swelling, NMDA receptor activation 
and oxidative stress. On the one hand, astrocyte swelling 
induces oxidative stress through an NMDA receptor and Ca2+-
dependent mechanism [182] and, on the other, NMDA receptor
activation triggers astrocyte swelling [184]. This points to an
autoamplification signalling loop allowing mutual amplifica-
tion of cell swelling and oxidative stress [133]. Ammonia and
astrocyte swelling also induce nitrosative stress, probably
through an NMDA receptor and Ca2+/calmodulin-dependent
activation of constitutive nitric oxide synthases (NOS). In 
addition, in cultured astrocytes, ammonia (but not hypona-
traemia) upregulates inducible NOS [181]. Increased cerebral
NO formation may contribute to cerebral vasodilatation after
ammonia intoxication [122], and a pathogenetic role for 
ammonia-induced oxidative/nitrosative stress is suggested by
the finding that NMDA receptor antagonists and inhibitors 
of NOS ameliorate ammonia toxicity in animal models
[185–187].
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One consequence of oxidative/nitrosative stress induced by
ammonia, astrocyte swelling, benzodiazepines and inflammatory
cytokines is a covalent modification of tyrosine residues in 
astrocytic proteins through nitration in the 3-position of the
aromatic ring. Protein tyrosine nitration (PTN) in astrocytes is
also found in vivo in ammonia-intoxicated or portocaval-
shunted rats [181]. Astrocytes located near the blood–brain 
barrier exhibit especially high levels of PTN. Peroxynitrite 
is involved in ammonia- and swelling-induced PTN [182],
whereas benzodiazepine-induced PTN involves activation of the
peripheral, but not the central, benzodiazepine receptor (PBR)
[183]. Ammonia, benzodiazepines, inflammatory cytokines and
swelling synergistically promote PTN in astrocytes [133]. PTN
does not appear to be an unselective process, because only 
distinct proteins undergo PTN. Among these, glutamine 
synthetase, PBR, glyceraldehyde-3 phosphate dehydrogenase
and the extracellular signal-regulated kinase Erk-1 were
identified [181]. 3-Nitrotyrosines in proteins are poor substrates
for tyrosine phosphorylation reactions with impairment of 
signal transduction cascades that depend on reversible tyrosine
phosphorylation [188–90]. PTN of glutamine synthetase involves
the catalytic centre of the enzyme [191] and is associated with 
its inactivation [181]. Although PTN interferes with enzyme
activities and signal transduction, its role in the pathogenesis 
of hepatic encephalopathy is unclear, although inhibition 
of ammonia-induced PTN by NMDA receptor antagonists,
inhibitors of glutamine synthetase or NOS is associated with an
amelioration of ammonia toxicity in animals.

Also, a diminished oxidant defence may contribute to the
ammonia-induced oxidative stress. Astrocyte swelling leads to
the release of taurine, and ammonia downregulates Cu/Zn-
dependent, but upregulates Mn-dependent, superoxide dis-
mutase and haemoxygenase-1 [171,172].

Energy metabolism

Metabolic diseases can alter the level of consciousness as a result
of brain energy failure, as exemplified by the encephalopathy
that accompanies hypoglycaemia, where the lack of substrate
results in a loss of the energy required to maintain transmem-
brane ionic gradients. Alterations in brain energy metabolism
have been detected in patients with severe hepatic encephalo-
pathy [192]. Recent studies measuring glucose utilization in rats
after portocaval anastomosis using autoradiographic techniques
have yielded conflicting results as both an increase and a reduc-
tion in this parameter have been noted in several brain regions
[48,49]. Measurements of human glucose consumption with
PET scanning have also yielded conflicting results (reviewed 
in [193]). In one study with special attention to statistical 
analysis, only a selective loss of glucose consumption was 
noted, specifically in the area of the cingulate gyrus [194]. This
observation would be in line with a diminished blood oxygen
level-dependent (BOLD) activation in this area in patients with

cirrhosis who underwent examination with functional MRI [195].
Using 31P-MRS, a reduction in the ratio of phosphomonoesters
to adenosine triphosphate (ATP) was noted in human brain, a
decrease that could reflect less breakdown of ATP to adenosine
monophosphate (AMP) [196,197]; however, changes in other
chemical compounds (such as choline) may explain these
findings. Studies in animal models, in which a reduction in brain
ATP was demonstrated [198], were performed at a late stage 
of the neurological picture. While newer technology may shed
further light on this issue, a consensus has emerged that energy
failure, although possibly present at the end of the clinical
course, is not a primary pathogenic mechanism in hepatic
encephalopathy [14].

Alterations in neurotransmission

Multiple neurotransmitter systems are altered in hepatic
encephalopathy. This multiplicity is shared with other
metabolic disorders of the brain and raises the question as 
to which changes are primarily responsible for symptoms and
which are secondary to earlier modifications. In order to study
this complex rearrangement, neurochemical measurements and
behavioural testing are tools to probe such systems in the experi-
mental animal. Recent technological advances, such as brain
microdialysis, for example, have allowed measurements of
transmitters in the extracellular space [199,200]. Improved
methods for monitoring behaviour in small rodents are also
becoming available [201]. A recent study on portocaval-shunted
rats, which employed electrophysiological and behavioural
approaches in the individual animal, showed deficits in cortico-
striatal synaptic plasticity, which could be related to a disturbed
processing of novel information and memory [202]. Correla-
tions between synaptic plasticity and a variety of activity 
parameters in the open field were opposite for control and 
portocaval-shunted animals, indicating a disintegration of the
relationship between synaptic plasticity and behaviour. The
resulting habituation deficit in these animals may correspond 
to the cognitive and memory defects in patients with hepatic
encephalopathy [203].

GABAergic neurotransmission
Several observations suggest that alterations in GABAergic 
neurotransmission may be present in hepatic encephalopathy.
These include an excessive sedative response of cirrhotic patients
to benzodiazepines [204] and the fact that the mental state
improves in a subset of patients with hepatic encephalopathy
after administration of flumazenil, a benzodiazepine receptor
antagonist [205]. The lack of correlation between plasma levels
of benzodiazepine receptor ligands and the clinical response to
flumazenil suggested that the drug may also be working through
other mechanisms. Recent observations implicate the PBR in 
the pathogenesis of hepatic encephalopathy [13,14]. In contrast
to the central receptor, which is part of the neuronal GABAA
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complex, the PBR is located on the outer mitochondrial mem-
brane of astrocytes, but is also found in most peripheral cell
types. It has been implicated in many cellular functions
[206,207]. One of the best characterized is the regulation of 
the synthesis of neurosteroids, such as allopregnenolone and
allotetrahydrodeoxycorticosterone, which have positive GABAA

receptor-modulatory activity and were identified in the brains of
patients with hepatic coma [86].

In astrocytes, ammonia upregulates the PBR, increases its
affinity for ligands [208] and induces tyrosine nitration of 
the PBR [181]; the functional relevance of these changes is
unknown. Increased numbers of peripheral benzodiazepine
receptors have been reported in rats after portocaval anastomosis
[209] and, post mortem, in brains from patients with cirrhosis
[87]. Such changes are also observed in a rat model of acute liver
failure [88] and in hyperammonaemic mice with congenital
ornithine transcarbamylase deficiency [210]. Another agonist of
the peripheral receptor is the neuropeptide, diazepam-binding
inhibitor [211], the levels of which are elevated in hepatic
encephalopathy, and which exhibits antagonist activity at the
level of the GABA receptor. The role of neurosteroids in the
pathogenesis of hepatic encephalopathy is currently being
explored. However, one must keep in mind that the PBR is also a
component of the mitochondrial permeability transition pore,
and its stimulation can induce apoptosis in some peripheral cell
types [212]. Tyrosine nitration is known to inactivate the CD95
(Fas) death receptor [194] and, likewise, ammonia-induced
PBR nitration may be protective. Activation of the PBR by 
benzodiazepines and synthetic ligands such as PK11195 or 
Ro5-4864 triggers an oxidative stress response and increases
protein tyrosine nitration [183].

Glutamatergic neurotransmission
Glutamate is a major excitatory neurotransmitter in the brain.
Profound alterations have been observed at many sites involved
in glutamatergic neurotransmission. Total levels of brain glutam-
ate are decreased in several animal models and in the tissue 
of patients with cirrhosis [46]; this reduction reflects its con-
sumption in the formation of glutamine. However, increased
levels in the CSF [213] and extracellular space [199,214] have
been observed in animal models. Such an increase could be
explained by an increased release, suggested from experimental
preparations [215,216], and/or a defect in glial reuptake (see
above). It should be noted that glutamate belongs to the
osmolytes that are released from astrocytes in response to cell
swelling [132].

This increased extracellular glutamate may explain the 
alterations in receptor binding reported in several models.
Glutamate binds to ionotropic [NMDA, α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) and kainate sub-
types] and metabotropic receptors in postsynaptic membranes
[217]. NMDA receptors are present on astrocytes [183,218]. 
As discussed above, NMDA receptor activation in astrocytes 

is a key trigger for the ammonia-, swelling-, benzodiazepine-
and cytokine-induced oxidative stress response. A reduction 
in NMDA receptor number [219] and in the affinity of non-
NMDA receptors [220] has been reported in animal models.

Dopaminergic neurotransmission
As in Parkinson’s disease, the presence of extrapyramidal 
symptoms in patients with cirrhosis suggests that a dopamine
deficiency may play a functional role. However, when dopamine
levels in cirrhotic patients were increased by the administration
of l-dopa, no clear improvement in clinical encephalopathy was
noted [221].

Recent observations have rekindled interest in possible 
alterations in the dopaminergic system. Autopsied brain tissue
has shown increased levels of homovanillic acid, a dopamine
metabolite [222]. Levels of monoamine oxidase A, the enzyme
responsible for dopamine degradation, were increased in the
brains of individuals with cirrhosis [223]. The number of D2

dopamine receptors was specifically decreased in human tissue
[224]. Of even greater interest is the observation that manganese
toxicity is exerted via its accumulation in the pallidum and 
neurodegenerative changes that result in a reduction in D2

receptors [225].

Serotoninergic neurotransmission
In hepatic encephalopathy, cerebral levels of the stable meta-
bolite of serotonin, 5-hydroxyindolacetic acid, are consistently 
elevated in animals [226] and human tissue [222]. This could
reflect an increased turnover of serotonin metabolism [227].
More recent data have shown an increase in the activity of
monoamine oxidase A, the enzyme that is involved in the degrada-
tion of serotonin [228], which would explain the increased 
levels of 5-hydroxyindolacetic acid. An increased number of
HT2 receptors has been noted in human postmortem tissue
[229], a factor that could account for the precipitation of overt
hepatic encephalopathy by ketanserin, an HT2 receptor antagon-
ist [230]. However, nothing is known about other HT receptor
subtypes. Methysergide, a non-specific receptor antagonist, had
some beneficial effects on behavioural parameters in an animal
model (reviewed in ref. 231). More work is needed to assess the
pathogenic implications of an altered serotoninergic system.

Histaminergic neurotransmission
There is a high prevalence of sleep disturbances and abnormal-
ities in circadian rhythmicity in patients with liver cirrhosis
[232,233]. The histaminergic hypothalamic tuberomammillary
nucleus is a major waking system of the brain that can elicit
synaptic plasticity [234]. Histamine inhibits glutamatergic corti-
costriatal synaptic transmission through presynaptic histamine
H3 receptors [235]. The histamine level in CSF in humans with
hepatic encephalopathy is increased [236], and an increased
density of histamine H1 receptors was found in brains from
patients with cirrhosis and portocaval-shunted rats [237],
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whereas H3 receptors are downregulated in patients who died in
hepatic coma [238]. These findings seem consistent with changes
in the histaminergic system and disturbances of sleep–waking
regulation. In line with this concept, the histamine H1 receptor
blocker pyrilamine improved the spontaneous locomotor activ-
ity of portocaval-shunted rats and restored altered circadian
rhythmicity [239]. In portocaval-shunted rats, corticostriatal
synaptic plasticity is significantly impaired and also involves 
histamine H3 receptor-mediated long-term depression [202].

Other neurotransmitter systems
Alterations in opioidergic neurotransmission may be involved
in the alcohol preference of rats after portocaval anastomosis
[240], an alteration that is accompanied by region-selective
alterations in µ and δ receptors and responds to treatment 
with the opioid antagonist, naloxone [241]. Its role in hepatic
encephalopathy, proposed as a result of altered levels of
enkephalins and endorphins, is uncertain [242,243].

Receptor autoradiography was employed on brain slices 
from patients who died with hepatic encephalopathy (see Zilles,
reported in ref. 3). Despite high regional and intersubject vari-
abilities, the striatum of patients with hepatic encephalopathy
presented lower kainate, GABAB, muscarinic M2, nicotinic, 5-
HT1A and adenosine A1 and A2A receptor densities compared
with control subjects. In the primary somatosensory cortex 
of patients with hepatic encephalopathy, NMDA and 5-HT1A

receptors were upregulated, whereas benzodiazepine binding
sites, nicotinic and adenosine A1 receptors were downregulated.
These findings support the view that multiple receptor systems
are affected in hepatic encephalopathy.

Disturbances of oscillatory networks in the
brain

Magnetoencephalography (MEG) allows for non-invasive
assessment of information processing in the human brain with
high spatial and temporal resolution [244,245]. This technique
was employed together with simultaneous electromyography
(EMG) in patients with cirrhosis and hepatic encephalopathy 
in order to obtain insight into the neurophysiological basis of
mini-asterixis, i.e. a postural tremor of varying frequency (6–12
Hz), which is observed in patients with low-grade hepatic
encephalopathy [246,247]. MEG analysis by dynamic imaging
of coherent sources [248] was used to identify brain sources
coherent to the EMG and for cerebrocerebral coherence.
Patients with hepatic encephalopathy exhibited a stronger cor-
ticomuscular coherence with a shift to lower frequencies when
compared with control subjects [246], indicating a patholo-
gically slowed and synchronized motor cortical drive (Fig. 5). 
The extent of these changes correlated with the severity of 
hepatic encephalopathy. This pathological motor cortical drive
in hepatic encephalopathy results from altered thalamocortical
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Fig. 5 Mini-asterixis in hepatic
encephalopathy (HE) is induced by a pathologic
thalamo–motorcortical coupling. Pathological
oscillatory coupling in the motor system of a
cirrhotic patient with HE. Cortical and muscular
activities were recorded simultaneously 
by magnetencephalography and
electromyography (EMG) (right extensor
digitorum muscle) during forearm elevation
with the right hand outstretched. Identification
of brain sources coherent to each other or the
peripheral EMG was performed by dynamic
imaging of coherent sources. In both the
healthy control subject and the cirrhotic HE
patient with tremor (mini-asterixis), the M1
motor cortex is activated with electrical
coupling to the thalamus (top).
Corticomuscular coupling reveals a high-
amplitude peak at the frequency of the tremor
in the HE patient (centre), whereas coupling in
the control patient is high frequency with a low
amplitude. Thalamo-motor-cortical coupling in
the HE patient occurs exactly at the individual
tremor frequency, whereas in the control
subject, thalamocortical coupling is at higher
frequency, which also matches the frequency
of corticomuscular coherence (bottom).
Apparently, a pathologically rigid and slowed
thalamocortical drive triggers mini-asterixis in
HE (reproduced from ref. 247, with permission).
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oscillatory coupling [247]. These findings point to a disturbance
of cerebral oscillatory networks in hepatic encephalopathy that
is triggered by possibly neurotoxin- and hydration-sensitive 
thalamic structures and results in an abnormally low frequency
and rigid thalamocortical and corticomuscular coupling [249].
Such pathologically altered oscillatory networks may explain
some motor and cognitive defects in patients with hepatic
encephalopathy.

Current pathogenetic model

Based on the above considerations, a simplified pathogenetic
model is presented (Fig. 6). In chronic liver disease, ammonia
and other neurotoxins induce a low-grade cerebral oedema 
due to astrocyte swelling. This occurs without a clinically overt
increase in intracranial pressure, but the hydration increase is
sufficient to trigger multiple alterations in astrocyte function
and gene expression and to induce oxidative/nitrosative stress
with covalent protein modifications. An autoamplicatory loop
between cell swelling and oxidative stress may be involved in
these responses. In addition, there are direct, swelling-indepen-
dent effects of neurotoxins on astrocyte and neuronal function.
As a result of an altered astrocyte function, glioneuronal com-
munication and multiple neurotransmitter systems become
deranged, with an impact on synaptic plasticity and oscillatory
cerebral networks. These changes may finally account for the

symptoms of hepatic encephalopathy. Not only ammonia, but
also inflammatory cytokines, benzodiazepines and hypona-
traemia, can induce astrocyte swelling and synergistically act 
on oxidative/nitrosative stress. This offers an explanation as to
why rather heterogeneous conditions, such as bleeding, infec-
tions, electrolyte disturbances or drugs, can precipitate episodes
of hepatic encephalopathy in patients with cirrhosis. Thus, 
multiple factors act synergistically on a common pathogenetic
endpoint, i.e. glial swelling with its functional consequences.
Patients without cirrhosis may tolerate such precipitating fac-
tors without developing hepatic encephalopathy symptoms,
because their osmolyte systems for counteraction of cell swelling
are not exhausted. In cirrhosis, however, organic osmolytes are
largely depleted in order to compensate for glial glutamine accu-
mulation, and there may be little room for the action of these
volume-regulatory mechanisms against further challenges in
cell volume. This labile situation may explain the rapid kinetics
of hepatic encephalopathy episodes and why severe brain
oedema with fatal outcome can occasionally develop in subjects
with endstage cirrhosis.

Similarities may exist with respect to the pathogenesis of hep-
atic encephalopathy in cirrhosis and that of acute liver failure,
but differences in the kinetics, extent and cell volume-regulatory
mechanisms counteracting glial swelling may be responsible for
differences in the clinical picture in both settings. In acute liver
failure, astrocyte swelling appears to be too rapid to allow for

Neurotoxins
Ammonia

Astrocyte
swelling

Protein
modification

Astrocyte dysfunction

HE symptoms

Glioneuronal communication
Neuronal function

Synaptic plasticity
Oscillatory networks

Signalling
Gene

expression

Precipitants
• Ammonia
• Benzodiazepines
• Inflammatory cytokines
• Hyponatremia

ROI/RNI

Fig. 6 Pathogenetic model for hepatic
encephalopathy. Neurotoxins such as ammonia
induce astrocyte swelling, which is aggravated
synergistically by precipitants. Ammonia-
induced osmolyte depletion reduces the
volume-regulatory capacity and thus sensitizes
astrocytes to swelling by precipitating factors.
Astrocyte swelling involves NMDA receptor
activation, Ca2+ and the generation of oxidative
and nitrosative (ROI/RNI) stress. Swelling and
oxidative stress are connected through an
autoamplificatory loop. Sequelae of astrocyte
swelling and oxidative/nitrosative stress are
alterations in astrocyte function. Although
astrocyte swelling is considered to be a major
pathogenetic event, direct, swelling-
independent effects of neurotoxins on
astrocytes are also involved. Such alterations 
in astrocyte function involve gene expression
and intracellular signal transduction as well 
as changes in transport, metabolism,
neurotransmitter processing and the synthesis
of neurosteroids. This astrocyte dysfunction is
seen to reflect a major event, which affects
glioneuronal communication. The latter is
reflected by changes in synaptic plasticity and
disturbances in oscillatory electrical networks in
the brain as one basis for cerebral dysfunction
in hepatic encephalopathy. This current model
does not exclude direct neurotoxin effects on
the neurons. ROI/RNI, reactive oxygen/nitrogen
intermediates.
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efficient volume correction by volume-regulatory mechanisms,
and clinical signs of increased intracranial pressure become 
evident.

Clinical manifestations

A wide range of symptoms and signs can be elicited in patients
with hepatic encephalopathy. Some of them are seen throughout
the spectrum of clinical syndromes; some are noted only in
specific entities.

Encephalopathy of acute liver failure

The development of encephalopathy in a subject with an acutely
failing liver is a serious prognostic sign. It can occur within 1 or 
2 weeks after the onset of jaundice (hyperacute liver failure 
or fulminant hepatic failure) or after a more protracted time
interval (subacute or subfulminant hepatic failure). The stages
of encephalopathy have been well delineated, but some clinical
manifestations are seldom seen in chronic liver disease (Tables 2
and 3). Periods of excitation and mania can be present in stage I,
the prodromic phase of acute liver failure; this can be a difficult
management problem, as pharmacological sedation obscures
any spontaneous change in mental state. In stage II, coma is
impending, with drowsiness and inability to maintain sphincter
control; a flapping tremor can easily be elicited. Subclinical

seizure activity, myoclonic or focal, can be a feature of the late
stages of acute hepatic failure and is rarely seen in chronic 
liver disease. The progression of changes in mental state can 
be very rapid, counted in hours, and in stages III (stupor) and 
IV (coma), brain oedema and intracranial hypertension can
complicate the clinical course.

Brain oedema is clinically silent but, once a critical point is
reached, the normal intracranial pressure (0–10 mmHg) begins
to rise within the limits of the rigid skull. Once brain compliance
has been critically reduced, intracranial pressure can increase
swiftly and reduce the cerebral perfusion pressure (mean arterial
pressure–intracranial pressure) to the point at which brain
ischaemia develops. The clinical course culminates with the
development of ‘pressure waves’ that elevate the pressure to 
critical levels and result in the displacement of brain structures
(Fig. 7). Herniation of the temporal or uncal lobe can be life-
threatening. Brain oedema and intracranial hypertension are a
major cause of death in acute liver failure.

An increased intracranial pressure can be clinically silent until
high pressure values are reached. Patients are deeply encephalo-
pathic, and a sudden respiratory arrest can be a clinical presenta-
tion. Frequent monitoring of signs that indicate a high pressure,
such as loss of the caloric or pupillary reflexes, is not an effective
screening tool. Papilloedema is not detected. With this diagnostic
difficulty, alternative methods for clinical monitoring have been
examined (see below).

Table 2 Clinical features of HE in acute liver failure versus HE in chronic
liver disease.

Hepatic encephalopathy

Acute Chronic

Overt brain oedema Frequent Very rare

Response to therapy Poor Acceptable

Agitation, seizures 20–30% Very rare

Precipitating factors Rare Frequent

Short-term prognosis Poor Acceptable

Table 3 Grading of encephalopathy.

Grade Level of consciousness Intellectual function Neurological abnormalities EEG abnormalities

0 Normal Normal None None

I Lack of awareness Short attention span Slight tremor Symmetric slowing

Change in personality Easy forgetfulness Uncoordination

Day/night reversal Asterixis

II Lethargy Loss of orientation Asterixis Symmetric slowing

Unsuitable behaviour Abnormal reflexes Triphasic waves

III Asleep but rousable Loss of interpersonal Abnormal reflexes Triphasic waves

Confused when awake communication

IV Unarousable Absent Babinski/clonus Delta (very slow)

Decerebrate

50
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0IC
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Fig. 7 Elevation of intracranial pressure (ICP) in a rat model of acute liver
failure (ALF). Pressure is recorded continuously from the onset of ALF, and
initial higher values stabilize 1 h after surgery in both ALF (top) and control
(bottom) subjects. Within the last 2 h of the course, intracranial pressure
progressively rises in ALF and, in the last 30 min, episodic elevations occur
with values above 50 mmHg. These culminate in brain herniation and
demise of the animal [reproduced from Webster (1991) Hepatology 14,
715, with permission].
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Episodic encephalopathy in cirrhosis

This is the most common presentation in the hospital setting: a
patient with known chronic liver disease develops an alteration
in mental state as a result of a precipitating factor. Gastrointestinal
haemorrhage, uraemia, infections and the use of sedatives are
most commonly incriminated. Less frequent, but clinically 
relevant, precipitants include constipation, hypokalaemia and
excessive protein consumption. Removal or antagonism of the
precipitant factor will result in neurological improvement.

Exploration of mental status (Table 3)
Difficulties can arise in the diagnosis of early encephalopathy.
Subtle alterations in behaviour are first detected by family mem-
bers. Abnormalities of sleep, including insomnia, hypersomnia
or inversion of sleep, can be an initial complaint. A shortened
attention span, irritability or depression can be detected. In 
individuals with defined activities, abnormalities in handwriting
or subtly impaired computations can become apparent. As
encephalopathy progresses, intellectual function may show a
loss of orientation to time, while an overt change in personality
can occur in some individuals. A lethargic state of consciousness
can evolve into confusion, stupor and coma; a detailed classifica-
tion of coma is available (Table 4), although it is designed for
traumatic head injury.

Physical signs
Several physical signs can be detected in such patients. Asterixis
(‘liver flap’), the most conspicuous, was first described in 1953
[52]. It represents an intermittency of sustained muscle contrac-
tion with arrhythmic lapses of sustained posture. Under normal
circumstances, a very short myoelectrical silence can be detected

when maintaining a constant contraction of a muscle group;
asterixis represents the prolongation of this myoelectrical
silence, such that the contraction cannot be sustained. A mild
form is probably the irregular postural tremor syndrome called
‘mini-asterixis’ [246,247]. It is most commonly elicited by 
asking the patient to extend his or her arm while retroflexing 
the wrist with separated digits. It is a feature of stages I and II
encephalopathy; as the depth of encephalopathy progresses, the
patient cannot cooperate with the request. In debilitated indi-
viduals, asterixis can also be elicited by asking the patient to
extend the tongue or by having the examiner’s fingers squeezed
by the subject’s hand; in both circumstances, the position can-
not be maintained. Mini-asterixis and asterixis originate from
derangements in central pathways rather than peripheral alter-
ations, and reflect a pathologically slowed and synchronized
motor cortical drive, which results from altered thalamocortical
oscillatory coupling [246,247] (Fig. 5).

Asterixis is not a pathognomonic finding in hepatic
encephalopathy; it can also be observed in other metabolic
encephalopathies, such as uraemia, carbon dioxide narcosis, in
hypomagnesaemia and with diphenylhydantoin intoxication. It
can also be seen in focal neurological disease [250]. However,
different mechanisms are involved in tremor generation in 
hepatic encephalopathy and Parkinson’s disease [249].

Fetor hepaticus is a peculiar odour detected in the exhaled
breath of patients with encephalopathy. It is difficult to define
but, if sampled, it is easier to recognize in subsequent indi-
viduals. It is a pungent, somewhat sour, odour noted at all stages
of encephalopathy. Volatile sulphur-containing compounds,
such as mercaptans, may account for this finding [251].

A wide range of other neurological signs can be detected.
Extrapyramidal abnormalities, including bradykinesia, dysarthria,
rigidity and tremor, have been described in patients with cir-
rhosis [107]. Focal neurological findings can also be observed 
during the course of overt encephalopathy. Long-tract signs,
such as Babinski and ankle clonus, can be unilateral or bilateral;
they may be confusing in the individual who is stuporous or
comatose but, in contrast to established neurological lesions,
these focal signs characteristically wax and wane. Transient 
cortical blindness [252] and alternating gaze deviation [253]
have been reported. It should be remembered that metabolic
encephalopathies, such as hepatic encephalopathy, can result in
the clinical expression of previously silent small focal lesions.

Diagnosis (Table 5)
Detection of a precipitating event is a critical initial step, which
may require examinations to exclude gastrointestinal bleeding
or infection; encephalopathy can be a presenting symptom of
spontaneous bacterial peritonitis.

There are two clinical circumstances that pose difficulties 
in diagnosis. The first is the rare circumstance in which
encephalopathy is the presenting symptom of liver disease. As in
other cases of a new abnormal mental state, a thorough physical
and laboratory examination should provide diagnostic clues. In

Table 4 Classification of coma (Glasgow coma scale).

Eyes open
Spontaneously 4

To command 3

To pain 2

No response 1

Best motor response
Obeys verbal command 6

Painful stimulus, localizes pain 5

Painful stimulus, flexion response 3

Painful stimulus, extension 2

No response 1

Best verbal response
Oriented and conversant 5

Disoriented and conversant 4

Inappropriate words 3

Incomprehensible sounds 2

No response 1

Total score from 3 (worse) to 15 (best)
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this setting, measurement of plasma ammonia is useful; except
for sedative-induced encephalopathy, many precipitating causes
of encephalopathy are associated with an elevated ammonia
level. Arterial blood provides a more accurate determination, as
venous ammonia samples are influenced by the variable degree
of peripheral metabolism. More recently, arterial and ‘arterial-
ized’ samples (where the hand is warmed and the venous sample
is drawn in a distal direction) or samples from the earlobe 
capillary [254] have been proposed, but their value has been
questioned [57,255]. Immediate analysis and good laboratory
practice are critical, as contamination should be rigorously
avoided. Once the patient has been diagnosed as having hepatic
encephalopathy, serial measurements of ammonia are unneces-
sary, as clinical examination is adequate to assess the evolution.
In fact, as already discussed, mean blood ammonia levels correlate
with stages of encephalopathy, but have poor predictive value in
the individual case. Only in acute liver failure have arterial
ammonia levels proved to potentially change management, as
values > 200 mg/dL are associated with cerebral herniation [256].

The second diagnostic challenge is the exclusion of other
causes of encephalopathy in patients with known liver disease.
Alcoholic subjects may develop Wernicke’s encephalopathy, 
in which a confusional state is associated with dysconjugate
gaze. Fever and/or leucocytosis are not features of hepatic
encephalopathy, and a lumbar puncture may be necessary to

exclude meningitis; such patients may already exhibit a coagu-
lopathy, and the procedure should be done by an experienced
individual. If available, determination of glutamine in the CSF
can assist in the diagnosis of hepatic encephalopathy. The pres-
ence of focal neurological signs may prompt neuroimaging 
with CT or MR. Brain atrophy may be seen, especially in alco-
holic subjects [257], but its clinical relevance is questionable. 
A hyper-resonant globus pallidus is not diagnostic of hepatic
encephalopathy [258]. Agitation and tremulousness, features of
alcohol withdrawal, are seldom signs of hepatic encephalopathy.
In other patients, extrapyramidal symptoms can be prominent;
resistance to passive movements may increase with the velocity
of limb displacement (gegenhalten). Parkinsonian features can be
detected in up to 89% of subjects with advanced liver disease [120].

Persistent (chronic) encephalopathy

This category includes patients with recurrent episodes of
encephalopathy as well as those in whom a persistent alteration
in mental state can be detected clinically. In those with recurrent
episodes, dietary indiscretion and constipation are more con-
spicuous precipitants than gastrointestinal haemorrhage and
uraemia. In patients with cirrhosis and persistent abnormalities
of mental state or in whom spontaneous episodes of
encephalopathy recur, extensive spontaneous large-diameter

1. Exclude other causes of encephalopathy
With fever and ↑WBC Consider lumbar puncture

In active alcoholism Consider subarachnoid haemorrhage

Alcoholism and confusion Consider Wernicke’s encephalopathy

Obtain drug screen

Encephalopathy with asterixis Rule out uraemia, CO2 narcosis, ↓Mg

Decerebrate posturing Consider brainstem lesions, but neuro-ophthalmological examination

is normal in liver cases

Exclude dementia Normal consciousness + global cognitive defect

Long duration; insidious onset

Exclude psychosis Normal consciousness + selective cognitive defect

Short duration; acute onset

2. Search for precipitating factor of hepatic encephalopathy
Most common Gastrointestinal haemorrhage, uraemia, use of sedatives, diuretics, 

dehydration

Other causes Dietary indiscretion, infection, constipation, hypokalaemia

Also consider Hypoxia, anaemia, hyponatraemia and hypophosphataemia

Large spontaneous portal–systemic collaterals

When none found Acute deterioration of liver function

3. Obtain diagnostic tests
Arterial ammonia For diagnostic uncertainty, not needed for follow-up

EEG For diagnostic uncertainty

Search for precipitant Blood count and chemistry, blood/urine/ascites culture

Rectal/nasogastric examination for occult blood

Drug screen

Imaging Brain CT for exclusion of other pathology

EEG, electroencephalogram.

Table 5 Diagnostic approach to overt
encephalopathy in cirrhosis.
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portal–systemic shunts (e.g. splenorenal) can be detected
[259–261]. Such cases may explain how, occasionally, patients
can be discovered in psychiatric or neurological wards.

Individuals subjected to surgical portal–systemic anasto-
moses are especially prone to chronic encephalopathy that can
vary according to the type of anastomosis and the nature of liver
function [262,263]. Patients may develop an acute hypomanic
or paranoid–schizophrenic reaction in the first months after the
operation, but persistent changes tend to develop 1 year after
surgery. Approximately 30% of patients in whom endoscopic
and/or pharmacological techniques have failed to control portal
hypertension-related bleeding and who receive an emergency
surgical anastomosis, or in whom a TIPS is placed [264], develop
episodes of encephalopathy. TIPS-induced hepatic encephalo-
pathy is usually mild [265], but shunt-narrowing/occlusion
techniques are required in severe cases [266]. In non-alcoholic
cirrhosis, persistent encephalopathy is more often seen with
non-selective central shunts (end-to-side and side-to-side por-
tocaval anastomoses, mesocaval shunt) than with selective
derivations (distal splenorenal shunts) [267]. No single hepatic
or neurological test has emerged as a clear predictor of
encephalopathy after shunt surgery [268,269]. In the case of
TIPS, the procedure is employed in older subjects, and this has
emerged as a risk factor [264,270]. The role of a previous episode
of encephalopathy in predicting post-TIPS encephalopathy may
depend on whether it occurred spontaneously or as a result 
of a precipitant factor [271]. As expected, the risk of hepatic
encephalopathy increases with the diameter of the TIPS shunt
[272]. Interestingly, patients with cirrhosis and loss of portal
perfusion before TIPS were protected against post-TIPS chronic
hepatic encephalopathy [273].

Hepatocerebral degeneration will develop many years after
the surgical anastomosis or in patients with large portal–
systemic shunts [274]. Patients develop a variety of extrapyramidal
symptoms, including disturbances of gait, tremor, chorea and
ataxia [275]. Muscle rigidity can be conspicuous. The patients
can appear as somewhat jovial in spite of their severe limitations.
If spastic paraparesia develops, movement may be severely lim-
ited [105]; loss of bladder control can be prominent.

Minimal (subclinical) encephalopathy

A variable number of patients with cirrhosis, who appear to 
be clinically normal and whose neurological examination at the
bedside appears unremarkable, exhibit cognitive deficits on
neuropsychological examination [276–279]. The prevalence of
these abnormalities is variable and, in the absence of a ‘gold
standard’, a true prevalence may be difficult to define; up to 
70% of patients have been reported to exhibit such changes. The
relevance of minimal hepatic encephalopathy is derived from
the findings that it may impair daily life [280–282] and is of
prognostic relevance [283–285].

There is agreement that minimal hepatic encephalopathy is
not a distinct pathogenetic entity but describes one end of the

continuous symptom spectrum of hepatic encephalopathy [7].
Thus, minimal hepatic encephalopathy describes a poorly
defined syndrome found in the ‘grey zone’ between normality
and overt hepatic encephalopathy. In line with this concept,
minimal hepatic encephalopathy can predict the development
of overt hepatic encephalopathy [286]. Subcortical alterations
were described as a possible anatomical site responsible for min-
imal changes, with involvement of basal ganglia [111,287,288].
However, these structures are also involved in overt hepatic
encephalopathy [247]. A selective reduction in glucose con-
sumption in the area of the cingulate gyrus, a nucleus involved
in the attention process [289], was reported. However, as shown
in recent functional MRI studies, judgement-related blood oxy-
gen level-dependent (BOLD) activation was not only decreased
in the cingulate cortex in minimal hepatic encephalopathy
[195], but progressively decreased with severity of hepatic
encephalopathy (see Kircheis in ref. 3). Also, the relation of sub-
clinical changes to protein and amino acid metabolism [276],
data from quantitative water mapping (see Shah in ref. 3), the
reports of global reduction in cerebral blood flow noted in these
patients [290], coupled with the response of neuropsychological
tests to therapeutic manipulations which are applied in overt
encephalopathy, suggest a global impact of the liver disease on
brain function, as seen in cases of clinical encephalopathy.

Minimal encephalopathy probably has an impact on the daily
life of patients. Proscription of automobile driving was recom-
mended to patients who exhibit abnormal visual reaction times
[278]. Subsequent studies confirmed an impaired fitness to
drive [291,292], whereas a prior pilot study, in which the quality
of automobile driving was assessed blindly in patients without
prior episodes of overt encephalopathy, did not reveal differ-
ences between patients with and without abnormal neuropsy-
chological tests or in their comparison with carefully matched
control subjects [293]. In the absence of clear guidelines, it
would appear prudent to fully evaluate patients who depend on
driving or operating heavy machinery for their livelihood, and
to examine the effects of therapy on their performance. If
patients have already exhibited overt episodes of encephalo-
pathy, limitation of driving may be necessary.

Sleep abnormalities are frequent in unselected patients with
cirrhosis [232,294]. They may be related to alterations in circa-
dian function [295], but could also reflect elements of anxiety
and depression that may arise as a result of living with chronic
disease. They are not necessarily related to abnormal neuropsy-
chological test results [232].

Quantifying hepatic encephalopathy

With the variability that characterizes the clinical expression of
hepatic encephalopathy, it is not surprising that many tools are
available for patient follow-up. In subjects with overt changes in
mental state, no test supersedes a clinical assessment. It is in the
diagnosis of the earlier stages, such as minimal encephalopathy,
that a large number of tests have been developed. Low grades of
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encephalopathy can be viewed as a continuum and, ideally, tests
will cover the spectrum of abnormalities currently divided into
minimal, stage I and II encephalopathy.

Encephalopathy of acute liver failure

The development of brain oedema and intracranial hyperten-
sion poses diagnostic difficulties and influences the timing of
liver transplantation. Brain swelling is not amenable to bedside
clinical measurement as radiological techniques are imprecise
and are not conducive to repeated measurements in these critic-
ally ill patients. Most of the effort is directed at measuring intra-
cranial pressure. In the past few years, alternative non-invasive
methods have been proposed, although none has emerged as a
viable alternative.

Intracranial pressure monitoring
Patients with acute liver failure exhibit a severe coagulopathy,
and placement of an intracranial pressure monitor may be asso-
ciated with complications. A survey of clinical practice in the
United States revealed a much lower incidence of haemorrhagic
complications with the use of epidural transducers, while those
monitors with which the dura mater was pierced (such as sub-
dural bolts or intraventricular catheters) were associated with
considerably more bleeding and even death [296]. Epidural
monitors are less precise, and calibration can be problematic.
The use of very thin transducers applied to the brain’s surface
has been suggested as an alternative, although complications 
do occur. Familiarity with the equipment and experience with
such patients are important in reducing the complications. The
procedure is mainly utilized in patients in whom liver transplan-
tation is being considered, as evidence of increased survival by
measurement of intracranial pressure has not been demon-
strated [297]. Recent studies from the US Acute Liver Failure
group indicate a 10% incidence of bleeding complications,
including death [298]. Use of recombinant factor VII may
decrease the incidence of complications [299].

Measurement of cerebral blood flow
Cerebral perfusion is decreased in the majority of patients with
acute liver failure [300]. However, cerebral blood flow can
increase prior to the development of intracranial hypertension
[301] and, in the experimental animal, the signal for cerebral
hyperaemia arises from the brain itself [302]. As mentioned,
activation of haem oxygenase-1, as a result of oxidative stress,
with generation of vasodilating carbon monoxide, is a leading
candidate for the effect [173]. Furthermore, measurements of
blood flow using radioactive xenon have shown that a subset of
patients with acute liver failure may actually exhibit higher flows
than would be expected for their cerebral metabolic rate, calcu-
lated as the product of cerebral blood flow and arteriovenous
oxygen difference (the latter is estimated from measurements in
a peripheral artery and in the jugular bulb). The term ‘luxury
perfusion’ can describe this phenomenon [300], a change that

can increase cerebral blood volume and facilitate the develop-
ment of intracranial hypertension. In addition, these patients
lose the capacity to autoregulate their cerebral blood flow in the
face of variations in arterial pressure [303]. In this setting, an
increase in arterial pressure may result in cerebral hyperaemia.
These abnormalities in autoregulation appear to regress after
liver transplantation and are not seen in the majority of patients
with cirrhosis [304]. Cerebral vasodilatation per se may aggravate
brain swelling, as shown recently with terlipressin [305].

Tools are being developed to monitor cerebral perfusion.
Repeated measurements using radioactive xenon are not a 
practical alternative. Use of Doppler insonation of the middle
cerebral artery may provide a non-invasive measurement [300],
but it requires further validation. The sole measurement of the
arteriovenous oxygen difference across the brain (arterial and
jugular vein samples) is theoretically insufficient, as changes in
perfusion and in cerebral metabolism can independently affect
its value. Elevated jugular venous lactate has been demonstrated
in some patients, raising the possibility that these individuals
may be suffering from brain ischaemia [306]. Whether any of
these measurements could replace intracranial pressure mon-
itoring remains to be proven; they are more likely to provide
complementary information.

Auditory evoked potentials and 
other approaches
In one study, serial recording of sensory evoked potentials in
patients with acute liver failure provided prognostic informa-
tion. Disappearance of the N70 wave was associated with the
patient’s demise or the lack of spontaneous recovery [307]. This
experience awaits confirmation from other centres. Limited
experience with the determination of critical flicker frequency 
in patients with acute liver failure suggests that this approach
may be helpful for follow-up of the evolution of hepatic
encephalopathy [308]. However, the technique is applicable to
cooperative patients only.

Encephalopathy in cirrhosis

The PSE index
Many studies examining both precipitant-induced and persistent
encephalopathy have utilized the portal–systemic encephalopathy
(PSE) index (described in ref. [309]). This method combines
clinical features with objective data, scored in a semi-quantitative
fashion. For scoring, greater weight is given to mental state 
(factor of 3) than to arterial ammonia, asterixis, electroen-
cephalogram (EEG) findings and score in the trailmaking test
(factor of 1), each with scores of 1+ to 4+. Adding the contribu-
tion of these five parameters results in a PSE index value. The
index has shortcomings, as separation into grades for some of its
parameters (asterixis, trailmaking, ammonia) may be artificial;
furthermore, repeated EEGs may not be readily available. A
recent consensus statement has not supported its use for clinical
trials in hepatic encephalopathy [7].
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EEG
The EEG shows characteristic changes in hepatic encephalo-
pathy [310]. These include the replacement of the normal 
background waves of 9–12 cycles/s by progressively slower
waves, including ϕ waves, triphasic and δ waves (the last exhibit
2–3 cycles/s). These changes are not specific, as other metabolic
encephalopathies and psychotropic agents can induce similar
alterations. Quantitative and automated electroencephalographic
analysis integrates the tracing and delineates the dominant 
signals [311]. Abnormalities have been associated with a poor
prognosis. However, the use of the EEG has fallen behind other
neurophysiological tools, mainly because of its low sensitivity. It
still plays a role in patients in whom the diagnosis of the cause of
encephalopathy is unclear.

Critical flicker frequency (CFF)
Recent data suggest that determination of the critical flicker 
frequency threshold could be an objective and reproducible
technique for assessment of the severity of low-grade hepatic
encephalopathy [308]. With this technique, which requires
cooperation from the patient, a high-frequency flickering light is
presented to the patient, which gives the impression of a steady
light. After stepwise reduction in the frequency of the flickering
light, the frequency is determined at which the flickering nature
of the intrafoveally presented light is recognized by the patient.
Healthy control subjects and patients with cirrhosis without 
evidence of encephalopathy in computer psychometric testing
exhibit flicker frequencies (CFF) above 39 Hz, whereas those
with manifest hepatic encephalopathy have values consistently
below this threshold. The technique is largely free from training
effects, does depend on the patient’s educational status and can
be performed rapidly as a bedside test, but is not applicable in
patients with colour blindness, other severe ophthalmological
disease and patients who are unable to fix the presented light.
Functional MRI (fMRI) studies and correlations with psycho-
metric tests have revealed that CFF determinations engage 
several brain areas [195] and integrate a broad variety of 
neuropsychological qualities [308]. CFF can also be used for 
follow-up of hepatic encephalopathy evolution and efficacy 
of treatment. However, up to now, experience with CFF mea-
surements has been restricted to a few centres and the relation
between CFF and quality of life is unclear.

Other neurophysiological testing
The integrated electrical response to visual, auditory or
somatosensory stimuli is the rationale for the use of evoked
potentials [312]. Several parameters can be determined, includ-
ing peaks and latencies; as a result, the function of afferent 
pathways and of the cerebral cortex can be evaluated. Results 
are expressed as time (in milliseconds) to positive (P) or neg-
ative (N) deflections. They have been used to detect minimal
encephalopathy as well as to follow subjects with overt changes
in mental state. For the latter, their sensitivity and specificity are
questionable [311,313]. Assessment of visual evoked potentials

has been the tool most often evaluated, but differences in the
type of light stimulus as well as in the liberal use of waves other
than the P100 latency (100 ms between stimulation and peak)
makes comparison between studies difficult.

For patients in whom minimal encephalopathy is suspected,
endogenous event-related potentials may exhibit a greater sens-
itivity. In this test, two aspects are combined: visual or acoustic
signals are presented but, in addition, the patient is asked to
identify a predefined stimulus (such as a high-frequency sound).
A prolongation of the P300 latency to acoustic stimuli was
observed in patients with early encephalopathy [314,315]. Visual
event-related potentials appeared to be superior to neuropsy-
chological testing in detecting abnormalities in such individuals
[316,317].

Neuropsychological testing
A large number of tests have been used in the diagnosis of 
minimal encephalopathy. The test most often utilized has been
the number connection test (NCT). Although initially thought
to reflect abnormalities corresponding to visuospatial percep-
tion, other neuropsychological areas appear to be involved in 
an abnormal result, including that of attention. The test is
influenced by age and educational background, as well as 
being subject to the effects of repeated learning [319,320]. This
may explain, in part, why single psychometric paper/pencil 
tests, such as NCT, digit symbol test and the line tracing test, 
are insufficiently sensitive to diagnose minimal hepatic
encephalopathy [308]. Psychometric test batteries, as either
paper/pencil tests or computer psychometry, were reported to
be an accurate tool to diagnose subclinical encephalopathy
[277,284]. One such battery, the psychometric hepatic
encephalopathy score (PHES), simple to administer [320], is
undergoing scrutiny at the present time. Other developments
focus on the comparison between different neuropsychological
domains as a useful diagnostic approach. However, in the
absence of a ‘gold standard’, all these batteries require validation
in the same patient over a period of time.

An important question is whether patients with alcoholic 
cirrhosis exhibit abnormalities as a result of the long-term 
neurological effects of alcohol. On a variety of neuropsycholo-
gical tests, abstinent subjects with alcoholic cirrhosis perform
comparably to their non-alcoholic counterparts [321]. After
transplantation, the abnormalities in the alcohol group also
improve [322].

Treatment of hepatic encephalopathy –
general aspects

Several reviews on therapy have been published in recent 
years [323–326]. A rational therapeutic scheme for hepatic
encephalopathy targets five possible non-mutually exclusive
sites (Fig. 8):
1 the gut, decreasing the access of toxins to the systemic 
circulation;
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2 the liver, increasing the elimination of such toxins;
3 the muscle, as a possible alternative site for toxin disposal;
4 the blood–brain barrier, by interfering with toxin entry into
the brain;
5 the brain itself, by attempting to restore the abnormalities of
neurotransmission.

The gut

The therapeutic goal at this site is interference with the forma-
tion and/or absorption of nitrogenous compounds arising 
from bacterial metabolism in the colon, especially ammonia.
Restriction of protein intake is one common approach to
fulfilling this goal. However, malnutrition may arise from 
excessive protein restriction, and a recent study demonstrated

no beneficial effect of protein restriction in episodic hepatic
encephalopathy [327]. A positive nitrogen balance may actually
benefit subjects with encephalopathy by increasing the ability of
liver and muscle to carry out detoxification functions [328]. In the
catabolic state of cirrhosis, a high protein intake, ~ 1.2 g/kg/day,
may be necessary to accomplish this objective [329]. In addition,
the type of ingested protein is important. Vegetable [330] and
dairy-based protein [331] are better tolerated than animal-
derived protein, as the high calorie to nitrogen ratio seen in the
former reduces gluconeogenesis and has anabolic effects on the
utilization of dietary proteins [332]. Vegetable-based diets have
a high fibre content, which increases the elimination of nitrogen
products in the stool [333]. For those intolerant of vegetable-
based diets, administration of soluble forms of fibre can be
added to a therapeutic regimen [324]. Protein-intolerant patients
may benefit from oral supplements enriched with branched-
chain amino acids [334–336] in order to reach a protein intake
of at least 1 g/kg/day. The enteral route of nutrition is always
preferred.

Bowel cleansing is another mainstay of therapy. Colonic
cleansing reduces the luminal content of ammonia, decreases
bacterial counts and lowers blood ammonia in cirrhotic
patients. Although different laxatives could accomplish this
effect, non-absorbable disaccharides have additional benefits
and are widely used for this effect.

Since their original description, non-absorbable disaccha-
rides have been widely used [337]. They include lactulose 
(β-galactosido-fructose) and lactitol (β-galactosido-sorbitol).
When administered orally, they are not broken down by intest-
inal disaccharidases and thus reach the caecum, where enteric
bacteria cleave the molecules and metabolize them, mainly to
acetate; as a result, caecal pH drops [338,339]. In fact, acidifica-
tion of the stool (pH < 6) can be used to monitor therapy, 
albeit it is not a very practical tool. The acidification results in a
cathartic effect and favours non-ionic diffusion of ammonia
into the lumen, where it is assimilated for bacterial metabolism.
As a result, faecal nitrogen excretion is increased while plasma
levels of ammonia and the total body pool of urea decrease
[340].

Oral dosing (15–30 mL four times a day) is titrated to result in
two or three soft bowel movements/day. In comatose patients, a
more rapid onset of action may occur by administration via
enema [341], with the patient in the Trendelenburg position to
favour passage of the enema into the right colon. Complaints
with oral administration include an excessively sweet taste,
abdominal cramping and flatulence; these improve with con-
tinued administration. Excessive stool depositions as a result of
overdosing can lead to loss of hypotonic colonic fluid with a
resultant hypertonic dehydration with hypernatraemia, a factor
that can by itself alter mental state.

Comparisons of lactitol with lactulose indicate similar effects
but better palatability of the former agent [342]. The use of 
crystalline lactulose has been proposed to reduce potential 
contamination with other saccharides. In patients with known
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Fig. 8 Schematic diagram of therapeutic strategies in hepatic
encephalopathy. Treatments reported to be successful are shaded.
However, most effective therapy has been directed to the gut, where several
options are available. The ability to increase urea and glutamine synthesis in
a cirrhotic liver, as well as the activation of alternative pathways of nitrogen
excretion (via the administration of benzoate), has not been fully evaluated.
Branched-chain amino acids (BCAA) may work at the level of the
blood–brain barrier (BBB), but their effectiveness is still a matter of
conjecture. Two neurotransmitter systems have been manipulated
pharmacologically, with limited results.
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intestinal lactase deficiency, oral lactose will have similar effects
[343].

Although lactulose is frequently used for the treatment of
hepatic encephalopathy, its efficacy has not been shown
unequivocally. The study design of many trials has been criti-
cized [344]. Most studies conducted so far have compared 
lactulose with non-absorbable antibiotics and found therapeutic
equivalence of both treatments. A meta-analysis of studies 
that compared lactulose with placebo or no intervention gave
insufficient evidence to support or refute the use of non-
absorbable disaccharides in hepatic encephalopathy [344]. In
this analysis, antibiotics were found to be somewhat superior to
disaccharides, although the clinical relevance of this finding was
questioned.

Antibiotics affect the intestinal flora that generate the putative
toxins. In the case of neomycin, the most widely used antibiotic
[345], non-bacterial effects may also be present at the level of the
intestinal mucosa [346]. Although poorly absorbed, oto- and
nephrotoxicity can develop (as with the use of other aminogly-
cosides), especially after chronic use. Thus, it is less commonly
administered as a first line of therapy. The starting dose is 
3–6 g/day, in divided doses, which is reduced to 1–2 g/day 
for maintenance. Other antibiotics have also been evaluated.
Metronidazole, 800 mg/day in divided doses, has been shown to
have similar effects to neomycin, although its bacterial spectrum
of action is dissimilar [347]. Metronidazole is metabolized in 
the liver, and reduction of the dose is necessary with liver 
failure [348]. Growing experience with other poorly absorbable
antibiotics, such as vancomycin [349] and rifaximin [350], also
suggests beneficial effects.

Patients with cirrhosis frequently exhibit overgrowth of the
colonic flora with potentially pathogenic Escherichia coli and
staphylococcal species. Therapeutic modulation of the gut flora
by probiotics enriched with non-urease-producing lactobacilli
or fermentable fibre was reported to improve minimal hepatic
encephalopathy in cirrhosis [352] and to reduce endotoxi-
naemia. Further studies are required to settle this issue.

Helicobacter pylori is a urease-producing pathogen and could
theoretically contribute to intestinal/gastric ammonia produc-
tion. However, no correlation was found between H. pylori
infection and plasma ammonia concentration or hepatic
encephalopathy in patients with cirrhosis [352]. Eradication of
H. pylori did not result in improvement in neuropsychological
or neurophysiological parameters in stable patients [353].

The liver and muscle

The potential of the diseased liver to increase its metabolic
capacity is limited, as a reduction in hepatic mass, intrahepatic
shunting and alterations in the sinusoidal architecture impose
fixed restrictions. Nonetheless, improvement in the capacity of
the liver to clear ammonia has been sought. Zinc is a cofactor for
many enzymes in the urea cycle, and a deficiency may exist in
cirrhosis as a result of malnutrition and increased urinary excre-

tion. An improvement in the capacity to synthesize urea and in
clinical status has been reported after administration of zinc
acetate or sulphate, 600 mg/day in divided doses [354,355]. This
has not been confirmed in other studies [356,357]. However,
overt hepatic encephalopathy can be precipitated by overt zinc
deficiency [358].

Ornithine–aspartate provides substrates for both urea and
glutamine synthesis. It appears to prevent the rise of blood
ammonia after a nitrogenous load [359], and therapeutic
efficacy in patients with cirrhosis and hepatic encephalopathy
has been shown [360,361]. Experimental studies have shown
activity of the drug in the absence of a liver, indicating an effect
on ammonia disposal by muscle [362]. Muscle is an important
site for ammonia removal, where it is converted to glutamine via
glutamine synthetase activity [24].

Children with urea cycle enzyme deficiencies are treated with
drugs that allow an alternative pathway for nitrogen excretion.
In the case of sodium benzoate, conjugation of one molecule of
benzoyl-CoA with glycine results in one atom of nitrogen being
excreted in the urine as hippurate. In one clinical trial, the drug
was equally as effective as lactulose in the treatment of episodic
encephalopathy in cirrhosis [363]. A second drug is phenylbu-
tyrate; it is a precursor for the malodorous phenylacetate, which
is conjugated in the liver with glutamine, and the product,
phenylacetylglutamine, is excreted in the urine, resulting in the
loss of two nitrogen atoms per molecule. Preliminary results are
difficult to evaluate as patients were being treated with other
medications [364]. The effectiveness of the hepatic conjugation
process for both drugs in patients with advanced cirrhosis
remains to be established.

The blood–brain barrier

Based on the (meanwhile abandoned) false neurotransmitter
hypothesis, the effects of branched-chain amino acids, in both
oral and intravenous forms, were tested. Numerous trials have
been published in both precipitant-induced encephalopathy as
well as in persistent encephalopathy [365]. Meta-analyses have
yielded conflicting results [366,367]. Critical review of these
studies did not find convincing evidence that branched-chain
amino acids had a significant beneficial effect on patients with
hepatic encephalopathy [368] but, given on a long-term basis,
they may improve encephalopathy by increasing protein body
stores [369]. They may provide a source of protein in patients
with dietary protein intolerance. Even if beneficial for minimal
encephalopathy, as suggested recently [335], their use is not
justified in most patients on account of their relatively high cost.

The brain

As discussed above, multiple neurotransmitter systems are
deranged in hepatic encephalopathy, and central effects of 
agonists/antagonists of these different systems could provide
new therapeutic options as well as clues to the pathogenesis of
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encephalopathy. However, only a few have received extensive
evaluation.

Flumazenil is a selective antagonist of the benzodiazepine
receptor. In several controlled studies in patients with moderate
and severe encephalopathy, the mental state of a subset of indi-
viduals, about 40%, was improved with a bolus of intravenous
flumazenil, albeit transiently [370–372]. The beneficial effect of
flumazenil was confirmed in a meta-analysis including six ran-
domized controlled trials (RCTs) [373]. A source of controversy
is whether such patients had received exogenous benzodi-
azepines (a common occurrence in hospitalized patients) but, 
in some, no detectable benzodiazepines could be found in their
serum. A favourable response typically occurs within a few 
minutes of administration, and a repeat injection is possible. 
An oral preparation is as yet unavailable. The drug undergoes
hepatic clearance, and its elimination half-life is doubled in 
cirrhotics [374].

Enhancement of dopaminergic neurotransmission by increas-
ing dopamine levels has been sought with the use of l-dopa 
and bromocriptine. With the latter and when used to improve
consciousness, no major benefits were seen [375,376]. However,
bromocriptine, in association with non-absorbable disaccharides,
at a dose of 10 mg twice a day, resulted in an improvement in
extrapyramidal symptoms [377]. Manipulation of glutamater-
gic and serotoninergic neurotransmission and of neurosteroid
synthesis has been tried in experimental models of hepatic
encephalopathy but, as yet, has not reached the stage of clinical
testing. The same holds true for memantine, a non-competitive
NMDA receptor antagonist, which improves hyperammonaemia-
induced encephalopathy in rats [378].

Treatment of hepatic encephalopathy –
specific strategies (Table 6)

Encephalopathy of acute liver failure

Many of the measures used in the episode of encephalopathy in
cirrhosis are also applied in this setting, such as protein restric-
tion and bowel cleansing with non-absorbable disaccharides.
Their effectiveness, never tested in a controlled trial, may be
marginal at best. Correction of other factors that may affect
mental state, such as hypoglycaemia, pharmacological sedation
or infection, is mandatory.

Tracheal intubation is recommended at the onset of grade 
III coma to minimize the risk of sudden respiratory arrest.
Intracranial hypertension, defined as a persistent elevation in
intracranial pressure above 25 mmHg for more than 5 min or
the appearance of sudden elevations in pressure (the so-called
‘pressure waves’), is treated with mannitol, 0.5–1 g/kg intra-
venously [379,380]. The drug should not be readministered at
fixed doses, but bolused again when needed. In patients with
renal failure, hyperosmolarity is a risk, and the patients may
require dialysis. Recent studies indicate benefits of increasing

serum osmolarity with hypertonic saline [381]. Emergency liver
transplantation should be considered in the appropriate candi-
date. As a last resort, the patient can be treated with a barbiturate
infusion, such as thiopental 180–500 mg administered intra-
venously over 15 min [382]. However, barbiturate coma is asso-
ciated with arterial hypotension and requires EEG monitoring.

When liver transplantation is planned, moderate hypother-
mia (32°C) [383] may be an option in those patients with
increased intracranial pressure that is resistant to standard med-
ical therapy. The mechanisms by which hypothermia reduces
the intracranial pressure are complex and may involve effects 
on cerebral blood flow, glutamate and lactate production [384].
Also, the methods of fractionated plasma separation and
adsorption [385] as well as albumin dialysis [386] offer extra-
corporeal liver support devices, which were used successfully in
preliminary studies to bridge patients with acute (on chronic)
liver failure to transplantation.

Table 6 Therapeutic strategy in hepatic encephalopathy.

Episodic encephalopathy in cirrhosis
Identify, remove and treat precipitating event

Removal of blood from the gastrointestinal tract

Reversal of azotaemia

Specific antagonists for sedative-induced encephalopathy

Antibiotics for spontaneous bacterial peritonitis or other infections

Correct electrolyte disturbances

Bowel cleansing

Disaccharide enemas may be better than tap water enemas

Start oral non-absorbable disaccharides

Lactulose or lactitol 30 mL every 1–2 h until bowel evacuation

Then 15– 45 mL every 6 h titrated to 2–3 soft bowel movements/day

Dietary management

Provide calories as intravenous glucose on the first day

Advance protein from 20 g/day to maximal tolerated

Persistant encephalopathy in cirrhosis
Search for precipitants

Dietary indiscretion and constipation more prominent than in episodic 

encephalopathy

Oral medications

If intolerance or ineffectiveness of non-absorbable disaccharides:

Replace with neomycin (2–6 g/day); monitor for toxicity

Replace with metronidazole (up to 800 mg/day); monitor for toxicity

Consider the addition of zinc sulphate or zinc acetate 600 mg/day

Consider the addition of neomycin to non-absorbable disaccharides

Dietary manipulation

Increase consumption of vegetable and dairy sources of protein

Feeding at bedtime (to decrease nocturnal gluconeogenesis)

For those intolerant to protein, consider branched-chain amino acid 

supplements

For problematic encephalopathy

Consider occlusion of large spontaneous portal–systemic shunt

Reduction of lumen of TIPS or portal–systemic shunt

Consider colonic exclusion in patient with reasonable liver function who 

is not a transplant candidate
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Precipitant-induced (acute) encephalopathy in
cirrhosis

Establishing the nature of the precipitating factor is critical, as
removal or correction of the inciting cause is the most important
therapeutic aspect. This point cannot be emphasized enough.
Dietary protein intake is withheld for a few days only, and carbo-
hydrates are administered intravenously. Oral protein is reintro-
duced once the mental state is improved, and enteral feeding
provided for those patients in whom encephalopathy persists;
oral supplements enriched in branched-chain amino acids are
useful in highly protein-intolerant patients. Liver transplan-
tation may be the ultimate solution of the problem, and the 
indications for this option have to be evaluated.

Regarding medical treatment, only a few approaches can be
assumed to be effective on the basis of controlled randomized
clinical trials, such as ornithine–aspartate and flumazenil (see
above). Proof of treatment efficacy in most other cases is ham-
pered by several problems. First, treatment of the precipitating
factor leads to improvement in encephalopathy, making the
efficacy of an additional medical treatment difficult to assess.
Second, most previous clinical studies used endpoints such 
as mental state or results of paper/pencil tests, which do 
not allow (on account of inherent problems) accurate descrip-
tion of the evolution or resolution of hepatic encephalopathy.
Neurophysiological tests of flicker frequency or evoked poten-
tials are better suited to assess responses over short periods.
Third, many previous trials were of insufficient quality or relied
on case reports. Owing to the heterogeneous nature of the
pathogenesis of hepatic encephalopathy and the many pre-
cipitants, only subgroups of patients may benefit from a given
medical treatment. Finally, previous studies frequently used 
oral lactulose as a therapeutic gold standard and comparator 
for other treatment modalities, although the efficacy of oral 
lactulose is not really settled. There are only a few controlled
studies comparing oral lactulose with placebo for this type of
encephalopathy. As mentioned above, the ones that are avail-
able, especially those fulfilling the required quality standards, 
do not indicate a striking drug effect. Lactulose was as efficient 
as neomycin, but a combined treatment with lactulose and
neomycin was not superior to placebo in the management of
such episodes, with removal of the precipitating factor common
to both groups [387].

It is difficult to interpret results in such patients, as allocation
of precipitating factors during randomization cannot be fully
controlled. Still, they highlight the importance of control of the
precipitating factor as a key therapeutic step. Lactitol or lactose
enemas appear to improve encephalopathy at a faster rate than
cleansing enemas, as seen in a small group of 20 patients [341].
Nonetheless, clinical experience suggests that oral lactulose can
be effective when given as 30–60 mL of syrup every 1–2 h until
stooling occurs, at which time the dose is adjusted to 15–30 mL
three or four times a day.

Flumazenil, 1 mg intravenous bolus, is certainly indicated for
patients in whom benzodiazepines are identified or suspected 
as a precipitating factor. In a recent study, 6 of 13 patients in
deep encephalopathy transiently improved their mental state
with flumazenil, in contrast to none with placebo [370]. Similar
results have been reported by other groups [388]. The effect is
prompt but transient and, at 24 h, the two groups were indistin-
guishable. The impact of multiple dosing has not been evaluated.
More information is needed on this type of agent.

Persistent (chronic) encephalopathy

Restriction of animal protein may be necessary to manage this
type of patient, although high protein requirements may be
needed for these catabolic patients. Consultation with a dietician
should be considered in order to provide alternative sources,
such as vegetable or casein-based protein or oral supplements
enriched with branched-chain amino acids, in cases of severe
protein intolerance. Non-absorbable disaccharides are also 
utilized. Although neither efficacy nor inefficacy has been shown
in well-performed, randomized, placebo-controlled trials, these
compounds are widely used. In crossover studies, reinstitution
or switch to lactulose/lactitol is associated with an improvement
in mental status. Results in this group are more easily inter-
pretable, as the role of a precipitating factor is not as marked 
as in the acute precipitant-induced episode. However, neither
disaccharides nor rifaximin were effective in the prophylaxis 
of hepatic encephalopathy during the first month after TIPS
[389].

Oral, poorly absorbable antibiotics are seldom used as a first
line of therapy, as concerns with long-term toxicity and bacterial
resistance arise. If chronic neomycin is used, periodic auditory
examinations and renal function testing are mandatory. For
patients with difficulties in symptom control, zinc supplementa-
tion can be entertained, which also improves night-blindness,
which can be observed in patients with cirrhosis. For those with
prominent extrapyramidal symptoms, a trial of bromocrip-
tine may be considered. Embolization of large spontaneous 
collaterals can be performed in patients with recurrent encep-
halopathy and good liver function [390,391].

Encephalopathy after portocaval anastomosis can be crip-
pling and requires tight dietary control as well as the use of many
drugs (preferably acting at different sites). Revision of the shunt
[392], or narrowing or occlusion of the TIPS [393,394] are 
recommended for intractable cases. In suitable candidates, per-
sistent encephalopathy is a clear indication for hepatic trans-
plantation, although the procedure carries a greater mortality in
patients with altered mental status at the time of the transplant.
There are a few reports of improvement in the picture of hepato-
cerebral degeneration after the transplant procedure [395,396].
In non-transplant candidates with acceptable liver function, a
surgical exclusion of the colon, preferably a colonic bypass, can
provide relief from intractable encephalopathy [397].
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Minimal hepatic encephalopathy

The indications to treat minimal encephalopathy would be
clearer if the natural history of this condition was better defined.
The indication for therapy should primarily take into account
individual demands on the professional and daily life of the
patient. Further, it may be prudent to separate patients accord-
ing to a past history of an overt episode of encephalopathy.
Consideration of the risk of driving an automobile may be 
more important if encephalopathy has been diagnosed previ-
ously. Sleep abnormalities, which cause considerable distress to
patients, seldom respond, in the author’s experience, to the
usual measures employed to treat hepatic encephalopathy; 
general hygienic measures can be considered [398].

Neuropsychological tests do improve with many of the treat-
ments that have been reviewed. These include protein restriction
[399], non-absorbable disaccharides [400–402] and branched-
chain amino acids [335,403]. The case of flumazenil is contro-
versial, as one study showed benefit [404] while the other did not
[405]; in the latter, patients with alcoholic cirrhosis developed
more anxiety. Interpretation of these data is difficult, as tech-
niques used to monitor the evolution of low-grade encephalo-
pathy are not sensitive and objective enough. It is hoped that a
recently suggested simplified grading system for the severity of
hepatic encephalopathy (see Häussinger in ref. 3), which distin-
guishes only low- from high-grade encephalopathy and charac-
terizes low-grade encephalopathy by means of an objective
physical measure, such as critical flicker frequency, will provide
a more reliable tool for future clinical studies assessing thera-
peutic options.
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Spontaneous bacterial peritonitis, urinary tract infections, 
respiratory infections and bacteraemia are the most frequent
infective complications in cirrhosis. These infections are due 
to the concomitant presence of different facilitating mecha-
nisms including changes in the intestinal flora and in the intesti-
nal barrier, depression of activity of the reticuloendothelial
system, decreased opsonic activity of the ascitic fluid, neutrophil
leukocyte dysfunction and iatrogenic factors among others.
Portal hypertensive patients with a high risk of developing 
bacterial infections are those with gastrointestinal haemorrhage,
a past history of spontaneous bacterial peritonitis and low 
protein content in ascites fluid together with a poor hepatocellu-
lar function. Pathophysiology, treatment and prophylaxis of
bacterial infections in these patients will be discussed in this
chapter.

Spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis (SBP) is defined as the infec-
tion of a previously sterile ascitic fluid, without any apparent
intra-abdominal source of infection [1]. The prevalence of SBP
in unselected cirrhotic patients with ascites admitted to a hos-
pital ranges between 10% and 30% [2]. Diagnosis of SBP is estab-
lished by a polymorphonuclear cell count in ascitic fluid equal 
to or higher than 250 cells/µL. In approximately 40–60% of
cases, the organism responsible is isolated in ascitic fluid culture
or in blood cultures [2,3]. The remaining cases are considered as
a variant of SBP and are treated in the same way as those with a
positive culture [4]. The outcome of cirrhotic patients with SBP
has improved dramatically during the last 20 years. At present,
the SBP resolution rate is approximately 90%, and hospital sur-
vival ranges between 70% and 90% [1–3]. An early diagnosis of
SBP and especially the use of more adequate antibiotic therapy
are the most likely reasons for the improvement in SBP prognosis.
However, despite the resolution of the infection, the mortality
rate of SBP is still high (10–30%), mainly due to the develop-
ment of some complications such as renal impairment, gastroin-
testinal bleeding and progressive liver failure. Cirrhotic patients
recovering from an episode of SBP should be considered as

potential candidates for liver transplantation as the survival
expectancy after this bacterial infection is very short.

Pathogenesis

Colonization of the ascitic fluid from an episode of bacteraemia
is nowadays the most accepted hypothesis for the pathogenesis
of SBP [2,4]. Although the passage of microorganisms from the
bloodstream to ascites has never been documented, it can be
assumed that bacteria present in the circulation may easily pass
to the ascites because of the constant fluid exchange between
these two compartments. Once bacteria have reached the ascites,
the development of SBP depends on the antimicrobial capacity
of the ascitic fluid. Patients with a decreased defensive capacity
of ascitic fluid develop SBP.

As most organisms causing SBP are Gram-negative bacteria of
enteric origin [2,4], several pathogenic mechanisms have been
proposed to explain the passage of enteric organisms from the
intestinal lumen to the systemic circulation:
1 Bacterial translocation, or the process by which enteric bac-
teria normally present in the gastrointestinal lumen can cross 
the mucosa, colonize the mesenteric lymph nodes and reach 
the bloodstream through the intestinal lymphatic circulation.
Bacterial translocation could be the consequence of the intest-
inal bacterial overgrowth that leads to an increase in aerobic
Gram-negative bacilli in the intestinal flora in cirrhosis and of
the alteration in gut permeability due to portal hypertension 
or to circumstances decreasing mucosal blood flow (e.g. acute
hypovolaemia or splanchnic vasoconstrictor drugs).
2 The depression of the hepatic reticuloendothelial system,
which allows the free passage of microorganisms from the bowel
lumen to the systemic circulation via the portal vein and pro-
longs bacteraemia. The skin and the urinary and upper respir-
atory tracts may be the sites by which non-enteric bacteria enter
the circulation and cause SBP. This pathogenic mechanism is
enhanced in many cases by diagnostic or therapeutic procedures
that break the natural mucocutaneous barriers.

Whatever the source of the bacteria reaching the bloodstream,
a bacteraemic event is more prolonged and, therefore, may more
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readily become clinically significant in cirrhotic than in non-
cirrhotic patients, because of the marked depression of the ret-
iculendothelial system in the former. As indicated above, once
microorganisms have colonized the ascites, the development of
SBP depends on the defensive capacity of the ascitic fluid.

Bacterial translocation
It has been shown that, in CCl4-induced cirrhotic rats with
ascites, there is an increased passage of bacteria from the intest-
inal lumen to extraintestinal sites, including regional lymph
nodes and the systemic circulation [5–10]. Causes for bacterial
translocation are a disruption of the intestinal permeability 
barrier, bacterial overgrowth (IBO) and/or a decrease in host
immune defences. The simultaneous presence of IBO and a
severe disturbance in the intestinal barrier seem to be required
for bacterial translocation to mesenteric lymph nodes (MLN)
[6,7]. The alteration in gut permeability could be partially due to
portal hypertension that causes marked oedema and inflamma-
tion in the submucosa of the caecum in cirrhotic rats with
ascites, thus facilitating bacterial translocation [10]. Increased
permeability of the intestinal mucosa has also been observed
after haemorrhagic shock, sepsis, injury or administration of
endotoxin. In portal hypertensive rats [10,11], it has been shown
that haemorrhagic shock is followed by increased bacterial
translocation to MLN, suggesting that haemorrhagic shock [11],
a not infrequent event in cirrhotic patients, could alter the
intestinal barrier in these animals. Gram-negative bacilli over-
growth has been demonstrated in the jejunal flora of cirrhotic
patients [6,7]. The intestinal hypomotility caused by the sympa-
thetic overactivity of cirrhotic patients could, at least partly,
explain this fact [7]. The change in the intestinal flora may
increase the chance of aerobic Gram-negative bacteria invading
the bloodstream and causing infections of enteric origin in
patients with cirrhosis. In patients with cirrhosis, bacterial
translocation to MLN seems to be related to the presence of
ascites and to the degree of hepatic insufficiency as it is
significantly increased in Child C patients [12].

Depression of activity of the reticuloendothelial
system
Although the reticuloendothelial system is widely distributed
throughout the body, approximately 90% of this defensive sys-
tem is in the liver, where Kupffer cells and endothelial sinusoidal
cells are the major components [13]. Cirrhotic patients may
have marked depression of reticuloendothelial system function.
In addition, it has been shown that survival and the risk of
acquiring bacteraemia and SBP in cirrhosis are directly related
to the degree of dysfunction of the reticuloendothelial system in
these patients [14,15].

Several mechanisms have been proposed to explain the
impairment of the phagocytic activity of the reticuloendothelial
system in cirrhosis including intrahepatic shunting, a reduction
in the phagocytic capacity of monocytes, which are considered
as the Kupffer cell precursors, and an impaired function of

macrophage Fc gamma receptors in alcoholic cirrhosis
[13,16,17]. Moreover, serum opsonic activity has been found 
to be markedly reduced in most cirrhotic patients, probably as 
a consequence of a decreased serum concentration of comple-
ment and fibronectin, substances that normally stimulate the
phagocytosis of microorganisms by enhancing their adhesive-
ness to the reticuloendothelial cell surface.

Decreased opsonic activity of ascitic fluid
The non-specific antimicrobial capacity of ascitic fluid in cirrho-
sis varies greatly from patient to patient, and this variability may
be involved in the pathogenesis of SBP. There is a highly inverse
significant correlation between the opsonic activity of ascitic
fluid and the risk of developing SBP in patients admitted to 
hospital with ascites [18].

The opsonic activity of ascitic fluid in cirrhosis is directly 
correlated with the total protein level in ascites and with the con-
centration of defensive substances, such as immunoglobulins,
complement and fibronectin [18–23]. Interestingly, several
investigators have found that the concentration of total protein
in ascitic fluid, a very easy measurement in clinical practice, 
correlates directly with the risk of SBP in cirrhosis with ascites.
Patients with protein concentrations in ascitic fluid below 10 g/L
develop peritonitis during their hospital stay with a significantly
higher frequency than those with a higher protein content 
in ascites (15% vs. 2% respectively) [19], and the cumulative 
1-year probability of developing peritonitis during long-term 
follow-up is significantly greater in this subgroup of cirrhotic
patients than in those with an ascitic protein concentration over
10 g/L (20% vs. 2% respectively) [21,22]. Finally, the probability
of developing the first episode of SBP in cirrhotic patients with
ascites is significantly influenced by the antimicrobial capacity of
ascitic fluid and by hepatic function, with ascitic fluid protein
levels, platelet count and serum bilirubin levels being the most
useful indicators of high risk of SBP [23].

The variation in the antimicrobial properties could be related
to: (i) the serum levels of the defensive proteins involved in
antibacterial mechanisms of ascitic fluid; (ii) the degree of portal
hypertension and hepatic insufficiency; and (iii) the volume of
water diluting ascitic fluid solutes. This last possibility is sup-
ported by the finding that diuretic-induced reduction of water
in ascitic fluid increases the total protein concentration and the
antibacterial capacity of ascites, and by the common observation
in clinical practice that SBP occurs predominantly in cirrhotic
patients with large-volume ascites.

Neutrophil leukocyte dysfunction
A high proportion of cirrhotic patients show altered neutrophil
leukocyte function at different levels. The most frequent distur-
bance is a marked reduction in chemotaxis, probably caused by
the presence of chemotactic inhibitory substances in the serum.
The nature of these substances has not yet been determined.
Furthermore, the phagocytic and bacterial killing capacity of
neutrophils has been found to be reduced in cirrhosis [24].
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However, as infections developed by patients with congenital 
or acquired neutrophil function abnormalities, mainly chronic
granulomatous diseases and recurrent staphylococcal and fungal
infections, are very different from those developed by cirrhotic
patients, it seems very unlikely that leukocyte dysfunction plays a
major role in the susceptibility of cirrhosis to bacterial infections.

Iatrogenic factors
In addition to procedures well known to predispose to infection,
such as intravenous or urethral catheters and tracheal intuba-
tion, cirrhotic patients are frequently subjected to other dia-
gnostic or therapeutic manoeuvres that may alter the natural
defence barriers and, therefore, increase the risk of bacterial
infection. In that sense, a recent study by our group showed an
increasing frequency of infections caused by Gram-positive
cocci related to invasive procedures in recent years in cirrhosis
[3]. Endoscopic sclerotherapy for bleeding oesophageal varices,
particularly emergency sclerotherapy, is associated with bacter-
aemia, with an incidence ranging from 5% to 30% [25]. Although,
in some cases, sclerotherapy has been implicated in the develop-
ment of serious infectious complications such as purulent
meningitis and bacterial peritonitis, bacteraemia is usually a
transient phenomenon, and the use of prophylactic antibiotics is
not recommended. Finally, there is a very low risk of clinically
relevant infections with other invasive techniques often per-
formed in these patients, such as diagnostic or therapeutic para-
centesis, variceal band ligation, percutaneous ethanol injection
or transcatheter arterial embolization, but the use of antibiotic
prophylaxis in these procedures is not supported. In order to
reduce nosocomial infections in patients with cirrhosis, urinary
and central venous catheters should be used only when neces-
sary and removed as soon as possible. In addition, measures to
avoid colonization of venous lines should be strictly applied. At
present, antibiotic prophylaxis with first- or second-generation
cephalosporins is only advised prior to transjugular intrahepatic
portosystemic shunt (TIPS) insertions and surgical interventions.

Diagnosis

Clinical characteristics
The clinical presentation of SBP probably depends on the stage
at which the infection is diagnosed. Most patients present signs
or symptoms clearly suggestive of peritoneal infection, although
SBP may be asymptomatic, especially in the initial stages.
Abdominal pain and fever are the most characteristic symptoms.
Other signs and symptoms such as alterations in gastrointestinal
motility (vomiting, ileus and diarrhoea), hepatic encephalopathy,
gastrointestinal bleeding, renal impairment, septic shock and
hypothermia may be present in a large number of patients [1,2].
Diagnostic paracentesis should be performed at hospital admis-
sion in all cirrhotic patients with ascites to investigate the pres-
ence of SBP, and in hospitalized patients with ascites whenever
they present with any of the following: (i) abdominal pain, 
vomiting, diarrhoea, ileus or rebound tenderness; (ii) systemic

signs of infection such as fever, leucocytosis, leucopenia or septic
shock; and (iii) hepatic encephalopathy or impairment in renal
function [1].

Laboratory and microbiological data
The diagnosis of SBP is based on clinical suspicion and on ascitic
fluid analysis. An ascitic fluid polymorphonuclear (PMN) count
≥ 250 cells/µL is nowadays considered diagnostic of SBP and
constitutes an indication to empirically initiate antibiotic treat-
ment. In patients with haemorrhagic ascites, a subtraction of
one PMN per 250 red blood cells should be made to adjust for
the presence of blood in ascites [1].

The measurement of lactic dehydrogenase concentration,
glucose levels and total protein concentration in ascitic fluid is
important to establish a differential diagnosis between spon-
taneous and secondary peritonitis. A secondary peritonitis
should be suspected when at least two of the following features
are present in ascitic fluid: glucose levels < 50 mg/dL, protein 
concentration > 10 g/L, lactic dehydrogenase concentration >
normal serum levels. Gram’s stain of a smear of sediment
obtained after centrifugation of ascitic fluid is frequently neg-
ative in SBP, as the concentration of bacteria is usually low 
(1 organism/mL or less). Nevertheless, it may be helpful in 
identifying patients with gut perforation in whom multiple
types of bacteria can be seen [1].

Culture of ascitic fluid directly into blood culture bottles (aer-
obic and anaerobic media) at the bedside is positive in between
40% and 80% of cases. Moreover, blood cultures are positive in a
significant proportion of patients with SBP. Table 1 shows the
most common organisms isolated from patients with SBP.

Alterations in systemic laboratory parameters such as leuco-
cytosis or leucopenia, azotaemia and acidosis can be seen in 
cirrhotic patients with SBP.

Treatment

Antibiotic therapy must be started once the diagnosis of SBP 
is established. Empirical treatment should cover all potential
organisms responsible for SBP without causing adverse effects.

Table 1 Bacteria responsible for spontaneous bacterial peritonitis.

Culture-positive SBP 39–67%

Gram-negative bacilli 31–50%

Escherichia coli 25–37%

Klebsiella spp. 2–6%

Enterobacter spp. 1–2%

Others 3–7%

Gram-positive cocci 8–17%

Streptococcus pneumoniae 1–10%

Other streptococci 6%

Staphylococcus aureus 1%

Culture-negative SBP 33–61%
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At present, third-generation cephalosporins are considered the
gold standard in the treatment of SBP in cirrhosis. However,
other antibiotics such as amoxicillin–clavulanic acid are also
effective in the treatment of this infective complication [26–35].
Table 2 shows the SBP outcome depending on the antibiotic
employed. At present, monotherapy with aztreonam is not 
recommended in the treatment of SBP as this antibiotic is 
only active against Gram-negative bacilli. Moreover, ofloxacin
should not be employed in the treatment of SBP in patients 
submitted to long-term norfloxacin prophylaxis.

Intravenous albumin infusion in SBP
A randomized, multicentre, controlled trial has demonstrated
that, in patients with SBP, treatment with intravenous albumin
in addition to an antibiotic reduces the incidence of renal
impairment and improves hospital survival [36]. The study
included 126 patients with SBP, who were randomly assigned 
to treatment with intravenous cefotaxime (63 patients) or 
cefotaxime and intravenous albumin (63 patients). Albumin was
given at a dose of 1.5 g/kg body weight at the time of diagnosis,
followed by 1 g/kg body weight on day 3. Renal impairment
developed in 21 patients in the cefotaxime group (33%) and in
six in the cefotaxime plus albumin group (10%). The hospital
mortality rate was 29% in the cefotaxime group compared with
10% in the cefotaxime plus albumin group. The results of 
this study suggest that cirrhotic patients with SBP should be
expanded with albumin. However, it is important to identify
those patients with SBP who may benefit from albumin infu-
sion. In that sense, it should be noted that the incidence of 

renal impairment among patients with a baseline bilirubin level
of less than 4 mg/dL and a creatinine level of less than 1 mg/dL
was very low in both treatment groups (7% and 0% in the 
cefotaxime and cefotaxime + albumin groups respectively).
Therefore, patients with abnormal renal function [blood urea
nitrogen (BUN) > 30 mg/dL and/or creatinine > 1 mg/dL]
and/or high bilirubin levels (> 4 mg/dL) appear to be the sub-
group of patients with SBP who derive the most benefit from
volume expansion with albumin. Further studies are needed to
determine whether lower doses of albumin have the same effects
on renal function and survival. A recent study by our group sug-
gests that albumin cannot be substituted by artificial plasma
expanders in SBP [37].

As renal dysfunction is a result of an aggravation in vasodi-
latation and a decrease in effective arterial blood volume [38],
procedures that lead to a decreased effective blood volume
should be avoided, such as the use of diuretics and large-volume
paracentesis.

Prophylaxis

Current indications for selective intestinal decontamination in
SBP prevention are summarized in Table 3. Cirrhotic patients
with gastrointestinal haemorrhage are predisposed to develop
severe bacterial infections during or immediately after the bleed-
ing episode. Short-term intestinal decontamination is effective
in preventing SBP in cirrhotic patients with gastrointestinal
haemorrhage [39,40]. The usefulness of systemic antibiotics in
cirrhotic patients with gastrointestinal haemorrhage has also

Table 2 Spontaneous bacterial peritonitis outcome depending on the different antibiotic therapy employed.

Antibiotic Resolution rate (%) Superinfection (%) Hospital survival (%)

Cefotaxime (i.v.)

2 g/4 h 86 0 73

2 g/6 h 77 1 69

2 g/12 h 79 1 79

2 g/8 h/5 days 93 0 67

2 g/8 h/10 days 91 0 58

Ceftriaxone (i.v.) 91 0 70

Cefonicid (i.v.) 94 0 63

Amoxicillin–clavulanic acid (i.v.) 85 7 63

Aztreonam (i.v.) 71 14 57

Ofloxacin (oral) 84 1 81

i.v. intravenously.

Table 3 Indications and duration of selective intestinal decontamination for the prevention of SBP in cirrhotic patients.

Indication Duration of prophylaxis

Cirrhotic patients recovering from a previous episode of SBP (secondary prophylaxis) Indefinitely or until liver transplantation

Cirrhotic patients with gastrointestinal bleeding Seven days

Cirrhotic patients with ascites and low ascitic fluid protein levels (≤ 10 g/L) During hospitalization (no consensus)

TTOC07_09  3/9/07  9:17 AM  Page 764



7.9 BACTERIAL INFECTIONS IN PORTAL HYPERTENSION 765

been investigated in four controlled studies. In these studies, the
treated groups received ofloxacin (initially intravenously and
then orally), ofloxacin (initially intravenously and then orally)
plus amoxicillin–clavulanic acid (before each endoscopy),
ciprofloxacin plus amoxicillin–clavulanic acid (first intra-
venously and then orally once the bleeding was controlled) 
and oral ciprofloxacin [41–44]. The incidence of bacterial infec-
tions was significantly lower in the treated groups (10–20%)
than in the corresponding control groups (45–66%). A relative
limitation in these studies was the inability to assess the effect of
antibiotic prophylaxis specifically on SBP as the incidence of
both SBP and bacteraemia was analysed together. Nevertheless,
the marked decrease in the rate of overall infections and the
improvement in survival in the groups receiving antibiotic pro-
phylaxis support such prophylaxis [45], with it being strongly
recommended in cirrhotic patients with gastrointestinal haem-
orrhage independently of their specific risk of SBP [1]. Further-
more, a meta-analysis including all the above-mentioned studies
showed a significant benefit in the subgroup of cirrhotic patients
with ascites and gastrointestinal haemorrhage: 95% of patients
were free of SBP in the treated group vs. 87% in the control
group [45].

Cases with low ascitic fluid total protein concentration may 
be a second group of cirrhotic patients who may benefit from
selective intestinal decontamination. In 63 patients admitted 
to hospital for the treatment of an episode of ascites with an
ascitic fluid total protein concentration lower than 15 g/L, some
of whom had had a previous episode of SBP, the continuous
administration of norfloxacin, 400 mg/day, throughout the 
hospitalization period (32 patients), decreased the in-hospital
incidence of SBP from 22% in the control group to 0% in the
treated group [46]. In cirrhotic patients with ascitic fluid pro-
tein concentrations < 15 g/L and no previous episodes of SBP,
the 6-month incidence of SBP was 0% in the group of patients
prophylactically treated with norfloxacin, 400 mg/day for 
6 months, compared with 9% in patients treated with placebo.
Nevertheless, the incidence of SBP caused by Gram-negative
organisms (the only one that can theoretically be prevented by
norfloxacin prophylaxis) in the two groups was not statistically
significant: 0% in the norfloxacin-treated group and 5% in the
placebo-treated group [47].

Other antibiotic regimes have been evaluated in the preven-
tion of SBP in high-risk patients. A placebo-controlled study
demonstrated that 6-month prophylaxis with ciprofloxacin, 
750 mg weekly, was effective in reducing the incidence of SBP 
in cirrhotic patients with low protein concentrations in ascitic
fluid: 4% in the treated group and 22% in the placebo control
group [48]. In this study, patients with and without a prior his-
tory of SBP were included together, and no attempt was made 
to evaluate the development of SBP in these two subgroups 
of patients separately. Trimethoprim–sulphamethoxazole (one
double-strength tablet 5 days a week) is also effective in the 
prevention of SBP in cirrhotic patients with ascites [49]. In a
randomized controlled trial with a median follow-up of only 

90 days, the incidence of SBP was 26.7% in the control group
and 3.3% in the group of patients receiving trimethoprim–
sulphamethoxazole prophylaxis. Again, patients with different
risks for SBP were analysed together: patients with low and high
ascitic fluid protein and patients who had and who had not had
previous SBP episodes.

Patients recovering from an episode of SBP represent a
unique population in which to assess the effect of long-term
intestinal decontamination in the prophylaxis of SBP. In a 
double-blind, placebo-controlled trial including 80 cirrhotic
patients who had recovered from an episode of SBP, the overall
probability of SBP recurrence at 1 year of follow-up was 20% 
in the norfloxacin group and 68% in the placebo group, and 
the probability of SBP caused by aerobic Gram-negative bacilli
at 1 year of follow-up was 3% and 60% respectively. Only one
patient treated with norfloxacin experienced side-effects related
to treatment (oral and oesophageal candidiasis) [50]. Therefore,
long-term selective intestinal decontamination dramatically
decreases the rate of SBP recurrence in patients with SBP. Three
recent economic analyses have calculated that long-term antibi-
otic prophylaxis in cirrhotic patients is associated with a reduced
cost compared with the ‘diagnosis and treat’ strategy, suggesting
that prophylaxis is cost-effective when applied to patients at
high risk of developing SBP [51–53].

Taking into account all these prophylactic studies, it can be
assumed that antibiotic prophylaxis in cirrhotic patients with
ascites is indicated in patients who have had a previous episode
of SBP because they are at high risk of SBP recurrence and
because prophylaxis is cost-effective. In patients with low pro-
tein content in ascitic fluid who have never had SBP, the recom-
mendation is difficult to establish due to the heterogeneity of 
the published studies, which included patients with low and
high risk of SBP together. This is the main reason for the lack of
consensus because, despite the positive results of all the studies
investigating different antibiotics in the prophylaxis of SBP in
patients with cirrhosis, they have been unable to identify subsets
of patients who clearly benefit from this therapy. In that sense, it
should be noted that three studies have been performed assess-
ing the incidence and predictive factors of the first episode of
SBP in cirrhotic patients with ascites, and they may help in
deciding whether a patient should initiate antibiotic prophy-
laxis. In a series of 127 patients admitted to hospital for the treat-
ment of an episode of ascites, the probability of the appearance
of the first episode of SBP was 11% at 1 year and 15% at 3 years 
of follow-up [21]. Five variables obtained at admission were
significantly associated with a higher risk of SBP appearance
during follow-up [poor nutritional status, increased serum
bilirubin levels, decreased prothrombin activity, increased
serum aspartate aminotransferase (AST) levels and low ascitic
fluid protein concentration], but only one (low ascitic fluid pro-
tein concentration) showed an independent predictive value.
The 1-year and 3-year probabilities of the first episode of SBP in
patients with ascitic fluid protein content lower than 10 g/L were
20% and 24%, respectively, whereas in those with ascitic fluid
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protein content equal to or greater than 10 g/L, they were 0%
and 4% respectively. A clear conclusion from this study is that
long-term prophylactic administration of antibiotics is not 
necessary in patients with high protein content in ascitic fluid, in
whom the risk of developing SBP is negligible. In a similar study
performed in 110 consecutive cirrhotic patients hospitalized for
the treatment of an episode of ascites [22], six variables associ-
ated with a higher risk of first SBP appearance during follow-up
(serum bilirubin > 2.5 mg/dL, prothrombin activity < 60%,
ascitic fluid total protein concentration < 10 g/L, serum sodium
concentration < 130 mEq/L, platelet count < 116 000/µL and
serum albumin concentration < 26 g/L) were identified, but only
two (ascitic fluid protein concentration and serum bilirubin)
showed an independent predictive value. In a recent study, 
cirrhotic patients with low ascitic fluid protein levels (≤ 10 g/L)
and high serum bilirubin level (> 3.2 mg/dL) and/or low platelet
count (< 98 000/µL) presented a 1-year probability of devel-
oping a first SBP of 55% in comparison with 24% of patients
with only low ascitic fluid protein levels [23]. Three studies,
therefore, indicate that cirrhotic patients with ascites who are at
risk of developing a first episode of SBP can be identified using
routine biochemical parameters and might benefit from select-
ive intestinal decontamination. However, the efficacy of antibi-
otic prophylaxis in these high-risk patients should be adequately
investigated in prospective randomized trials.

A second reason for the lack of consensus in the prophylaxis
of SBP, particularly in those patients who have never had a pre-
vious episode of SBP, is the problem of the development of
quinolone-resistant enterobacteria. A review of the published
data indicates that, from an initial stage when norfloxacin pro-
phylaxis was considered effective and not associated with the
development of quinolone-resistant bacteria, we have moved to
a final stage in which quinolone-resistant bacteria may cause
severe infections in these patients. Initial studies suggested that
the risk of developing SBP or other infections caused by
quinolone-resistant strains of Gram-negative bacilli was low, 
as the majority of SBP recurrences in patients on norfloxacin

prophylaxis were caused by Gram-positive cocci, mainly strep-
tococci [50,54,55]. Thereafter, a high incidence of quinolone-
resistant strains of Escherichia coli in the stools of cirrhotic patients
undergoing long-term quinolone prophylaxis was reported in
several studies, although none of these studies reported any
infection due to quinolone-resistant E. coli [56,57]. In 1997, the
first study on long-term norfloxacin prophylaxis in SBP was
published, showing a relevant emergence of infections, mainly
mild urinary infections, caused by Gram-negative bacilli resist-
ant to quinolones (90% of E. coli isolated were resistant to
quinolones) [58]. More recently, it has been shown that 39 
out of 106 infections caused by E. coli in hospitalized cirrhotic
patients were quinolone resistant, with long-term norfloxacin
prophylaxis being significantly associated with the develop-
ment of infections (mainly urinary tract infections) caused by
quinolone-resistant E. coli. However, the development of SBP
due to quinolone-resistant E. coli in decontaminated patients
was scarcely reported [59].

Data from a study performed in our liver unit, which prospec-
tively evaluated all bacterial infections occurring in a 2-year
period, show a clear relationship between the development of
SBP caused by quinolone-resistant Gram-negative bacilli and
long-term treatment with norfloxacin (Table 4). In patients 
on long-term norfloxacin prophylaxis, 50% of culture-positive
SBP were caused by quinolone-resistant Gram-negative bacilli,
whereas only 16% of culture-positive SBP in patients not receiv-
ing this prophylaxis were caused by these resistant bacteria.
Although SBP caused by quinolone-resistant Gram-negative
bacilli represented only 26% of the culture-positive SBP in this
study, quinolone-resistant SBP seem to be emerging for the first
time as a real problem in hepatology, and this will probably
increase in the near future [3]. This study also showed a high 
rate of culture-positive SBP caused by trimethoprim–
sulphamethoxazole-resistant Gram-negative bacteria in patients
on long-term treatment with norfloxacin (44%), suggesting that
this antibiotic is not an alternative to norfloxacin. These results
suggest that the effectiveness of norfloxacin is decreasing in 

Long-term norfloxacin None

Total isolated GNB

Quinolone-resistant strains 65% 29%

Trimethoprim–sulphamethoxazole-resistant strains 68% 44%

Cephalosporin-resistant strains 19% 16%

GNB isolated in SBP

Quinolone-resistant strains 57% 21%

Trimethoprim–sulphamethoxazole-resistant strains 50% 24%

Cephalosporin-resistant strains 0 7%

GNB isolated in urinary infections

Quinolone-resistant strains 92% 33%

Trimethoprim-sulphamethoxazole-resistant strains 92% 40%

Cephalosporin-resistant strains 8% 5%

Table 4 Antibiotic susceptibility of Gram-
negative bacilli (GNB) isolated in cirrhotic
patients submitted or not to long-term
norfloxacin prophylaxis.
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the prevention of SBP in cirrhotic patients and, therefore, this
should be considered as an alarm signal.

Our study also showed no significant differences in the reso-
lution rate of infections caused by E. coli resistant to quinolones
in comparison with the resolution rate of those due to sensitive
strains. The absence of cross-resistance between quinolones and
other antibiotics commonly used to treat these bacterial infec-
tions, such as third-generation cephalosporins, could explain
this finding (SBP resolution rate 92% vs. 91%). The fact that
none of the E. coli isolated in patients undergoing long-term
quinolone prophylaxis was resistant to third-generation
cephalosporins reinforces the idea that this antibiotic consti-
tutes the elective treatment for bacterial infections not only in
non-decontaminated cirrhotic patients but also in those under-
going selective intestinal decontamination with quinolones. 
On the other hand, the high incidence of quinolone- and
trimethoprim–sulphamethoxazole-resistant strains of E. coli
isolated in decontaminated cirrhotic patients underlines the
necessity of restricting the administration of prophylactic
antibiotics only to those patients at the greatest risk of SBP. 
The increasing emergence of infections caused by quinolone-
and trimethoprim–sulphamethoxazole-resistant strains of
Gram-negative bacilli also suggests that the effectiveness of 
these antibiotics may decrease with time on account of their
widespread use. Thus, further studies are needed to evaluate
alternative prophylactic measures such as other antibiotic
regimes and non-antibiotic procedures in SBP prophylaxis.
Finally, it should be kept in mind that SBP carries a poor 
prognosis. The 1-year and 2-year probabilities of survival after
an episode of SBP are 30–50% and 25–30% respectively [2].
Therefore, patients recovering from an episode of SBP should be
considered as potential candidates for liver transplantation.

Other bacterial infections

Urinary tract infections

Several predisposing factors have been recognized for urinary
tract infections (UTIs) in cirrhosis: the presence of urethral
catheters, ascites and female sex [60]. Most cases are oligo or
asymptomatic, and bacteriuria alone can be present in 40% 
of cases [61]. The microorganisms usually responsible for 
UTI in cirrhosis are Gram-negative bacilli and enterococci 
in cases of urinary manipulation [2,3]. The empirical treat-
ment should include third-generation cephalosporins or 
amoxicillin–clavulanic acid [62,63]. In cases of treatment 
failure, add ampicillin if urinary catheterization is present 
and perform ultrasonography to rule out other facilitating
pathologies in the urinary tract.

Pneumonia

The distinction between community- and hospital-acquired
(nosocomial) pneumonia is very useful. The causative organisms

in cases of community-acquired pneumonia are the same as we
can see in the general population: Streptococcus pneumoniae,
Haemophilus influenzae, Mycoplasma pneumoniae or Legionella
spp., and in addition Gram-negative bacilli, particularly Klebsiella
pneumoniae, and anaerobic bacteria [3,64–66]. Empirical treat-
ment should cover all these possibilities. The empirical use 
of third-generation cephalosporins or amoxicillin–clavulanic
acid plus a macrolide (clarithromycin or azithromycin) or
levofloxacin is at present recommended [66]. In case of treat-
ment failure, the possibility of infection by Staphylococcus aureus
and Pseudomonas spp. has to be considered.

Predisposing factors for nosocomial pneumonia are tracheal
intubation, hepatic encephalopathy and oesophageal tam-
ponade [67,68], with Gram-negative bacilli (Pseudomonas spp.) 
and Staphylococcus spp. being the bacteria most frequently
responsible for infection in these cases [69–70]. Therefore,
empirical treatment in patients with predisposing factors 
should include antipseudomonic antibiotics (i.e. ceftazidime 
or cefepime + ciprofloxacin), adding vancomycin in cases of 
tracheal intubation. In patients without predisposing factors 
for Pseudomonas spp. or Staphylococcus spp., third-generation
cephalosporins are very effective and do not have significant
adverse effects.

Spontaneous bacteraemia

The causative organisms are the same as those found in SBP
because, in theory, spontaneous bacteraemia is a previous step
in the colonization of ascitic fluid [3]. Therefore, the empirical
treatment should cover Gram-negative bacilli and non-entero-
coccal streptococci, with third-generation cephalosporins being
the most effective and safe treatment. Amoxicillin–clavulanic
acid is another option. In case of treatment failure, blood cul-
tures are very important to know the susceptibility of the bacte-
ria. A secondary origin of the bacteraemia has to be excluded.

Secondary bacteraemia

The causative bacteria should be considered according to the
origin of the bacteraemia. Catheter sepsis is usually caused 
by Staphylococcus aureus and Staphylococcus epidermidis [3].
Anaerobic facultative streptococci are usually involved in infec-
tious complications after transcatheter arterial embolization
[71]. Infections after TIPS insertion or revision are usually
caused by Gram-positive cocci or enterobacteria [72]. Finally,
both Gram-positive cocci and Gram-negative bacilli can cause
infections after variceal sclerotherapy [25].

The recommended empirical treatment for catheter sepsis 
is vancomycin and removal of the catheter. Fever after 
transcatheter arterial embolization is frequent and does not 
necessarily mean infection. In case of bacteraemia, amoxicillin–
clavulanic acid is a good antibiotic choice. Bacteraemia after TIPS
insertion or revision should be treated with a third-generation
cephalosporin plus vancomycin.
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Endocarditis

Despite the initial suggestion of a high frequency of endocarditis
in cirrhosis according to the observations in postmortem studies
[73–75], this infection is rare in the absence of predisposing 
factors such as the presence of prosthetic valves and invasive
procedures [3]. As a consequence, the most common causative
organisms are Gram-positive cocci: Staphylococcus aureus, S.
epidermidis and streptococci [75]. The ‘classic’ empirical treat-
ment with ampicillin + gentamicin is very effective although, in
the presence of prosthetic valves, ampicillin must be substituted
by vancomycin.

Cellulitis and lymphangitis

Several predisposing factors have been implicated in these 
infections such as deficient hygienic standards, unapparent skin
injuries and oedema [76]. The empirical treatment should cover
Gram-positive cocci (Staphylococcus aureus, streptococci) and
enterobacteria. Amoxicillin–clavulanic acid, a third-generation
cephalosporin plus cloxacillin or ofloxacin are good options as
empirical treatment.

Summary

Spontaneous bacterial peritonitis is a frequent and severe com-
plication of cirrhotic patients with ascites. Its diagnosis is estab-
lished on the basis of a polymorphonuclear cell count in ascitic
fluid equal to or higher than 250 cells/µL. The routine use of
diagnostic paracentesis whenever a cirrhotic patient with ascites
is admitted to hospital usually allows early diagnosis of the infec-
tion. At present, third-generation cephalosporins are considered
the gold standard in the treatment of SBP. Because of the high
incidence of quinolone-resistant Gram-negative bacilli isolated
in cirrhotic patients on long-term norfloxacin prophylaxis, SBP
in these patients should not be treated with quinolones as empir-
ical therapy. Although SBP prognosis has improved in recent
years, the mortality rate associated with this bacterial infection is
still high. The development of severe complications such as renal
impairment and gastrointestinal bleeding is responsible for this
poor prognosis. The mechanisms involved in the pathogenesis
of these complications are under evaluation. Selective intestinal
decontamination with quinolones has been demonstrated to be
effective in SBP prophylaxis in patients who have recovered
from a previous episode of SBP and in patients with gastroin-
testinal bleeding. The increasing emergence of quinolone-
resistant organisms clearly establishes the necessity of restricting
the primary prophylaxis to those subsets of patients at high risk
of developing a first episode of SBP. The identification of these
patients and the evaluation of alternative prophylactic measures
such as other antibiotic regimes and no antibiotic procedures
are still under investigation. Because of the poor survival
expectancy after this bacterial infection, cirrhotic patients 
recovering from an episode of SBP should be considered as

potential candidates for liver transplantation. Finally, other bac-
terial infections in cirrhosis and their most frequent causative
organisms and empirical treatment are summarized.
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The spleen in liver disease

Splenomegaly is a frequent finding in patients with liver disease.
The incidence of splenomegaly in cirrhotics varies from 36% 
to 92% in different series [1]. The cause of the liver disease
influences the frequency of splenomegaly. Patients with idio-
pathic portal hypertension typically have large spleens, and it 
has been reported that patients with non-alcoholic cirrhosis
tend to have larger spleens than patients with alcoholic cirrhosis
[2]. A variable proportion of patients with liver disease and
splenomegaly exhibit thrombocytopenia, anaemia and/or leu-
copenia (hypersplenism). Severe hypersplenism in cirrhotics is
associated with a worsening of prognosis (see below). While 
passive venous congestion is believed to be the major cause of
splenomegaly in portal hypertension, there is a poor correlation
between portal venous pressure and spleen size [3]. The pres-
ence of splenomegaly, with an associated increase in splenic
venous flow, may contribute to the maintenance of portal
hypertension, particularly in idiopathic portal hypertension. 
If intrahepatic resistance is high enough to reverse blood flow 
in the splenic vein, prognosis is poor. In a prospective study of 
50 patients with biopsy-proven severe alcoholic liver disease,
survival at 1 year was significantly lower in patients with hep-
atofugal splenic blood flow than in those with hepatopetal blood
flow in the splenic vein (41.7% vs. 82.4%; P = 0.34) [4]. The
spleen may also contribute to increased intrahepatic resistance.
Endothelin-1 is a potent vasoconstrictor, circulating levels of
which are increased in cirrhotic patients, with higher levels 
in the superior mesenteric and splenic veins compared with 
the systemic circulation [5]. Immunostaining on surgically
removed spleens in portal hypertensive patients has shown that
endothelin-1 is produced by endothelial cells of the splenic sinus
and lymphocytes in the marginal zones and germinal centres of
the lymphoid sheaths and follicles.

Structure and functions of the spleen

The spleen is the largest lymphoid organ in the body and has
important immunological and filtering functions. Resting

splenic blood flow in animal studies is approximately 40–100
mL/min/100 g tissue [6]. This represents between 1% and 10%
of cardiac output. In many species, the spleen is contractile 
and acts as a reservoir for blood cells. The human spleen is 
non-contractile, suggesting that this reservoir function is less
important in man. The normal adult spleen weighs between 
100 g and 174 g and becomes smaller in old age. It reaches its
maximum size in late adolescence and may be palpable in up 
to 3% of apparently healthy young adults [7]. The spleen 
must double in size before it becomes palpable below the costal
margin. It enlarges caudally and medially, and the spleen tip may
be felt at the level of the 9th or 10th costal cartilage. In some
patients with liver disease, it lies more posteriorly and may be
missed unless palpation is performed in the left flank.

The spleen receives its arterial supply from the splenic artery
and drains via the splenic vein into the portal vein. The spleen is
divided into a variable number (3–7) of well-defined segments,
each with its own blood supply and separated from each other by
avascular planes [8]. Both splenic artery and vein lie close to the
pancreas over much of their course and may be affected in con-
ditions such as pancreatitis or pancreatic carcinoma. The cut
surface of the spleen is characterized by red and white pulp.
White pulp is visible as tiny white or grey spots (Malpighian 
corpuscles) seen against the dark background of the red pulp.
The white pulp is lymphatic tissue which surrounds the splenic
arterioles as a periarterial lymphatic sheath. It contains lympho-
cytes, monocytes and lymphoid follicles. The red pulp consists
of a reticular meshwork, containing phagocytic reticular cells
and endothelial macrophages, that lies between the splenic 
arterioles and the venous sinuses.

Microcirculation of the spleen

The microcirculation of the spleen is complex [6].
Microcirculatory studies suggest that there are two parallel 
functional blood flow pathways. Ninety per cent of blood flows
through the fast pathway. Splenic arterioles lead to capillaries
which, instead of leading into venules, empty into a reticular
meshwork. The reticular network is not homogeneous. An area
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called the marginal zone or marginal sinus at the junction of the
red and white pulp appears to receive the majority of the blood
flow. Open-ended venous sinuses exist in this area that drain
rapidly into the venous circulation. Blood in the remaining red
pulp exits the spleen through the walls of venous sinuses, which
have a structure similar to blind-ending sacs. Formed blood 
elements must pass through openings in the sinus walls called
interendothelial slits (IESs). In vivo microscopy studies in the rat
spleen suggest that these slits are contractile, and only approxi-
mately 20% are open during any particular 5-min observation
period with a calculated flow rate of approximately three red
blood cells/IES/min. It is believed that the red pulp provides the
filtration function in the spleen. In contrast, blood flow through
the marginal zone is believed to facilitate traffic of lymphocytes
and macrophages into the lymphatic structures, as part of the
immunological function of the spleen.

Functions of the spleen

The spleen has important immunological and filtration func-
tions [9]. Splenectomized patients are particularly at risk of
overwhelming infection from encapsulated bacteria such as
pneumococcus, Haemophilus influenzae and meningococcus.
The spleen functions as both a particulate filter and a lymphoid
organ that can mount an adaptive immune response. In contrast
to the hepatic Kupffer cells, splenic phagocytosis is effective even
with poorly opsonized particles. There appears to be a distinct
subset of mature peripheral B cells in the spleen, which respond
rapidly to antigen and polyclonal activators, termed marginal
zone (MZ) B cells [10]. These cells appear to bridge the gap
between the innate immune system and the classic adaptive 
follicular B cells. The spleen is important in host defence against
protozoal infections. More severe and frequent infections with
malaria and babesiosis have been reported following splenec-
tomy, although it should be noted that most splenectomized
patients survive these infections [11].

Hypersplenism

It is believed that the term hypersplenism was first introduced by
Chauffard in 1907 but was not precisely defined [12]. A clinical
definition of hypersplenism has been suggested by Bowdler [13]:
‘Hypersplenism is a syndrome in which there is enlargement of
the spleen, accompanied by a deficit in one or more of the circu-
lating cell lines of the peripheral blood (anaemic, thrombocy-
topenia, and granulopenia), together with demonstrated active
haematopoiesis of the affected cell line(s) in the bone marrow.
Retrospectively, the syndrome is justified by correction of the
deficit by splenectomy.’ This definition implies that a bone 
marrow examination is necessary to make the diagnosis. This is
rarely done in practice unless there is doubt about the diagnosis.
A more practical definition was suggested by Liangpunsakul
et al. [14]. They defined hypersplenism as ‘the presence of
platelet count < 150 000/µL and/or white blood cell count

(WBC) < 3500/µL in conjunction with splenomegaly’ [14].
Severe hypersplenism was defined as the presence of a platelet
count of ≤ 75 000/µL and/or white cell count ≤ 2000/µL in 
conjunction with splenomegaly.

Incidence of hypersplenism

The reported incidence of hypersplenism in liver disease varies
widely. Using the definitions shown above, Liangpunsakul et al.
assessed the incidence of hypersplenism in 419 consecutive
patients referred for liver transplantation [14]. Hypersplenism
was present in 215 (51%) and severe hypersplenism in 108
(33%) patients. Decompensated liver disease and a history of
excess alcohol consumption were independent risk factors.
Interestingly, another 81 patients had either leucopenia or
thrombocytopenia in the absence of splenomegaly. The incid-
ence of hypersplenism may depend on the aetiology of the 
liver disease. Hypersplenism was present in 13/18 (72%)
patients with cystic fibrosis-related cirrhosis [15]. In a study 
of 235 patients with non-alcoholic chronic liver disease, 64% 
of patients with severe fibrosis/cirrhosis had a platelet count of 
< 150 000/µL and 5% had leucopenia, with a circulating white
cell count < 3500/µL [16]. In a retrospective study of 563
patients who had shunt surgery, El-Khishen et al. [17] found
that 33 (6%) had a preoperative platelet count of < 50 000 µL
and 30 (5%) had a white blood cell count < 2500 µL.

Mechanisms of hypersplenism

Thrombocytopenia in hypersplenism

The normal spleen stores between 30% and 45% of the circulat-
ing platelet pool, and this figure may rise of over 90% in patients
with splenomegaly. There is a significant inverse correlation
between the size of the spleen and the platelet count, although
the relationship is very variable between individual patients 
(Fig. 1) [17]. Platelets are not irreversibly confined to the
enlarged spleen, and a proportion may be released under condi-
tions of stress or during an intravenous infusion of adrenaline
(epinephrine) [18]. Thrombocytopenia in hypersplenism dif-
fers from idiopathic thrombocytopenia (ITP). In the former, 
it appears that the spleen contains the youngest and most
haemostatically active platelets, which may be released at times
of stress. Circulating platelets in ITP are larger, suggesting that
the newly formed platelets are circulating in this condition [19].
Platelets transfused from asplenic donors appear to have a
longer lifespan (~ 2 days) than those from normal donors, sug-
gesting that young platelets are sequestered in the spleen before
release into the circulation [20]. Exogenous platelets are also
rapidly sequestered in the spleen. Approximately 20% of infused
platelets are still present in the circulation 2 hours after infusion,
compared with 60% in normal subjects (Fig. 2) [18].

In addition to increased sequestration of platelets, survival
time appears to be decreased in cirrhotic patients. In one study,
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mean survival was 5.8 days in cirrhotics compared with 9.5 days
in normal control subjects [21]. The decreased survival time
may be partially related to increased immune-related destruc-
tion. Platelet-associated immunoglobulin (PAIgG) is believed to
render platelets more susceptible to immune-related destruc-
tion in the reticuloendothelial system. PAIgG is increased in 

cirrhotic patients with portal hypertension, and the level appears
to correlate with shortened platelet survival time [22].

Platelet production may also be impaired in cirrhosis.
Thrombopoietin is a 353-amino-acid peptide produced at a
constant rate mainly in the liver. Platelets have receptors for
thrombopoietin, and bound thrombopoietin is not active in the
bone marrow. In thrombocytopenia, free circulating throm-
bopoietin increases and stimulates platelet production. In idio-
pathic thrombocytopenic purpura, there is thrombocytopenia,
an increase in thrombopoietin levels and an increased propor-
tion of reticulated (young) platelets in the circulation. In con-
trast, patients with aplasia have thrombocytopenia, decreased
reticulated platelets and high thrombopoietin levels. Cirrhotics
appear to have normal or low thrombopoietin levels and normal
or low circulating reticulated platelets [23]. The relatively low
thrombopoietin levels could be because of binding to platelets 
in the spleen and/or reduced production in the failing liver.
Certainly, liver transplantation generally increases both platelet
counts and thrombopoietin levels, suggesting that there is a
significant production deficit in cirrhosis [24]. The relative
importance of sequestration, decreased production and increased
production in cirrhotic thrombocytopenia is still a matter of
some debate [25,26]. In patients with relatively well-preserved
liver function and hypersplenism, e.g. schistosomiasis, decreased
thrombopoietin production is less likely to be a significant con-
tributory factor to thrombocytopenia [27].

Granulocytopenia in hypersplenism

Granulocytopenia is less common than thrombocytopenia in
patients with hypersplenism, and there is a relatively poor corre-
lation between spleen size and neutrophil counts (Fig. 3) [17].
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between different patients. Reproduced from ref. 17: El-Khishen MA et al.
(1985) Splenectomy is contraindicated for thrombocytopenia secondary to
portal hypertension. Surg Gynecol Obstet (now J Am Coll Surg) 160,
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Radiolabelled studies suggest that there is a splenic pool of gran-
ulocytes that may be released under conditions of physiological
stress, e.g. exercise [28]. Plasma myeloperoxidase levels are
increased in cirrhotic patients compared with normal control
subjects [29]. Myeloperoxidase is contained in the primary
granules of neutrophils and released on activation or degrada-
tion. The high levels in cirrhosis are believed to be due to
increased destruction or consumption of neutrophils along 
with decreased hepatic clearance. Levels are higher in patients
with splenomegaly and correlate inversely with circulating 
neutrophil and platelet counts. This is indirect evidence that
increased destruction along with splenic pooling may contribute
to neutropenia in these patients. It has been suggested that
plasma myeloperoxidase levels may be a possible marker of
hypersplenism [30]. As well as splenic sequestration, neutrope-
nia in cirrhosis may result from increased apoptosis in circulat-
ing polymorphonuclear leukocytes (PMNs). Ramirez et al. [31]
demonstrated decreased viability on culture of PMNs from
patients with decompensated liver disease compared with 
control subjects. These cells had morphological features of
apoptosis and increased activity of caspase-3, an important
transduction factor of apoptosis.

Anaemia in hypersplenism

Minor forms of anaemia are frequently seen in patients with
liver disease and splenomegaly. The cause is often multifactorial
and may include iron deficiency due to gastrointestinal bleed-
ing, vitamin deficiencies, e.g. folate in alcoholic liver disease,
haemolytic anaemia or the effects of toxins such as alcohol on
the bone marrow. There is red cell pooling in the spleen, which
may account for between 5% and 40% of the total red cell mass.
The size of the splenic pool increases with spleen size, but the
correlation is not close [32]. An additional factor contributing to
anaemia is expansion of the plasma volume seen in cirrhosis.
This expansion is probably secondary to the haemodynamic
effects of cirrhosis and does not appear to be correlated with
spleen size [33]. Increased red cell fragility may cause haemolysis
in the spleen. Examples would be spur cell anaemia or the
recently described haemolytic anaemia associated with a soluble
variant of asialoglycoprotein receptor in the serum [34]. Both
are usually seen in patients with alcoholic liver disease.

Clinical consequences of hypersplenism

Patients with severe hypersplenism (platelet count < 75 000/µL
and/or white blood cell count < 2000/µL) appear to be at
increased risk of variceal bleeding, spontaneous bacterial peri-
tonitis and death compared with cirrhotic patients without
severe hypersplenism [14]. In a study including 108 patients
with and 221 patients without hypersplenism, the relevant
figures for variceal bleeding were 19% vs. 5% (P = 0.001) (Fig. 4)
and 16% vs. 3% for spontaneous bacterial peritonitis. The
median survival was 32 months in the patients with severe

hypersplenism compared with 47 months in those without 
(P = 0.03) (Fig. 5). It is likely that patients with more advanced
liver disease will have an increased incidence of hypersplenism
and increased risk of liver-related complications and mortality.
However, severe hypersplenism remained an independent pre-
dictor in multivariate analysis. For mortality, the relationship
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between severe hypersplenism and mortality persisted even after
controlling for Child–Pugh class [14].

It is easy to see that a low platelet count may increase the risk
of variceal bleeding. In cirrhotics with thrombocytopenia, the
bleeding time is prolonged and is significantly correlated with
platelet count (Fig. 6) [29]. It is likely that bleeding may also be
more severe or prolonged in patients with severe thrombocy-
topenia. In a large series of 695 cirrhotic patients admitted with
variceal bleeding, platelet count was an independent predictor
of early rebleeding [35]. Interestingly, platelet count was not 
an independent predictor of mortality in this study, although
failure to control bleeding or early rebleeding was associated
with higher mortality. Hypersplenism may also limit treatment
options, particularly in patients with hepatitis C. A platelet
count of < 50/mm3 is regarded as a relative contraindication to
treatment. Leucopenia is a frequent side-effect of treatment but
may be effectively managed with granulocyte colony-stimulating
factor (G-CSF).

Treatment of hypersplenism

It is important to realize that hypersplenism itself rarely requires
specific treatment. The anaemia is seldom troublesome and,
despite low granulocyte or platelet counts in the peripheral
blood, cirrhotics with splenomegaly can usually mobilize granu-
locytes to deal with infection and platelets in the face of bleeding.
If neutrophil counts are very low, therapy with G-CSF is often
effective (see below). Thrombocytopenia is often more trouble-
some. Many patients with hypersplenism and thrombocyto-
penia receive platelet transfusions to cover surgery and invasive 

procedures or as part of the treatment of variceal haemorr-
hage. In a study by the American College of Gastroenterology 
GI bleeding registry, data on 725 patients with bleeding
oesophageal varices was gathered. A median of 1.5 units of
platelets was transfused per episode of variceal bleeding [36].
Infused platelets are rapidly sequestered in the enlarged spleen
with only about 20% still present in the circulation at 2 hours
compared with 60% in normal subjects (Fig. 2) [18]. This sug-
gests that prophylactic platelet transfusions should be admin-
istered during or shortly before invasive elective procedures to
maximize their effectiveness. Unfortunately, there has been little
study of the efficacy of platelet transfusion in patients with cir-
rhosis and hypersplenism. Platelet transfusions are a relatively
scarce resource, and new strategies to maximize their effective-
ness in this situation would be helpful. Many situations in which
thrombocytopenia is a problem are short term or self-limiting,
e.g. elective surgical procedures or biopsies. In other situations,
e.g. recurrent variceal haemorrhage or severe epistaxis, throm-
bocytopenia may be a significant precipitant. Even in these 
situations, treatment directed at the site of bleeding, e.g. banding
of varices or transjugular intrahepatic portosystemic shunts
(TIPS), may solve the problem rather than therapy directed
specifically at hypersplenism.

Granulocyte colony-stimulating factor 
(G-CSF)

G-CSF has been used to increase neutrophil counts in patients
with hypersplenism. It appears to be effective in the majority of
patients but has little effect on platelet numbers [37]. G-CSF
appears to be well tolerated after liver transplantation and may
be particularly useful in patients with cytomegalovirus (CMV)
disease [38]. One large randomized controlled trial looked at the
effect of routine G-CSF for the first 21 days after liver transplan-
tation irrespective of neutrophil count. There were significant
increases in neutrophil counts in the treatment group but no
beneficial effects on infection rates or survival. Interestingly,
there was a non-significant increase in the incidence of biopsy-
proven rejection and nosocomial pneumonia in the treatment
group [39].

Neutropenia and thrombocytopenia are frequent side-effects
during antiviral treatment for hepatitis C virus [40]. Interferon
causes a 10–50% reduction in peripheral platelet count, which
may be clinically important in patients with hypersplenism and
pre-existing thrombocytopenia. A reduction in dose is recom-
mended if total neutrophil counts fall below 750/µL. An alterna-
tive strategy is to use G-CSF to increase neutrophil counts and
maintain antiviral treatment doses.

Erythropoietin

Erythropoietin has been used extensively in renal patients with
anaemia. It appears to have a modest effect in increasing platelet
number. In a small randomized study, including patients with
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alcoholic cirrhosis and platelet counts < 120/µL, erythropoietin
increased mean platelet count by about 25% [41].

Thrombopoietin

Thrombocytopenia causes most clinical problems in patients
with cirrhosis and hypersplenism. The identification and
purification of thrombopoietin in 1994 raised hopes that 
effective therapy might be at hand. To date, two forms have
undergone extensive clinical testing, recombinant human
thrombopoietin (rhTPO) and pegylated recombinant human
megakaryocyte growth and development factor (PEG-
rHuMGDF), mainly in oncology and haematology patients [42].
Both have been shown to stimulate megakaryocyte growth 
and platelet production and to ameliorate drug-induced throm-
bocytopenia. Results to date suggest that the peak response 
is delayed a few days and pretreatment is required. However,
administration of multiple subcutaneous doses of PEG-
rHuMGDF resulted in prolonged thrombocytopenia in 8–10%
of patients. This appears to be due to the development of 
neutralizing antibodies that cross-react with native throm-
bopoietin. As a result, PEG-rHuMGDF was withdrawn from
clinical trials. This effect has not been seen with rhTPO, which 
is given intravenously. In an analogous situation, cases of 
antibody-mediated pure red cell aplasia have been reported in
renal patients following erythropoietin treatment [43]. They
were attributed to subcutaneous rather than intravenous admin-
istration and to changes in stabilizers and storage methods.
These problems were identified and resolved followed by the vir-
tual disappearance of the clinical problem with erythropoietin.
It is hoped that the similar problems with thrombopoietin will
also be overcome. For the present, peptide thrombopoietin
mimetics are being developed, designed to bind to and activate
the thrombopoietin receptor. Thrombopoietin or thrombopoi-
etin analogues would clearly be useful in patients with liver dis-
ease and thrombocytopenia, particularly for elective surgery or
liver biopsy. Because of the delayed onset of action, they would 
be of limited value in emergency situations such as variceal
haemorrhage.

Splenectomy

Splenectomy should cure hypersplenism. However, in patients
with advanced liver disease, the procedure may be technically
difficult and associated with considerable morbidity and mor-
tality. Specific concerns include the risk of decompensation
associated with surgery, postoperative portal vein thrombosis,
increasing difficulty of subsequent liver transplantation and the
increased risk of sepsis with encapsulated organisms such as
pneumococcus. Splenectomy may be performed as part of the
Sigiura procedure for patients with bleeding varices. This is now
rarely performed in western countries as TIPS has superseded
shunt surgery in many centres. Devascularization and splen-
ectomy is still a major treatment option for patients with 

schistosomal portal hypertension and bleeding varices [44].
Splenectomy may also be indicated in the rare patient with
‘sinistral’ or left-sided portal hypertension complicated by
variceal bleeding [45]. This is characterized by splenic vein
thrombosis and gastric varices.

While splenectomy is generally not recommended in cirrhotic
patients, there is a suggestion that it may be useful in patients
with cirrhosis and hepatoma. Wu et al. [46] reported a series 
of 41 patients treated in this way in a cohort of 526 hepatoma
resections. These patients had preoperative platelet counts of 
< 80 000/µL. Morbidity and mortality rates were similar in
patients treated with and without splenectomy. The authors
claimed that this technique allowed them to increase the 
patients suitable for surgical resection in this situation [46].
Another Chinese group reported on 94 hepatoma patients treated
with partial hepatectomy and splenectomy compared with 
partial hepatectomy alone in 110 patients [47]. They reported
significantly improved 5-year disease-free survival in the
splenectomy group (37% vs. 27.3%; P = 0.003), although overall
survival was similar. However, all patients in the splenectomy
group completed adjuvant chemotherapy compared with 15%
in the hepatectomy alone group, which may have contributed to
the observed differences. Clearly, controlled data will be required
to confirm the role of splenectomy in this patient group.

Laparoscopic splenectomy has now been described in patients
with cirrhosis and hypersplenism. A recent report described 11
patients with hepatitis C and thrombocytopenia which limited
interferon treatment [48]. Laparoscopic splenectomy was suc-
cessful in all, with no major complications. Mean spleen weight
was 1043 g, and mean platelet count increased from 55/µL 
to 439/µL following surgery. It is important to note that all
patients in this study had Child’s class A liver disease. Partial
splenectomy may be possible particularly in patients with schis-
tosomal or non-cirrhotic portal hypertension. In a long-term
(1–12 years) follow-up study of 32 patients, increases in circulat-
ing white cell counts and platelets were seen in 31% and 22%
respectively [49].

Partial splenic embolization

Partial splenic embolization has been shown to produce
significant increases in peripheral white cell and platelet counts.
Interestingly, platelet survival time appears to improve after 
this procedure [22]. Initial enthusiasm was tempered by a high
incidence of side-effects including pain, fever, splenic abscess,
splenic rupture, acute pancreatitis and septicaemia. Side-effects
may be reduced by careful aseptic technique, administration of
prophylactic intravenous antibiotics and embolization of less
than 70% of splenic volume. The place for this technique in the
management of hypersplenism is still not clear. Reasonable
long-term efficacy has been demonstrated in paediatric patients
[50]. One cohort study suggested that the combination of
variceal band ligation and partial splenic embolization reduced
the risk of bleeding and improved prognosis in patients with
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varices and thrombocytopenia compared with band ligation
alone [51]. Controlled studies will be required to confirm these
findings. A recent variation on this technique is radiofrequency
ablation of the spleen. A preliminary report of this technique in
nine patients has appeared [52]. Improvement in hypersplenism
and a low incidence of side-effects was described. There is an
obvious potential for serious intraperitoneal haemorrhage with
this technique, which may limit its applicability.

Transplantation

Successful liver transplantation replaces the failing liver, corrects
portal hypertension and returns thrombopoietin production to
normal. In the immediate post-transplant period, platelet levels
may fall further as a result of consumption, immunosuppressive
drugs or rejection. This can usually be managed conservatively
with platelet transfusions as required. In very rare cases, severe
symptomatic thrombocytopenia may persist following liver
transplantation and require specific therapy, such as splenec-
tomy [53]. Spleen size usually diminishes after transplantation,
over time, but still remains somewhat enlarged in many patients.
Platelet counts increase in the majority of patients, but many still
have subnormal values on long-term follow-up [54].

Portosystemic shunts

Portosystemic shunt surgery and TIPS appear to have mod-
est but somewhat unpredictably beneficial effects on hyper-
splenism. In two controlled studies of shunt surgery,
splenomegaly diminished more often in the shunted patients
[1,55]. However, only one study demonstrated an improvement
in peripheral white cell and platelet counts [55]. The reported
effect of TIPS on thrombocytopenia is also variable. An Austrian
group noted a 19.7% increase in median platelet count over a 
1-year period in 45 patients treated with TIPS [56]. There was 
a 17.1% drop in median platelet count in 110 control patients
over the same time period. The percentage reduction in porto-
systemic gradient was not predictive of response. In contrast, 
an American group noted no significant change in platelet count
in 60 patients treated with TIPS [57].

Venesection

An Italian group reported that phlebotomy caused increased
platelet counts in cirrhotic patients with iron overload [58]. The
aetiology of cirrhosis in this study was varied, including hepatitis
C, alcohol and hereditary haemochromatosis. The increased
platelet count was associated with improvements in alanine
aminotransferase levels. Sixty-two patients were treated with an
increase in mean platelet count from 110 to 168 × 109/L.
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bile ducts
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8.1 Congenital conditions

8.1.1. Congenital hepatic fibrosis 
Jean-Pierre Benhamou

Congenital hepatic fibrosis is an inherited, congenital malfor-
mation characterized by portal spaces enlarged by fibrosis and
multiple bile ductules, the main consequence of which is portal
hypertension. The disease was described as fibrocystic disease 
of the liver by Grumbach [1]. The denomination of congenital
hepatic fibrosis was introduced by Kerr [2].

Pathology and pathogenesis

The lesion of congenital hepatic fibrosis consists of portal spaces
markedly increased in size because of abundant connective 
tissue and numerous bile ductules, more or less ectatic, com-
municating with the biliary tree. It must be emphasized that
congenital hepatic fibrosis is not simply fibrosis and that bile
ductular proliferation is an essential component of the lesion. A
few portal spaces may remain normal, which explains why con-
genital hepatic fibrosis may be unrecognized by histological
examination of a small specimen taken by liver biopsy. Some
clusters of multiple bile ductules surrounded with fibrosis may
be present within the lobules, apart from the portal spaces. Some
bile ductules are so markedly dilated that they form microcysts:
these microcysts communicate with the biliary tree. Separation
between the fibrotic portal spaces and the rest of the liver par-
enchyma is sharp. Architecture of the liver remains normal.
There is no regenerative nodule.

The primary disorder of congenital hepatic fibrosis is likely to
be ductular proliferation, fibrosis being secondarily induced by
the multiple bile ductules. The initial lesion might be clusters of
multiple bile ductules, i.e. von Meyenburgh complexes, resem-
bling the initial lesion of the liver cyst associated with adult poly-
cystic kidney disease; however, in congenital hepatic fibrosis, the
abnormal bile ductules maintain their communications with the
biliary tree and, as a result, only microcysts are formed. In adult

polycystic kidney disease, the abnormal bile ductules loose their
communications with the biliary tree and, as a result, dilate
markedly and form large cysts.

The mechanism for the development of multiple bile duc-
tules in congenital hepatic fibrosis is unknown. It has been 
suggested that the abnormal abundance of bile ductules might
result from a defect in the involution of the so-called ductular
plate [3]. Normal involution would result in the obstruction of 
a large part of the ductular plate. The residual, undestroyed 
parts of the ductular plate would form intrahepatic bile duct.
Congenital hepatic fibrosis would be due to the undestroyed
parts of ductular plate. A similar disorder affecting the epithe-
lium of the large bile ducts might account for Caroli’s syndrome
associated with congenital hepatic fibrosis. A similar mechanism
might explain the dilatation of the renal collecting tubules 
and the dilatation of the pancreatic ducts, two extrahepatic mal-
formations which may be associated with congenital hepatic
fibrosis.

Aetiology

Congenital hepatic fibrosis is an inherited malformation, 
transmitted as an autosomal recessive trait [2,4]. The parents,
presumably heterozygous, are phenotypically normal. Males
and females are equally affected. Several siblings may be 
affected. Consanguinity increases the risk of congenital hepatic
fibrosis.

The prevalence of congenital hepatic fibrosis is not estab-
lished, but is certainly very low and might be of the same order of
magnitude as that of another autosomal recessive liver disease,
Wilson’s disease, i.e. about 1:100 000 [5]. There is no ethnic 
predominance.

Manifestations and diagnosis

The main consequence of congenital hepatic fibrosis is portal
hypertension, which is likely to be present from birth. The dis-
ease is recognized at the first episode of gastrointestinal bleeding
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resulting from ruptured oesophageal varices, which usually
occurs between 5 and 20 years of age, but sometimes later. In a
few patients, the disease is recognized before any gastrointestinal
bleeding, because of blood disorders due to hypersplenism,
abdominal discomfort resulting from an enlarged spleen, or the
presence of abdominal collateral venous circulation.

At clinical examination, the liver is often, but not constantly,
enlarged. Splenomegaly is present in most of the patients.
Abdominal collateral venous circulation, Cruveilhier syndrome
in some patients, is often visible. Ascites is absent. There is no
symptom or sign indicating liver failure, in particular jaundice
or spider naevi. The liver function tests are normal, except for
moderately increased alkaline phosphatase and gammaglutamyl
transpeptidase in a few patients. Endoscopic and/or radiographic
examinations demonstrate oesophageal varices. Ultrasonography
and/or computed tomography show that the liver is often
enlarged, the portal vein is patent (which excludes extrahepatic
portal hypertension), the spleen is enlarged, and portacaval 
collateral circulation is present; the venous phase of coeliac and
mesenteric arteriography would provide similar information.
Histological examination of an hepatic specimen taken by 
needle biopsy demonstrates the typical liver lesion in most
patients; however, especially if the specimen is small, the lesion
may be missed because, as mentioned above, some of the portal
spaces may be normal.

Course and complications

The course of the disease is dominated by recurrent episodes 
of gastrointestinal bleeding, the frequency of which varies 
widely from patient to patient. The episodes of gastrointestinal
bleeding are often well tolerated and are usually not followed 
by hepatic encephalopathy, ascites or jaundice. The patient’s
death is due to massive bleeding but not to liver failure. Thus,
the course of congenital hepatic fibrosis resembles that of 
extrahepatic portal hypertension and differs from that of 
cirrhosis.

In a few patients, in the absence of Caroli’s syndrome, con-
genital hepatic fibrosis is complicated by recurrent episodes of
bacterial cholangitis. Uncontrolled, severe bacterial cholangitis
may cause the death of such patients.

Thrombosis of the portal vein can complicate congenital 
hepatic fibrosis. This complication is often due to surgical 
operations on the portal vein or its branches, in particular
splenectomy (which is unjustified in these patients).

Cholangiocellular carcinoma can complicate congenital hep-
atic fibrosis [6].

Associated malformations

Congenital hepatic fibrosis is often associated with Caroli’s 
syndrome, either clinically silent or cholangitis determining 
(see below).

Congenital hepatic fibrosis is likewise often associated with 
a renal malformation consisting of ectatic collecting tubules
resembling sponge kidney [7]; however, dilatation affects both
the medullary and cortical portions of the collecting tubules in
congenital hepatic fibrosis, whrereas dilatation is limited to the
medullary portion in sponge kidney [8,9]. This renal malforma-
tion is clinically silent except for haematuria and/or urinary
infection in a few patients. Dilatation of the collecting tubules
can be demonstrated by intravenous pyelography showing
enlarged kidneys and coarse striation of the medulla [7]. These
radiological abnormalities are present in about two-thirds of the
patients [4,7]; their presence is good evidence for, but their
absence is not an argument against, the diagnosis of congenital
hepatic fibrosis. In some patients with a normal intravenous
pyelogram, histological examination of the kidneys may show
ectatic collecting tubules [8].

In most patients, dilatation of collecting tubules remains 
stable. However, in some, the ectatic segments lose their com-
munications with the urinary tract and transform into large
renal cysts; the renal malformation then resembles adult poly-
cystic kidney disease [10]. This transformation accounts for 
the large renal cysts detectable by intravenous pyelography or
ultrasonography in a certain number of patients with congenital
hepatic fibrosis [4]. This transformation may be rapid and take
place in infancy or, more often, is more progressive, large renal
cysts being formed only over 30 or 40 years. In patients with
large renal cysts, the renal malformation may cause renal failure
and/or arterial hypertension.

Other associated malformations are uncommon and include
duplication of the intrahepatic portal vein branches [11], cystic
dysplasia of the pancreas [2], intestinal lymphangectasia [12],
pulmonary emphysema [13], cerebellar haemangioma [14],
aneurysms of renal and cerebral arteries and cleft palate [2].

Treatment

Endoscopic sclerotherapy of oesophageal varices and/or non-
selective beta blockers can be recommended for the prevention
of recurrent bleeding, although these procedures have not been
specifically evaluated in congenital hepatic fibrosis.

In patients in whom sclerotherapy and/or beta blockers are
inefficient, a surgical portacaval shunt can be considered.
Hepatic encephalopathy and liver failure after portacaval shunt
is less common in patients with congenital hepatic fibrosis than
in those with cirrhosis [4,15].

Splenectomy, which has been performed in a few patients in
whom hypersplenism had not been related to congenital hepatic
fibrosis, does not prevent occurrence or recurrence of gastroin-
testinal bleeding and may be followed by portal vein thrombosis,
preventing subsequent surgical portacaval shunt (Benhamou,
personal observation).

Operations or invasive investigations on the biliary tree, 
such as cholecystectomy, choledocotomy, T-tube drainage,
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intraoperative cholangiography or endoscopic retrograde cho-
langiography, must be avoided because of the risk of inducing
bacterial cholangitis.
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8.1.2. Simple cyst of the liver
Valérie Vilgrain

The simple cysts of the liver are cystic formations containing
serous fluid, which do not communicate with the intrahepatic
biliary tree. Numerous terms have been used: biliary cyst, 
non-parasitic cyst of the liver, benign hepatic cyst, congenital
hepatic cyst, unilocular cyst of the liver, solitary cyst of the liver
(this last designation is inappropriate because, as mentioned
below, the simple cysts are often multiple). Although frequent in
the general population, most simple cysts are less than 3 cm in
diameter, easily identified at ultrasound and asymptomatic.
Symptoms, when present, are usually related to intracystic

bleeding that changes the morphological appearance of the cyst
and may mimic cystadenoma or hydatid disease.

Pathogenesis and pathology

Simple non-parasitic cysts of the liver are congenital. The 
pathogenesis of the simple cysts is still unclear, and it is usually
considered that the pathogenesis is similar to that observed in
polycystic diseases. During embryogenesis, abnormal or exces-
sive numbers of intrahepatic ducts develop. These bile ducts fail
to connect with the biliary tree and progressively dilate to form
cysts. Despite this congenital origin, communication with the
biliary tree is very rare. Liver cyst epithelial cells retain differenti-
ated secretory function as they secrete fluid and generate a 
positive luminal pressure that may be greater than 30 cm H2O.
The composition of the fluid, which contains water and mineral
electrolytes without bile acids and bilirubin, is close to that of the
normal secretion of the epithelium of the bile ducts.

Macroscopically, simple cysts may be solitary or multiple, but
are usually unilocular. Multilocular cysts are formed by the
confluence of multiple adjacent cysts. They have a spherical or
ovoid shape. The diameter ranges from a few millimetres to 
20 cm or more. Up to five cysts can be observed, but the presence
of multiple cysts should raise the possibility of adult polycystic
kidney disease or adult polycystic liver disease. The presence of
renal cysts or family history are key. The cystic fluid is usually
clear yellow, but it may appear mucoid, bile stained or bloody
because intracystic bleeding is relatively common. The inner
surface is smooth. The small cysts are surrounded by normal
hepatic tissue. The large cysts produce atrophy of the adjacent
hepatic tissue: a huge cyst may result in complete atrophy of 
a hepatic lobe with compensatory hypertrophy of the other lobe.
Atrophy respects the large bile ducts and blood vessels, which
therefore appear to be abundant in the atrophic tissue in contact
with the cyst. Large bile ducts and blood vessels persisting after
atrophy may protrude and form folds over the inner surface of
the cyst, which may mimic septae. Occasionally, von Meyenburg
complexes can be present in the neighbouring liver.

Microscopically, the cystic epithelium is single cuboidal 
to columnar and resembles biliary epithelium. The cells are 
uniform, without any atypia. Epithelial cells contain small 
quantities of mucin and demonstrate weak immunostaining 
for epithelial antigen and carcinoembryonic antigen (CEA) [1].

Prevalence

Simple cysts have long been considered rare: up to 1971, only
350 cases had been reported [2,3], and early estimates of 
incidence from autopsy studies were less than 1% [4]. However,
the development of imaging techniques has revealed that simple
cysts are in fact much more frequent. Prevalence in ultrasono-
graphy studies is between 3% and 5% [5,6] and was as high as
18% in a recent spiral computerized tomography (CT) study of
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an adult population [7]. These discrepancies are explained by
the usually small size of most cysts that are only discovered with
accurate imaging techniques.

The prevalence of simple cysts is age and gender related.
Simple cysts are uncommon before the age of 40 years, and their
prevalence increases sharply thereafter. Simple cysts are also
larger in adults over 50 years than in younger individuals [4].
Most studies show a higher prevalence in women (1.5 to four
times higher) [5,6,8], and the female-to-male ratio rises to 9:1 
in symptomatic or complicated simple cysts [3]. Huge cysts
almost exclusively affect women over 50 years of age. An associ-
ation between simple hepatic cysts and simple renal cysts has
been documented [7], but is unexplained yet.

Manifestations

In the vast majority of cases, simple cysts – all the small cysts, but
also most of the large cysts – are asymptomatic and fortuitously
demonstrated by ultrasonography or CT. Symptoms are usually
due to space occupation by the cysts and pressure on the adjacent
structures; therefore, only some of the large cysts produce symp-
toms, but the severity of the symptoms does not correlate with
the size of the cyst. Symptoms generally include abdominal pain
(right upper quadrant or epigastric), discomfort, abdominal
fullness, early satiety, dyspnoea, increasing abdominal girth or
vomiting [9]. Sharp pain is not observed unless intracystic
haemorrhage has occurred. Rarely, patients present with
obstructive jaundice or oedema of the lower extremities.
Because of the high prevalence of simple cysts in adults, and the
vague symptomatology, the causal relationship between sym-
ptoms and a simple cyst of the liver should only be accepted if
the cyst is large or complicated and if other possible causes of 
the symptoms have been excluded.

At clinical examination, only the large cysts can be palpated as
spherical tumours. The condition of individuals with a simple
cyst of the liver is good. Liver function tests are normal; abnor-
mal liver function tests in a patient with a simple cyst of the liver
are not related to the cyst and are caused by another liver disease,
except when the cysts compress bile ducts.

Imaging

Ultrasonography is the best procedure for recognizing cysts. All
cysts are characterized by anechoic or hypoechoic content. But
other criteria have to be found to characterize the cystic lesion 
as a simple cyst (Fig. 1): round or oval shape; totally anechoic
lesion; sharp and smooth borders with thin walls; strong 
acoustic posterior enhancement, which reflects an accentua-
tion of the echoes beyond the cyst compared with echoes at a
similar depth transmitted through normal adjacent liver tissue
[10].

The posterior enhancement is observed only when the deep
tissue transmits ultrasound and is not seen when a total
reflector, such as gas or bone, lies behind the cyst. In some

patients, because of intracystic bleeding, intracystic echoes can
be detected. Focal thickening and nodularity are absent in 
simple cysts. Calcifications rarely occur and, if present, are 
localized and not circumferential. True septations are not seen
in simple cysts, but the interface of several adjacent cysts may
mimic septae; in such cases, the lobulated circumference of a
cluster of multiple cysts allows distinction.

The other imaging procedures are generally unnecessary in
uncomplicated cysts. A simple cyst appears as a homogeneous
and hypoattenuating lesion on non-enhanced CT scans, with no
enhancement of its wall or content after the administration of
contrast material [11] (Fig. 2). Cysts are round or oval, and are
thin-walled. In small cysts, recognition of water density may 
be difficult (the average density of the cyst being obscured by 
the density of the adjacent liver tissue). At magnetic resonance
imaging (MRI), simple cysts have homogeneous very low signal
intensity on T1-weighted images and homogeneous very high
signal intensity on T2-weighted images. Strong hyperintensity
persists on heavily T2-weighted images, and this feature allows
differentiation from metastatic lesions [11]. No enhancement is
seen after administration of gadolinium chelates.

Fig. 1 Typical simple hepatic cyst at sonography. The lesion is strictly
anechoic, with thin walls. Strong acoustic posterior enhancement is seen
beyond the cyst.

Fig. 2 Typical simple hepatic cysts on enhanced CT: homogeneous and
hypoattenuating lesions that do not enhance after administration of
contrast medium.
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discomfort, is observed almost exclusively in women over 
50 years of age.

Complications are uncommon. Intracystic bleeding is by far
the most frequent [3,16]. It is presumed to result from the ero-
sion of an artery adjacent to the cyst. The clinical manifestations
consist of sudden, severe pain and increase in the size of the cyst.
The pain resolves in a few days. There is no evidence of anaemia,
and the liver tests can only show a moderate elevation of γ-
glutamyltransferase. At ultrasonography, echoic and mobile
material, corresponding to clots, is present in the dependent
part of the cyst, but thin and mobile septations may also be
observed in haemorrhagic cysts (Fig. 4a). CT is usually unable 
to detect intracystic bleeding. MRI is very specific (Figs 4b–d).
The complicated cysts are hyperintense on both T1- and 
T2-weighted sequences [17]. In most cases, the signal is hetero-
geneous on T1-weighted sequences (Fig. 4b). Thickened wall
and fluid level may be seen (Fig. 4d).

Other complications are very uncommon. Spontaneous rup-
ture may occur in the peritoneal cavity [18] or, more rarely, in
the pleural cavity or the duodenum [19]. Rupture may also
result from trauma [20] (Fig. 5). Unlike hydatid cysts, peritoneal
perforation of simple cysts is exceptional and self-limited. Severe
haemoperitoneum has only been described in patients with
polycystic liver disease undergoing dialysis. Bacterial infection,
although rare, has been reported. Simple cysts can induce com-
pression of the bile ducts [3,21–23]. Large size and proximity to
the main bile ducts are predisposing factors. Patients present
with rising alkaline phosphatase and abdominal pain, but 
jaundice is observed in some patients. At imaging, the cyst
responsible for biliary abnormalities is usually centrally located
and leads to bile duct dilatation (Fig. 6). Other structures may 
be compressed by simple cysts: the inferior vena cava [16],
which could result in clot formation and pulmonary embolism
[24], and the portal vein with portal hypertension [25]. Com-
munication with an intrahepatic duct [26], cholestasis due to
haemobilia and torsion [27] have also been reported.

Squamous cell carcinoma of the liver originating from simple
cysts has been reported several times in the literature [28]. It is
hypothesized that the squamous epithelium arises from chronic
inflammation and metaplasia. Ultrasonography and CT show
large and complex cystic masses containing a solid component.
Calcifications may be seen in the solid components [28].

Differential diagnosis

Simple cysts are easily distinguishable from liver abscess, necrotic
malignant tumour, large haemangioma and haematoma. The
clinical background of these lesions is different. At ultrasono-
graphy and CT, these lesions rarely appear as purely fluid-filled
with sharply defined areas. However, some cystic metastases of
endocrine origin or secondary to sarcomas can sometimes be
difficult to distinguish from liver cysts because these tumours
can be purely cystic. Careful analysis of the cystic wall usually
demonstrates wall thickening or wall enhancement.

When the diagnosis remains uncertain after complete non-
invasive examination including MRI, aspiration may be useful
for confirming the diagnosis by showing a clear fluid and by
demonstrating the absence of communication with the biliary
tree after intracystic injection of contrast medium [12]. It may
also be used to rule out the presence of scolex if hydatid disease 
is suspected. The adjunctive use of measurements of cyst fluid
CEA and CA19-9 levels has been reported. CEA measurements
on the supernatant by enzyme immunoassay show negative 
levels (< 5 ng/mL) in fluids from benign cysts and elevated levels
(> 600 ng/mL) in fluids from biliary cystadenoma/cystadeno-
carcinoma and cystic metastases [13]. Only one case report of a
simple cyst with markedly elevated CEA has been reported [14].
Because of the biliary epithelium, CA19-9 activity is very high in
simple cysts, and this measurement may also be used to assess
the effect of ethanol injection on a liver cyst [15].

Course and complications

In most cases, simple cysts remain silent; repeated ultrasonogra-
phy usually shows no significant changes over years. In some
patients, the cysts grow slowly (Fig. 3a and b). Why some simple
cysts grow and others remain stable is not known. In a small
number of patients, the size of the cysts increases rapidly: 
such a course, which may be associated with severe pain and 

Fig. 3 Ultrasonography of a typical simple hepatic cyst which grew over a
10-year period: (a) first sonography; (b) sonography 10 years later.

(a)

(b)
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The distinction between simple cyst and hydatid disease can
be more difficult. Several characteristics of the simple cyst and
hydatid disease, listed in Table 1, usually allow a clear distinction
between the two diseases. However, difficulties may result from
the following: (i) hydatid disease may have been contracted in 
an area where this parasitic infection is not endemic; (ii)
calcifications, septations and split walls may be absent in hydatid
cysts; (iii) septations may be observed in complicated cysts with
intracystic haemorrhage or caused by contiguous simple cysts;
(iv) serological tests for hydatid disease may be negative in some
patients with hydatid cyst. In doubtful cases, serological tests for

Fig. 5 Spontaneous rupture of a simple cyst on unenhanced CT. The cyst is
ill-defined and communicates with peritoneal effusion.

Fig. 6 Large simple hepatic cyst causing intrahepatic bile duct dilatation on
enhanced CT. Large size and central location are the main predisposing
factors.

(a)

(b)

(c)

(d)

Fig. 4 (opposite) Haemorrhagic cyst. The cyst has a complex appearance
mainly at ultrasonography and MRI. (a) Ultrasonography shows echoic and
mobile material within a cystic lesion. (b–d) MRI. The cyst is strongly
hyperintense on T1- (b) and T2-weighted images (c). Septations are often
seen. In contrast to non-complicated cysts, the wall may enhance after
administration of chelates of gadolinium (d).
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this parasitic infection must be performed as well as microscopic
examination of cystic fluid obtained by aspiration [29].

Distinction between a haemorrhagic cyst and a cystadenoma
may be difficult too. The presence of associated typical hepatic
cysts and the lack of enhancement of the septations after con-
trast injection in haemorrhagic cyst are helpful in suggesting the
diagnosis of simple cyst (Table 1) [30].

Treatment

Asymptomatic liver cysts, even when large, need no treatment.
When symptoms are present, treatment is indicated only if these
symptoms are clearly related to the cyst. One should be very cau-
tious before advocating any form of treatment in patients with
cysts that are smaller than 8 cm and that do not protrude outside
the liver surface. In case of doubt, an initial ultrasound-guided
aspiration of the cyst is warranted to confirm that subsequent
definitive treatment will resolve symptoms: if aspiration has no
influence on the symptoms, an alternative source of symptoms
should be investigated. Importantly, simple aspiration should
never be used as definitive treatment because cyst recurrence is
almost certain [31]. The treatment of simple cysts has changed
over the last decades because of interventional procedures and
the development of laparoscopy. Treatments include aspiration
and sclerosis, laparoscopy and laparotomy for either resection
or open fenestration. The choice depends on the cyst location,
number and the complications. For instance, cysts in the dome
of the liver can pose technical problems if the laparoscopic
approach is used.

Percutaneous aspiration and sclerotherapy

This treatment is based on injection of a sclerosing agent into 
the cyst cavity, which aims at the destruction of the epithelium
lining. The most frequently used sclerosing agent is ethanol. The
cyst is punctured under ultrasound guidance. Cyst contents are
aspirated, and biochemical analysis is performed in uncertain
cases. A pigtail catheter is inserted into the cyst by a Seldinger
technique. The volume of the aspiration is measured, and a cys-
togram is performed to check any vascular or biliary commun-
ication or perforation into the peritoneal cavity. After complete
aspiration of the contrast medium, sterile absolute alcohol is

injected depending on the cyst volume, but not exceeding a total
amount of 100 mL. The posture of the patient varies to ensure
complete exposure of the sclerosing agent to the cyst wall (a total
of 40 min exposure is the rule). Then, the ethanol is aspirated
and the catheter is removed. Complications include severe
abdominal pain during intracystic injection (generally due to
extravasation of alcohol into the peritoneal cavity; this explains
why this procedure should be done under complete sedation),
alcohol intoxication, hypotension, pleural effusion, peritoneal
extravasation, infection and inflammatory changes of the cysts.
Overall, morbidity is less than 10%. Minocycline hydrochloride
has been used as an alternative to ethanol and seems to be associ-
ated with fewer side-effects, although it may require multiple
injections [32]. Although sclerotherapy has been used for almost
15 years, there are few large studies with prolonged follow-up
[32–36]. The success rates range between 70% and 95%. Repeat
aspiration and sclerotherapy may be required. Large cysts could
have two sessions of sclerotherapy with a 24-h interval with the
catheter left in the cyst between the sessions. Contraindication
to this treatment is the presence of bile in the cyst cavity or leak-
age of contrast media injected in the cyst into the bile duct.

Laparoscopy

The laparoscopic technique has evolved recently and is the 
preferred treatment for some authors [37–42]. The laparoscopic
approach permits both partial excision (including fenestration)
and total excision. The goal of the fenestration is to establish a
large communication between the cyst and the peritoneal cavity.
Fluid continues to be produced by the epithelium lining but 
is reabsorbed by the peritoneum. Laparoscopic management 
has some advantages: it is less invasive than laparotomy and
involves a shorter hospital stay. However, it has drawbacks: 
limited access to deep-seated or posteriorly situated cysts, 
in patients with a history of previous abdominal surgery
(because of adhesions), when haemorrhage or infection within 
a liver cyst results in changes that mimic a liver tumour or a 
parasitic cyst, and in patients with multiple cysts unless a large
accessible cyst is symptomatic. Similar to the experience of 
percutaneous aspiration and sclerosis, the reported number 
of patients treated is small, and the duration of follow-up is
short. Success ranges from 75% to 100%. Conversion to an 

Simple cyst Hydatid cyst Biliary cystadenoma

Septations Absent Common Common

Calcifications Absent Common Possible

Split wall Absent Possible Absent

Papillary projections Absent Absent Common

Communication with the biliary tree Absent Possible Rare

Serological tests for hydatid disease Negative Positivea Negative

a In most, but not in all, patients with hydatid disease.

Table 1 Distinctive characteristics of simple
hepatic cyst, hydatid cyst of the liver and biliary
cystadenoma.
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open laparotomy for treatment in these select patients may 
be required. The need for careful patient selection seems crucial
[39,42–44]. Complications occur in 0–15% of patients and
include shoulder pain, dyspnoea, pleural effusion, ascites (espe-
cially when the cyst is very large because fluid secretion may
overflow the resorption capacity of the peritoneum), haemor-
rhage, infection and subhepatic bile collection. No mortality 
has been reported. Recurrence rate is less than 17% [42,43]. In
patients with multiple cysts, the long-term outcome is similar to
that in patients with single cysts [45].

Laparotomy

This was the treatment of choice for simple cysts before the 
percutaneous and laparoscopic techniques became widespread.
The surgical technique was either partial or total cystectomy,
and rarely hepatic resection. In contrast to total cystectomy or
hepatic resection, partial cystectomy is associated with a risk of
recurrence [9].
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8.1.3. Polycystic kidney disease
Valérie Vilgrain

Autosomal dominant polycystic disease is a frequent inherited dis-
order involving the liver. It is genetically heterogeneous and most
commonly predisposes to the development of renal and cystic cysts.

Pathology and pathogenesis

The liver cysts in patients with adult autosomal dominant 
polycystic kidney disease (ADPKD) are macroscopically and
microscopically similar to simple cysts of the liver. The main dif-
ference between these two entities concerns the number of liver
cysts: the liver cysts, when present, are multiple in all patients
with ADPKD; in contrast, numerous cysts are found only in a
few patients with simple cysts of the liver.

Grossly, the liver in ADPKD is enlarged and diffusely cystic,
the cysts varying from < 1 mm to 12 cm or more in diameter
(Fig. 1). Occasionally, one lobe, usually the left, is affected.
Diffuse dilatation of the intra- and extrahepatic bile ducts has
been reported in some cases. The cysts contain a clear, colourless
or yellow fluid. Analysis of the cyst fluid discloses similarities to
the ‘bile salt-independent’ fraction of human bile, suggesting
that such cysts are lined by a functioning bile duct epithelium.

Microscopically, the cysts are lined by columnar or cuboidal
epithelium, but the larger cysts have a flat epithelium. Collapsed
cysts resemble corpora atretica of the ovary. The supporting
connective tissue is scanty except in relation to von Meyenburg
complexes, a frequently associated lesion, where it may be dense
and hyalinized. Inflammatory cells may infiltrate the stroma.
Infected cysts contain pus and may rupture. Calcification of the
wall of hepatic cysts in ADPKD has been reported.

Von Meyenburg complexes are considered to be part of the
spectrum of ADPKD, and it is hypothesized that polycystic dis-
ease develops over the years by gradual cystic dilatation of these
complexes [1]. It has also been suggested that the cystic dilata-
tion of peribiliary glands may lead to the formation of the cysts
in ADPKD.

Despite the large number and the large size of liver cysts, the
hepatic parenchymal volume is preserved [2], which explains
why normal hepatic function and normal intrahepatic circula-
tion are maintained in most of these patients.

Genetics and molecular biology

The most common forms of ADPKD are linked to mutations in
either PKD1 or PKD2 genes. PKD1 [3] is localized on the short arm
of chromosome 16. Transcription and translation of the PKD1
gene produces polycystin-1, an integral membrane protein that
may serve as an extracellular receptor. There are over 230 dis-
tinct mutations of the PKD1 gene. The majority are missense or
nonsense mutations, but splicing mutations and gene rearrange-
ments have also been reported. Approximately 60% of all muta-
tions introduce premature stop codons that result in truncated
proteins [4]. It has been suggested that the type or position of
mutations may predict the patient phenotype. Certain mutations
are linked to intracranial aneurysms and more severe polycystic
disease within individual ADPKD families [5]. Location of a muta-
tion in the 5′ end of the gene predicts more rapid progression and
greater severity of endstage renal disease [4]. PKD1 mutations
account for up to 90% of mutations in ADPKD families.

Fig. 1 Macroscopic view of multiple liver cysts in a patient with ADPKD.
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Most of the remaining are related to mutations in PKD2
[6], localized on chromosome 4. The PKD2 gene product, 
polycystin-2, is an integral membrane protein with molecular
characteristics of a calcium-permeant cation channel. There are
over 60 identified mutations of the PKD2 gene, and mutations
occur throughout the gene; severity of disease may vary with site
of mutation in PKD2 and the functional consequence on the
resultant polycystin-2 protein. ADPKD at the cellular level is
likely to be a ‘molecular recessive’ disease, requiring a second
somatic mutation: the ‘two-hit’ model.

Molecular genetic testing may be considered in young (age 
< 30 years), presymptomatic individuals at risk of ADPKD, because
ultrasonography may lack sensitivity and linkage analysis is im-
practical. The identification of a PKD1 or PKD2 mutation could
affect family planning, monitoring and screening for associated
conditions such as cerebral aneurysm or mitral valve prolapse.

Features of the cysts and their natural history are comparable
whatever the mutation, although patients with PKD2 mutations
tend to have later onset of their disease than patients with 
PKD1 mutations and approximately 16 years of increased life
expectancy compared with patients who have mutations in
PKD1. Two unrelated families have been described who, by
genetic linkage analysis, lack mutations in either PKD1 or PKD2
[7,8]. These findings are controversial but suggest that muta-
tions in at least a third gene may be responsible for ADPKD.

Natural history and risk factors for
development and progression

Hepatic cysts, as for simple cysts, are rarely observed prior to
puberty, and their prevalence increases thereafter. Kidney cysts
in patients with ADKPD always precede the development of
hepatic cysts. By the fifth decade of life, approximately 80% of
patients with renal cysts have liver cysts [9] (Table 1). The num-
ber and size of the liver cysts are greater in females than in males,
increase with the age of the patient, and are greater in patients with
large renal cysts and severe kidney dysfunction than in patients
with small renal cysts and mild renal insufficiency. As for simple
cysts, men and women have an equal lifetime risk of developing
hepatic cysts, but women experience greater numbers and larger

sizes of hepatic cysts. Pregnancy and the use of female steroid
hormones further increase the risk of severe hepatic cystic 
disease. One longitudinal study of anovulatory women with
ADPKD treated with hormone replacement has suggested that
estrogens may selectively increase the severity of hepatic cystic
disease [10]. The pathological expansion of the liver cysts could
be related to specific growth factors and cytokines contained in
liver cyst fluid. Nichols et al. [11] have suggested an autocrine
and paracrine model for ADPKD liver cyst growth. Local
hypoxia induces the synthesis and release of cytokines and
growth factors across the apical and basal membranes to signal
to epithelial cells via apical domain receptors, endothelial cells
and stellate and fibroblast cells [11].

Clinical features

Most patients with polycystic liver are asymptomatic or may
note only a protuberant abdomen. Patients with ADPKD can be
arbitrarily divided into two groups, massive or minimal, based
on a definition of mass of total liver cyst/parenchymal volume
ratio > 1 [2]. Most symptomatic cases are restricted to patients
with massive hepatic cystic disease, with abdominal pain and 
discomfort and shortness of breath correlating with severity 
of hepatic cystic disease. Early postprandial fullness is mainly
observed in patients with severe involvement of the left liver that
compresses the stomach.

At clinical examination of patients with large cysts, the liver is
enlarged, sometimes enormous; the cysts may be so tense that
they can be confused with solid tumours. Usually, there are no
signs or symptoms suggesting cholestasis, liver failure or portal
hypertension. Liver tests are usually normal or show only a slight
elevation in gamma-glutamyltransferase.

Imaging findings

Ultrasonography shows round, smooth-walled anechoic areas
with marked distal echo enhancement. ADPKD typically
appears as multiple homogeneous and hypoattenuating cystic
lesions with a regular outline on non-enhanced computerized
tomography (CT) with no wall or content enhancement on 

Series of Milutinovic et al. [48] Series of Thomsen and Thaysen [49]
Percentage of Percentage of 

Age No. of patients patients with No. of patients patients with 
(years) studied liver cysts studied liver cysts

10–19 12 0 0

20–29 47 11 1 0

30–39 31 32 15 40

40–49 30 37 17 53

50–59 25 40 20 65

> 60 13 77 13 87

Total/mean 158 29 66 59

Table 1 Age and prevalence of liver cysts
demonstrated by liver scintiscan [48] and by
computerized tomography [49] in patients with
adult polycystic kidney disease.
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contrast-enhanced images (Figs 2a and b). Coalescence of cysts
produces bizarre appearances. Coalescence of large cysts causes
distortion of the shape of an individual cyst and may give a 
false appearance of a multiloculated or septated cystic lesion.
Remaining hepatic parenchyma between the cysts may resemble
mural nodules or thickened internal septa [12]. Calcification of
the cysts has been reported, but is very rare [13,14] (Fig. 3a). On
magnetic resonance imaging (MRI), hepatic cysts in ADPKD are
homogeneously and strongly hyperintense on T2-weighted MR
images owing to their pure fluid content (Fig. 3e) and strongly
hypointense on T1-weighted images except when they are com-
plicated by haemorrhage when they appear hyperintense on 
T1-weighted sequences. They do not enhance after administra-
tion of gadolinium contrast material.

In a series of 44 patients with ADPKD, CT showed many large
liver cysts in 31.8% of patients, small liver cysts in 25% and no
liver cysts in 43.2% [15]. Patients with many large cysts often
showed increased liver volumes [2,15]. Splenic volumes did not
differ significantly in patients with and without liver cysts, sug-
gesting that portal hypertension is rarely associated with cystic
liver disease. There was no correlation between severity of liver
involvement and extent of renal cystic disease, as determined
from urea nitrogen and creatinine levels and renal volumes.

In another series of 24 patients with ADPKD, an attempt was
made to categorize these cysts into peribiliary cysts (located
adjacent to larger portal triads or in the hepatic hilum) and
intrahepatic cysts (within the liver parenchyma but not in 

(a)

(b)

Fig. 2 Unenhanced (a) and enhanced (b) CT images of an ADPKD patient.
CT shows multiple small cysts that do not enhance after the administration
of contrast medium.

(a) (b) (c)

(d) (e)

Fig. 3 Enhanced CT images in a patient with
ADPKD. Calcifications are seen in the wall of
the largest cysts (a). More caudally, CT shows
marked compression of the inferior vena cava
(IVC) and the portal branches and renal
involvement (b–d). MRI also demonstrates the
IVC compression (e).
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contact with larger portal triads). Liver cysts were seen in 13
(54%) patients. Intrahepatic cysts were seen in 12 patients and
were mainly peripheral in location with sizes ranging from less
than 10 mm to 8 cm. Peribiliary cysts were seen in all 13 patients
and were usually less than 10 mm in size. These cysts were seen 
as discrete cysts (eight patients), a string of cysts (10 patients) or
as a tubular structure paralleling the portal vessels, mimicking
biliary dilatation (11 patients). Twelve patients also showed
indeterminate cysts, which defied definite categorization into
either type; two common causes of confusion included large
(more than 10 mm) discrete cysts in the hilar region and the
presence of a vessel adjacent to peripheral cysts [16].

Although the diagnosis of polycystic disease is easily made
with both CT and MRI, MRI is more sensitive for the detection
of complicated cysts.

Complications

Liver cysts grow slowly. In some patients whose life has been
prolonged by haemodialysis or renal transplantation, the size of
liver cysts may become enormous.

The most common, clinically relevant complications arising
from hepatic cysts are intracystic haemorrhage, infection or
posttraumatic rupture (Table 2). Cystadenocarcinoma, biliary
obstruction, Budd–Chiari syndrome, portal hypertension or
hepatic failure are rarely reported.

Patients with haemorrhagic hepatic cysts usually present with
a recent history of abdominal pain, but intracystic haemorrhage
may also be detected fortuitously at imaging. CT is often 
unremarkable, whereas ultrasonography reveals heterogeneous
content appearing as intracystic echogenic deposits or thin 
and mobile septations. In contrast to the septations observed in
other tumours such as cystadenocarcinomas, these septations
are not seen on CT images. MRI is key, demonstrating a 
hyperintensity on T1-weighted sequences (Fig. 4a) and a 
normal appearance on T2-weighted sequences (Fig. 4b) [17].
Theoretically, hyperintensity in cystic lesions on T1-weighted

images could also suggest mucin, high protein content or fat, but
the diagnosis of haemorrhagic hepatic cyst is easy because of the
clinical context.

Bacterial infection of a cyst [18,19] may be facilitated by
immunosuppressive drugs administered to renal transplant
recipients [20]. The clinical manifestations of patients with 
hepatic cyst infection are an acute (58%) or subacute (42%)
febrile illness, typically associated with tenderness in the right
upper quadrant, leucocytosis, a very high erythrocyte sedimen-
tation rate, but minor abnormalities in liver function tests [19].
Bacteraemia is often present. Complex cysts are observed what-
ever the imaging modality: ultrasonography, CT and MRI. On
CT scanning, the finding of fluid levels within cysts, cyst wall
thickening, intracystic gas bubbles, cyst wall calcification and
heterogeneous or increased density have all been correlated 
with infection of a hepatic cyst. Ultrasound imaging may 
show changes such as indistinct cyst margins or cystic wall
changes as well as echogenic fluid. 111In leukocyte scans are 
positive. An unfavourable outcome may be observed in patients

(a)

(b)

Fig. 4 MRI of an intracystic haemorrhage in an ADPKD patient. 
The complicated cyst has a signal intensity different from that of the 
non-complicated cysts: hyperintense on T1- (a) and hyperintense and
heterogeneous on T2-weighted images (b).

Table 2 Clinical complications of hepatic cysts in ADPKD.

Complications Diagnostic tests

Cyst infection Ultrasound 

Puncture

Cyst haemorrhage Ultrasound 

MRI

Cyst rupture Ultrasound 

CT

Portal hypertension CT 

Endoscopy

Hepatic venous outflow obstruction Ultrasound 

MRI 

Hepatic venous pressure

Biliary obstruction MR cholangiography
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treated only with antibiotics, therefore the treatment of choice 
is a combination of percutaneous drainage and antimicrobial
therapy.

Cystic rupture is rare, and patients usually present with an
acute history of abdominal pain. Imaging findings show an
irregular subcapsular cyst with liver capsule disruption and the
presence of ascites, which is very infrequent in ADPKD patients.

Obstructive jaundice due to polycystic liver disease is rare
[21,22]. Immense size and porta hepatis proximity are major
risk factors for developing jaundice. Abdominal pain of recent
onset and rising alkaline phosphatase levels are warning signs
that this complication is developing. In these situations, treat-
ment prior to developing jaundice is recommended, and relief 
of jaundice may be obtained by percutaneous cyst aspiration,
sclerosis or resection [23,24].

Jaundice due to malignant obstruction from cholangiocar-
cinoma has been described rarely with a total of 10 cases in 
the English literature, although whether the abnormal biliary
epithelium of the hepatic cysts predisposes to the development
of cholangiocarcinoma is unknown [25]. A potential association
between ADPKD and ampulla of Vater adenomas may exist
given the report of two sisters diagnosed with symptomatic 
biliary obstruction due to ampullary adenomas. A more recent
case of ampullary adenoma in the setting of ADPKD has also
been reported [26]. These few cases notwithstanding, it would
seem that an ampullary adenoma in the setting of ADPKD is
more likely to be the case of a rare finding superimposed on a
common genetic disorder such as ADPKD.

Hepatic venous outflow obstruction is a rare but major com-
plication of polycystic liver disease. All patients present with
severe exudative ascites [27]. Some possible predisposing factors
may be identified such as recent abdominal surgery. All patients
have extrinsic compression of the hepatic veins and the inferior
vena cava by hepatic cysts (Fig. 3b and e), and some have proven
thrombosis of the inferior vena cava and/or hepatic veins [28].
Ultrasound and MRI are helpful in determining the level of
obstruction in the inferior vena cava and the patency of the 
hepatic and portal veins. The outcome is worse in patients with
thrombosis but, in patients without thrombosis, recovery is
observed after alcohol sclerosis of a large dominant cyst or after
hepatic resection and cyst fenestration. Hepatic venous outflow
obstruction has probably been under-recognized as a cause of
portal hypertension, ascites and liver dysfunction in polycystic
liver disease.

The other complications, which are less common, include
portal hypertension by compression of the portal branches caus-
ing gastrointestinal bleeding (Fig. 3c) [29] or refractory ascites
[30], right atrium compression causing hypotension and leg
oedema [31], denutrition by compression of the stomach and
cholangiocellular carcinoma [15].

Associated conditions may include cerebral aneurysm and
mitral valve prolapse. Cerebral aneurysms may be linked to the
PKD1 mutation [4]. Most of these aneurysms are small and do
not appear to be at increased risk of growth or rupture [32].

Differential diagnosis

Liver cysts associated with ADPKD must be distinguished 
from multiple simple cysts of the liver. First, as ADPKD is trans-
mitted as an autosomal dominant trait, it is usual for one parent
or sibling to have been recognized as suffering from the disease.
In the case of simple cysts of the liver, which are non-inherited
malformations, parents and siblings are not affected by the dis-
ease. However, the presentation of ADPKD varies, and affected
individuals may be asymptomatic and therefore unrecognized.
Secondly, multiple renal cysts are constantly associated with
liver cysts in ADPKD (Fig. 3d), whereas renal cysts are absent in
multiple simple cysts of the liver. However, as mentioned above,
one or a few simple renal cysts may be fortuitously associated
with simple cysts of the liver. Patients with this fortuitous asso-
ciation must not be regarded as affected with ADPKD.

Treatment

Medical treatment

There are no effective medical therapies for polycystic liver dis-
ease. Although secretin triggers secretion by normal intrahepatic
bile duct cells, somatostatin analogues have failed to reduce 
hepatic cyst growth or size [33]. There is no strong evidence 
that estrogen replacement therapy should be avoided, when
indicated.

Cyst aspiration and sclerosis

Symptomatic patients with one or a few dominant cysts may be
considered for cyst aspiration and sclerosis. Most patients with
polycystic disease either have too many cysts or their cysts are of
insufficient size to warrant this approach. Cyst sclerotherapy
requires ultrasonographic or CT-guided percutaneous puncture
of the targeted cyst and placement of an intracystic drainage
catheter. For large cysts (> 100 mL or a diameter of ≥ 6 cm), the
catheter may be left in place for 24 h, and a second treatment
may be performed the following day. Success in obliterating
individual cysts in polycystic patients is approximately 70–90%
[34].

Surgical treatments

Symptoms in polycystic liver disease are mainly related to the
volume of the liver rather than to a specific cyst, and the aim of
treatment is to decompress the whole liver or remove as many
cysts as possible. These objectives can be achieved in highly
symptomatic patients by open fenestration, liver resection or
liver transplantation. The aim of fenestration is to unroof as
many cysts as possible, starting from the superficial cyst followed
by stepwise opening of the deeper cysts. The laparoscopic
approach is debated. For some authors, it is an alternative 
surgical technique [35]. Advantages of laparoscopic surgery
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include less morbidity, reduced hospital stay and the potential
for outpatient surgical management. However, symptoms recur
in approximately half of those cases. For others, the laparoscopic
approach is contraindicated [36,37]. The vascular structures
that are compressed by the cysts may be injured inadvertently.

Partial liver resection in combination with fenestration of the
remnant liver has been proposed [38–40] in order to increase
the regeneration of the non-cystic liver. Hepatic resection with
cyst fenestration takes advantage of both operative techniques
by removing diffusely cystic liver that cannot be adequately 
fenestrated and fenestrating cysts in relatively spared liver to
preserve liver function.

Liver transplantation should be considered in patients in
whom the above procedures have been unsuccessful, but it has
only been performed in a very few patients [41–45]. Orthotopic
liver transplantation for ADPKD is clearly indicated for patients
with progressive ADPKD after resection/fenestration, in patients
with concurrent liver dysfunction and renal failure and in 
those patients with diffuse ADPKD without segmental sparing.
Operative mortality for orthotopic liver transplantation for
ADPKD has approached 12%. Risk is increased by prior inter-
vention, especially with open abdominal procedures. Orthotopic
liver transplantation is particularly challenging in ADPKD. The
massive size of the liver makes the access to the suprahepatic
inferior vena cava extremely difficult.

All these treatments lack consensus on their respective indica-
tions. Available data indicate that: (i) open fenestration of the
maximum number of cysts is associated with significant mor-
bidity but provides long-term relief of symptoms in patients
who do not have diffuse replacement of their liver by cysts
[40,46,47]; (ii) liver resection, which often proves possible as a
result of an asymmetry in cyst distribution, is a demanding pro-
cedure, associated with high morbidity rates, but achieves better
results than fenestration alone; long-term sustained reduction
in symptoms is observed in more than 90% of patients [39]; 
(iii) liver transplantation cures patients [45] but has its inherent
mortality with 5-year survival of 69% (US scientific registry of
transplant recipients). Despite its risk, transplantation is the
only option in patients with kidney failure resulting from
ADPKD or denutrition resulting from massive hepatomegaly. 
If liver transplantation is indicated per se, simultaneous renal
transplantation should be considered if renal function is
impaired. The rationale for a combined liver–kidney transplant
using the grafts from the same donor are: (i) immunosuppres-
sion is difficult to manage in patients with renal failure; (ii) renal
function may deteriorate further after liver transplantation
because of the nephrotoxicity of immunosuppressive agents
and/or progression of the kidney disease; (iii) rejection episodes
seem to be fewer in patients receiving both organs from the same
donor than from two donors.

Asymptomatic or paucisymptomatic patients should not 
be operated on. If kidney transplantation is indicated per se,
simultaneous liver transplantation should be performed if liver

cysts determine incapacitating manifestations. As immunosup-
pression following kidney transplantation is similar to that after
liver transplantation, the additional risk of simultaneous liver
transplantation is only related to surgical complications and not
to immunosuppression.
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8.1.4. Polycystic liver disease
Valérie Vilgrain

Polycystic liver disease (PCLD) may also be observed in the
absence of renal cystic disease and is a rare autosomal dominant
human disorder that has been described in less than 50 famil-
ies of Finnish, Dutch, American, Belgian and Spanish Belgian
ancestry. The pathology is characterized by the presence of 
multiple scattered cysts of biliary origin in the liver parenchyma.
The occurrence of PCLD independently from polycystic kidney
disease has been known for a long time. Autopsy or surgical
series of PCLD have shown that polycystic kidney disease was
observed in 50–60% of cases) [1]. However, it has been difficult
to separate PCLD and autosomal dominant polycystic kidney
disease (ADPKD) because cystic liver is also found in about 30%
of ADPKD patients, and the liver pathology is indistinguishable
between PCLD and ADPKD. A large autopsy study from
Finland has identified 22 cases with either PCLD or polycystic
kidney disease, but macrocystic cysts in both organs were seen 
in only one case, supporting the idea that PCLD and polycystic
kidney disease are separate entities [2]. There are still no exact
epidemiological data regarding the incidence of PCLD in any

TTOC08_01  3/9/07  9:17 AM  Page 795



796 8 CONGENITAL HEPATIC FIBROSIS AND NON-PARASITIC CYSTIC LESIONS OF THE LIVER AND BILE DUCTS

population. More recently, studies have demonstrated that iso-
lated familial PCLD was unlinked to the PKD1 and PKD2 loci.
Manifestations and complications (and management) are the
same whether PCLD is isolated or associated with ADPKD [3].

Pathology and pathogenesis

The gross appearance of the resected liver is indistinguishable
from that of those resected in patients with severe polycystic dis-
ease associated with ADPKD. All the specimens contain variable
numbers of von Meyenburg complexes characterized by clusters
of dilated bile ducts lined by a layer of cuboidal cells surrounded
by a fibrous stroma. The epithelium of the complexes and most
of the cysts is cytokeratin-7 positive, consistent with its origin
from intrahepatic bile ducts. Small cysts often seem to arise from
von Meyenburg complexes. Large cysts are lined by flattened
epithelium. Peribiliary glands may be seen as well. The sur-
rounding hepatic parenchyma is normal in most cases, but focal
fibrosis may be seen near larger cysts [3]. Because both types 
of cysts (von Meyenburg complexes and peribiliary glands) 
are seen in ADPKD and PCLD, it suggests that both diseases
have the same pathogenesis.

Genetics and molecular biology

The gene mutated in PCLD, known as protein kinase C (PKC)
substrate 80K-H (PRKCSH), has been identified recently [4,5].
The PCLD gene locus has been mapped to chromosome
19p13.2–13.1. The PRKCSH gene encodes hepatocystin, a pro-
tein that moderates glycosylation and fibroblast growth factor
receptor signalling [4]. Mutations that affect messenger RNA
splicing or truncate hepatocystin have been reported in PCLD
families. However, the distribution of mutations within the gene
as well as genotype–phenotype relationships remain speculative
[6]. Most PCLD families are linked to chromosome 19p13.2–
13.1, but there exists a second PCLD locus yet to be found [7].
Mutations in SEC63, another gene encoding products involved
in intracellular protein transport, have also been found in asso-
ciation with PCLD [8].

Diagnosis

Surgical reviews have attempted to distinguish multicystic liver
(> five cysts) from simple cystic liver disease (< five cysts) [9],
whereas other authors have described PCLD as having six or
more cysts per liver [10] or as cystic involvement of more 
than 50% of the hepatic parenchyma [11,12]. The age of the
individual is also crucial.

This is why some authors have proposed clinical criteria
which allow the diagnosis of PCLD: subjects with more than 
20 liver cysts who do not fulfil the criteria for ADPKD; at-risk
individuals aged 40 years or younger with any liver cysts; and 
at-risk individuals older than 40 years with four or more liver
cysts [3].

The sensitivity and specificity of these criteria are 70% 
and 100%, respectively, in individuals younger than 40 years.
Therefore, the presence of any cysts in at-risk individuals aged
40 years or younger is diagnostic of the disease; however, neg-
ative findings on ultrasonography are insufficient to exclude 
the diagnosis in this age group. The sensitivity and specificity 
of these criteria are 78.3% and 100%, respectively, in individuals
older than 40 years. Therefore, other criteria have been proposed
in those older than 40 years as follows: at-risk individuals
between the ages of 40 and 65 years with more than one liver
cyst; and at-risk individuals older than 65 years with more than
three liver cysts [3].

Natural history and risk factors for
development and progression

Isolated polycystic liver disease seems to be less penetrant in 
the liver than ADPKD, and the development of liver cysts in
PCLD may not occur until late in life. As in ADPKD, PCLD 
is more severe in women than in men, and there is a positive 
correlation between the severity of the disease and the number
of pregnancies.

Clinical features and complications

PCLD is most often asymptomatic and is frequently diagnosed
incidentally during the workup of other clinical problems or
complaints. This is the case even in the families of patients with
highly symptomatic disease, in which relatives are more likely to
be aware of the symptoms and to undergo diagnostic testing [3].
When symptoms develop in PCLD, the spectrum is similar to
that observed in ADPKD patients.

Patients with PCLD have minimal elevations in serum alka-
line phosphatase and total bilirubin levels and lower serum 
levels of total cholesterol and triglycerides compared with their
unaffected relatives [3]. This could suggest that the hepatic lipid
metabolism may be altered in patients with PCLD [13].

Whether patients with PCLD are at increased risk of intra-
cranial aneurysms and valvular heart disease is not known. Qian
et al. [3] noted a trend towards increased risk of intracranial
aneurysms, with almost 6% of patients with linkage analysis-
confirmed PCLD being found to have either intracranial
aneurysm or dissection. The paucity of data prevents more
definitive recommendations from being made on screening the
PCLD patient for aneurysmal disease.

The higher prevalence of mitral valve abnormalities in
patients with PCLD compared with their unaffected relatives
indicates that PCLD, like ADPKD, is a systemic disorder [3].

Treatment

Most patients with PCLD require no treatment, but percuta-
neous cyst aspiration and sclerosis, cyst fenestration, partial 
hepatectomy and liver transplantation, depending on the extent,
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distribution and anatomy of the cysts, may be indicated in
highly symptomatic patients.

References
1 Melnick PJ (1954) Polycystic liver. Analysis of seventy cases. Arch

Pathol Lab Med 59, 162–172.

2 Karhunen PJ, Tenhu M (1986) Adult polycystic liver and kidney 

diseases are separate entities. Clin Genet 30, 29–37.

3 Qian Q, Li A, King BF et al. (2003) Clinical profile of autosomal dom-

inant polycystic liver disease. Hepatology 37, 164–171.

4 Drenth JP, Te Morsche RH, Smink R et al. (2003) Germline mutations 

in PRKCSH are associated with autosomal dominant polycystic liver

disease. Nature Genet 33, 345–347.

5 Drenth JP, Martina JA, Te Morsche RH et al. (2004) Molecular 

characterization of hepatocystin, the protein that is defective in 

autosomal dominant polycystic liver disease. Gastroenterology 126,

1819–1827.

6 Everson GT, Taylor MRG, Doctor RG (2004) Polycystic disease of the

liver. Hepatology 40, 774–782.

7 Tahvanianen P, Tahvanianen E, Reijonen H et al. (2003) Polycystic

liver disease is genetically heterogeneous: clinical and linkage studies

in eight Finnish families. J Hepatol 38, 39–43.

8 Davila S, Furu L, Gharavi AG et al. (2004) Mutations in SEC63 

cause autosomal dominant polycystic liver disease. Nature Genet 36,

575–577.

9 Gigot JF, Metairie S, Etienne J et al. (2001) The surgical management

of congenital liver cysts. Surg Endosc 15, 357–363.

10 Katkhouda N, Hurwitz M, Gugenheim J et al. (1999) Laparoscopic

management of benign solid and cystic lesions of the liver. Ann Surg

229, 460–466.

11 Hansman MF, Ryan JA Jr, Holmes JH et al. (2001) Management and

long-term follow-up of hepatic cysts. Am J Surg 181, 404–410.

12 Martin IJ, McKinley AJ, Currie EJ et al. (1998) Tailoring the manage-

ment of nonparasitic liver cysts. Ann Surg 228, 167–172.

13 Luoma PV, Sotaniemi EA, Ehnholm C (1980) Low high-density lipo-

protein and reduced antipyrine metabolism in members of a family

with polycystic liver disease. Scand J Gastroenterol 15, 869–873.

8.1.5. Biliary hamartomas
Valérie Vilgrain

Biliary hamartomas, also called von Meyenburg complexes, are
considered to be part of the spectrum of ductal plate abnormal-
ities [1]. Multiple bile duct hamartomas are usually detected by
pathologists as incidental findings, and have recently been better
described in the radiological literature. They were first reported
by Moschowitz in 1906 as aberrant intrahepatic bile ducts. Later,
they were defined as hamartomatous lesions of bile ducts by
Meyenburg in 1918. They may occur in an otherwise normal
liver or in association with Caroli’s disease, congenital hepatic
fibrosis and autosomal dominant polycystic kidney or liver dis-
ease. Recognition of this entity is crucial because they often
mimic liver metastases [2,3].

Pathology and pathogenesis

Biliary hamartomas are small (< 0.5 cm in diameter), greyish-
white or green and are usually scattered in both lobes.
Microscopically, the lesions are discrete, round to irregular in
shape and typically paraportal in location. They comprise a 
variable number of dilated bile ducts embedded in a fibrous,
sometimes hyalinized, stroma (Fig. 1). They are lined by low
columnar or cuboidal epithelium and contain pink amorphous
material that may be bile-stained or actual bile. On serial section
examination, the bile duct lumina within a complex have been
shown to be interconnecting [1]. Some of the duct structures
may show polypoid projections in the lumen; others show, on
section, a central island of connective tissue covered with the
same type of epithelium as that lining the wall of the dilated
duct. Rarely, in some biliary hamartomas, the bile duct profiles
are involutive and seem to disappear in a hyalinized, scarring
stroma. Classically, it is considered that the dilated ducts of the
biliary hamartomas do not communicate with the rest of the 
biliary tree, but the presence of bile casts in the lumen of 
some cavities strongly supports the idea of a communication.
Furthermore, a detailed serial reconstruction of a biliary hamar-
toma has demonstrated the communicating nature of these bile
duct abnormalities [4].

The morphology of the biliary hamartoma suggests that the
lesion represents a partially fibrosing and, on occasion, slowly
involutive remnant of ductal plate malformation of the smaller,
more peripheral, interlobular bile ducts. Owing to the embryo-
logy of intrahepatic bile ducts, which develop from the hilum of
the liver to distal parts over time, it seems that the factor arrest-
ing or perturbing the remodelling of the ductal plates occurs in
the later phases of embryological development of intrahepatic
bile ducts [1]. Also, biliary hamartomas are often associated with
other ductal plate abnormalities such as Caroli’s disease, con-
genital hepatic fibrosis and polycystic diseases. Redston and
Wanless examined the liver slides from 2843 autopsies in order
to assess the prevalence of biliary hamartomas in both the gen-
eral population and patients with adult polycystic kidney disease
[5]. Biliary hamartomas were found in 5.6% of adults and in

Fig. 1 Microscopic view of a biliary hamartoma showing dilated bile ducts
embedded in a fibrous, sometimes hyalinized, stroma.
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0.9% of children. Among adults with adult polycystic kidney
disease, biliary hamartomas were found in 97% and hepatic
cysts in 88%. Because adult polycystic kidney disease could
account for only 11% of the patients with biliary hamartomas,
these authors suggest that biliary hamartomas, in the absence of
adult polycystic kidney disease, are a manifestation of a different
disease, which could be genetic or secondary to inflammation or
ischaemia [5]. Then, biliary hamartomas seem to be at the origin
of the development of adult polycystic kidney and liver disease
by their progressive dilatation and fluid filling of the original
clusters of bile duct structures [6].

The prevalence of biliary hamartomas varies according to 
the method of reference. In a study including 2000 liver needle
biopsies, Thommesen examined the liver for the occurrence of
biliary hamartomas and found 12 positive biopsies correspond-
ing to 0.6% of the liver biopsies [7]. The prevalence is higher 
in autopsy studies, and the same author has reported biliary
hamartomas in 2.8% of cases.

Sometimes, large numbers of duct profiles are in a biliary
hamartoma, which may appear as a conglomerate of approxi-
mated ductal plate remnants, associated with an abnormal
arborization pattern of the peripheral branches of the portal 
vein similar to that observed in early severe extrahepatic bile
duct atresia and congenital hepatic fibrosis [6]. In our experience,
biliary hamartomas were found at imaging in three of 18 adult
patients with congenital hepatic fibrosis [8]. The paraportal
location of some biliary hamartomas, fused to normal-appearing
portal tracts, suggests that one of the branches may give rise to 
a normal portal tract with normal duct development, whereas
the rest evolve into hypoplastic vein branches with fusion of
adjacent portal tracts and clustering of their ductal plates.

Natural history and risk factors for
development and progression

In patients with adult autosomal dominant polycystic kidney
and liver disease, biliary hamartomas and peribiliary cysts are
thought to be at the origin of the development of liver cysts. In
patients with no history of fibrocystic disease, the natural history
of biliary hamartomas is not known. Some cases of malignant
transformation have been reported. The increased risk of malig-
nancy has been attributed to the bile stasis and prolonged 
exposure of the parenchyma to potential carcinogens present 
in the bile [9]. Fewer than 15 cases have been reported in the 
literature [9,10–13]. The malignant transformation may be 
discovered fortuitously or revealed by biochemical or clinical
abnormalities. Patients ranged in age from 35 to 80 years with 
a sex ratio of 1:1 [14]. Few patients had cirrhosis or genetic
haemochromatosis [9,14,15]. Macroscopically, the liver contains
biliary hamartomas and cholangiocarcinoma. Microscopically,
there is evidence that the carcinoma evolves from biliary 
hamartoma through the intermediate stage of hyperplasia or
adenomatous transformation and in situ carcinoma [9]. The
adenomatous transformation may be seen in two forms: the 

formation of distinct nodules of proliferating biliary hamartoma-
like glandular structures; or marked tumour-like concentric or
eccentric proliferation of ductular structures surrounding hep-
atic nodules [9].

In addition, some specimens show poorly differentiated 
areas that could be interpreted as hepatocellular carcinoma.
Immunohistochemical staining shows positivity for epithelial
membrane antigen, carcinoembryonic antigen and keratins in
tumour cells consistent with cholangiocarcinoma [9].

Clinical features

Patients with biliary hamartomas are generally asymptomatic,
and diagnosis of the liver lesions is usually made fortuitously or
in the management of patients with other ductal plate malfor-
mations. However, a case report has described a patient who 
suffered from fever, jaundice and right upper quadrant pain due
to bile duct hamartomas with microabscess formation associ-
ated with biliary stones and biliary tract infection [16]. The
blood liver tests are usually normal, but association with other
ductal plate malformations may explain blood liver test abnorm-
alities in some patients.

Imaging findings

Imaging manifestations of biliary hamartomas are various. The
number of lesions varies from one or two circumscribed lesions
to multiple lesions and innumerable lesions with a size ranging
from 2 to 10 mm in diameter [3]. Although there have been
numerous case reports, the number of studies evaluating the
imaging features is low [3,17–20].

Ultrasound (US) findings have been described as hypoechoic,
hyperechoic or mixed heterogenic echoic structures [19,21].
These variations might reflect the histological features of biliary
hamartomas, including dilated bile ducts and fibrocollagenous
stroma. Luo et al. [18] described the sign of multiple comet-tail
echoes, and speculated that it might be a specific US finding.
Zheng et al. [19] have found multiple small comet-tail echoes in
all but one case, which manifested as posterior echo enhance-
ment of the lesions. This artefact might be due to the cystic 
feature of dilated bile duct and therefore resulted in good 
transmission of the sound beam. This suggests that the presence
of multiple small comet-tail echoes is a unique US feature of 
biliary hamartomas and may have a high diagnostic value [19].
Anechoic lesions suggesting typical cysts up to 20 mm in 
diameter are often observed [18]. In patients with microbiliary
hamartomas, US may be normal [18].

On plain computerized tomography (CT) images, almost all
biliary hamartomas that have been reported were demonstr-
ated to be multiple small hypodense lesions, usually measuring
between 0.5 and 1 cm in diameter (Fig. 2a), whereas on
enhanced CT images, although homogeneous enhancement 
of the lesions has been noted, no enhancement of the lesions 
is observed in most of the reported cases after intravenous
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administration of contrast medium [2,3,18–21] (Fig. 2b). The
lesions usually increase in number on enhanced CT [18], meaning
that, on unenhanced CT, approximately half the lesions are of
isodensity or of far lesser conspicuity [18]. On enhanced CT, some
lesions are noted to be located adjacent to the medium-sized
portal veins (portal tracts, over fourth-order branches), but are
to be found less frequently along the hepatic veins of similar size.

On magnetic resonance imaging (MRI), biliary hamartomas
are hypointense on T1-weighted images and strongly hyperin-
tense on T2-weighted images when compared with surrounding
liver parenchyma [17–19,22,23] (Figs 3a and 4a and b). Usually,
on account of the high lesion signal intensity, many more 
nodules are depicted on T2-weighted images than on T1-
weighted images. On heavily T2-weighted images, the signal
increases further, nearly reaching the signal of fluid [17].
Magnetic resonance cholangiopancreatography (MRCP) is 
considered to be highly sensitive in depicting intra- and extra-
hepatic bile duct anomalies and cystic lesions of the liver, and
often displays the biliary hamartomas more clearly than CT 
and MRI in relation to both the lesion number and shape [19]
(Fig. 3b). This may result in part from the relatively large slice
thickness in CT and MRI, resulting in the overlooking of lesions
smaller than the slice thickness. MRCP also shows that the
lesions do not communicate with intrahepatic bile ducts and are
not associated with bile duct abnormalities except in Caroli’s
disease patients (Fig. 4c). Absence of communication between
biliary hamartomas and intrahepatic bile ducts may be con-
firmed after intravenous injection of hepatospecific contrast
agents such as Mn-DPDP. The presence and type of biliary
hamartoma enhancement is still debated in the literature. While
some authors did not find any enhancement following gado-
linium administration [17] (Fig. 3c), others have described a
homogeneous enhancement or a rim enhancement on early and

(a)

(b)

Fig. 2 Unenhanced (a) and enhanced (b) CT of biliary hamartomas. 
The lesions are much more conspicuous after administration of contrast
medium.

(a) (b) (c)

Fig. 3 MRI of biliary hamartomas. The lesions are strongly hyperintense on T2-weighted imaging (a) and even more intense on heavily T2-weighted sequences
such as MRCP images (b). On T1-weighted images (c), after administration of chelates of gadolinium, the enhancement varies and is absent in this example.
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late postcontrast images [20,23]. On histopathology, the rim
enhancement correlates with the compressed liver parenchyma
surrounding the lesions [20]. Sometimes, biliary hamartomas
exhibit mural nodules that have an intermediate signal on T2-
weighted images and could be enhanced on portal and delayed-
phase imaging [24] (Figs 5a and b). Interestingly, although
angiography is not performed any more to characterize these

lesions, a previous study has shown that biliary hamartomas
appear as multiple areas of abnormal vascularity, which persist
in the venous phase, but there is no evidence of tumour vessels
leaking or arteriovenous shunting [25]. This difference in lesion
enhancement may vary according to the lesion size, the connec-
tive tissue and the presence of an abnormal portal branch.

Diagnosis

Some authors claim that the imaging findings of biliary hamar-
tomas are not specific and that liver biopsy is needed for a
definitive diagnosis [3,26]. This is true with ultrasound even if
multiple small comet-tail echoes could evoke the diagnosis. This
is also true with CT because multiple tiny hypodense lesions
scattered throughout the liver are not specific. However, with
the use of advanced imaging modalities, especially MRI with
heavily T2-weighted sequences and MRCP, it is possible to 
make a correct diagnosis of biliary hamartomas by imaging
[17,19,20]. When typical imaging findings appear, such as 

(a)

(b)

(c)

Fig. 4 MRI of multiple biliary hamartomas. The lesions are hypointense on
T1- (a) and hyperintense on T2-weighted (b) images. Thick slab MRCP image
shows innumerable lesions that do not communicate with the bile ducts (c).

(a)

(b)

Fig. 5 Mural nodules in biliary hamartomas. Unenhanced (a) and enhanced
(b) CT images demonstrating a mural nodule in the largest hamartoma,
which enhances after the administration of contrast medium.
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subcentimetric multiple lesions high signal intensity on T2-
weighted images and a mural nodule with normal intrahepatic
bile ducts on MRI and MRCP, a diagnosis of biliary hamartomas
can be considered. Liver biopsy may have limitations such as
sample errors and performance difficulties due to the very small
size of the lesions. Furthermore, fine needle aspiration is not
diagnostic.

Differential diagnosis

The spectrum of differential diagnosis of biliary hamartomas 
is fairly wide. However, the most important one is liver metast-
asis especially in patients with extrahepatic malignant tumours
[3,20]. Usually, multiple small metastases are ill-defined on
plain CT and show various degrees of enhancement (such as 
rim enhancement) after intravenous administration of con-
trast medium. Even if some biliary hamartomas display rim
enhancement, the rim enhancement is thin and uniform, may
persist on delayed images but does not progress centripetally,
and these lesions have a fluid content. However, for patients who
are difficult to diagnose, final exclusion of metastatic lesions
should still depend on liver biopsy or follow-up imaging studies.

Simple hepatic cysts are variable in number, size and location,
and usually round in shape. As biliary hamartomas may coexist
with simple hepatic cysts or polycystic liver and kidney diseases,
it is sometimes difficult to make a definitive differentiation 
especially from polycystic liver disease on imaging. Simple 
hepatic cysts should be considered when the lesions are larger
than 10 mm in diameter and round in shape, as most biliary
hamartomas are reported to be less than 10 mm in diameter.

Peribiliary cysts are multiple, small, cystic dilatations of the
intrahepatic extramural peribiliary glands and should also be
included in the differential diagnoses of biliary hamartomas.
Both lesions could coexist in patients with adult autosomal
dominant polycystic kidney or liver disease. However, they are
located exclusively in the hepatic hilum and along the larger 
portal tract, in contrast to the biliary hamartomas, which have a
scattered distribution and predominate near the liver capsula.

Bile duct adenoma may be confused with biliary hamartomas.
The bile duct adenoma is usually subcapsular and presents as a
solitary, white and fibrous nodule. The histological appearance
consists of small ducts that are lined by a single layer of cuboidal
cells that may secrete mucin. Bile is not seen in the lumen.

Microabscesses of the liver can be differentiated from biliary
hamartomas by means of clinical and radiological data. Imaging
features are more heterogeneous.

Intrahepatic bile duct anomalies such as dilated bile ducts 
and Caroli’s disease can be readily distinguished from biliary
hamartomas by imaging, especially with MRCP.

Follow-up and treatment

Follow-up of these lesions with imaging modalities shows no
remarkable change in the lesions [18]. When the diagnosis of

biliary hamartomas is firmly established, because of the benign
condition and the very low risk of malignant transformation, no
recommendation based on a follow-up can be made. Follow-up
study is necessary when the diagnosis is doubtful at imaging or 
at pathology, especially for the patient with malignant disease
elsewhere in the body.
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8.1.6. Peribiliary cysts
Valérie Vilgrain

There are glands within and around the walls of the extrahepatic
bile ducts in humans, and these glands have been described as
tubuloalveolar glands [1]. Under some circumstances, these
glands may become cystic. Recognition of this entity is import-
ant because this abnormality often mimics intrahepatic bile duct
disease.

Pathology

Peribiliary glands

The glandular structures can be classified into two types: one 
is located within the bile duct wall, the so-called ‘intramural
glands’, and the glands are small in number and random in dis-
tribution; the other is found within the periductal connective
tissue in the form of a lobule [1]. These glands are termed ‘extra-
mural glands’ and are located at both sides of the bile ducts and
parallel to the hepatic parenchyma. The patterns of distribution
of these glands along the biliary tracts are divided into three
forms: only at the common bile duct, and left and right hepatic 
duct; at the common bile duct, left and right hepatic duct and in
smaller ducts such as segmental ducts; between the two patterns
mentioned above.

There is a greater extension of glandular distribution in the
left side than in the right side [1].

Histologically, the lobules of the extramural glands consist 
of several acini, serous (72%), mucous (17%), or mixed (11%).
The epithelium of serous acini is low columnar or cuboidal in

shape with dark cytoplasm, while that of the mucous acini is
columnar in shape with a clear cytoplasm. These lobules have
their own excretory ducts, through which they communicate
with the neighbouring bile duct lumen. The periductal glands
are speculated to function as follows: the glandular mucus acts 
as a lubricant for the bile stream; the glands renew cells when
epithelial loss occurs in the bile ducts; the glands concentrate the
bile; the glandular mucus protects the mucosal surface from the
bile and bacteria.

Heterotopic pancreas is found in 4.1% of the liver and is 
usually intermingled with intrahepatic peribiliary glands. It 
is situated exclusively in the large and medium-sized portal
tracts [2].

Cystic dilatation

Some glands dilate to a grossly recognizable size, these markedly
dilated glands being preferentially found along the edge of 
portal tracts. The cysts are usually unilocular, expanded, round,
thin-walled and multiple, and contain serous fluid [3]. The
largest cysts measure 2 cm in diameter.

Histologically, dilated cysts are lined by a cuboidal to 
columnar epithelia surrounded by thin fibrous tissue. 
These cysts are admixed with non-dilated or mildly dilated
extramural glands. Inflammatory changes are seen in half the
cases.

Pathogenesis

Most of the patients with peribiliary cysts have severe liver 
disease.
• Chronic liver disease and portal hypertension [4]. Nakanuma
et al. [5] reported eight patients with peribiliary cysts and,
among them, seven had oesophageal varices, five portal vein
thrombosis, four had cirrhosis and three had hepatocellular 
carcinoma. Similarly, Wanless et al. [4] have described three
cases. All three patients had portal vein thrombosis including
two with alcoholic cirrhosis.
• Polycystic liver disease and polycystic kidney disease are also
known to be associated with cystic dilatation of these glands to
varying degrees, and these cystic changes in peribiliary glands
may constitute part of the polycystic changes of the liver [3].
Peribiliary cysts seem to occur quite frequently in polycystic
liver or kidney disease. In a series reported by Itai et al. [6], 
peribiliary cysts were definitely seen on computerized tomo-
graphic (CT) scans of 22/64 patients with autosomal dominant
polycystic kidney disease and probably seen in 19 other patients,
representing a total of 73% of all polycystic patients with hepa-
tobiliary cysts.
• Other conditions have been described such as systemic infec-
tion and metastatic malignancy with or without obstructive
jaundice.
• Hepatolithiasis. Terada et al. [7] reported a case of cholesterol
hepatolithiasis with peribiliary cysts. In this observation, the
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peribiliary cysts were present around the intrahepatic large bile
ducts.
• Peribiliary cysts have been reported recently as a rare post-
transplant biliary tract complication, occurring in 2.6% of 
493 consecutive liver transplants, including three patients with
obstructive jaundice. Two types were identified: large and
unilocular cavities probably secondary to sequestered remnants
of the cystic duct and cystically dilated peribiliary glands similar
to those described [8]. 

Although peribiliary cysts are usually observed in patients
with chronic liver disease, their pathogenesis is still unknown.
These chronic liver diseases are various and could provide a bias
for detection of peribiliary cysts; however, despite many liver
abnormalities or tumours that are discovered fortuitously, this
does not seem to happen with peribiliary cysts.

Several mechanisms have been suggested for cystic dilatation
of intrahepatic peribiliary glands:
• It might be due to ischaemic changes because some cases 
are associated with portal hypertension and/or portal throm-
boembolism [5].
• It might be congenital, especially in patients with polycystic
liver disease or polycystic kidney disease.
• It might be related to obstruction of ducts of the intrahepatic
peribiliary glands due to cholangitis (retention cysts) and/or
local peribiliary ischaemia resulting from pressure from stone
impaction [8].

Clinical presentation

In most reported patients with peribiliary cysts, patients have
severe liver disease, but the cysts are usually asymptomatic.
Wanless et al. [4] have reported the case of a patient with perib-
iliary cysts presenting as obstructive jaundice. In this case, the
jaundice was secondary to obstruction of the hepatic ducts by
periductal cysts. To our knowledge, malignant transformation
of these cysts has never been described.

Imaging

Whatever imaging modalities are used, peribiliary cysts are char-
acterized by their peculiar distribution (predominantly perihilar
and on both sides of the bile ducts) and small size [9]. They may
appear as discrete cysts, as a tubular structure paralleling the
portal structures and as a string of cysts that simulate abnormal
bile ducts [10].

On ultrasound, the cysts are detected within the echogenic
larger portal tract or seem to appear as anechoic areas adjacent
to or connecting with the portal vein [9] (Fig. 1a). Sonography
appears to be sensitive for detecting the thin septa [10].

CT demonstrates more clearly the distribution of hepatic
peribiliary cysts and their relationship with the bile ducts. On
unenhanced CT scans, the peribiliary cysts may mimic the 
periportal collar or appear as cysts along the larger portal tract.
They are best depicted after administration of contrast medium

because they do not enhance (Fig. 2a). The size of the cysts
ranges from a millimetre to > 10 mm [9]. They do not enhance
after administration of cholangiographic contrast agent.

On MRI, the peribiliary cysts are hypointense on T1- (Figs 2b
and 3b) and strongly hyperintense on T2-weighted imaging
(Figs 1b,  2c, 3a) as well as on magnetic resonance cholangiopan-
creato-graphy (MRCP) images [10] (Fig. 2d). They can mimic
intrahepatic bile duct dilatation, but they arise predomin-
antly around the hilum and are not associated with dilatation 
of small intrahepatic ducts. Similarly, they do not enhance 
after administration of hepatospecific contrast agents such as
Mn-DPDP.

Differential diagnosis

The differential diagnosis is mainly represented by diffuse or
local dilatation of the intrahepatic bile ducts. An important 
feature is that dilatation of intrahepatic bile ducts always appears
on one side of the portal vein, conversely to the peribiliary cysts.
Caroli’s disease is also a common differential diagnosis because

(a)

(b)

Fig. 1 Cystic dilatation of peribiliary glands. (a) Ultrasonography shows
anechoic tubular structures paralleling the portal structures. (b) At MRI, they
are strongly hyperintense on T2-weighted images and located on both sides
of the bile ducts.
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Caroli’s disease may be localized. However, localized biliary
dilatation that is limited to the larger ducts is rarely observed in
Caroli’s disease. Furthermore, the central dot sign, which is a key
finding in Caroli’s disease, is not described in peribiliary cysts
[9]. Other differentials include von Meyenburg complexes (see
Chapter 8.1.5), cholangitis and periportal collar. Cystic appear-
ance and absence of communication with the bile ducts at imag-
ing favour a diagnosis of peribiliary cysts.

In conclusion, hepatic peribiliary cysts are caused by the
dilatation of the extramural peribiliary glands and are character-
ized by the presence of multiple tiny cysts seen exclusively within
the larger portal tracts or hepatic hilum. Imaging is highly 

(a)

(b)

(c)

(d)

Fig. 2 Cystic dilatation of peribiliary glands. (a) Enhanced CT demonstrates
multiple low-attenuation cysts along the left portal tract. The size of the
cysts varies from a few millimetres to 1 cm. These cysts are hypointense on
T1- (b) and strongly hyperintense on T2-weighted images (c). On MRCP
images (d), the peribiliary cysts could mimic intrahepatic bile duct dilatation.

(a)

(b)

Fig. 3 Cystic dilatation of peribiliary glands in a patient with adult
autosomal dominant polycystic kidney disease. T2- (a) and postcontrast 
T1-weighted (b) images demonstrate the peribiliary cysts, which do not
enhance after administration of chelates of gadolinium. Multiple renal cysts
are clearly seen; some of them are haemorrhagic. Interestingly, this patient
had no liver cyst.
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characteristic. Because these lesions are benign, no treatment or
follow-up is recommended.
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8.1.7. Caroli syndrome
Jean-Pierre Benhamou

Caroli syndrome is a congenital malformation characterized by
multifocal dilatation of the segmental bile ducts. The main con-
sequence of this malformation is recurrent bacterial cholangitis.

Pathology, classification and aetiology

The lesion of Caroli syndrome consists of multifocal dilatation
of the segmental bile ducts. The ectatic portions form cysts 
of various sizes, separated by portions of bile ducts which are
normal or regularly dilated. The multifocal dilatation may be
diffuse, affecting the whole intrahepatic biliary tree (although it
may be more marked in a part of the liver), or it may be confined
to a part of the liver, often the left lobe or a segment of the left
lobe [1]. The number of cysts is large in the diffuse form and 
limited, usually less than 10, in the localized form.

Multifocal dilatation of the segmental bile ducts is not a 
single entity. In the majority of cases, it is associated with con-
genital hepatic fibrosis [2].

Manifestations and diagnosis

Caroli syndrome, which is likely to be present at birth, usually
remains asymptomatic for the first 5 to 20 years of the patient’s
life, and in a few cases for the patient’s whole life. Asymptomatic
Caroli syndrome is unrecognized, except in patients in whom
congenital hepatic fibrosis has been diagnosed and multifocal
dilatation of the segmental bile ducts has been suspected and
demonstrated by ultrasonography or computed tomography.

In most patients, the first episode of cholangitis occurs in 
the absence of any apparent cause. In a few, the first episode 
of cholangitis is the consequence of a surgical operation or an
invasive investigation on the biliary tree, such as cholecystec-
tomy, choledochotomy, T-tube drainage, intraoperative
cholangiography, or endoscopic retrograde cholangiography
(Benhamou, personal observation; see also refs 3–5).

The main and often the only symptom of cholangitis due to
Caroli syndrome is fever, in contrast to cholangitis complicat-
ing common bile duct stones in which fever is usually accom-
panied by pain and/or jaundice. As a consequence, the first
episodes of fever may not be attributed to cholangitis.

At clinical examination, the liver is usually enlarged. There 
is no sign or symptom indicating liver failure. In patients 
with Caroli syndrome associated with congenital hepatic 
fibrosis, manifestations of portal hypertension are present. 
Liver function tests are normal except for alkaline phosphatase
and gammaglutamyl transpeptidase which may be moderately
increased.

The best procedures for the diagnosis of Caroli syndrome 
are ultrasonography, computerized tomography and magnetic
resonance cholangiography which show cystic formations of
various size, diffuse or limited to a part of the liver, associated or
not associated with tubular dilatation of segmental bile ducts.
Ultrasonography and computerized tomography show tiny dots
within dilated intrahepatic bile ducts (the central dot sign); these
intraluminal dots correspond to intraluminal portal vein; this
finding indicates that the portal radicles are surrounded by
dilated intrahepatic bile ducts [6]. Computerized tomography
after intravenous injection of biliary contrast may show
opacification of cysts and dilated segmental bile ducts. Cystic
formations, communicating with intrahepatic biliary tract, may
be demonstrated by intraoperative cholangiography, postopera-
tive cholangiography through a T-tube or endoscopic retrograde
cholangiography; these three procedures must not be used 
in patients with asymptomatic Caroli syndrome, but can be
employed in patients with Caroli syndrome already complicated
by cholangitis.

The other imaging procedures have less interest for the dia-
gnosis of Caroli syndrome. Radiocolloid liver scans show cold
areas corresponding to the large cysts. Hepatobiliary scans shows
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cold areas in the early phase which become hot at a late phase of
imaging [7].

Course and complications

The course of Caroli syndrome is dominated by recurrent
episodes of cholangitis, the frequency of which varies widely:
some patients experience 10 to 20 episodes a year, whereas 
others suffer only one or two episodes a year. In patients 
with frequent episodes of cholangitis, the prognosis is poor: 
generally, five to 10 years after the onset of recurrent cholan-
gitis, such patients die from uncontrolled biliary bacterial 
infection.

Cholangitis may be complicated by liver abscesses, septi-
caemia, extrahepatic abscesses and secondary amyloidosis [8].

Cholangitis often induces the formation of intracystic 
stones [9], which are usually recognized at ultrasonography or
endoscopic retrograde cholangiography but may be missed by
computed tomography when not calcified. These stones can
migrate from the cysts into the common bile duct and cause 
biliary pain and/or cholestasis and/or acute pancreatitis [10].
Cholangiocarcinoma develops in some patients with Caroli 
syndrome [11].

Associated malformations

In patients with Caroli syndrome and congenital hepatic 
fibrosis, the malformations associated with congenital hepatic
fibrosis alone may obviously be present. In patients affected 
by Caroli syndrome with or, more often, without congenital
hepatic fibrosis, associated choledocal cyst is relatively com-
mon [11]. Exceptionally, Caroli syndrome is associated with
Laurence–Moon–Biedl syndrome [12].

Treatment

The treatment of the episodes of bacterial cholangitis is with
appropriate antibiotics.

The prevention of recurrences of bacterial cholangitis is
difficult. Periodic administration of antibiotics seems efficacious
in some patients but completely inefficient in others. T-tube
drainage is not effective and may be dangerous in patients with
associated congenital hepatic fibrosis; large amounts of water
and electrolytes, secreted by the multiple bile ductules, may be
lost through the T-tube, which may result in severe dehydrattion
[13]. Administration of ursodesoxycholic acid may be used for
the prevention and treatment of intracystic stones [14] and has
been recommended to be administered to all patients with
Caroli syndrome [15]. Transhepatic intubation and drainage of
the biliary tree have been used successfully in a small number of
patients [16]. Surgical biliointestinal anastomoses or endo-
scopic papillotomy may facilitate the passage of stones into 
the intestine, but cannot be recommended because these 

procedures may increase the frequency and severity of the
episodes of cholangitis [17]. In the localized form of Caroli 
syndrome, partial hepatectomy is indicated and excellent results
can be expected [18]. In the diffuse form, if the cysts clearly pre-
dominate in a part of the liver, partial hepatectomy can also be 
envisaged; however, in such patients, partial hepatectomy is
difficult because of associated congenital hepatic fibrosis and
portal hypertension, and the long-term results may be compro-
mised because multifocal dilatation affecting the remaining liver
may be the source of recurrent cholangitis [18]. In the diffuse
form without predominance of the cysts in any part of the liver
and complicated by severe recurrent cholangitis, liver transplan-
tation might be considered.

References

1 Caroli J, Couinaud C, Soupault R et al. (1958) [A new disease,

undoubtedly congenital, of the bile ducts: unilobar cystic dilation of

the hepatic ducts.] Semin Hôp Paris 34, 488–495.

2 Fauvert R (1974) The Liver and its Diseases. New York: IMS, 

pp. 283–288.

3 Clermont RJ, Maillard JN, Benhamou JP (1967) [Congenital hepatic

fibrosis.] Can Med Assoc J 97, 1272–1278.

4 Erlinger (1969) [The angiocholitic forms of the congenital hepatic

fibrosis.] Presse Med 77, 1189–1191.

5 Grumbach R (1954) Arch Anat Cytol Pathol 30, 74–77.

6 Choi IP, Berenstein A, Kagetsu NJ (1990) Irrigation device for neuro-

angiographic procedures. Radiology 174, 161–163.

7 Stillman AE (1981) Gastroenterology 80, 1295 (abstr.)

8 Fevery (1972) Congenital dilatation of the intrahepatic bile ducts 

associated with the development of amyloidosis. Gut 13, 604–

609.

9 Mathias CG (1978) Acta Hepatogastroenterol Belg 25, 30–34.

10 Sahel (1976) [Caroli’s disease with acute pancreatitis and angiocholitis.

Diagnostic and therapeutic value of endoscopic choledochowirs-

ungography.] Nouv Presse Med 5, 2067–2069.

11 Dayton MT, Longmire WP Jr, Tompkins RP (1983) Caroli’s disease: a

premalignant condition? Am J Surg 145, 41–48.

12 Tsuchiya R, Nishimur R, Ito T (1977) Congenital cystic dilation of the

bile duct associated with Laurence–Moon–Biedl–Bardet syndrome.

Arch Surg 112, 82–84.

13 Turnberg (1968) Biliary secretion in a patient with cystic dilation of

the intrahepatic biliary tree. Gastroenterology 54, 1155.

14 Kutz K, Miederer SE, Paumgartner G (1978) Case report: chenodeoxy-

cholic acid therapy of intrahepatic radiolucent gallstones in a patient

with Caroli’s syndrome. ActaHepatogastroenterol Stuttg. 25, 398.

15 Ros E, Navarro S, Bruc et al. (1993) Ursodeoxycholic acid treatment of

primary hepatolithiasis in Caroli’s syndrome. Lancet 342, 404.

16 Witlin LT, Gadacz TR, Zuidema GD et al. (1982) Transhepatic 

decompression of the biliary tree in Caroli’s disease. Surgery 91,

205–209.

17 Watts DR, Lorenzo GA, Beal JM (1974) Proceedings: congenital

dilatation of the intrahepatic biliary ducts. Arch Surg 108, 592.

18 Ramond MJ, Huguet C, Danan G et al. (1984) Partial hepatectomy 

in the treatment of Caroli’s disease. Report of a case and review of the

literature. Dig Dis Sci 29, 367–370.

TTOC08_01  3/9/07  9:18 AM  Page 806



8.1 CONGENITAL CONDITIONS 807

8.1.8. Choledocal cyst
Jean-Pierre Benhamou

Choledocal cyst is a rare congenital condition that is character-
ized by a cystic dilatation of a segment of the biliary ductal 
system. The disease should be termed ‘bile duct cyst’ rather 
than ‘choledocal cyst’. The prevalence is higher in Asia than 
in western countries. The disease is four times more common 
in females than in males. Most surgeons accept the Todani
modification of the Alonso–Lej classification [1]. In this schema,
patients with type 1 cyst (the most common) have an extra-
hepatic biliary dilatation that can be divided into three groups: 
(A) cystic dilatation of the entire common bile duct; (B) focal
segmental dilatation of the common bile duct; and (C) fusiform
dilatation of the extrahepatic biliary tree. Type 2 cyst consists 
of a diverticulum of the common bile duct. Type 3 cyst, also
known as ‘choledococoele’, represents cystic dilatation of the
intraduodenal portion of the biliary tree. Type 4 cyst is divided
into two subtypes: type 4-A has multiple intrahepatic and 
extrahepatic cysts; type 4-B has multiple extrahepatic cysts. 
Type 5, also known as Caroli’s disease, is isolated to intrahepatic
bile ducts.

The pathogenesis is unknown. However, in most cases, an
anomalous pancreaticobiliary ductal junction is present, which
has suggested that reflux of pancreatic juice into the common
bile duct could play a role in the pathogenesis of choledocal cyst.

Classically, the patient with a choledocal cyst type 1 is a female
infant of Asian descent who has a palpable mass, abdominal pain
and jaundice. In fact, in currently reported series, an increasing
number of patients are adults, and the classical triad is absent.
The diagnosis is established by ultrasound, magnetic resonance
cholangiography, computerized tomographic scan and endo-
scopic retrograde cholangiopancreatography.

Many complications have been reported including cholangitis,
cholelithiasis, jaundice, acute pancreatitis and rupture. Carcinoma
of the biliary tree is the most serious complication of choledocal
cyst; it mainly affects adults over 50 years.

Prior to the two most recent decades, cyst drainage was con-
sidered to be the appropriate treatment of choledocal cyst. In
fact, cyst drainage is associated with two problems: first, there is
a very high incidence of stricture, probably related to the often
severe inflammation of the cyst epithelium; secondly, there is a
risk of malignancy in the dilated cyst segment.

Resection of the choledocal cyst with reconstruction of the
biliary tree is the treatment of choice. The entire cyst must be
excised; incomplete excision exposes to the risk of carcinoma on
the remaining portion of the cyst.
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8.1.9 Ciliated hepatic foregut cyst
Jean-François Cadranel

Wheeler and Edmonson first used the term ciliated hepatic
foregut cyst (CHFC) to describe a benign liver lesion that 
apparently arises from the embryologic foregut [1]. CHFC is an
uncommon entity. Fewer than 70 cases have been reported in
the English, French and Japanese language literature [1–27]. The
majority of CHFC cases have been reported in the last 20 years
[2]. The increase in reported cases over the last two decades 
has coincided with the increased used of abdominal imaging
techniques [2,11].

Pathology

Histologically [1,11,12,24], the CHFC is lined with a pseudos-
tratified cylindrical epithelium with ciliated and mucin-secreting
cells. It is surrounded by connective tissue and a band of smooth
muscle fibres [1,11,12,24]. The cyst wall consists of the following
four layers: (i) a pseudostratified, columnar ciliated epithelium;
(ii) a subepithelial connective tissue; (iii) a layer composed of
smooth muscle bundles; and (iv) a fibrous capsule (Fig. 1). Small
bile ductules can occasionally be observed in the cyst wall, lined
by columnar non-ciliated epithelium [18,25].

The cyst epithelium contains ciliated cells, the cilia of which
are strongly labelled with tubulin [23,24]. Goblet cells of the cyst
epithelium contain neutral, carboxylated and sulphated mucins,
like the mucin-secreting cells of the respiratory epithelium
[23,24]. Goblet cells stain with periodic acid–Schiff (PAS),
Alcian blue and high-iron diamine [12].

Immunohistochemical studies showed that the cyst epithelium
contained endocrine cells immunoreactive for chromogranin,

Fig. 1 Foregut ciliated cyst. Gross magnification. Note the four layers: 
(a) pseudostratified columnar ciliated epithelium; (b) subepithelial
connective tissue: (c) smooth muscle bundles; (d) fibrous capsule (courtesy
of Dr Valérie Paradis, Hôpital Beaujon, Clichy, France).
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synaptophysin, calcitonin and bombesin [12]. This pattern is
similar to that of endocrine cells present in the respiratory
epithelium [14]. In contrast, endocrine cells were negative for
serotonin, somatostatin, glucagon, insulin, gastrin and pancre-
atic polypeptide [12]. Immunoreactivity of some cells for 
CC10 strongly suggested the presence of Clara cells [12,23].
Ultrastructural observations revealed definite cilia arranged in a
9 + 2 pattern, as well as mucous cells [24].

Pathogenesis

The overall cellular features and architecture are similar to those
of the respiratory bronchi and indicate that these cysts arise
from abnormally developing ventral endoderm within the liver
[1,12,24]. Mouse embryo studies have demonstrated that the
ventral endoderm gives rise to the adult foregut structures,
including the oropharynx down to the hepatic diverticulum
[28]. CHFCs probably originated from embryogenic foregut
remnants that persisted in the liver and differentiated towards
bronchial structures [23,24].

Clinical presentation

Patients with CHFC average 52 years at presentation (range
5–82 years). The male to female ratio is 1.2:1. In two-thirds 
of patients, CHFC are found incidentally on imaging studies
[11,12,17–19,23,24,27], at surgery or incidentally during auto-
psy [11]. About 25–30% of patients presented with abdominal
pain [11,12,16,21–25,27] and abnormal liver function tests, but
it is unclear how the cysts were discovered or whether they were
responsible for the presenting signs and symptoms [11].

In one case, the cyst caused compression of the portal vein
with resulting portal hypertension and splenomegaly [14]. One
case has been reported in a cirrhotic patient [17]; we have also
observed such a case (personal communication).

Imaging pattern

CFHC are more often located in the left lobe, especially in the
medial segment (segment IV) [11,14,17,18,21,22,25,27]. A case
has been reported in the left hepatic vein [4] and a few cases in
the gallbladder wall [22]; one CHFC communicated with the
gallbladder [3]. Most of the lesions were less than 4 cm (median
3 cm; range 0.4–9 cm) [1–27].

A larger size should raise suspicion of a malignant trans-
formation. Indeed, three cases of squamous cell carcinoma aris-
ing in a CFHC were reported between 1999 and 2002 [29–31]. 
The sizes of the CFHC were 10 cm, 10 cm and 12 cm in these
three cases [29–31]. CFHC appeared as well-delineated solitary,
unilocular, hypoechoic small masses with or without posterior
enhancement on ultrasonography [10,27]. Less frequently, CFHC
are anechoic. They may occasionally have a pseudosolid pattern
[13,25]. On computerized tomography (CT), CFHC appeared
as well-defined, unilocular, isolated masses located beneath the

hepatic surface in the subcapsular areas [10,21,26,27]. Calcifica-
tions of the cyst wall are rare [27]. On CT scan, because they 
contain various elements ranging from clear serous material 
to milky white to brown mucoid material, and have variable 
viscosities, the different CT attenuation numbers can be shown
[26]. On enhanced CT, CFHC appeared with low density and
can be hypoattenuating or isoattenuating relative to the sur-
rounding liver parenchyma; these lesions remained with low
density after contrast enhancement [10,21,26,27]. Occasionally,
CFHC may appear with slightly higher density before contrast
enhancement, mimicking a solid tumour [25]. On magnetic 
resonance imaging (MRI), lesions are hyperintense on T2-
weighted spin images [13,21,26,27]. On T1-weighted spin image
MRIs, CFHC are usually hyperintense [13,21,26,27]. However,
they are sometimes isointense [16,21] or hypointense [26,27] on
T1 sequences. These different imaging features depend on the
fluid composition of the cyst, related to viscosity, mucin density
and the presence of calcium or cholesterol crystals [25,26].
There is no contrast enhancement after gadolinium injection
[26]. According to the imaging pattern, several diagnoses may be
discussed: solitary non-parasitic cyst in cases of anechoic pat-
terns on ultrasonography, solid tumour in cases of pseudosolid
patterns [13,25] or cystadenoma when mucoid material is rich.
Comparison of ultrasound, CT scan and MRI may help in
achieving a precise diagnosis [32]. Guided fine needle aspiration
[18,19] may be helpful by showing columnar cells with basally
oriented nuclei and prominent apical terminal plates with cilia
[18,19].

Treatment

Four to five per cent of CHFC may have malignant transforma-
tion [2,29–31]. As discussed, the major risk factor for malignant
transformation appears to be the size of the cyst. Because of this
potential risk, total surgical excision is necessary in patients who
have a cyst greater than 4–5 cm, a symptomatic cyst, an enlarg-
ing cyst or when imaging studies show abnormalities in the cyst
wall [29–31]. Vick et al. [29] recommend surgical excision even
for asymptomatic patients.
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8.2.1 Inflammatory cystic diseases
Jean-François Cadranel

Endometrial cysts of the liver

Endometriosis is characterized by the presence of function-
ing endometrial tissue outside the uterine cavity [1]. Ectopic
endometrium has been described in almost every location, but 
is most frequently located in the pelvic organs. Unusual sites of
involvement include the umbilicus, laparotomy or incisional
scars, arms, legs, kidney, diaphragm, gastrointestinal tract, 
bladder wall, lung, pleura, pancreas, heart and bone [2]. The
only organ in the abdominal cavity that is apparently refractory
to the disease is the spleen [2].

Hepatic endometriosis is extremely rare [1,3]. The first case
was reported by Finkel et al. in a 21-year-old woman who com-
plained of epigastric pain, nausea and vomiting. She was found
to have an endometrial cyst (EC) measuring 13 cm in the left
lobe of the liver [4]. To date, fewer than 20 cases have been
reported [1,3,4,12].

EC of the liver occurred in women with an age ranging from
21 to 62 years [1]. One-third of the patients had a history of
abdominal endometriosis, whereas the other two-thirds showed
no evidence of endometrial implants other than in the liver 
[1]. However, some of the women without a history of pelvic-
associated endometriosis had difficulty in conceiving, suggest-
ing possible Fallopian tube lesions [1]. Two-thirds of the women
presented with acyclic gastric or right upper abdominal tender-
ness or pain [1,3]. Right upper abdominal mass can be noted
when EC are large. EC of the liver are located in either the left 
or the right lobe of the liver [1,3]. In two cases, pleural
endometriosis was associated with EC of the liver [12]. EC range
in size from 3 to 24 cm and average 10 cm. EC were solitary in 
all but one of the reported cases [1,3]. One 62-year-old woman
[9] who presented with right upper abdominal tenderness had
two EC of 3.1 cm and 2.8 cm located in the right lobe and the 

falciform ligament respectively. The latter lesion was complicated
by malignant transformation with moderately differentiated
endometrioid adenosquamous carcinoma [9]. EC of the liver
are either unilocular or multilocular and present with septations
that are better seen during ultrasonography examination than
during tomodensitometry examination [4,8]. Abdominal ultra-
sonography, computerized tomography (CT) scan and mag-
netic resonance imaging (MRI) showed cystic tumours that 
may be indistinguishable from a simple cyst. In some instances,
however, irregularity of the cyst wall and septation led to a pre-
operative diagnosis of cystadenoma [8]. Large EC of the right
lobe may be accompanied by a reactive enlargement of the 
left lobe [7]. Calcifications of the cyst wall have been reported
occasionally [6,10]. Choledochal compression and commun-
ication with the biliary tract have been reported in one case 
each [7,8]. The content of EC is usually chocolate coloured and
haemorrhagic-like, typical of endometriosis [1]; it may occa-
sionally be clear [4]. Histologically, the cyst wall is lined by a 
single layer of cuboidal cells with occasional formation of
endometrial glands. These glands are admixed with a well-vascu-
larized mesenchymal stroma [8]. When performed, immunos-
taining is positive for estrogen and progesterone receptors [3].
The liver adjacent to EC is either normal or shows focal
haemosiderin deposition [1]. A case of adenosarcoma arising in
hepatic endometriosis has been reported. It presented as a huge
heterogeneous mass containing septated thick-walled cystic
lesions [11]; the patient was asymptomatic with no abnormali-
ties on liver and abdominal CT scan after enlarged right hepatec-
tomy at a 2-year follow-up. The treatment of EC of the liver is
surgery; the median term results (when available) are good with
no symptoms of recurrence after follow-up ranging from 10 to
22 months [1,5,6].

The pathogenesis of extra-abdominal endometriosis remains
uncertain [3]. Many theories have been proposed, including
coelomic metaplasia, retrograde menstruation, iatrogenic injury
and haematogenous or lymphatic dissemination [13]. Metaplasia
or differentiation from coelomic epithelium, triggered by 
many stimuli, has been observed frequently. Transportation of

8.2 Acquired conditions
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endometrial fragments by one means or another is important to
the histogenesis and has been described after surgical procedures
that involve the endometrium. Endometrial fragments have
been observed in the oviduct and in the peritoneal cavity.
Regurgitated menstrual fluid is not rare and may be responsible
for the development of pelvic endometriosis. Endometrial tissue
has been observed in lymphatic and blood vessels; vascular 
dissemination probably occurs more frequently after surgical
trauma than spontaneously [3,13,14].

Pancreatic pseudocysts of the liver

Although pancreatic pseudocysts can form anywhere in the
abdomen, intrahepatic occurrence is rare [15,16]. Hepatic
extrapancreatic pseudocysts have been reported in the setting of
acute alcoholic [15,17] or biliary pancreatitis [18], chronic pan-
creatitis [19] or pancreatic injury [16,20]. Pancreatic pseudocyst
is a collection of pancreatic juice confined by a non-epithelialized
wall of granulation tissue [21] and requires a least 4 weeks to
form [21]. Unusual location of pancreatic pseudocysts has been
reported in 22.4% of patients in one study [22]. The first two
cases of hepatic pancreatic pseudocysts were reported by
Siegelman et al. in 1980 [23]. In a literature review, we found 
26 reported cases of pancreatic pseudocysts of the liver up to
2000 [24]. Occasional case reports have been reported after 2000
[18,25]. Intrahepatic location of the pseudocyst has been docu-
ment by ultrasonography, CT scan, MRI or surgical exploration
[21,24,26,27]. Clinical symptoms are usually related to the
underlying inflammatory pancreatic disease. Elevated serum
lipase and/or elevated serum and urinary amylase levels should
arouse suspicion of this condition [16]. Continuous epigastric
pain after acute pancreatitis [28] or recurrence of abdominal
pain after initial clinical resolution of pancreatitis may be
observed [24]. A palpable upper abdominal mass has been
reported rarely [28–30]. Hepatomegaly has been reported occa-
sionally [15,17,26]. Jaundice is rarely observed [24,30]. Results
of liver function tests are usually within the normal range 
[24]. Serum aminotransferase activities are usually not elevated
despite digestion of liver cells [16]. Correct diagnosis is not
difficult with imaging when other signs of acute pancreatitis are
present [16]. On CT, a mature intrahepatic pseudocyst appears 
as a well-defined, subcapsular, homogeneous, hypoattenuating
mass surrounded by a thin fibrous capsule [31]. In the setting of
acute pancreatitis, the attenuation of the fluid within the cyst
may be high as a result of haemorrhage and necrotic debris, and
the lesion may be less distinctly defined [31,32]. On MRI [21], 
a pancreatic pseudocyst appears as a well-circumscribed sub-
capsular lesion with low signal intensity on T1-weighted images
(T1 WI) and markedly high signal intensity on T2-weighted
images (T2 WI) [21]. In mature cysts, an enhancing capsule is
observed following intravenous administration of gadolinium
chelates [31]. When performed for diagnostic purposes, puncture
shows a yellowish fluid with high lipase and amylase activity.

MRI is superior to CT for the prediction of drainability [21],
allowing better visualization (on T2-weighted sequences) of
fluid and solid components. Pancreatic pseudocyst percuta-
neous drainage has been reported to be an effective treatment
method with a 90% cure rate [27], limiting the risks of major
intra-abdominal surgery. Percutaneous drainage, when possible
according to imaging results, permits treatment to be initiated
rapidly [16,24,27], avoiding a wait of several weeks for cyst 
maturation prior to surgery. In addition, percutaneous catheter
techniques may lower morbidity and mortality compared with
surgical drainage [33]. Different hypotheses have been suggested
to explain the extension of pancreatic pseudocysts in the liver,
due to the proteolytic effect of pancreatic enzymes that reach the
lesser sac and then the liver either directly through the liver 
capsule [20,34] or indirectly through the hepatic hilum vessels,
the hepatogastric ligament [16,29,34] or, rarely, via the hepato-
duodenal ligament [25]. These hypotheses account for the loca-
tion of pancreatic pseudocysts in the left lobe. Ancel et al. [18]
suggest that pancreatic enzymes could cause liver damage,
through the pararenal anterior space, often infiltrated during
acute pancreatitis, reaching the right hepatic lobe through the
area nuda. This hypothesis may account for pseudocysts located
in the right lobe.

Miscellaneous

Epidermoid cysts of the liver

Epidermoid cysts of the liver are extremely rare [35–40]. The
origin of these cysts is unknown. It is postulated that they derive
from accessory foregut buds [35]. They occur in children or
young adults. They may be responsible for right upper quadrant
abdominal pain or mass [35]. Liver tests may be normal or exhibit
an increase in aminotransferase and alkaline phosphatase activi-
ties. Ultrasonography shows large solitary cystic lesions that may
simulate a hydatid cyst [36]. Total enucleation is warranted as sub-
total cystectomy may be followed by relapse [36]. Pathological
examination of the cyst wall shows its epidermoid nature 
lined by stratified squamous epithelium. Occasional reports of
squamous cell liver cancer arising from an epidermoid cyst have
been noted [37,39,40]. Because of their malignant potential and
tendency to reoccur, total excision should be performed.

Cystic hepatic peliosis

Peliosis hepatis is an uncommon condition characterized by
numerous blood-filled cavities or cystic spaces. Although the
cause is unknown, it has been reported in association with 
several disease states such as tuberculosis, malignancy, diabetes,
sprue, postrenal and cardiac transplantation and medication,
particularly androgenic steroids [41].

Peliosis hepatis may occasionally present a cystic appearance
[42–45]; abdominal ultrasonography may demonstrate diffuse
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mixed echogenic masses, some with cystic cavities [42]. MRI
findings are the following [43]: heterogeneic signal intensity on
T1 WI with areas of high–intermediate and low signal intensity;
a cystic round mass with a slim hyperintensity has been noted on
T1 WI images [42]; heterogeneic signal on T2 WI with the pres-
ence of numerous intralesional ‘cystic’ hyperintense areas with a
hypointense border [43]; after intravenous administration of
gadolinium, enhancement is observed in the portovenous and
late phases [43].

Cystic inflammatory pseudotumour of 
the liver

Inflammatory pseudotumours (IPT) of the liver are uncommon
begin lesions that have been reported to occur in various organs
and tissues [46]. Causes and pathogenesis of the lesion remain
unknown. The term ‘pseudotumour’ arises from the discrep-
ancy between the macroscopic appearance, indicative of a
malignant tumour, and the histological picture, which reveals its
inflammatory nature [46,47]. IPT has been reported increas-
ingly in the liver, in both children and adults, usually presenting
with systemic symptoms and fever [46,47].

Cystic appearance of IPT of the liver that masquerades 
as either a malignant cystic tumour of the liver [48] or a com-
plicated hydatid cyst [47] has been reported rarely.

Cystic hepatic lymphangiomatosis

Hepatic lymphangiomatosis is a rare disorder characterized 
by cystic dilatation of the lymphatic vessels in the hepatic
parenchyma [49]. It can occur in the liver alone, in the liver and
spleen or in multiple organs [49,52]. Isolated case reports have
focused on the cystic form of hepatic lymphangiomatosis
[49–52] that can mimic polycystic liver disease [49] or hydatid
cyst [50]. Some of the cysts contained caseous material [52].
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8.2.2 Neoplasms including
cystadenoma
Peter Starkel and André P. Geubel

Cystadenoma and cystadenocarcinoma

Prevalence

Biliary cystadenomas are rare multiloculated cystic tumours that
represent less than 5% of cystic lesions of the liver [1]. They are
100 to 200 times less frequent than simple cysts of the liver and
represent 1/10 000 to 1/20 000 hepatic tumours. They occur pre-
dominantly in middle-aged women (mean age 38 years) and are
considered premalignant lesions [1,2].

Aetiology, pathogenesis and pathology

Aetiology and pathogenesis are unknown. A congenital origin
from abnormal intrahepatic bile ducts or from misplaced germ
cells has generally been suspected. Alternatively, a pseudo-ovarian
origin would better account for the mucinous epithelium that
delineates the cysts. Macroscopically, a large multiloculated-
appearing tumour limited by a thin wall is found (Fig. 1a). 
The lesions are predominantly intrahepatic, but extrahepatic
localizations have been reported [3]. The tumour generally 
contains a mucinous fluid. At microscopy, a single layer of
mucin-secreting cuboidal epithelial cells with round or oval
nuclei delineates the inner space of the cysts. The epithelium is

Fig. 1 Cystadenoma: tomodensitometry showing a multiloculated cystic
lesion of the left lobe of the liver partly calcified in its anterior periphery.
Morphological appearance of the columnar mucinous epithelium
surrounded by a highly cellular mesenchymal tissue resembling ovarian
stroma. Periodic acid–Schiff (PAS) mucus staining is shown in the lower right
corner (see Plate 8.2.2.1, facing p. 72).
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supported by a thick, cellular-rich, ovarian-like mesenchymal
stroma (see Plate 8.2.2.1, facing p. 72) [4].

Clinical manifestations

Symptoms are usually related to the mass effect of the lesion 
and consist of intermittent abdominal discomfort, pain or
swelling. Dyspepsia-like symptoms with nausea and anorexia
may be encountered. A large hepatic mass can seldom be felt at
abdominal examination. Signs of biliary tract obstruction may
also be present.

Diagnosis

Liver function tests are usually normal. Diagnosis of cystadenoma
relies on ultrasonography (US), computerized tomography (CT;
Fig. 1a) and magnetic resonance imaging (MRI). At US, a large
anechoic, fluid-filled globular area with irregular margins and
internal echoes is seen corresponding to internal septa or papil-
lary growths originating from the cystic wall [5]. CT shows a
solitary cystic mass with a well-defined thick fibrous capsule,
internal septa and mural nodules [2]. At MRI, a fluid-containing,
multiloculated, septated mass is seen. Signal intensity of the 
content of the cysts is homogeneously low on T1-weighted
images and high on T2-weighted images. Variable signal inten-
sities on both T1- and T2-weighted images depend on the 
presence of solid components, haemorrhage or protein content.
The portal–venous phase gadolinium-enhanced T1-weighted
image shows enhancement of the capsule and septa [2]. Further
imaging procedures [endoscopic retrograde cholangiopancre-
atography (ERCP), angiography, etc.] do not provide additional
or useful information over the standard imaging techniques.

Course and complications

Cystadenomas are slow-growing tumours. Complications might
result from various mass effects of the cyst that include compres-
sion of parts of the biliary tree leading to cholestasis. Intracystic
haemorrhage, rupture or bacterial infections may also occur.

Cystadenomas have a clear malignant potential, and the most
feared complication is transformation into cystadenocarcinoma.
Malignant tumours almost exclusively arise in pre-existing 
cystadenomas, although rare cases of unusual origin have been
reported [6,7]. Malignancy may affect the entire cyst but, more
frequently, focal neoplastic transformation of the epithelium is
observed. Intracystic haemorrhage in the absence of trauma,
large projections protruding into the lumina of the lobules and
calcification of the septa on imaging are arguments in favour of
malignancy (Fig. 2a and b) [8,9]. Diagnosis of malignancy may
require ultrasound-guided biopsy. Histologically, the malignant
epithelium is multilayered with numerous papillary projec-
tions and dysmorphic epithelial cells invading the stroma.
Cystadenocarcinoma’s extension arises locally into the liver,
with extrahepatic metastasis also being observed [10].

Differential diagnosis

Distinction between cystadenomas, simple liver cysts com-
plicated by intracystic haemorrhage (Fig. 3) or even hydatid
cysts, albeit important on clinical grounds, might be difficult.
The presence of calcifications together with positive serology is a
strong argument for hydatid disease. High levels of CA19-9 in a
mucinous fluid obtained by percutaneous or echoendoscopic
fine-needle aspiration seem to be suggestive of cystadenoma 
or cystadenocarcinoma and might be of help in distinguishing
them from simple cysts [11,12]. The characteristics of other 
cystic neoplasms that may be relevant for the differential dia-
gnosis will be discussed below.

(a)

(b)

Fig. 2 Cystadenocarcinoma: T2-weighted MR image with fat suppression
showing a voluminous cystic lesion in the left lobe with a heterogeneous
signal at the posterior side of the lesion and a thickening of the anterior wall
(a). Macroscopic appearance of the lesion together with a cut section seen
in the lower right corner (b).
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Treatment

When feasible, complete surgical excision, even in asymp-
tomatic patients, is mandatory given the risk of recurrence after
partial removal of the lesion and its potential for malignant
transformation [13,14].

Cystic subtypes of primary liver
neoplasms

Most of the primary liver neoplasms are solid lesions, and their
cystic-like appearance is usually related to internal haemorrhage
or necrosis following disproportionate growth.

Internal haemorrhage is the most frequent cause of a partially
cystic appearance in hepatocellular adenoma. Rarely, cystic
degeneration of adenomas has been reported [15].

Hepatocellular carcinoma may manifest as a partially cystic
mass due to internal necrosis in large tumours or following
locoregional treatment. Even in predominantly cystic tumours,
the diagnosis of hepatocellular carcinoma may be suspected if
CT or MRI shows features or complications suggestive of under-
lying liver cirrhosis. In addition, the presence of an encapsulated
tumour with hypervascular solid parts on CT or MRI reinforces
the diagnosis of hepatocellular carcinoma [2], especially when
associated with elevated serum α-fetoprotein levels. Central 
cystic degeneration or extensive necrosis may result in a cyst-
like presentation of giant cavernous haemangioma, the nature 
of which is generally easily recognized on CT and/or MRI. 
On contrast-enhanced imaging, their characteristic peripheral
nodular enhancement together with a non-enhancing central
cystic area is suggestive of the diagnosis [16,17].

Cystic metastases

Metastases to the liver are common, and some may exhibit a
complete or partial cystic appearance. Rapid growth of hyper-
vascular metastatic tumours leading to necrosis and cystic
degeneration is frequently implicated in the cystic pattern of
liver metastases from sarcoma, melanoma, lung and breast car-
cinoma. Contrast-enhanced CT and MRI usually demonstrate
multiple, irregularly defined lesions with a strong enhancement
of the peripheral viable tissue [18]. As the radiological picture is
not specific for a particular primary tumour, the clinical circum-
stances and the determination of serum tumour markers such 
as carcinoembryonic antigen (CEA), CA15-3 and neuron-
specific enolase (NSE) are useful in guiding additional diagnostic
procedures.

The same pathophysiological mechanism and radiological
appearances apply to cystic neuroendocrine tumours, particu-
larly those of large size. However, in some instances, neoplasms
may mimic benign cysts by their clinical and radiological
appearances. In this particular situation, the various imaging
modalities are rarely helpful in distinguishing between benign or
neoplastic cysts [19]. If malignancy can be neither confirmed
nor invalidated by standard diagnostic procedures including 
the neuroendocrine tumour markers chromogranin and NSE, 
a biopsy of the cyst wall for histological examination may be
required to obtain a definite diagnosis.

Metastatic colorectal adenocarcinomas spread preferentially
into the liver through the bloodstream and may present as intra-
parenchymal cystic metastases as a result of their mucinous
secretions (Fig. 4) [20]. Their radiological appearances are 
similar to those of other cystic metastases. In contrast, cystic
metastases originating from ovarian adenocarcinoma usually
present as cystic serosal implants on both the peritoneal surface
of the liver and the parietal peritoneum, as they spread predom-
inantly by peritoneal seeding [2,21].

Fig. 3 Macroscopic aspect of a biliary cyst complicated by recurrent
haemorrhagic episodes. Luminal scarring has the potential to induce a
multiloculated appearance mimicking that of a cystadenoma (courtesy of
Professor J.F. Gigot).

Fig. 4 Cystic metastases of the liver (adenocarcinoma of the colon): 
T1-weighted MR image with contrast injection showing two cystic lesions 
of the right lobe with a spontaneous hyperintense signal resulting from their
high mucinous content. There is parietal thickening of the posterior wall of
the largest lesion (courtesy of Professor B. Van Beers).
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Miscellaneous and rare conditions

Neoplastic degeneration to squamous cell carcinoma has been
described for solitary benign hepatic cysts. The tumour usually
arises from metaplastic foci in pre-existing liver cysts that sub-
sequently undergo neoplastic transformation [22].

Some rare forms of cholangiocarcinoma may present with a
cyst-like appearance. Mucinous cholangiocarcinoma results from
mucin production by adenocarcinoma cells that leads to the 
formation of multiple microcysts assembled in a honeycomb-
like pattern [23]. Coexistence of solid cholangiocarcinoma with
developmental liver cysts has also been reported. Whether this
tumour arises directly from initially non-neoplastic cysts with
atrophic epithelium and dysplastic changes remains unclear [24].

Although Von Meyenburg complexes are generally con-
sidered to be innocuous, their neoplastic transformation into
cholangiocarcinoma has been described. Pathophysiology might
involve a progressive transition through hyperplasia or adeno-
matous transformation. Several case reports in the literature
describe a profoundly disturbed hepatic environment with
extensive liver fibrosis and portal hypertension that might have
contributed to neoplastic transformation [25].

Undifferentiated embryonal sarcoma is a rare malignant 
hepatic tumour that develops in older children, adolescents and,
exceptionally, in young adults. At imaging, a large, solitary cystic
mass is found with well-defined borders and, occasionally, 
a pseudocapsule. Given the high water content of the myxoid
stroma of this tumour, hypointense signal on T1- and hyperin-
tense signal on T2-weighted images are demonstrated in large
portions of the tumoral tissue on MRI. Signs of intratumoral
haemorrhage and a heterogeneous enhancement of the periph-
eral, solid parts of the mass may be present on contrast-enhanced
CT or MRI [2].

References

1 Buetow PC, Midkiff RB (1997) Primary malignant neoplasms in the

adult. Magn Reson Imaging Clin N Am 5, 289–318.

2 Mortelé KJ, Ros PR (2001) Cystic focal lesions in the adult: differential

CT and MR imaging features. Radiographics 21, 895–910.

3 Palacios E, Shannon M, Solomon C et al. (1990) Biliary cystadenoma:

ultrasound, CT and MRI. Gastrointest Radiol 15, 313–316.

4 Devaney K, Goodman ZD, Ishak KG (1994) Hepatobiliary cystadenoma

and cystadenocarcinoma. A light microscopic and immunohisto-

chemical study of 70 patients. Am J Surg Pathol 18, 1078–1091.

5 Forrest ME, Cho KJ, Shields JJ et al. (1980) Biliary cystadenomas:

sonographic-angiographic-pathologic correlations. Am J Roentgenol

135, 723–727.

6 Devine P, Ucci AA (1985) Biliary cystadenocarcinoma arising in a 

congenital cyst. Hum Pathol 16, 92–94.

7 Horsmans Y, Laka A, van Beers BE et al. (1997) Hepatobiliary cystade-

nocarcinoma without ovarian stroma and normal CA19-9 levels.

Unusually prolonged evolution. Dig Dis Sci 42, 1406–1408.

8 Stanley J, Vujic I, Schabel SI et al. (1983) Evaluation of biliary cystade-

noma and cystadenocarcinoma. Gastrointest Radiol 8, 245–248.

9 Korobkin M, Stephen DH, Lee JK et al. (1989) Biliary cystadenoma

and cystadenocarcinoma: CT and sonographic findings Am J

Roentgenol 153, 507–511.

10 Iemoto Y, Kondo Y, Nakano T et al. (1983) Biliary cystadenocarci-

noma diagnosed by liver biopsy performed under ultrasonographic

guidance. Gastroenterology 84, 399–403.

11 Horsmans Y, Laka A, Gigot JF et al. (1996) Serum and cystic fluid

CA19-9 determinations as a diagnostic help in liver cysts of uncertain

nature. Liver 16, 255–257.

12 Bonnet S, Béchade D, Palazzo L et al. (2005) Ponction sous échoendo-

scopie d’un cystadénome hépatique. Gastroenterol Clin Biol 29,

607–609.

13 Lewis WD, Jenkins RL, Rossi RL et al. (1988) Surgical treatment of 

biliary cystadenoma. A report of 15 cases. Arch Surg 123, 563–568.

14 Kim J, Choi J, Park Y et al. (1998) Biliary cystadenoma of the liver.

Hepatobiliary Pancreat Surg 5, 348–352.

15 Kobayashi M, Enzan H, Araki K et al. (1999) Spontaneous 

hepatocellular adenoma with marked cystic degeneration.

Hepatogastroenterology 46, 2955–2958.

16 Vilgrain V, Boulos L, Vullierme MP et al. (2000) Imaging of atypical

hemangiomas of the liver with pathologic correlation. Radiographics

20, 379–397.

17 Semelka RC, Sofka CM (1997) Hepatic hemangiomas. Magn Reson

Imaging Clin N Am 5, 241–253.

18 Lewis KH, Chezmar JL (1997) Hepatic metastases. Magn Reson

Imaging Clin N Am 5, 319–330.

19 Thompson NW, Eckhauser FE, Vinik AI et al. (1984) Cystic neuroen-

docrine neoplasms of the pancreas and liver. Ann Surg 199, 158–164.

20 Sugawara Y, Yamamoto J, Yamasaki S et al. (2000) Cystic liver metas-

tases from colorectal cancer. J Surg Oncol 74, 148–152.

21 Lundstedt C, Holmin T, Thorvinger B (1992) Peritoneal ovarian

metastases simulating liver parenchymal masses. Gastrointest Radiol

17, 250–252.

22 Monteagudo M, Vidal G, Moreno M et al. (1998) Squamous cell carci-

noma and infection in a solitary hepatic cyst. Eur J Gastroenterol

Hepatol 10, 1051–1053.

23 Sonobe H, Enzan H, Ido E et al. (1995) Mucinous cholangiocarcinoma

featuring a unique microcystic appearance. Pathol Int 45, 292–296.

24 Azizah N, Paradinas FJ (1980) Cholangiocarcinoma coexisting with

developmental liver cysts: a distinct entity different from liver cystade-

nocarcinoma. Histopathology 4, 391–400.

25 Jain D, Sarode VR, Abdul-Karim FW et al. (2000) Evidence for the

neoplastic transformation of von-Meyenburg complexes. Am J Surg

Pathol 24, 1131–1139.

8.2.3 Posttraumatic cystic diseases
Jean-François Cadranel

Biloma

Biloma is an abnormal fluid collection that can be intrahepatic
or perihepatic [1,2]. Biloma results from rupture of the biliary
system, which can be spontaneous, iatrogenic following surgery
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or interventional procedures or traumatic [1–3]. Extravasation
of bile into the liver parenchyma generates an intense inflam-
matory reaction, thus inducing the formation of a well-defined
pseudocapsule [1–3]. Clinical manifestations depend on the
location and size of the biloma [2,3]. Ultrasonography revealed
an anechoic well-defined collection [1]. It is usually located in
the right hypochondrium near the hepatic pedicle or gallbladder
[1]. On both computerized tomography (CT) and magnetic 
resonance imaging (MRI), a biloma appears as a well-defined or
slightly irregular cystic mass without septa or calcifications [2,3].
Also, the pseudocapsule is usually not readily identifiable [2,3].
This imaging appearance, in combination with the clinical 
history and location, should enable a correct diagnosis [2].
Puncture of the collection showed a high level of bilirubin con-
centration allowing for the biliary nature of the collection [3].
Owing to potential injury to the peritoneum, biloma should be
evacuated [1].

Haematoma

Posttraumatic haematoma are unusual sequelae of hepatic
trauma [2,4–6]. Symptomatic manifestations depend on the
severity of the bleeding, the location and the time frame during
which the haemorrhage occurred [2].

Cystic transformation of hepatic haematoma is usual after
hepatic trauma. It can be located either subcapsulac or in the
parenchyma [1]. Imaging pattern depends on the cause of the
bleeding and the lag time [1,2]. In an acute or subacute setting,
haematic collection is heterogeneous on ultrasonography and is
followed by an anechoic pattern [1]. On CT, during the acute or
subacute phases, haemorrhage has a higher attenuation value

than pure fluid due to the presence of aggregated fibrin com-
ponents [7]. In the chronic phase, a haematoma has attenuation
identical to that of pure fluid [2]. On MRI, the aspect is variable
according to the lag time between the traumatic event and the
imaging procedure.

High signal intensity on T1-weighted images is highly sug-
gestive of the haematic nature of the collection [1]. Margins are
usually irregular [1]. Coexistent features such as hepatic lacera-
tions, rib fractures or perihepatic fluid may be present [2].
Owing to the paramagnetic effect of methaemoglobin, MRI is
even more suitable than CT for the detection and characteriza-
tion of haemorrhage [2]. Diagnosis of hepatic haematoma is
based on the history of trauma, surgery or radiological interven-
tion [1,6].
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9.1 Viral hepatitis

9.1.1 Viral hepatitis
Mario Rizzetto and Fabien Zoulim

Although many viruses can affect liver function and morpho-
logy indirectly as a result of systemic infections, only a minority
are truly hepatotropic, that is infectious to the liver itself, pro-
ducing hepatitis as the major clinical manifestation. The term
‘viral hepatitis’ refers to disease caused by this subgroup.

Historical background and
nomenclature

Although viral hepatitis is a disease of antiquity, and epidemic
jaundice is mentioned in the Talmud, the infectious nature of the
disease was not recognized until the end of the nineteenth century.

The first description of ‘hepatitis B’ dates back to 1885 when
Lürman, a public health officer in Bremen, Germany, gave a
detailed report of an outbreak of jaundice that developed among
workers at a local company vaccinated against smallpox with
glycerinized human serum [1].

Transmission studies in human volunteers in the late 1930s
and during the Second World War provided the first informa-
tion about the infectivity, mode of transmission and properties
of the hepatitis agents; they suggested that two distinct viral
agents, lacking cross-immunity, were responsible for military
outbreaks, and MacCallum introduced the classic terminology
of hepatitis A virus (HAV) and hepatitis B virus (HBV) [2].

Faeces were shown to induce hepatitis A (infectious hepatitis)
by the oral route; the incubation period was 15–30 days. Acute-
phase serum was shown to induce hepatitis B (serum hepatitis),
after several months, when given by the parenteral route.

Transmission studies in humans by Krugman and associates 
in the late 1950s and early 1960s, using the newly discovered
assays for serum transaminases, contributed significantly to the
understanding of the characteristics of the two hepatitis ‘viruses’
(identified by Krugman as the MS1 strain, causing hepatitis A,
and the MS2 strain, causing hepatitis B) [3].

The discovery of the Australia antigen, now called hepatitis B
surface antigen (HBsAg), by Blumberg and his associates in the
mid-1960s [4], and the recognition by Prince [5] of its specific
relation to hepatitis B, started the contemporary era in the field
of hepatitis. Intensive research quickly led to the identification
of the hepatitis B virion [6], to the recognition of its antigenic
and genomic complexity [7] and oncogenic potential and, later,
to the development of a safe and effective vaccine [8]. The
lessons learned from work on hepatitis B helped in the rapid 
discovery of HAV. Using an immunoelectron microscopic 
technique, previously applied to reveal the nucleocapsid of
HBV, Feinstone and associates identified the HAV in 1973 in
immunocomplexes from faeces to which serum of a patient con-
valescent from hepatitis A had been added [9]. Then, in 1977, a
discrepancy in immunofluorescence testing for HBV antigens in
the liver led Rizzetto and associates to the discovery of the delta
antigen [10], which was subsequently shown to be related to a
new RNA virus designated the hepatitis delta virus (HDV).

When testing for hepatitis A and B was made generally 
available, it became clear that the two viruses did not explain 
all causes of viral hepatitis, as many patients lacked markers 
of either infection. Thus, the concept emerged in the 1980s of a
new variant of viral hepatitis, which was called ‘non-A, non-B
hepatitis’ to highlight the fact that the diagnosis was based on
exclusion criteria, not on specific positive evidence [11]. The
magnitude of the problem was best seen in relation to blood
transfusion: in the wake of the widespread and increasing appli-
cation of blood transfusion and plasma substitution, hepatitis
continued to occur in 5–10% of the recipients of blood prod-
ucts, despite almost total control of HBV.

However, efforts to identify the major aetiological agent of
endemic non-A, non-B hepatitis met with failure or with spurious
results until 1989. The breakthrough resulted from exhaustive
research involving the use of sophisticated technological meth-
ods. Several thousand clones of genetic material from a serum 
containing a putative agent of non-A, non-B hepatitis were 
systematically analysed by Houghton and associates [12], who
ultimately identified a clone that met the criteria for being a new
viral genome and provided the key to the characterization of the
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hepatitis C virus (HCV), alias transfusion-transmitted non-A,
non-B virus. Meanwhile, a novel agent responsible for enteri-
cally transmitted outbreaks of epidemic non-A, non-B hepatitis
in tropical and subtropical areas and named the hepatitis E virus
(HEV) had been identified in the early 1980s by epidemiological
analysis and human transmission studies [13].

The five viruses recognized by the end of the 1980s account for
the great majority of viral hepatitides occurring at temperate 
latitudes. Since then, several new viruses, named the F, GB/HG,
TT and SEN viruses, have been proposed as hepatitides agents,
raising the hope that they might fill the remaining nosological
gap. However, extensive scrutiny has failed to demonstrate that
these agents play a causal role in acute or chronic liver disease,
and they have not entered the differential diagnosis of viral liver
disorders.

The enterically transmitted hepatitis F virus (HFV), described
in 1994 [14] and thought to be responsible for sporadic non-A,
non-E hepatitis, was probably a ubiquitous non-pathogenic
intestinal resident that colonizes stools during liver injury.

The GB virus [15] C subtype and hepatitis G virus (HGV) [16]
are a similar RNA flavivirus that is transmitted by blood transfu-
sions; its prevalence is therefore high among groups with frequent
parenteral exposures.

The TT virus (TTV) belongs to a large and heterogeneous
DNA virus family classified as Circoviridae [17]; it shares a com-
mensal non-pathogenic relationship with humans, is transmitted
by parenteral routes and is prevalent in multiply-transfused 
subjects and in populations in Africa and South America.

The SEN virus (SENV), of which A–H variants have been
described, was discovered using degenerate TTV primers; it
shares properties with the latter, but is classified separately
within the Circoviridae. It is transmitted by transfusion and
probably by non-parenteral routes; its prevalence is high (20%)
in healthy persons in Japan.

While the puzzle of the existence, if any, of other hepatitis
viruses remains unresolved, the perspectives for the treatment of
HBV and HCV disease have greatly increased in recent years.
The advent of interferon in the mid-1980s [19] has provided the
first valid, although limited, therapeutic panacea for all forms of
chronic viral hepatitis. At the beginning of the third millennium,
the combination of ribavirin with interferon and the advent 
of slow-release pegylated interferons have led to a significant
improvement in the rate of HCV cure, while the tumultuous 
discovery of new synthetic antivirals is leading to better control
of hepatitis B with better tolerance and less long-term resistance
to the drugs. In parallel, the worldwide expansion of liver trans-
plantation is offering a valid option for endstage cirrhotic dis-
ease with a risk of reinfection that has dramatically diminished
for hepatitis B.

Further hope rests with the development of new treatments
for hepatitis C based on protease and polymerase inhibitors, 
several of which are currently under clinical study.

While treatment strategies evolve and therapy is progressing
from primarily treating a liver disease to the targeting of the viral

disease via direct antiviral therapy, the worldwide implementa-
tion of the HBV vaccine represents the cornerstone for the
global control of hepatitis B, and the development of a HCV 
vaccine remains the challenge for the next decade.
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9.1.2 The viruses of hepatitis

9.1.2.i Structure, replication and
laboratory diagnosis of hepatitis B
virus and hepatitis D virus
Stephan Schaefer and Wolfram H. Gerlich

Introduction

The stepwise discovery of hepatitis B virus (HBV) began with a
serum antigen that was first detected in an Australian aborigine
during genetic studies on serum protein polymorphisms.
‘Australia antigen’ was located on 20-nm large spherical
lipoprotein particles. After several years, it was recognized that
Australia antigen was not a genetic marker but an antigen
acquired after infection with hepatitis type B. Australia antigen
particles did not contain nucleic acid and were thus considered
for a while to be an unconventional infectious agent like prions.
However, in addition to the 20-nm particles, 42-nm large, 
double-shelled particles, known as Dane particles, were detected
in sera from hepatitis B patients that carried Australia antigen 
on their surface and resembled viruses (Fig. 1). Soon afterwards,
Robinson and coworkers detected an endogenous DNA poly-
merase within the Dane particles and, finally, a small circular
DNA. Almeida and coworkers [1] released the core particles
from the Dane particles using detergent, and were able to form
immune complexes of these particles with antibodies from 
hepatitis B convalescents. These findings showed that Dane 
particles were the agent of hepatitis B with two antigen moieties:
Australia antigen, which was renamed hepatitis B surface anti-
gen (HBsAg), and hepatitis B core antigen (HBcAg). A third,
non-structural HBV antigen in the serum of highly viraemic
virus carriers was named HBeAg, in which ‘e’ has no specific
meaning. Cloning, sequencing and expression of the DNA
extracted from Dane particles allowed the identification of 

the viral genes. Since the early 1970s, the development of 
serological assays for the HBsAg helped to diagnose hepatitis B
reliably and to screen for asymptomatic, but infectious, HBV
carriers among blood and organ donors. Antibodies against
HBcAg (anti-HBc) are present during the acute phase of 
hepatitis B and thereafter, but they do not protect against HBV.
Antibodies against HBsAg (anti-HBs) are formed at resolution
of acute hepatitis B and protect against infection. This observa-
tion opened the way to use HBsAg from virus carrier plasma as a
vaccine against HBV. Later, the HBsAg was produced safely and
in unlimited amounts in yeast cells transformed with the HBsAg
gene. As HBV is the major cause of hepatocellular carcinoma,
purified HBsAg serves as the first human antitumour vaccine
with proven efficacy.

Two other hepatitis viruses (HCV and HDV) are also trans-
mitted parenterally. Hepatitis D virus (HDV) was identified as
an infectious agent that encoded delta antigen before the dis-
covery of hepatitis C virus (HCV). Delta antigen was initially
considered to be a new variant of HBV antigens, but it is the
nucleoprotein of a completely different defective RNA virus that
depends on envelopment by the HBV surface proteins.

Structure of HBV (Fig. 2)

HBV is enveloped and contains within its icosahedral core the
viral DNA genome with a length varying from 3185 to 3248
basepairs (bp) depending on the HBV genotype (Table 1). Elec-
tron microscopy of negatively stained virions shows particles
with a diameter of 42 nm but, in the hydrated state, the outer
diameter is about 50 nm. The envelope of the virus is made up of
an estimated 370–400 molecules of membrane-spanning HBV
surface proteins, 160–200 of which show surface projections
[2,3].

Taxonomy

HBV belongs to the family of Hepadnaviridae, which is made 
up of two genera [4,5]. The genus Avihepadnavirus is found 

Proteins HBV particles HBs filaments HBs spheres

GP42
P39

GP36
GP33

LHBs
MHBs

SHBs
HBc

GP27
P24
P22

Fig. 1 HBV-associated particles purified from
the plasma of a highly viraemic persistent HBV
carrier. Electron micrographs and protein
patterns in silver-stained gels after separation
by denaturing sodium dodecyl sulphate (SDS)
gel electrophoresis.
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824 9 VIRAL INFECTIONS OF THE LIVER

in birds, and Orthohepadnavirus (Fig. 3) in mammals.
Orthohepadnaviruses have been detected in rodents, the new
world woolly monkey, in apes and in man [6,7].

Human HBV is subdivided into eight genotypes, called A–H,
that differ by more than 8% from each other [8–10] (Fig. 3).
HBV isolates found in apes form additional HBV genotypes in
phylogenetic analyses and have been named HBVcpz, -oru, -gor
and -gbn for their respective hosts chimpanzee, orang-utan,
gorilla and gibbon (Fig. 3) [11].

HBV genotypes can be further subdivided into subgenotypes
(Table 2), which differ by at least 4% from each other [12,13]. 
In HBV genotypes A, B and C, epidemiological data show that
the respective subgenotype pairs A1/A2, B1/B2 [14] and C1/C2
[15–17] differ substantially in many virological, and probably

some clinical, parameters. Subgenotypes also show distinct geo-
graphic distribution (Fig. 4).

Hepadnaviruses replicate their genome via reverse transcrip-
tion of a pregenomic (pg) RNA. Thus, in spite of being DNA
viruses, they share many features with retroviruses, including
sensitivity to certain human immunodeficiency virus (HIV)
drugs.

HBV DNA

The DNA encapsidated in the mature virion has an unusual
structure (Fig. 5a). The two DNA strands are linear but, because
of 5′ terminal overlaps of 234 bases, the genomic DNA acquires 
a relaxed circular (rc) form. The strand encoding the viral 

HBc
dimer

Pre-S1

Pre-S2

Pk RNAseH RT

Virus

Pr

MHBs20-nm spheres

17–25 nm

Le
ng

th
 v

ar
ia

bl
e

LHBs SHBs

Filaments

42–47 nm

Fig. 2 Schematic model of HBV particles and
subviral HBsAg particles. Pk, protein kinase; RT,
reverse transcriptase; Pr, priming (or terminal)
domain of the polymerase; L-, M-, SHBs, large,
middle and small HBs protein with their
domains, pre-S1, pre-S2.
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proteins is termed the minus strand because the mRNA tran-
scribed from it is, by definition, plus stranded. The 5′ end of the
minus strand is covalently linked via a phosphodiester bridge to
the hydroxyl group of tyrosine 63 in the terminal protein
domain of the polymerase protein. The 5′ end of the DNA plus
strand is formed by the residual 18 bases of the pg RNA. In con-
trast to the minus strand, the plus strand is incomplete, leaving a
single-stranded gap of several hundred up to 1500 bases. The rc
DNA contains various elements required for replication, such as
direct repeats DR1 and DR2, a short 3′ and 5′ terminal 9-bp
redundancy r in the minus strand and sequence elements 5E, 
3E and M for circularization. The covalently closed form 
of the DNA (Fig. 5b) is the template for transcription of the 
viral mRNAs. It encodes four conserved open reading frames:
core (C), surface (pre-S1, pre-S2, S), X and pol. There are two
enhancers (Enh I and II), four promoters (P), a negative regula-
tory element (NRE) and a glucocorticoid-responsive element
(GRE).

Hepatitis B virus core protein

Most HBV genotypes code for a core protein (HBc) with 
183 amino acids (aa) (185 aa for genotype A) [18]. The four 
C-terminal arginine-rich clusters bind the encapsidated viral
nucleic acids. HBc forms dimers that are linked by cystine
bridges after release from the reducing environment of the
cytosol. During replication, core particles package a complex
containing the viral pg RNA, the viral DNA polymerase, a cellu-
lar protein kinase and cellular chaperones. The interaction of the
pg RNA with the basic arginine-rich clusters of HBc enhances
assembly. However, HBc dimers may combine at high concen-
trations into trimers and assemble spontaneously into capsids
even in the absence of other viral components [19]. Capsids are
found in two populations of icosahedral particles with a T = 3

Table 1 Genotype, genome length and differences of HBV genotypes.

Genotype Genome length (bp) ORF differences

A 3221 Insertion of aa 153 and 

154 in HBc

B 3215

C 3215

D 3182 Deletion of aa 1–11 in pre-S1

E 3212 Deletion of aa 11 in pre-S1

F 3215

G 3248 Insertion of 12 aa in HBc 

Deletion of aa 11 in pre-S1

H 3215

Bp, basepair; ORF, open reading frame; aa, amino acid.

The normal length of the HBV genome seems to be 3215 bp. Differences in

genome length arise from deletions of 33 nucleotides (nt) (genotype D) or

insertions of 6 nt (genotype A) or 33 nt (genotype G) in different parts of 

the genome.
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Fig. 3 Phylogenetic tree of complete orthohepadnaviral genomes. For
human HBV sequences, only the designation of the subgenotype, e.g. A1, is
indicated. For hepadnaviral genomes obtained from rodents or apes, the
name of the host is given. The alignment of complete sequences was
performed with Clustal W in the program DNAstar. The alignment was
further analysed by bootstrapping using the neighbourhood-joining
method contained in MEGA version 2.1 [153].
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particles. Residues 78–83 are on the tip of the spikes that 
protrude from the capsid shell [20]. These spikes are four-helix
bundles formed by the pairing of helix–turn–helix motifs from
two subunits of the HBc dimer. Using monoclonal antibodies,

B1
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B2
B2

B5,C5
D5

D2

G

H F2

A2

A2

A1

A1

A1

A3
A5

A4
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D

D
D

E E

E

D

D1

D3

D1

C1

C1

C1

C2

C2

C3
C4,D4

Cs

F1

F1

F2

F3

F4

B3

Fig. 4 Geographical distribution of HBV
genotypes and subgenotypes. Modified from
ref. 5.

Table 2 HBV subgenotypes and geographical prevalence.

Subgenotype Synonyms Geographical origin References

A A1 Aa, A′ Africa, (Asia, South America) [122,154]

A2 Ae, A–A′ Europe

A3 Ac Gabon, Cameroon [155,156]

A4 Mali [157]

(A5)a Nigeria [157]

B B1 Bj Japan [24,128]

B2 Ba Asia without Japan

B3 Indonesia, Philippines [12]

B4 Vietnam [12]

B5 Philippines [158,159]

C C1 Cs South-east Asia (Vietnam, Myanmar, Thailand, southern China) [15–17]

C2 Ce Far East (Korea, Japan, northern China)

C3 Micronesia [12]

C4 Australia [160]

C5 Philippines, Vietnam [159,161]

D D1 Mongolia, Europe

D2 India

D3 South Africa, East India, Europe, Serbia [154,162]

D4 Australia [160]

D5 East India [162]

F F1 South and Central America [163,164]

F2 South America

F3 Bolivia [165,166]

F4 Argentina [165,166]

aNo complete sequence available.

and/or a T = 4 symmetry, having 180 or 240 subunits and a
diameter of 32 or 36 nm respectively.

The immunodominant epitope of HBc has been mapped to
residues 78–83 and requires the conformation of native core
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9.1 VIRAL HEPATITIS 827

four or more possible epitopes were mapped on HBc capsids
[21].

HBe protein

The nature of HBe protein remained enigmatic until 1982 when
recombinant HBc particles, devoid of any other viral com-
ponent, were converted into HBeAg by treatment with protease
and ionic detergents. The reading frames and, hence, the
immunological epitopes at T-cell level of HBc and HBeAg are
almost identical. However, HBcAg and HBeAg are recognized
distinctly by antibodies. An in-frame start codon upstream of
the HBc start site results in a version of HBc with an extra 29 
N-terminal amino acids. This additional ‘precore’ sequence
serves as a signal peptide that directs the nascent peptide into 
the secretory pathway. After N-terminal cleavage by the signal
peptidase at amino acid 19 [22], 10 amino acids of the precore
sequence remain and interfere with the assembly of the core pro-
tein [23]. C-terminal cleavage at position 149 results in mature
HBe, which is secreted into the bloodstream.

The function of HBeAg is not completely clear. The HBV
genomes of many chronic HBV carriers harbour variants that
prevent expression of HBeAg. HBe-negative HBV is infectious
and has been associated with a fulminant course of hepatitis.
While HBe-negative genomes replicate about 10-fold faster 
in vitro, patients with HBe-negative hepatitis B usually have
lower concentrations of HBV DNA in serum compared with
wild-type (wt) infections.

Evidence for the importance of HBeAg comes from HBV
genotype G infection. Only HBV genotype G wt is unable to
express HBeAg. But this may be compensated by the fact 
that genotype G is usually found together with other HBeAg-
expressing HBV genotypes [24], although one case of transient
low-level monoinfection has been described [25].

Apart from HBV genotype G, HBeAg is conserved in all 
hepadnaviruses including the avihepadnaviruses. This suggests
that it provides an advantage for the survival and spread of the
virus. Experimental infection of newborn woodchucks with an
HBeAg-negative mutant led to acute but not chronic infection.
Thus, HBeAg may suppress immune elimination of HBV and
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contribute to the development of the carrier state in newborns
[26]. HBeAg accomplishes this by downregulating the host 
T-cell response to the nucleocapsid antigens via a variety of 
tolerance-inducing mechanisms [27].

Hepatitis B virus X protein

Hepatitis B virus X protein (HBx) is a viral regulatory protein
with pleiotropic biochemical actions [28–34]. The HBx open
reading frame (ORF) is conserved in all hepadnaviral species
including avihepadnaviruses [35]. HBx protein is translated into
a protein of 154 aa, with a short half-life of 30–120 min [36]. The
concentration of X protein is low with 4–8 × 104 molecules per
cell in the livers of infected woodchucks. Quantitative expres-
sion data for HBx in natural human infection are not available.
However, the detection of HBx with a mainly cytoplasmic 
localization is possible by immunofluorescence in all stages of
chronic HBV infection [37]. HBx has also been found in the
nucleus of transfected cells.

HBx functions in vitro are:

• transactivation of a plethora of cellular and viral promoters;
• promiscuous binding to a multitude of cellular and viral proteins;
• interference with cellular DNA repair;
• inhibition of the cellular proteasome complex;
• positive and negative enhancement of regulated cell death;
• cofactor in tumour formation in HBx transgenic mice;
• malignant transformation of several cell lines.

In vitro, HBx is not essential, but increases virus production
about 10-fold [38–40]. However, X-deficient genomes from the
woodchuck HBV did not induce infection in animal experiments.
Other studies showed that X-deficient genomes were not totally
incapable of replication in woodchucks, but induced protective
immunity against challenge with wt virus after low-level replica-
tion [41].

The activation of viral and cellular promoters by HBx as well
as activation of viral replication appears to be mediated by an
increased activity of cellular signalling cascades in the cytoplasm
(for reviews, see refs 30,32). Activation of ras–raf signalling cas-
cades [42] by tyrosine kinases, such as src or FAK (focal adhe-
sion kinase) [30,43], with or without calcium release seems to

3211 155
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Fig. 5 (b) Open reading frames and
transcription regulating elements in the ccc
form of HBV DNA. P, promoter; NRE, negative
regulatory element active in non-hepatic cells;
GRE, glucocorticoid-responsive element.
Numbering starts at the EcoRI site.(b)
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play a key role (for reviews, see refs 30,32). An important finding
is that HBx regulates the phosphorylation of HBV capsids dur-
ing replication [44]. Depending on the cell type, HBx has both
proapoptotic and antiapoptotic activities [29,33] that are largely
mediated by the transcription activation domains of HBx
[45,46]. HBx-associated apoptosis and transcription activation
is probably mediated by molecular mechanisms similar to cal-
cium signalling [47].

HBx protein has been reported to bind to at least 28 cellular
proteins with diverse functions in the cell. Only two of these 
proteins or protein complexes have been found by more than
one group, and these two proteins give some insight into the
molecular effects of HBx:
1 The HBx protein binds to proteasome subunits [48–50],
which inhibits proteasomal activity in vitro [51] and in vivo
[52,53] and enhances HBV replication [54]. In addition, the
altered half-life of short-lived proteins, many of them proto-
oncogenes or cell cycle regulators, may lead to disturbances of
growth regulation.
2 The UV-damaged DNA binding protein 1 (DDB1) binds to
HBx of HBV and WHV [55]. Binding of HBx to DDB1 seems to
be necessary for transactivation [56,57], induction of apoptosis
[58,59], infection [56] and stability of HBx [60]. The interaction
of HBx with a subunit of the cellular DNA repair complex 

may explain the reduced DNA repair activity in HBx-expressing
cells and may be a cofactor in HBV-associated carcinogenesis
[33,40].

HBx, expressed alone or in the context of the viral genome,
behaves like an oncogene in cell culture and in transgenic mice
(for reviews, see refs 28,29,31,34). The amino-terminus of HBx 
is sufficient for transformation [61]. However, the oncogenic
effect of HBx is weak and needs additional cocarcinogenic fac-
tors. HBx protein is expressed in certain, but not all, hepatocel-
lular carcinomas (HCC) [37]. The coding region of HBx is often
integrated in the chromosomes of hepatocytes from patients
with chronic hepatitis or HCC [62,63].

HBV polymerase

The HBV polymerase is a multifunctional protein that consists
of four domains (Fig. 6) with defined functions [64]:
• the terminal protein (TP) that serves as a primer for the DNA
minus strand;
• a spacer or tether region with undefined function;
• the reverse transcriptase (RT) domain for RNA- and DNA-
dependent DNA synthesis;
• the ribonuclease (RNaseH) that degrades hybrid DNA/RNA
strands.
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Functional TP, RT [65] and RNaseH [66] domains can be
expressed independently. TP and RT form a complex that is
functional in vitro [65]. For the RT domain to function, most of
the RNaseH domain is required [65], while RNaseH retains high
activity when expressed independently [66].

The HBV RT domain is the prime target for antiviral therapy.
Owing to differences in the length of the RT ORF between HBV
genotypes, a nomenclature for drug-resistant HBV variants has
been proposed [64], in which the first amino acid of the RT
domain is a conserved E (glutamic acid) (Fig. 6b).

The structure of the HIV RT has been resolved by X-ray 
crystallography [67]. Based on the sequence homology of retro-
viral transcriptases, a three-dimensional model of the HBV RT
domain has been derived [68–70]. The model assumes a right-
handed conformation with thumb, palm and finger domains.
The finger domains correspond structurally to deoxynucleoside
triphosphate (dNTP) binding and catalysis sites (domains A, C
and D). Thumb and palm domains most probably interact with
the RNA template and the 3′ end (domains B and E) [71]. The C
domain of the HBV RT contains the rt203YMDD motif, which is
highly conserved in RTs. HBV RT is further divided into five
subdomains, A–E, with additional domains F and G for RTs [72].

Crystallographic data show that the primary mechanism of
resistance appears to be steric hindrance within the dNTP bind-

ing pocket [71]. Replacement of methionine in the YMDD motif
with valine, isoleucine or serine leads to projections of the new
amino acid side-chain into the dNTP binding site.

Other factors leading to resistance are caused by suboptimal
nucleophilic attack geometry [73]. For the elongation of the
DNA strand by incoming dNTP, a precise spatial arrangement
of the 5′ phosphate and the 3′ hydroxyl group is important.
Altered three-dimensional structures can reduce the efficiency
of catalysis.

Hepatitis B virus surface proteins

Three HBs proteins, [L(arge), M(iddle) and S(mall)], are 
translated from one ORF using three in-frame start codons.
Differences in size come from the amino-terminal domains
added to the smallest protein SHBs. MHBs contains the pre-S2
region in addition to SHBs, whereas LHBs consists of the pre-S1
domain and the MHBs sequence. The pre-S (= pre-S1 + pre-S2)
domain of LHBs exists in two orientations, facing either the out-
side or the interior of the viral particle [74,75]. About 50% of
SHBs, 30% of MHBs and 90% of LHBs carry a complex glycan at
position Asn146 of the S domain. The pre-S2 domain of MHBs
contains a complex glycan at Asn4, whereas the same residue is
glycan free in LHBs [76,77]. Thus, a very typical pattern of the
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A
B
C
D
E
F
G
H

1 – 182
1 – 177
1 – 177
1 – 177
1 – 177
1 – 177
1 – 177
1 – 177

183 – 348
178 – 346
178 – 346
178 – 335
178 – 345
178 – 346
178 – 345
178 – 346

349 – 692
347 – 690
347 – 690
336 – 679
346 – 689
347 – 690
346 – 689
347 – 690

693 – 845
691 – 843
691 – 843
680 – 832
690 – 842
691 – 843
690 – 842
691 – 843

Terminal protein

1 183 349

rt1 rt343

693 845

Fingers

325 400 500 600 699

rt25 37 43 73 83 163 189 200 210 230 241 247 257

Palm Fingers Palm Thumb

Spacer Polymerase/reverse transcriptase RNaseH

G F A C D EB

Genotype 

(b)

(a)

Fig. 6 Schematic representation of the HBV multifunctional polymerase protein (numbering for HBV genotype A). (a) Top: functional domains of the HBV
polymerase. The numbering above delimits the borders of the domains with the methionine of the multifunctional protein set as 1. Below the scheme, the
numbering following the new nomenclature [64] for the reverse transcriptase (RT) domain is indicated. Middle: domains A to G, numbered according to
Sheldon et al. [135] and Stuyver et al. [64]. Bottom: domains involved in making up the three-dimensional conformation of the HBV polymerase, with amino
acid coding according to Das et al. [70]. (b) Limits of the functional domains of the HBV polymerase of the eight HBV genotypes (modified from Stuyver
et al. [64] ).
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six different proteins can be distinguished in sodium dodecyl
sulphate (SDS) gel electrophoresis (Fig. 1).

Infected hepatocytes secrete subviral HBsAg particles in large
excess in addition to infectious HBV. Particles with low content
of LHBs form spherical particles with a size of ca. 20 nm, whereas
a higher content of LHBs induces the formation of filaments
with varying length (Figs 1 and 2). In serum samples from highly
viraemic individuals, these particles can be found in up to 1000-
fold excess over virions.

LHBs with a cytosolic pre-S domain is essential for envelop-
ment of mature DNA-containing core particles [78]. For secre-
tion of virus or subviral HBsAg particles, an excess of SHBs 
over LHBs is required because LHBs alone are retained in the
endoplasmic reticulum (ER) where it can lead to the ground
glass-like appearance of hepatocytes. MHBs seem to be 
non-essential but are conserved in all orthohepadnaviruses.
Hypoglycosylation of MHBs inhibits secretion of virus and 
HBs particles [79]. The surface exposure of the pre-S domain 
is necessary for infectivity of the virus. The translocation from
the interior to the surface of the virus or subviral particles occurs
posttranslationally [74], possibly in a Golgi compartment [77].
The pre-S domain is largely hydrophilic, probably unstructured
and highly sensitive to proteases. In contrast, the S domain or

SHBs is highly resistant against proteases and has at least two,
possibly four, hydrophobic transmembrane domains creating
an internal and an external hydrophilic loop. The external loop
from amino acid 99 to about amino acid 170 carries the HBsAg
epitopes. Most of these epitopes are conformational and require
disulphide bridges (Fig. 7). All HBV strains are believed to share
a set of common epitopes called determinant a, but they also
express mutually exclusive subtype determinants d or y (K or R
at amino acid 122) and w or r (K or R at amino acid 160). w may
be further distinguished into w1, w2 (P127), w3, (T127) and w4
(L/I127). These determinants may be expressed in various com-
binations by the HBV genotypes.

The viral life cycle (Fig. 8)

For a long time, it was difficult to study the early steps in the viral
life cycle in vitro because the available cell lines were not suscep-
tible to HBV. Only primary hepatocyte cultures obtained from
freshly excised human or primate liver could be infected with
HBV and, even then, the efficiency of infection was low, and very
little progeny virus could be obtained. Thus, most studies were
done with rodent or avian hepadnaviruses. The late steps in the
life cycle were easier to study because hepatoma cell lines could
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be transfected with cloned HBV DNA and were permissive for
HBV production. Recently, two systems have become available
for the study of the early steps in HBV replication: the rediffer-
entiated hepatoma cell line Hepa RG [80] and cultures of pri-
mary tupaia hepatocytes [81]. Tupaias are small squirrel-like
animals phylogenetically placed between primates and rodents.

Attachment and entry

HBV attaches via the amino-terminal sequence of the pre-S1
domain (9–48 in genotype D) first to sulphated glycosamino-
glycans (D. Glebe, unpublished observations), and then via the
same sequence to an unknown high-affinity receptor [82,83].
Thereafter, the S domain of LHBs mediates the uptake of virus
and the release of core particles. Reductive cleavage of the disul-
phide bridges in the S domain prior to attachment destroys in-
fectivity (D. Glebe, unpublished observations). The cysteines 121
and 124 are essential for infectivity [84]. In the duck hepatitis 
B virus (DHBV) system, the fusion peptide in the first trans-
membrane sequence of the large surface protein causes fusion of
the viral envelope with the membrane of late endosomes [85]. A
similar sequence is present in human HBV [86]. Surprisingly,
the release of cores from the endosomes seems to be pH inde-
pendent [87]. Attachment and entry limit the efficiency of infec-
tion and take 18 h.

Transport of the virus to endosomes [88] and of cores to 
the nucleus [89] requires microtubules but not actin filaments.
Cytosolic core particles are rapidly transported within 1 h to 
the basket of the nuclear pore complex using the importing
alpha-dependent pathway [90]. The cores are arrested there by
the nuclear porin nup153, and finally release the viral genome to
the nucleoplasma (Schmitz and Kann, unpublished observa-
tions). Ubiquitous cellular DNA repair enzymes (present even in
Escherichia coli) remove the covalently bound polymerase, the
RNA fragment, close the single-stranded gap and the nick, and
thus convert the rc form into cccDNA. This is the first stable
molecule generated during the life cycle and is, therefore, often
taken as proof of infection.

Transcription and translation

The cccDNA is the template for the viral mRNAs. Liver enriched
transcription factors are necessary for efficient and accurate
transcription of mRNAs encoding core and LHBs, whereas 
transcription of M/SHBs and X also occurs efficiently in non-
hepatic cells. Besides the promoters and enhancers, various 
activator or silencer elements are present on the DNA [91], e.g.
the GRE (Fig. 5b). Transcription is regulated and seems to sup-
port viral expression optimally in resting, fully differentiated
hepatocytes. Owing to the common polyadenylation site, four
groups of mRNAs are generated that have an identical 3′ ter-
minus (Fig. 5c). These encode HBeAg/core/pol, LHBs, M/SHBs
and X. The mRNAs encoding core, small surface and X protein
have heterogeneous 5′ ends. Thus, some of the largest mRNAs 

of 3.5 kb start upstream of the precore sequence and encode
HBeAg, whereas others start downstream of the HBeAg start
codon and encode core and pol. The expression of both RNAs is
tightly coupled [91]; however, natural variants and point muta-
tions [92] located in this transcriptional element can uncouple
the transcription of the RNAs. Fine tuning of the core promoter
and enhancer determines the ratio of HBeAg- to core/pol-
encoding mRNAs. A similar situation occurs with the middle-
sized 2.1-kb RNA, in which a part encodes MHBs and another
part SHBs. No splicing is required for expression of the known
essential viral proteins, but splicing is known to occur to a 
limited extent, (e.g. [93]) and generates proteins of unknown
significance [94,95]. The transport and stability of the mRNAs is
regulated by the posttranscriptional regulatory element (PRE)
[96] (Fig. 5c). Cellular factors interacting with the PRE also seem
to regulate the extent of splicing [97].

The expression of core, pol and X protein occurs at cytosolic
polyribosomes, whereas HBeAg and the HBs protein are trans-
lated at the rough ER and directed to membrane compartments.
The polymerase does not have its own mRNA but is translated
by internal initiation in the core mRNA. Core protein assembles
into core particles, which encapsidate their own mRNA together
with the polymerase. The suboptimal sequence context of the
MHBs start codon favours translation initiation at the SHBs
sequence even in those mRNAs that contain the MHBs start
codon. Thus, MHBs is usually a minor protein, whereas SHBs 
is the major surface protein. The three surface proteins insert
into the ER membrane, aggregate and bud as subviral particles
to the ER. The X protein is very unstable [36] and difficult to
detect [37].

Replication and morphogenesis

The elements steering reverse transcription and circularization
of the genome [98] are shown in Figure 9. The mRNA for the
core and pol protein is truly multifunctional and also functions
as the precursor for the viral genome within core particles
(pregenomic RNA or pg RNA). pg RNA forms a secondary
structure at the 5′ end, ε (epsilon), which interacts with the pri-
mase (or terminal) domain of pol after binding and activation
by the cellular chaperones Hsc70 and Hsp40. This complex initi-
ates encapsidation by the core protein. For priming of DNA 
synthesis, the first nucleotide of the minus strand DNA is linked
to the hydroxyl of tyrosine 63 in the primase domain (tyrosine
96 in DHBV). After the addition of four nucleotides, the nascent
DNA strand is shifted to a sequence element in the 3′ terminal
copy of DR1 of the pg RNA. From there, the polymerase elon-
gates the minus strand until the 5′ end of the pg RNA is reached,
generating a short terminal redundancy r of 8–10 bases. The
RNaseH of pol concomitantly degrades the already transcribed
pg RNA, leaving only the 18 5′ terminal bases of pg RNA at DR1
uncleaved. This short RNA segment is shifted to the DR2 ele-
ment in the minus strand DNA and serves as a primer for the
plus strand DNA. The nick in the minus-strand template is
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bridged during plus strand synthesis with the aid of the redun-
dancy r. The plus strand usually remains incomplete leaving a
large gap. The entire replication occurs within the core particles.
During this process, a series of phosphorylations modify the ser-
ines in the arginine-rich carboxy-terminal domain of the core
protein. The nucleotide triphosphates necessary for replication
and phosphorylation can enter the lumen of the cores via 2-nm
large holes in the protein shell.

After completion of DNA synthesis (genome maturation), 
the core particles assume a different structure [99], and the C-
terminal core domain becomes partially accessible at the surface.
It contains a nuclear localization signal that mediates the trans-
port of mature cores to the nuclear pore complex and the release
of the viral DNA to the nucleus. In the early phase of infection,
this reimport of viral genomes leads to the accumulation of
cccDNA and establishes persistent infection of a cell. The genera-
tion and secretion of enveloped virus particles is regulated by the
availability of LHBs with a cytosolic pre-S domain. The sequence
between Arg103 and Ser124 of pre-S at the junction of pre-S1
and pre-S2 is essential for the interaction with mature cores. The
interaction site on the core particles is formed by a ring-like
groove around the spikes and by amino acids at the transition 
to the nucleic acid binding domain. Budding and secretion of
enveloped virions requires an excess of SHBs over LHBs. Partial
translocation of the pre-S domain to the surface of virions may

occur before secretion in a mildly acidic cell compartment
because low pH favours this process. Envelopment and egress of
virus particles involves the ubiquitin ligase Nedd4 and a putative
endosomal sorting adaptor, gamma2 adaptin [100]. Possibly,
secretion of the virus follows an endosomal pathway, whereas
the subviral HBsAg particle follows the Golgi pathway.

Immunopathogenesis and clinical course of
infection

The entire biology and clinical course of HBV infections can 
be understood only by the variable interaction of the virus with
the immune system. Depending on the strength and timing of
the immune response of the host, clinical courses from asymp-
tomatic to fulminant hepatitis and from self-limiting to chronic
infection are possible (Fig. 10). This section describes briefly 
the pathogenesis of HBV. Several reviews have been published
recently [101–103].

Acute hepatitis B
The existence of a weeks- or months-long incubation phase with
increasing and finally very high viraemia but without clinical 
or biochemical signs of liver damage shows that replication 
and persistance of HBV is not cytopathic per se. Analysis of the
hepatic cellular expression patterns in acutely HBV-infected
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chimpanzees showed that no host response to viral replication
occurred during the incubation phase. HBV behaved like a
‘stealth virus’ and did not stimulate the innate immune system
which recognises pathogen-associated molecular patterns 
[104]. In contrast, later in the infection period, most of the effec-
tor molecules associated with the adaptive cellular immune
response are induced, followed by HBV antibodies. HBV 
elimination starts several weeks before onset of the disease with
T-cell-dependent noncytolytic mechanisms, but later cytolytic
immune responses follow and generate the symptoms of acute
hepatitis [105]. IFN-induced mechanisms seem to inhibit the
maturation of pgRNA to cccDNA and to mediate its degrada-
tion both in the early and in the late phase [106]. During the
acute disease, high numbers of cytolytic CD8+ T cells are present
in the liver and these react with a multitude of HBV epitopes and
eliminate the virus by destroying infected cells. High disease
activity usually leads to clinical and serological resolution.
However, even after serological resolution, small amounts of
cccDNA persist in the liver for years, decades and possibly for
life. T-cell immunity suppresses viral replication originating
from these cccDNA copies to very low levels [107].

Anti-HBc appears with the onset of the disease as the first
anti-HBV antibody, then anti-HBe, anti-pre-S and finally anti-
SHBs. These antibodies probably contribute neither to virus
elimination from the liver nor to the pathogenesis of hepatitis.
However, anti-HBs formed during convalescence and later may
enhance opsonisation of HBsAg and block de novo infection 
of hepatocytes by released HBV. In contrast to the other HBV
antibodies, anti-HBc induction is partially T-cell independent.
This explains the presence of anti-HBc even in those patients
who do not build up an efficient immune response. Serological
resolution is defined by disappearance of HBsAg which may take
months after onset. 

Inapparent transient infection 
Most HBV infections worldwide remain asymptomatic and
result in immmunity, as indicated by the presence of anti-HBs
and anti-HBc. It is likely that the course of virus replication and
elimination is similar to acute hepatitis B but that the immune
reaction starts earlier at much lower levels of infection, thus
resulting in minimal clinically asymptomatic liver damage.
Factors favouring an unobtrusive course are a low dose of 
infecting virus, mucocutaneous entry and a mature, competent
immune system. Viraemia and HBs antigenaemia are often
short lived and may often go unnoticed, unless the person
donates blood or organs. The benign course does, however, not
exclude establishment of low-level persistance with small num-
bers of cccDNA in the liver that have the potential to activate
under immune suppression. The term occult HBV infection has
been coined for this condition.

Chronic HBV infection
HBV has the ability to persist in the liver in spite of effective
elimination by the immune system. In contrast to this type of
immune-controlled low-level persistance, frank chronicity is
characterised by persistent HBs antigenaemia, indicating that 
T-cell activity and anti-HBs production were insufficient to
overcome the expression of HBsAg. The inability of the immune
system to cope with HBsAg may be based on the fact that it is
produced to such great excess that it may induce a high dose 
tolerance. Furthermore, the antigen-presenting cells encounter
HBsAg normally in the form of subviral particles without viral
RNA or other danger signals. This may result in immunotoler-
ance. These two and other factors may apply also to HBeAg as the
secreted T-cell tolerance inducer for HBcAg. Furthermore, anti-
HBV antibodies, particularly anti-HBc, may impair the T-cell
response to the corresponding antigen. The state of immune
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inertia and/or tolerance can be maintained for years, allowing
high replication and viraemia in the absence of disease. The
absence of immune selection is confirmed by the highly con-
served HBV DNA sequences within immunotolerant long-term
carriers and within an infection chain. A rare complication of
the highly viraemic carrier state is extrahepatic immune complex
disease causing periarteriitis nodosa or glomerulonephritis.

T-cell tolerance to HBe/c is much less stable than that to
HBsAg and breaks down after years or decades in the majority 
of chronic HBV carriers, resulting in immune elimination and
pathogenesis. This event is often associated with a significant
decrease in viraemia, a transiently enhanced liver damage, dis-
appearance of HBeAg and appearance of anti-HBe. Finally, the
sufferer reaches the stable state of an almost healthy HBsAg 
carrier with low or absent infectivity.

Less fortunate patients develop a labile equilibrium between
virus and immune defence, which results in chronic disease.
Patients with chronic infection have detectable but small 
numbers of HBV-specific T cells targeted against a small num-
ber of epitopes. Episodes of active disease may alternate with 
sometimes long episodes without recognisable disease. The
inflammation is maintained by active HBV replication and
causes hepatocellular damage and fibrosis. HBeAg may be pre-
sent, but very often expression of HBeAg is abolished by the
selection of HBe-negative mutants. The constant immune pres-
sure enhances mutations in many regions of the HBV genome.
Hotspots of functionally important mutations are the precore
region, the core promoter overlapping with the X gene, the
aminoterminal part of pre-S2 and various regulatory elements.
The resulting imbalanced expression of HBV proteins may con-
tribute directly to pathogenicity: some HBe-negative variants
replicate more strongly and express more HBcAg which cannot
be exported and may exert direct cytotoxicity. An excess of LHBs
over SHBs causes storage disease and enhanced sensitivity to
apoptosis. Patients with advanced liver disease harbour often
defective interfering virus particles with deletions in the core
gene or spliced genomes. In summary, three types of chronic
HBV carriers can be distinguished: 
1 immunotolerant HBV carriers, HBeAg positive, asymp-
tomatic, highly viremic and infectious;
2 chronic hepatitis patients with variable levels of replication
and immune response (active infection);
3 healthy HBsAg carriers without HBeAg and with low viremia
(inactive infection). 
Intermediate forms and transitions between these types are 
possible (see Chapter 9.1.2.iv).

Integration of HBV DNA to the host genome
In contrast to orthoretroviruses, integration is not a neces-
sary step in the life cycle of HBV. However, the incompletely 
double-stranded DNA intermediates, which are generated 
during genome maturation and released in the nucleus before
formation of cccDNA, are prone to illegitimate recombination
events with themselves and with cellular DNA. Integrated HBV

DNA has been identified in most HBV-associated hepatocellular
carcinomas (HCC) but it can also be found in seemingly normal
hepatocytes. Virtually all integrated HBV DNA fragments are
incomplete and often rearranged. Thus, integrated HBV DNA 
is not a source of viral replication, but complementation of
defective replicons in trans by integrated HBV genes cannot 
be excluded. Viral integration points are frequently around the
DR1 region at the nick in the minus strand. The core gene is usu-
ally absent, whereas the surface gene is often present. It appears
possible that in HBsAg carriers without detectable HBV DNA 
in the serum, a portion or all of the HBsAg in the serum is
expressed from integrated DNA. This presumption is supported
by the fact that HBsAg carriers often have large amounts of non-
secreted LHBs protein but no core protein in the hepatocytes
(ground-glass cells). Clonal integrates from HCC encode often
truncated pre-S/S proteins which gain transactivating and
potentially oncogenic properties. The X gene is usually also pre-
sent in integrated HBV DNA and is often mutated. It has been
suggested that these mutations enhance the weak oncogenicity
of HBx protein.

Integration occurs often within cellular transcription units
but there is no other preference for integration sites except a lim-
ited sequence homology with the viral insertion site. In HCC,
the integrated HBV DNA can act as a transcriptional enhancer
element and may support malignant growth by activation of
various cellular growth-promoting genes. Details have been
reviewed [108]. 

Laboratory diagnosis

Diagnosis of acute or chronic HBV infection is complex on
account of the wide spectrum of clinical outcomes ranging 
from inapparent transient infection as the most benign form to
fulminant acute hepatitis. As pointed out above, two forms of
asymptomatic infection are possible: (i) transient or persistent
low-level infection with low or no viraemia; and (ii) immuno-
tolerance to HBV with very high persistent viraemia. Chronic 
hepatitis B and its sequelae develop if the immune defence is
active but unable sufficiently to suppress viral activity. Episodes
of active disease may interchange with long episodes without
recognizable disease. Healthy adults usually resolve the infection
with or without apparent disease, whereas infants and immuno-
suppressed patients usually develop chronic infection. A battery
of laboratory tests allows for the accurate diagnosis and prognosis
if used and interpreted properly (Table 3 and Fig. 11).

HBsAg

Detection of HBsAg in the serum of patients corresponds to
ongoing HBV infection with two exceptions: (i) after vaccina-
tion, HBsAg can be detected in serum for up to 1 week; (ii) rare
case reports have shown that HBsAg can be expressed indepen-
dently from viral replication from HBV DNA integrated into
chromosomal DNA even after resolved infection. However,
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integrated HBV DNA will usually be accompanied by episomal,
replication-competent DNA.

The high clinical sensitivity of HBsAg is due to the fact that it
is secreted into the serum in about 100-fold or higher excess 
compared with viral particles. In serum from immune-tolerant
carriers, up to 1 000 000 ng/mL HBsAg can be found; typical
concentrations are 30 000–150 000 ng/mL. These high concen-
trations of HBsAg pose several problems. Today’s immune
assays have a detection limit of 0.1 ng/mL. Thus, contamination
of 1 mL of negative serum with 0.1 nL of carrier serum can 
give false-positive results. Furthermore, the high concentrations
found in early acute infections and immune-tolerant carriers 
are far beyond the linear range of today’s commercial immune
assays, which usually end at 10 ng/mL. Accurate quantification
of HBsAg is possible with well-calibrated assays and is useful as a
prognostic factor for successful interferon (IFN) therapy. High
HBsAg concentrations above 30 000 ng/mL correlate with poor
response to IFN therapy [109]. One accurately assayed ng of
HBsAg corresponds to 1 Paul-Ehrlich unit or 2 international
units (IU).

In acute infections, HBsAg concentrations rise logarithmi-
cally for weeks to months from undetectable to typical final con-
centrations of 10 000–100 000 ng/mL with 2–4 days of doubling
time [110]. If the acute HBV infection is resolved, HBsAg
decreases with an initial half-life of 8 days until it has been
removed completely from serum after weeks to months. In
about 25% of acute resolving hepatitis B cases, the elimination of
HBsAg proceeds much faster, with the consequence that sam-
ples taken in the late acute phase may be HBsAg negative [111].

A decrease in HBsAg concentration by more than 50% within
the first 4 weeks indicates resolving acute infection in > 95% of
cases [112]. Hence, quantitative analysis of highly concentrated
HBsAg is an excellent prognostic marker, indicating progression
to chronicity if the values remain stable or increase.

Table 3 Selection of the HBV test programme according to the medical
question.

Immune? 

Prior to vaccination Anti-HBc

After vaccination Anti-HBs

Acute hepatitis, type? HBsAg 

Anti-HBc IgM

Previous exposure? Anti-HBc

Potential of reactivation? HBsAg, anti-HBc

Chronic hepatitis, type? HBsAg, anti-HBc

Chronic hepatitis B, activity? HBV DNA, qPCR 

HBeAg

Infectivity 

HBsAg carrier HBV DNA, qPCR

Blood donor HBsAg, anti-HBca, HBV DNAa

Organ donors HBsAg, anti-HBc

aOptional in some countries. qPCR, quantitative polymerase chain reaction.

Subclinical HBV infection
transient

Acute hepatitis B
resolving

Acute hepatitis B
chronic conversion

HBe seroconversion

Fig. 11 Schematic serological profiles of various courses of HBV infections.
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False-negative HBsAg results may be generated by natural
variability, immune selection of variants or antiviral therapy
[113]. As a consequence, the manufacturers have improved their
assays with the inclusion of antibodies against assumed con-
served epitopes from the a determinant of HBsAg. Nevertheless,
new variants showing amino acid exchanges in the a determin-
ant (Fig. 7) could not be detected by one or more commercial
assays [113]. If false-negative HBsAg results are suspected, an
analysis with the assay from another manufacture may give a
correct positive result. Serologically undetectable HBsAg vari-
ants can usually be detected by amplification of the viral DNA
with conserved primers.

Positive HBsAg screening results, e.g. at blood transfusion,
should be reproduced by repetition in duplicate and, if repro-
duced, confirmed by assaying additional HBV markers, in par-
ticular anti-HBc and HBV DNA. If these markers are negative,
the specificity should be tested by preincubation with anti-HBs
and/or a second HBsAg assay.

HBeAg and anti-HBe

Testing for HBeAg is indicated only if HBsAg is positive in an
immune assay. HBeAg is a marker of high replication activity
and viral immune modulation. HBeAg-positive HBsAg carriers
with mild or no liver disease often have higher viraemia than
those with active hepatitis, because the immune reaction causing
inflammation also suppresses virus replication [114]. HBeAg is
an important marker for therapy monitoring. Loss of HBeAg
suggests that a sustained resolution of disease has been achieved,
and is one of the therapeutic targets in HBeAg-positive patients.
Loss of HBeAg during acute hepatitis B is a good prognostic
marker.

The absence of HBeAg does not exclude significant viraemia,
particularly in HBsAg-positive patients with chronic hepatitis.

Testing for anti-HBe is useful to confirm a stable HBsAg 
carrier state with low viraemia and no inflammation. In subjects
with anti-HBc, but without HBsAg and anti-HBs, a positive anti-
HBe result supports the specificity of the anti-HBc result. During
resolving acute hepatitis B, anti-HBe appears after anti-HBc but
before anti-HBs. It usually disappears earlier than anti-HBs.

HBV DNA

Detection of HBV DNA is a central part of HBV diagnostics. In
many instances, measurement of HBV DNA is a prerequisite for
proper diagnosis and decision-making in chronic and, to a lesser
extent, acute hepatitis B.

Highly sensitive (< 12.5 IU/mL) qualitative detection of HBV
DNA is indispensable for:
• controlling the specificity of serological assays in patients with
isolated anti-HBc or isolated HBsAg positivity without addi-
tional serological HBV signals;
• detection of the very early stages or occult forms of HBV 
infection.

Quantitative determination is necessary for:
• controlling antiviral treatment;
• estimating the infectivity of HBV-infected medical personnel.

These applications require DNA assays that reach a sensitiv-
ity of one genome per assay. However, available assays vary
significantly in sensitivity (Table 4). With timely nucleic acid
amplification techniques (NAT), the overall sensitivity of the
assay is largely limited by the sample volume and the extraction
method. Qualitative and quantitative detection of HBV DNA is
preferably performed with the real-time polymerase chain reac-
tion (PCR), in which the signal is generated in situ and measured
after each amplification step [quantitative PCR (qPCR)]. qPCR
offers the possibility of quantification over a very wide range of
concentrations from < 100 to 1012 copies/mL. The risk of con-
tamination by amplified DNA is reduced because amplification
is carried out in closed systems. Furthermore, the specificity of
the signal is obtained by interaction with HBV-specific probes,
and the product is available for direct sequencing and cloning.
Amplification of the S/RT region provides DNA that can be used
simultaneously for genotyping and resistance analysis [115].

Standardized quantification of HBV DNA requires a stand-
ard sample with known concentration. The World Health
Organization (WHO) has approved an international standard
with a defined quantitative amount of HBV DNA [116]. The 
use of this standard for the quantification/standardization of 
in-house and commercial assays is encouraged.

Owing to variable results obtained with different methods 
of detection, the WHO has defined the amount of HBV DNA 
in international units (IU) and not in genome equivalents
(g.e.)/mL or copies/mL. The observed variability in results comes
mainly from losses during extraction. The HBV polymerase is
covalently bound to the HBV DNA, and this protein alters the
extraction properties of the DNA. Thus, for the standardization
of HBV DNA assays, HB virion-derived DNA and not cloned
DNA should be used. Furthermore, not all HBV genotypes may
be amplified equally well.

With adequate extraction and calibration, 1 IU corresponds
to 5 g.e./mL HBV DNA of genotype A2 [117]. One picogram
(pg) of HBV DNA is 280 000 g.e./mL.

Antibody to the HB core antigen (anti-HBc)

Anti-HBc is present during ongoing or after previous HBV
infection; it is therefore useful as a marker of HBV prevalence.
Most assays use recombinant HBcAg as reagent and an 
inhibition format for detection. Both sensitivity and specificity
are suboptimal. Most chronic HBsAg carriers are anti-HBc 
positive but, in perinatally infected carriers or immunodeficient
patients, anti-HBc may be undetectable by less sensitive assays.
Transient inapparent or previous infections may generate low
levels of anti-HBc. On the other hand, anti-HBc assays may gen-
erate non-specific anti-HBc results.

The serological pattern ‘anti-HBc only’ is seen with varying
prevalence in different countries [118]. In Germany, a country
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with relatively low prevalence of HBV, 1.4–2.2% of patients
have only anti-HBc [118,119]. Demographic factors associated
with an anti-HBc-only pattern are male sex and higher age
[118,119]. Some 20% of anti-HBc-only patients in Germany
[112] and up to 50% of intravenous drug abusers [118] are
HCV-positive. Possible explanations for this serological status
are:
• window phase, early after infection;
• resolved HBV infection;
• false-positive anti-HBc test;
• false-negative or absent anti-HBs or HBsAg.

Currently, non-specific results of anti-HBc seem to be rare.
Anti-HBc-only patients showed a high concordance of test
results with three different assays [120]. Thus, anti-HBc only is
usually associated with HBV infections that resolved a long time
ago, and the anti-HBs concentration has decreased below the
detection limit. In patients with proven resolved infection, HBV
DNA can be detected in the serum, and this is also true for about
10% of anti-HBc-only patients, 36% of whom have HBV DNA
in liver biopsies [120]. Thus, these patients are a possible source
of HBV transmission by blood transfusion or liver transplanta-
tion (for reviews, see [118,121]).

False-negative HBsAg results are a concern in HBV diagnostics.
Some isolated anti-HBc-positive individuals may be low-level
carriers of HBsAg, where the HBsAg concentration is below 
the detection limit of current tests. A further explanation for
missing HBsAg detection may be variants of HBsAg undetected
by one or more tests [113]. Anti-HBs testing may also produce
false-negative results. Up to 14.4% of anti-HBc-only individuals
showed discrepant results when comparing two different anti-
HBs tests [122].

Anti-HBc immunoglobulin (Ig)M

This marker may be useful in two situations:
1 to distinguish an acute hepatitis caused by HBV from a 
hepatitis of different aetiology in a HBV carrier;
2 to identify an acute hepatitis in some hepatitis B patients, par-
ticularly those with fulminant hepatitis B or HDV coinfection,
where HBsAg may have been eliminated very rapidly.

Tests should be quantitative because anti-HBc IgM is also
positive in chronic active hepatitis B and during convalescence.
Levels > 600 Paul-Ehrlich units/mL suggest an acute HBV infec-
tion with high inflammatory activity. In all other situations,
concentrations are lower or undetectable. Inactive HBsAg 
carriers are usually negative [123].

Antibody to the HBsAg (anti-HBs)

The meaning of the term anti-HBs is somewhat ambiguous.
Some understand it to mean antibodies only against the small
HBsAg protein (SHBs), others the entire antibody spectrum
against all three surface proteins including pre-S1 and pre-S2.
During acute infection, anti-pre-S antibodies appear before
anti-SHBs, and they often coexist with HBsAg.

Anti-HBs indicates previous contact with HBsAg and, if no
HB vaccine was given, it suggests previous HBV infection as a
rule. In this case, anti-HBc should also be positive but, in rare
cases, anti-HBc may appear later and/or disappear earlier than
anti-HBs. Furthermore, the possibility of non-specific anti-HBs
results must be considered.

Some HBsAg-positive persons are also anti-HBs positive. 
In this case, the HBsAg result is more relevant if its specificity 

Table 4 Commercially available quantitative HBV DNA assays (modified from ref. 167).

Assay Manufacturer Principle Procedure LDL (copies/mL) Linearity Genotypes 
detected

HBV Digene Hybrid Digene Hybridization Manual 7 × 105 7 × 105–6 × 108 A–D 

Capture I Diagnostics

HBV Digene Hybrid Digene Hybridization with signal Manual 1 × 105 1 × 105–2 × 109 A–D

Capture I Diagnostics amplification

Ultra-sensitive HBV Digene Hybridization with signal Manual 5 × 103 5 × 103–6 × 107 A–D

Digene Hybrid Diagnostics amplification after

Capture II centrifugation

VERSANT HBV Bayer Hybridization with signal Manual 7 × 105 7 × 105–5 × 109 ?

DNA 1.0 assay Diagnostics amplification, bDNA

VERSANT HBV Bayer Hybridization with signal Semi-automated 2 × 103 2 × 103–1 × 108 A–F

DNA 3.0 assay Diagnostics amplification, bDNA

Amplicor HBV Roche PCR Semi-automated 1 × 103 1 × 103–4 × 107 A–G

Monitor Diagnostics

COBAS Amplicor Roche PCR Automated 2 × 102 2 × 102–2 × 105 A–F

HBV Monitor Diagnostics

TaqMan Roche PCR (real time) Automated 2 × 101 2 × 102–1 × 1010 A–F

Diagnostics

RealArt HBV PCR Artus PCR (real time) Automated 1 1–4 × 108 A–G
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is confirmed. Thus, screening for immunity against HBV by
anti-HBs without prior anti-HBc and HBsAg testing may be
misleading.

Anti-HBs protects against HBV infection. Persons who are
found to be positive for anti-HBs need not be vaccinated, and
vaccinated persons should be tested 4 weeks after the last dose to
prove reliable protection. After active vaccination, 10 IU/L anti-
HBs is considered to be the minimal protective level. For passive
protection by hepatitis B immune globulin (HBIG), higher
serum levels > 100 IU/L are necessary. One IU of anti-HBs binds
about 900 ng of HBsAg. When a positive anti-HBs result is
obtained, it should be documented even if it is < 10 IU/L.

Modern HB vaccines contain only small HBs protein of the
European/US genotype A2. The anti-HBs induced by these 
vaccines does not contain anti-pre-S or HBsAg subtype-specific
antibodies other than anti-HBs/adw2. Ninety-nine per cent of
the HBV carriers worldwide have other HBsAg subtypes; the
antibodies against the HBs subtype determinants are often 
present in larger amounts than the anti-a antibodies.

Different anti-HBs test kits use different types of HBsAg as
reagent. Complete quantitative agreement between these assays
should not be expected [124], but discordance is usually within a
factor of 2.

Anti-HBs and particularly anti-pre-S1 neutralizes HBV 
infectivity in vitro and in vivo. However, it cannot suppress
intracellular replication and spread of HBsAg escape mutants.
Postexposure prophylaxis favours the selection of escape
mutants.

Occult infection and reactivation

This term has been coined recently for HBV infections that are
HBsAg negative for various reasons [121]. Very often, they are
asymptomatic, of low replication activity and normally clinically
irrelevant. However, there are three situations in which this con-
dition is important:
1 The small amount of HBV present in these persons is
sufficient to transmit full-blown HBV infection in recipients of
blood or organ donations. Persistent occult infection is usually
detectable by anti-HBc. Thus, liver donors and, in some coun-
tries, blood donors have to be screened for anti-HBc. HBV DNA
assays, even if very sensitive, may be insufficient to detect such
infections.
2 An occult HBV infection may reactivate in patients experienc-
ing severe immunosuppression, e.g. during bone marrow or
stem cell transplantation or aggressive leukaemia/lymphoma
therapy. The reactivated virus may be wt or an escape mutant. 
In the latter case, HBsAg results may be false negative. Thus,
monitoring of such patients is preferably done by HBV DNA
assays.
3 Occult infections may represent the persistence of viral DNA
after the serological cure and may be associated with liver cirrhosis
and the development of hepatocellular carcinoma.

HBV genotypes, variants and mutants

HBV genotypes are important for the prognosis of interferon
therapy [125–129], whereas therapy with RT inhibitors shows
no clear genotype influence (for reviews, see [10,130]). Long-
term prognosis of chronic HBV infection may be dependent 
on the genotypes. Furthermore, the genotypes give a hint to 
the origin of the infection. Genotyping methods based on 
various PCR techniques have been described, and test kits 
are available [11]. The most reliable method is sequencing.
However, direct sequencing usually misses coinfections with
two or more HBV genotypes [11]. Because coinfections with 
two genotypes have recently been reported to be of importance
for the prognosis of the disease [131], hybridization-based 
[132] or multiplex PCR methods [133,134] appear to be advant-
ageous. Recombinants of two genotypes have been described 
in some regions, but they are not predominant in Europe or 
the USA.

More important than genotypes and genosubtypes are prob-
ably the mutants that have been selected by the host’s immune
defence [135]. The primary target is expression of HBeAg, which
may be suppressed by core promoter mutations, a stop codon in
the precore region and/or other mutations affecting translation
or processing of the HBe protein [114].

Another important target is MHBs, the start codon of which
may be mutated. Alternatively, the pre-S1/S2 sequence around
the amino acid 120 region may show small deletions [136].
Truncations of the S domain are often found in integrated HBV
DNA fragments from hepatocellular carcinomas. X protein may
be truncated by mutations/deletions in the core promoter.
Deletions and truncations of the core protein have also been
found in defective interfering genomes from kidney transplant
recipients with terminal liver disease [137]. Such mutants are
typically found in severely ill patients.

Escape mutations in the HBsAg loop may arise either on 
the background of profoundly altered genomes or in otherwise
normal genomes [113]. Active or passive vaccination favours
mutations in the SHBs region 120–145, with G145R being the
most prominent. Naturally induced anti-HBs selects for a wider
variety of mutations between amino acid 100 and 170. Detection
of all these mutations is best accomplished by PCR and sequenc-
ing of the corresponding gene. Owing to morphogenesis and
secretion defects, the genomes detected in the serum may not
reflect the intrahepatic pattern of mutation.

A special case are resistance mutations under antiviral therapy
[138]. If there is no decline or an increase in HBV DNA levels
during therapy, this suggests that the therapy is ineffective; a
genotypical resistance assay may help to find the polymerase
gene mutation and allow the adaptation of antiviral therapy
according to the known sensitivity of this mutant to antivirals.
Hybridization of PCR products with selected probes is more
sensitive than direct sequencing, but sequencing is able to detect
new mutants as well.
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Hepatitis D virus (HDV)

Taxonomy

HDV consists of an HBsAg envelope, an HDAg core and a small
1.7-kb RNA. After cloning and sequencing of the HDV RNA, a
similarity of HDV with viroids and virusoids (plant pathogens)
was recognized. Formally, HDV is now classified among 
negative-strand viruses as genus deltavirus without its own 
virus family [139]. However, it does not have much in common
with other negative-strand viruses.

Virus structure (Fig. 12)

The structure and replication has been reviewed recently
[140,141]. A nucleocapsid-like structure is formed by approxi-
mately 70 HD protein subunits together with the small RNA
genome, but a (icosahedral) symmetry of this complex has 
not been identified and may in fact be absent. The HD protein
exists in two forms: a small HD protein (SHD) with 195 amino
acids and a collinear large form (LHD) with a carboxy-terminal
extension of 19 amino acids. The envelope consists of SHBs,
MHBs and LHBs. As with HBV, SHBs is the major component
and MHBs a minor component. Assembled HDV particles have
a size of 36–43 nm and a density in caesium chloride of
1.24–1.25 g/mL. HDAg can be released from HDV by treatment
with non-ionic detergents. As the HBsAg envelope is required
for infectivity, the stability of HDV is probably comparable to
that of HBV.

Genome structure (Fig. 13)

HDV has a unique genome structure among the animal viruses.
Its RNA forms a covalently closed single-stranded circle with

1670–1685 nucleotides depending on the isolate. On account of
70% self-complementarity within the RNA sequence, the circle
folds to a double-stranded rod with covalently closed ends at
base numbers 795 and 1638. In electron microscopy, the HDV
genome appears as a short rod about 280 nm in length, which
opens to a circle under denaturing conditions [142]. The minus-
strand genome encodes the mRNA with one ORF for the two
coterminal HD proteins.

RNA editing
In order to encode the two forms of HD protein, HDV has
evolved a unique strategy. The replication-competent form of
the HDV genome encodes the SHD protein because SHD is
required for HDV genome replication. This SHD genome car-
ries a U at position 1015 and, in the antigenome or the mRNA,
an A as part of a UAG (amber) stop codon for the 195-amino
acid SHD protein. For envelopment and secretion of the HDV,
LHD protein is required. In order to encode LHD, the SHD
antigenome is mutated (edited) by the cellular enzyme, double-
stranded RNA adenosine deaminase (ADAR1), at position 1015
from A to inosine [143]. This unusual base is transcribed during
RNA replication to C in the genome strand and to G in the newly
produced mRNA and antigenome sequence. Thus, codon 196 of
HD protein is no longer a stop codon, but encodes tryptophan
and allows for an extension of 19 amino acids until the next stop
codon occurs [144]. As SHD protein is required for genome
replication, an HDV infection can only be established by the
SHD genome, but spread of HDV and establishment of HD
viraemia require partial conversion of SHD to LHD genomes.

Ribozyme activity
Similar to viroids, the genome and the antigenome contain a
ribozyme structure that is able to self-cleave and self-ligate its
own sequence (i.e. in cis). The delta-type ribozymes have four
short double helices and a similar space structure to viroids
[145]. The self-cleavage of the viral RNA phosphodiester back-
bone requires both divalent cations and a cytidine nucleotide.
The ribozyme structures in the pre- and post-cleavage states
reveal conformational changes after cleavage [146]. The self-
cleavage occurs at the 5′ end of this structure and may cleave 
off any sequence upstream. This property of the delta ribozyme
has been used as a molecular tool to generate RNAs with 
exactly defined 3′ ends that are necessary for the generation of
replication-competent minus-strand RNA viruses (e.g. measles
virus or influenza virus).

Properties of HD proteins

A schematic presentation of their various identified functions is
shown in Figure 14. A region between amino acid 31 and 52
forms coils that can interact with each other and mediate
oligomerization of HD proteins. HD proteins contain a bipartite
nuclear localization signal. Thus, HD proteins are predominantly

pre-S1
SHBs

SHD
LHBs

MHBs

1.7-kb RNA
LHD

pre-S2

SHD

LHD

Fig. 12 Schematic model of hepatitis delta virus. The circular RNA genome
is highly self-complementary and forms double-stranded rods. SHBs, MHBs,
LHBs, small, middle and large hepatitis B surface protein; SHD, LHD, small
and large hepatitis delta protein; pre-S1, pre-S2, domains of HBs proteins.
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found in the nucleus. Two arginine-rich motifs support binding
of RNA. They are specific for rod-like RNA structures with
closed ends as in the HDV genome. All these features of 
SHD contribute to the replication of the HDV genome. LHD 
has an additional 19 amino acids, the sequence of which may 
be quite variable. A Cys-Arg-Pro-Glu motif is conserved at the
carboxy end, which is a target for a linkage between the Cys and a
15-carbon farnesyl isoprenoid. This modification is required for
the secretion of HD protein within the HBs envelope. LHD has a
transdominant negative effect on the functions of SHD protein,
which is mediated by the coil–coil interaction. LHD is possibly
partially retained by the isoprenylate at the ER, whereas SHD
functions only in the nucleus. Mature virions always contain 

a mixture of SHD and LHD. In vivo, the small and large delta
antigens assemble as antiparallel coiled-coil dimers and assume
an octameric quaternary structure in vivo [147]. Both HD pro-
teins are phosphorylated by casein kinase II. In addition, SHD
gets phosphorylated by protein kinase C (PKC) and PKR [148].
PKC activates SHD functions, but LHD is six times more phos-
phorylated and inhibits SHD functions.

HD proteins are moderately immunogenic. Antibodies 
react with the nuclear localization signal and the C-terminal
sequences of SHD- and LHDAg [149]. Patients’ antibodies react
well with the HD nucleoprotein complex and with denatured
HD proteins in Western blots.

Genotypes and variability

The major part of the HDV genome is variable with the ex-
ception of essential motifs. Initially, three genotypes, I–III, 
were identified, which differ as much as 40% in nucleotide
sequence. Later studies found four further clades (or genotypes)
in Africa suggesting an African origin of HDV [150]. Today,
HDV is divided into eight major clades [151]. Recombinations
between two genotypes/clades have been found in vivo and 
in vitro [152].

Genotypes seem to influence the course of disease. Genotype 
I is most frequent worldwide and has variable pathogenicity. 
In a recent study, patients infected with genotype I HDV had a
lower remission rate and more adverse outcomes [153] than
those with genotype II HDV. Genotypes II and IV have been
found in East Asia causing relatively mild disease [154], whereas
genotype III is associated with HBV genotype F and fulminant
hepatitis in South America [155].

Fig. 13 Genome structure, RNA editing 
and expression products of HDV. U, uridine; 
C, cytidine; A, adenine; I, inosine.

Fig. 14 Functions and motifs of the two HD proteins.
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Replication

Host and organ tropism
HDV can infect humans and primates if HBV is also present.
Infection of woodchuck hepatitis virus (WHV)-carrying wood-
chucks with HDV of human origin is also possible [156]. The
envelope of WHV is acquired in this case. If brought into cells by
transfection (e.g. of cloned cDNA), HDV RNA can replicate in
various mammalian cells, provided HD protein is present to ini-
tiate the replication cycle. Spread from cell to cell and secretion
is only possible in the presence of SHBs and LHBs. In transgenic
mice, the HDV genome is best expressed in muscle cells [157].
Thus, the natural organ specificity is most probably due to 
the attachment and penetration mediated by the HBs envelope
proteins [82].

Genome expression
After penetration, the HDV genome reaches the nucleoplasm,
possibly guided by the nuclear localization signal of the HD
ribonucleoprotein complex. As with viroids, the cellular RNA
polymerase II (against all the rules of normal gene expression) 
is believed to accept the HDV RNA genome as a template
[140,141]. The RNA-encoded promoter is formed by sequence
1608–1669, which forms a stem–loop region with two bulges.
This secondary structure is required for HDV genome expres-
sion and replication [158]. Proximal to the 3′ end of the 
HD gene, the genome contains a leaky signal for termination 
of transcription and polyadenylation. Thus, a 0.8-kb mRNA
encoding either SHD or LHD depending on base 1015 is 
generated.

Genome replication (Fig. 15)
In the presence of increasing amounts of SHD protein, the 
poly-A site is suppressed, and the entire circular genome is 
transcribed to a linear more-than-genome length antigenomic
intermediate. The nascent antigenomic RNA strand has the 
ability to fold first into the ribozyme structure and to clip the
continuously growing intermediate into genome-long units.
This molecule folds back to the rod-like structure and undergoes
self-ligation. Host factor(s) prevent first folding of the rod struc-
ture and stabilize the ribozyme. After generation of the circular
structure, the ribozyme is inactivated by RNA sequences in cis,
which prevent further self-cleavage of the genome. The clipping
and self-ligation is (in vitro) reversible and independent of any
protein and, thus, a true ribozyme reaction. The energy of the
phosphodiester bond is conserved in the cleaved state by trans-
esterification of the phosphate from the 5′ group to a 2′,3′cyclic
monophosphate terminus. The same process now starts with 
the antigenome, thus generating progeny genomes. Interaction
with SHD stabilizes the RNA and facilitates further cycles of
replication. The basepaired region around base 1015 of the
antigenome is subject to RNA editing, and a certain proportion
of the genome will finally encode LHD and no longer contribute
to replication, but to envelopment and secretion.

Assembly
SHD has an affinity for the RNA rods of HDV, and it can also
form mixed complexes with LHD. LHD interacts in the ER with
SHBs. Isoprenylation is required for envelopment of LHD, but
the oligomerization is dispensable for this function [159]. In
contrast to HBV, LHBs is not required for envelopment of HDV
nucleoprotein. However, mixed assembly of SHBs with LHBs is
required for infectivity of HDV, whereas MHBs is dispensable
(as is the case with HBV). The structure and function of the
HBsAg envelope in HDV is different from that in the HBV 
envelope, because the host specificity of HDV is obviously not so
narrow as for HBV and primary cell cultures can be infected
more easily than with HBV.

Diagnosis of HDV infection

Course of the disease
Transmission occurs mainly by percutaneous contact with
infectious blood and, less frequently than with HBV, by muco-
cutaneous contact. Two situations must be distinguished:
1 Coinfection in which the infectious material contains both
HBV and HDV. HDV suppresses replication of HBV by
unknown mechanisms; the course of infection is usually 
self-limiting, but the acute phase is of variable severity. The

Fig. 15 HDV RNA replication cycle. The genomic (G) strand is transcribed
(1) by RNA polymerase II to a short mRNA (2) and a long continuously
growing strand (3), which cleaves itself by its ribozyme first at the 5′ end 
(4) and thereafter a second time resulting in a genome-long linear RNA 
(5). This antigenome (AG) is able to recircularize (6) and to repeat the cycle
now with the genomic transcript (7–9). Courtesy of M.M.C. Lai.
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infectivity titre of the inoculum is determined by either HBV or
HDV, whichever is lower.
2 In superinfection, HDV infects an HBV carrier. Owing to 
the established colonization by HBV, HDV can replicate much
more vigorously. Superinfection of HBV carriers usually leads to
chronic HDV infection, and may cause fulminant hepatitis. The
infectivity titre of the inoculum is determined only by HDV.

In both situations, the HD protein appears first in the liver
after an incubation period of weeks or months. HDV is secreted
to the blood before the onset of clinical disease, and starts to
decrease during acute hepatitis. Infectivity titres of HDV may
reach 1011/mL of serum during the early acute phase, but are as a
rule lower in persistent infection. Anti-HD antibodies appear
during the acute phase, and may disappear within a few months
after recovery. In persistent infection, titres remain high, as is
also true for IgM anti-HD.

Anti-HD and HDAg
HDV infection occurs together with HBV infection. Thus,
detection of HDV and anti-HD antibodies is normally indicated
only for subjects with markers of ongoing HBV infection. 
HDV-infected patients who have received a liver transplant are
exceptions. In such cases, the new liver can be infected in spite 
of seemingly absent HBV. As a general recommendation, an
assay of anti-HD should be done as a screening test in all HBsAg-
positive persons and in cases of HBsAg-negative acute hepatitis
where no other agent can be identified. Owing to suppression of
HBV by HDV, HBsAg may indeed be absent in some patients
during acute HDV infection; usually, these patients have anti-
HBc IgM. In drug abusers and recipients of blood products, 
testing for anti-HD may also be informative, even when HBsAg
is absent.

During early acute hepatitis D as well as during the incubation
period, anti-HD may still be negative; in this phase, HDAg may
be detectable in detergent-treated serum samples. When anti-
HD appears, direct testing for HDAg by immune assay is no
longer useful unless HDV proteins are separated from anti-HD
and detected by immunoblotting.

Disease activity and infectivity cannot be deduced from the
presence of anti-HD, but only from the determination of HD
protein in serum and liver or, preferably, from an assay of HDV
RNA.

HDAg and anti-HD were first detected by immunofluores-
cence using liver biopsies from chronic HDV carriers as antigen
and serum from the carriers as antibody. Currently, HDAg in
serum is detected by sandwich immunoassays using high-titre
IgG anti-HD as the capturing antibody and labelled anti-HD as
the tracer. The inhibition of tracer binding to HDAg fixed on 
a solid phase indicates the presence of anti-HD in the serum
sample. Several test kits for anti-HD and HDAg are available on
the market. As with all inhibition assays, the analytical sensitivity
is not high for anti-HD, but is sufficient to detect the great
majority of productive HDV infections.

IgM anti-HD
The standard anti-µ capture assay is used for the detection of
this antibody. The assay may be applied to diagnose acute infec-
tion, but patients with both acute and chronic disease have high
titres of IgM anti-HD. IgM anti-HD may be considered as an
indirect marker of active HDV infection and HDV-associated
disease.

HDV RNA
No commercial assay is available for the detection of HDV RNA,
but various methods have been published from specialized lab-
oratories. Because of the high variability of the HDV genome,
the choice of primers from a conserved site of the genome is 
crucial to avoid false-negative results.

At present, qPCR is the method of choice because it is sens-
itive and allows for quantification over a wide range [125]. The
assay is indicated for confirmation and follow-up of a positive
anti-HD result, and for monitoring chronic patients, especially
when antiviral therapies are undertaken. In addition, the con-
centration of HDV RNA seems to be of prognostic significance
because levels of HDV RNA in the serum of patients with
chronic hepatitis or liver cirrhosis were reported to be higher
than those in asymptomatic carriers [160].
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9.1.2.ii Structure, replication and
laboratory diagnosis of hepatitis C
virus
Ralf Bartenschlager

Introduction

Persistent infection with the hepatitis C virus (HCV) is a major
risk factor for the development of chronic liver disease.
Although it was already known in the late 1970s that a non-A,
non-B hepatitis virus must exist that frequently causes chronic
liver disease after blood transfusion, it was not until 1988 that
the genome of this virus could be cloned [1]. The availability of
the cloned genome allowed the implementation of diagnostic
tests to exclude HCV-contaminated blood products, resulting in
a rapid and profound decline in the number of new infections
[2]. One of the main routes of transmission is the use of HCV-
contaminated needles; it is assumed that inadequately sterilized
needles used during treatment of schistosomiasis from the 1960s
to the 1980s account for the high prevalence of about 30% of
HCV infections in Egypt [3].

Based on nucleotide sequence diversity of HCV genomes, six
major genotypes and more than 100 subtypes have been defined.
Viruses belonging to genotype 1 are distributed throughout the
world, whereas other genotypes are primarily restricted to dis-
tinct geographical regions [4]. Apart from steatosis, which seems
to be linked primarily to genotype 3 virus infections [5], no 
clear associations can be made between a distinct genotype and
pathogenesis. However, sustained viral response rates are clearly
associated with the genotype of the infecting virus because 
success of interferon (IFN)/ribavirin combination therapy with
patients infected with genotype 2 and 3 viruses is in the range of
80% but only about 50% in genotype 1 and 4 virus infections
[5]. The molecular details underlying this striking correlation
are not yet understood, but it argues for viral determinants of
IFN-α resistance (see below).

Clinical course of hepatitis C

The course and outcome of HCV infection are very variable
[6,7]. In acute hepatitis C, only 30–35% of adults develop symp-
toms and these are fatal in less than 1%. The average incubation
period of acute hepatitis C is about 50 days (Fig. 1). During this
period, HCV RNA becomes detectable in serum with virus titres
increasing to an average value of about 105 genome equivalents
per mL (see below). Serum aminotransferase values typically rise
2–4 weeks after the appearance of viral RNA followed by rather
non-specific symptoms such as malaise, weakness, nausea, poor
appetite or muscle aches. In a fraction of patients, a typical
icteric phase follows that may last 4–6 weeks. Concomitant with
symptoms, HCV-specific antibodies become detectable and rise
in titre during the following weeks. About 30% of patients
mount an immune response that is sufficient to clear viral infec-
tion, accompanied by a resolution of symptoms. However, the
majority of patients with an acute infection, in particular those
who are asymptomatic, do not resolve the infection but, rather,
develop chronic hepatitis C. In fact, about 75% of infected 
adults and 55% of infected children acquire a persistent infec-
tion. It is characterized by prolonged (usually 6 months and
more) detection of viral RNA in the serum and, in about 50% 
of patients, elevated serum aminotransferases. However, there 
is significant fluctuation in both parameters, and persistently
infected patients may have phases of normal serum aminotrans-
ferases and no detectable HCV RNA. Therefore, single time
point measurements do not allow discrimination between acute
resolved and chronic hepatitis C.

HCV genome organization and functions
of the viral proteins

In silico analysis of the first HCV genome sequence revealed a
genomic organization that is very similar to that of flaviviruses.
Therefore, HCV was grouped in the family Flaviviridae to which
the flaviviruses and the pestiviruses belong. These viruses have
in common a single-stranded RNA genome of positive polarity
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that, in the case of HCV, has a length of about 9600 nucleotides
(Fig. 2). It carries one long open reading frame (ORF) that is
flanked at both ends by short non-translated regions (NTRs)
that are essential for RNA translation and replication (reviewed
in [8]). This ORF encodes an ~ 3000-amino-acid-long polypro-
tein that is cleaved co- and posttranslationally into at least 10 
different products to which distinct functions could be ascribed
(Fig. 2). The structural core proteins (core, E1 and E2) are the
major constituents of the virus particle, and they reside in 
the amino (N)-terminal region of the polyprotein. p7 is a small
hydrophobic protein that may act as a viroporin. It is essential
for infectivity in vivo, can form oligomeric complexes in lipid
membranes and is thought to form an ion channel. It was shown
recently that p7 is required for assembly and release of virus 
particles from infected cells (E. Steinmann, R. Bartenschlager
and T. Pietschmann, unpublished). NS2 is a bifunctional
molecule. Its largely hydrophobic N-terminal domain that
anchors this protein to intracellular membranes is involved in
virus formation (N. Appel, T. Pietschmann and R. Bartenschlager,
unpublished). In contrast, the NS2 carboxy (C)-terminal domain
is part of the NS2/3 protease that is formed by this NS2 domain
and the N-terminal NS3 domain. The NS2/3 protease catalyses
cleavage at the NS2/3 site (reviewed in [8]). The protease is
essential for RNA replication in cell culture and for infectivity 
in vivo. The N-terminal NS3 domain carries a serine-type pro-
tease that forms a tight complex with NS4A. The latter acts as a
cofactor that, upon binding, activates the enzyme, which mediates
cleavage at four sites at least (Fig. 2). The C-terminal NS3
domain binds to RNA and carries a nucleoside triphosphatase
and a helicase activity. It is thought to catalyse unwinding of
double-stranded (ds) RNA during replication and may also 
be involved in RNA translation. NS4B is a highly hydrophobic

protein that can induce membrane alterations important for the
formation of the viral replication complex. The highly phospho-
rylated NS5A is also crucially involved in RNA replication, but
its exact role is not yet defined (reviewed in [9]). NS5A binds to
RNA [10,11] and may control the transition from RNA replica-
tion to virus assembly. In addition, NS5A appears to be involved
in IFN-α resistance [9]. NS5B is the RNA-dependent RNA 
polymerase (RdRp), which is the core enzyme of the viral RNA
amplification machinery. An 11th protein is generated in low
amounts by a ribosomal frameshift event or by internal transla-
tion initiation [8]. The resulting product(s) designated F or ARF
protein(s) is an unstable and barely detectable protein. However,
both a humoral and a cellular immune response against this pro-
tein was found in a fraction of infected patients, arguing that
F/ARF-P is expressed in vivo. Its role in the viral life cycle is not
known, but it is dispensable for HCV RNA replication in cell
culture.

Translation of the HCV genome is mediated by the 5′ NTR
which folds into a complex higher order RNA structure [12]
(Fig. 2). It serves as an internal ribosome entry site (IRES) that
allows translation of the HCV genome in the absence of a 5′
terminal cap structure. The cap is usually added to the 5′ end of
cellular mRNAs by enzymes residing in the nucleus; as HCV
replicates in the cytoplasm and does not encode the enzymes
required for cap formation, its viral genome must be translated
by some alternative strategy. Apart from serving as an IRES, the
first about 130 nucleotides of the genome are required for RNA 
replication and most likely serve as a ‘core promoter’ for the 
synthesis of positive strand RNA [13].

The 3′ end of the HCV genome is also formed by an NTR 
(Fig. 2). It has a tripartite structure composed of a variable region,
a poly U/UC tract and a highly conserved, 98-nucleotide-long
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sequence designated the X-tail [14,15]. Most of the 3′ NTR is
essential for RNA replication and serves as a promoter for the
synthesis of negative strand RNA.

A third RNA element that is essential for HCV replication was
identified in the 3′ terminal coding region of NS5B [16] (Fig. 2).
This element, designated 5BSL3.2, forms a stable stem–loop
structure with the top loop sequence forming a basepairing
interaction with the top loop region of SL2 in the 3′ NTR [17]
(Fig. 2). It was found that 5BSL3.2 binds the NS5B RdRp with
some specificity [18]. It is therefore plausible to speculate that,
via binding of NS5B to this RNA structure, the polymerase is
‘captured’ and transferred to the 3′ NTR (for which the RNA–
RNA interaction between the two stem–loops may be required)
in order to initiate synthesis of negative strand viral RNA.

Structure of the virus particle

Owing to limiting amounts of HCV particles in infected tissues
and, until very recently, the lack of efficient in vitro propagation
systems, the molecular composition and structure of the virus
particle could not be analysed in detail. Based on analogy with

the well-solved structures of the envelope proteins of the
flaviviruses, tick-borne encephalitis virus and Dengue virus, 
and intensive biochemical studies of the HCV glycoproteins, 
a model was proposed (reviewed in [19]) (Fig. 3). E1 and E2 
are tethered to the viral envelope via their hydrophobic trans-
membrane domains residing in the C-termini of the proteins.
The same domains are also required for the formation of 
heterodimeric E1/E2 complexes that may form higher order
oligomers. It is assumed that the ectodomain of E2 (and prob-
ably also of E1) lies rather flat on the surface of the envelope 
that surrounds the nucleocapsid. So far, it remains unclear
whether the capsid has a regular symmetry or forms some rather
unstructured ribonucleoprotein complex.

By using a novel system that allows the production of infec-
tious HCV particles in cell culture, a first characterization of the
virions could be made [20–22] (Fig. 3). HCV particles are spher-
ical with an average diameter of about 55 nm and an inner
spherical structure of about 30 nm that may represent the nucle-
ocapsid (Fig. 3). Cell culture-grown HCV particles are rather
heterogeneous in density, but the majority of particles sediment
to a density of about 1.10 g/mL, which is similar to what was
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described for HCV in patient and chimpanzee sera. The hetero-
geneity is probably due to association of the viral particles with
host cell components, most notably lipoproteins and antibodies.

The HCV replication cycle

HCV replicates primarily in hepatocytes, but there is convincing
evidence that replication also occurs in lymphocytes, at least
under laboratory conditions (reviewed in [8]). However, the
importance of this extrahepatic reservoir for HCV persistence
and success or failure of antiviral therapy is not clear. The recent
demonstration of viral RNA in lymphocytes isolated from
patients with spontaneous virus clearance or sustained viral

response suggests that HCV can persist in lymphatic cells
[23,24]. It is questionable whether the residual viral RNA
detected in these patients is of clinical and epidemiological 
relevance, as relapses are very rare in patients with sustained
response induced by therapy and the amounts of viral RNA
detected in lymphatic cells are very low.

Infection of the host cell starts with HCV binding to one 
or more cell surface molecules. Candidate receptors are CD81,
scavenger receptor BI (SR-BI), low-density lipoprotein receptor
and dendritic cell-specific ICAM-3-grabbing non-integrin (DC-
SIGN) and L-SIGN (reviewed in [8]) receptors. However, none
of these molecules is sufficient on its own to mediate productive
infection. It is therefore assumed that some as yet unidentified
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Fig. 3 Schematic diagram of the HCV
replication cycle. Virus particles enter the host
cell most likely by receptor-mediated
endocytosis (binding and entry). The viral
genome is liberated from the nucleocapsid
(uncoating) and translated at the rough ER.
Newly synthesized viral proteins induce the
formation of membranous vesicles forming a
membranous web, the site of HCV RNA
replication (see electron micrograph at lower
right; the arrowheads indicate the position of
the web; note the close proximity of the web
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endoplasmic reticulum, M, mitochondrium. 
bar = 500 nm). After genome amplification and
further viral protein accumulation, progeny
virions are assembled and released. The centre
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RNA via a replicative form (RF) and a replicative
intermediate (RI). The upper right part shows a
schematic representation of an HCV particle.
The envelope proteins E1 and E2 are drawn
according to the structure and orientation of
the tick-borne encephalitis virus envelope
proteins M and E respectively [46]. The two
electron micrographs at the upper left corner 
of the figure show infectious HCV particles
produced in the hepatoma cell line Huh-7
(arrows point to E2-specific immunogold
particles; bar = 50 nm) (adapted from ref. 8
with permission from the publisher).
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molecule expressed preferentially on the surface of hepatocytes
is also required for uptake of HCV into the host cell. The virus
probably enters the cell by receptor-mediated endocytosis and,
upon release of the RNA genome into the cytoplasm, the RNA is
translated at the rough endoplasmic reticulum (ER) where pro-
cessing of the structural proteins occurs (Fig. 3). It is assumed
that NS4B, presumably in conjunction with some other viral and
cellular protein(s), induces the formation of a distinct mem-
branous compartment within the cytoplasm that has been de-
signated the membranous web [25]. It carries most, if not all, 
viral proteins and is probably the site of HCV RNA replication.
The positive strand RNA genome is amplified via a negative
strand copy that may basepair with the positive strand RNA and
form a double-stranded intermediate designated the ‘replicative
form’ (RF) (Fig. 3). This RF would serve as a template for the
production of excess amounts of positive strand RNA copies
that can be used for translation (i.e. polyprotein synthesis), serve
as a template for the production of new negative strand RNAs or
become encapsidated into viral particles. The exact site of virus
assembly and the underlying mechanisms are not known, but it
is assumed that virus particles are formed at or in close proxim-
ity to the ER or ER-derived membranes. Interestingly, within a

transfected or infected cell, the majority of the HCV core protein
is associated with lipid droplets, raising the possibility that they
play an important role in particle formation.

Recent achievements in cell-based HCV
replication systems

With the availability of the first molecularly cloned HCV
genome, initial progress was rapid and led to the elucidation 
of the viral genome structure and the characterization of several
HCV proteins, most notably those enzymes that are prime tar-
gets for selective therapy (NS3 protease, NS3 helicase and NS5B
RdRp). However, attempts to propagate HCV in cultured cells
were of limited success and only in the past few years could this
hurdle be overcome in a step-by-step process (reviewed in [26]).
The first important achievement was the development of the
HCV replicon system [27]. It is based on the self-replication of
genetically engineered HCV ‘minivariants’ in which the region
encoding core to NS2 is replaced by a selectable marker and a
heterologous IRES (Fig. 4a). Synthetic RNAs produced from the
cloned replicons were transfected into cells of the human hep-
atoma cell line Huh-7 and, after appropriate selection of the cells
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Fig. 4 Model systems for the study of HCV replication in cell culture. (a) Design of a selectable subgenomic HCV replicon carrying the selectable marker 
neo that confers resistance to the cytotoxic drug G418. The neo gene is translated via the HCV IRES, whereas the HCV replication factors NS3 to NS5B 
are translated from the EMCV IRES. (b) Structure of an HCVpp that is composed of a lipid envelope carrying the E1–E2 glycoprotein complexes, the HIV
nucleocapsid (CA) and two copies of the HIV vector RNA, into which a marker gene has been inserted (most often the green fluorescent protein (gfp) or the
luciferase (luc) gene). (c) Production of infectious HCV in cell culture. Huh-7 cells are transfected with genomic HCV RNA obtained by in vitro transcription
from the cloned JFH-1 genome (top) or a JFH-1 chimera in which the region from core up to the N-terminus of NS2 (indicated by red) stems from another
isolate of the same or a different genotype. Four days later, culture supernatant is harvested and used to inoculate naive Huh-7 cells. Forty-eight hours after
inoculation, cells are analysed for infection using a NS3-specific immunofluorescence assay (bottom). Infection was performed directly with supernatant (left)
or with supernatant containing either a CD81-specific antibody or a control antibody (right and centre respectively). Infection can be neutralized by 
CD81-specific antibodies, demonstrating that CD81 plays an important role in infection by HCV. Mab, monoclonal antibody.

TTOC09_01  3/8/07  6:43 PM  Page 853



854 9 VIRAL INFECTIONS OF THE LIVER

(e.g. with G418 in the case of replicons carrying the neo gene),
drug-resistant colonies were obtained that contained high
amounts of self-replicating HCV RNAs. Subsequent studies
confirmed and extended this observation, and it was found that
the high level of HCV RNA replication in this system is due to
cell culture adaptive mutations and the selection for cells that are
highly permissive for HCV RNA replication (reviewed in [26]).
The replicon system is in wide use nowadays both for basic
research and for the development of antiviral compounds.

The next important achievement was the HCV pseudoparticle
(pp) system [28,29]. HCVpps are composed of retroviral nucle-
ocapsids (e.g. derived from HIV) that are surrounded by a lipid
envelope into which native HCV glycoproteins are embedded
(Fig. 4b). As infection [binding to the receptor(s), uptake into
the cell and uncoating] is orchestrated primarily by the envelope
glycoproteins, HCVpps are an ideal tool for the study of the early
steps in the HCV replication cycle. In addition, they are also an
important tool for characterizing the neutralizing capacity of
antibodies directed against the HCV glycoproteins or cell sur-
face molecules assumed to be required for infection. In fact, it
was shown that antibodies directed against CD81, SR-B1 and
LDL receptor interfere with infection by HCVpps, arguing that
these cell surface molecules are critical for infection (reviewed in
[8]). Moreover, it was shown that sera from hepatitis C patients
contain (partially) neutralizing and even cross-neutralizing
antibodies. However, the role of these antibodies in controlling
an HCV infection is not clear.

Very recently, the first system for the production of infectious
HCV in cell culture was established [20–22] (Fig. 4c). It is based
on a distinct HCV genotype 2a isolate (designated JFH-1
because it was isolated from a Japanese patient with fulminant
hepatitis) that, for unknown reasons, replicates to an unpre-
cedentedly high level in Huh-7 cells and does not require cell 
culture adaptive mutations [30]. Upon transfection of these cells
with RNA derived from the cloned JFH-1 genome, virus par-
ticles are released that are infectious for naive Huh-7 cells as 
well as for chimpanzees [20]. The latter observation confirms
that cell culture-grown JFH-1 particles are authentic. Infectivity
could be neutralized by CD81-specific antisera, antibodies
against E2 and immunoglobulins isolated from chronically
infected hepatitis C patients [20–22].

Apart from using the authentic JFH-1 genome, virus produc-
tion could also be achieved using chimeric genomes in which the
region from core to NS2 of JFH-1 is replaced by the analogous
region from isolates of the same [21] or even a different geno-
type [31] (Fig. 4c). The production of such chimeras will greatly
expand our arsenal of tools for studying the early steps of the
viral life cycle, evaluating neutralizing and cross-neutralizing
antibodies on a broad scale and developing compounds that
interfere with the entry of most HCV genotypes into host cells.

HCV and innate immunity

Given the clear correlation between sustained viral response

after IFN-α/ribavirin combination therapy and the genotype of
the infecting HCV, it was assumed that viral factors contribute
to IFN resistance. Based on comparative sequence analyses 
of HCV genomes isolated from IFN-α responders and non-
responders as well as several biochemical and cell-based assays,
the two viral proteins NS5A and E2 were identified as potential
antagonists of the IFN-induced dsRNA-activated protein kinase
PKR (reviewed in [32]). However, the results obtained in several
follow-up studies were controversial, and it is still unclear
whether and to what extent these viral factors contribute to 
IFN-α resistance.

Apart from a direct inhibition of a distinct effector molecule
contributing to the IFN-induced antiviral state, there is increas-
ing evidence that HCV interferes with signal transduction. One
pathway that may be targeted by the HCV core protein is the 
Jak-STAT signalling pathway responsible for relaying the signal
from the IFN-α receptor to the transcriptional activation of 
IFN-α-induced genes (reviewed in [8]).

The key player in blocking the induction of the early innate
antiviral defence appears to be the NS3/4A protease that can
interfere with the dsRNA-induced activation of IFN regulatory
factor 3 (IRF-3) [33]. Within a cell, dsRNA is perceived by at
least three different molecules: Toll-like receptor 3 (TLR3) and
the RNA helicases retinoic acid-inducible gene I (RIG-I) and
mda5 (also called Helicard) (reviewed in [34]). Upon activation
by dsRNA binding, these molecules recruit adapter proteins,
which are TRIF (also called TICAM-1) in the case of TLR3, and
Cardif (also called IPS-1, MAVS or VISA) in the case of RIG-I.
These adapter molecules relay their activation signal via induc-
tion of a kinase complex and phosphorylation of IRF-3, result-
ing in the transcriptional activation of IFN-β [34]. It was shown
that both TRIF and Cardif can be cleaved by the NS3/4A pro-
tease, at least under various experimental conditions [35,36].
Although final proof for in vivo relevance is not yet available,
Cardif is also cleaved by the NS3/4A protease in HCV-infected
Huh-7 cells [35], suggesting that interference at least with the
RIG-I pathway also occurs in vivo. This interference may con-
tribute to the establishment of a persistent HCV infection.

HCV and adaptive immunity

As can be inferred from the high rate of persistent infections,
HCV not only escapes innate immunity but also has the means
to undermine adaptive immunity without globally affecting
immune response to other infectious agents. It is generally
accepted that the vigour and the breadth of the immune
response mounted upon HCV infection determine the outcome
of infection (reviewed in [37]). Therefore, a successful immune
response targets multiple major histocompatibility complex
(MHC) class I-restricted epitopes in the HCV polyprotein and
induces rather large numbers of HCV-specific CD8+ T cells. In
addition, a strong CD8+ T-cell response is usually accompanied
by a strong and multispecific CD4+ T-cell proliferative response,
and permanent loss of this response is a strong predictor of 
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persistence [38,39]. Resolved infections usually leave a durable
memory response, lowering the chance of persistence upon
reinfection [40]. This appears to be brought about mainly by
CD4+ T cells [41].

Given the high frequency of persistence, in most cases T-cell
responses either are rather poor or decline rapidly after an 
initially strong response. The underlying reasons are not well
understood, but it should be kept in mind that HCV infection
does not lead to a general immune suppression as is the case, 
for example, with HIV but, rather, induces a defect in cellular
immunity that is HCV specific. It is assumed that an HCV-
specific loss of T-cell help is the key event by which the virus
escapes adaptive immunity [41]. One could imagine that the
interference of HCV with the innate immunity (e.g. TLR3, 
RIG-I) results in a series of consecutive events that lead to CD4+
T-cell impairment. As T-cell help is important for CD8+ T cells,
the degree of helper cell impairment would be a critical deter-
minant of virus elimination or persistence. A weak T-cell response
would also facilitate the emergence of T-cell escape variants in
HCV epitopes and may lead to functional impairment (anergy)
of CD8+ T cells.

Thus far, it is uncertain to what extent B-cell responses con-
tribute to viral clearance. On the one hand, immune escape
mutants in B-cell epitopes have been described, arguing that
HCV adapts to immune selection pressure exerted by antibod-
ies. On the other hand, antibodies developed during self-limited
infection do not prevent reinfection, indicating that they are 
of limited efficacy. Moreover, HCV infection can be terminated
in the absence of antibodies [42]. It is therefore assumed that 
T-cell immunity is the primary determinant in controlling 
HCV infection.

Laboratory diagnosis

Two types of laboratory tests are used for detection and mon-
itoring of HCV infection: virological assays measuring viral 
components (RNA and core protein) and serological assays
measuring HCV-specific antibodies (Fig. 1). First-generation
assays developed for the detection of HCV-contaminated blood
and blood products were based on an antibody-specific enzyme-
linked immunosorbent assay (ELISA) using a recombinant
HCV antigen derived from the NS3 to 4B coding region [2].
Later on, this assay was steadily improved by the inclusion of
antigens derived from core and NS5. Current ELISAs have a
specificity of more than 99%, and they are positive in more than
99% of immunocompetent patients with detectable HCV RNA
[43]. However, antibody detection is problematic in immuno-
compromised and haemodialysis patients. RNA testing has
therefore been recommended because of potentially false-
negative antibody diagnosis in these individuals.

Anti-HCV antibodies can be detected in serum 2–4 months
after infection, but seroconversion may take up to 6 months
(Fig. 1). Given this large serological window (time from infec-
tion until the development of detectable antibodies), assays to

detect anti-HCV IgM have been developed, but they do not 
narrow down the serological window significantly. Therefore,
nucleic acid-based testing is used. To exclude false-positive
ELISA results, confirmatory assays have been developed. The
most commonly used is the recombinant immunoblot assay
RIBA (Chiron Corporation, Emeryville, CA, USA), in which
several recombinant peptide antigens are immobilized on a strip
that is probed with a patient serum. This assay allows the detec-
tion of antibodies directed against individual HCV antigens.

Qualitative assays for RNA detection are based on target
amplification using polymerase chain reaction (PCR) or 
transcription-mediated amplification (TMA) (reviewed in
[44]). Two commercial kits are available: first, the PCR-based
assay which has a detection cutoff of 50 international units (IU)
of HCV RNA/mL (based on the HCV RNA IU as defined by
WHO for standardization of HCV RNA quantification units);
second, the TMA-based assay that is slightly more sensitive (~ 10
IU of HCV RNA/mL). Both assays have a specificity of about
99% and, because of their high sensitivity, are the gold standards
for the detection of HCV. Qualitative RNA detection assays have
been implemented in blood banks of, for example, the EU and
the US in order to reduce the risk of transfusion-associated 
hepatitis C that arises as a result of the long serological window.
Because of this rigorous screening, the risk of HCV transmission
by this route has been reduced to less than 1 in 1 million blood 
donations.

Quantitative HCV RNA assays are based on branched
(b)DNA technology, competitive reverse transcription (RT)-
PCR or real-time RT-PCR. The broadest dynamic range of
quantification is achieved with the last, which can cover a range
from 30 to 2 × 108 IU/mL (Cobas TaqMan 48 HCV; Roche
Molecular Systems, USA). The specificity of these assays is up to
99%, and they allow quantification of viral load independent of
the genotype of the virus. The advantage of the bDNA assay is
that no amplification of the target sequence is required, which
reduces the risk of false-positive results, e.g. resulting from con-
tamination, and false-negative results, e.g. on account of poly-
merase inhibitors present in the patient sample. The disadvantage
of bDNA over RT-PCR-based methods is its lower sensitivity.

An alternative to qualitative and quantitative RNA detection
methods is the detection of viral antigens, which is technically
less challenging and less demanding for the instrumentation 
of the diagnostic laboratory. A core antigen-specific ELISA has
been developed (Ortho-Clinical Diagnostics, USA), and it was
shown that the core antigen titre correlates well with the HCV
RNA level [45]. Core titres can therefore be used as a marker for
viral RNA replication. However, given the lower sensitivity of
this antigen ELISA compared with RNA detection methods, its
clinical use is somewhat limited.

Determination of the genotype of the infecting virus is an
important parameter for the design of antiviral combination
therapy. Several commercial assays for genotyping are available
that, with one exception (Murex HCV serotyping 1–6 assay;
Murex Diagnostics, UK), are based on analysing viral RNA. One
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assay uses hybridization of amplicons with genotype-specific
oligonucleotides immobilized on strips and colorimetric detec-
tion (InnoLIPA or Versant genotyping assay; Innogenetics,
Belgium). Other assays are based on direct sequence analysis of
amplicons derived from the 5′ NTR and subsequent alignment
with an HCV genotype sequence database (Truegene HCV 5′
NC genotyping kit; Bayer, USA). Finally, a genotyping system
based on multiple real-time PCR amplifications of the 5′ NTR
and part of the NS5B coding region using genotype-specific
primers is commercially available (HCV Geno ASR; Abbott,
USA). All assays can discriminate between the six major 
genotypes but not, or only insufficiently, differentiate between 
subtypes. This is, however, not of clinical relevance, because
decisions for therapy are based on genotypes and not subtypes.
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9.1.2.iii Hepatitis A
Loriana Di Giammarino and Jules L. Dienstag

Definition and virology

Hepatitis A is an acute, self-limited, necroinflammatory disease
of the liver resulting from infection with the enterically trans-
mitted hepatitis A virus (HAV). HAV is a positive-stranded,
non-enveloped, icosahedral, 27-nm RNA virus [1] now
classified as a hepatovirus within the picornavirus family [2].
Unusually resistant to heat, ether and acid, HAV has an RNA
genome of approximately 7500 nucleotides, the protein product
of which is cleaved posttranslationally to yield three protein 
precursors of four capsid viral polypeptides, VP1–VP4. Non-
structural proteins include a viral polymerase and proteases.
Although genomic heterogeneity of up to 25% exists among
virus strains, and although at least seven genotypes have been
identified, all isolates appear to be immunologically indistin-
guishable, i.e. only a single serotype exists [3]. Unlike most of the
human hepatitis viruses, HAV can be cultivated in cell culture
[4]; however, most strains replicate slowly and, unlike many

picornaviruses, HAV is not cytopathic in culture [5]. The entire
genome has been cloned and characterized [6,7].

Although HAV can be detected in stools within 10 days to 
2 weeks after infection, the clinical incubation period, measured
to the onset of symptoms, is approximately 4 (range 2–6) weeks.
During the late incubation period (10–14 days before the onset
of clinically apparent illness), the virus is excreted in the stool,
but faecal excretion wanes rapidly and rarely lasts beyond the
first few days of clinical or subclinical illness [8]; viraemia is very
limited, detectable for a few days towards the end of the incuba-
tion period. The consensus is that HAV replication is limited to
the liver; from the liver, the virus is excreted through the bile
into the intestine and shed in the stool.

Although HAV can be detected in the liver for weeks, and
although circulating HAV antigen can be detected in serum by
sensitive immunoassays for longer than a week after the onset of
clinical illness, infectivity does not extend beyond the first few
days of illness (except when it recurs in ‘relapsing’ cases – see
below). A potential exception to such brief faecal shedding of
HAV has been reported in a neonatal intensive care unit, in
which neonates with hepatitis A were infectious, presumably
shedding faecal virus, for 6 months [9]. Faecal shedding of HAV
persisting for months has also been documented in patients
undergoing liver transplantation for fulminant hepatitis A [10].
Protracted hepatitis A and faecal shedding have not been docu-
mented in immunocompetent persons.

The primary antibody response to HAV, which is of the
immunoglobulin (Ig)M class (IgM anti-HAV), lasts only a few
months and is replaced ultimately by anti-HAV of the IgG class
(IgG anti-HAV). After infection with HAV, IgG antibody remains
detectable indefinitely and correlates with lasting immunity.

History

The illness we categorize today as hepatitis A was probably rec-
ognized during antiquity, but its link to viral infection was not
established until the 1940s [11]. Epidemiological and volunteer
studies during and after the Second World War differentiated
between ‘infectious hepatitis’ and ‘serum hepatitis’ [12] and
established that infectious hepatitis was caused by a filterable
agent, presumably a virus, that had a short incubation period
and was spread predominantly by the faecal–oral route.

Volunteer studies were continued in the 1950s and 1960s
[13,14] and were supplemented by studies suggesting successful
transmission of a viral agent in marmoset monkeys (tamarins)
[15,16]. Ultimately, clinical specimens generated in volunteer
and experimental animal studies provided the reagents that were
used to identify HAV.

In 1973, investigators at the National Institutes of Health,
using immune electron microscopy, found 27-nm virus-like
particles that were aggregated by convalescent but not by pre-
infection serum in the stools of volunteers infected with HAV
[1]. This discovery was followed rapidly by the development of 
serological tests, confirmation of the marmoset model and
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establishment of the chimpanzee as an experimental model, the
cultivation of HAV in vitro in 1979 [4] and the cloning [17] and
sequencing [18,19] of the viral genome [20].

Epidemiology (Table 1)

Mode of transmission

Hepatitis A virus is transmitted in nature almost exclusively by
the faecal–oral route. Although viraemia occurs, it is transient
and does not contribute to transmission of HAV infection
except in very unusual circumstances. As an enteric agent, hep-
atitis A is spread from person to person or is acquired when a
susceptible person ingests food, water, milk, bivalve shellfish,
etc. that has been contaminated with faecal material from an
infected person, occasionally in the context of a food-borne 
outbreak traced to a foodhandler. Indeed, a massive shellfish-
associated outbreak, involving more than 310 000 persons,
occurred in Shanghai in 1988 [21].

Most recently, in 2003, HAV-contaminated green onions,
imported from Mexico to a Pennsylvania restaurant, were the
source of the largest outbreak of food-borne hepatitis A ever
reported in the United States, involving at least 600 persons 
[22]; this report is an example of a series of recent food-borne 
outbreaks linked to ingestion in developed countries (where
immunity is limited) of produce contaminated during harvest 
in developing countries (where water supplies are often contam-
inated with enteric agents).

Poor personal and environmental hygiene foster the spread of
enteric agents such as HAV; both sporadic cases and outbreaks
are common, and efficient intrafamilial spread accounts for 
secondary cases within the household of an infected person.
Because infectivity peaks during the late incubation period, the
risk of transmission is highest for those in contact with a patient
just before clinically apparent illness, rather than for those
exposed to the patient during or after the onset of clinical illness.
Because HAV does not cause chronic infection and is not 
associated with a carrier state, perpetuation of infection within
populations relies upon person-to-person transmission or en-
vironmental contamination; certainly, HAV has been shown 
to remain stable in the environment for many months [23]. 
In temperate climates, hepatitis A tended to occur in seasonal
waves, concentrated in the late autumn and early winter, and 

in epidemic waves cycling every 5–20 years, relying on the emer-
gence of new susceptible populations; however, in developed
countries, the frequency of hepatitis A declined regularly during
the second half of the twentieth century, and these seasonal and
generational cycles are not as apparent. Unexpected outbreaks,
however, continue to emerge in developed countries, as noted
above, fostered by a global economy in which food items that
cannot be heat inactivated are imported from HAV-endemic
countries [24].

Groups traditionally recognized as being at high risk of HAV
infection include travellers from non-endemic to endemic areas,
whose risk has been estimated to be three cases per 1000 trav-
ellers per month [25]; military personnel stationed in endemic
areas; persons working with non-human primates; children,
employees and parents of children in daycare centres; and clients
and employees of institutions for the developmentally disabled
[26,27]. Persons who work as foodhandlers are not considered
to be at increased risk of occupationally acquired hepatitis A 
[28], despite the key role that they may have played in the recent
outbreaks associated with food [29,30]. In daycare centres, hep-
atitis A in the children is so mild that clinical recognition is rare;
outbreaks become apparent when adults exposed to the children,
daycare centre employees and parents become clinically ill [31].
Although the role of sexual transmission is not known, men who
have sex with men have an increased risk of HAV infection [32],
probably through faecal exposure. Similarly, injection drug
users have been found to have an increased risk of HAV infec-
tion, not as a result of percutaneous exposure to contaminated
needles but rather related to poor hygiene. Outbreaks have 
been reported in the past among staff of neonatal intensive care
units, presumably infected by exposure to faecal material from
infected neonates [9], and among recipients of clotting factors
[33]. An outbreak of hepatitis A in oncology patients treated
with interleukin-2 and lymphokine-activated killer (LAK) cells
was attributed to contaminated plasma used to dilute the LAK
cells [34]. Such rare cases in blood-product recipients notwith-
standing, hepatitis A is rarely transmitted by transfusion.
Hepatitis A is rarely, if ever, transmitted perinatally from mother
to offspring, one case report [35] notwithstanding, and health
workers do not have a higher prevalence of infection than that 
of the general population [36].

Distribution within populations

In the United States and other developed countries, HAV
accounts for approximately a quarter of all reported cases of
acute viral hepatitis. Indeed, in the United States, approximately
26 000 cases of acute hepatitis A were reported annually to the
Centers for Disease Control and Prevention during the 1980s
and 1990s. After adjusting for under-reporting and asymp-
tomatic cases, the number of new cases per year during those
decades was estimated to be in excess of 270 000 [37]. During the
last 10 years, however, the rate of hepatitis A declined sub-
stantially and, in 2003, the annual frequency of hepatitis A in 

Table 1 Epidemiology of hepatitis A virus.

Transmission in nature almost exclusively by the faecal–oral route

Percutaneous transmission very rare

Perinatal transmission unlikely

Endemic in developing countries (where infection is predominant in childhood)

Declining in developed countries

Mean age of exposure increasing

Frequency of clinically apparent disease increasing
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the United States fell to the lowest ever recorded, 2.7 cases per 
100 000 persons [38]. Exposure is inversely proportional to
socioeconomic status, and seroprevalence surveys show an
increase in anti-HAV frequencies with advancing age. The most
compelling trend in the prevalence of HAV infection (reflected
by anti-HAV frequencies) has been the regular decline in the fre-
quency of infection in developed countries. When populations
in the United States, western Europe and Australia are evaluated
at intervals a decade apart, overall prevalences and age-specific
prevalences have been documented to fall with each progressive
decade.

In the United States, the most recent survey (Third National
Health and Nutrition Examination Survey, NHANES-III, 
conducted between 1988 and 1994) revealed an anti-HAV pre-
valence of 33% [28], which is 5% lower than the 38% prevalence
detected during the 1976–1980 NHANES-II survey [39] and
12% lower than the 45% prevalence reported in a serological
survey of New York blood donors in 1976 [40]. In Europe, a
north-to-south gradient exists in relative endemicity of hepatitis
A, from negligible in northern Scandinavian countries to more
common in southern Mediterranean countries.

In the United States, the frequency of acute hepatitis A 
was higher in western states as well as in certain populations, 
including Alaskan natives and native Americans [28]; however,
following the 1999 recommendations for childhood vaccina-
tion, the frequency of hepatitis A declined steadily in these
regions/populations to levels approximately equal to those in
other regions and the general population of the US. An increas-
ing proportion of cases now occur among high-risk populations.
For example, the number of cases among men who have sex with
men has increased from 1.5% in 1992 to 8.4% in 2002. Similarly,
the proportion of hepatitis A cases attributed to travel rose from
1.3% (1992) to 9.4% (2002) [27].

Hepatitis A is primarily an infection of childhood, but the
mean age of exposure increases with improvement in the levels
of hygiene and sanitation. Thus, in developing countries, where
HAV is endemic, e.g. Africa, Central and South America, Central
Asia, Southeast Asia and Mediterranean countries, childhood
exposure to HAV is almost universal, and almost all infections,
and consequently immunity, are acquired by the age of 10 years.
In highly developed countries, the overall prevalence of anti-
HAV in the general population may be lower than 20% and the
age of acquisition higher.

As infections in childhood decline, a population of adults
emerges that, having escaped HAV infection in childhood,
remains susceptible into adulthood. As this susceptible popula-
tion matures into adulthood and becomes sufficiently affluent to
travel, imported cases of acute hepatitis A begin to emerge in
non-endemic areas.

Moreover, as infection with HAV becomes less frequent in 
a population, and as cases are shifted from younger to older 
segments of the population, a shift also occurs in clinical presen-
tation. Because infections in young children tend to be subclin-
ical (< 30% jaundiced), whereas infections in adults tend to 

be clinically apparent and even severe (> 70% jaundiced), para-
doxically, as the frequency of hepatitis A infections decreases in 
a population, the occurrence of clinically apparent and severe
cases increases [41,42]. Therefore, in developed countries, cases
of acute hepatitis A sufficiently severe to require hospitalization,
even fulminant cases, are more common today than they were
several decades ago.

Clinical and laboratory features

Clinical features (Table 2)

Infection with HAV may be asymptomatic or may result in acute
hepatitis of variable severity, including fulminant hepatitis.
Although the severity and duration of acute hepatitis A may
vary, hepatitis A does not cause chronic hepatitis, and no hep-
atitis A carrier state exists.

The symptoms and signs of acute hepatitis A are similar to
those for the other types of viral hepatitis. After a clinical incuba-
tion period of approximately 4 weeks (range 2–6 weeks),
patients may experience prodromal, non-specific, systemic
symptoms, such as fatigue, malaise, headache, low-grade fever,
myalgias, arthralgias, nausea and vomiting, loss of appetite,
alteration in gustatory and olfactory senses and weight loss.
Hepatitis-specific symptoms, such as right upper quadrant 
pain, dark urine, jaundice and acholic stools, occur later, as 
the clinical illness peaks. When jaundice is severe, pruritus 
may occur. Physical examination usually reveals mildly tender 
hepatomegaly and, in icteric cases, scleral icterus and jaundice.
Signs of chronic liver disease, such as spider angiomata and
splenomegaly, are rare but can be seen transiently.

Except in fulminant cases, which are very rare (in the order of
1:1000 cases), symptoms and signs subside within several weeks,
after which recovery is complete and without sequelae. Clinical
and laboratory recovery occurs in approximately half of other-
wise healthy young adults within 3 weeks, and the remainder
recover thereafter; rarely, laboratory abnormalities may persist
for months to a year. In a small proportion of cases, fatigue may
be prolonged and outlast all other symptoms, signs and labor-
atory abnormalities.

Laboratory features

Levels of alanine aminotransferase (ALT) tend to exceed those of
aspartate aminotransferase (AST). Values of several hundred

Table 2 Clinical features of HAV infection.

An acute, self-limited illness, with modest morbidity and negligible mortality

Incubation period 2–6 weeks, with a mean of 4 weeks

Occasional variants include cholestatic and relapsing hepatitis

Clinical severity and the likelihood of jaundice increase with age

Fatality rate (fulminant hepatitis) < 1/1000

No long-term sequelae, no chronic hepatitis A, no chronic carrier state
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units are common but, occasionally, ALT and AST levels exceed
1000–2000 units. Elevations in aminotransferase activity tend to
precede elevations in bilirubin, which may continue to climb
even as aminotransferase levels decline.

Elevations in prothrombin time and reductions in serum
albumin are rare, and alkaline phosphatase levels are normal 
or minimally elevated. Transient neutropenia and atypical lym-
phocytosis can occur, and an elevation in non-virus-specific
serum IgM is a common feature, in addition to a mild increase in
total gammaglobulin levels.

Diagnosis

Technically, a diagnosis of acute HAV infection can be made by
demonstrating virus in stools or serum during the late incuba-
tion period; however, faecal shedding and viraemia have usually
subsided by the time a patient presents clinically. In the same
vein, diagnosis by cultivation of HAV in vitro is impractical
because of the long latency of the virus in culture.

Therefore, a diagnosis is made by relying on serological detec-
tion of antibodies to HAV (anti-HAV) (Fig. 1). Antibodies to
HAV appear early during acute illness, even while faecal shed-
ding of virus is still occurring and while serum aminotransferase
levels are elevated. The early antibody response is of the IgM
class, and the presence of IgM anti-HAV establishes the diagno-
sis with 100% sensitivity and a specificity nearly as good, marred
only by rare, confounding, non-specific immunoassay binding
in the presence of rheumatoid factor. As tests for IgM anti-HAV
are configured, this primary humoral immune response remains
detectable for approximately 3 months in most patients, rarely
lasting longer. Thereafter, beginning during convalescence and
persisting indefinitely, IgG anti-HAV predominates and is 
associated with lifelong immunity to reinfection. In patients
presenting with acute hepatitis whose serum contains IgG 
anti-HAV rather than IgM anti-HAV, the current acute hepatitis
is not related to hepatitis A.

Because IgM anti-HAV persists for several months after acute
infection, IgM anti-HAV testing can be used to make a retro-
spective diagnosis, for example in a person suspected as the
source of a food-borne outbreak or in a traveller returning 
after recovery from acute illness.

Pathology

Liver biopsies are almost never indicated in patients with acute
hepatitis A, a self-limited disease. Still, the histological hallmarks
of acute hepatitis A have been described and share the typical
features of all forms of acute viral hepatitis: ballooning of hepa-
tocytes, coagulative necrosis, focal necrosis, portal expansion by
a mononuclear infiltrate, periportal inflammation and Kupffer
cell hyperplasia.

Cholestasis may be present and, in more severe cases, piece-
meal necrosis or interface hepatitis (erosion of the limiting 
plate of periportal hepatocytes) and/or bridging necrosis (cell
dropout that spans lobules) may be observed. Although perip-
ortal fibrosis may be seen in protracted cases, progression to 
cirrhosis has not been documented. When liver tissue is avail-
able, HAV can be localized by immunohistochemical staining to
the hepatocyte cytoplasm [43].

Pathogenesis

HAV replicates predominantly in the liver; although the virus
has been detected by some investigators in extrahepatic sites
such as the gut [44,45] and, although virus replication has been
identified in orally infected monkeys [46], the relative magnitude
of intestinal HAV replication and its importance in the life cycle
of the virus is not known.

HAV is not a cytopathic agent, and the virus is not cytolytic 
in cell culture, having no effect on the rate of host protein 
RNA synthesis [47]. Liver injury is almost certainly mediated 
by cellular immune responses to virus-infected hepatocytes.
Cytolytic T-cell responses have been documented in acute 
hepatitis A [48–50], and T-cell epitopes, potential targets for
cytolytic T cells, have been identified on HAV structural pro-
teins [51].

A reasonable hypothesis is that CD8+ cytolytic T cells 
recognize HAV antigens complexed with hepatocyte cell sur-
face host histocompatibility antigens and participate in the
immunopathogenesis of hepatitis A by attacking and injuring
HAV-infected hepatocytes.

Determinants of severity in acute hepatitis A are not well
characterized. The size of the virus inoculum varies inversely
with the length of the incubation period and does not affect the
severity of acute hepatitis A. Age of infection is an important fac-
tor in the clinical expression of illness; the frequency of clinically
apparent hepatitis increases with age [23]. Studies of candidate
HAV vaccine strains after serial passage in cell culture have
shown that the pathogenicity of the virus can be attenuated, and
such attenuation has been linked to changes at the genome level
[52–54]. Immune complex-mediated extrahepatic manifesta-
tions of acute hepatitis, such as rash (cutaneous vasculitis) and
arthralgias/arthritis, have been reported only rarely in patients
with acute hepatitis A [55,56]. Such manifestations have also
been reported in patients with relapsing hepatitis A (see below)
[55,57].

Serum antibody responses in hepatitis A

Exposure

Total serum anti-HA

IgG anti-HA

IgM anti-HA

HAV
stool
shedding

Illness

Fig. 1 Diagrammatic representation of the clinical, serological, and
virological events that occur in HAV infection.
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Complications

Patients with acute hepatitis A recover completely without 
any lasting sequelae. Neither chronic hepatitis A nor a chronic
hepatitis A carrier state has been demonstrated to exist. In 
addition, recovery from acute hepatitis A is followed by 
lifelong immunity to reinfection. Fulminant hepatitis A, which
occurs rarely, in approximately 1:1000 cases of acute hepatitis 
A can lead to death; based on an estimated (not the reported)
number of deaths per year in the United States, the Centers 
for Disease Control and Prevention estimate a case fatality 
rate of 0.3% [27]. In patients older than 50 years, the case 
fatality rate is higher, 1.8% according to the Centers for 
Disease Control estimate and, in patients with underlying
chronic liver disease, the risk of fulminant hepatitis A is
increased [58].

Two variants of acute hepatitis A merit special attention,
cholestatic hepatitis A and relapsing hepatitis A. Cholestatic
hepatitis A, characterized by persistent jaundice and pruritus,
with marked elevation of bilirubin levels, occurs rarely and can
be misconstrued for extrahepatic biliary obstruction or chronic
cholestatic liver disease. Although symptoms and biochemical
abnormalities may persist for many months and even up to a
year, cholestatic hepatitis A invariably resolves and is followed
by complete recovery. Generally, liver biopsy is not required in
this setting but, when obtained, liver tissue demonstrates pro-
found centrolobular cholestasis as well as more typical portal
inflammation [59].

Relapsing hepatitis A can occur in as many as 5–10% of
patients with acute hepatitis A, usually reflected by an asymp-
tomatic elevation in aminotransferases within weeks to months
after apparent biochemical recovery [57,60–64]. In a propor-
tion of cases, symptoms and jaundice recur during relapse, 
and resumption of faecal HAV excretion has been documented
during relapse [65]. This variant, too, invariably resolves with-
out any chronic sequelae.

Other complications during acute hepatitis A are rare,
although a host of miscellaneous case reports link hepatitis A 
in rare instances to Guillain–Barré syndrome [66], pancreatitis
[67], cholecystitis [68], aplastic anaemia, renal failure [69],
encephalitis [70] and haemophagocytic syndrome [71].

Isolated cases have been described in which autoimmune hep-
atitis (with autoantibodies and substantial hyperglobulinaemia)
followed acute hepatitis A [72–74].

Management

No specific therapy is required for acute hepatitis A or for its
variants, cholestatic hepatitis A or relapsing hepatitis A. Because
the disease is self-limited, specific antiviral therapy is not
required, nor have any antiviral agents been shown to be 
clinically effective in hepatitis A. Management remains supportive,
and hospitalization is rarely required, except for patients with
other concurrent, serious medical problems, those who cannot

maintain oral intake or those with incipient liver failure (e.g.
coagulopathy, mental status changes).

Bedrest, restriction of physical activity or dietary restrictions
are of no benefit [75], but abstaining from alcohol is a reason-
able, common-sense approach, albeit one that has not been
proven in clinical trials. Corticosteroids are not helpful and
should be avoided. For the systemic symptoms of acute hepa-
titis A, patients may be instructed to take paracetamol or 
non-steroidal anti-inflammatory drugs in moderation; rarely,
cholestyramine is required to manage severe pruritus. In
patients with fulminant hepatitis A, meticulous, intensive 
supportive care is the only available intervention, short of 
liver transplantation. In a case report involving four patients
with fulminant hepatitis A, interferon-β was administered and 
followed by recovery [76], but up to 80% of patients with 
fulminant hepatitis A managed with supportive care have been
reported to survive. Both management of fulminant hepatitis
and liver transplantation are addressed in other chapters in this
volume.

Prevention

In areas of the world where hepatitis A is endemic, control of
hepatitis A requires societal improvements in environmental
hygiene, including a clean, safe water supply, adequate disposal
of waste and improvements in living conditions. Although 
hepatitis A vaccines are now available in developed countries,
simple, common sense hygienic measures such as handwashing,
special training for foodhandlers, etc. play a role in limiting the
spread of hepatitis A. Because HAV is spread by close person-to-
person contact, no special precautions are required for class-
mates and co-workers of patients with acute hepatitis A.

Similarly, universal precautions currently practised in hos-
pitals, clinics and physicians’ offices are sufficient to prevent
nosocomial hepatitis A; therefore, additional, cumbersome 
isolation in a private room as well as the use of gowns and 
gloves are not required. Travellers to endemic areas should
avoid tap water and uncooked food and drinks potentially con-
taminated with water (salads, ice in drinks).

Currently, both passive immunization with immune globulin
and active immunization with inactivated vaccines are available
for prophylaxis against HAV infection. Active immunization
with hepatitis A vaccine is discussed in Chapter 9.1.3.i.

Passive immunization

Before hepatitis A vaccines were developed, prophylaxis against
hepatitis A relied upon passive immunization with immune
globulin, prepared from large plasma pools, inactivated by cold
ethanol fractionation and invariably containing anti-HAV. Cold
alcohol fractionation has been shown to yield a safe product, 
free of infectious agents, including human immunodeficiency
virus (HIV). Although the minimum protective concentration of
anti-HAV in immune globulin is not known, all contemporary
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lots of immune globulin contain sufficient anti-HAV (at least
100 IU/mL) to be protective. The efficacy of immune globulin
was first demonstrated in an outbreak at a summer camp in 
1944 [77] and confirmed in large-scale studies among American 
soldiers serving in Europe during the Second World War [78], 
as well as in persons residing in institutions for the mentally
handicapped [79].

Now that hepatitis A vaccine has widely replaced immune
globulin for pre-exposure prophylaxis, the role of immune 
globulin has been confined to postexposure prophylaxis or for
passive pre-exposure immunization in pregnant or lactating
women and immunosuppressed persons.

Until very recently, in the United States, immune globulin
was also recommended for protection against hepatitis A in 
children younger than 2 years; since October 2005, the Advisory
Committee on Immunization Practices (ACIP) of the United
States Public Health Service has recommended that all children
between the ages of 1 and 2 years receive a two-dose vaccination
against hepatitis A virus [80].

In some settings (e.g. in a traveller who does not have
sufficient time before embarking to complete a course of 
hepatitis A vaccine and who expects to travel for an extended
period or to travel frequently in the future), a combination of
passive immunization with immune globulin plus active immu-
nization with hepatitis A vaccine, at different sites of administra-
tion, is suggested [19]. Although levels of anti-HAV following
combination passive and active immunization may be lower
than those achieved after vaccination alone [81], for all practical
purposes, the two types of immunization do not interfere 
with the efficacy of the other. Immune globulin is not known to
interfere with any other killed vaccines either but can interfere
with immune responses to live, attenuated vaccines; therefore,
administration of such live, attenuated vaccines should be
delayed for 5 months or longer after immune globulin admin-
istration [28]. When given pre-exposure, immune globulin is
administered intramuscularly at a dose of 0.02 mL/kg for brief
expected exposures (1–2 months, such as for recreational travel)
or 0.06 mL/kg for longer exposures (3–5 months). For pro-
longed exposure, repeat injections of immune globulin at 5- to
6-month intervals were recommended; however, the need for
repeat immune globulin injections has been supplanted by the
availability of hepatitis A vaccine. When administered within 
2 weeks of exposure, immune globulin has been shown to be 
at least 85% effective in preventing acute hepatitis A [25]. Levels
of measurable anti-HAV are low or undetectable after passive
immunization, and protection lasts for several months [82].

The earlier after exposure that immune globulin can be 
given, the more effective it is likely to be. When administered
sufficiently early after exposure, immune globulin prevents
HAV infection entirely; however, if administration is delayed
into the late incubation period, immune globulin may not abort
infection entirely but, instead, attenuate it and render the infec-
tion clinically inapparent. Consequently, longlasting immunity
resulting from subclinical infection occurs, rather than transient

protection resulting from passive immunization, i.e. ‘passive–
active’ immunity. Such postexposure prophylaxis should be
given as soon after the exposure as possible (without prior anti-
HAV testing, which would delay immunization unnecessarily
and would add substantial expense) to household, sexual and
institutional contacts of patients with acute hepatitis A; how-
ever, prophylaxis is not necessary for casual contacts (e.g. 
classmates, office and factory co-workers, hospital employees).
Immune globulin has been given routinely to persons exposed
to HAV in common-source (e.g. food-borne) outbreaks; how-
ever, by the time such outbreaks are recognized, a full incuba-
tion period has elapsed, and prophylaxis may be too late to
prevent infection. On the other hand, prophylaxis this late may
attenuate clinical illness in some recipients and/or potentially
limit the number of secondary cases (Table 3).
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9.1.2.iv Hepatitis B
Geoffrey M. Dusheiko

Definition

Type B hepatitis is caused by the hepatitis B virus (HBV), a
small, enveloped DNA virus that infects the liver causing hep-
atocellular necrosis and inflammation [1]. HBV infection can 
be either acute or chronic, and can range in severity from being
asymptomatic to severe and symptomatic with progressive and
even fatal illness.

Acute hepatitis B is defined as a self-limiting disease marked
by acute inflammation and hepatocellular necrosis in associa-
tion with a transient HBV infection. Chronic hepatitis B is
defined as persistent HBV infection accompanied by evidence of
hepatocellular injury and inflammation; the diagnosis is based
upon the finding of abnormal concentrations of serum amino-
transferases and hepatitis B surface antigen (HBsAg) in serum
for 6 months or more. Chronic hepatitis B can enter a phase of
remission with an improvement in serum aminotransferases
despite the persistence of HBsAg [2]. However, these patients
are at risk of reactivation of active hepatitis. Patients may ulti-
mately develop cirrhosis, portal hypertension and hepatocellu-
lar failure. A proportion also develop hepatocellular carcinoma
as a result of chronic HBV infection.

Introduction

After the identification of HBsAg, hepatitis B was clearly linked
to the development of cirrhosis and hepatocellular carcinoma.
Subtypes of HBsAg were described [3], the virus and subviral
particles were identified in serum, a nucleocapsid core protein
(HBcAg) and an associated DNA polymerase activity were
described, and the genome of the virus was isolated and charac-
terized as a small, circular molecule of DNA [4]. The identifica-
tion of HBV led to the development of vaccines using HBsAg
isolated from the serum of chronic carriers [5].

By 1978, the genome of the HBV had been cloned, and four
open reading frames delineating the four gene products of 
HBV were identified [6]. Furthermore, identification of animal
viruses resembling human HBV [7] led to the characterization
of the replication cycle of this family of viruses, the so-called
hepadnaviruses.

The virus exists as a 42-nm, double-shelled particle found in
serum (see Chapter 9.1.2.i). HBV has an outer envelope com-

ponent of HBsAg and an inner nucleocapsid component of
HBcAg. In addition to actual virions, incomplete viral particles,
20-nm spheres and tubules, which consist entirely of HBsAg
without HBcAg or nucleic acid, are present in serum and out-
number virions. HBsAg can also be detected in the liver. The
nucleocapsid HBcAg is not found free in serum, but inside HBV
virions. HBV DNA can be detected in serum and can be used to
monitor viral replication. Hepatitis Be antigen (HBeAg), unlike
HBsAg and HBcAg, is not particulate, but rather is detectable as
a soluble, 17-kDa protein in serum. HBV replicates largely in the
liver (see Chapter 9.1.2.i).

Transmission

Infection with HBV is a common problem worldwide [8].
Chronic hepatitis B is relatively uncommon in industrialized
nations, affecting 1% or less of persons. In contrast, in undevel-
oped nations, HBV infection is an almost universal infection of
childhood, and the HBsAg carrier state affects 5–15% of adults.
Worldwide, approximately 5% of the population has chronic
HBV infection, an estimated 300 million individuals. The ratio
of males to females is usually between 1.5 and 2:1. The source of
most HBV infection is probably exposure to blood secretions
from chronic carriers. HBsAg carriers vary in their infectivity
from less than 10 to more than 108 virions/mL of plasma.
Patients with HBeAg in addition to HBsAg generally have 106

virions/mL and higher infectivity. However, anti-HBe-positive
persons have virus in lower titre so that a larger volume 
exposure is necessary.

HBV has been transmitted by transfusion with HBsAg-
negative, anti-HBc-positive blood, representing low levels of
infection below the level of detection of HBsAg. HBV DNA 
has been detected in patients after clearance of HBsAg after the
resolution of acute or chronic hepatitis B [9]. While HBsAg can
occasionally be found in urine, breast milk, vaginal secretions,
cerebrospinal fluid, sweat, tears, bile and faeces, the amounts 
are low.

The usual mode of transmission of hepatitis B is parenteral 
or percutaneous exposure such as blood transfusions, the use 
of unpasteurized plasma products, needlestick accidents and
injections with unsterilized instruments such as in tattooing,
acupuncture, ear piercing or dentistry. Outbreaks of nosocomial
HBV infection have been ascribed to gynaecological surgery or
dentistry. Recently, transmission from HBeAg-negative, HBV
DNA-positive surgeons has also been reported. Hepatitis B 
from transfusion has become rare since the introduction of 
routine screening of blood donors for HBsAg. Routine nucleic
acid testing of blood for anti-HBc (which was introduced as 
an indirect means of eliminating non-A, non-B hepatitis) 
may further decrease post-transfusion hepatitis B, but many
countries have chosen not to include anti-HBc screening.
Intravenous drug abuse is an increasing cause of hepatitis B 
in many areas of the world. Contaminated drug paraphernalia is
often shared.
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Careful investigation of cases of acute or chronic hepatitis B
does not always uncover a potential parenteral source of trans-
mission. In most developed countries of the world, the major
mode of spread is probably sexual. This accounts for the very
high rate of hepatitis B among male homosexuals and in promis-
cuous heterosexuals. Sexual spread of hepatitis B among hetero-
sexuals also appears to occur, both female to male and male to
female. Non-sexual intrafamilial spread is best described as
inapparent parenteral spread, the vehicle perhaps being saliva,
blood-tinged fluid and fluid from open sores, skin lesions or
scratches. Thus, the non-sexual spread of hepatitis B in families,
and particularly among small children, as appears to occur in
underdeveloped areas of the world, is partially unexplained. The
possible role of biting insects cannot be dismissed. Other cul-
tural practices, such as tribal and witch doctor scarification and
acupuncture, may spread hepatitis B. A splash of blood in the eye
may also transmit the infection.

Perinatal spread is an important mode of transmission of 
hepatitis B. Newborns of mothers who are HBeAg positive are
likely to develop HBV infection. The onset of infection is usually
3 months after birth. The acute phase of infection is typically
mild, not associated with apparent illness and accompanied by
minimal abnormalities in aminotransferases. However, infec-
tion during the neonatal period almost always leads to chronic
infection. Maternal–infant spread is an important means by
which this virus infection was sustained in populations prior to
vaccination. Mothers with HBeAg in addition to HBsAg are the
most infectious and, without vaccination, spread the chronic
infection to their newborns in over 90% of cases.

Epidemiology

Low- (less than 2% of the population infected), intermediate-
(2–8%) and high-prevalence (more than 8%) areas of hepatitis
B infection are recognized. The disease is endemic in several
regions: these include the Far East, more than 40 countries in the
Pacific region and also large parts of Asia and sub-Saharan
Africa. The disease is also prevalent in South America and in a
number of foci in other regions, for example eastern Europe and
the Arctic.

Some areas have an intermediate endemicity and appear to be
in a state of transition from high to low. In some countries, such
as Japan, countries of eastern Europe and in South America, the
carrier rate among adults is 1–5%, and infections occur in both
adults and children. In southern Europe, the incidence of HBV
infections has consistently declined in the last decade.

The two extremes of endemicity could probably be accounted
for in a prevaccination era by two separate major patterns of
HBV transmission. In highly endemic areas, without vaccina-
tion, HBV was spread first by maternal–infant transmission,
creating a cohort of children with chronic hepatitis B who were
highly infectious. In turn, this pattern of childhood infection
determined a high rate of chronic infection. Because infection
occurred in childhood, the carrier rate was high, and the pool 

of infected individuals was sustained to the next generation.
Because disease complications occur only after decades of
chronic infection, the infectious carriers had offspring and con-
tinued the cycle of infection. Horizontal transmission, that is
child–child, was equally important. In endemic areas in Africa,
the prevalence in children is quite low at 1 year of age but increases
rapidly thereafter and, in many countries in this region, the
prevalence reaches a peak in children of 7–14 years of age.

Infection of neonates at birth from their infected mothers 
was common in the Far East and China, whereas horizontal
transmission from child to child was more common in Africa
[10,11]. The patterns of transmission are related to the higher
prevalence of HBeAg and, hence, higher infectivity in Chinese
(40%) compared with African mothers (15%).

In areas of low endemicity, hepatitis B is a disease of adults,
typically those who are in high-risk occupations or have high-
risk habits such as drug abuse or sexual promiscuity. Hepatitis B
in adults more frequently leads to acute, icteric hepatitis and
rarely causes chronic hepatitis. Epidemiological characteriza-
tion of cases suggests that most are attributable to drug abuse,
heterosexual contact, transfusion and occupational exposure.
These percentages have been changing over time, probably 
due to the initiation of vaccination programmes, the growth of
drug abuse as a social problem and changes in high-risk sexual
practices by homosexual men. These rates will begin to change
now that HBV vaccine is available and recommended for these
groups. Behavioural changes because of concerns about acquired
immunodeficiency syndrome (AIDS) have been influential.
Epidemiological studies of the last decade indicate that the
reported rates of hepatitis B infection have significantly declined
or are declining in western and northern Europe and the United
States; the decline is the result of a number of factors, including
safer sexual practices, behavioural changes, safe needle practices
and vaccination but not as a result of widespread adoption of
immunization, blood-screening refinements and the use of
viral-inactivated blood components. Treatment may have reduced
the infectivity of a proportion of carriers. Universal rather than
selective vaccination has been more advantageous [12].

Changing patterns of HBV infection

In parallel with the decline in the prevalence of HBV, the 
virological pattern of chronic hepatitis B is changing in the
developed world and in parts of the developing world. A few
decades ago the disease was characterized primarily by the 
wildtype HBV virus prototype, capable of secreting HBeAg.
However, in recent years the prevalence of HBeAg-positive rela-
tive to HBeAg-negative infection has diminished and a substan-
tial proportion of HBV infections are now characterized by HBV
mutants unable to secrete HBeAg. The predominant mutation
in HBeAg-defective HBV in the Mediterranean area is a point
mutation at nucleotide 1896 in the pre-core region that converts
codon 28 from a tryptophan residue to a stop codon (so called
pre-core mutants) [13,14]. The most frequent mutation in the
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basic core-promoter region is a double T to A and an A to G 
substitution at nucleotides 1762 and 1764, respectively, which
reduces pre-core mRNA levels [15,16]. The two types of muta-
tion can occur separately or together and can independently
prevent the expression of HBeAg, through transcriptional inhi-
bition in the case of basic core-promoter mutations or through
translational inhibition in the case of pre-core mutations. 

The 1896 stop codon mutant is associated with HBV geno-
types harbouring a T at position 1858 (genotypes B, D, E and
some of the genotype C and F strains); within these genotypes,
the generation of the G to A mutation at nucleotide 1896 stab-
ilizes the secondary structure of the encapsidation signal loop
and the resulting mutants are viable [17]. In contrast, in geno-
types A and some of genotype C and F strains, the presence of C
at nucleotide 1858 would significantly reduce the possibility for
G to A 1896 variants to be selected, because of lower replication
fitness.

In the Asian Pacific area, the Mediterranean basin and North
America/northern Europe, 15%, 33% and 14%, respectively, 
of HBsAg-positive infections currently exhibit the HBeAg-
negative phenotype and, among HBeAg-negative HBV carriers
from these areas (whether or not positive for anti-HBe), 36%,
24% and 22%, respectively, suffer from chronic hepatitis B [18].
These estimates would suggest that at least one-fifth of the
HBsAg-positive population is HBeAg-negative in the various
areas of the world [18]. 

Studies from clinical centres have shown that, in the Asian
Pacific region, about 50% of chronic hepatitis B cases are
infected with HBeAg-negative HBV, with a prevalence ranging
from 45% in mainland China to 69% in Hong Kong [18,19].
Prevalence rates are distinctly higher in the Mediterranean
basin, ranging from 63% in Spain to as high as 86% and 90.5% in
Greece and Italy respectively [20,21]. Data are more variable in
the few clinical series examined in northern Europe and North
America, with only 9% and 22% of chronic hepatitis B cases
being HBeAg-negative in the US, but with as many as 67% and
84% in Sweden and Germany respectively [21]; in France, the

prevalence of HBeAg-negative chronic hepatitis B has increased
from 22% in 1994 to 72% in 2005 [22].

Studies in Japan found the prevalence of mutant HBV in
patients with chronic hepatitis B to range from 58% [23] to 
83% [24], and in Korea [25] to be 38%. In that country, mutants
were detectable in 86% of the patients with chronic hepatitis 
B-related hepatocellular carcinoma for whom DNA sequencing
was possible. In India, 15% of chronic hepatitis B carriers were
found to have mutant infection [26].

The median prevalence of pre-core variants in HBeAg-
negative chronic hepatitis B was 50% (range 19–100%), 92%
(range 67–100%) and 24% (range 0–53%), respectively, among
patients in the Asian Pacific, Mediterranean and US/northern
Europe regions and the median prevalence of basic core-pro-
moter variants was 77% (range 59–98%) in the Asian Pacific.

Classification of HBV infections

The clinical outcome of HBV infection is the result of the level of
replication attained by HBV and the efficacy of the host immune
response against it. Upon exposure to HBV, individuals with a
vigorous and broad immune response to the virus develop an
acute self-limited infection which may result in acute hepatitis;
an aberrant response can lead to fulminant hepatitis. Individuals
who do not mount a broad and vigorous immune response do
not clear the virus but develop persistent infection and become
carriers of HBsAg. Chronic HBsAg carriers exhibit three clinical
patterns (Fig. 1) [27–29]. A minority are immune tolerant and
have subclinical or mild disease despite high replication of the
virus; HBV DNA levels are elevated, typically > 105 copies/mL
and alanine aminotransferase (ALT) levels are normal. The 
second pattern is that of active infection, i.e. sustained high
replication of HBV, to which the host mounts an unsuccessful
immume response. This response is unable to clear the virus 
but sustains its partial clearance with continuing inflammatory
activity; HBV DNA levels are above 105 copies/mL, ALT 
levels are abnormal and liver disease is present on histological

Immune
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Normal/mild Active Normal

’Active’ ‘Inactive’
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+

+

–
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+/+

+/–
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Fig. 1 Classification of HBV infections. 
aExpert opinions on this value vary. 
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investigation. Active infections can be due either to infection in
which wild-type HBeAg-positive HBV is predominant (chronic
HBeAg-positive hepatitis B) or to infections in which mutant
forms of HBV unable to secrete the HBeAg are predominant
(chronic HBeAg-negative hepatitis B). Because the molecular
identification of disease-specific mutations requires laborious
genotyping, in practice, the lack of HBeAg together with the
finding of HBV DNA > 104 copies/mL has become synonymous
with mutant HBV infection without the need for further deter-
mining the precise viral sequence. The third pattern is that of
inactive HBV infection, i.e. diminished HBV replication. Levels
of HBV DNA are below 103–4 copies/mL; the low level of viremia
may denote immunological control; these individuals have 
normal levels of ALT.

These three phases are not static and can change one into the
other; immunotolerant subjects may apparently develop a break
in tolerance and develop active disease, carriers with inactive
disease may develop active disease and high ALT levels, and vice
versa, active disease may revert to inactive quiescent disease with
no or minor disease upon therapy or spontaneously.

A fourth profile, of yet uncertain clinical significance, is occult
HBV infection [30–34]. It is characterized by the persistence 
of HBV DNA in the liver tissue (± serum) of HBsAg-negative
individuals. Recent evidence indicates that this particular form
of HBV infection may be present not only in individuals with
circulating anti-HBs and/or anti-HBc, but also in subjects neg-
ative for all HBV markers [35–37]; it may sometimes be associ-
ated with mutant viruses undetectable by commercial HBsAg
assays [38]. The molecular bases of occult HBV infection appear
to be related to the long-lasting persistence in the nuclei of 
the hepatocytes of the HBV cccDNA, an intermediate form of
the virus life cycle that serves as template for gene transcription
[39–41].

Occult HBV infection may have several clinical impacts. It is
probably the main mechanism for the rare cases of transfusion-
transmitted type B hepatitis that are still occasionally reported
[42] and it may provoke HBV infection in recipients in cases of
liver or other organ transplantation [43]. The development of 
an immunosuppressive status (for instance, chemotherapeutic
treatments or HIV infection) may induce reactivation of occult
HBV with the development of an acute hepatitis B that may have
a fulminant course [44,45]. It is not certain whether occult HBV
infection may by itself induce clinically significant chronic liver
disease. Some studies have indicated its possible association also
with cryptogenic liver disease [46] and with cirrhosis in chronic
HCV carriers, suggesting that it might favour or accelerate the
progression of the chronic hepatitis C [41]. There are data sug-
gesting that occult HBV infection may also be a major risk factor
for the development of hepatocellular carcinoma [47,48].

Pathogenesis

Hepatitis B is marked by necrosis of hepatocytes and an accom-
panying lymphocytic infiltrate. In acute hepatitis, the injury 

is diffuse, necrosis of individual cells is prominent, there is gen-
eral cellular unrest, and inflammatory cells are found in the
parenchyma and portal areas. Although serious or even fatal
hepatitis may occur as a result of acute hepatitis B, the optimal
outcome is eradication of infected hepatocytes, curtailment of
viral replication and rapid hepatic regeneration. This process
may occur in the absence of jaundice and symptoms. However, a
proportion of patients exposed to HBV do not clear HBsAg but
progress to chronic hepatitis. In chronic hepatitis, the cell injury
and unrest are less severe, tend to be periportal, and focal and
inflammatory cells are predominantly portal.

While acute and chronic infection are undoubtedly due to the
viral infection, the nature and pattern of infection suggest that
immunological factors are important [49,50].

In acute hepatitis B the cellular immune response is complex
[49,50].

After acute hepatitis, low virus levels persist for decades after
resolution of disease. Viral persistence is associated with the
long-term persistence of CTL activation markers that maintain
CTL response for life [51–54].

Recovery from acute hepatitis is thought to involve destruc-
tion of infected cells by CTL and NK cells, and apoptosis [55].
This killing is a T cell-dependent process.

Experiments to ascertain the relative contribution of CD4 and
CD8 lymphocytes suggest that in CD8-depleted chimpanzees
that CD8 T lymphocytes are the main effectors of viral clearance
[56,57]. CTL recognition triggers apoptosis by physical engage-
ment of CTL. Activated cells may produce inflammatory
cytokines, especially interferon gamma, alpha, beta and TNF, 
to activate intracellular antiviral events that interrupt HBV
infection. The inhibitory action of these cytokines implicates 
a non-cytolytic mechanism by which antigen-nonspecific
immune responses in part regulate HBV replication in infected
hepatocytes [58–60].

The elimination of virus-infected hepatocytes is dependent
on the recognition of viral determinants in association with
HLA proteins on the infected cells by cytotoxic T cells. In acute
disease, a polyclonal and vigorous cytolytic T-cell response can
occur [61]. HLA-restricted epitopes from the core, envelope 
and polymerase and, in particular, several HLA-A2-restricted,
cytotoxic T-cell epitopes have been defined [51,62] The HBcAg
epitope located between core amino acids 50–69 is most com-
monly recognised by class II-restricted lymphocytes in patients
with acute hepatitis B [63]. Patients with acute, self-limiting
hepatitis B also develop a polyclonal, HLA class I-restricted,
cytotoxic T-cell response against numerous epitopes in the HBV
envelope, nucleocapsid and polymerase proteins [49, 64].

HBV-specific T-cell responses are very weak or totally un-
detectable in the peripheral blood of patients with long-lasting
chronic hepatitis B [65–67]. The persisting ineffective immune
response appears to be responsible for liver damage. Chronic
HBeAg-positive disease is not infrequently accompanied by
acute exacerbations that lead to downregulation of HBV DNA, 
a decline in HBV DNA and seroconversion to anti-HBe. The
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trigger to these exacerbations could conceivably involve a
significant alteration in T-cell responsiveness to HBV. Available
data suggest, therefore, that clonal deletion of T cells does 
not occur, albeit that antigen-specific T-cell responsiveness is
difficult to discern in HBeAg-positive patients.

Varying levels of HBV replication may be found during
chronic infection, but there is a spectrum of disease in patients,
ranging from minimal hepatitis to rapidly progressive liver
injury and cirrhosis. Patients with the highest concentrations of
virus in liver and serum may have the mildest disease. These
findings suggest that HBV is not cytopathic and that failure of
clearance (establishment of chronic infection) is due to a failure
of an adequate immune response. Chronic disease is unusual in
patients with acute icteric hepatitis B, whereas the majority of
cases of chronic hepatitis will not have been preceded by an
episode of clinically apparent, icteric hepatitis, suggesting that
the clearance of HBV requires a hepatitic illness.

The propensity to cause chronic infection is a property of 
hepadnaviral infections, particularly in those mammalian or
avian hosts affected early in life. There is an inverse relation
between age at infection and the probability of chronic disease.

In neonates, specific suppression of the cell-mediated immune
response may favour infection, perhaps because of exposure to
HBeAg inducing tolerance to epitopes that are usually the target
of the cytotoxic T-cell response at a time when the immune 
system is ontogenically ‘immature’. Clonal deletion of HBV-
specific T cells may occur as as a consequence of transplacental
infection of the developing fetus or transplacental passage of
viral antigens. In murine transgenic experiments, non-transgenic
progeny of HBeAg-positive transgenic mothers are known to 
be tolerant to both HBeAg and HBcAg at the T-cell level, per-
haps owing to the thymic deletion of major histocompatibility
complex (MHC) class II-restricted, HBV nucleocapsid-specific,
helper T cells as a result of transplacental exposure to HBeAg
[68].

In contrast with the vigorous, polyclonal, class I- and class 
II-restricted T-cell response that can be identified in patients
with acute icteric hepatitis B, in chronic disease the HLA class 
II-restricted response in peripheral blood is relatively weak and
focused (oligoclonal), and insufficient to clear replicating virus.

Mutations abrogating recognition of wild-type hepatitis B 
in patients infected by variants have been recognised. Natural
variants of the HBcAg 18–27 core epitope that interfere with
recognition of the wild-type epitope and act as T cell-receptor
antagonists have been identified in two patients with chronic
hepatitis [69]. This antagonism could lead, in theory, to an active
inhibition of epitope recognition at T cell-receptor contact sites.

The mechanism of the immunological defect in otherwise
healthy adult carriers is imprecisely understood. A B-lymphocyte
defect may explain an impaired synthesis of anti-HBs after
induction by non-specific mitogens; in vitro synthesis of anti-
HBc and immunoglobulin remain normal in chronic carriers
[70]. The high concentrations of HBsAg in the serum may lead
to a state of tolerance.

Although the frequency of occurrence of HBV-specific, cyto-
toxic T-lymphocyte precursors is greatly diminished in the
peripheral blood of chronically infected patients, such cells are
nonetheless present at very low concentrations in the periphery
and in the infected liver [67, 71–73]. This could explain both 
the continuing, indolent liver injury and exacerbations of the
disease.

Acute hepatitis B

Acute hepatitis B resembles other forms of acute hepatitis clini-
cally and cannot be distinguished by history, physical examina-
tion or routine serum biochemical tests. The course is divided
into the incubation period, preicteric, icteric and convalescence
phases. From the incubation period to the onset of symptoms or
jaundice it averages 75 days (range 40–140 days).

The onset of hepatitis B is typically insidious, with non-
specific symptoms of malaise, poor appetite, nausea and pain in
the right upper quadrant. With the onset of the icteric phase,
symptoms of fatigue and anorexia typically worsen. Jaundice
can last from a few days to several months, the average being 2–3
weeks. Itching and pale stools may occur. Weight loss of 2–10 kg
is typical. The convalescent phase of hepatitis B begins with the
resolution of jaundice. Fatigue is generally the last symptom to
abate and may persist for many months into convalescence.

The physical signs of typical acute hepatitis B are not pro-
minent. Variable degrees of jaundice are present. The only 
other common physical finding in acute hepatitis B is a mild 
and slightly tender hepatomegaly. Mild enlargement of spleen 
or lymph nodes occurs uncommonly. Wasting, ascites, oedema,
palmar erythema and prominent spider angiomas should sug-
gest the presence of chronic liver disease.

As in other forms of acute hepatitis, the serum alanine and
aspartate aminotransferases are usually markedly elevated and
to the same extent (10- to 50-fold). The serum alkaline phos-
phatase and lactic dehydrogenase are usually only mildly ele-
vated (less than threefold). The bilirubin is variably increased, in
both direct and indirect fractions. Serum albumin rarely falls
except with protracted severe disease. The prothrombin time
can increase and is the most reliable marker of severity of injury.
Blood counts do not usually change unless the disease is pro-
longed or fulminant. Various autoantibodies can appear during
the course of acute hepatitis B, most typically to smooth muscle.

The results of serological testing provide the means for 
diagnosis of hepatitis B. The course of a ‘typical’ case of acute
hepatitis B is shown in Figure 2. Tests for HBV DNA in serum
are the most direct markers for assessing viral replication. The
polymerase chain reaction technique for the detection of DNA
has been adapted to the detection of HBV DNA in serum and
liver. This technique is capable of detecting as few as 50–100
viral genomes per sample. In a number of patients with acute
hepatitis B, the serological course may be atypical; these patients
clear HBsAg rapidly and are negative for this viral marker when
first seen by the physician. The diagnosis of acute hepatitis B can
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be made in these circumstances by detection of IgM anti-HBc,
which is present in high titres.

In a small proportion of patients with acute hepatitis B, the
disease may worsen over 1–3 months, with increasing jaundice,
deteriorating coagulation, ascites, bleeding and encephalopathy.
The serum aminotransferases may paradoxically improve as the
disease worsens. Submassive hepatic necrosis, as the disease is
also known, is more common in patients older than 40 years.
Histopathological examination may reveal bridging or massive
hepatic necrosis. The prognosis is poor.

Fulminant hepatitis refers to a clinical condition with 
rapid onset and development of acute hepatic failure, with
encephalopathy, coma and death in more than 70% of cases.
Fulminant hepatitis B is also an atypical course for this infection,
occurring in less than 1% of icteric cases. Hepatitis D coinfec-
tion may predispose to fulminant hepatitis. The prevalence is
approximately 2/1000 icteric cases. The mortality varies with the
age of the patient. The onset of symptoms may also be insidious.
Morphologically, the liver shows massive multilobular or bridg-
ing necrosis. The development of hepatic encephalopathy is 
the clinical criterion used for diagnosis of fulminant hepatitis.
Encephalopathy may first be manifested by a subtle change in
personality, abusive or violent behaviour, confusion or extreme
lassitude. With progressive disease, stuporousness and then
coma develop. Jaundice deepens progressively. With protracted
disease, ascites may appear. Serum aminotransferases, while
high at the onset of disease, may fall as the patient deteriorates.
Serum bilirubin rises and albumin falls progressively. Most 
ominous, however, is a progressive rise in the prothrombin
time, reflecting decreases in coagulation factors synthesized by
the liver, particularly factors V and VII. Typically, in fulminant
disease, HBV DNA and HBeAg become undetectable as hepatic
failure supervenes. The pattern of serological markers during
the course of fulminant hepatitis B suggests that this outcome is
due to a sudden and extreme immunological response to HBV
infection.

Chronic hepatitis B

The persistence of abnormal ALT activity for more than 6
months after the onset of acute hepatitis B is indicative of disease
progression, and is usually accompanied by serological evidence
of continued infection.

Prospective studies conducted by several groups have observed
that 5–10% of adults exposed to the HBV may develop chronic
type B viral liver disease [74]. The proportion of symptomatic
patients who develop chronic liver disease after acute hepatitis B
may be lower than this. In contrast, 90% of neonates infected
perinatally will develop chronic hepatitis B. The incidence in
children is inversely related to the age of onset. Males are more
likely to become chronic carriers than females. Chronic hepatitis
B is rather variable in its clinical course, presentation, progres-
sion and outcome. Two forms can be distinguished.

HBeAg-positive chronic hepatitis B

HBeAg-positive disease is typically associated with high levels of
HBV replication for a prolonged period of time. The disease is
found in young individuals with chronic hepatitis B, who have
high levels of HBV DNA (usually > 107 copies/mL) in serum.
Early on they may have been ‘immunotolerant’ of the disease,
with normal serum aminotransferases (ALT), and have devel-
oped the ALT increase disease (‘active infection’) at a later stage.
Spontaneous seroconversion rates are higher in patients with
raised levels of ALT and genotype B (vs. C) and genotype D 
(vs. A) of HBV. The disease is not infrequently acquired in early
childhood or the neonatal period in endemic areas. Patients may
have normal or near normal ALT levels for decades, with little
necroinflammatory disease. Importantly, patients with normal
serum ALT levels and high circulating concentrations of HBV
DNA display profound peripheral immunological tolerance. It
is difficult to discern antigen-specific T cells in blood or in the
liver. Treatment of these patients remains difficult, probably 
for this reason. These individuals are poor responders to inter-
feron therapy and poor short-term responders to nucleoside 
or nucleotide antiviral drugs. Spontaneous seroconversion rates
remain low in this group.

HBeAg-negative, anti-HBe-positive disease

This form of chronic hepatitis B is characterized by the absence
of HBeAg in serum as a result of genotypic changes preventing
expression of HBeAg. Viral replication continues and patients
show an active disease course characterized typically by fluctua-
tions in levels of HBV replication and, not infrequently, fluctua-
tions in levels of serum ALT. These patients are HBsAg-positive
and anti-HBe positive. HBV DNA concentrations are typically 
> 105 copies/mL but < 107 copies/mL. Liver biopsy shows necro-
inflammation and varying stages of fibrosis. Sustained antiviral
responses are difficult to achieve with this group after both inter-
feron and nucleoside analogue therapy.

0 1 2 3 4 5 6 12 24
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HBV DNA

HBeAg

ALT

Jaundice
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Anti-HBs

IgM anti-HBc
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Fig. 2 Serological course of acute hepatitis B. ALT, alanine
aminotransferase; PCR, polymerase chain reaction.
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Only a small percentage of patients with chronic infection
give a history of acute hepatitis or jaundice. Thus, for the major-
ity of patients with chronic hepatitis B, the time of onset is
unknown, a circumstance that is typical of perinatal and child-
hood infection in endemic areas.

Most patients with uncomplicated chronic hepatitis B have
no symptoms of liver disease. If symptoms are present, they are
usually non-specific and mild. The most common symptom is
fatigue. Myalgias, arthralgias and transient skin rashes are com-
mon extrahepatic manifestations of chronic hepatitis B, which
may be due to immune complex deposition and occur more 
frequently in women than in men. With the development of 
cirrhosis, weight loss, weakness, wasting, abdominal swelling,
oedema, dark urine and jaundice may become progressive 
problems. Many carriers may be detected through routine
screening for HBsAg or through the presence of hepatomegaly
and abnormal liver function tests. Older patients may present
with complications of chronic active hepatitis and cirrhosis, 
or even with hepatocellular carcinoma, as typically occurs in
Africa. A proportion of patients may present with an extra-
hepatic manifestation of HBV infection, for example glomeru-
lonephritis, vasculitis or polyarteritis. HBV is an important
cause of glomerulonephritis in tropical areas. Immunoelectron
microscopy has been used to localize ‘membrane attack com-
plexes’ and HBeAg to subepithelial deposits. With more severe
disease, there may be spider angiomas and hepatomegaly.
Wasting, ascites, peripheral oedema, palmar erythema, pale
nails and bruising suggest advanced disease with cirrhosis. 
In patients with extrahepatic manifestations, there may be
oedema from glomerulonephritis and hypoproteinaemia, fleet-
ing urticarial or maculopapular rashes from mucocutaneous
vasculitis, or mild tenderness, redness and synovial thickening
from hepatitis B-related arthritis. The features of portal hyper-
tension, such as ascites and bleeding oesophageal varices, are late
features of a chronic active hepatitis accompanying cirrhosis.

Laboratory test results in typical, uncomplicated chronic 
hepatitis B are characteristic, demonstrating increases in alanine
and aspartate aminotransferases with little or no increase in
alkaline phosphatase, γ-glutamyltransferase or lactic dehydroge-
nase. The aminotransferases fluctuate over time, generally rang-
ing from just above normal to between five- and eightfold 
elevated. Multiple ALT flares, accompanied by peaks of HBV
viremia alternating with prolonged periods of biochemical and
viral quiescence, are typical of chronic HBeAg-negative hepatitis
B, occurring in as many as 60% of these patients.

Aspartate aminotransferase is usually lower than alanine
aminotransferases. Serum bilirubin and albumin, the pro-
thrombin time and the sedimentation rate are normal unless 
the disease is particularly severe. Serum immunoglobulins may
demonstrate mild increases in IgG.

More emphasis is now placed on grading the degree of
inflammation and staging the extent of fibrosis. Numerical
assessments of liver biopsy findings have been developed as a
tool for studying the course of chronic hepatitis B and for 

judging the efficacy of drugs in clinical therapeutic trials. There
is consensus that scoring of the microinflammatory lesions
should be separated from scoring of the architectural changes 
in the liver.

With progressive disease and the development of cirrhosis
from chronic hepatitis B, the laboratory test results will change,
becoming progressively more abnormal. By and large, the sever-
ity of the current injury and hepatitic disease activity is best
reflected in the aminotransferase abnormalities, particularly
aspartate. As cirrhosis develops, the ratio of aspartate amino-
transferase:alanine aminotransferase will gradually increase; the
finding of aspartate greater than alanine aminotransferase there-
fore suggests the presence of cirrhosis. In addition, alkaline
phosphatase and γ-glutamyltransferase will increase, serum
albumin will fall, and the prothrombin time will become pro-
longed with the onset of cirrhosis and worsening hepatocellular
function. Autoantibodies, particularly smooth muscle autoanti-
bodies and rheumatoid factor, may become detectable, and the
immunoglobulins will increase in concentration, a raised IgA
being particularly suggestive of cirrhosis. Hyperbilirubinaemia
with depressed albumin and prolonged prothrombin time are
poor prognostic findings.

A varying immune responsiveness plays a critical role in
determining the outcome and pathogenesis of acute and chronic
hepatitis B. It is likely that immune responses induced by 
antiviral therapy play a similar pivotal role. However, critical
differences may occur in the two major forms of active chronic
hepatitis B that usually require treatment: wild-type or HBeAg-
positive chronic HBV infection and anti-HBe-positive or pre-
core mutant disease. HBeAg seroconversion during antiviral
therapy in HBeAg-positive disease may require an appropriate
host T-cell response, which unfortunately is abrogated or dys-
functional in most patients. 

Patients with an active infection and disease may revert 
to an inactive carrier state with remission of disease activity
either spontaneusly or after antiviral therapy. These patients 
are HBeAg-negative, anti-HBe-positive with lower HBV DNA 
levels (≤ 104 copies/mL) and little or no necroinflammation or
fibrosis, depending on the timing of seroconversion. The disease
may be a retrospective–prospective diagnosis as inactive carriers
show some propensity to reactivation.

The subsequent course of chronic hepatitis B is variable 
(Fig. 3). Patients with chronic infection may have a relatively
benign outcome. Probably only 15–20% of patients who acquire
this infection in adulthood ultimately develop cirrhosis and any
chronic disability. Furthermore, the development of cirrhosis is
usually slow, occurring over 5–20 years. Infection in childhood
may have a different prognosis, with a higher percentage of 
persons ultimately developing cirrhosis and hepatocellular 
carcinoma. Typically, the infection is mild in childhood and
associated with few symptoms and minimal elevations of the
aminotransferases. However, the disease may change once
adulthood is reached, with marked fluctuations in its activity
and the development of cirrhosis in up to 40% of patients.
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Observations on large numbers of patients with chronic hepatitis
B indicate that its course and outcome correlate with serological
markers of viral replication. In a European analysis, 366
Caucasian HBsAg-positive patients with cirrhosis who had
never had clinical manifestations of hepatic decompensation
were enrolled and followed for a mean period of 72 months.
Death occurred in 23%, mainly from liver failure or hepato-
cellular carcinoma. The probability of survival was 84% and
68% at 5 and 10 years respectively. The worst survival was in 
HBeAg- and HBV DNA-positive individuals (at diagnosis) [75].
Thus, progressive disease is associated with persistence of viral
replication, and remission is associated with loss of active viral
replication. The exacerbations associated with the decline in
viral replication, or the reactivation of viral replication causing a
recurrence of disease, can be severe and life-threatening. Indeed,
the pattern of recurrent reactivation with multiple remissions and
recurrences is a particularly severe form of this chronic infection,
frequently leading to cirrhosis and, ultimately, hepatic failure.

Chronic hepatitis B can lead to hepatocellular carcinoma,
which is a common form of cancer in many areas of the 
world where chronic hepatitis B is also common. Furthermore, a
large percentage of patients with hepatocellular carcinoma have
chronic HBV infection. Epidemiological and clinical studies
suggest that hepatocellular carcinoma is a complication of pro-
longed HBV infection, most patients having had the disease 
for several decades before diagnosis of the carcinoma. Indeed,
the majority of patients with this cancer also have cirrhosis,
although it is often mild and inactive.

In a large European study, hepatocellular carcinoma devel-
oped during a mean follow-up of 6 years in 9% of 317 patients
with compensated hepatic cirrhosis. Five years after diagnosis,
the probability of hepatocellular carcinoma appearing was 6%
(and that of decompensation 28%). After the first episode of
decompensation, the 5-year probability of survival (35%) was
poor [76].

Hepatocellular carcinoma is more common in men than 
in women and appears to be most common in patients who

acquire HBV infection in childhood rather than in adulthood.
Hepatocellular carcinoma is discussed elsewhere. In endemic
areas of HBV infection, HBV carriers frequently have silent 
disease until the development of advanced hepatocellular carci-
noma. For these reasons, ultrasonographic examinations and
regular determinations of α-fetoprotein can be used to screen 
for hepatocellular carcinoma in high-risk populations. The 
populations at highest risk are men over the age of 40 years 
who acquired HBV infection during childhood and who have
cirrhosis.

Although a large body of scientific evidence has confirmed 
a relation between chronic HBV infection and hepatocellular
carcinoma, the mechanism of oncogenesis is not known.
Exogenous factors may speed the process of oncogenesis, but
chronic HBV infection must be considered as an important
independent risk factor. The pathogenesis of HBV-associated
hepatocellular carcinoma is unknown, however, and may be
related to the phasic necrosis, regeneration and cirrhosis induced
as a result of HBsAg infection. Although the molecular mechanism
of HBV-associated carcinogenesis is unknown, HBV may have a
direct cytogenetic role. Integration of the HBV genome into the
hepatocyte DNA may be an important initiating factor. It is pos-
tulated that the development of hepatocellular carcinoma could
be by insertional mutagenesis, or by the production of novel
fusion genes, chromosomal deletions and translocations associ-
ated with HBV integration, or by loss of tumour-suppressor
alleles or, as in woodchucks, by c-myc oncogene amplification. 
A retinoic acid receptor is expressed at high concentration 
in human hepatocellular carcinoma, in association with HBV
integration [77]. Recent evidence has suggested that the transla-
tional product of the X gene, a 17-kDa protein, is a transactivat-
ing factor for viral enhancers and that, in cotransfection
experiments, the X gene encodes a protein with the ability to
stimulate transcription. The X-gene product does not bind DNA
directly, but a number of effects of HBx on cell growth and cell
cycle progression have been reported. Exposure to aflatoxin 
may be important in some geographical regions. A genetic sus-
ceptibility to hepatocellular carcinoma associated with genetic
variation in enzymatic detoxification of aflatoxin has been
reported.

In some parts of the world, codon 249 mutations in p53 are
associated with aflatoxin exposure. The increased formation 
of carcinogen–DNA adducts may represent one mechanism
adding to the association between chronic hepatitis B infection
and the development of hepatocellular carcinoma [78,79].
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9.1.2.v Hepatitis D
Antonella Smedile and Mario Rizzetto

Definition

Hepatitis D, also named hepatitis delta [1], is a disease caused 
by the hepatitis delta (D) virus (HDV), a unique hepatotropic
human pathogen requiring obligatory helper functions pro-
vided by the hepatitis B virus (HBV) for in vivo infection. The
virion of HDV is a particle of 36 nm diameter coated by the HB
surface antigen (HBsAg), inside which are sequestered the RNA
genome and the HD antigen (HDAg). The deltavirus genus
includes at least eight major clades [2]. The three major geno-
types, designated I, II and III, differ by as much as 40% over 
the entire genome and have different geographical prevalences
[3,4]; two subgroups have been identified within genotypes I
and II, named genotype IA and IB and genotype IIA and IIB.

Natural history

HDV can establish infection only in patients simultaneously
infected by HBV [5]. It usually modifies the natural history of
the underlying HBV infections upon which it thrives, aggravat-
ing pre-existent hepatitis B by adding HDV damage or creating
hepatitis D in healthy carriers of HBV. Hepatitis D is a distinct
medical entity that, as a rule, is more severe than disease caused
by HBV alone [6–8]. Persons susceptible to HBV or already
infected by it are susceptible to HDV and, therefore, hepatitis 
D occurs in two settings: in a normal person simultaneously
infected by HDV–HBV (coinfection) or in a carrier of HBsAg
superinfected by HDV (superinfection). Persons protected from
HBV by the acquisition of antibody to HBsAg (anti-HBs) are
protected from HDV.

Coinfection

In this setting, transmission of HDV is attained by infectious
inocula containing both HBV and HDV (Fig. 1). Infection with
HDV demands that the helper HBV be activated first, thus 
providing the functions (mainly the HBsAg) necessary for the
activation of HDV [6–8].

As HDV cannot replicate until HBV has infected hepatocytes,
the expression of the defective virus depends on (and is limited
by) the virulence of the associated HBV. Slow spread of HBV to
hepatocytes either fails to support HDV or supports only an
abortive infection; rapid spread provides enough vulnerable
hepatocytes for the defective virus to be activated to a clinically
significant degree.

Because of the complex interactions between the two viruses,
the expression of HDV is variable, ranging from incomplete 
to very virulent. However, as in normal individuals who are
coinfected with the two viruses the background HBV infection 

is usually self-limiting and HDV cannot outlive the elimination
of its helper virus, acute HBV–HDV coinfections are rarely 
progressive and cause chronic liver disease in only about 2% 
of cases.

Superinfection

A pre-existing HBV infection (with production of HBsAg) pro-
vides the ideal background for the activation of the superinfect-
ing HDV, affording a highly susceptible substrate that permits
the rapid amplification of the defective pathogen (Fig. 2). In this
setting, HDV establishes infection independently of the viru-
lence of the HBV with which it was associated in the original
inoculum; the helper function necessary for HDV replication is
provided by the HBV colonizing the host. A pre-existing HBsAg
state may rescue minimal amounts of HDV, and biological
material containing HDV that is not infectious to the normal
person (because the accompanying HBV is unable to establish

HBV

HDV
AIT

Months Weeks

IgG anti-HD

IgM anti-HBc

IgM anti-HD

Months

HDV

HBV

Fig. 1 Course of typical HBV–HDV coinfection; AIT, alanine
aminotransferase. IgG anti-HD, IgG antibody to HDV; IgM anti-HD, IgM
antibody to HDV; IgM anti-HBC, IgM antibody to hepatitis B core antigen.

HBV

HDV

AIT

IgM anti-HD

IgG anti-HD

HDV

HBV

Fig. 2 Course of typical HDV superinfection in HBsAg carriers; AIT, alanine
aminotransferase.
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its own helper infection) can nevertheless transmit hepatitis D to
the carrier of HBsAg [6–8].

With superinfection, HDV transcapsidates from the HBsAg
coat worn in the original inoculum to the coat made available by
the HBV of the superinfected host, a process that also takes place
with interspecies passage of HDV to animals infected with 
hepadnaviruses different from HBV [9].

Although superinfection can be self-limiting, it most often
results in chronic HDV infection. As continuing production of
HBsAg secures the indefinite survival of HDV, providing the
biological niche in which it can replicate and from which it can
seed continuously, the chronic carrier of HBsAg/HDV represents
the main epidemiological reservoir and source of the virus [10].

Diagnosis

Screening for HDV relies primarily on indirect antibody test-
ing; this is the first step in diagnosing hepatitis D [11]. The
immunoglobulin (Ig)M antibody to HDV (IgM anti-HD) is
detected transiently in acute hepatitis D with a mean delay of
7–15 days from admission [12]. It may be the only serum 
marker of acute HDV infection and persists, increasing in titre 
as hepatitis D progresses to chronicity.

During primary infections, the IgM antibody consists of 
pentameric 19S molecules [13]; in chronic infections, mono-
meric 7S molecules become prevalent. The IgM antibody was
considered to be an indicator of HDV-related liver damage, but
this role has been questioned.

The IgG antibody to HDV (anti-HD) is not protective; in
immunocompetent patients with ongoing HDV infection, it
coexists with concurrent replication of HDV. It may also be 
present as a serological ‘scar’ in patients whose double HBV–
HDV infection has resolved. It is raised in acute hepatitis D 
and increases to high titres as HDV infection progresses to
chronicity [6].

The finding in serum or liver of HDV RNA or of hepatitis D
antigen (HDAg) establishes the presence of active HDV infection.
The intrahepatic antigen can be demonstrated by immunohisto-
logical techniques in frozen and in fixed liver specimens [11,14];
fixed material must be predigested with protease. HDV genotypes
can also be determined in liver tissue by immunohistochemistry
[15]. The intrahepatic expression of HDAg decreases as the dis-
ease progresses, thus increasing the probability of a false-negative
result caused by sampling variation in needle liver biopsies.

The HDV genome can be detected in formalin-fixed, paraffin-
embedded liver sections by radioactive and non-radioactive 
in situ hybridization techniques [16].

Solid-phase immunosorbent tests for the measurement of
HDAg in serum can detect antigen only during the early stage of
primary infection, before the development of anti-HD; when
the antibody appears in blood, HDAg is masked in immune
complexes that render it unavailable to the assay.

The introduction of reverse transcriptase and polymerase
chain reaction (PCR)-based assays for the detection of HDV

RNA has increased the limit of sensitivity to less than 10 genome
molecules per assay [17]. The use of PCR assays has shown that
virtually all HBsAg carriers with chronic hepatitis D have con-
tinuing HDV replication. The PCR assay is also useful in early
diagnosis and in monitoring the effect of therapy with interferon
[18]. The choice of suitable primers for the amplification of
HDV RNA is difficult because of the extensive sequence hetero-
geneity of the different viral isolates; only a few conserved
regions exist in the HDV genome, and secondary and tertiary
constraints may further reduce the efficiency of reverse tran-
scription. Amplification of the C-terminal half of the HDAg
coding region ensures the highest degree of efficiency. A reverse
transcription PCR and a quantitative PCR have been developed
recently [19]. The HDV genotype may be determined in serum
by restriction fragment length polymorphism analysis of PCR
amplification products or by sequencing.

Epidemiology

HDV is maintained by transmission through superinfection
from carrier to carrier of the HBsAg; secondary extension of the
virus to normal, HBsAg-negative individuals occurs in direct
proportion to the rate of HDV-infected HBsAg carriers in the
population and in reverse proportion to the rate of HBV immu-
nity (presence of anti-HBs) in contacts. Spread to non-carriers
has no long-term epidemiological consequences as it results in
self-limiting forms of HBV–HDV infection.

HDV infection is acquired by the parenteral route, either
overt or covert, in the same way as HBV infection. However, the
relative efficiency of HDV transmission differs from that of
HBV. Direct inoculation of HDV by infected paraphernalia is
the most efficient route of transmission, and the highest rates of
hepatitis D were reported in HBsAg-positive drug addicts; in
chimpanzees carrying the HBsAg, HDV has been transmitted by
inoculation of HDV-positive human serum diluted 10–11 [20].
Transmission is efficient both by sexual [5,6,21] and household
contacts [22,23], but vertical transmission is rarely documented,
and spread of HDV has been inconspicuous among homosexual
men [5]. The contemporary control of blood for HBsAg elim-
inates virtually all blood containing HDV.

Hepatitis D occurs worldwide, the most important factor
influencing its spread being the rate of HBV infection within the
population. Surveys in the 1980s [6] had shown that the pre-
valence of HDV was high among HBsAg carriers in tropical and
subtropical areas of the African and South American continents
and intermediate in the Mediterranean area, in correlation with
high and intermediate local rates of HBV infection; however,
rates of HDV were low in the Far East despite locally high rates of
HBV. Genetic analysis of HDV worldwide has likewise shown
wide geographical variations [2,3,24]. Genotype I predominates
in Italy [25], USA, Europe, Russia [26], Turkey [27], the Middle
East and Mongolia; genotype IA predominates in Asia, IB in the
USA, both are common in the Mediterranean basin and a sub-
group of genotype I has been isolated in Africa [28]. Genotype II
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was found in Japan [29,30], Taiwan [31] and in Yakutia in
Russia [32]. Genotype III has been identified in northern South
America [33].

In northern Europe and North America, where the rates of
HBV were low, HDV infection in the 1980s was confined to 
parenteral drug addicts and to immigrants from endemic areas
[19]. In countries in the Mediterranean basin [34,35] and in
Taiwan [36], the epidemiological pattern of infection was com-
posite, resulting from endemic infection in the general popu-
lations and from epidemic outbreaks among drug addicts in
urban areas. The infection peaked around the third to fourth
decade of life, and endemic spreading occurred mainly in the
household, facilitated by overcrowding and promiscuity. High
rates of hepatitis D were found in Taiwanese and Greek HBsAg-
positive prostitutes and in HBsAg-positive haemophiliacs [5].

Drug addicts are often also infected by the hepatitis C virus
(HCV) and, in this setting, HDV infection was associated with
high morbidity; clustered epidemics of fulminant hepatitis B
were reported in drug-abusing communities of the United
States and western Europe [6].

Important epidemiological changes have occurred in the last
two decades in countries where HBV infection has been brought
under control through better public health standards, universal
HBV vaccination and measures to contain the spread of HIV,
which is transmitted in the same way as HBV/HDV.

Paradigmatic are the changes that have occurred in Italy. In a
baseline study performed in the country in the years 1978–1981,
the prevalence of HDV infection in HBsAg carriers with liver
disease, determined from the prevalence of anti-HD, was 24%
[37]; it remained stable up to the second half of the 1980s [38]
but, by the early 1990s, it had diminished to 14% [37] and, in
nationwide surveys performed in the late 1990s, it has declined
further to 7–8% [40,41].

In Spain, the rate of anti-HD in HBsAg carriers with chronic
hepatitis diminished from 15% in 1975–1985 to 7.1% in
1986–1992 [42], and a significant decrease in the prevalence of
HDV superinfection has been observed in Taiwan in both the
general population and high-risk groups [43,44].

Information on the recent epidemiological trends in HDV
infection from other countries is limited. However, it is 
unlikely that the pattern of HDV infection has changed in
endemic areas of the developing world, unless the factors deter-
mining transmission and circulation of the helper HBV have been
significantly modified in the last decades. Outbreaks of severe
HDV hepatitis have continued to occur in the Amazon basin,
extending from the Brazilian to the Peruvian and Ecuadorean
areas [45]. The prevalence of HDV infection remains high in
Turkey (33–59.4% prevalence of anti-HD in chronic HBsAg
liver disease in Eastern Anatolia [46]) and in Albania [47]. Anti-
HD has been detected in 8.6% of the HBsAg-positive chronic
hepatitis patients in a recent large survey in Saudi Arabia [48].
Endemic HDV foci were reported from west Greenland and
Mongolia [49], Tunisia [10] and Okinawa [10], and markers 
of HDV were found in a consistent proportion (18.35%) of

HBsAg-positive pregnant women in Moldova as well as in
13.15% of hepatitis B patients in the Shandong province in
China [10]. In contrast, from 1991 to 1997, the prevalence of
anti-HD in patients with HBsAg-positive cirrhosis in Belarus
[10] has decreased from 47.6% to 15.4%.

Hepatitis D is rare in Poland [50], apparently absent in the
high Andean plateau [10] and Nigeria [10], low in patients with
HBsAg-positive liver disease in sub-Saharan Africa and in HBsAg
carriers in north-west Mexico (6.5% and 4% respectively) [10].
In Korea [51], the prevalence of anti-HD was 4%; the antibody
was found mainly in HBsAg-positive patients with hepato-
cellular carcinoma. Conflicting data were reported from India:
anti-HD was found in 21.4% of HBsAg-positive liver disease 
in Northern India [52], and HDV was implicated as a major risk
factor for fulminant hepatitis in the country [53], but anti-HD
was rarely found in hospital patients and mixed clinical HBsAg-
positive populations in Calcutta [54]. HDV infection was
observed among inhabitants of the Nicobar Islands but not 
in those inhabiting the Andaman Islands [55].

The infection has also declined among risk groups in de-
veloped countries. In Taiwan, the rate of anti-HD in HBsAg-
positive drug addicts diminished from 79% in 1985 to 14% in
2004; in this population, the average rate of decrease in the
prevalence of HDV infection was 4.7% per year [44,56]. No
HDV case was found in intravenous drug users in Rio de Janeiro,
Brazil, despite a 7.8% prevalence of serum HBsAg in this com-
munity [10], and a 14.7% prevalence rate was found in HBsAg-
positive drug users in Jeddah, Saudi Arabia [10].

Disease

Although viral and host immune response are likely to interact
in the pathogenesis of the liver damage associated with HDV, the
mechanisms conducive to HDV liver damage in humans remain
unknown. Early hypotheses suggesting that viral cytotoxicity
could be caused directly by intrahepatic expression of the HDAg
or by a disturbance of cell function induced by HDV RNA base-
pairing to corresponding RNA regions of the signal recognition
particle, a structure involved in the targeting of secretory and
membrane proteins to the membrane of the endoplasmic reticu-
lum, have not been substantiated [57]. It was suggested that 
the pathogenicity of HDV may be modulated by the degree of
replication of the helper HBV and/or by the genotype of HDV
[58]; genotype III was associated with outbreaks of fulminant
hepatitis in South America [33], and Japanese patients with
genotype IIB showed greater progression of chronic hepatitis to
cirrhosis than those with genotype II [4].

Course of coinfection and superinfection
hepatitis D

The clinical and histological features of acute and chronic 
hepatitis D are not specific and are non-distinctive from ordinary
hepatitis B, and recognition of the disease is based on specific
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serological testing [5,8,59]. In coinfections, the serological pic-
ture shows the features of acute HBV infection, including the
IgM antibody to the hepatitis B core antigen (IgM anti-HBc)
with superimposed markers of HDV. HD viraemia is usually
transient and may be detected by PCR. Occasionally, HBV/HDV
hepatitis acquired by coinfection may be severe; these forms
exhibit a full serological response consisting of early HD anti-
genaemia followed by seroconversion to anti-HD, initially of 
the IgM and then of the IgG class.

The clinical presentation of HDV superinfection in patients
chronically infected by HBV depends on whether they were
asymptomatic carriers of HBsAg, or whether clinical features 
of type B hepatitis were present [5–8]. In the asymptomatic 
carrier, superinfection appears as an intercurrent hepatitis; in
the patient with chronic type B hepatitis, it may be mistaken 
for an exacerbation of the underlying HBV disease. In asymp-
tomatic carriers unaware of their HBsAg state, superinfection
may mimic acute hepatitis B as a positive HBsAg test suggests
this diagnosis if it is first performed after infection with HDV.
Clues to the nature of the disease are a positive HDV serology
and an incomplete or atypical HBV profile (superinfected 
carriers, unlike patients with acute hepatitis B, usually lack the
IgM anti-HBc).

In superinfection, the antibody response is more uniform 
and consistent than in coinfection. There is a relatively brisk IgM
and IgG anti-HD response; when superinfection progresses to
chronicity, both antibodies increase rapidly in a few weeks, and
persist in high titres as hepatitis D continues. In patients whose
chronic hepatitis D resolves, the IgM antibody disappears,
whereas IgG anti-HD declines slowly.

Whether acquired by coinfection with HBV or superinfection
in a chronic HBsAg carrier, HDV can precipitate an episode of
fulminant hepatitis [6]. In cases of fulminant hepatitis D in 
tropical areas, microscopic features of microvesicular steatosis
and foamy degeneration were often observed; these aspects have
rarely been observed in fulminant hepatitis D in developed
countries [6].

Atypical acute hepatitis D

The course of HDV infection may be confounded by the
inhibitory effect exerted by HDV on the replication of HBV. In
coinfection, early repression of HBV can occasionally produce 
a picture of HBsAg-negative hepatitis resembling a non-B 
hepatitis. Sequential expression of HBV and HDV may result 
in a biphasic hepatitis.

HDV superinfection can occasionally terminate the HBsAg
state with clearance of HBV and HDV. Clearance of the HBsAg
occurs more frequently over the years in chronic HDV patients
than in ordinary HBV patients [60], and prior delta infection
may result in effective suppression of residual HBV infection [61].

Rarely, transient suppression of pre-existing HB viraemia 
can create diagnostic confusion because, with disappearance of
HBsAg from serum caused by marked inhibition of HBV at the

time of superinfection, anti-HBs may temporarily appear in
these patients, simulating the resolution of an acute HBV hep-
atitis; the HBsAg, however, returns at the termination of florid
HDV infection [5].

Chronic hepatitis D

Patients with chronic hepatitis D suffer from a disease that is
more serious and progressive than ordinary hepatitis B. Studies
conducted in the 1970s and 1980s in Europe and the United
States have shown that markers of HDV were more prevalent in
HBsAg carriers with chronic hepatitis than in apparently healthy
carriers; in HBsAg carriers with liver damage, the prevalence of
HDV was higher in those with chronic active hepatitis or cirr-
hosis than in those with chronic persistent hepatitis [5–8,59].

Superinfection hepatitis D often ran a rapidly progressive
course to liver failure (within 2 years from exposure to HDV) in
drug addicts with HBeAg-positive (wild-type) HBV infection.
Triple HBV–HDV–HCV infection also occurred often in drug
addicts; in studies from Europe and the USA, HDV [62–65] was
the dominant virus inhibiting the other two; in a study from
Taiwan [66], HCV was the dominant virus.

A survey of 148 Italian patients with chronic hepatitis from
1977 to 1994 [67] has shown two patterns of disease. In about
10%, the disease was mild, non-progressive and characterized 
at histology by portal inflammation only. In the other 90%, 
the disease was progressive and characterized by chronic active
hepatitis or active cirrhosis. Progression to extensive fibrosis and
cirrhosis was usually rapid, with about 30–40% of the patients
with non-cirrhotic disease at baseline developing cirrhosis
within 5 years of follow-up. However, the cirrhotic stage has
often remained clinically stable for decades, and the course of
cirrhosis has been asymptomatic over many years; these patients
may exhibit a marked enlargement of the spleen. In Italian
patients, infection with HDV increased the risk of hepatocellular
carcinoma threefold and of mortality twofold in those with
HBsAg-positive cirrhosis [68].

In oriental patients, the virological profile of progressive
chronic hepatitis D consisted of an early phase following super-
infection characterized by elevated alanine aminotransferase,
active HDV replication and suppression of HBV, an intermedi-
ate phase characterized by moderately elevated alanine amino-
transferase, decreasing HDV synthesis and reactivation of HBV,
and a late cirrhotic phase characterized by marked reduction in
the synthesis of both HBV and HDV [69].

In Mediterranean patients, the underlying HBV infection 
was most often inactive (HBV DNA negative by conventional
hybridization assays or positive at low titre by PCR; HBeAg 
negative and anti-HBe positive in serum) [5–8], and a propor-
tion of patients with early and florid disease raised a variety of
autoantibodies, the most frequent of which was a liver–kidney
microsomal antibody (LKM) similar in its immunofluorescence
pattern to LKM of autoimmune type 2 hepatitis and directed
against UDP glucuronyltransferase [70]. In children, the course
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of chronic hepatitis D was also severe and progressive. In view of
the young age of acquisition and the accelerated course of dis-
ease, hepatitis D was an important cause of juvenile cirrhosis in
the Mediterranean area in the 1970s to 1980s [8,59].

HDV coinfection remains an important problem in patients
with human immunodeficiency virus (HIV) infection. HDV-
coinfected immunocompromised patients with acquired immune
deficiency syndrome (AIDS) may have blunted antibody
responses to HDV [5,8] and may exhibit persistent HD antige-
naemia. Studies on the mutual clinical influence of HIV and
HDV, performed before the era of highly active antiretroviral
therapy (HAART), were contradictory; early studies reported
that HIV coinfection worsened liver damage by HDV [71,72],
but other studies [73–75] showed that the course of chronic
hepatitis D was not influenced by concomitant HIV infection.

In the last 15 years, the clinical scenario of HDV infections has
changed significantly in the developed world, in parallel with the
control of HBV fostered by universal vaccination, improvement
in sanitation measures and efforts to contain the HIV epidemic.
Along with the decline in the circulation of HDV in southern
Europe, clinical changes have been most impressive in this area.
The majority of hepatitis D patients collected in Italy in the
1980s had a florid chronic active hepatitis, and inactive cirrhosis
residual to burnt-out inflammation was seen in fewer than 20%
of cases; in contrast, by the end of the 1990s [63], the proportion
of cirrhotic patients has increased in Italy to 70%. These patients
represent the survivors of the epidemic of hepatitis D in the
1970s to 1980s; a minority have a long-standing indolent infec-
tion, the majority have advanced cirrhosis for which there is no
specific medical therapy and only liver transplantation offers a
therapeutical perspective.
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9.1.2.vi Hepatitis C
Alfredo Alberti and Luisa Benvegnù

Definition

Hepatitis C is caused by the hepatitis C virus (HCV), an RNA
virus that shares genomic similarities with the pestiviruses and
has been classified within the Flaviviridae family [1].

Significant heterogeneity has been observed between different
HCV isolates, leading to the classification of HCV into distinct
genotypes, designated by Arabic numerals (i.e. HCV-1, HCV-2,
HCV-3, etc), and subtypes, identified by lower case letters (i.e.
HCV-1a, HCV-1b, HCV-1c, etc) [2]. HCV is a bloodborne
agent that is transmitted parenterally. Before the discovery of
HCV in 1989, blood transfusion was a frequent cause of hepatitis

C transmission. With the implementation of screening of blood
donations for HCV, the risk of post-transfusion hepatitis C 
has been dramatically reduced; however, infection continues to
occur via other modes of apparent and inapparent parenteral
transmission.

Hepatitis C has a global distribution. Infection with HCV
often results in chronicity because of the high propensity of 
this virus to persist by evading control by the immune system.
The incidence of new cases is declining in most countries of the
civilized world, but the prevalence of chronically infected indi-
viduals is still high, with at least 170 million carriers of the HCV
worldwide. Chronic HCV infection is particularly frequent in 
a number of risk groups, including intravenous drug users,
patients with haemophilia who received clotting factors before
1990–92, those who received blood transfusions before 1992
and patients on haemodialysis.

The diagnosis of hepatitis C rests upon detection of a set of
antiviral antibodies (anti-HCV) and viral genomic sequences
(HCV RNA) in serum.

HCV causes acute and chronic hepatocellular damage of vari-
able severity and evolution, and is the leading cause of cirrhosis
and hepatocellular carcinoma and the main reason for liver
transplantation in many western countries. Infection may also
occur in extrahepatic cells and tissues, leading to a spectrum of
extrahepatic disorders, including immunological abnormalities,
autoimmune phenomena, production of autoantibodies, cryo-
globulinaemia, vasculitis and other types of immunocomplex
disease. A cause–effect relationship of HCV to other disorders,
such as porphyria cutanea tarda, thyroiditis, sialadenitis, psor-
iasis and B-cell non-Hodgkin’s lymphoma, is also suspected but
not yet clearly proven. More recently, HCV has also been linked
to the development of insulin resistance and type 2 diabetes.

Acute HCV infection is defined as an infection of less than 
6 months duration. Most often, acute infections are asymp-
tomatic and remain clinically unrecognized and, for this reason,
it has been problematic to define the precise incidence of hepa-
titis C. Severe and fulminant hepatitis C is extremely rare in the
immunocompetent host but may occur under immunosuppres-
sion. Only a minority of cases of acute hepatitis C recover com-
pletely, with spontaneous virus eradication; in most cases, the
acute infection progresses to chronicity. Chronic HCV infection
is defined as an infection that persists for more than 6 months,
with or without clinical manifestations of hepatic or extrahep-
atic disease. Around 35–45% of HCV carriers in the general
population have no overt signs or symptoms of liver disease and
persistently normal levels of serum alanine aminotransferase
(ALT), although many of them have some underlying chronic
liver lesions on liver biopsy. The remaining carriers have varying
profiles of ALT abnormalities. Liver biopsy in compensated
chronic hepatitis C shows a wide range of histological lesions,
from minimal–mild to severe–advanced necroinflammatory
changes and fibrosis. Progression to cirrhosis occurs slowly 
and in an unpredictable way in a subgroup of patients who 
may ultimately die of portal hypertension, hepatic failure or
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hepatocellular carcinoma. The downhill course of chronic liver
disease is accelerated by a number of aetiological cofactors,
including coinfection with the hepatitis B virus (HBV) and the
human immunodeficiency virus (HIV), excess alcohol con-
sumption and the presence of a number of metabolic abnormal-
ities, such as obesity, insulin resistance, liver steatosis, diabetes
and iron overload. Race, gender and age at infection also play a
role in determining the course and outcome of chronic HCV
infection. The management of chronic HCV infection needs to
be individualized based on a number of virus and host parameters
that result in the heterogeneous clinical features and outcome of
hepatitis C.

Epidemiology

Prevalence in the general population and in
risk groups

The World Health Organization (WHO) estimates that at least
3% of the world’s population is chronically infected with HCV
[3]. The prevalence of chronic HCV carriers varies greatly
depending on geographical location and the characteristics of
the population analysed (Fig. 1 and Table 1) [4]. Low rates are
found in the general adult population in North America and
western Europe, intermediate rates in Japan and higher rates 
in some areas of eastern Europe, the Middle East and South
America [5,6]. The number of infected individuals is particu-
larly high in Egypt. High rates have also been found in the elderly
population in some Mediterranean areas, including southern

Italy. In the general population, there is evidence for an age-
related distribution of HCV infection, with prevalences that are
minimal in childhood and progressively higher with increasing
age. The prevalence of HCV infection is increased in several risk
groups, which are listed in Table 1.

<1%
1–2.4%
2.5–4.9%

5–10%
>10%
No data available

Prevalent HCV types
HCV prevalence

1

4

4 6

1b

1b

5a

3b

1a,1b
2b,3a

1b,3a

1b,3a

1a,1b
2a,2b,2c

3a

1a,1b
2a,3a

Fig. 1 Prevalence of HCV infection and HCV
genotypes/subtypes in different geographical
regions.

Table 1 Reported prevalence of HCV infection in risk groups.

Risk group Anti-HCV 
positive (%)

Intravenous drug users 35–90

Haemophiliacs treated before 1990 50–90

Thalassaemics 42–83

Haemodialysis patients 10–45

Prisoners 15–46

Alcoholics 15–25

HIV-positive individuals 20–65

Patients with history of blood transfusion received 15–25

before 1992

Tattooed individuals 11

Heath-care professionals (exposed by needlestick) 0–10 (3–12)

People with disabilities/institutionalized individuals 4–7

Prostitutes 0.7–6

Homosexuals 3–18

Heterosexual partners of HCV carriers 0–18

Household non-sexual contacts of HCV carriers 0–11

Children born to HCV-infected mothers 0–6
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Incidence and prevalence in patients with 
liver disease

The incidence of acute symptomatic hepatitis C, which repres-
ents an underestimation of all cases of acute HCV infection as
many cases remain asymptomatic, has been decreasing progres-
sively since 1990 in most industrialized countries. HCV is the
recognized cause of about 33% of cases of symptomatic acute
hepatitis in the western world and 10% of cases in the Far East
[7]. The prevalence of chronic HCV infection in patients with
chronic hepatitis, cirrhosis and hepatocellular carcinoma is very
high in southern Europe and Japan (60–90%), intermediate in
other part of Europe, the United States, Australia and Africa
(30–60%) and lower in China and other countries of the Far
East (10–39%). HCV is the major cause, either alone or with
other cofactors, of chronic liver disease, cirrhosis and hepatocel-
lular carcinoma, and the main reason for liver transplantation 
in most countries of the western world, second only to alcohol-
related diseases in a few geographical locations [8,9]. The pre-
valence of HCV infection is highest in patients who develop
chronic liver disease after blood transfusion or who have a 
well-recognized risk for parenteral contamination in their pre-
vious history. The prevalence of HCV infection in patients 
with chronic liver disease or hepatocellular carcinoma varies
around the world depending on the HBV endemicity. In areas 
of high HBV endemicity, HCV is relatively uncommon, whereas
in areas of intermediate or low HBV endemicity, the prevalence
of hepatitis C increases significantly. In areas of intermediate
HBV endemicity, concurrent HBV and HCV infection is seen in
patients with chronic liver disease and this association increases
in frequency with the severity and stage of liver damage.

Transmission

HCV is efficiently transmitted in blood and blood products 
[10]. Currently, unsafe intravenous drug use is the main mode
of transmission in most parts of the western world, whereas
unscreened contaminated blood transfusion and folk-medicine
practices still represent an important source of infection in
underdeveloped countries [5,6]. Transmission of HCV between
monogamous partners is thought to be rare; transmission
increases significantly with multiple sexual partners [11]. Other
documented sources of infection are needlestick exposure in
health-care workers [12], sharing a razor or toothbrush with an
infected individual [13], unsafe body piercing and tattooing
[14]. There is also solid evidence of nosocomial transmission 
of HCV during invasive procedures. Major gynaecological and
cardiovascular surgery carries a high risk; however, micro-
surgery, in particular, ophthalmic, has also been implicated.
HCV is transmitted vertically to newborns by 3–5% of HCV-
monoinfected mothers, but the risk increases significantly in 
the presence of HIV coinfection [15]. On the basis of these epi-
demiological data, recommendations for the prevention and
control of HCV infection have been made (Table 2) [16,17]

Diagnosis

Infection with HCV can be identified and staged with a variety of
diagnostic tools that include (i) detection of antiviral antibodies
(anti-HCV), a marker of past or ongoing infection; (ii) direct
detection and quantification of the viral genome (HCV RNA) 
in serum, a marker of ongoing HCV infection and replicative
activity; and (iii) analysis of the genomic sequences of the virus
to define the genotype and subtype of the infecting HCV, an
intrinsic characteristic of HCV genomic variability.

Detection of antiviral antibodies

Testing for anti-HCV antibodies is the primary tool to screen 
for HCV infection and to diagnose past or ongoing infection
[18]. Anti-HCV antibodies can be detected by third-generation
enzyme immunoassays (EIAs). These assays detect mixtures of
antibodies directed against different HCV epitopes of the core
and non-structural NS3, NS4 and NS5 proteins. The specificity
of currently available commercial assays for anti-HCV antibodies
is > 99%. In acute infection, detection of anti-HCV antibodies
may be delayed compared with the appearance of HCV-RNA
viraemia. In chronic infection, the sensitivity of anti-HCV 
antibody tests is excellent in immunocompetent individuals,
whereas it is reduced in immunocompromized hosts, who may
remain anti-HCV negative despite the presence of ongoing HCV
replication. The interpretation of anti-HCV antibody results
depends on the clinical setting (see below).

In clinical practice, the usual approach is to test initially for
anti-HCV antibodies and, if the results are positive, assess for 
the presence of HCV RNA using a sensitive qualitative assay, 
to document viraemia and distinguish between ongoing and
resolved infection.

Detection of serum HCV RNA

HCV replicates at low levels and, therefore, HCV RNA needs to
be amplified to enable it to be detected in serum [19]. Two types
of diagnostic assay are available for serum HCV-RNA testing:
qualitative and quantitative. Qualitative assays are carried out

Table 2 Recommendations for prevention and control of HCV infection.

HCV testing is highly recommended in:
Individuals with a risk factor (see list in Table 1)

Individuals with unexplained abnormalities of transaminases and/or other 

liver function tests

Individuals with signs or symptoms of liver disease

HCV-infected individuals should be counselled to:
Avoid sharing anything that might be contaminated by their own blood or 

body fluid

Not donate blood, body organs, other tissues or semen

Consider the risk of sexual transmission to be low but not absent
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using the classical polymerase chain reaction (PCR), real-time
PCR or transcriptase-mediated amplification (TMA). Several
commercial assays are available, with a lower limit of detection
in the range of 5 IU/mL (real-time PCR), 5–10 IU/mL (TMA-
based assays) and 30–100 IU/mL (classic PCR). These qualit-
ative assays represent the gold standard for the diagnosis of
ongoing HCV infection. They are essential for the diagnosis 
of hepatitis C in immunocompromized individuals who do 
not produce significant levels of anti-HCV antibodies and in 
the early phase of acute hepatitis C before anti-HCV seroconver-
sion. Quantitative serum HCV-RNA assays are based on target
amplification techniques (competitive PCR or real-time PCR)
or signal amplification [branched DNA (bDNA) assay]. These
assays measure viral load in viraemic patients and provide tools
to monitor antiviral therapy.

Determination of HCV genotype

The six major HCV genotypes can be detected using commercial
assays [20]. They have different geographical distributions 
(Fig. 1) and their prevalence also varies according to the 
epidemiological setting; HCV-3 is often associated with intra-
venous drug usage. HCV genotyping is of clinical utility in
patients who are candidates for antiviral therapy, to enable the
dose and duration of treatment to be determined and to predict
the probability of achieving a sustained virological response. In
many parts of the world, the prevalence of the different HCV
genotypes within the HCV-infected population has changed
over the last decade. Most studies report a progressive reduc-
tion in the prevalence of HCV-1b-infected individuals, which 
is counterbalanced by an increase in HCV-1a- and HCV-3-
infected individuals [21–23]; this trend has also been recently
observed in HCV-infected children [24]. Other studies indicate
a rapid increase in the spread of HCV-4 in many European
countries [25, 26].

Clinical use of HCV markers and diagnostic
algorithms [27]

Patients with acute hepatitis
When acute hepatitis C is suspected, patients should be tested
for serum HCV RNA with a sensitive qualitative assay and for
anti-HCV antibodies using an EIA. Serum HCV RNA is the first
marker to become detectable during the acute phase; it can be
demonstrated by sensitive PCR as early as 1 week after exposure
[7]. Viraemia then persists without an antibody response for a
period of a few weeks to months (window phase). Anti-HCV
seroconversion usually occurs 4–8 weeks after exposure but
may be delayed by up to several weeks or months, with large
individual variations. Immunoglobulin (Ig)M anti-HCV tests
have not shown adequate specificity and sensitivity for the
identification of acute hepatitis C and their use is not recom-
mended. Serum HCV RNA, but not anti-HCV antibodies, is
eventually cleared in the minority of patients whose hepatitis 

C resolves; it persists, often with fluctuations, in patients who
progress to chronic infection. The interpretation of different
patterns of HCV serum markers in patients with acute hepatitis
is described in Table 3.

Patients with chronic liver disease
The diagnosis of HCV infection in patients with overt evidence
of chronic liver damage is initially based on anti-HCV antibody
testing and confirmed by detection of serum HCV RNA by 
qualitative testing. However, serum HCV RNA should be tested
in all immunocompromized or immunosuppressed patients with
liver disease of unknown aetiology, even if negative for anti-HCV
antibodies. This includes patients on chronic haemodialysis, those
with HIV infection and recipients of organ transplants [27].

Detection of anti-HCV at occasional screening
Low-risk individuals with normal ALT levels and no evidence of
liver disease, who are found to be anti-HCV antibody positive by
EIA at occasional screening or at blood donation, should have
serum HCV-RNA levels tested by sensitive qualitative assay to
distinguish between ongoing and resolved infection. Repeated
HCV-RNA testing (2–3 times at monthly intervals) is recom-
mended for those individuals that are initially found to be HCV-
RNA negative, to exclude intermittent viraemia.

Figure 2 describes the diagnostic algorithms that are used in
clinical practice in anti-HCV-positive individuals to distinguish
between (i) resolved HCV infection, (ii) chronic HCV infec-
tion with normal ALT and (iii) biochemically active chronic
hepatitis C.

Natural history and clinical outcomes

The current knowledge of the natural history of acute and
chronic hepatitis C infection is still incomplete because of the
silent nature of many infections, which often impedes detection
of the disease in its earliest stages, and also the slow, unpre-
dictable and often discontinuous progression of liver damage,
which takes at least one decade, but more frequently several
decades, to produce serious chronic sequelae [28]. The outcome
of HCV infection is influenced by many variables and cofactors
that may significantly accelerate the natural course of liver 

Table 3 Interpretation of HCV marker profiles in patients with acute
hepatitis.

Anti-HCV HCV-RNA Interpretation and follow-up

Negative Negative Acute hepatitis C excluded

Negative Positive Acute hepatitis C confirmed, follow-up for 

anti-HCV seroconversion

Positive Negative Acute hepatitis C unlikely (unless late testing)

Positive Positive Impossible to differentiate acute from 

reactivated chronic hepatitis C (follow-up 

and retesting needed)
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disease. For these reasons, the clinical course of hepatitis C is
highly variable and the long-term prognostic assessment is
problematic in the individual patient. Figure 3 describes the
clinical spectrum of hepatitis C and the different stages and rates
of progression.

Acute infection

The average incubation period of acute hepatitis C, as deter-
mined in prospective studies of post-transfusion hepatitis, is
7–8 weeks, but the range varies widely (from 2 to 26 weeks 

Covert parenteral
exposure 50%

Overt parenteral
exposure 50%

Acute HCV infection
Asymptomatic 70–90%
Symptomatic 10–30%

Non-progressive
25%

Death
(or OLT)

Progressive
Slow Intermediate Rapid
25%

Mild

Moderate

Severe

25% 25%

Recovery
Normal ALT

HCV RNA neg

Extrahepatic
manifestations:

Cryoglobulinaemia
Vasculitis
IC disease
Autoimmunity

Compensated cirrhosis

Decompensation
HCC

50–85%

Portal
hypertension

5–30 years

5–20 years

1–50%

15–50%

Chronic HCV infection

Fig. 3 Clinical spectrum and natural history of hepatitis C. Percentages indicate average prevalence/incidence of events. Wide variability of outcomes
depends on many cofactors.

Anti-HCV (EIA) positive

Normal
(repeated)

Negative
(repeated)

High

Normal
(repeated)

High

Positive

Positive

Negative
(repeated)

Biochemically active
chronic hepatitis C

HCV carriers with PNALT

Chronic HCV infection unlikely
Search for other causes of liver disease

Past/resolved HCV infection

Interpretation/action

HCV RNAALT

Fig. 2 Diagnostic algorithms in hepatitis C and interpretation of combined testing of viral markers and ALT. PNALT, persistently normal ALT levels.
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or more) [29]. Shorter incubation periods have been reported 
in experimental infections and in haemophiliacs treated with
factor VIII. HCV viraemia is the first marker to become 
detectable during acute hepatitis C; it is demonstrable by sensi-
tive PCR as early as 1 week after exposure. Viraemia then persists
without an antibody response for a variable window period
before anti-HCV seroconversion [30,31].

The onset of liver damage, marked by variable ALT elevations,
is always delayed with respect to the appearance of viraemia 
and may either precede or follow seroconversion to anti-HCV.
Patients rarely have prodromic symptoms or fever. The acute
phase of hepatitis C is often mild and usually less severe than
hepatitis A and B; more than two-thirds of cases are asymp-
tomatic and anicteric. A severe or fulminant course of acute hep-
atitis C rarely occurs, except in patients with immunodeficiency,
pre-existing liver disease or the presence of other cofactors, such
as hepatitis A or B or intravenous drug use. The clinical profile 
of symptomatic acute hepatitis C is the same as that of any type
of viral hepatitis and is often indistinguishable from hepatitis 
A and B. Symptomatic cases present with malaise, dark urine,
nausea (with or without vomiting), abdominal discomfort
and/or jaundice.

Hepatitis C exhibits several patterns of ALT elevation. The
most typical is polyphasic, with significant fluctuations in
enzyme levels that may last for a few weeks or several months.
Sometimes, periods of biochemical abnormality are separated
by periods of ALT normality. Chronic hepatitis develops fre-
quently in patients with a polyphasic ALT pattern [32].

The histological features of acute hepatitis C include a few
peculiar morphological changes, in addition to the classic fea-
tures that are common to viral hepatitis in general. Liver biopsy
may show eosinophilic clamping of the cytoplasm, macrovesci-
cular steatosis, marked activation of sinusoidal cells, peeling up 
of bile ductular cells in the lumen and a large number of acido-
philic bodies. A liver biopsy is not recommended for routine

diagnosis of acute hepatitis C, as none of the histological lesions
is specific, and it is not essential for identifying progression to
chronicity. This can be diagnosed by monitoring ALT levels and
serum HCV-RNA levels in the months after the onset of acute
disease. By definition, patients who have abnormal ALT values
for more than 6–12 months are progressing to chronic hepatitis
C [7]. These patients have evidence of chronic hepatitis of 
variable activity and severity on liver biopsy. Likewise, patients
who remain serum positive for HCV RNA, despite the return of
ALT levels to normal, often exhibit evidence of chronic hepatitis
in the liver biopsy, usually with mild activity. A subacute course
of hepatitis C with progressive hepatic failure is exceptional 
and should prompt a search for other causes of liver damage.
The most frequent course seen after acute HCV infection is
chronic evolution, with fluctuating ALT levels and persistently-
or intermittently-positive serum HCV-RNA levels. The outcome
of acute hepatitis C varies, depending on virus and host factors
and on the size of the infecting inoculum. Minimal exposure
may result in transient infection with recovery and development
of some kind of T-cell immunity, even in the absence of anti-
HCV seroconversion.

Three main outcome profiles can be seen after acute HCV
infection:
1 Recovery with virus eradication: this occurs in 20–50% of
cases, more frequently with smaller inocula. It is characterized
by persistent ALT normalization and a repeatedly-confirmed
negative HCV-RNA test in the presence of persistent anti-HCV
reactivity, which remains positive in the serum for many years.
2 Evolution into a biochemically active chronic hepatitis C,
with elevated and often fluctuating ALT levels.
3 Evolution into the asymptomatic HCV carrier state, with 
persistently normal ALT (PNALT) levels.

The different clinical outcomes seen in acute hepatitis C, their
serological and biochemical profiles and the main determinants
of HCV clearance versus persistence are described in Fig. 4.

Acute HCV Infection

15–50%
Full recovery
Normal ALT

and
HCV-RNA negative
at repeated testing

50–85%
Chronic infection

Favoured byFavoured by

Larger inoculum
Transmission by transfusion
Older age
Male gender
Immunodefects
Specific HLA subtypes

60–70%
HCV-RNA positive

Elevated ALT

30–40%
HCV-RNA positive

Normal ALT

Small inoculum
Younger age
Female gender
Efficient immunity
Specific HLA subtypes

Fig. 4 Outcomes of acute HCV infection and
predisposing variables. HLA, human leukocyte
antigen.
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Compensated phase of chronic HCV 
infection

Chronic HCV infection is defined as the persistence of serum
HCV RNA for more than 6 months. It is usually not preceded by
an overt acute onset. For this reason, patients with chronic HCV
infection are usually diagnosed at different phases of the infec-
tion and may present at different stages of liver disease [9]. The
main biochemical and clinical profiles are: (i) the typical form 
of chronic hepatitis C, with abnormal ALT levels and a wide
spectrum of liver damage and progression rates; (ii) the HCV
carrier state, with PNALT; and (iii) patients with extrahepatic
manifestations of hepatitis C.

Biochemically active chronic hepatitis
The course of chronic hepatitis C with ALT elevations is often
unpredictable in the individual patient. In a number of cases, 
it progresses slowly to more severe and active liver disease, with
increasing fibrosis and, ultimately, transition to cirrhosis.
Progression to cirrhosis may take years or decades. In other
patients, the liver disease is minimal or mild and remains stable
for decades, without significant worsening. The long-term out-
comes of chronic HCV infection are schematically described 
in Fig. 3.

From chronic hepatitis C to compensated 
cirrhosis
Patients with biochemically active chronic hepatitis C have a
persistently positive serum HCV-RNA test, and persistently 
or intermittently elevated ALT levels. Most are asymptomatic 
or have only mild and aspecific symptoms, such as chronic or
parossistic fatigue, dyspepsia and myalgia. Chronic hepatitis C
may be stable or progressive over time. Progression is marked 
by the worsening of liver fibrosis, a consequence of continuing
necroinflammation and associated fibrogenesis [33,34]. Staging
of liver fibrosis on liver biopsy is carried out using semiquantit-
ative scoring systems: fibrosis is graded from 0 to 4 (METAVIR
scoring system) [35] or from 0 to 6 (Ishak scoring system) [36].
Patients with chronic hepatitis C can be classified as being non-
progressors, having stable disease, or being slow, intermediate 
or rapid progressors, with an estimated time interval between
infection and development of cirrhosis of more than 50 years,
15–30 years or 3–10 years, respectively, and with about 25% of
patients falling within each subgroup [37]. The risk of progres-
sion is dependent on a number of variables and cofactors, which
are often interrelated. The stage of disease at presentation is
obviously relevant for prognosis, and progression to cirrhosis is
more frequent and imminent in those with more advanced liver
disease [38]. The ALT levels and profile do correlate to some
extent with disease activity and progression rate [39–41]. The
age of the patient and mode of acquisition of HCV infection are
important prognostic factors: older patients often have more
rapid progression, although chronic HCV infection may also 
be benign and non-progressive in the elderly. Patients infected

via a blood transfusion have more severe and progressive liver
disease than those who acquire HCV by an inapparent source,
possibly as a consequence of a larger virus inoculum, leading to
higher virus spread and replication [42–46]. The role of HCV
genotypes in determining disease outcomes is controversial. All
HCV subtypes may be associated with mild, non-progressive, 
or severe and rapidly progressive liver disease. The actual viral
loads are poorly correlated with disease severity and the meas-
urement of serum HCV-RNA levels is not particularly useful 
in assessing disease outcomes in untreated patients. Alcohol
[47], coinfection with HBV or HIV [38,48,49], impairment of
the immune system and a coexisting malignancy have all been
repeatedly and convincingly shown to aggravate the course 
of chronic hepatitis C. Metabolic factors are also important; 
obesity, insulin resistance and liver steatosis are associated with
more rapid progression of liver fibrosis in hepatitis C [50–52].

Liver steatosis and metabolic abnormalities in
hepatitis C
Liver steatosis is particularly frequent in hepatitis C; it is seen in
more than 50% of cases and in more than 75% of those infected
with HCV-3. The pathogenesis of liver steatosis in hepatitis C 
is multifactorial, being related to metabolic cofactors (insulin
resistance) in some and to a more direct effect of HCV in others.
The direct steatogenic effect of HCV has been attributed to the
interference of the HCV core protein with mitochondrial func-
tion and apolipoprotein B-100 very-low-density lipoprotein
(VLDL) secretion [53–55]; this results in the accumulation of
triglycerides in hepatocytes, the induction of fatty acid oxidation
and the release of cytokines, leading to steatosis and steatohep-
atitis [56,57]. In patients infected with HCV-3, the degree of fat
infiltration appears to correlate with the level of HCV replica-
tion and protein expression, both in serum and in liver tissue
[58], but not with liver fibrosis; in a recent study of over 3000
patients with HCV-related chronic hepatitis, the association
between steatosis and fibrosis was confirmed in HCV-1-infected
subjects but not in HCV-3-infected subjects [59]. Liver steatosis
of the metabolic type should be corrected as it is more frequently
associated with disease worsening and poor response to antiviral
therapy. For this reason, hepatitis C is often more severe and
progressive in overweight patients with type 2 diabetes. Liver
iron overload is also associated with more advanced and pro-
gressive hepatitis C [60]. Other cofactors that have been associ-
ated with fibrosis progression in hepatitis C, including specific
human leukocyte antigen (HLA) polymorphisms [61], are listed
in Table 4.

HCV carrier state with persistently normal ALT
ALT levels may remain normal despite chronic HCV infection
with ongoing HCV replication in the liver and a positive HCV-
RNA serum test. This profile is characteristic of HCV carriers
with PNALT. The number of HCV patients in this subgroup is
consistent, representing around 20–45% of chronically infected
individuals in the general population [62]. Many patients 

TTOC09_01  3/8/07  6:43 PM  Page 887



888 9 VIRAL INFECTIONS OF THE LIVER

maintain PNALT levels over long-term follow-up, but a
significant subgroup (around 20–25% over 3–5 years) develop
biochemical reactivation, which may be transient or persistent
and may be associated with disease worsening [63]. Most HCV
carriers with PNALT have some degree of liver damage on liver
biopsy, with the majority showing mild to moderate chronic
hepatitis and fibrosis [64,65]. Liver disease is stable or progresses
very slowly in these patients and the development of cirrhosis
and endstage complications is rare. However, around 10–15%
have advanced fibrosis or cirrhosis in the absence of biochemical
(ALT) activity. Recently, the definition of ALT ‘normality’ has
been challenged in patients with HCV, as the currently used
upper limits of normality of ALT may underestimate a ‘minimal’
degree of liver cell necrosis. Therefore, liver biopsy remains the
only tool to exactly define the degree and stage of liver disease in
these patients. The indication to carry out a liver biopsy in HCV
carriers with PNALT needs to be individualized, depending 
on the patient’s age, life expectancy and motivation [63,66].
Currently, most international and national guidelines include
liver biopsy in the clinical assessment of HCV carriers with 
normal ALT, particularly when a decision has to be made
whether to treat with antiviral therapy. All patients presenting
with chronic HCV infection and normal ALT should be moni-
tored regularly (every 6–12 months) because of the possibility 
of ALT reactivation and liver disease worsening. Counselling
regarding lifestyle and infectivity should be the same for these
patients as it is for HCV-infected patients with elevated ALT.

The role of liver biopsy in assessing patients with
chronic HCV infection
As in many other chronic liver diseases, liver biopsy is the gold
standard for fibrosis staging in chronic hepatitis C. However,

biopsy interpretation may be limited by sampling errors, result-
ing in underestimation of fibrosis stage, particularly when the
size of the liver sample is small or inadequate [67–69]; laparo-
scopic studies have shown that cirrhosis is missed in up to
10–20% of percutaneous biopsies obtained from the same
patients. For this reason, in practice, it may be more reasonable
to distinguish patients with no or minimal fibrosis from those
with significant and advanced fibrosis, as this simple separation
has important prognostic value. Because liver biopsy is invasive
and costly and requires hospitalization, non-invasive surrogate
methods to predict liver fibrosis would be useful. A number 
of potential tools are currently under evaluation and include bio-
chemical makers and panels of biochemical tests, and methods
to measure liver stiffness by elastography. It is expected that
some of these approaches will be used in the near future in the
clinic to reduce the number of liver biopsies needed to correctly
stage liver fibrosis in patients with chronic hepatitis C, as well as
other forms of chronic liver disease [70,71].

From HCV-related compensated cirrhosis to
endstage liver disease

When patients with chronic hepatitis C reach the stage of cirr-
hosis, the risk of developing severe and endstage complications
becomes significant. The progressive impairment of liver func-
tion and the development of portal hypertension are responsible
for most complications, which include ascites, variceal bleeding
and hepatic encephalopathy. Several prospective studies have
indicated that hepatic decompensation, defined as an episode of
ascites, jaundice, variceal bleeding or hepatic encephalopathy,
occurs relatively late in the natural course of HCV-related cir-
rhosis, with an estimated annual decompensation rate of around
3–4% and a 5-year cumulative incidence of 15–18% [72]. The
same studies demonstrated that, in western countries and Japan,
cirrhosis caused by chronic HCV infection is a major risk factor
for hepatocellular carcinoma. In these areas, the prevalence of
HCV infection ranges from 50% to 70% among patients with
hepatocellular carcinoma. In chronic HCV infection, hepato-
cellular carcinoma occurs almost invariably with cirrhosis or
advanced fibrosis. The annual incidence of hepatocellular carci-
noma in HCV-related cirrhosis is estimated to be 1–6%, with a
5-year cumulative incidence ranging from 7% to 30%. Because
hepatocellular carcinoma rarely develops in the absence of 
cirrhosis, this condition represents the major risk factor for 
hepatocellular carcinoma in chronic HCV infection. Older age
and long-lasting liver disease, as well as the presence of active
liver disease and regeneration shown by high ALT and alpha-
fetoprotein (AFP) levels, represent high-risk conditions for hep-
atocellular carcinoma development. Several cofactors increase
the risk of hepatocellular carcinoma in HCV-related cirrhosis,
including HBV coinfection, heavy alcohol intake (above 50–80
g/day), iron overload and the presence of the metabolic syn-
drome and liver steatosis [73]. Complications of cirrhosis are
the primary cause of death in patients with chronic HCV 

Table 4 Cofactors and variables associated with more rapid evolution of
chronic hepatitis C.

Larger inoculum

Acquisition by transfusion

Male gender

Older age at infection

Older age at diagnosis

Alcohol abuse

HBV coinfection

HIV coinfection

Obesity

Liver steatosis

Insulin resistance

Type 2 diabetes

Iron overload

Smoking

Malignancy

Immunosuppression/immunodefects

Organ transplantation

Some genetic polymorphisms

Some HLA subtypes
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infection. In patients with compensated cirrhosis, the 5-year
survival rate is around 85–90%, whereas, after the first episode
of decompensation, the 5-year survival rate is only 45–55%. In
cohort studies, hepatocellular carcinoma was the primary cause
of death in 47–72% of patients, followed by liver failure in
23–44% of cases and bleeding in 5–8% [74,75].

Extrahepatic manifestations of hepatitis C

Chronic HCV infection has been associated with a variety of
extrahepatic manifestations (Table 5). These conditions may
occur in the presence or absence of accompanying liver disease,
which, if present, may be of variable severity. A direct cause–effect
relationship is well established for mixed cryoglobulinaemia (MC)
[76], vasculitis, membranoproliferative glomerulonephritis and
a number of immune complex-associated disorders and some
forms of low-grade malignant B-cell lymphoma. A relationship
is suspected for porphyria cutanea tarda and some forms of
autoimmune thyroiditis and diabetes mellitus; however, the
association with HCV is weak or doubtful for the other con-
ditions [77]. The association of HCV infection with an overt
cryoglobulinaemic syndrome has clear geographical segregation
(southern and eastern Europe), suggesting that genetic factors
might be involved. The observation that the syndrome is more
frequent in patients with long-standing infection suggests a role
for chronic immune stimulation of B cells by HCV; this could
also explain the production of autoantibodies and the risk of
progression towards low-grade non-Hodgkin’s B-cell lymphoma,
which is reported in patients with chronic HCV. Many patients
with chronic hepatitis C have detectable cryoglobulins in their
serum but only small subgroups develop symptoms. Symptoms
of HCV–MC are related to systemic vasculitis in small- and, less
frequently, medium-sized vessels. Disease expression most often
involves the skin and joints and, less frequently, the nerves and
kidneys [78]. The main symptom is palpable purpura, which is
reported in up to 90% of HCV–MC symptomatic patients; 

purpura begins in the lower extremities [79] and may extend 
to the abdomen and trunk and, less frequently, to the upper
extremities. It subsides after 3–10 days, leaving a brownish 
discoloration that is particularly marked in the lower limbs.
Purpura may be accompanied by Raynauds syndrome and acro-
cyanosis. Bilateral symmetrical arthralgias involving the great
joints are reported in 60–90% of patients. Neither arthritis nor
joint destruction is a feature. Distal sensory or sensory–motor
asymmetrical polyneuropathies and multiple mononeuropathies
develop in 40% of cases. Renal disease, usually membranopro-
liferative glomerulonephritis, accompanied by proteinuria and
microscopic haematuria, occurs in 25% of patients. There is no
clinical indication to search for cryoglobulins in the serum of
HCV patients who have no signs or symptoms that are sugges-
tive of the clinical syndrome.

Clinical course of hepatitis C in special
subgroups

The course of acute and chronic hepatitis C is influenced by 
the immunocompetence of the host and by several cofactors. 
In the immunocompromized host, hepatitis C often runs a more
severe course; this is the case in renal transplant recipients in
whom HCV is an important cause of liver disease, which may
significantly reduce survival [80]. Patients with HIV are fre-
quently coinfected with HCV (at a rate of about 30% in Europe)
and exhibit an accelerated progression to cirrhosis and endstage
liver disease, particularly in the presence of low CD4 counts.
With the improved therapeutic control of HIV infection and
reduced mortality rates from acquired immune deficiency 
syndrome (AIDS), the endstage complications of hepatitis C
have become a leading cause of mortality among HIV–HCV
coinfected individuals. Coinfection with HCV and HBV is 
also common, particularly when both virus infections have
significant prevalence in the population; coinfection is often
associated with more severe histological liver lesions and a more

Syndrome Link to HCV infection

Mixed cryoglobulinaemia Proven (HCV has a pathogenetic role)

Vasculitis

Membranoproliferative glomerulonephritis

Porphyria cutanea tarda Most likely (HCV may act as cofactor)

Low-grade non-Hodgkin’s lymphoma

Autoimmune thyroiditis Possible (more data needed)

Type 2 diabetes

Lichen planus

Sjogren syndrome Weak (etiological role of HCV is unlikely)

Idiopathic pulmonary fibrosis

Aplastic anaemia 

Polyarteritis nodosa

Erythema nodosum

Table 5 Extrahepatic manifestations caused
by or associated with chronic HCV infection.
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rapid progression to cirrhosis and liver failure. In a study of 
bone marrow transplant recipients [81], the long-term outcome
of chronic HCV infection was described as being particularly
severe, with a cumulative rate of progression to cirrhosis of 
10% and 25% at 15 and 20 years after bone marrow transplant
respectively.

Chronic hepatitis C in children

HCV infection is uncommon in children because vertical trans-
mission, which is responsible for most cases of paediatric infec-
tion in the western world, occurs in only about 3–5% of cases.
Blood transfusions were a major route of infection of children
before the implementation of HCV screening of blood donors.
Intravenous drug use and high-risk sexual behaviour are cur-
rently maintaining the reservoir of infection in adolescents, par-
ticularly in large urban areas. Chronic hepatitis C in childhood
has been characterized by an asymptomatic presentation, a vari-
able biochemical pattern and mild liver lesions at histology [82].
Nevertheless, the spontaneous clearance of HCV and definit-
ive ALT normalization were infrequently observed throughout
childhood and adolescence, and increasing rates of fibrosis were
documented in the liver in a proportion of cases that were 
followed prospectively with sequential liver biopsies [83]. As a
consequence, there was an increased risk of developing cirrhosis
and hepatocellular carcinoma in adult life, although the fre-
quency and timing of these complications remain undefined.

Management of chronic HCV infection in
clinical practice

Once chronic HCV infection has been identified by serological
testing (the presence of anti-HCV antibodies and HCV RNA in
serum), patients should be evaluated for the presence and stage of
liver disease. This is best achieved by liver histology. Liver biopsy
is not necessary if clinical and/or biochemical/haematological
signs of overt cirrhosis are present. On the basis of histological
findings, chronic hepatitis C is classified as minimal/mild (with
no fibrosis or only minimal/mild fibrosis limited to the portal
tracts or few and incomplete septa) or moderate/severe (with
many septa or bridging necrosis). This broad distinction is clin-
ically useful in terms of prognostic assessment. Patients who 
are not considered for antiviral therapy and those who fail treat-
ment need to be monitored periodically for disease progres-
sion; they are usually monitored at 6- to 12-month intervals 
for biochemical markers of liver function and disease activity.
Periodical ultrasound examination of the upper abdomen is 
recommended for those with moderate/severe liver disease.
Histological re-evaluation is usually recommended after 5–6
years for patients who initially present with minimal/mild dis-
ease, and after 2–3 years for those with moderate/severe disease.
Monitoring for liver fibrosis with non-invasive markers may
enter clinical practice in the future, if better standardization can
be achieved. All patients with chronic HCV infection should be

evaluated for disease cofactors, particularly those that can be
modified by intervention. Because a ‘metabolic type’ of liver
steatosis may aggravate the course of hepatitis C, this condition
should be investigated and, when detected, patients should be
appropriately counseled to reduce the grade of fatty changes 
in the liver (by diet, exercise or reduction of body weight; see
Chapter 13 for the clinical management of non-alcoholic fatty
liver disease). Abstinence or avoidance of excess alcohol is also
recommended in patients with chronic HCV, particularly when
liver disease is active or advanced. Patients with chronic HCV
should be encouraged to undergo testing for HBV and HIV
markers, particularly when specific risk factors are identified.
HBV vaccination should be recommended to HCV carriers who
are negative for all HBV markers, including antibodies to hep-
atitis B surface antigen (anti-HBs). Hepatitis A virus vaccination
is also recommended for non-immune individuals. Adequate
counseling to reduce the risk of HCV transmission is mandatory
for all HCV carriers, regardless of the viraemic load, HCV geno-
type and grade and stage of liver disease.

Because of the major role of direct percutaneous exposure in
the transmission of HCV, educational programs and ensuring
access to sterile needles and syringes for intravenous drug users
are of paramount importance. Because of the low risk of HCV
transmission, monogamous couples do not need to use barrier
protection (condoms), although they should be advised that
condoms may reduce the risk of transmission. On the other
hand, HCV-infected individuals with multiple sexual partners
should be advised to use barrier protection. Sharing common
household items that may be contaminated with blood, such as
razors and toothbrushes, should be avoided. The risk of HCV
infection from a needlestick injury, an accident that frequently
occurs in the health-care setting, is estimated to be around 2%
and, at present, immunoglobulin prophylaxis is not recom-
mended. Whenever possible, the source should be tested for
HCV and the exposed individual followed for seroconversion to
obtain early identification of HCV infection, which may be
treated when appropriate. The risk of perinatal transmission is
approximately 2–5% for infants of anti-HCV-positive mothers.
High HCV-RNA levels at delivery, and HIV coinfection,
significantly increase this risk. Elective caesarean section has 
not been shown to reduce the risk. Invasive fetal monitoring 
and prolonged labour after rupture of membranes should 
be avoided. Breastfeeding does not appear to transmit HCV
[84].
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9.1.2.vii Hepatitis E
Rakesh Aggarwal and Krzysztof Krawczynski

Definition

Hepatitis E is a form of acute viral hepatitis aetiologically related
to hepatitis E virus (HEV) infection. The disease is endemic in
developing countries in the Indian subcontinent, central and
south-east Asia, Africa and the Middle East, where it is a cause of
significant morbidity and mortality.

Virology

Morphology and genomic organization

HEV is a small RNA virus, 32–34 nm in diameter, non-
enveloped, icosahedral in symmetry, with indentations and
spikes on its surface. The virus is currently classified in a separate
genus Hepevirus in the family Hepeviridae. The HEV genome 
is a single-stranded, positive-sense and polyadenylated RNA 
of approximately 7200 bases [1]. The genome carries a 7-
methylguanosine (m7G) nucleotide cap [2] and is composed of
discontinuous and partially overlapping open reading frames
(ORFs) flanked by a 5′ untranslated region and a 3′ poly-A 
tail (Fig. 1) [1]. ORF1 encodes non-structural proteins (RNA-
dependent RNA polymerase, helicase and methyl transferase)
that are used in viral replication. ORF2 codes for the major struc-
tural (capsid) protein which contains a signal sequence at the 5′
end and three glycosylation sites. ORF3 overlaps ORF1 and
ORF2 by 1 and 328 nucleotides, respectively, and encodes a small
phosphoprotein that associates with the cytoskeleton in in vitro

experiments. ORF3 may be involved in intracellular signal trans-
duction and is associated with the assembly of virions. Details of
HEV attachment and entry into hepatocytes, the primary target
cells for the virus, HEV replication and release of mature virions
remain unknown. Hypothetically, non-structural gene products
are expressed from the full-length, positive-sense genome.
Newly generated, negative-strand RNA may act as a template for
the production of full-length genomic RNA that is packed into
progeny virions or used for further expression of non-structural
proteins. It is possible that host-derived proteins are involved in
viral replication. Recently, infectious cDNA clones of HEV and 
a subgenomic replicon system were developed that allow the
study of viral replication strategies [3], which had been hindered
by the absence of a reliable tissue culture system for HEV and a
small animal model of HEV infection.

Genotypes and genetic epidemiology

Various geographically distinct isolates of HEV have been
classified into at least four genotypes, based on the phylogenetic
relationship of their genomic sequences (Table 1) [4]. The 
various isolates included in genotype 1 (‘Asian strain’) have 
a nucleotide sequence homology of 92–99% (amino acid
sequence homology 95–99%) with each other, but only a 75%
nucleotide homology (86% amino acid homology) with the 
isolate included in genotype 2 (‘Mexico strain’). Isolates from
sporadic cases in the United States, a non-endemic region,
classified as genotype 3, are 92% identical to each other but only
73.5–74.5% identical to isolates from genotypes 1 and 2.
Genotype 4 comprises isolates from some parts of China and
Taiwan. HEV isolates from Africa (Chad, Algeria, Egypt) are
more closely related to the Burmese strain than to the Mexican
strain; however a Nigerian isolate appears to be closer to the
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Fig. 1 A schematic diagram showing genomic
organization of hepatitis E virus RNA, including
its three open reading frames.
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Mexican strain. Separate genotypes have been proposed for
recently described single isolates from other non-endemic
regions, such as Italy, Greece and Spain (genotypes 5–8).
Despite significant genomic variability, all genotypes share at
least one major serologically cross-reactive epitope.

Swine HEV, an HEV-like virus, was first identified in pigs 
in the midwestern United States [5], and later in other countries.
It naturally infects pigs, inducing transient viraemia and anti-
bodies that react with the capsid protein of human HEV strains.
It has approximately 90.2–91.7% and 78.9–82.9% identity at
the amino acid level with the Burmese and Mexican isolates of
human HEV in the ORF2 and ORF3 regions respectively. In
comparison, the US isolates of HEV share 92% identity with
swine HEV and are more closely related to it than to the Burmese
and Mexican strains. Similarly, swine HEV strains in Taiwan
and Spain are more similar genetically to human HEV strains
from these regions than to swine and human HEV isolates from
other parts of the world. However, swine HEV identified in
India, an HEV-endemic region, is genetically different from the
HEV in patients from the same geographical region. Recently,
an HEV-like virus was recovered from chickens; partial sequ-
encing of its genome showed that it is genetically more diverse
than isolates from mammalian species [6].

Clinical characteristics, pathology and
pathogenesis

Clinical features

Clinical signs and symptoms in patients with symptomatic HEV
infection are similar to those in persons with acute hepatitis A 
or B. Acute-phase symptoms include abdominal pain, anorexia,
arthralgia, asthenia, malaise, flu-like symptoms, clay-coloured
stools, dark or tea-coloured urine, diarrhoea, fever, jaundice,

nausea, vomiting, aversion to smoking, pruritus and skin rash
[7–9]. The most commonly reported symptoms have been
jaundice (90–100%), malaise (95–100%), anorexia (66–100%),
nausea/vomiting (29–100%), fever (23–97%) and itching
(14–59%) [7–9]. Common clinical findings include jaundice,
hepatomegaly (10–85%) and, at times, splenomegaly. Laboratory
findings are also similar to those in patients with other forms 
of viral hepatitis and include elevated levels of serum bilirubin,
alanine aminotransferase (ALT), aspartate aminotransferase,
alkaline phosphatase and γ-glutamyltransferase.

The incubation period in human volunteers after oral expos-
ure was 4–5 weeks; incubation periods of 15–60 days have 
been reported during hepatitis E outbreaks. Acute-phase symp-
toms are preceded by a prodromal phase characterized by fever
and nausea that diminish with the onset of jaundice (icteric
phase). Most patients with acute hepatitis E have a self-limited
course, and resolution of hyperbilirubinaemia and elevated
aminotransferase levels generally occurs within 3 weeks (range
1–6 weeks) after illness onset. A subset of patients has a pro-
longed illness with prominent cholestasis, which usually resolves
spontaneously. A few patients have a particularly severe disease
and develop liver failure. The overall case–fatality ratio for the
general population in disease-endemic countries has been from
0.1% to 4% [10]. Case–fatality rates are much higher (up to 25%)
among pregnant women infected with HEV, especially during
the third trimester [11]. The reason for the particularly high dis-
ease severity and mortality among pregnant women is not yet
known.

The ratio of clinical to subclinical infections has not been
determined; however, lower disease rates reported in younger
age groups during several outbreaks may be the result of
anicteric and/or subclinical HEV infections. In most hepatitis E
outbreaks, the highest rates of symptomatic disease (jaundice)
have been in young to middle-aged adults. No evidence of
chronic hepatitis or liver cirrhosis has been detected among
patients followed up clinically and among those who had liver
biopsies after acute hepatitis E [12]. HEV infection in patients
with pre-existing liver cirrhosis has been associated with the
occurrence of acute-on-chronic liver failure. These patients may
have a particularly poor outcome, although a subset improves to
an asymptomatic state with compensated liver function [13].

Treatment for hepatitis E is essentially supportive. No data 
are available to evaluate the efficacy of antiviral agents or other
specific therapies. The role of termination of pregnancy in preg-
nant patients with hepatitis E and fulminant hepatic failure has
not been studied.

Pathology

Two histopathological patterns were observed in specimens
obtained from an outbreak in Delhi, India: an obstructive or
cholestatic pattern in 58% of examined cases, and a pattern sim-
ilar to other forms of acute viral hepatitis in 42% of cases [14].
The cholestatic type was characterized by bile stasis in canaliculi

Table 1 Proposed genotype classification system for hepatitis E virus based
on phylogenetic analysis of nucleotide sequences.

Genotype Geographical origin of isolates

1 Asia

1A India, Burma (Myanmar), Nepal

1B China, Pakistan, former USSR

1C Africa

1D An isolate from a patient with fulminant hepatic failure 

and a few Indian isolates

2 Mexico and some African (Nigerian) strains

3 United States

4 China/Taiwan

5 Italy

6 Greece 1

7 Greece 2

8 Argentina (Argentina 1 and 2)

Based on ref. 4.
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and parenchymal cells, which were arranged in a gland-like fash-
ion. Degenerative changes in liver cells (including acidophilic
bodies) and focal necrosis were seen less frequently in the
cholestatic type of hepatitis E. Polymorphonuclear leukocytes
were observed in both intralobular infiltrate and portal tracts 
in larger amounts than those seen in classic acute viral hepatitis,
although lymphomononuclear cells were the predominant cell
type in portal tracts. Among the ‘standard’ changes typically
observed in cases of viral hepatitis, ballooned hepatocytes, aci-
dophilic degeneration of hepatocytes and acidophilic body for-
mation were the most frequently encountered. The acidophilic
type of hepatocytic degeneration was also a characteristic mor-
phological feature of experimentally induced hepatitis E in
cynomolgus macaques. Focal hepatocyte necrosis was observed
in both patients and infected primates, with prominent accumu-
lations of mononuclear macrophages and activated Kupffer 
cells and a much less striking presence of lymphocytes, which
prevailed in portal infiltrates.

Elements of pathogenesis

Clinical and pathological features of HEV infection have been
characterized based on surveys of patients involved in outbreaks
of hepatitis E, studies of human volunteers and experimental
models of infection in non-human primates. Data on virus
replication in the liver, humoral immune response and liver
pathology related to HEV infection were collected from these
studies and used to develop a composite picture of the patho-
genetic events of HEV infection (Fig. 2).

The pathogenic features associated with HEV infection have
been characterized in rare volunteer studies [15]. In surveys of
patients involved in outbreaks of acute hepatitis E, genomic
sequences of HEV were identified in stools, bile and sera. HEV
RNA has been detected in the faeces of most patients for about 2

weeks [16]; however, faecal HEV excretion for as long as 52 days
has been reported. The relationship between HEV RNA detec-
tion and infectivity in stools has not been demonstrated. HEV
RNA has been found in serum in virtually all patients within 2
weeks after illness onset [16]. Prolonged periods of HEV RNA
positivity in serum ranging from 4 to 16 weeks have also been
reported. Both immunoglobulin (Ig) M and IgG anti-HEV are
generally detectable at the time of onset of illness, but the exact
time course for the development of an antibody response is 
not known. It appears that the anti-HEV IgM response begins 
to develop just before the maximal ALT activity and disappears
about 5 months into the convalescent phase of the disease
[17,18]. The IgG response begins to develop shortly after the
IgM response, and its titre increases throughout the acute phase
and into the convalescent phase, remaining high from 1 to 4.5
years after the acute phase of the disease [17,18]. Virtually all
patients have detectable IgG anti-HEV for at least 20 months
after acute infection. In one study, nearly 50% of persons had
detectable antibody approximately 14 years after infection [19],
whereas the other half no longer had serological evidence of HEV
infection. Recent data show that cellular immune responses are
also activated during acute hepatitis E [20].

The experimental model of HEV infection is reproduced 
best in cynomolgus macaques and chimpanzees, although other
non-human primates (rhesus, owl monkeys, tamarins) have
been shown to be susceptible to HEV infection [21–23]. In
macaques inoculated intravenously with HEV, expression of
HEV antigen (HEVAg) in hepatocytes, indicative of viral repli-
cation, is first seen at about day 7 after infection [21]. HEVAg
has been detected in 70–90% of hepatocytes at the peak of 
HEV replication, and decreases rapidly after the maximum ALT
activity. HEVAg has been detected simultaneously in hepatocyte
cytoplasm, bile and faeces during the second or third week after
inoculation, and before and concurrently with the onset of ALT

Acute

HEV RNA in stool

HEVAg in the liver

IgG anti-HEV

IgM anti-HEV

Convalescent phase

0

HEV RNA in serum

1 2

Months post-infection

3 4 5

ALT

Fig. 2 Pathogenesis and clinical course of
hepatitis E. A hypothetical graphical summary
showing the course of events during HEV
infection based on data from studies in human
subjects and experimentally infected primates.
The separation between the acute and
convalescent phases of disease is arbitrary and
is based on the alanine aminotransferase (ALT)
levels.
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elevation and histopathological changes in the liver [23]. These
findings suggest that HEV may be released from hepatocytes
into bile and, consequently, into faeces, before the peak mor-
phological changes in the liver. The humoral immune response
in infected animals resembles the pattern observed in humans.
Both IgM and IgG anti-HEV are detected in serum in assays
using immunoreactive epitopes of ORF2 and ORF3. As in
humans, the IgM antibody level decreases rather precipitously,
reaching negligible levels in the early convalescent phase. High
titres of IgG anti-HEV are detected during convalescence. Anti-
HEV has been observed as long as 10 years after inoculation 
and onset of liver injury in chimpanzees experimentally infected
with serum specimens derived from HEV-infected patients in
Tashkent, Pakistan and Mexico. In a challenge experiment that
followed immunization of cynomolgus macaques with recom-
binant capsid proteins, the profile of the anti-ORF3 antibody
response suggested that the presence of this antibody may be
indicative of HEV replication. The mechanism responsible for
the destruction of hepatocytes during HEV infection remains
unknown. However, the onset of ALT elevation and histopatho-
logical changes in the liver generally corresponds with the detec-
tion of anti-HEV in serum and with decreasing levels of HEVAg
in hepatocytes. In one study, infiltrating lymphocytes in the liver
of HEV-infected cynomolgus macaques were found to have a
cytotoxic/suppression immunophenotype [24], suggesting that
liver injury may be immune mediated.

Inoculum titration experiments in cynomolgus macaques
suggest that the size of the infectious dose may be related to the
virological, immunological and pathological sequelae of infec-
tion [23,25]. Virus replication, anti-HEV immune response and
acute hepatitis were all observed only after the administration of
a high-titre inoculum. With decreasing amounts of inoculated
HEV, biochemical and pathological evidence of liver injury and

expression of HEVAg were absent; however, the subclinically
infected animals excreted large amounts of viable HEV, capable
of transmitting disease to naive animals, in their faeces [25]. The
infection resulting from the endpoint dilution of the infectious
inoculum (HEV Mexico strain) was marked only by seroconver-
sion to anti-HEV.

Epidemiology

Epidemiology in HEV-endemic regions

Figure 3 shows the areas of the world where HEV infection is
endemic. The characteristic epidemiological features of hepatitis
E are summarized in Table 2. HEV is transmitted primarily 
by the faecal–oral route, and faecally contaminated drinking
water has been identified as the likely vehicle of transmission in
most reported outbreaks. Recurrent hepatitis E epidemics, with
a periodicity of 5–10 years, have been observed in several parts
of the world, including India, north-west China, Indonesia 

Fig. 3 Geographical distribution of HEV. 
The shaded areas represent disease-endemic
regions.

Table 2 Epidemiology of hepatitis E outbreaks.

Occurrence in HEV-endemic regions Large outbreaks involving 

thousands of cases, sporadic casesa

Mode of transmission Faecal–oral

Vehicle of transmission in outbreaks Faecally contaminated water

Peak of epidemic 6–7 weeks after primary exposure

Low secondary attack rate among exposed household members 

Highest attack rate among individuals between 15 and 40 years of age 

High case–fatality ratio among infected pregnant women (20%)

aSporadic cases are also observed in non-endemic regions, primarily in

travellers to HEV-endemic regions.
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and the Central Asian republics of the former Soviet Union
[8,10,26–28]. Reasons for this periodicity have not been 
determined; however, several outbreaks have occurred in a 
seasonal pattern after heavy rains. Person-to-person transmis-
sion of HEV appears to be uncommon, even in settings with
poor environmental sanitation such as refugee camps [26,29].
Reported secondary attack rates for households with hepatitis E
cases have ranged from 0.7% to 2.2% compared with 50–75%
among susceptible contacts in households with hepatitis A cases.
Vertical transmission of HEV infection from mother to infant
has been shown to occur frequently [30]. A recent study showed
that HEV infection can be transmitted through blood transfu-
sions in HEV-endemic regions [31]; the significance of this route
in the epidemiology of the disease has not been determined.

Areas of the world can be classified as HEV endemic based 
on the occurrence of hepatitis E outbreaks, which have been
reported throughout Asia, Africa, the Middle East and Central
America. The first extensively studied outbreak of waterborne
hepatitis, which involved 29 000 cases of icteric hepatitis, was
observed in Delhi, India, in 1955–1956 [26] and was serologic-
ally documented as non-A, non-B hepatitis several years later.
Subsequent outbreaks of epidemic and sporadic hepatitis E in
this region occurred in Kashmir [8], Kanpur [29] and Nepal.
Many hepatitis E outbreaks have consisted of several thousand
cases; the largest outbreak reported to date, involving more than
100 000 cases, occurred in north-western China between 1986
and 1988 [28]. Finally, small outbreaks of hepatitis E have been
reported from the North American continent in two villages
located south of Mexico City [32]. During outbreaks, disease
attack rates are much higher among pregnant women than
among men and non-pregnant women.

In many areas in which hepatitis E outbreaks have been
reported, HEV infection accounts for a substantial proportion
of acute sporadic hepatitis in both children and adults. In 
seroprevalence studies conducted in HEV-endemic countries,
anti-HEV has been detected in as many as 5% of children 
aged < 10 years and in 10–40% of adults aged > 25 years [10].
These rates appear to be somewhat low in view of the frequent
occurrence of outbreaks and nearly ubiquitous opportunities
for infection, and may reflect the disappearance of antibodies
with time. Hepatitis E may also be endemic in several countries
where outbreaks have not been reported, including Hong 
Kong, Turkey and Egypt, based on a high incidence of sporadic
hepatitis E cases in these countries. Recent data suggest that a
proportion of healthy persons in these regions has detectable
IgM anti-HEV and HEV RNA in their blood [31]; the exact
significance of these findings is not yet clear.

Epidemiology in HEV non-endemic regions

In most countries where hepatitis E is not endemic, the disease
accounts for fewer than 1% of reported cases of acute viral hep-
atitis. Most cases of acute hepatitis E reported in these countries
have been associated with travel to HEV-endemic regions [33].

However, cases of acute hepatitis E have also been reported
among persons with no history of travel to disease-endemic
countries. In recent years, a few small outbreaks of acute hep-
atitis E related to the consumption of undercooked boar or 
deer meat have been recognized in Japan [34].

Seroprevalence studies among blood donors in some non-
endemic countries have found an anti-HEV prevalence of 1–5%,
which is relatively high compared with the low rate of clinically
evident disease associated with HEV in these areas. Possible 
reasons for these findings include subclinical and/or anicteric
HEV infection, serological cross-reactivity with other agents and
false-positive test results. The higher antibody prevalence rates
observed among swine handlers and sewage workers in these
regions may reflect true positivity related to occupational 
exposure.

Reservoirs of HEV

It is possible that an environmental reservoir exists in disease-
endemic geographical regions due to the continuous presence of
conditions that allow faecal contamination of water sources and
the environment. Another potential reservoir for HEV in these
regions may be serial transmission of infection among suscept-
ible individuals. Sporadic cases of hepatitis E account for a sub-
stantial proportion of acute viral hepatitis in countries where
hepatitis E outbreaks have been reported, and these infections
may maintain transmission of the virus during interepidemic
periods. Consequently, serial transmission could be in the form
of subclinical infection. Finally, HEV-like viruses have been
detected in the faeces of wild-caught pigs, and anti-HEV has
been detected in the serum of pigs, cattle and sheep in disease-
endemic regions, suggesting the possibility of a zoonotic reser-
voir [35]. Although the close genetic relationship of human and
swine HEV isolates from non-endemic regions supports the
zoonotic hypothesis, differences in human and animal isolates
in HEV-endemic regions counter this possibility.

Prevention

Development of an inactivated or live attenuated virus vaccine 
is not currently possible because of the lack of an efficient 
culture system. Neither pre-exposure nor postexposure use of
immunoglobulin manufactured in hepatitis E-endemic areas
has been found to be effective. Moreover, the natural history of
protective immunity after acute HEV infection has not been
fully determined, although the presence of pre-existing IgG anti-
HEV was found to prevent hepatitis E in young adults. In two
separate studies, neutralization epitopes have been identified
and shown to span amino acids 452–617 and 458–607, respect-
ively, of the HEV capsid protein [36,37]. Importantly, different
HEV genotypes showed serological cross-reactivity and cross-
neutralization in these subregions of the capsid protein.
Recombinant HEV proteins evaluated in experimental studies
as potential candidates for a prototype hepatitis E vaccine have
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been shown to attenuate HEV infection. In these studies, pri-
mates immunized with recombinant HEV proteins derived
from HEV capsid protein and challenged either with the same
strain of HEV or with a heterologous HEV strain divergent 
from the vaccine source were protected against liver injury,
although faecal excretion of the virus was not prevented [38]. 
An experimental HEV DNA vaccine tested in cynomolgus
macaques has been shown to induce levels of anti-HEV that are
protective against heterologous HEV strain challenge [39]. One
of the candidate vaccines has been shown to be safe and
immunogenic in human subjects, but the results of efficacy trials
are not yet available [40]. Modifications of the recombinant
immunogen, the use of more efficient adjuvants and optimiza-
tion of immunization schedules may help to induce higher levels
of neutralizing antibodies and prolong the duration of protec-
tion. Further studies on HEV vaccines are needed because even
short-term protection may be useful for travellers and pregnant
women.

Given the lack of products to prevent hepatitis E, prevention
relies primarily on the provision of clean drinking water.
Limited data are available regarding the efficacy of chlorination
of water in inactivating HEV, and studies are needed to identify
other appropriate environmental control measures. Until such
prevention measures are determined, the only prophylactic
measures against HEV infection that can currently be recom-
mended and applied are improved sanitation and sanitary 
handling of food and water. The best prophylaxis in disease-
endemic areas is to drink water from safe sources, eat cooked
vegetables and practise adequate personal hygiene.
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9.1.3 Prevention and treatment of
viral hepatitis

9.1.3.i Vaccines against hepatitis A
Pierre Van Damme, Koen Van Herck and Philippe Beutels

Introduction

Hepatitis A is one of the most common vaccine-preventable
infectious diseases causing significant morbidity and mortality,
with 1.5 million documented cases worldwide each year.

While no effective treatment is available against hepatitis A,
vaccination of individuals implemented for more than 10 years
according to selected strategies at international and national 
levels, together with improved sanitary conditions, have con-
tributed to a substantial reduction in the economic burden 
associated with disease management. A selected number of
countries with intermediate hepatitis A virus (HAV) endemicity
are currently considering universal hepatitis A vaccination for
their younger age population.

Currently available hepatitis A vaccines:
composition, method of production,
route of administration, dosage and
schedule

Several inactivated and live attenuated vaccines against hepatitis
A were developed in the 1980s and licensed for use in the 
early 1990s. These vaccines are safe and well tolerated, they are
highly immunogenic, and they provide longlasting protection
against hepatitis A disease in children and adults. Four formalin-
inactivated, cell culture-produced, whole-virus vaccines are avail-
able internationally: Havrix (HM 175 strain, GlaxoSmithKline
Biologicals, Rixensart, Belgium) [1,2], Vaqta (CR326F strain,
Merck & Co., West Point, PA, USA) [3–5], Epaxal (RG SB
strain, Berna Biotech Ltd, Bern, Switzerland) [6–8] and Avaxim
(GBM strain, Sanofi Pasteur, Lyon, France) [9,10]. These have
been approved for use in most parts of the world, and Havrix
and Vaqta are also licensed in the US.

Other hepatitis A vaccines are produced with limited distribu-
tion. These include a Chinese live attenuated vaccine (H2 strain,
Zhejiang Academy of Medical Sciences, Hangzhou, People’s
Republic of China) [11], a vaccine manufactured by Vaccine 
and Bio-product Company 1 in Vietnam since 2004 [12] and
Nothav, an inactivated vaccine manufactured by Chiron
Behring GmbH and distributed in Italy only [13].

Several types of combination vaccines containing an inacti-
vated hepatitis A vaccine have been developed in order to pro-
tect individuals against more than one infectious disease when
travelling to endemic countries. Such vaccines include Twinrix
[14] (GlaxoSmithKline Biologicals, Rixensart, Belgium), the
only combined vaccine against both hepatitis A and hepatitis 
B infections, licensed since 1996; other combined vaccines
include Hepatyrix [15] (GlaxoSmithKline Biologicals, Rixensart,
Belgium) and Viatim [9] (Sanofi Pasteur, Lyon, France), both
protecting against hepatitis A and typhoid fever.

Inactivated hepatitis A vaccines all contain HAV antigen, but
the content per vaccine dose is expressed in different units by
manufacturers (Table 1). Recommended vaccination schedules,
ages for which the vaccine is licensed and whether there is a pae-
diatric and adult formulation also vary. All vaccines are licensed
from 1 year of age in most countries, including the United States
since September 2005 [16,17], except in Australia [18,19], where
vaccines are licensed from 2 years, and in China where Epaxal is
licensed from 6 months onwards. The inactivated vaccines are
produced according to similar manufacturing processes involv-
ing whole-virus preparations of HAV strains growing in human
MRC-5 diploid cell cultures, with subsequent virus purification
and inactivation with formaldehyde. Havrix (HM 175 strain),
Vaqta (CR326F strain) and Avaxim (GBM strain) are adjuvanted
with alum, whereas Epaxal (RG SB strain) contains a liposome
adjuvant in the form of immunopotentiating reconstituted
influenza virosomes (IRIV). Havrix and Avaxim contain 2-
phenoxyethanol as a preservative, while the other vaccines 
are preservative-free formulations [2,3,6,10]. All vaccines are
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administered via intramuscular injection, according to varying
dosages and schedules, as described in Table 1.

If medically indicated, such as in haemophiliacs or in patients
under anticoagulation, all four vaccines can be given subcutane-
ously [20–23].

Vaccine tolerability

To date, several million doses of hepatitis A vaccines have been
administered to children and adults worldwide, with no serious
adverse event ever statistically linked to their use [24]. The safety
profile of inactivated hepatitis A vaccines has been reviewed
extensively, and results from clinical trials, as well as postmar-
keting surveillance studies, have demonstrated that the vaccines
are all safe and well tolerated [2,25–27]. The most commonly
reported adverse events have included mild and transient local
site reactions, such as pain, swelling and redness (21% in chil-
dren and 52% in adults); Epaxal has a two to three times lower
rate of local reactions in comparison with alum-adsorbed hep-
atitis A vaccines [27,28]. General reactions such as fever, fatigue,
diarrhoea, vomiting and headache were reported in less than 5%
of subjects [19,29].

Vaccine immunogenicity and protective
efficacy

The absolute minimum level of anti-HAV antibodies required
to prevent HAV infection has not been defined. Experimental
studies in chimpanzees have shown that low levels of passively
transferred antibody (< 10 mIU/mL) obtained from vaccinated
persons do not protect against infection but do prevent clinical
hepatitis and virus shedding [30].

In the absence of an absolute lower protective level of anti-
body required to prevent HAV infection, the lower limit of
detection of the specific assay used in a study is generally consid-
ered as an accepted correlate of protection, i.e. 20 or 33 mIU/mL
by enzyme-linked immunosorbent assay (ELISA) in clinical
studies with Havrix; 20 mIU/mL by ELISA with Avaxim and
Epaxal, and 10 mIU/mL by ELISA for Vaqta [2,4,6,9].

Currently licensed inactivated hepatitis A vaccines have proved
highly immunogenic in extensive clinical studies, conferring
protective immunity against the disease 2–4 weeks after first
dose administration. Recent data have shown that a vast major-
ity of individuals seroconvert within 2–4 weeks of vaccination,
with rates ranging from 95% to 100% in children and adults.
Administration of the second dose of the primary schedule
(6–18 months after the first dose) ensures long-term protection
[7,31]. Review of the immunogenicity data for each vaccine as
well as results from several comparative clinical trials demon-
strate the equally high immunogenicity and interchangeability
of hepatitis A vaccines [1,9,27,32].

The protective efficacy of inactivated hepatitis A vaccines
against clinical disease has been documented in several con-
trolled clinical efficacy trials. The cumulative protective efficacy
of the vaccination course with Havrix in more than 40 000 Thai
children aged 1–16 years was 95% [33]. The observed protective
efficacy of Vaqta was 100% after one vaccine dose in a trial
involving more than 1000 children aged 2–16 years from a
highly endemic community in the United States [3]. In a 
recent trial involving 274 Nicaraguan children aged 1.5–6 years,
the protective efficacy of a single dose of Epaxal was also 
100% [34].

The presence of passively transferred antibodies from previ-
ous maternal HAV infection has been shown to result in reduced
antibody response to hepatitis A vaccination in infants [35–37].
However, in spite of lower antibody concentrations observed
after primary vaccination of infants born to anti-HAV seropos-
itive mothers, several studies have indicated that priming 
and immune memory were induced, as demonstrated by the
anamnestic response at the time of booster [35–41]. This was
the case after a second vaccine dose administered at 12 months
to 300 infants born to either anti-HAV seronegative or seropos-
itive mothers in a study conducted in Israel [38]. Similarly, 
in a study conducted in Turkey with children who had received
primary vaccination at 2, 4 and 6 months of age, all subjects
showed anamnestic response after booster vaccination at 4 
years of age [39]. At 15 months, protective levels of antibody
were also present in 93% of American Indian infants born to

Table 1 Dosage and schedule for inactivated monovalent hepatitis A vaccines (in chronological order).

Vaccine Antigen content Volume (mL) Two-dose schedule (months)
(HAV strain)

Havrix 720 Junior 720 El.U (HM 175) 0.5 0, 6–12

Havrix 1440 Adult 1440 El.U (HM 175) 1 0, 6–12

Vaqta 25 U (CR326 F) 0.5 0, 6–18

Vaqta 50 U (CR326 F) 1 0, 6–18

Epaxal Junior 12 IU (RG SB) 0.25 0, 6–12

Epaxal 24 IU (RG SB) 0.5 0, 6–12

Avaxim 80U Paediatric 80 antigen units (GBM) 0.5 0, 6–12

Avaxim 160U 160 antigen units (GBM) 0.5 0, 6–12
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anti-HAV-positive mothers, who had received primary immun-
ization at 2, 4 and 6 months or at 8 and 10 months of age 
[35]. Effective hepatitis A vaccination was also demonstrated in
a study with 30 infants aged 6–7 months – half of them with
maternal antibodies – and 30 children aged 6–7 years who 
were all seroprotected at month 1 and month 12 postvaccination
and also showed a strong antibody response to booster vaccina-
tion [41].

Such findings relating to hepatitis A vaccine immunogenicity
in children younger than 2 years of age, as well as studies that
have shown that hepatitis A vaccine may be effectively and 
safely coadministered with other paediatric vaccines, such as
diphtheria–tetanus–acellular pertussis, inactivated and oral polio,
Haemophilus influenzae type b vaccine and hepatitis B vaccines
[36,37], are of particular importance in the implementation of
prevention strategies involving routine childhood vaccination
programmes. Other studies in adults have demonstrated effective
and safe coadministration of hepatitis A vaccine with traveller
vaccines, including hepatitis B, polio, diphtheria, tetanus, typhoid
fever, yellow fever, rabies, cholera and Japanese encephalitis
[42–45].

In spite of an initially slower immune response observed 
in subjects over 40 years following administration of hepatitis 
A vaccines, response rates were similar to those observed in
younger individuals on completion of the full vaccination
course [46–48]. These data are confirmed by anti-HAV sero-
conversion rates of at least 98% in retrospective analyses of 
subjects ≥ 40 years of age who received a combined vaccine
against hepatitis A and B [49,50].

Other conditions that may result in a lower immune response
to hepatitis A vaccination include human immunodeficiency
virus (HIV) infection and chronic liver disease. Limited data
reported from studies conducted with HIV-infected male indi-
viduals have indicated that they had lower antibody concentra-
tions than HIV-negative individuals and that approximately
75% had protective antibody levels on completion of the vacci-
nation course [19]. Results from several trials evaluating the
safety and immunogenicity of hepatitis A vaccine in chronic
liver disease patients in the United States, Europe and Asia,
including data collected in children, have been extensively
reviewed and discussed elsewhere [2,19]. Mainly, these data
indicate that hepatitis A vaccine was generally well tolerated 
and that the proportions of subjects with protective antibody
levels were similar to those obtained in healthy individuals 
on completion of the vaccination course, while final antibody
concentrations were substantially lower.

A few studies in transplant recipients also indicate a lower
immune response following hepatitis A vaccination. While one
study reported an acceptable 97% seropositivity in vaccinated
liver transplant patients after two doses of hepatitis A vaccine on
a 0- to 6 month schedule, compared with 100% in the control
group, a third group of renal transplant recipients showed only
72% seropositivity. Moreover, seropositivity after the first dose
was obtained in only 41% of liver transplant patients and 24% of

renal transplant patients, compared with 90% in the control
group. Therefore, the authors concluded that transplant recipi-
ents should receive a full vaccination course before potential
exposure to hepatitis A virus [51]. Two years later, only 59% and
26% of the seroconverters maintained anti-HAV seropositivity
in the groups of liver transplant and renal transplant patients
respectively. The rate of antibody loss in transplant patients
therefore seems to be substantially higher [52].

Another study in liver transplant patients reached only 26%
seropositivity after a full hepatitis A vaccination schedule [53].
These data reveal a lower hepatitis A vaccine efficacy in trans-
plant patients, especially in those with stronger immunosup-
pressive regimens.

Hepatitis A vaccine has a recommended two-dose schedule,
with the second dose being administered at 6–12 months in 
the case of Havrix, Avaxim and Epaxal, and at 6–18 months in
the case of Vaqta. However, timing of the second dose is flexible
as an anamnestic response has been shown to be triggered by 
a second dose when administered several years after the first 
vaccine dose in children and adults [54–58]. Flexible two-dose
vaccination schedules with a ‘delayed’ second dose are of critical
importance because travellers often miss the second dose and
present themselves some years later with a new/repeated indica-
tion for hepatitis A vaccination. In addition, a flexible schedule
might help in introducing hepatitis A vaccines into established
childhood routine vaccination programmes. For example, a 
vaccination schedule for infants/children with the first dose
administered during the second year of life and a second dose
given at school entry at the age of 5–6 years seems to be 
worth investigating. Also, additional long-term follow-up stud-
ies of individuals who have received a single vaccine dose should
help to formulate future recommendations in terms of dosing
schedule.

Early protection and duration of
protection

Hepatitis A vaccines confer early protection, as confirmed by
recent data showing that a majority of individuals seroconvert
within 2 weeks of vaccination, well within the 28-day incubation
period of the virus. Travellers receiving the vaccine any time
before departure may thus be expected to be protected against
the disease [7,9,31].

With regards to duration of immunity, long-term follow-up
studies have shown persistence of protective anti-HAV antibod-
ies for at least 5 years in children and up to more than 12 years 
in adults postvaccination [8,40,59–61]. The kinetics of anti-
body persistence 10 years after primary immunization of 313
seronegative healthy adults with a two-dose inactivated hepatitis
A vaccine administered either on a 0–6 or 0–12 schedule is 
presented in Figure 1 [62].

A robust immune response was also demonstrated in 31 
vaccinated adults challenged with a paediatric dose of hepatitis 
A vaccine antigen 12 years after primary vaccination, while 
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geometric mean anti-HAV antibody concentration was ≥ 15 IU/L
before booster administration [63].

Mathematical models using data from vaccinated adults have
estimated protective antibodies to persist for at least 25 years in
more than 95% of vaccinees [8,9,64].

The role of immune memory in conferring protection for
individuals vaccinated against hepatitis A was reviewed in 2002
by an International Consensus Group on HAV immunity [65].
The group concluded that evidence is accumulating that hep-
atitis A vaccines elicit immune memory persisting even after loss
of detectable antibody. It recommended that reliance be placed
on immune memory rather than booster doses to protect healthy
individuals who received a full vaccination course. Based on 
the demonstrated persistence of protective antibodies for more
than 10 years postvaccination, their estimated mathematical
persistence for more than 25 years postvaccination and the pres-
ence of immune memory considered to confer protection even
beyond detectable circulating antibodies, hepatitis A booster
vaccination has been considered to be unnecessary in the healthy
individual. Additional long-term follow-up studies should 
validate this expert consensus.

Field effectiveness of routine
vaccination programmes

Hepatitis A routine immunization of young children has proved
effective in rapidly reducing disease incidence and maintaining
very low incidence levels among vaccine recipients as well as
across all other age groups, thus demonstrating the development
of herd immunity, in a number of settings. In the United States,
the introduction of immunization programmes for children,
with a primary focus on preschool children (i.e. 2–5 years), 
living in communities with the highest incidence rates, has
resulted in a decrease in disease incidence to rates that are 
similar to the national average or even lower. In 2003, the overall

incidence rate of hepatitis A disease in the United States was 
2.6 cases per 100 000, representing an overall decline of 76%,
while targeted states had a reduction of 88% (even with levels of 
vaccination coverage not exceeding 50%), and a 53% decrease
was observed in non-targeted states [66–68]. A national toddler
immunization programme in place in Israel since 1999 has 
also demonstrated vaccine effectiveness, with a decrease in the
annual incidence rate of hepatitis A disease from 50.4 cases per
100 000 (1993–1998) to 2.2–2.5 per 100 000 (2002–2004), rep-
resenting more than a 95% reduction. This marked decline 
was seen in targeted vaccine recipients (85–90% coverage), as
well as in all other age groups, thus demonstrating the effective-
ness of hepatitis A vaccination, as well as the development of
herd immunity [69]. Mass vaccination programmes also proved
effective in localized regions of intermediate to high HAV
endemicity in industrialized nations with otherwise low
endemicity levels, such as the Puglia region of Italy, the
Catalonia region of Spain and in North Queensland, Australia
[18,70–72].

The real impact and added value of such mass vaccination
programmes will need to be confirmed by continued disease
surveillance. Indeed, although vaccination was a major con-
tributer to the marked declines observed in the incidence of hep-
atitis A disease in Israel and the United States, it is difficult to
evaluate to what extent this reduction could be partly due to
improved sanitation and hygiene or to the epidemic cycles that
have characterized the hepatitis A virus in the past [66,69,73].
Furthermore, the long-term effects of herd immunity are yet 
to be observed. As widespread vaccination continues, the accu-
mulation of susceptible persons [in unvaccinated (age) groups]
due to reductions in natural exposure may, in the long run, for
instance, influence the frequency and size of outbreaks [out-
breaks were observed to become less frequent and smaller in size
in the short run in some settings (e.g. see [18])]. The associated
increase in the average age at infection may also increase the
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occurrence of severe and fatal hepatitis A in adults and the
elderly. These long-term effects ultimately depend on vaccine
uptake, the duration of vaccine-induced protection (and there-
fore the realization of expectations regarding immunological
memory) and concomitant improvements in safe water and 
sanitation in specific settings.

Field effectiveness of postexposure
administration and in outbreak control
situation

Studies in chimpanzees [74], further supported by randomized
trials in humans [75,76], have shown that hepatitis A vaccine is
effective in preventing HAV infection when administered post-
exposure. Although the postexposure window for successful
vaccination has yet to be defined, there is increasing evidence 
of the efficacy of hepatitis A as a valid alternative to passive 
postexposure prophylaxis with immune globulin, allowing, in
particular, for a better control of outbreak situations.

Results from studies conducted in chimpanzees have also
shown that vaccinated animals did not shed hepatitis A virus
once exposed to the wild-type virus, thus demonstrating that the
use of vaccines is effective in controlling spread in the case of
outbreak [30].

The effectiveness of hepatitis A vaccination in controlling
outbreak situations has been reported in various settings in the
United States, including rural communities from Alaska, and
Europe, including Slovakia, Croatia, the UK and Italy [1,19].
Recent data have reported the successful use of hepatitis A vac-
cine to control an outbreak among intravenous drug users in
Bristol, UK, in 2000 [77], while the duration of two outbreaks
was also substantially shortened in a maternal school and a 
daycare centre in Tuscany, Italy, at the end of 2002 [78].

Indications for vaccination and 
current recommendations

Inactivated hepatitis A vaccine is indicated for active immuniza-
tion of susceptible infants ≥ 1 or ≥ 2 years of age at risk of hepatitis
A and, in regions of low to intermediate endemicity, it is particu-
larly recommended in individuals at increased risk of infection,
at increased risk of spreading infection or at risk of complica-
tions in case of infection (see Table 2). On the basis of these indi-
cations, hepatitis A vaccination is currently recommended by
both national and international authorities. Official recommen-
dations made by the Advisory Committee on Immunization
Practices (ACIP) of the US Public Health Service, World Health
Organization (WHO) and the Viral Hepatitis Prevention Board
(VHPB) are summarized in Table 2.

Next, to recommendations of ‘at risk’ groups, both the WHO
and the VHPB [80,81] recommend the implementation of uni-
versal hepatitis A vaccination programmes in order to prevent
and control hepatitis A epidemics in countries with intermediate
endemicity level.

Of note, although studies of age-specific seroprevalence have
distinguished different possible infection patterns, there is cur-
rently no global consensus on a definition of low, intermediate
and high endemicity [82–84]. The key characteristics of HAV
infection, including disease incidence, usual ages of infection
and pathways of disease transmission, can be described within
endemicity patterns presented in Table 3.

Both the WHO and the VHPB recommend that the decision
of a moderate endemicity country to include hepatitis A vaccine
in routine childhood immunization programmes should take
into consideration the prevalence and incidence of hepatitis A
disease, frequency of outbreaks, health impact of hepatitis A
compared with other health priorities, feasibility of hepatitis 
A vaccination programmes and an economic evaluation of the
different hepatitis A prevention strategies [80,81]. In addition,
the VHPB recommends that childhood hepatitis A vaccination
programmes currently implemented in some regions of European
countries should be followed up and evaluated.

Official recommendations for the use of hepatitis A vaccine in
the USA were first issued by the ACIP in 1996 and were updated
in 1999 [79]. They are articulated as a regional strategy accord-
ing to which children living in states, countries and commun-
ities with an annual HAV incidence rate ≥ 20 cases per 100 000
population during the period 1987–1997 should be routinely
vaccinated while children living in states, countries and commun-
ities with an annual HAV incidence rate ≥ 10 cases (but < 20
cases) per 100 000 population should be considered for routine
vaccination. On 26 October 2005, the ACIP voted to recom-
mend that all children in the US receive hepatitis A vaccination
between 12 and 23 months of age [85].

Table 2 Summary of current ACIP, WHO and VHPB recommendations for
hepatitis A vaccination.

Persons at increased risk for HAV who should be routinely vaccinated 
Persons travelling to or working in countries that have high or intermediate 

endemicity of infection 

Men who have sex with men 

Intravenous drug users 

Persons who have occupational risk for infection 

Persons who have clotting factor disorders 

Daycare centre children and staff 

Persons in residential institutions 

Food handlers 

Health-care workers 

Persons who have chronic liver disease
Susceptible persons who have chronic liver disease or who are either 

awaiting or have received liver transplants 

During outbreaks
Vaccination for outbreak control should take into consideration the 

characteristics of hepatitis A epidemiology in the community and existing 

hepatitis A vaccination programmes

From refs 79–81.
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The future use of hepatitis A vaccines

Existing hepatitis A vaccines have an excellent safety profile, they
are highly immunogenic and offer longlasting protection to
individuals against all strains of HAV found in the community.
Anti-HAV antibodies have been shown to persist for more than
12 years in vaccinated adults, and mathematical modelling has
predicted their persistence in over 95% of vaccinees more than
25 years after immunization. Also, several studies have demon-
strated the presence of longlasting immune memory induced by
hepatitis A vaccination.

The field effectiveness of hepatitis A vaccines has been
demonstrated in countries where routine vaccination pro-
grammes have been implemented. In addition to reinforcement
of preventive measures including educational programmes,
improved sanitation in countries of high HAV endemicity 
levels and improved surveillance systems in regions of low and
intermediate endemicity, a review of current vaccination policy
and strategies might be warranted by the global epidemiological
shift towards lower endemicity experienced over the last dec-
ades, resulting in a growing pool of susceptible unprotected 
children, adolescents and adults, as well as an increased risk of
epidemics and outbreaks.

Recommended universal vaccination programmes of chil-
dren and adolescents in areas of HAV intermediate endemicity
might be best implemented by the introduction of hepatitis A
vaccine into existing programmes, with the first vaccine dose
possibly administered at 1–2 years of age and the second at the
first school health visit, at 5–6 years, in order to take advantage
of existing childhood vaccination calendars.

The implementation of future hepatitis A prevention strat-
egies, in particular universal vaccination programmes, warrants
further investigations on co-administration of hepatitis A vac-
cines and flexibility of dosing schedules. Long-term protection
studies should also be conducted, and vaccinated individuals
should be followed up in order to assess the need for booster 
vaccinations and confirm the presence of immune memory,
protecting individuals against the circulation of virus which
could shift and allow infection to occur at an older age, caus-
ing intervention to convert an otherwise asymptomatic child-
hood infection into a symptomatic disease upon exposure later
in life.

Continued disease surveillance will confirm the real impact of
mass vaccination programmes on reduced hepatitis A incidence
rates, as well as the indirect effect on non-vaccinated age groups,
developing herd immunity.

Cost-effectiveness of hepatitis A
vaccination

Model-based economic analyses assessing the cost-effectiveness
of hepatitis A vaccination vary according to endemicity area, 
target group and model used (i.e. ‘dynamic’ models reflecting
the disease transmission process and taking into account herd
immunity vs. ‘static’ models which do not) [86].

In low and very low endemic regions, targeted hepatitis A 
vaccination has been shown to be cost-effective, depending 
on prophylaxis cost, previous exposure (mainly determined by
age) and specific characteristics of the target group [87–91].
Postexposure prophylaxis and other outbreak control measures
might prove potentially cost-effective in these areas too [89]
(which is unlikely for universal childhood hepatitis A vaccina-
tion, from the perspective of both the health-care payer and 
society [86]). Cost-effectiveness of universal vaccination in low
endemicity areas would be best assessed using a dynamic trans-
mission model accounting for herd immunity effects (leading to
reduced incidence in unvaccinated individuals and increased
average age at infection). In areas of low and very low endemic-
ity, there may be relatively small communities with an elev-
ated incidence and disease burden from hepatitis A, such as 
immigrant families holidaying in their country of origin [92] 
or indigenous communities in Australia and Canada [93].
Childhood vaccination in such communities could have knock-
on effects on the wider society, enhancing the cost-effectiveness
of this option and yielding attractive results [92,93].

In areas of intermediate and high endemicity, the cost-
effectiveness of universal childhood vaccination largely depends
on the duration of vaccine-induced immunity, expected vaccine
uptake and improvements in safe water and sanitation. The
potential age shift caused by vaccination could have a more
important impact on the cost-effectiveness than in low
endemicity areas as the prevaccination average age at infection 
is very low when most infection is asymptomatic. In order to
assess the cost-effectiveness in such areas, the use of dynamic

HAV endemicity Reported disease Usual age of Risk groups
incidence (per 105/year) patients (years)

Very high 1–40 < 9 –

High 15–150 5–14 

Moderate 15–150 5–24

Low 5–15 5–39 Many

Very low < 5 > 20 Travellers, drug abusers

Adapted from ref. 82.

Table 3 Pattern of hepatitis A infection in
Europe and the United States.
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models of infectious disease transmission is therefore recom-
mended [86].

Summary

Experience over more than 10 years has shown that hepatitis A
vaccines are safe, highly immunogenic and that they induce life-
long protection, with no need for booster immunizations in
healthy individuals. HAV vaccination has proved effective for
prophylaxis and postexposure control of outbreaks, as well as in
routine vaccination programmes. Many countries (in particular
those with intermediate endemicity) have experienced a global
epidemiological shift towards lower endemicity over the last
decades. As a consequence, more adults and adolescents are put
at risk of clinically severe disease, whereas the risk of epidemics
and outbreaks has increased as a result of a growing number of
susceptible individuals. For these reasons, universal vaccination
programmes of children and adolescents are recommended in
areas of intermediate endemicity, in addition to specific risk
group vaccination. While completing the two-dose schedule
within 6–18 months remains recommended, administering a
delayed second dose a few years after the first one can be con-
sidered sufficient to complete the vaccination course.
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Abstract no. 40.254 #1.

9.1.3.ii Hepatitis B vaccines and
immunization

Daniel Lavanchy

Hepatitis B vaccines provide the best protection against HBV
infection and its clinical sequelae, i.e. cirrhosis and hepatocellular
carcinoma (HCC) [1–3]. They are therefore the first vaccines
against cancer ever licensed [4].

Control and the eventual elimination of transmission of HBV
infection is possible with the appropriate use of hepatitis B vaccines.

Vaccine preparations

Hepatitis B vaccines are highly purified preparations of the 22-
nm spherical particles of hepatitis B surface antigen (HBsAg),
containing aluminium salts as an adjuvant. Guiding principles
for the public health purchase and use of vaccines have been
published by the World Health Organization in Vaccines and
Biologicals. Ensuring the Quality of Vaccines at Country Level (http://
www.who.int/vaccinesdocuments/DocsPDF02/www693.pdf ).

Plasma-derived vaccines

In the 1960s, it was shown that boiled serum from patients with
‘serum hepatitis’ could protect against clinical disease [5]. This
led to the development of vaccines from highly purified prepara-
tions of HBsAg from the plasma of HBV carriers using various
methods of purification and inactivation. These vaccines proved
to be safe, highly immunogenic and effective in preventing 
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disease. Plasma-derived vaccines became commercially avail-
able in 1982 and have been used extensively worldwide [6–8].
Today, they have been replaced by recombinant DNA vaccines.

Recombinant DNA vaccines

DNA recombinant vaccines were developed in the 1980s by
inserting plasmids containing the HBV gene coding for HBsAg
(with or without the pre-S1 and pre-S2 components) into yeast 
or mammalian cells. These cells then produce self-assembling,
immunogenic HBsAg particles, almost identical to those found
in the plasma of chronic HBV carriers [9,10].

Combination vaccines

Today, hepatitis B vaccines are not only available in monovalent
formulations that protect only against hepatitis B, but also in
combination formulations that protect against hepatitis B and
other diseases [e.g. diphtheria–tetanus–pertussis (DTP)–HepB;
DTP–HepB + Haemophilus influenza B (Hib); Hib–HepB]
[11–15]. Table 1 shows the formulations of hepatitis B vaccine
currently available. The most obvious benefits of combination
vaccines are the immunization of all children receiving DTP
with an additional antigen, but without an additional injection,
resulting in increased injection safety and fewer vaccine-related
costs and waste.

As the DTP and Hib antigens have reduced immunogenicity
when given before the age of 6 weeks, a combination vaccine
with a hepatitis B component cannot be used for newborns and,
therefore, the monovalent hepatitis B vaccine must be used for
vaccination at birth.

Vaccine schedules
The main objective of hepatitis B immunization is to prevent
chronic HBV infection and its serious consequences, including

liver cirrhosis and hepatocellular cancer (HCC). Routine vacci-
nation of all infants against HBV infection should become an
integral part of national immunization strategies. A high cover-
age of the primary vaccine series among infants will have the
greatest overall impact on the prevalence of chronic HBV infec-
tion in children and should be given the highest priority.

A variety of schedules may be used for hepatitis B immuniza-
tion in national programmes, depending on the local epidemio-
logical situation. However, in countries where a high proportion
of HBV infections are acquired perinatally, the first dose of hep-
atitis B vaccine should be given as soon as possible (< 24 hours)
after birth. In countries where a lower proportion of HBV infec-
tions are acquired perinatally, the relative contribution of 
perinatal HBV infection to the overall disease burden, and 
the feasibility and cost-effectiveness of providing vaccination at
birth, should be carefully considered before a decision is made
on the optimal vaccination schedule.

Catch-up strategies targeted at older age groups or groups
with risk factors for acquiring HBV infection should be consid-
ered as a supplement to routine infant vaccination in countries
of intermediate or low hepatitis B endemicity. In such settings, a
substantial proportion of the disease burden may be attributable
to infections acquired by older children, adolescents and adults.
In countries of high endemicity, large-scale routine vaccination
of infants rapidly will rapidly reduce the transmission of HBV.
In these circumstances, catch-up vaccination of older children
and adults has relatively little impact on chronic disease because
most of them have already been infected.

There are multiple options for incorporating the hepatitis B
vaccine into national immunization programmes (Table 2) The
minimum recommended interval between doses is 4 weeks.
Longer intervals may increase the final anti-HBs titres but not
the seroconversion rates. More than three doses of the vaccine
are not required, regardless of duration (> 4 weeks) of the inter-
val between them.

Monovalent Hepatitis B 

DTwP–HepB Diphtheria + tetanus + whole-cell pertussis + hepatitis B

DTwP–Hib–HepB Diphtheria + tetanus + whole-cell pertussis + Haemophilus influenza type B +
hepatitis B

DTaP–Hib–IPV–HepB Diphtheria + tetanus + acellular pertussis + Haemophilus influenza type B +
inactivated polio vaccine + hepatitis B

DTaP–IPV–HepB Diphtheria + tetanus + acellular pertussis + inactivated polio vaccine +
hepatitis B

Hib–HepB Haemophilus influenza type B + hepatitis B

HepA–HepB Hepatitis A + hepatitis B 

Hepatitis B vaccine is available as monovalent formulations or in fixed combination with other vaccines,

including DTwP, DTaP, Hib, hepatitis A and IPV. When immunizing against HBV at birth, only monovalent

hepatitis B vaccine should be used: the other antigens found in combination vaccines are currently not

approved for use at birth.

A heptavalent EPI vaccine (DTwP, HepB, Hib, meningo A/C) is currently under development.

Table 1 Formulations of hepatitis B vaccine.

TTOC09_01  3/8/07  6:43 PM  Page 908



9.1 VIRAL HEPATITIS 909

Recommended schedules for vaccination can be divided into
those that include a birth dose and those that do not. Schedules
with a birth-dose call for the first vaccination at birth, followed
by a second and third dose at the time of the first and third DTP
vaccination, respectively (Table 2, column II). Alternatively, a
four-dose schedule may be employed, whereby the dose at birth
is followed by three additional doses; these doses may be given
either as monovalent vaccine or as a combination (e.g. with DTP
and/or Hib) following the schedules commonly used for those
vaccines (Table 2, column III). These schedules will prevent
most perinatally acquired infection.

Experimental vaccines

Although HBsAg vaccine is effective in preventing HBV infec-
tion, it is poorly immunogenic (if not adjuvanted). While most
recipients of three doses of currently available hepatitis B 
vaccines produce a strong and longlasting anti-HBs response,
5–10% of healthy adults do not produce protective levels 
of anti-HBs and can be considered non-responders [16,17].
Therefore, strategies to overcome non- or poor responsiveness
to hepatitis B vaccines have been devised.

One such strategy is to add pre-S epitopes to HBsAg (S-only)
vaccine [18,19]. Early trials demonstrated that pre-S2-containing
vaccines are safe and immunogenic but failed to show an advan-
tage over the existing S-only vaccines [20]. Other trials, using
pre-S1- and pre-S2-containing recombinant HBsAg vaccines,
suggested that pre-S sequences do confer increased immuno-

genicity in proven non-responders [21–24 and recent reference
119]. These conflicting results may result from the incorpora-
tion of different pre-S1 and pre-S2 epitopes, the protease sensit-
ivity and resulting instability of certain products or the cell line
used for the production. These issues need to be clarified before
definitive statements can be made on the usefulness of vaccines
containing pre-S sequences.

Immunization using DNA vaccines encoding for HBsAg is
another area currently under investigation [25–27]. It still
remains to be determined whether DNA-based immunization
will prove to be more effective, less expensive or safer than
recombinant proteins.

Hepatitis B core antigen (HBcAg) is far more immunogenic
than HBsAg, making it extremely attractive for use as a carrier of
heterologous B-cell epitopes. As a result, chimeric particles con-
taining recombinant HBcAg and HBsAg sequences have been
constructed. These constructs have shown enhanced immuno-
genicity for the inserted HBsAg. Further research is needed
before such a vaccine can be recommended for public health use
[28,29].

Enhanced immunogenicity of vaccines can also be achieved
by changing the adjuvant used for delivery rather than the 
protein composition. For currently licensed vaccines, the only
adjuvants approved for use are aluminium salts and MF59
[30,31]. HBV envelope proteins formulated in several adjuvant
systems turned out to be more immunogenic than their non-
adjuvanted or aluminium-adjuvanted counterparts [31–38]. It
is conceivable that a two-dose hepatitis B vaccine schedule could

Table 2 Hepatitis B vaccine schedules.

Newborn 
Hepatitis B vaccine options

Visit Age Other antigens No birth dose With birth dose

I II III 

0 Birth BCG OPVOa HepB1b HepB1b

1 6 weeks OPV1 DTP1 HepB1c HepB2b HepB2c

2 10 weeks OPV2 DTP2 HepB2c NA HepB3c

3 14 weeks OPV3 DTP3 HepB3c HepB3b HepB4c

4 9–12 months NA NA Measles NA NA NA

Adult
Schedule Hepatitis B vaccine

Visit Standard Accelerated

Ie IIe

1 0 0 0 HepBc

2 1 month 1 month 7 days HepBc

3 6–12 months 2 months 21 days HepBc

4d 6–12 months 6–12 months HepBc

NA, not applicable; BCG, bacillus Calmette–Guérin (vaccine); OPV, oral polio vaccine.
aGiven only given in highly polio-endemic countries.
bMonovalent vaccine.
cMonovalent or combination vaccine.
dA fourth dose of vaccine is recommended after an accelerated schedule.
eNot licensed in all countries.
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be achieved using vaccines with enhanced immunogenicity, and
eventually lead to reduced vaccine administration costs and
improved compliance.

Vaccine efficacy

Immune response to vaccine

Hepatitis B vaccine schedules are flexible; there are various
options for adding the vaccine to established national immun-
ization schedules without requiring additional visits for vacci-
nation. The most widely used vaccination schedule is 0, 1 and
6–12 months. Among immunocompetent infants, children and
adults, a protective antibody response develops in 90–95% 
of vaccine recipients [16,17,39]. Protection lasts for as long as 15
years and outlasts the presence of detectable antibodies [40–42]
because long-term protection relies on a T cell-based immuno-
logical memory, which provides an anamnestic response after
exposure to HBV.

Studies in Alaska [16,50] have shown that titres of anti-HBs
higher than 10 mIU/L persist in 75% and 65% of vaccinated
individuals 10 and 15 years after vaccination respectively.
Likewise 64% of Italians vaccinated at birth and 87% of those
vaccinated at 12 years of age had titres of anti-HBs higher than
10 mIU/L 11 years aften vaccination; a booster dose in vaccinees
that had lower antibody titres induced in all but 6% of indi-
viduals vaccinated at birth an ameliorative effect.

Booster doses

No data support the use of booster doses of hepatitis B vaccine
among immunocompetent individuals who have responded to 
a complete primary vaccination series. Therefore, booster doses
of vaccine are not recommended [42–45]. However, additional
information is required to establish whether booster injections
are needed for adults beyond 15 years after hepatitis B vaccina-
tion, for children immunized at birth (to determine whether 
the immunological memory persists into adolescence and adult-
hood) and for population groups at higher risk of infection with 
HBV. Booster doses are recommended for immunocomprom-
ised individuals.

Breakthrough infections after successful
hepatitis B vaccination

A limited number of children have been infected with HBV after
completing a full vaccination course [44]. These cases were
attributed to HBV vaccine escape mutant strains carrying muta-
tions on the antigenic a determinant of HBsAg [46–48]. The
same phenomenon was also observed in almost 4% of babies
born to HBsAg-positive mothers who received active and 
passive immunization at birth; some of the infected babies
developed chronic hepatitis [49]. The risk of hepatitis B infec-
tion is inversely related to the titres of the anti-HBs generated by

vaccination [50]. Almost all infections occurring in successfully
vaccinated individuals are clinically silent [39,51]. Although
long-term follow-up studies are needed to determine the impact
of disease from breakthrough infections, current hepatitis B 
vaccines have been shown to effectively protect whole popula-
tions [41,52–54].

Postvaccination testing for anti-HBs

Monitoring of anti-HBs titres is recommended for vaccin-
ated immunocompromised persons considered at risk of 
HBV infection (e.g. haemodialysis patients). Adult vaccinees with
≤ 10 mIU/mL anti-HBs after a full hepatitis B vaccination
course, measured 1–3 months following vaccination, should be
considered for revaccination [43].

Vaccine safety issues

Contraindications to vaccination

There are few contraindications to hepatitis B vaccination: 
(i) severe reactions to previous doses; (ii) hypersensitivity to 
one of the vaccine components; and (iii) fever above 38.5°C
[39,47].

Multiple sclerosis (MS), acute lymphoblastic
leukaemia (ALL), macrophagal myofasciitis
(MMF) or other autoimmune diseases
potentially associated with HBV vaccination

The issue of a possible association between hepatitis B vaccina-
tion and the development of MS, first raised in France, has not
been confirmed by convincing scientific data [39,55–59].

Likewise, the hypothetical link between vaccination and ALL
in children has not been confirmed [56,57].

In 1993, MMF was investigated through biopsies of the 
deltoid muscle in patients with general systemic complaints
(myalgia, fatigue, arthralgia, muscle weakness, fever, asthenia)
[56,57]. The conclusions of a recently performed case–control
study noted that there is no basis to reports that aluminium-
containing vaccines pose a serious health risk [57].

Although the prevalence of autoimmune disease (AID) is 
generally quite low, the incidence has increased in industrialized
countries during recent years, affecting approximately 5% of 
the population [60]. However, no scientific data support the
existence of a causal link or triggering association between the
administration of hepatitis B vaccine and the onset of an
autoimmune disease [57]. Considering the high levels of vac-
cination coverage resulting from immunization programmes
worldwide, and given that more than 1 billion doses of vaccine
have been used since 1982, the most likely explanation for the
occurrence of MS, ALL, MMF or other autoimmune diseases
linked to a vaccination against hepatitis B is a coincidental 
temporal association. There is currently enough evidence to
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conclude that people suffering from autoimmune diseases can
be vaccinated [57].

Thiomersal, also known as thimerosal, contains small
amounts of ethyl mercury and has been used as a preservative 
in vaccines. Although the Institute of Medicine [61] found no
evidence of a causal relationship between exposure to thiomersal
and the development of autism, attention deficit hyperactivity
disorder and speech or language delay, it has been eliminated
from many preparations [56,62].

Addressing vaccine safety concerns

In a rapidly changing global environment, and as successful
immunization programmes have led to less visible disease threats,
many communities have lost the knowledge of the natural con-
sequences of vaccine-preventable diseases that have disappeared
(e.g. measles, diphtheria, acute viral hepatitis). In the absence 
of disease, the misconception arises that vaccination is no 
longer needed. Thus, interests may increasingly focus on vaccine
adverse events rather than on the prevention and control of 
diseases, resulting in lower vaccine coverage and subsequent 
disease outbreaks.

Loss of public confidence in vaccination is one of the greatest
threats to public health and needs to be addressed. Recent studies
have indicated that the proven benefits of vaccination in general
and, more specifically, those of hepatitis B vaccination are over-
whelming and far outweigh any suggested risk. Consequently,
immunization programmes should not stop while each hypoth-
esis is investigated [63].

Injection safety issues

A real issue, unsafe injection practices, has aroused little interest
and, therefore, its consequences are largely unknown to the 
public and to many health-care professionals. With approxi-
mately 16 billion injections administered worldwide each year
(only 10% of them related to vaccination), it is estimated 
that 33% of injections in developing countries are unsafe, 
contributing annually to approximately 20 million new HBV
infections (and also to 2 million hepatitis C virus (HCV) infec-
tions and 260 000 human immunodeficiency virus (HIV) infec-
tions). Promoting safer injection practices through education
and the provision of autodisposable syringes is a global task
[57,64,65].

Immunization strategies

For population-based immunizations, two strategies have been
used [66,67]:
1 High-risk group targeting. Strategies aimed at vaccinating
and changing behaviour in these high-risk groups (see Table 3)
should be pursued. However, the targeted immunization of
high-risk groups has failed to control hepatitis B infection in the
general population [17,68–73].

2 Universal vaccination programmes. Universal vaccination
programmes are needed to eliminate hepatitis B infection, even
in areas of low endemicity.

Targeted vaccination of risk groups

Persons with occupational risk
HBV infection is an occupational hazard for health-care workers
and for public safety workers exposed to blood in the workplace.
The risk of acquiring HBV infections depends on the frequency
of percutaneous and permucosal exposure to blood or blood-
contaminated body fluids. Therefore, workers who perform
tasks involving contact with blood or blood-contaminated body
fluid should be vaccinated, and vaccination should be com-
pleted during training in schools of medicine, dentistry, nursing,
laboratory technology and other allied health professions before
trainees have their first contact with blood [74–76].

Haemodialysis patients
Seroconversion rates and anti-HBs titres are lower (50–60%) 
in haemodialysis patients [77,78]. Vaccination of haemodialysis
patients early in the course of renal disease is recommended
because those who are vaccinated before entering dialysis are
more likely to respond to the vaccine. Booster doses are neces-
sary to maintain protective titres of anti-HBs [79–82].

Recipients of blood products
Patients receiving clotting factor concentrates, such as
haemophiliacs or patients with β-thalassaemia major, are at
greater risk of HBV infection, and they should be vaccinated 
as soon as their specific clotting disorder is identified [83,84].

Prevention of perinatal HBV transmission
Control of perinatal transmission can be achieved by delivering

Table 3 Groups at high risk of hepatitis B infection.

Injecting drug users

Persons engaging in unsafe sexual behaviour

Inmates and staff of prisons

Household contacts, other social contacts and sexual partners of persons

with acute or chronic HBV infection

Babies born to mothers either with persistent HBV infection or suffering

acute hepatitis B during pregnancy

Families adopting children originating from regions of intermediate or high

hepatitis B endemicity

Immigrants or refugees from countries of intermediate or high hepatitis B

endemicity

Workers whose occupation potentially involves exposure to blood and other

body materials (e.g. health care workers and public safety workers)

Patients receiving frequently blood or blood products (e.g. haemophiliacs,

haemodialysis patients, transplant patients and chronic liver disease

patients)

Unimmunized or uninfected persons who travel to areas of intermediate or

high hepatitis B endemicity
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the first dose of vaccine at birth. This prophylactic strategy is
very efficient in preventing chronic infection, bearing in mind
that 70–90% of infants born to HBsAg-positive mothers
become infected, 90% of whom remain chronically infected
[41,85–90].

The prevention of perinatal HBV transmission (from mother
to neonate) by universal antenatal screening for HBV markers in
pregnant women should be encouraged where possible. Women
who present for delivery without having been screened for
HBsAg should be tested immediately. Newborns from HBsAg-
positive mothers should be vaccinated within 12 h of birth. In
cases where hepatitis B immune globulin (HBIG, 0.06 mL/kg,
not available in all countries) is given, it should be administered
concurrently with hepatitis B vaccine, but at a different site.
Recent evidence suggests that vaccine alone may be just as effec-
tive [91]. HBsAg-positive mothers should not be discouraged
from breastfeeding [92–95].

Household contacts and sexual partners of persons
with hepatitis B virus infection
Hepatitis B vaccine is indicated in infants if the mother or 
primary caregiver has acute HBV infection. Prophylaxis for
other household contacts of persons with acute HBV infection is
not indicated unless they have had identifiable blood exposure
to the index case. All household and sexual contacts of persons
identified as chronically HBsAg positive should receive hepatitis
B vaccine after performing a screening for serum HBV markers.
The vaccine is not recommended for persons who have casual
contact with chronic carriers at schools and offices as they have
little risk of catching HBV.

Susceptible sexually active homosexual and bisexual men
should be vaccinated, as vaccination remains the most effective
tool for preventing hepatitis B in homosexual men [96,97].
Vaccination is also recommended for men and women with other
recently acquired sexually transmitted diseases, for prostitutes
and for persons who have a history of high sexual promiscuity
[98]. Administering the vaccine with HBIG may improve the
efficacy of postexposure prophylaxis.

Adopted or fostered orphans or unaccompanied minors ori-
ginating from countries where HBV infection is endemic should
be screened for HBsAg and, if the children are HBsAg positive,
the other family members should be vaccinated [99,100].

International travellers
Hepatitis B is less common than hepatitis A and particularly
affects those who engage in sexual activity abroad or who are
exposed occupationally. Vaccination should be considered for
persons who plan to spend more than 6 months in areas with
high rates of HBV infection or who will have close contact with
the local population. Vaccination should begin at least 6 months
before travel to allow for completion of the full vaccine schedule,
although a partial schedule will offer some protection. Rapid
schedules can also be considered for last-minute travellers (0, 7,
21 and 360 days) [101].

Injecting illicit substance users
All injecting substance users who are susceptible to HBV should
be vaccinated as soon as their drug use begins. Because of the
high rate of HBV infection in this population, prevaccination
screening should be considered. Drug users who do not respond
to vaccination should be counselled [99].

Long-term prisoners
In many facilities the rates of HBV and HCV infection among
prison inmates are high [102]. Prison officials should consider
undertaking screening and vaccination programmes directed at
inmates with histories of high-risk behaviour [99,103]. It may be
appropriate to use the accelerated vaccination schedules, which
provide protective levels of anti-HBs relatively quickly.

Universal immunization

Selected vaccination strategies targeted to identifiable high-risk
groups failed to control transmission in the population and 
to reduce the incidence and prevalence of hepatitis B. This 
stimulated the recommendation for universal immunization
programmes. Universal vaccination of infants is the best option
because vaccines can be delivered to babies with a very high 
coverage and it is more acceptable to parents [104]. The World
Health Organization (WHO) recommended in 1992 that all
countries should introduce universal hepatitis B vaccination for
the immunization of infants and adolescents into their national
immunization programmes by December 1997 [68].

The impact of mass hepatitis B immunization on the chronic
consequences of infection was first demonstrated in Taiwan.
The HBsAg prevalence in the population of < 15-year-olds
decreased from 9.8% (1984) to 0.7% (1999) [105], and, in 
children aged 6–14 years, the incidence of primary liver cancer
declined from 0.7/100 000 in the period 1981–1986 to 0.57/100
000 in 1986–1990 and to 0.36/100 000 in 1990–1996 [53].

Proof of the decreasing incidence of acute hepatitis B after
vaccination is also available from Italy, the first industrialized
country to introduce routine immunization in a double cohort
of subjects, i.e. infants and 12-year-old adolescents, leading to an
all-time low for acute hepatitis B infection [54].

Similar successes induced by the universal vaccination of
neonates were reported from Bulgaria [106] and Alaska (an area
of traditionally high endemicity) [16].

As of today, 151 (WHO 2005) countries have implemented
universal infant and/or adolescent vaccination against hepatitis
B. However, many low-income countries do not yet use the 
vaccine, because the price of the hepatitis B vaccine is too ex-
pensive. The Global Alliance for Vaccines and Immunization
(GAVI) was created in 1999. GAVI is helping 74 low-income
countries to reinforce their national vaccine programmes and
introduce hepatitis B vaccines into their national immunization
programmes.

Some industrialized countries administer the vaccine to 
adolescents as their primary immunization strategy [84,107–
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109], either in addition to the universal infant immunization
programme or as a catch-up vaccination for adolescents aged
9–18 years; combined universal early adolescent and infant 
vaccination programmes were shown to have the fastest impact
on reducing levels of hepatitis B infection [110].

Combination vaccines serve as a vehicle to meet the goal of
accelerating new vaccine use, although the process should be
carefully managed to ensure affordability without jeopardizing
the existing vaccination polices [11].

Immunization programme sustainability
To ensure that vaccine programmes are sustained over time,
hepatitis B prevention programmes must be monitored, evalu-
ated and updated. Efforts must focus on monitoring vaccination
coverage and checking the incidence of acute disease [112,113].

Economic considerations
In industrialized countries, various economic evaluations 
have been performed in order to support decision-making;
practically all evaluations have used models to predict the cost-
effectiveness of immunization against hepatitis B. The com-
plexity of HBV disease outcomes not only leads to a wide range 
of divergent cost-effectiveness ratios, but it also emphasizes
unresolved methodological issues in economic evaluation, with
discounting of health gains being one of the main factors of
divergent opinions. These controversial results have raised sus-
picion about the validity and usefulness of economic evaluations
among a number of policy-makers. However, the more frequent
use of expensive therapies (including liver transplantation) and
the sharp decrease in vaccination costs have made universal
HBV vaccination strategies cost-effective when compared with
other interventions in health care throughout most of the world
[114–117].

In countries of very low HBV endemicity, doubts about uni-
versal immunization persist because of contradictory results

from cost-effectiveness evaluations. Nevertheless, the decision
to implement universal immunization should not just be based
on economic considerations, particularly in the light of the
insufficient credibility of economic evaluations.

Little academic research has been carried out on the eco-
nomics of combined vaccines [118].

The current status of hepatitis B
immunization

To date 158 countries have followed the WHO recommendation
to incorporate hepatitis B vaccine as an integral part of their
national infant immunization programmes. Figure 1 presents
global and regional summaries based on official data from 
member states. In recent years, the significantly reduced price 
of hepatitis B vaccine in developing countries has facilitated its
introduction into many HBV-endemic areas, to the extent that
global immunization coverage in infants reached 55% in 2005.
HepB3 coverage has steadily increased since 1990 as a result of
the increasing number of countries introducing the vaccine into
their routine immunization services, as well as increasing cover-
age in these countries. Despite this steady progress, there is still
room for improvement.The cost-effectiveness of large-scale vac-
cination against hepatitis B has also been clearly demonstrated,
except in countries of very low endemicity, where economic
evaluations have given contradictory results, depending on the
model used. 
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9.1.3.iii Therapy of acute viral
hepatitis
Markus Cornberg, Heiner Wedemeyer and Michael P. Manns

Introduction

Infection with the common hepatitis viruses A, B, C, D and E can
cause acute inflammation in the liver. However, not all patients
develop symptoms. For example, the typical symptom jaundice
is present in less than one-third of patients with acute hepatitis C
virus (HCV) infection. Fortunately, fulminant hepatitis is a rare
event; however, acute hepatitis A virus (HAV) and hepatitis B
virus (HBV) infection still represent frequent causes of acute
liver failure in the US and Europe. While acute hepatitis D is a
problem in the Mediterranean area, hepatitis E can cause severe
disease, particularly in pregnant women. Two to five per cent of
adult patients with acute HBV infection and 50–90% of patients
with acute HCV infection develop a persistent infection. A good
reason for submitting to antiviral treatment of acute viral hep-
atitis would be the potential prevention of a persistent infection.
However, in this respect, there is no reason to treat acute hep-
atitis A, and treatment of acute hepatitis B may be questionable
because the chance of developing a chronic HBV infection is
rather low for immunocompetent adults. Another reason for
antiviral therapy may be reduction in the severity of the acute
disease. However, this only has a rationale if the available anti-
viral drug acts quickly and has few side-effects. As long as the
role of antiviral therapies needs to be established, only the best
supportive care is warranted for patients with acute viral hep-
atitis. The optimal management includes the timely referral of
patients with impending liver failure to specialized centres that
offer the option of emergency liver transplantation if fulminant
hepatitis develops.

Supportive care for acute viral hepatitis

Patients with acute viral hepatitis need to be monitored to iden-
tify those who may develop fulminant hepatitis with the risk of
liver failure. Severe acute viral hepatitis is more often caused by
HAV and HBV than by HCV. Fulminant hepatitis develops in
0.4% of cases with HAV infection and in 1% of cases with HBV
infection [1]. Acute liver failure is seen more often in patients
with HBV and hepatitis D superinfection (2.5–6%). Hepatitis E
can cause a dramatic course in the third trimester of pregnancy.
Fulminant hepatitis due to an acute HCV infection is extremely
rare and may only be seen in combination with additional 
factors (e.g. coinfection, drugs). Transaminases, bilirubin and
liver synthesis markers [albumin, international normalized ratio
(INR)] should be measured at least twice weekly during the first
weeks of infection depending on the individual kinetics of the
laboratory values. Patients with signs of severe flare of hepatitis
or liver failure should be transferred to a hospital with the 

capability for liver transplantation. The mortality of fulminant 
hepatitis (thrombin time < 40%, encephalopathy) is up to 80%,
and liver transplantation is the only curative option.

Antiviral therapy of acute hepatitis B

Antiviral therapy in acute hepatitis B can have two aims. First, it
may reduce the severity of the disease. Second, treatment should
prevent viral reinfection after liver transplantation in the case of
fulminant hepatitis B. The course of disease is severe in about
one-third of patients with acute hepatitis B infection. Many
patients require hospitalization, and recovery is rather slow.
Data on the treatment of acute hepatitis B are limited and, thus,
recommendations for the treatment of acute hepatitis B vary.
One might expect that the strong immune response that causes
fulminant hepatitis should eradicate the virus efficiently.
However, low levels of viraemia can be detected in most cases
with fulminant hepatitis B with sensitive assays [2]. Tillmann
and colleagues reported 37 patients with fulminant hepatitis
who were treated with lamivudine in order to prevent reinfec-
tion after a potential liver transplantation; interestingly, most 
of the patients recovered in a short time, and only eight 
patients required liver transplantation (25%) [2]. This rate of
terminal liver failure was lower compared with historical con-
trol subjects, among whom 70–100% of those with fulminant
hepatitis B either died or were transplanted [2–4]. Treated
patients had a rapid improvement in liver synthesis (INR) and
inflammation (transaminases). The results of this study have 
led to the recommendation of the German consensus con-
ference to treat fulminant hepatitis B with lamivudine [5]; this
recommendation is further supported by several other reports
[6,7].

Antiviral therapy of acute hepatitis C

The aim of acute hepatitis C treatment is the prevention of 
persistent HCV infection. Early therapy in order to reduce 
the severity of symptoms of acute hepatitis C infection has 
no justifiable rationale as severe symptoms occur infrequently,
fulminant cases are extremely rare, and the only available ther-
apy is based on interferon (IFN)-α and is therefore associated
with significant side-effects. However, the reason to treat acute
hepatitis C is the risk of progression to chronicity. The rate 
of chronic evolution is 50–90%, and chronic hepatitis C can
progress to liver cirrhosis and hepatocellular carcinoma [8]. The
social burden of the HCV infection can be high, particularly for
health-care workers. Extrahepatic manifestations of HCV are
often troublesome and may not be reversible with viral eradica-
tion later on [9]. As a specific vaccine is not yet available, the
early treatment of acute HCV infection with IFN-α is the only
option to prevent persistent HCV infection; however, the dia-
gnosis of acute primary HCV infection may be difficult, and dis-
tinction from the exacerbation of an underlying unrecognized
chronic HCV infection may be impossible [10].

TTOC09_01  3/8/07  6:43 PM  Page 917



918 9 VIRAL INFECTIONS OF THE LIVER

Problems in the early treatment of acute
hepatitis C

The overall impact of the early treatment of acute HCV infection
to prevent chronic disease has limitations. A main problem is
that primary HCV infection is usually asymptomatic, and most
patients are not identified in the early stages of disease. Another
reason is that a number of patients have medical contraindica-
tions for IFN or are not suitable for therapy because they 
frequently use intravenous (i.v.) drugs. There are two concerns
in treating active drug addicts with IFN. One problem is the
ongoing drug abuse. In cases of successful therapy, the risk of
reinfection with HCV is high [11]. Another reason is the side-
effect profile of IFN, especially the neuropsychiatric problems
during therapy that may result in resuming the drug habit [12];
furthermore, it has been shown that the acceptance of and
adherence to antiviral therapy by these patients is low because of
side-effects such as depression [13] (Fig. 1).

Nevertheless, in certain circumstances (e.g. good com-
pliance), early treatment may be a chance for a drug addict 
ultimately to get rid of both in the end, the HCV and the drugs.

Treatment modalities

Efficacy of therapy
Early therapy with IFN monotherapy can prevent chronic 
hepatitis C in about 90% of patients with symptomatic acute

HCV infection. This was shown in many small single-centre
studies (14). In an early study, 24 patients with acute HCV infec-
tion, most of them i.v. drug addicts, were treated with high daily
doses of standard IFN until normalization of transaminases.
Chronicity was prevented in 18 of 22 patients who completed
therapy [15]. This gave the rationale for the first German multi-
centre acute HCV study in which 44 patients with acute HCV
infection were treated for 24 weeks with standard IFN (see 
Fig. 2). All patients responded and were HCV-RNA-negative at
the end of treatment, and only one patient demonstrated a
relapse [16]. The sustained virological response was longlasting
in those patients who could be followed for 52–224 weeks [17].
Several studies have investigated the efficacy of pegylated (PEG)-
IFN in patients with acute hepatitis C (see Table 1).

The second German multicentre acute HCV study [12], sup-
ported by the German competence network for viral hepatitis
[19], recruited twice as many patients in the same time as the
first study by Jaeckel et al. [16]. The overall sustained viral
response (SVR) rates were only 71% in the intention-to-treat
analysis. However, patients who were adherent to treatment 
had a SVR of 89% [12]. Although previous drug abuse did not
significantly influence adherence in our study, 6 out of 13
patients who were lost to follow-up had a history of drug abuse.
In conclusion, early therapy of patients with acute hepatitis C
with IFN or PEG-IFN can be highly successful if the patients are
compliant and adherent to therapy; close monitoring during
both therapy and follow-up is required, especially in patients

22 patients eligible for therapy
(18 IVDU)

6 patients refused therapy/2 lost
(7/18 IVDU = 40%)

14 patients accepted therapy
(11/18 IVDU = 60%)

7 sustained response
(5 IVDU)
1 relapse

SVR therapy offered: IVDU 6/22 (27.3%)
SVR at least one dose: IVDU 6/14 (42.9%)
SVR adherence to therapy: IVDU 5/5 (100%)

8 patients received 80/80
(5/11 IVDU = 45.5%

1 sustained response
5 relapse
(all IVDU)

6 patients dropped out early
(6/11 IVDU = 54.5%

27 patients with acute HCV
(22 IVDU = 81.5%)

5 cleared HCV
(18.5%)

Fig. 1 Low acceptance of therapy and poor compliance of patients with a history of intravenous drug use (IVDU) limit the success of early treatment of acute
HCV infection with PEG-IFN. Twenty-two patients with IVDU were eligible for acute HCV therapy: 40% refused therapy and, out of 14 who were treated, less
than 50% were adherent to therapy. However, those patients who were compliant and adherent to therapy demonstrated a 100% sustained response.
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with a history of drug abuse [13]. For certain patients, e.g. 
those asymptomatic with low alanine aminotransferase (ALT)
baseline levels, an induction as used in the Jaeckel study may be
considered. The results of the major trials showed that there is
no need for a combination with ribavirin [16,20]. Also, the only
randomized trial so far demonstrated no further benefit of a 
ribavirin combination [21]. However, the recent studies with
PEG-IFN showed that some patients experienced a relapse after
the end of treatment. The question is whether we can avoid the
relapse with ribavirin in those patients? Patients with baseline
factors that are associated with a lower response (e.g. low ALT
value) may require additional ribavirin.

Treatment duration
Most studies treated for 24 weeks [15,22,23]. As in chronic 
hepatitis C, viral kinetics may predict the response [24,25], and
treatment duration can be individually tailored to the viral

kinetics; it may also be possible to treat acute HCV infection for
less than 24 weeks in individual cases. However, the treatment 
of acute HCV infection requires a simple algorithm to avoid
complicated management of these difficult to manage patients.
Strategies to enhance the adherence to treatment may be more
important than further optimizing the already highly efficacious
treatment strategy.

Timing of treatment
A most important question is whether the initiation of treat-
ment can wait until one is certain that the patients will not
recover spontaneously. This strategy would avoid the unneces-
sary inconvenience of IFN side-effects and costs in patients
recovering spontaneously. A study by Hofer and colleagues
demonstrated a high chance of spontaneous recovery from acute
HCV infection in symptomatic patients [26]. The time from
infection to spontaneous viral clearance was 77 ± 25 days and 

Therapy n = 44
Natural course n = 40

98%

30%
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4 weeks 20 weeks
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Fig. 2 Treatment schedule and cumulative
incidence of undetectable serum HCV RNA
during treatment (small circles) and follow-up
(large circles). Natural-course patients (small
squares) were not treated and demonstrated
the expected rate of chronic evolution after 24
weeks of observation. tiw, three times a week.

Table 1 Results of three different studies with PEG-IFN.

Ref. no.

[18]

[13]

[12]

n

28

27 (22 IVDU)

89 recruited in

53 centres

Treatment

PEG-IFN-a-2b 

(1.5 mg/kg/week)

PEG-IFN-a-2b 

(1.5 mg/kg/week)

PEG-IFN-a-2b

(1.5 mg/kg/week)

Start of therapy

12 weeks after onset of disease (17/28 chronic,

16 were treated)

100 ± 82 days after onset of symptoms, 

63 ± 82 days after diagnosis (asymptomatic)

(22/27 chronic, 14 were treated)

76 days after infection (range 14–150 days), 27

days after onset of symptoms (range 5–131 days)

Duration

24 weeks

24 weeks

24 weeks

Efficacy

15/16 (94%)

8/14 (57%)

7/8 (88%) of

adherent patients

63/89 (71%)

58/65 (89%) of

adherent patients
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35 ± 22 days from the onset of symptoms. The authors suggested
that early and frequent HCV-RNA measurements may discrimi-
nate patients with spontaneous recovery from those with chron-
ically evolving HCV infection. It appeared that only patients
who failed to clear the virus within the first 35 days after the
onset of symptoms needed treatment [26]. This information
raises the question whether it is wise to wait for about 12 weeks
until a chronic course becomes likely and then treat only the
patients who are likely to progress to chronic hepatitis C. A 
study that adopted the wait-and-see strategy demonstrated that
treatment of these patients who remain HCV-RNA-positive for
more than 12 weeks after the onset of symptoms resulted in 
an overall SVR (self-limited and treatment induced) in 91% 
of patients [27,28]. In the natural (untreated) course of acute
symptomatic hepatitis C, spontaneous clearance was observed
in 52%, usually within 12 weeks after the onset of symptoms,
whereas all asymptomatic patients developed chronic hepatitis
C. The SVR to the subsequent IFN or IFN/ribavirin treatment
started beyond 12 weeks after the onset of acute hepatitis C in
those who developed chronic hepatitis C was 80%, independent
of the severity of the acute HCV infection. In conclusion, the
wait-and-see strategy avoided unnecessary treatment in half 
the symptomatic patients, but may not be adequate for asymp-
tomatic patients.

Of note, a study from Japan showed that treatment of acute
HCV infection may not be as effective after waiting too long.
Treatment within 8 weeks after the onset of acute hepatitis
resulted in a 100% SVR compared with only 40% when treat-
ment was initiated after 1 year [23].

The treatment of acute hepatitis C is effective regardless of the
genotype [16], but the genotype must be taken into account in
treatment decisions. The data indicate that patients with HCV
genotype 3 may resolve acute HCV infection more frequently
than patients with HCV genotype 1 [29]. Considering the high
chance of successful treatment of chronic HCV genotype 3
infection with 12–24 weeks of treatment with PEG-IFN-α and
ribavirin, it may be wise to avoid early treatment in acute HCV
genotype 3 infection, but rather consider the wait-and-see strat-
egy. This concept may be considered in particular for patients
with more than one of the factors associated with spontaneous
clearance (see Table 2).

The important open questions on the treatment of acute 
hepatitis C are listed in Table 3.

Postexposure prophylaxis
Postexposure prophylaxis after contact with HCV-contaminated
blood (e.g. needlestick) is not necessary. First, the early therapy
or the wait-and-see strategy is effective in more than 90% of
cases. Second, the use of IFN after exposure to HCV has been
shown not to be superior [32].

Concluding remarks

Early identification of patients with acute viral hepatitis infec-

tion is important for their optimal management. Early referral
to a transplant centre is mandatory if patients develop fulminant
hepatitis, and best supportive care may prevent further com-
plications in some patients. Antiviral treatment of fulminant
hepatitis B with lamivudine can prevent liver failure and reduces
the need for liver transplantation. Early measurement of HCV
RNA is mandatory in cases of suspicion of acute hepatitis C.
Asymptomatic patients have the highest chance of developing
chronic hepatitis C and may thus benefit from early (PEG)-
IFN-α monotherapy. Symptomatic patients have a high chance
of clearing the HCV virus spontaneously. A study is under way 
to test whether a wait-and-see strategy may be as effective as
immediate treatment. Postexposure prophylaxis is not indi-
cated. The future may bring highly effective antiviral drugs that
may allow short-term treatment for all acute HCV patients.
HCV polymerase and protease inhibitors are the most promis-
ing drugs. The first drugs have already been tested in phase 
I/II trials, and the proof of concept has been demonstrated
(reviewed in [33]). The ultimate goal for preventing chronic
hepatitis C is a protective vaccine. The first studies in chim-
panzees give hope. However, it may not be possible to induce
sterilizing immunity, but a less severe course and the prevention
of chronic infection may be possible (reviewed in [34]).

Table 2 Factors potentially associated with spontaneous HCV clearance.

Factors associated with spontaneous clearance Ref. no.

Symptomatic hepatitis C [27]

Female gender [27]

HCV kinetics early after infection [26]

HCV genotype 3 [29]

HLA B27 [30]

Vigorous T-cell immunity [31]

HLA, human leukocyte antigen.

Table 3 Questions and best possible answers regarding the therapy of
acute HCV infection.

Question Answer

Is early treatment with IFN ≥ 90% sustained virological response

effective? possible

Which patients should be Asymptomatic > symptomatic? 

treated? HCV genotype 1 > HCV genotype 2/3 

When to start treatment? Immediately in asymptomatic patients

Symptomatic patients: immediate therapy 

vs. wait-and-see under investigation

Which drugs? IFN-a (5 MU daily for first 4 weeks) or 

1.5 mg/week PEG-IFN-a
Ribavirin not necessary

Treatment duration? 24 weeks 

Shorter may be possible
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9.1.3.iv Antiviral therapy of chronic
hepatitis B
Fabien Zoulim and Mario Rizzetto

Pathobiology background

As hepatitis B virus (HBV) replication does not lead by itself to a
cytopathic effect, chronic hepatitis B is the result of an ongoing
liver injury mediated by the T-cell immune response targeting
hepatocytes that harbour HBV replication [1,2]. Our knowledge
of the pathobiology of HBV infection has come from clinical
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studies and from experimental investigations performed in 
animal models. Viral clearance requires the coordinated action
of several components of the immune response [3–6]: (i) a 
cytotoxic T-helper 1 (Th1) response by CD8-positive cells rec-
ognizing infected hepatocytes expressing viral antigens; (ii) a
non-cytolytic Th1 response whereby the CD8-positive cells pro-
duce Th1 cytokines such as interferon (IFN)-γ, tumour necrosis
factor (TNF)α and interleukin (IL)-12, which exhibit a direct
antiviral effect in the infected liver; (iii) the innate immune
response mediated by natural killer (NK) and NKT cells; (iv) the
production of neutralizing antibodies by B cells to prevent the
infection of new hepatocytes by residual virions; (v) cell lysis and
turnover to generate new uninfected cells that will repopulate
the liver.

While there is a consensus on the role of these different 
effectors, the order of events is still debated. In transgenic mice
and acutely infected chimpanzees, several studies have shown a
major role for non-cytolytic processes in the immune-mediated
clearance of viral infection. In contrast, in the woodchuck 
and duck models of acute infection, evidence has been obtained
that cell lysis and hepatocyte turnover are required to clear 
infection.

In the setting of chronic infection, antivirals decrease viral
production and thus prevent a new round of infection, but also
restore the specific CD4- and CD8-mediated immune response
following the decrease in viral load in the infected host [7,8]. 
An HBV load of 107 copies/mL appears to be a threshold below
which circulating multispecific HBV-specific CD8+ T cells are
consistently detected [9]. It is also possible that prolonged
antiviral treatment may induce cell curing by inhibiting the
intracellular recycling of viral cccDNA. It was also shown that
viral persistence during long-term antiviral therapy in the duck
and woodchuck models is linked to a long half-life of viral
cccDNA [10,11]. Following the development of polymerase
chain reaction (PCR)-based assays, the kinetics of viral cccDNA
clearance from the liver have been studied in detail in chron-
ically infected patients. The results suggest that viral cccDNA
may persist over decades even after the serological clearance 
of viral infection and that resolution of infection may not occur
via sterilizing immunity but by the continuous control of viral
infection over time [12,13]. These data suggest that the reservoir
of cccDNA may be the source of renewed viral replication and
clinical reactivation in case of loss of immunological control, i.e.
immunosuppression, organ transplantation, human immuno-
deficiency virus (HIV) coinfection. It also indicates that antiviral
treatment should be maintained until the specific anti-HBV
immune response controls the residual low levels of viral repli-
cation [13–15].

Unfortunately, long-term therapy exposes to the risk of selec-
tion of drug-resistant mutants [16]. Indeed, owing to the spon-
taneous viral genome variability, the pharmacological pressure
may select for the viral species that exhibit the best replication
capacity in this new treatment environment. The mutations
conferring resistance to nucleoside analogues are located in the

viral polymerase gene. The rapidity of selection of drug-resistant
mutants depends on their replication capacity and fitness, their
level of resistance and the free liver space available for infection
by these mutants. This explains the differences in the rate of
resistance for the different drugs that are clinically available.

Indication to antiviral therapy

Based on the present knowledge of the natural history of chronic
HBV hepatitis and on the efficacy of antiviral drugs, treatment is
indicated only in hepatitis B surface antigen (HBsAg) carriers
with liver disease.

HBsAg carriers with chronic hepatitis B who
should be treated

Antiviral therapy of chronic HBV infection is indicated in
patients with chronic hepatitis B in the immunoactive phase. 
As this phase is characterized by high levels of viral replication
and immunomediated damage of HBV-containing hepatocytes,
these HBsAg-positive carriers usually have levels of viral DNA in
serum higher than 104 copies/mL and exhibit elevated serum
alanine aminotransferase (ALT) levels.

Liver histology usually shows inflammatory activity and vari-
able degrees of liver fibrosis depending on the duration of the
disease. As continuing HBV replication and elevation of ALT
levels imply a significant risk of disease progression towards 
liver cirrhosis and hepatocellular carcinoma [17,18], antiviral
therapy is indicated to decrease viral load, normalize ALT levels
and induce a remission of the liver disease.

There are two main forms of chronic HBsAg-positive hepatitis
[19]. The HBeAg-positive form is associated with a so-called
wild-type virus infection, HBsAg and HBeAg positivity, high
HBV DNA levels usually > 106 copies/mL and elevated ALT 
levels. The HBeAg-negative form is associated with precore
mutant virus infection, HBsAg positivity and HBeAg negat-
ivity (most patients have anti-HBe antibody), HBV DNA 
levels that are fluctuating but usually > 104 copies/mL and 
elevated ALT levels that may also be fluctuating over time.
Treatment endpoints differ depending on the form of chronic
hepatitis B.

Chronic HBsAg carriers who should not be
treated

Patients with chronic HBV infection who are in the immunotoler-
ance phase should not be treated. These individuals represent 
a minority among chronic HBsAg carriers. They are defined
serologically by HBsAg positivity, HBeAg positivity, high HBV
DNA levels (usually higher than 108 copies/mL) and normal
serum ALT levels. They usually have no liver damage or only
minimal liver disease at liver biopsy examination, but they are
highly infectious. The risk of disease progression is low as long 
as ALT levels remain within the normal range. The results of
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clinical trials of IFN-α or nucleoside analogues indicate that
patients with high HBV DNA load and normal ALT levels have
almost no chance of responding to therapy, i.e. HBeAg serocon-
version. However, patients should be monitored carefully on a
regular basis to diagnose a break in immune tolerance character-
ized by an elevation in ALT levels and a decline in viral load.
These events reflect the onset of liver damage and may represent
an indication for antiviral therapy, unless HBeAg seroconver-
sion (which is the ultimate goal of therapy, see below) occurs 
spontaneously.

A 6-monthly analysis of ALT levels and HBV DNA is recom-
mended in chronic carriers who are in the immunotolerance phase.
Patients’ relatives and household contacts should be screened
for HBV markers and vaccinated against HBV if not protected.

The other category of patients with chronic HBV infection
who should not be treated is the HBsAg inactive carriers. These
individuals are the majority among HBsAg carriers. They are
characterized by HBsAg positivity, HBeAg negativity, anti-HBe
antibody positivity, low HBV DNA levels (< 104 copies/mL) 
and normal ALT levels. Liver histology usually shows no or 
minimal damage, and the risk of progressive liver disease is 
considered to be minimal as long as ALT levels remain normal
and viraemia remains below 104 copies/mL. It is currently rec-
ommended that these patients should not be treated, but fol-
lowed carefully to diagnose reactivation of viral replication and
ALT exacerbations promptly, should these occur. A 6-monthly
follow-up of ALT levels and HBV DNA is suitable to make sure
that the inactive state is maintained over time.

Goals of antiviral therapy

The main goal of antiviral therapy is to suppress HBV 
replication to induce the remission of liver disease activity. In
addition, the inhibition of HBV replication decreases patients’
infectivity and the risk of HBV transmission. This is especially
important in health-care workers. Recent studies suggest that
lamivudine therapy of chronically HBV-infected pregnant women
during the last trimester of pregnancy increases the protection of

newborns who receive hepatitis B immune globulin (HBIG) and
vaccine at birth.

In patients with wild-type virus infection, the primary goal 
of antiviral therapy is to achieve seroconversion from HBeAg to
the homologous anti-HBe antibody (referred to hereafter as
HBe seroconversion) as this immunological event is associated
with a reduction in the risk of progression of the liver disease. Of
note, a prior decline in viral load is mandatory to obtain HBe
seroconversion, which is subsequently required to achieve sero-
conversion from HBsAg to the homologous anti-HBs antibody
(referred to hereafter as HBs seroconversion).

In patients with an HBeAg-negative chronic hepatitis B, avail-
able antiviral agents are effective in suppressing HBV replication
but, in most cases, are not capable of eradicating the virus.
Therefore, the main objective of therapy is to control viral repli-
cation to prevent ALT flares and/or induce remission of disease.
The only event marking a sustained response to therapy would
be HBs seroconversion to anti-HBs, which unfortunately occurs
only seldom.

Different types of responses have been defined during the
European Consensus Conference in 2002 [20], i.e. the initial
response, the on-treatment or maintained response and the 
sustained response when antiviral treatment has been stopped.
The virological response is defined by the decline in HBV DNA
below 104 or 103 copies/mL, the biochemical response by the
normalization of ALT levels and the histological response by
improvement in the histological activity or fibrosis indices
(Knodell or Ishak or METAVIR scores). The combined response 
is defined by improvement in ALT levels and decrease in viral
load, while the complete response is characterized by the com-
bination of a decrease in viral load, normalization of ALT levels,
occurrence of an HBe or HBs seroconversion and histological
improvement in liver disease.

The treatment response is also defined depending on the 
timing during therapy. The initial response is characterized by a
decrease in viral load at week 12 of therapy by at least 1 log10
copies/mL compared with the baseline value. The maintained
response is defined by a low viral load during therapy (Fig. 1).
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Depending on the use of nucleoside analogue or interferon,
there is no agreed threshold to define the maintained response.
Usually, a decrease in viral load below 104 copies/mL is assoc-
iated with an improvement in liver histology. However, with
nucleoside analogues, the lower the viral load, the less is the risk
of developing viral drug resistance. For instance, it was shown
that, during lamivudine therapy, the risk of further resistance 
to treatment was significantly lower when viral load was below
103 copies/mL. The end-of-treatment response is defined by the
response observed at the end of therapy, if it was decided to 
stop treatment. A relapse is defined by the increase in viral load
after treatment cessation (Fig. 2). The sustained response is
defined conventionally by the maintenance of the response 6
months after drug withdrawal (Fig. 3).

Antiviral agents

IFN-α was introduced in clinical practice in the 1980s as initial
therapy for chronic hepatitis B. In the 1990s, the advent of
nucleoside analogues targeting specific viral functions has pro-
vided a therapeutic alternative. However, viral persistence and

the emergence of resistance remain a major challenge to the use
of nucleoside analogues, and research continues in an attempt to
discover new agents that are more efficacious and less prone to
induce viral resistance.

Study models of anti-HBV agents

Antiviral agents have been studied extensively in experimental
models, in vitro in tissue culture and in vivo in ducks and wood-
chucks [16]. Infection and complete replication including forma-
tion of the viral minichromosome (cccDNA), which plays an
essential role in the persistence of infection and in the long-term
resistance to treatment, can be obtained only in primary cultures
of hepatocytes and in the HepaRG cells. Cell culture systems,
useful for the screening of anti-HBV compounds and study of
their mode of action, are (i) stably transfected hepatoma lines
HepG2.2.15 or HepAD38, (ii) transiently transfected hepatoma
cell lines [HepG2 or Huh-7 human cells for HBV and LMH
avian cells for duck HBV (DHBV)], and (iii) hepatoma cell lines
infected via recombinant HBV baculovirus that allow full viral
replication including cccDNA formation. Determination of the
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mode of action has been investigated (i) in primary cultures of
hepatocytes taken from the well-characterized animal models of
HBV, the duck and the woodchuck, (ii) on endogenous viral
DNA- and RNA-dependent DNA polymerase, which can be
assayed in purified nucleocapsid or (iii) in a tube reconstituted
assay for both priming and reverse transcription of the viral
genome. The in vivo models allowed the study of the antiviral
efficacy, the kinetics of viral clearance, the emergence of drug
resistance, as well as the toxicity of the drugs [11,21–24]. All
these in vitro and animal models contributed to the molecular
characterization of the replication cycle of HBV and, conse-
quently, to the identification of viral targets for antiviral therapy
of HBV infection [25]: (i) neutralization of the virus–cell inter-
action with anti-envelope antibodies; (ii) cytokine and/or anti-
sense inhibition of viral transcription and viral gene expression;
(iii) packaging inhibition with peptides; (iv) RNA- or DNA-
dependent DNA polymerase activity inhibition by nucleoside
analogues or antisense; and (v) viral secretion with glucosidase
inhibitors.

Immunomodulatory approaches

One strategy to eradicate viral infection consists of the enhance-
ment of the specific immune response, using cytokines such 
as IFN-α, IFN-γ, TNFα, IL-12 or a viral recombinant protein 
or plasmid DNA-based vaccine approach. The combination of
nucleoside analogues to inhibit viral production with immuno-
modulatory approaches to eradicate the residual infected hepa-
tocytes (that may support the replication of escape mutants)
warrants further evaluation in animal models of hepadnavirus
infection and in clinical trials.

Interferon alpha and pegylated IFN
IFN-α belongs to a family of naturally occurring proteins that
have antiviral and immunomodulatory actions. They bind to
cellular receptors and activate secondary messengers in order 
to initiate the production of multiple proteins critical to the
defence of the cell against viruses. The antiviral effects include
degradation of viral mRNA, inhibition of viral protein synthesis
and prevention of the viral infection of cells. The immunomod-
ulating effects include enhancement of foreign antigen presenta-
tion by human leukocyte antigen (HLA) I and II to the immune
system, activation of NK cells and other immune cells and
increased cytokine production. IFN-α is obtained by two main
methods. It can be either purified from human lymphoblastoid
cells, which have been stimulated by Sendai virus, or produced
using recombinant molecular biology in Escherichia coli. In the
latter case, the gene encoding one of the human subtypes (α-2a
or α-2b) of interferon is cloned into a bacterial expression 
vector and used for production. An important advance was the
development of slow-release pegylated IFN-α-2a and -α-2b,
which exhibit a better antiviral effect than standard interferon.
Pegylated IFN is the result of a linkage between standard IFN
and polyethylene glycol (PEG), which decreases the kidney

clearance of IFN and therefore increases its half-life, allowing a
single injection weekly. The side-effects of pegylated IFN-α-2a
and -α-2b are similar to those of standard IFNs and have been
described in Chapter 9.1.3.v. It is noteworthy that the rate of
depression seems to be lower in patients with chronic hepatitis B
than in those with chronic hepatitis C who receive pegylated
IFN-α-2a or -α-2b.

Vaccine therapy
A new concept has emerged with the use of HBV vaccine as a
therapeutic tool to break immune tolerance. The first attempts
were made with recombinant HBsAg vaccines alone or in com-
bination therapy. Early studies suggested a trend towards an
increased rate of HBeAg seroconversion and some level of
restoration of immune responses against HBV [26]. More
recently, the use of a DNA vaccine approach relying on the
administration of a DNA plasmid encoding for the viral en-
velope gene has been evaluated, as it was shown that this 
strategy may be more effective in the stimulation of the immune
response via antigen presentation by dendritic cells [27,28]. 
A phase I clinical trial has been performed and will be followed
by phase II evaluation [29].

Nucleoside/nucleotide analogues

Lamivudine
Lamivudine (β-l-2′,3′-dideoxy-3′thiacytidine or 3TC) is a 
cytidine analogue that belongs to the l-nucleoside analogue
family. After cellular penetration, it is transformed into its 
triphosphate form by cytidine kinase. Lamivudine triphosphate 
has a poor affinity for cellular polymerases (i.e. mitochondrial 
and nuclear polymerases) and is preferentially targeted to viral
polymerases, explaining its very good selectivity index [30]. This
explains why lamivudine is very well tolerated by the patients
and has no significant side-effects. Elimination occurs mainly by
kidney filtration, explaining why lamivudine dosage should be
adapted to creatinine clearance.

Lamivudine is a potent in vitro inhibitor of both duck and
human hepadnaviruses, acts as a chain terminator of reverse
transcription and has no mitochondrial toxicity. Lamivudine 
is a very effective inhibitor of DHBV in ducks, and HBV in 
chimpanzees, but only a moderate inhibitor of the woodchuck
hepatitis virus (WHV) in woodchucks. Consistent with the last
observation, it was observed that a prolonged 3TC treatment 
of primary woodchuck hepatocytes infected by WHV does not
allow viral eradication. Lamivudine treatment promotes viral
resistance [31]. Variants emerging during lamivudine therapy
display mutations in the viral polymerase, within the catalytic
domain (C-domain), which includes the YMDD motif (e.g.
M204V or M204I), and within the B-domain (e.g. L180M or
V173L). These mutants have a reduced replicative capacity com-
pared with the wild-type virus. To find an alternative treatment
for lamivudine-resistant patients, the susceptibility of these
mutants to other drugs has been studied. Two categories of drug

TTOC09_01  3/8/07  6:43 PM  Page 925



926 9 VIRAL INFECTIONS OF THE LIVER

have been characterized: those that present a cross-resistance
pattern with lamivudine, such as the pyrimidine analogues, i.e.
emtricitabine or clevudine, and those that are active against
lamivudine-resistant mutants, such as the purine analogues, i.e.
adefovir, tenofovir and entecavir. Details on these drugs follow.

Emtricitabine
Emtricitabine (β-l-2′3′-dideoxy-5′fluoro-3′thiacytidine or FTC)
is a 5-fluoro-oxathiolane derivative, closely related to lamivu-
dine [32]. Not surprisingly, it exhibits a similar potency as an
inhibitor of HBV replication in vitro and in vivo. However, the
same profile of resistance has been observed in vitro, as well as 
in patients treated with emtricitabine who select for the same
drug-resistant mutants as those treated with lamivudine. The
drug is currently in phase III trial for the treatment of chronic
hepatitis B [33].

Clevudine
Clevudine (2′-fluoro-5-methyl-β-l-arabinofuranosyluracil or
L-FMAU), a novel β-l-nucleoside analogue derived from
deoxythymidine (TTP), is a potent inhibitor of HBV replication
in HepG2.2.15 cells and has a low in vitro cytotoxicity [34]. In
this cell line, L-FMAU inhibits HBV replication without affect-
ing the host DNA synthetic machinery. In contrast to D-FMAU
and D-FIAU, L-FMAU does not decrease mitochondrial DNA
content and function and is not incorporated in cellular DNA.
L-FMAU exhibits antiviral activity in vivo in the duck and 
woodchuck model. Interestingly, L-FMAU is a weak inhibitor of
reverse transcriptase activity, but mainly an inhibitor of DNA-
dependent DNA polymerase activity. Phase II clinical trials have
been performed; the drug has been approved recently in Korea.

Adefovir dipivoxil
Adefovir dipivoxil [9-(2-phosphonolmethoxyethyl) adenine or
PMEA] is an acyclic phosphonate nucleotide analogue of adeno-
sine monophosphate. Unlike nucleoside analogues, it does not
require the first of three phosphorylation steps for conversion to
the active triphosphate form. Adefovir diphosphate, the active
metabolite of adefovir, is a potent inhibitor of HBV polymerase
activity and viral replication in human hepatoma cells lines 
stably transfected with HBV and in primary duck hepatocytes
infected with DHBV [35]. The antihepadnaviral activity of ade-
fovir dipivoxil was also demonstrated in vivo, in the duck model
and in woodchucks chronically infected with WHV. Although
adefovir dipivoxil is a more potent inhibitor of DHBV replica-
tion than lamivudine in experimentally infected ducklings and
primary duck hepatocytes, it fails to prevent cccDNA synthesis
and accumulation [36]. The most important feature of adefovir
dipivoxil resides in its capacity to inhibit the replication of
lamivudine-resistant mutants. However, with prolonged adm-
inistration of the drug, resistant mutants may emerge: rtA181V
and rtN236T in the polymerase gene [37,38].

Adefovir is also eliminated by the kidney. Clinical studies 
have shown a dose-dependent toxicity on kidney tubules, which

causes hypophosphoraemia and increased blood creatinine
level. Adefovir dipivoxil dosage should also be adapted to creati-
nine clearance.

Entecavir
Entecavir, also known as BMS-200475, is a cyclopentyl guano-
sine analogue. It is both a highly potent inhibitor of HBV 
replication in hepatoma cell lines and among the most potent
antiviral agents against WHV [39]. In chronically infected
woodchucks, long-term antiviral therapy with entecavir leading
to control of viral replication allowed delay in the onset of hepa-
tocellular carcinoma [40]. This compound inhibits the priming
and elongation of minus strand DNA synthesis as well as DNA-
dependent DNA polymerase by its incorporation in the DNA
strand in exchange for the natural dGTP [41]. Cross-resistance
testing in tissue culture showed that entecavir exhibits a reduced
inhibitory activity against lamivudine-resistant mutants [42].
Furthermore, it was shown that the first cases of entecavir resis-
tance occurred in patients who were treated for lamivudine failure,
with the entecavir resistance mutations in the viral polymerase
adding up on a background of lamivudine resistance [43].

Tenofovir
Tenofovir disoproxil fumarate is the prodrug of tenofovir
(PMPA). Tenofovir is active in vitro and in vivo against both
wild-type and lamivudine-resistant strains of HIV and HBV
[44]. This antiviral profile makes its use very interesting in
HIV–HBV coinfected patients.

Telbivudine
Telbivudine (β-l-2′-deoxythymidine) is an orally bioavailable
l-nucleoside with potent anti-HBV activity in vitro and in the
woodchuck hepadnavirus model, and a favourable preclinical
toxicological profile [45,46].

Combination of drugs
The concept of combination therapy in chronic hepatitis B virus
infection is becoming a critical issue to overcome the problem 
of persistence and selection of drug-resistant mutants [16,47].
To be suitable, combination of drugs must achieve at least an
additive and, in the best case, a synergistic effect and prevent or
delay the occurrence of drug resistance. The use of a combina-
tion should also allow reduction in the dosage of each drug, thus
reducing the risk of toxicity. The combination of polymerase
inhibitors is one of the potential approaches. To obtain a syner-
gistic antiviral effect, a combination of nucleoside analogues ex-
hibiting different mode of actions (antipriming, anti-elongation,
purine analogues, pyrimidine analogues) is expected to be the
best option. A few studies have shown that the combination 
of lamivudine with penciclovir and/or adefovir may synergis-
tically inhibit DHBV replication in primary duck hepatocyte 
cultures. This should decrease on a statistical basis the risk of
selection of polymerase mutants. The combination of compounds
with different patterns of viral resistance will also be required to
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further decrease the risk of selecting multiple drug-resistant
mutants [48,49].

Treatment of the clinical forms of
chronic hepatitis B

Wild-type virus infection, i.e. HBeAg-positive
chronic hepatitis B

In this setting, the goal is to achieve HBe seroconversion, which
usually results in remission of the liver disease. There are 
currently two treatment options: the use of a finite course of
standard or pegylated IFN or long-term therapy with nucleoside
analogues. The choice should depend on the evaluation of 
factors predictive of treatment response, the past history of the
patient (contraindications to IFN for instance), his/her lifestyle,
the desire for a pregnancy, as well as the personal choice of the
patient (Table 1).

Results of standard IFN-a
Administration of standard IFN induces a sustained response,
defined by HBe seroconversion 24 weeks after treatment, in
20–40% of patients depending on patient characteristics, while
only 5–10% of patients seroconvert in the placebo group
[50,51]. Patients with high ALT levels, a high histology activity
index (HAI) score and low HBV DNA levels have a higher
chance of HBe seroconversion (> 40%). Response is marked by
the clearance of serum HBV DNA and an increase in ALT levels
during the second or third month of therapy, which reflects 
the immunological response leading to clearance of the virus.
Clearance of HBsAg and seroconversion to anti-HBs is a late
event; the percentage of patients who became HBsAg negative
after seroconverting to anti-HBe has varied widely (7–65%) 
for follow-ups of 3–4 years [52,53]. Studies on survival and the
cost–benefit of therapy, based on models predictive of the likely
clinical outcome and related medical expenses, have also shown
that interferon is able to prolong life in patients with chronic
hepatitis B who have HBeAg in their serum. Furthermore,
benefits exceed costs when an evaluation of life expectancy is
included in the analysis [54,55]. The European consensus con-
ference recommended using a regimen of 5 MU daily or 10 MU
thrice weekly for 24 weeks [20]. However, because of the fre-

quency of side-effects at these high doses of IFN, 5–6 MU of IFN
thrice weekly may be an optimal choice to allow the continua-
tion of therapy. Several studies have suggested that, in patients
who present a virological response with an HBV DNA level
below 105 copies/mL, it is recommended to continue IFN 
therapy until HBe seroconversion. It was likewise suggested to
continue therapy 2–3 months after seroconversion to limit the
risk of reactivation after treatment withdrawal.

Side-effects are frequent and numerous, but usually mild and
reversible after treatment withdrawal. The most frequent is a 
flu-like syndrome consisting of fever, arthralgia, headache and
shivering; it is usually well controlled by paracetamol prescrip-
tion. Other side-effects are asthenia, weight loss, alopecia, sleep
disorders, mood disorders, concentration disorders and skin
dryness. Psychiatric symptoms may be serious. Depression can
occur in 10% of patients and should be treated as early as pos-
sible to avoid severe consequences (i.e. suicide attempt). Mental
function may decompensate if the patient had a pre-existing
psychosis. Thyroiditis with either hypo- or hyperthyroid syn-
drome may develop, although less frequently than in hepatitis C
patients. Pregnancy is a contraindication for IFN therapy.

Results of pegylated IFN-a
In a phase II clinical trial, administration of pegylated IFN for 
24 weeks was superior to that of standard IFN in terms of HBe
seroconversion (37% vs. 25%) [56]. Subsequently, two other
phase III trials have evaluated the antiviral effect of pegylated
IFN-α-2a or -2b administration for 48 weeks and showed an
HBe seroconversion rate of approximately 30% 6 months after
treatment [57,58]. Interestingly, an HBs seroconversion rate of
3–5% was observed at the end of follow-up, while HBsAg neg-
ativity was observed in up to 7% of patients. Pretreatment pre-
dictive factors for HBe seroconversion were high ALT levels [> 5
× upper limit of normal (ULN)], low HBV DNA levels (< 107

copies/mL) and infection with HBV genotype A or genotype B.
Tolerance of pegylated IFN-α was generally similar to that of

standard IFN, and side-effects were similar in nature and fre-
quency. Flu-like syndrome, inflammatory skin reaction at the
injection site and neutropenia were more frequent with pegy-
lated IFN than with standard IFN. Depression appears to be less
frequent in chronic hepatitis B patients than in hepatitis C
patients receiving pegylated IFN.

Table 1 Treatment of HBeAg-positive chronic hepatitis B.

PEG-IFN Lamivudine Adefovir Entecavir

Viral suppression 4.5 log10 copies/mL 5–6 log10 copies/mL 3–4 log10 copies/mL 6–7 log10 copies/mL

HBe seroconversion 30% 15–20% at 1 year 10–15% at 1 year 20% at 1 year

25–30% at 2 years 30% at 2 years

Predictive factors High ALT levels High ALT levels High ALT levels ?

Low HBV DNA levels

Side-effects + – – –

Resistance No resistance but non-response 20% per year 20% at 4 years 0% at 2 years
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Results of lamivudine administration
Several phase III trials have evaluated the antiviral efficacy of
lamivudine administration in patients with HBeAg-positive
chronic hepatitis B [59–61]. Lamivudine presents several advan-
tages: it is administered orally, associated with an excellent safety
profile and rapid antiviral effect. Viral load declines by 3–5 log10
copies/mL after 1 year of therapy compared with baseline values.
The antiviral effect is accompanied by a significant decrease in
ALT levels and an improvement in the HAI. An improvement 
in liver fibrosis has also been observed during lamivudine 
therapy [62]. However, the primary goal of therapy, i.e. HBe
seroconversion, is obtained in only approximately 20% of
patients after 1 year of treatment. The rate of HBe seroconver-
sion is significantly higher than in patients receiving placebo
(5–10%).

Continuous lamivudine therapy is indicated in patients who
do not seroconvert. It avoids rebounds of viral replication and
exacerbations of liver disease. Prolonged lamivudine therapy is
associated with an increased number of patients who undergo
HBe seroconversion, reaching approximately 50% after 4 years
of therapy [63]. In contrast to IFN, no ALT flares occur at HBe
seroconversion induced by lamivudine. The durability of HBe
seroconversion is tightly linked to the duration of lamivudine
therapy after seroconversion. When lamivudine therapy is stopped
just after seroconversion, most patients revert to HBeAg. In 
contrast, when lamivudine is continued for at least 6 months
after seroconversion, viral reactivation and HBeAg reversion
occur in only approximately 20% of the patients. The only pre-
dictive factor for HBe seroconversion at baseline is the level of
serum ALT. In patients with ALT higher than 3 × ULN or even 
5 × ULN, the likelihood of HBe seroconversion after 1 year of
therapy is significantly increased [64].

The major problem with long-term lamivudine therapy is 
the occurrence of drug resistance. The spontaneous variability 
of the HBV genome and the slow kinetics of viral clearance are
the biological basis for the selection of drug-resistant mutants.
The main mutations conferring resistance are located within the
YMDD motif in the C-domain of the viral polymerase: M204I or
M204V mutants. These mutations can be accompanied by other
mutations in the B-domain of the viral polymerase, i.e. V173L
and L180M, named compensatory because they provide a higher
replication capacity than the YMDD mutants [65]. The results
of phase III clinical trials and of cohort studies have shown an
incidence of lamivudine resistance of approximately 20% per
year [66]. Lamivudine resistance develops in up to 70% of
patients after 4 years of therapy [67]. Lamivudine resistance is
associated with an increase in viral load (viral breakthrough),
which is followed by an increase in ALT levels (biochemical
breakthrough), a reduced HBe seroconversion rate and a pro-
gression of liver disease. The reactivation of HBV under therapy
recapitulates disease; although the clinical /biochemical break-
through is often delayed, ultimately, all patients who develop
resistance exhibit a recrudescence of hepatitis within 24–32
months from the viral breakthrough. In some patients, espe-

cially those with liver cirrhosis or severe fibrosis, lamivudine
resistance may be associated with a severe and acute exacerba-
tion of liver disease, which may cause liver failure [67–69]. It is
therefore necessary to make an early diagnosis of drug resistance
to adapt antiviral therapy prior to the degradation of liver func-
tions [69,70].

Results of adefovir dipivoxil administration
A large phase III trial has evaluated the antiviral efficacy of 
adefovir dipivoxil administration in 515 patients with HBeAg-
positive chronic hepatitis B [71]. After 48 weeks of therapy, 
the median viral load decline was approximately 3.5 log10
copies/mL in comparison with pretreatment values. HBe sero-
conversion was achieved in only a minority of patients, i.e. 12%
in the group of patients receiving adefovir dipivoxil 10 mg daily
vs. 6% in the placebo group. Normalization of ALT levels was
observed in 48% of patients receiving adefovir vs. 16% in the
placebo group. An improvement in liver histology was observed
in 53% of patients vs. 25% in the placebo group. With a daily
dose of 10 mg, tolerance was comparable to placebo. After 
48 weeks of therapy, no genotypical resistance was observed.
Extended administration of adefovir dipivoxil showed an
increased rate of HBe seroconversion over time, and an increas-
ing number of patients showed a significant decline in viral load.
However, a longer follow-up in patients with HBeAg-negative
chronic hepatitis B has shown the occurrence of adefovir re-
sistance starting from the second year of treatment (see below).

Recent data of adefovir administration for 5 years showed
probabilities of HBeAg loss of 60% and HBe seroconversion 
of 48%. Four patients (2%) had an HBs seroconversion. HAI 
and fibrosis scores improved in 67% and 60% of patients,
respectively. Adefovir resistance mutations developed in 20% 
of patients after 4 years.

Results of combination therapy
Several studies have evaluated the efficacy of a combination 
of PEG-IFN-α-2a or -2b with lamivudine in comparison with
PEG-IFN alone and/or lamivudine alone [57,58]. Treatment
was administered for 48 weeks, and endpoints were analysed 24
weeks after treatment. During therapy, there was a benefit in 
the combination by comparison with the single treatment in
terms of viral load decline. The rate of lamivudine resistance was
lower in patients who received the combination of lamivudine
with PEG-IFN by comparison with lamivudine monotherapy.
However, 24 weeks after therapy, the rate of HBe seroconversion
was similar in patients who received PEG-IFN alone or the 
combination with lamivudine, i.e. approximately 30%. The HBe
seroconversion rate was lower in patients who received lamivu-
dine monotherapy, i.e. approximately 20%. These results are
also in agreement with those of combination studies with stan-
dard IFN and lamivudine, which did not show an added benefit
of the combination. New studies are clearly warranted to evalu-
ate the combination of PEG-IFN and lamivudine or other
antivirals with different schedules of administration.
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The few published studies of the combination of lamivudine
and adefovir dipivoxil in naive patients in comparison with
lamivudine alone have analysed virological endpoints after a
short-term treatment of 48 weeks. There was no significant dif-
ference in terms of viral load between the two groups. The rate 
of lamivudine resistance was lower in patients who received 
the combination of drugs. The major drawback of these studies 
is the absence of a comparative arm with adefovir dipivoxil
monotherapy. Long-term combination studies are required to
determine whether a combination of nucleoside analogues will
show an added benefit in terms of prevention of drug resistance.

Results of new drugs: entecavir, telbivudine,
tenofovir, emtricitabine

Entecavir
Entecavir was evaluated in phase II trials [73,74] and, more
recently, in three controlled phase III trials involving 1633
patients with chronic HBV infection, detectable HBV DNA, per-
sistently elevated ALT levels and chronic inflammation on liver
biopsy. In two randomized studies involving nucleoside-naive
patients, entecavir administered 0.5 mg orally once daily for 
52 weeks was superior to lamivudine (100 mg orally once daily
for 52 weeks) on the primary efficacy endpoint of histological
improvement and on secondary endpoints, such as the reduc-
tion in viral load and normalization of ALT. After 2 years 
of treatment, 81% of patients receiving entecavir had a viral 
load below 300 copies/mL vs. only 39% of patients receiving
lamivudine, 31% seroconverted to anti-HBe vs. 26% in the lami-
vudine group, and 5% showed a clearance of HBsAg vs. 3% in
lamivudine-treated patients [75].

In lamivudine-refractory patients, entecavir administered at 
1 mg once daily was superior to lamivudine in terms of viral 
load reduction and histological improvement. Entecavir was
approved recently, first by the US Food and Drug Administra-
tion (FDA) and then in Europe, for the treatment of chronic
HBV infection in adults with evidence of active viral replication
and evidence of either persistent elevation in serum ALT or 
histologically active disease.

Entecavir resistance mutants have been rarely identified in
treatment-naive patients; they have been described, mostly in
patients with lamivudine resistance [43]. Approximately 9% of
lamivudine-resistant patients treated with entecavir develop 
resistance to entecavir after 2 years of therapy. The resistant
mutants are then resistant to both lamivudine and entecavir
[76].

Telbivudine
Safety, antiviral activity and pharmacokinetics of telbivudine
have been assessed in 43 adults with HBeAg-positive chronic
hepatitis B [77]. This placebo-controlled, dose escalation trial
investigated six telbivudine daily dosing levels (25, 50, 100, 
200, 400 and 800 mg/day); treatment was given for 4 weeks.
Telbivudine was well tolerated at all dosing levels, with no 

dose-related or treatment-related clinical or laboratory adverse
events. Marked dose-related antiviral activity was evident, with a
maximum at telbivudine doses of 400 mg/day or more. In the
800 mg/day cohort, the mean HBV DNA reduction was 3.75
log10 copies/mL at week 4, comprising a 99.98% reduction in
serum viral load. Subsequently, large phase III studies have
shown the superiority of telbivudine compared with lamivudine
in the suppression of viral load (by 6.5 log10 vs. 5.5 log10) and
improvement in liver histology [78]. Telbivudine resistance was
observed in approximately 5% of patients after 1 year of therapy.
The resistance mutations were the same as those responsible for
lamivudine resistance, i.e. M204I mutation in the viral poly-
merase. Telbivudine has been approved in the US at the end 
of 2006.

Tenofovir
Tenofovir is already approved for the treatment of HIV infec-
tion. Its anti-HBV activity has been studied mainly in HIV–HBV
coinfected patients. In this patient population, tenofovir admin-
istration significantly decreased HBV load in both lamivudine-
naive and lamivudine-resistant patients [79–82]. Several
non-randomized studies suggest that tenofovir may be more
potent than adefovir in reducing HBV load [83]. Several phase
III trials are ongoing to compare the anti-HBV activities of 
tenofovir and adefovir in HBV monoinfected patients and in
HIV–HBV coinfected patients.

Emtricitabine
Emtricitabine was evaluated in phase II and phase III trials.
Ninety-eight patients were randomized to receive emtricitabine
at 25 mg, 100 mg or 200 mg daily for 48 weeks and then 200 mg
until week 96. The dose of 200 mg daily gave the best results.
After 2 years, 53% of patients had serum HBV DNA below 
4700 copies/mL, 33% seroconverted to anti-HBe and 85% had
normal ALT levels. Resistance mutations were observed in 18%
of patients after 96 weeks of therapy [72].

Predictive factors of treatment response
Pretreatment factors predictive of therapy response have been
identified. They may be useful for the decision to treat and the
choice of drug to use. The results of clinical trials have shown
that high ALT values (> 3 × ULN or > 5 × ULN) and low viral
load (< 107 copies/mL) are predictive of a favourable response 
to standard or pegylated IFN. Recent studies suggested that HBV
genotypes A (vs. D) and B (vs. C) are associated with a better
response to IFN therapy. In patients treated with nucleoside
analogues (lamivudine or adefovir), the only established base-
line predictor of response is the level of ALT values. The chance
of HBe seroconversion is significantly higher when ALT levels
are greater than 3 or 5 × ULN.

The collation of these predictive factors as well as the past 
history of the patient (previous non-response to IFN, side-
effects to a previous course of IFN, contraindications to IFN,
lifestyle of the patient and professional obligations, willingness
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for a pregnancy) are critical for decision-making. In young
patients, a finite course with PEG-IFN may be proposed espe-
cially for those who have predictive factors for a favourable
response. In patients who present a low chance of response to
IFN, long-term therapy with a nucleos(t)ide analogue should be
proposed.

Precore mutant infection, i.e. HBeAg-negative
chronic hepatitis B

Standard IFN administration was the only treatment available
until the end of the 1990s. Trials using 6–12 months of IFN ther-
apy showed that, regardless of IFN dosage, there was a good
response while on therapy (inhibition of HBV DNA, normal-
ization of ALT), but relapses after therapy were common and
observed in a majority of patients. These initial studies therefore
indicated that therapy should not rely on courses of IFN shorter
than 1 year. Long-term administration for at least 2 years
showed clinical benefit in terms of viral suppression and ALT
normalization. Approximately 30% of patients may present a
sustained response after treatment withdrawal when the IFN
course was sufficiently long to maintain the suppression of viral
replication [84,85]. However, side-effects and poor tolerance 
of IFN administration limit its prolonged use in this form of
chronic hepatitis B.

Lamivudine administration has been evaluated in patients
with HBeAg-negative chronic hepatitis B in randomized trials
and in cohort studies. Lamivudine given at a dose of 100–150 mg
daily for 52 weeks induces a marked suppression of serum HBV
DNA accompanied by normalization of ALT in approximately
80% of patients, together with liver histology improvement.
However, most treated patients do not clear HBsAg and, there-
fore, show disease reactivation after discontinuing therapy [86].
Long-term therapy is therefore recommended. Unfortunately,
prolonged lamivudine therapy is hampered by the emergence of
drug resistance. Long-term lamivudine studies have shown that,
after reaching a peak between 6 and 12 months of therapy, the
response rate decreases because of virological breakthroughs
associated with the emergence of lamivudine-resistant HBV
mutants. Resistance occurs through mutations at the YMDD
locus, as for HBeAg-positive patients. In a study, the virological
response diminished from 68% at month 12 to 52% and 41.6%,
respectively, at months 18 and 24 of therapy [68]. The virologi-
cal breakthroughs were not uneventful, as ALT flares were
observed in 6 of 11 patients who experienced a virological 
breakthrough, and one of these patients became jaundiced.
Long-term studies showed that the antiviral efficacy and his-
tological improvement are progressively lost with time, as the
prevalence of resistance mutations increases [87]. After 3–4
years of therapy, lamivudine resistance outweighs the initial
clinical benefit [88–91]. In a single-centre study in Greece, ALT
levels increased progressively with the duration of infection with
the lamivudine-resistant mutants: no patient with lamivudine
resistance mutations for 24 months had normal ALT levels [90].

Likewise, in a multicentre study, only 5% of the patients with
lamivudine-resistant mutants for 12–24 months had normal
ALT levels compared with 72% of those without YMDD mutants
[91]. In a retrospective nationwide analysis of lamivudine 
therapy in Italy, the development of clinically important events
after virological breakthroughs depended on the severity of the
underlying liver disease; severe hepatitis flares at the emergence
of lamivudine-resistant mutants were noted in patients with
Child B and C cirrhosis but not in patients with non-cirrhotic
chronic hepatitis [89]. These studies confirmed that severe exac-
erbations of liver disease may occur in patients with precore
mutant infection in whom lamivudine resistance develops, espe-
cially in those who had liver cirrhosis prior to therapy [68,69].

In HBeAg-negative chronic hepatitis, adefovir dipivoxil
administration has shown similar results after 1 year of therapy
compared with the treatment of HBeAg-positive patients [92].
At week 48, 64% of patients had improvement in histological
liver abnormalities, compared with 33% of patients in the
placebo group (P < 0.001). Serum HBV DNA levels were
reduced to < 400 copies/mL in 51% of patients in the adefovir
dipivoxil group (63 of 123) and in 0% in the placebo group 
(P < 0.001). The median decrease in log-transformed HBV DNA
levels was greater with adefovir dipivoxil treatment than with
placebo (3.91 vs. 1.35 log10 copies/mL , P < 0.001). ALT levels
had normalized at week 48 in 72% of patients receiving adefovir
dipivoxil (84 of 116), compared with 29% of those receiving
placebo (17 of 59, P < 0.001) [93]. A longer duration study for
144 weeks showed a median decrease in serum HBV DNA of
3.47 log10 copies/mL at 96 weeks and 3.63 log10 copies/mL 
at week 144 [93]. HBV DNA was below 1000 copies/mL in 
71% and 79% of patients after 96 and 144 weeks respectively.
Interestingly, in the majority of patients who were switched
from adefovir to placebo, the benefit of treatment was lost, 
indicating that antiviral therapy with nucleoside analogues has
to be prolonged in this patient population to avoid viral reacti-
vation and ALT flares. Resistance mutations rtN236T and
rtA181V were identified in 3% and 5.9% of patients after 96 and
144 weeks respectively. Side-effects after 144 weeks were similar
to those observed at week 48. Recent studies showed the clinical
response after 5 years of therapy: 70% of patients have a sup-
pression of viral load accompanied by ALT normalization 
and histology improvement, while 29% of patients developed 
adefovir-resistant mutations [94]. 

Among patients with HBeAg-negative chronic hepatitis B
who were not previously treated with a nucleoside analogue, 
the rates of histological improvement, virological response and
normalization of ALT levels were significantly higher at 48 weeks
with entecavir than with lamivudine. The safety profile of the
two agents was similar, and there was no evidence of viral resis-
tance to entecavir during the study period [95].

One study has evaluated the efficacy of a combination of PEG-
IFN-α-2a with lamivudine in comparison with PEG-IFN alone
and lamivudine alone [96]. Treatment was administered for 48
weeks, and endpoints were analysed 24 weeks after treatment.
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During therapy, there was a benefit in the combination in com-
parison with the single treatment in terms of viral load decline.
The rate of lamivudine resistance was lower in patients who
received the combination of lamivudine with PEG-IFN in com-
parison with lamivudine monotherapy. However, 24 weeks 
after therapy, there was no difference in the rate of ALT normal-
ization (approximately 60%) or virological response (approxi-
mately 20% of patients) between the groups who received
PEG-IFN alone or in combination with lamivudine. The two
groups of patients who received PEG-IFN had a better response
rate 24 weeks after therapy than the group who received lamivu-
dine alone. In view of the fluctuating nature of HBeAg-negative
disease, long-term follow-up studies are necessary to determine
whether sustained responses (maintained 6–12 months after
therapy) herald permanent responses or represent spontaneous
remissions of the disease.

A summary of treatment options in HBeAg-negative chronic
hepatitis B is shown in Table 2.

Patients with drug resistance

The rescue treatment of patients with drug resistance has
improved significantly in recent years. Indeed, new drugs are
available, and the knowledge of the in vitro cross-resistance
profile has provided the rationale for their use in patients with
treatment failure. HBV resistance to antivirals can be defined at

different levels (Fig. 4): (i) genotypic resistance is the detection
of polymerase gene mutations known to confer resistance to the
drug; (ii) virological breakthrough is defined by an increase in
HBV DNA of at least 1 log10 copies/mL compared with the
lower value during treatment, associated with the presence of
resistance mutations; it usually follows genotypic resistance; (iii)
clinical failure is defined by viral breakthrough, increase in ALT
levels and subsequent progression of liver disease.

Lamivudine resistance
Mutations conferring resistance to lamivudine are mainly
located in the C-domain of reverse transcriptase within the
YMDD motif, i.e. M204V or M204I, and may be associated with
compensatory mutations in the C-domain, i.e. V173L or L180M
(Fig. 5). After 1 year of treatment, lamivudine-resistant mutants
emerged in 32% of patients, increasing to 38% after 2 years, 53%
after 3 years and 66% after 4 years [67] (see also Fig. 6). In vitro
studies showed that the main lamivudine resistance mutants
remain sensitive to adefovir and tenofovir and have a reduced
susceptibility to entecavir [16,47]. Adefovir has a proven clinical
benefit in the treatment of lamivudine resistance with a
significant inhibition of viral mutant replication and improve-
ment in liver function after 1 year of therapy. Several studies
compared the addition of adefovir to ongoing lamivudine with 
the switch from lamivudine to adefovir [97,98]. After 48 weeks
of therapy, there was no difference in viral load decline in these 

Table 2 Treatment of HBeAg-negative chronic hepatitis B.

PEG-IFN Lamivudine (100 mg/day) Adefovir (10 mg/day) Entecavir

Long-term therapy + + (continuous) + (continuous) + (continuous)

Side-effects + – – –

Resistance – 20% per year 29% at 5 years 0% at 2 years

Sustained response ≤ 30% 30–35% at 3 years > 70% at 5 years > 90% at 2 years

Clearance of HBsAg + – – –

Cost ++ ± + +
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two treatment groups. Indeed, in most clinical trials of adefovir
administration for lamivudine failure, virogical endpoints were
examined at week 48 of therapy, while adefovir resistance starts 
to occur during the second year. Because of the lack of cross-
resistance between the two drugs, there is now a consensus
among experts that adefovir should be added to lamivudine in
patients with lamivudine failure to prevent or delay the sub-
sequent selection of new resistant mutants.

Entecavir administration has also been evaluated in patients
with lamivudine failure at a higher dose of 1 mg daily (compared
with 0.5 mg in naive patients) because of the reduced suscept-
ibility of the lamivudine resistance mutant to entecavir in vitro.
Entecavir administration was associated with a significant
decline in viral load in these lamivudine-refractory patients [98].
Of note, the only cases of entecavir resistance described so far 
have been observed in lamivudine-resistant patients, suggesting

a certain level of cross-resistance between these two drugs, lead-
ing to the selection of mutants resistant to both drugs. With the
current knowledge, it is therefore questionable to use entecavir
in patients with prior lamivudine resistance, as subsequent
selection of entecavir-resistant mutants may occur in as many as
38% of these patients after 3 years of therapy.

Adefovir resistance
Adefovir 10 mg/day is associated with the emergence of drug-
resistant mutants in less than 3% of patients after 2 years of 
therapy, 11% after 3 years, 18% after 4 years and 29% after 
5 years (Fig. 6). Resistance to adefovir is conferred by the 
selection of a N236T mutation in the D-domain of the HBV
polymerase or a A181V mutation in the B-domain of the 
polymerase [37,38,48] (Fig. 5). In vitro, the N236T mutation is
sensitive to both lamivudine and entecavir; the A181V showed 
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a decreased susceptibility to lamivudine. Few reports showed the
benefit of lamivudine administration in patients with adefovir 
resistance.

Entecavir resistance
Entecavir resistance has so far been observed only during the
therapy of lamivudine-refractory patients. The resistance rate
appears to be approximately 10% per year in patients with
lamivudine failure. The main resistance mutations are rtT184G,
rtS202I and rtM250V on a background of lamivudine resistance
mutations [43] (Fig. 5). These mutants are resistant to lamivu-
dine. One in vitro study showed their susceptibility to adefovir
and tenofovir. Clinical data are awaited to provide recommen-
dations for the treatment of entecavir-resistant patients.

Monitoring of antiviral therapy

The risk of the emergence of drug resistance mandates the mon-
itoring of antiviral therapy when patients are treated with
nucleos(t)ides. The rationale for the timing of monitoring
derives from the consideration that the biochemical break-
through usually occurs with a delay of several weeks after the
virological breakthrough and that the clinical impact is usually
different in non-cirrhotic than in cirrhotic disease. In the for-
mer, the ALT breakthrough most usually has no major clinical
consequences; in the latter, it may precipitate liver failure and
death. Monitoring should be performed by measuring the viral
load with quantitative HBV DNA testing whenever possible and
affordable.

Early during therapy (week 8 or 12), viral load monitoring
allows the assessment of the initial response, which may predict
the treatment outcome. In HBeAg-positive patients treated with
lamivudine or adefovir dipivoxil, the magnitude of HBV DNA
decline early on during therapy is associated with a greater 
tendency towards HBe seroconversion [100]. The antiviral
response at week 24 of therapy was also found to be a predictor
of subsequent efficacy (HBeAg loss, HBV DNA < 200 copies/mL,
ALT normalization and viral breakthrough) in patients treated
with lamivudine or telbivudine [78]. In the 5-year study of 
adefovir dipivoxil administration in HBeAg-negative chronic
hepatitis, patients with a viral load lower than 3 log10 copies/mL
after 1 year of therapy had a significantly lower risk of develop-
ing resistance by year 3 of treatment (< 3%) compared with a
risk of 26% and 66% for those having a viral load between 3 and
6 log10 copies and > 6 log10 copies/mL respectively [94].

During long-term treatment, a 3- or 6-monthly assessment 
of viral load and serological markers is required to monitor
antiviral treatment efficacy and to determine whether the
response is maintained or drug resistance is likely to occur. In
patients with moderate liver disease, 6-monthly monitoring
might be sufficient during the first 2 years of treatment when
using drugs with a slow rate of resistance, but more frequent
monitoring may be necessary thereafter when the risk of resis-
tance increases significantly. In patients with advanced liver 

disease, 3-monthly monitoring is required to detect incoming
viral drug resistance and thus provide immediate rescue with
alternative antiviral therapy prior to a potentially dangerous
flare of ALT levels.

HBV drug resistance is defined by the confirmed increase in
viral load by at least 1 log10 by comparison with the nadir value
during therapy [65] (Fig. 4). It is important to assess drug com-
pliance, as any drug interruption may lead to a rebound of viral
replication and ALT flares. The detection of polymerase muta-
tions by sequencing, line probe assay, DNA chip technologies or
other tools will be important in the future to target new treat-
ment to the profile of mutations in the polymerase gene [69,101].
Indeed, the cross-resistance profile is different from one mutant
to another [102,103].

New tools may become available in the future to monitor 
the efficacy of antiviral therapy, such as the quantification of
intrahepatic cccDNA or the quantification of serum HBsAg as a
surrogate marker [13–15]. Furthermore, with the development
of new drugs and the increasing complexity of the resistance
profile, phenotypic assays to determine the drug susceptibility of
the clinical isolates may prove useful to tailor antiviral therapy to
the virological situation of the patient, as already shown in HIV
[102,103].

Special forms of chronic hepatitis B

Liver cirrhosis

In patients with compensated cirrhosis, the risk of the develop-
ment of complications including decompensation and develop-
ment of hepatocellular carcinoma is significantly higher in those
who maintain a high level of viral replication and ALT [18]. The
advent of nucleos(t)ide analogues that control HBV replication
has significantly changed the management of these patients. It
was demonstrated recently in a phase III trial of lamivudine in
cirrhotics that control of viral replication decreases the risk of
liver disease progression, as assessed by the Child–Pugh score
and compared with the placebo group [104]. Furthermore, 
in patients who developed lamivudine resistance, there was a
higher risk of liver disease progression, although it remained
lower than in the placebo group, at least during the study period.
Tolerance of the drug was very good. The results of this study
demonstrate the clinical benefit of viral replication suppression
and advocate treatment strategies aiming at maintaining viral
suppression in the context of liver cirrhosis.

In patients with decompensated liver cirrhosis, the use of
IFN-α is limited by the risk of severe side-effects including
severe neutropenia and infection, thrombopenia and the hazard
of ALT flares upon HBe seroconversion induced by IFN, which
may lead to rapid liver failure. The development of nucleoside
analogues, whose mode of action is mainly to control viral repli-
cation, for the therapy of chronic HBV infection has changed 
the management of these patients. Several studies have shown
that lamivudine therapy of patients with decompensated liver
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cirrhosis is associated with control of HBV replication, improve-
ment in ALT levels and liver function tests (bilirubin, albumin
and prothrombin time), as well as a significant clinical improve-
ment assessed by the Child–Pugh score [105–107]. Tolerance
was also very good in this setting. Many patients had a marked
clinical improvement and, therefore, were withdrawn from the
transplantation waiting list. However, it is important to note
that lamivudine resistance may occur in the long term and 
may subsequently be associated with a new deterioration of liver
functions. In these patients, it is therefore mandatory to monitor
viral load closely and adapt antiviral therapy prior to the pro-
gression of the disease.

Adefovir dipivoxil administration was also evaluated in a
large cohort of cirrhotic patients who were candidates for trans-
plantation and had developed lamivudine resistance [108]. It
was shown that adefovir dipivoxil therapy, by controlling viral
replication, induces a significant improvement in liver function
tests. Therefore, there is a large body of evidence that nucleos(t)ide
analogues should be prescribed as early as possible in patients
with decompensated HBV cirrhosis. First-line therapy in this
group of patients may vary from country to country depending
on administrative issues related to treatment reimbursement,
but some centres favour the use of a combination of lamivudine
and adefovir to reduce the risk of subsequent drug resistance.
The place of entecavir in this population of patients remains to
be determined.

Liver transplantation (see Chapter 25.1)

It is now recommended in patients with endstage liver cirr-
hosis who are candidates for liver transplantation to start
nucleos(t)ide analogue administration prior to transplantation
to lower viral load and thus decrease the risk of HBV recurrence
after transplantation, and to maintain or improve liver function
while the patient is on the waiting list [109,110]. Patients should
be monitored closely to diagnose viral breakthrough and allow
adefovir dipivoxil to be added as soon as possible to control viral
replication and allow liver transplantation. Adefovir dipivoxil
therapy may also be started as first-line treatment in the pre-
transplant setting as the risk of resistance is lower. However,
some studies suggest a lag between the start of adefovir therapy
and the control of viral replication and the subsequent clinical
improvement. For this reason, several centres use a combination
of lamivudine and adefovir dipivoxil to rapidly improve the
clinical situation and delay the risk of drug resistance while 
the patient is on the waiting list.

After liver transplantation, administration of HBIG and the
continuation of the nucleoside analogue is recommended. With
such a prophylaxis regimen, the risk of HBV recurrence in the
liver graft has decreased dramatically below 10% [111].

In patients with HBV recurrence after liver transplantation,
liver disease may progress very rapidly. Antiviral therapy is 
recommended as soon as the diagnosis of recurrence has been
made [112].

HIV–HBV coinfected patients

In these patients, HBV infection is becoming a major clinical
problem, as the restoration of immune response induced by
highly active antiretroviral therapy (HAART) may trigger liver
damage. Furthermore, antivirals used in the HAART regimen
may be hepatotoxic, and some of them exhibit both anti-HIV
and anti-HBV activities. The increasing choice of drugs to treat
coinfected patients will help to manage these patients especially
when facing problems of HIV and/or HBV drug resistance.
Several antivirals are effective against both HIV and HBV, such
as lamivudine, emtricitabine and tenofovir. Other drugs such as
adefovir and entecavir are active only against HBV. The decision
of which drug to use for therapy of chronic HBV infeition
depends also on the HIV status and the requirement or not of
nucleoside RT inhibitors. A specific chapter is dedicated to HIV
and the liver (see Chapter 9.3).

Coinfection with hepatitis delta virus

Interferon therapy
IFN-α has been most studied in this situation. In two controlled
Italian therapeutic trials of chronic hepatitis D that have
included a consistent number of patients [113,114], IFN-α
induced biochemical responses (normalization of ALT) while
the patients were on therapy but, in the majority of responders,
there was a relapse after therapy discontinuation. There was 
no effect of therapy on the hepatitis D virus (HDV); in most
patients, the level of HDV RNA was unaffected. Specifically,
liver tests became normal or improved significantly after 4
months of therapy in 42% of the patients who received 5 MU/m2

IFN-α-2b thrice weekly for 4 months followed by 3 MU/m2 for 
8 more months. However, only eight (25%) were in remission when
IFN was discontinued, and there was a relapse in all but one
(3%) during the post-therapy follow-up [114]. Better on-therapy
results were obtained with a more aggressive therapeutic 
protocol [113]. ALT normalized in 10 of 14 (71%) patients
receiving 9 MU of IFN-α-2a for 48 weeks compared with 4 of 14
(29%) treated with 3 MU and 1 of 13 untreated control subjects
(8%). In patients treated with 9 MU, the normalization of ALT
levels was associated with marked histological improvement,
and no HDV RNA was detected while they where on therapy. 
In five patients, the biochemical response persisted for up to 
4 years; however, there was no long-term effect on HDV as HDV
RNA reappeared in the serum of all responders. Overall, the data
from these studies and from other controlled and uncontrolled
studies including limited numbers of patients have shown that
liver chemistry ameliorates in about 50% of HDV patients while
on therapy, but only a minority exhibits a sustained normaliza-
tion of ALT levels with clearance of HDV; in these latter patients,
IgM anti-HD disappears from serum and the HBsAg is cleared
within months to years with seroconversion to anti-HBs [115].
Of note, there is no clear evidence that this minority benefited
from a therapeutic advantage rather than from a more benign
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course of the disease; no statistically significant long-term effect
of IFN on HDV has been shown by controlled study, and spon-
taneous long-term remissions are known to occur in the natural
history of HDV disease. Indeed, in a follow-up study, the rate of
spontaneous HBsAg clearance over the years was increased in
HDV-positive compared with HDV-negative HBsAg carriers
[115].

Nevertheless, after 2–14 years of follow-up, complete fibrosis
regression and loss of HDV RNA were reported in some of the
patients who had achieved a persistent biochemical response
and lost IgM anti-HD with high-dose IFN therapy, all of whom
had an initial diagnosis of active cirrhosis [116]. Likewise, in
another study, resolution of chronic hepatitis D was reported up
to 12 years after continuous IFN therapy [117]. Few data are
available for the treatment of other categories of HDV carriers
such as children [115] or HIV-positive patients [118].

Nucleoside analogue therapy
Famciclovir, lamivudine and adefovir, which are inactive on
HDV replication but efficacious in inhibiting the helper HBV,
have been tested with discouraging results. No patients with
chronic hepatitis D responded to famciclovir administered at
500 mg three times a day for 6 months and then followed up for
6 months after treatment [119].

Several small trials of lamivudine have been performed in
chronic hepatitis D. Five patients received oral lamivudine 
100 mg daily for 12 months [120]. HBV DNA became undetect-
able in four patients and decreased by 5 log10 in the other but, in
all, ALT levels remained abnormal, HDV RNA detectable and
HBsAg positive.

In another study, a 12-month vs. a 24-month course of
lamivudine 100 mg/day were compared [121]. Thirty-one
patients were randomized to treatment, 11 to placebo and 20 
to lamivudine for 12 months; thereafter, all were given lamivu-
dine on an open-label basis for 12 months and followed up for 
a further 16 weeks. At the end of treatment, HDV RNA was 
negative and ALT levels normal in three patients, but only two
patients remained virus free at the end of follow-up. In another
study [122], eight patients with chronic hepatitis D were treated
with lamivudine for at least 24 weeks, and then lamivudine was
combined with high-dose IFN followed by 9 MU of IFN thrice
weekly; the patients were followed up for 12 weeks after therapy.
The HBsAg concentration in serum decreased in two patients.
There was no significant decrease in serum HDV RNA during
treatment. At the end of treatment, ALT levels had normalized
in one patient and decreased in three other patients, but three of
these four patients showed a biochemical rebound after with-
drawal of therapy.

Recommendations for therapy of HBV–HDV
coinfection
There is as yet no established therapy for chronic hepatitis D.
However, as IFN-α appears to be capable of controlling
inflammation in a proportion of patients, this cytokine may be

used in order to slow disease progression. To achieve biochem-
ical responses, high dosages of IFN (between 6 and 9 MU) given
thrice weekly for prolonged periods (over 12 months) are re-
commended. Treatment should be maintained for 12 months
after normalization of ALT levels.

Treated patients can lose HDV markers from serum while 
on therapy, but may relapse when treatment is discontinued if
they remain HBsAg positive; therefore, therapy should not be
discontinued prematurely on the basis of the clearance of HDV.
Loss of HBsAg is a reliable marker of resolution of hepatitis D
[115]. Pegylated IFNs appear to represent a logical therapeutic
option for the long-term treatment required for chronic hep-
atitis D. Preliminary results are encouraging. In a recent study
[132], a sustained clearance of HDV-RNA was obtained in 6 out
of 14 (43%) patients with chronic hepatitis D treated with PEG-
IFN-α-2b (1.5 µg/kg per week). Viral kinetics were predictive 
of the response; after 3 months of therapy, HDV-RNA was
significantly lower in responders than in non-responders.

Ferenci et al. [124] reported the clearance of HDV RNA and a
sustained clinical amelioration in a patient with HDV cirrhosis
treated for 6 months with PEG-IFN-α-2a and lamivudine. How-
ever, confirmation of the efficacy of PEG-IFN in the setting of
HDV infection requires larger prospective studies.

The factors determining a biochemical response are not
known. The type of underlying HBV infection, whether HBeAg
positive or HBeAg negative, does not influence response. Indeed,
although HDV patients with concomitant HBeAg-positive 
HBV infection seroconverted to anti-HBe during IFN therapy,
the control of HBV infection had no impact on HDV infection
or disease activity [115]. Whether response may depend on the
HBV or HDV genotype is unknown.

Of note, a major factor influencing the response to therapy in
chronic hepatitis D, as in all forms of viral hepatitis, is the dura-
tion of the viral infection and disease, with patients with early
disease responding better than those with longstanding fibrosis
or cirrhosis. Therefore, the prospects of therapy for HDV infec-
tion appear to be even less encouraging in the Mediterranean
area as, in this area, the spectacular decline in HDV infection
fostered by the control of HBV has led to an increase in IFN-
resistant fibrotic and cirrhotic forms (representing longstand-
ing disease) over more therapy-susceptible recent forms of the 
disease.

Liver transplantation
Liver transplantation is a valid treatment option for endstage
HDV liver disease. The risk of spontaneous reinfection is lower
for HDV than for HBV. The prospect of an uneventful clinical
course after transplantation was improved by the long-term adm-
inistration of hyperimmune serum against HBsAg. The 5-year
survival rate of 76 patients transplanted in Paris for terminal
delta cirrhosis was 88%, with reappearance of HBsAg in only 
9% under long-term anti-HBs prophylaxis [125]. The addition
of lamivudine also helps to decrease the risk of viral recurrence
in patients with replicating HBV prior to transplantation. In
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another series, none of 62 HDV patients transplanted experi-
enced a viral recurrence, of whom 48 were given HBIG after
transplantation and 14 were given lamivudine before transplan-
tation and lamivudine together with HBIG after transplantation
[126].

Extrahepatic manifestations of HBV 
infection

Extrahepatic manifestations of HBV infection, such as periar-
teritis nodosa (PAN), are due to immune complexes involving
viral envelope proteins. As their formation is the consequence of
active viral replication, treatment of HBV-associated PAN relies
on the use of antiviral therapy. This may be combined initially,
especially in patients with severe symptoms, with plasmaphere-
sis and a short course of corticosteroids to decrease the effect of
the deposit of immune complexes on the artery walls [127,128].
When the clinical situation is under control, prednisone and
plasmapheresis can be stopped while antiviral therapy is con-
tinued until HBe or HBs seroconversion.

Several studies have shown the clinical benefit of anti-HBV
agents, including vidarabine, IFN-α, lamivudine, famciclovir
and adefovir [129–133]. Indeed, the control of viral replication
is accompanied by a decrease in immune complex formation
and improvement in the clinical signs of vasculitis. Clearance of
HBsAg and cure of the vasculitis have been reported by several
investigators.

Special cases

In health-care workers chronically infected with HBV, antiviral
therapy may be indicated to suppress viral load and reduce the
risk of nosocomial transmission to patients.

In pregnant women, the prevention of mother-to-baby 
transmission usually relies on HBIG and vaccine administration
to newborns at birth. However, it was shown that, in highly
viraemic mothers, this may not be sufficient to provide complete

prophylaxis. One study showed that lamivudine administration
during the last month of pregnancy, combined with vaccination
of the newborn, prompted a significant decrease in the risk of
vertical transmission [134].

In children, chronic hepatitis B is usually mild because of 
the immunotolerant status. This may explain the relatively poor
rate of HBe seroconversion observed in children treated with
lamivudine [135] or standard IFN [136,137]. However, in chil-
dren with chronic active hepatitis and elevated ALT levels, both
drugs have shown a beneficial effect.

Conclusions

A treatment algorithm is proposed in Figure 7. Currently,
patients with minimal disease, whether in the immunotolerance
phase or with inactive infection, should not be treated. In
patients with chronic hepatitis proven by ALT elevation and
abnormal liver histology, antiviral therapy is indicated because
all studies have shown that antiviral therapy decreases the risk of
liver disease progression compared with the natural history of
the disease. In patients who are HBeAg positive, the primary
goal of antiviral therapy is to obtain an HBe seroconversion. If
the patient is young and has predictive factors of favourable
response, a finite course of pegylated IFN should be tried as a
first-line option. In other cases (including non-responders to
IFN, patients intolerant to IFN and those with factors predictive
of poor response to IFN), long-term therapy with nucleoside
analogues is usually needed.

In patients who are HBeAg negative, long-term therapy is
required. In this situation, nucleoside analogues are better toler-
ated than pegylated IFN, but the therapeutic choice has to take
into account the risk of drug resistance. In patients with severe
liver disease, i.e. decompensated liver cirrhosis or HBV recur-
rence on the liver graft, one might consider combining nucleo-
side analogues lacking cross-resistance to provide the best
chance of long-term control of viral replication and disease 
progression. In the situation of treatment failure, knowledge of

HBeAg + CH HBeAg – CH
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Low HBV DNA

ALT <3 ULN
High HBV DNA
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Nucleoside analogue
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Cross-resistance data
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Transplantation
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Nucleoside analogue
+

Hepatitis B immune gobulins

Nucleoside analogue
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Fig. 7 Treatment algorithm. CH, chronic
hepatitis.
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the resistance profile is important to adapt antiviral therapy.
One of the major questions in the future will be how to delay 
or prevent drug resistance. Combination therapy, although 
currently very expensive, will probably become part of the treat-
ment paradigm.

Perspectives: can we prevent or delay
drug resistance?

The rationale for combination therapy relies on experimental
findings in the hepadnavirus models and on HIV therapy 
experience [138]: (i) simple mutants pre-exist as shown by 
longitudinal studies of viral polymerase gene sequence; (ii)
genetic variants harbouring multiple mutations have less chance
to pre-exist or to occur; (iii) retreatment leads to a rapid re-
emergence of resistant mutants, although wild-type virus re-
emerges after the first treatment interruption; the same applies 
to sequential treatment selecting for partially cross-resistant
strains, i.e. lamivudine and entecavir; (iv) cccDNA represents a
genetic archive for a more rapid reselection of resistance.

The optimal antiviral regimen may combine drugs with a dif-
ferent mechanism of action on viral replication, lacking cross-
resistance and exhibiting antiviral synergy. These theoretical
combinations should reduce the risk of the selection of drug-
resistant mutants because of the inhibition of viral replication
and the selective pressure exerted on the different viral strains
that compose the quasi-species. For instance, it was shown that
the combination of lamivudine and famciclovir accelerates 
the kinetics of viral clearance, although no long-term follow-up
was available to determine its effect on the prevention of drug
resistance [139].

With the development and evaluation of newer drugs acting
at different steps in viral genome replication, it will be easier to
choose the best combination relying on drugs with different
mechanisms of action, for instance drugs with potent antiprim-
ing activity, drugs inhibiting viral minus strand DNA synthesis
and others inhibiting plus strand DNA synthesis. The combina-
tion of such compounds was found to be either additive or,
more rarely, synergistic in polymerase assays (reverse transcrip-
tase activity) [147] as well as in tissue culture experiments 
(viral DNA synthesis) or in chronically infected woodchucks
[140–144]. By more potently inhibiting viral DNA synthesis,
such combinations may therefore delay the onset of viral resis-
tance by limiting the chance of a given mutation occurring.
Furthermore, results of cross-resistance studies on the main
lamivudine-, adefovir- and entecavir-resistant strains are now
becoming available [37,38,42,49,145–147]. This should allow
the evaluation of rationale combinations, taking into account
the mechanism of action of the drugs as well as their antiviral
activity and cross-resistance profile, to better suppress viral
replication and prevent the selection of resistant mutants within
the viral quasi-species [47,148]. This should pave the way 
for future clinical trials and improved treatment of chronic 
hepatitis B.
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9.1.3.v Therapy for chronic hepatitis C
Giorgio Saracco, Fabien Zoulim and Mario Rizzetto

Introduction

Interferon (IFN) was introduced as monotherapy for chronic
hepatitis C at the end of the 1980s [1,2]. Different types of α- 
and beta-IFNs initially shared the therapeutic arena, with the
recommended duration of therapy 24 weeks; this was later
extended to 48 weeks [3]. The rates of sustained responses 
were initially limited, in the range of 12–16% [4]. A therapeutic
advance was made with the introduction of ribavirin (RBV) in
association with IFN in 1998 [5,6]; in all of the different clinical
subsets of hepatitis C virus (HCV)-infected patients, this com-
bination virtually doubled the rate of cure that was achieved
with IFN monotherapy. In parallel, recombinant α-IFNs have
emerged as the most efficacious among the different types of
IFNs.

At the end of the 1990s, the development of pegylated IFN led
to further improvements [7–9]; currently, about 50% of HCV
patients treated with the combination of pegylated IFN and RBV
are expected to be cured of infection.

The interferons

The IFNs are a family of cytokines that are produced by eukary-
otic cells in response to a variety of stimuli [10]. They are biolo-
gically multivalent, possessing antiproliferative, antiviral and
immunomodulant properties. There are three types of natural
IFN: IFN-α, produced mainly by leukocytes, IFN-β, produced
mainly by fibroblasts, and IFN-γ, produced mainly by T lym-
phocytes. IFN-α and -β interact with the same cellular receptor,
whereas IFN-γ interacts with different receptors.

There are two major types of IFN-α available for therapeutic
use, both produced by recombinant technology: IFN-α-2a 
and IFN-α-2b. Standard IFN-α are dosed in million units
(MU). A hybrid bioengineered ‘consensus’ molecule (IFN-
alfacon-1) is also available for therapy [11]; it is composed of 
the amino acids that are most frequently conserved at each 
position of the α IFNs and shares 89%, 30% and 60% identity
with IFN-α, IFN-β and IFN-γ respectively. The optimal 
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dosing schedule is 9–15 µg daily; efficacy is similar to that 
of IFN-α-2b. In some European countries, leukocyte-derived
IFN-α, produced by the stimulation of human leukocytes, 
is used in patients who are intolerant to recombinant IFN-α.
IFN-beta is used in Japan; the use of lymphoblastoid-derived
IFN-α has been dismissed.

The process of pegylation, by which an inert molecule of
polyethylene glycol (PEG) is covalently linked to a protein,
increases the molecular weight of IFN, thus inducing a slower
absorption, reduced clearance and an increased serum half-life
[12]. Two formulations of PEG-IFN are available: PEG-IFN-α-
2b, in which IFN-α-2b is attached to a single 12 kDa PEG
molecule, and PEG-IFN-α-2a, in which IFN-α-2a is attached to
a branched 40 kDa methoxy-PEG moiety. Pegylated IFNs are
dosed in micrograms (µg).

Both PEG-IFNs are administered subcutaneously at once-
weekly intervals, and the serum concentrations of IFN are 
maintained throughout the dosing interval. PEG-IFN-α-2a is
metabolized primarily in the liver by non-specific proteases;
biodistribution is restricted predominantly to the blood and
extracellular volume [13]. PEG-IFN-α-2b is eliminated primarily
via the kidney and is widely distributed throughout body fluids
and tissues, the volume distribution depending on body weight;
weight-based dosing is recommended [13].

IFN-α-2b has also been fused with recombinant human
serum albumin producing an 85.7 kDa protein (Albuferon). The
more extended half-life of Albuferon permits dosing once every
2–4 weeks; the longer duration of therapeutic activity might
improve the efficacy and tolerability compared with conven-
tional IFNs and PEG-IFNs [14].

Ribavirin

RBV is a synthetic guanosine analogue that has been used for the
treatment of respiratory syncytial virus infection in infants. It
inhibits the RNA-dependent RNA polymerase of all six HCV
subtypes as well as the subgenomic HCV replicon system in
vitro, but has no clinically significant effect on viral replication
[15]; although it exerts only an early, transient and moderate
antiviral action in vivo, it may significantly decrease serum 
alanine aminotransferase (ALT) activity in approximately 50%
of patients, with an improvement in liver histology [16,17].
Despite the lack of antiviral efficacy when used as monotherapy,
in association with IFNs or PEG-IFNs, RBV significantly
improves the rates of sustained virological responses, reducing
virological relapses during follow-up. It is rapidly absorbed 
following oral administration and bioavailability is increased
when it is administered with a fat meal. The drug accumulates
with repeated administration; its concentration is several-fold
higher in erythrocytes than in blood [15]. Excretion of RBV and
its metabolites is by the renal route and it should not be used in
patients with kidney failure.

RBV is currently used at dosages between 800 and 1200
mg/day, in two divided doses. Its mechanism of action remains

unclear, but the lack of virological efficacy suggests that its
beneficial effect may be immune-mediated [18]. Alternatively, it
may act through the inhibition of HCV RNA-dependent RNA
polymerase at the level of the catalytic site [19] or it may have
mutagenic properties, leading to ‘error catastrophe’ and result-
ing in the generation of non-viable HCV quasi-species [20].
RBV may also inhibit inosine monophosphate dehydrogenase
(IMPDH), resulting in depletion of the intracellular pool of
dGTP, which may subsequently lead to decreased viral replica-
tion levels. RBV was also shown in mouse model experiments 
to modulate the immune response towards a T-helper 1 (Th1)
response, which may account for its synergistic effect in com-
bination with IFN-α.

Definition of response

The goal of therapy is the eradication of HCV. A biphasic HCV
decay is seen with current antiviral therapies [21]. The HCV
decline slopes differ among treated patients and can be distin-
guished as rapid, slow or flat. The type of slope correlates with
the probability of a sustained virological response (SVR); patients
with an initially rapid slope achieve the highest rate of sustained
responses. In the rapid phase of the response, which occurs 
during the first 2 days of therapy, the serum titre of HCV
declines quickly, reflecting the inhibition of virus replication 
by IFN and its degradation in serum. The decline of HCV titre
starts 8–12 h after the first dose of IFN; the HCV-RNA serum
titre diminishes by 0.5–1.5 logs within the next 48 h [22]. The
slope pattern and viral decline depend on the type and dose of
IFN. In the second slower phase, starting 2–3 days after therapy
begins, the virus decline is slower, reflecting the clearance 
of infected cells; complete virus elimination requires several
months of further therapy [23]. Usually, the clearance of the
virus is accompanied by normalization of liver enzymes and an
improvement of histology; if this does not occur despite virus
elimination, a concomitant cause of liver damage other than
HCV should be suspected. Occasionally, ALT may become 
normal in patients who remain viraemic, possibly because of 
a normalizing effect of RBV on ALT levels. Alternatively, ALT
levels may remain elevated despite the clearance of viraemia and
the lack of other risk factors for liver disease; this may particu-
larly be the case in patients treated with PEG-IFN and in those
with fibrosis and cirrhosis, and may be the result of a minor toxic
effect of IFN [7,8]; the enzyme levels return to normal when
therapy is terminated [6–8].

During therapy, the clearance of HCV follows defined time
points that have prognostic significance and help to guide the
management of the patient [24,25]. The end-of-therapy virolo-
gical response (ETR) is defined as the clearance of HCV during
therapy, which is maintained at the end of therapy. The achieve-
ment of a ETR is mandatory for the eradication of the virus. A
virological relapse is defined as the reappearance of HCV RNA
in serum during follow-up, after its apparent clearance follow-
ing therapy. A virological breakthrough is defined as the early

TTOC09_01  3/8/07  6:43 PM  Page 942



9.1 VIRAL HEPATITIS 943

disappearance of HCV RNA during therapy, followed by the
reappearance of the virus before the end of therapy. Effective
therapy is confirmed by the achievement of a SVR. This is
defined as the maintenance of virus clearance 6 months after 
termination of therapy.

Long-term post-treatment follow-up studies have shown 
that HCV RNA remains undetectable in more than 95% of
patients who achieve a SVR [26–28], and that SVR results in
long-term histological improvement [28–31]; therefore, SVR is
adopted as a surrogate marker of cure. Of note, hepatocellular
carcinoma (HCC) may still develop in patients who originally
presented with cirrhosis or fibrosis and who had a SVR to antivi-
ral therapy [32,33]; however, the incidence of HCC in sustained
responders is lower than that in untreated or non-responding
patients.

Two additional interim response points have attracted clinical
interest, the early virological response (EVR) [34], defined by
the clearance of HCV RNA or a decrease of at least 2 log10 in the
viraemic titre compared with baseline, 12 weeks after starting
therapy, and the rapid virological response (RVR), defined as
the clearance of HCV RNA, 4 weeks after starting therapy [35]. A
SVR can be predicted with more than 70% probability by an
EVR, and the failure to achieve an EVR predicts a lack of SVR
with almost 98% probability; similarly, it has been reported that
a RVR predicts a SVR with almost 90% probability. Therefore,
EVR appears to be a strong negative and RVR a strong positive
predictor of a virological response.

Unfortunately, differences in the sensitivity and dynamic ranges
of currently available assays used to measure HCV-RNA levels 
in serum limit the usefulness of quantitative HCV-RNA testing
and comparisons [36]. Standardization of all HCV-RNA assays
to a World Health Organization standard, and expression of
results as a common international unit has been proposed [37].
Assays with a wide dynamic range should be used, with a lower
detection limit of at least 50 IU/mL. The use of the ultrasensit-
ive transcription-mediated amplification (TMA) assay (with 
a detection limit of 10 IU/mL) may further help to determine 
the optimal duration of treatment. In the HALT-C study [38],
patients who were negative at week 48 of therapy, based on the
Roche COBAS Amplicor 2.0 assay (sensitivity ≥ 100 IU/mL), 
but who remained TMA-positive, had an 89% chance of post-
treatment relapse. Therefore, TMA testing during, or at the end
of, antiviral therapy might help to identify patients who could
benefit from extended antiviral treatment.

Therapeutic protocols

The combination of PEG-IFN with RBV (PEG-IFN/RBV) 
has become the standard of care for chronic hepatitis C [7–9].
PEG-IFN/RBV is more effective than standard IFN at doses
between 3 and 6 MU with RBV (IFN/RBV) (overall SVR rate 
of 54% versus 47% respectively) [5–9,39] or PEG-IFN alone
(overall SVR rate of 54% versus 39% respectively) [40]. PEG-
IFN alone is significantly superior to standard IFN alone (overall

SVR rate of 39% versus 19%), particularly in cirrhotic patients
(overall SVR rate of 30% versus 8%) [41].

The efficacy of PEG-IFN-α-2b was documented in a random-
ized controlled trial of 1530 patients [7]. The highest SVR rate
(54%) was observed in patients treated with 1.5 µg/kg of PEG-
IFN in combination with 800 mg daily of RBV. The SVR rate was
47% in patients treated with 0.5 µg/kg of PEG-IFN or standard
IFN. The SVR rate among HCV-1-infected patients treated 
with PEG-IFN/RBV (42%) was significantly higher than that
observed with standard IFN/RBV (33%) and significantly lower
than the 80% SVR rate observed in patients with HCV-2 or -3
from all therapy groups.

The efficacy of PEG-IFN-α-2a/RBV was determined in two
multicentre trials of 1121 [8] and 1311 [9] patients. In the first
trial [8], a 56% SVR rate was obtained among patients treated
with a ‘flat’ dose of PEG-IFN-α-2a (180 µg weekly) plus RBV
(1000–1200 mg daily); the SVR rate was significantly higher in
patients with HCV-2 or -3 (76%) than in those with HCV-1
(46%). In the second trial [9], among HCV-1 patients treated
with 180 µg weekly of PEG-IFN-α-2a and 1000–1200 mg daily
of RBV, the SVR rate was significantly higher in those treated 
for 48 weeks (52.2%) than in those treated for 24 weeks only
(41%). Among HCV-2 and HCV-3 patients given PEG-IFN-α-
2a at a dose of 180 µg weekly, those treated with a low dose 
(800 mg/day) of RBV for 24 weeks had the same SVR (80%) as
those treated for 48 weeks or those treated for 24 weeks with
higher RBV doses (1000–1200 mg/day).

There are few data available on the responsiveness of HCV-4
patients. A study that was targeted to these patients [42] found a
SVR rate of 68%, with baseline predictive factors of response
that were identical to those observed in HCV-1 patients. HCV-5
appears to be a relatively easy virus to treat, with response rates
that are similar to those of HCV-2 and -3 after a 48-week course
of therapy. Response rates in patients with HCV-6 may be inter-
mediate between HCV-1 and HCV-2 or -3; the optimal duration
of treatment (24 versus 48 weeks) for this genotype is unclear
and under investigation [43].

The current treatment protocols recommended by the
National Institutes of Health (NIH) consensus conference [44]
are reported in Table 1. The dosage of PEG-IFN-α-2b should
be tailored to the weight of the patient, i.e. 1.5 µg/kg/week; 
PEG-IFN-α-2a is administered at a fixed dose (180 µg/week).
These recommendations may have to be revised according to the
results of ongoing trials designed to assess whether 1 µg/kg/week
of PEG-IFN-α-2b is as effective as 1.5 µg/kg/week [45]. A dose 
of PEG-IFN-α-2a of 135 µg/week may be as effective as 
180 µg/week in HCV-2 and -3 patients [46].

In HCV-1-infected patients treated with PEG-IFN-α-2b, 
the dose of RBV should be adjusted according to weight 
(10.6 mg/kg). In contrast, in HCV-2 or -3 patients treated with
both PEG-IFN-α-2b and PEG-IFN-α-2a, a flat RBV dose of 
800 mg/day can be given [47]; preliminary data suggest that, 
in these patients, daily doses of 400 mg may be as effective 
[48]. Dosing may be determined by measuring RBV plasma 
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concentrations using liquid chromatography; in one study [49],
RBV plasma concentrations varied widely and were predictive of
anaemia and early virological responses.

A more prolonged 72-week course of therapy may be of
benefit in slow-responder patients who fail to clear HCV RNA
early [50–54]. In one study [53], 326 patients who did not
achieve a RVR were randomized to a 48- or a 78-week course of
treatment; the SVR was significantly higher in the latter group
(45% versus 32%, P = 0.01). In another study [54], the lack of 
an EVR appeared to be more critical in discriminating patients
who might benefit from extended therapy; among patients who
failed to achieve an EVR and who were randomized to a 48- or
72-week course of therapy, 29% (31 out of 106) of the latter
group obtained a SVR compared with 17% (17 out of 100) of the
former (P = 0.04).

Patients with the more favourable HCV-2 and -3 genotypes
may respond to a short 12-week course of combination therapy,
with SVR rates that are similar to those obtained after the 
standard 24-week course [55,56]; the efficacy of a short-term
course appears to be higher in patients with a low viraemia titre
before therapy (≤ 800 000 IU/mL). However, in a prospective
study of 1469 patients [57], the overall 76% SVR rate in HCV-2
and -3 patients treated for 24 weeks with PEG-IFN-α-2a/RBV
was significantly higher than the 65% rate achieved with 16
weeks of therapy; the difference was accounted for by the higher
relapse rate in patients treated for the shorter time period. It 
is doubtful whether short treatment is efficacious in HCV-3
patients with a high viraemia titre (≥ 800 000 IU/mL) [58];
whether these patients should be treated for 24 weeks or even
longer has to be addressed by further studies [59].

Similarly, a reduced 24-week course of combination therapy
may be as effective as the standard 48-week course in HCV-1
patients with low baseline viraemia (< 600 000 IU/mL) [60] and
in those who achieve a RVR at week 4 (HCV RNA < 50 IU/mL)
[61].

Of note, although reduced therapy courses may be proposed
to patients with the appropriate virological credentials who 
are at risk of side-effects or who are reluctant to undergo full
therapy, neither the 12-week course for favourable genotypes
nor the 24-week course for the difficult HCV-1 genotype has yet
been recommended by consensus conferences.

Many other modified therapeutic protocols have been 
proposed over the years, including an early induction phase,
with IFN given at a higher dosage and/or at more frequent 
intervals for the first 4–12 weeks [62], late IFN dose reductions
after an initial full dose, or intermittent therapy or therapy 
targeted to the individual virological response [63]. Despite
claims that some of these protocols are more efficacious or 
more cost-effective than the standard protocols, none has been
recommended for general use.

Monitoring

Monitoring is important to assess the efficacy of therapy and 
the development of toxic drug effects. Baseline evaluation
should include determinations of white and red blood cell
counts, haemoglobin concentration, platelet counts, ALT levels,
thyroid-stimulating hormone (TSH) levels, quantitative HCV
viraemia and viral genotype. A serum sample should be frozen
for possible further re-evaluation and comparison of HCV-RNA
titres. Determinations of ALT, liver function tests, haemoglobin
concentration, white blood cell count and platelet count should
be performed every month to detect toxicity. TSH should be tested
every 3 months in order to individuate hyper/hypothyroidism.

Monitoring of serum HCV-RNA levels should be performed
at 12 and 24 weeks and at the end of therapy in patients treated
for 48 weeks. No interim HCV-RNA monitoring during therapy
is required for patients with HCV-2 or -3 who are treated for 6
months; in these patients, HCV-RNA levels should be determined
at the end of therapy. A final HCV-RNA test is required at 6 months
post-therapy to establish successful eradication of the virus.

Contraindications

Pregnancy

Pregnancy is an absolute contraindication to combination 
therapy. RBV was found to be teratogenic in animals [19] and
fetal mortality was high in women who became pregnant during
combination therapy. Patients of childbearing age are required
to use stringent contraceptive methods during therapy and for 
6 months after treatment suspension.

Treatment schedule Dosage

Genotype 1 (48 weeks) Genotypes 2 and 3 (24 weeks)

PEG-IFN-a-2a + RBV IFN: 180 mg/week; RBV: 1000 mg/day IFN: 180 mg/week; 

(< 75 kg) or 1200 mg/day (> 75 kg) RBV: 800 mg/day

PEG-IFN-a-2b + RBV IFN: 1.5 mg/kg/week; RBV:  IFN: 1.5 mg/kg/week; 

> 10.6 mg/kg/day RBV: 800 mg/daya

aNot proven by specific randomized trials.

Table 1 Current recommended treatment
schedules for naive patients.
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Ischaemic cardiac and cerebrovascular 
disease

Patients with ischaemic cardiac and cerebrovascular disease are
unsuitable candidates for therapy because of the risk of acute
ischaemia secondary to the sudden fall in haemoglobin levels
induced by RBV [24,64–66]. Rarely, IFN may induce a reversible
cardiac arrhythmia or cardiomyopathy.

Autoimmune disease

Because of the potential for IFN to enhance immune and
autoimmune responses [66–69], combination therapy is not
recommended for individuals with clinical autoimmune dis-
eases. However, immune-mediated thyroiditis, diabetes, neuro-
pathy and other autoimmune disorders develop in only 1% 
of treated patients. An increase in the level of autoantibodies
during therapy does not imply that an autoimmune disease is
developing [70]; in many patients, raised autoantibody levels
disappear after therapy withdrawal.

Retinopathy

Ophthalmological side-effects have been reported during IFN
therapy, particularly retinal lesions and neurovisual impair-
ment. Patients with hepatitis C who have risk factors for
retinopathy should undergo an ophthalmoscopical evaluation
before starting treatment. In a study [71] of 156 patients with
chronic viral hepatitis and without baseline risk factors for
retinopathy who were treated with standard or PEG-IFN, signs

of retinopathy and neurovisual impairment were common 
during therapy but were rarely symptomatic.

Dermatological diseases

Dryness, itching and a wide range of non-specific skin lesions,
such as transient rashes, diffuse erythema and urticaria, have
been reported during IFN/RBV therapy. Lichen planus and 
psoriasis may develop or worsen during therapy [72,73]. 
Both diseases may induce a premature discontinuation of 
therapy but do not represent an absolute contraindication to
treatment.

Side-effects

The common and/or important side-effects of IFN/RBV therapy,
their frequency and the methods used to control them are 
summarized in Table 2 [74–76]. Less common or rare adverse
events caused by IFN/PEG-IFN and RBV are reported in Table
3. The ‘flu-like’ syndrome (fever, chills, headache, myalgias,
arthralgia) occurs frequently during the first weeks of therapy,
can be prevented by paracetamol and generally abates after the
first month of therapy. Other IFN/PEG-IFN-induced symptoms
are fatigue, loss of appetite, weight loss, diarrhoea, skin rash, hair
loss and insomnia; erythema at the injection site occurs in about
40% of patients and is more frequent with PEG-IFN. Leukocyte 
IFN-α has been used for IFN retreatment in patients who are
intolerant to other IFNs [77].

Haematological side-effects are frequent and may be import-
ant [78]. Anaemia usually complicates therapy, with an average

Table 2 Interferon and ribavirin therapy: frequent side-effects of combination therapy.

Side-effect Frequency (%) Solution

Flu-like symptoms 59 Paracetamol

Anaemia (> 10% decrease in baseline haemoglobin) 34 RBV dose reduction, epoetin

Alopecia 24 –

Dyspnoea 24 –

Rash 23 Antihistamines, topical steroids

Injection-site inflammation 23 Antihistamines

Dry skin 22 –

WBC count decrease (< 3000 cells/mL); platelet decrease 

(< 80 000 cells/mL) 21 PEG-IFN dose reduction, G-CSF, GM-CSF

Psychiatric symptoms 19 Antidepressants, diphenhydramine

Nausea 12 –

Anorexia 11 –

Vomiting 10 –

Diarrhoea 10 –

Abdominal pain 8 –

Thyroid disease 5 Substitution therapy

Pruritus 4 –

Cough 3 –

G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte–macrophage colony-stimulating factor; WBC, white blood cell.
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haemoglobin drop of 2–3 g/dL; more pronounced anaemia
(haemoglobin < 10 g/dL) occurs in 5–10% of patients. There is a
gradual decline in haemoglobin levels during the first month of
therapy, after which the haemoglobin level usually stabilizes. In
one study [79], 54% of the patients on combination therapy
experienced a haemoglobin decrease of > 3 g/dL. The cause is
multifactorial, with RBV inducing a dose-dependent haemolytic
anaemia [80,81] and IFN suppressing erythroid progenitor cells
and red blood cell production [82]; the level of reticulocytes

markedly increases as a response to anaemia. RBV withdrawal or
dose reductions are mandatory when haemoglobin levels fall
below 10 g/dL. RBV may also cause nausea, dry skin, pruritus,
cough and hyperuricaemia. It may also result in an increase in
the level of ferritin during therapy because of haemolysis; how-
ever, there is usually no need to remove iron.

Anaemia can be treated with erythropoietin (epoetin)
[83–85]. A dose of epoetin of 40 000 IU/week subcutaneously
increased the level of haemoglobin by approximately 2 g/dL in
patients who developed anaemia, allowing the full RBV dose to
be continued in about 90% of patients and improving the qual-
ity of life [85]. Common adverse effects of epoetin are headache
and nausea; the drug can also result in the formation of thrombi.

Leukocytopenia with granulocytopenia and thrombocytope-
nia are also common side-effects of therapy; granulocytopenia
occurs more frequently with PEG-IFN than with standard IFN.
In about 10–20% of treated patients, neutropenia requires a
dose reduction of PEG-IFN; however, therapy suspension –
mandatory when the neutrophil count decreases to less than
500/µl – is rarely needed. Granulocyte–macrophage colony-
stimulating factor can be used to raise the granulocyte count
[86,87]. Thrombocytopenia is common but rarely causes symp-
toms (purpura) or forces dose reductions. Nevertheless, it is the
most common cause for excluding cirrhotics from therapy: the
exclusion threshold is usually 40 000–50 000 platelets/µl. RBV
attenuates thrombocytopenia by stimulating megakaryocytes
and thrombocytosis as a reaction to anaemia; therefore, throm-
bocytopenia is more pronounced in patients given IFN alone.

Treatment may induce dysthyroidism [88,89]; however, there
is no association between thyroid dysfunction and IFN dosage
or efficacy of therapy [90]. Female gender and the presence 
of antithyroid microsomes or antithyroperoxidase antibodies
before beginning antiviral therapy are predictive of dysthy-
roidism during therapy [91].

Although the finding of thyroid autoantibodies may help to
identify patients who are at risk for thyroid disease during ther-
apy, these patients should not be excluded from therapy because
only a minority will develop abnormalities of thyroid function.
Likewise, therapy should not be suspended in patients who
develop thyroid autoantibodies during therapy but maintain a
normal TSH level. Thyroid IFN-related dysfunction is reversible
in most, but not all, patients after stopping therapy; hypothy-
roidism may ensue [92].

Patients with spontaneous or IFN-related stable hypothy-
roidism (treated with thyroid hormone replacement) can be
safely given or regiven IFN. Treatment should be discontinued
in patients who develop hyperthyroidism; however, in cases in
which there is significant HCV liver disease, it can be continued
in association with antithyrotoxic therapy and supervision by an
endocrinologist. Of note, the development of fatigue, anxiety
and tachycardia during therapy should alert the clinician to 
thyroid dysfunction as well as to RBV-induced anaemia.

Therapy with IFN tends to aggravate a depressive personal-
ity; therefore, treatment should only be offered to depressed

Table 3 Interferon and ribavirin therapy: less common or rare adverse
events.

Neuropsychiatric
Suicidal ideation or suicide attempt

Personality change

Confusion and coma

Memory loss

Substance-abuse relapse

Tinnitus

Hearing loss

Motor and sensory neuropathy

Seizures

Autoimmune
Type 1 diabetes mellitus

Addison’s disease

Coeliac disease

Idiopathic thrombocytopenia

Myasthenia gravis

Autoimmune hepatitis

Pulmonary
Interstitial pneumonitis

Bronchiolitis obliterans organizing pneumonia

Sarcoidosis

Ocular
Retinal haemorrhage

Visual loss

Cotton wool spots

Retinal vein thrombosis

Dermatological
Photosensitivity

Psoriasis flare

Lichen planus

Cardiovascular
Arrhythmias

Congestive heart failure

Myocardial infarction

Angina

Transient ischaemic attack

Stroke

Miscellaneous
Acute renal failure

Exacerbation of hepatitis

Local abscess formation
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patients who have severe liver disease, provided that psychiatric
stabilization can be achieved [93–95]. Psychiatric side-effects
during therapy may be severe, ranging from irritability and
mood changes to profound depression and suicide attempts
[96]. Side-effects occur more frequently during early than late
therapy. Depression can be controlled by paroxetine (a sero-
tonin reuptake inhibitor), initiated before and continued during
treatment [97]. If IFN is absolutely contraindicated and liver
disease is progressing, RBV monotherapy may be considered.

Epilepsy may be exacerbated by IFN therapy; however, 
epileptic patients who are undergoing drug treatment to achieve
neurological control can be given antiviral therapy.

Rules for stopping treatment

The current recommendation is to discontinue treatment in
patients who do not achieve a EVR or a reduction in HCV-RNA
levels from baseline of at least 2 log10 by treatment week 12 
(negative predictive value approaching 100%). In contrast,
patients who achieve these endpoints have an increased prob-
ability (67–83%) of achieving a SVR and should be encouraged 
to continue treatment. However, the favourable prognostic
significance of a viraemic decline that is short of complete virus
clearance has been questioned; a recent analysis has shown that a
distinct proportion of patients who had a reduced viraemic titre
of lower than 2 log10 at 12 weeks of therapy failed to eradicate
HCV and experienced viral rebounds during and after therapy
[54].

Patients who achieve an EVR can complete therapy without
further HCV-RNA testing, whereas those who remain HCV-
RNA-positive (regardless of the 2 log10 reduction) should be 
retested for HCV RNA at 24 weeks. Patients who remain HCV-
RNA-positive at 24 weeks should stop treatment, whereas those
who are negative should complete the course of therapy.

These rules for stopping therapy do not apply to patients with
HCV-2 or -3, who have a high probability of achieving a SVR
and who do not require assessment of an EVR.

Factors predictive of a response to
antiviral therapy

Both viral [65] and host [98] factors influence the probability of
achieving a response to antiviral therapy; most factors are fixed,
although a few may be correctable (Table 4). The most import-
ant factor is the HCV genotype; in each clinical category of 
hepatitis C patients, genotypes 2 and 3 are easier to treat, with
SVR rates that are double those achieved with the difficult-to-
treat genotype 1 [5,8,44,58,60,64,65,99]; genotype 1a may
respond better than genotype 1b [100]. Genotypes 4, 5 and 6
appear to respond less well than genotypes 2 and 3, but better
than 1a and 1b [42,43].

Patients with high serum viral loads respond less well than
those with low viraemia [5,8]. However, what is considered a
low or a high viral titre is arbitrary to a considerable degree;

recent studies have individuated a cut-off of 600 000 IU/mL
[58–60]. The prognostic impact of the viral load is currently con-
sidered marginal compared with the impact of the genotype.

Host factors affecting the antiviral response are age, gender
and ethnicity. Younger patients and women respond better than
older patients and men. Despite the lower rate of response with
increasing age and the higher percentage of side-effects, treat-
ment is often appropriate in older patients because hepatitis C
tends to progress more rapidly with advancing age. The response
in HCV genotype 1 patients of Afro-American descent is poorer
than that in Caucasians [101,102]; however, the response
appears to be similar in both genotype 2 and 3 patients from
these two ethnic groups [103].

Overweight patients respond less well, even after the dosages
of IFN and RBV are adjusted according to weight [104]. About
50% of patients with HCV genotype 1 are insulin resistant, and
insulin resistance was shown to be an independent predictor of a
diminished response to antiviral therapy [105]. Liver steatosis
secondary to insulin resistance also diminishes the response to
antiviral therapy [106]. Steatosis observed in patients infected
with HCV genotype 3 appears to be related to a viral mechanism;
in these patients, the response to therapy is associated with
reductions in hepatic fat [107] and the recurrence of infection is
generally accompanied by the recrudescence of steatosis. In 1428
naive patients, the presence of steatosis was associated with a
lower SVR rate than that seen in non-steatotic patients but, in
patients who achieved a SVR, steatosis was most improved in
those with HCV genotype 3; low baseline serum cholesterol was
also corrected by IFN treatment in genotype 3 responders [106].

Patients with intrahepatic iron overload have a lower
response rate to IFN [108,109], and iron removal by phle-
botomy improves responses in these patients [110]. Adjuvant
iron reduction also appears to improve the therapeutic response
in patients with normal baseline ferritin and transferrin satura-
tion [111–113].

The extent of liver fibrosis also has an impact on treatment
outcome and may be taken into account as a secondary pre-
dictive factor, together with the above-mentioned criteria.

Table 4 Baseline factors affecting the response to therapy.

Non-modifiable factors
Gender

Age

Ethnicity

Histology

Viral load

Genotype

Modifiable factors
Body mass index

Intrahepatic iron levels

Insulin resistance (?)
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Adherence to therapy

Adherence to therapy is an important determinant of a SVR. In
one study, a 3 × 80 adherence rule, i.e. administration of at least
80% of the originally prescribed dose of IFN and RBV for at 
least 80% of the planned duration of therapy, was considered to
define compliance, resulting in the expected rate of efficacy
[114]. HCV genotype 1 patients who did not reduce therapy
below the 80% rule had a significantly higher SVR rate than
patients who were unable to adhere to the full dose. However,
further analysis indicated that early low adherence (during the
first 12–20 weeks of therapy) diminished the SVR rate more
significantly than late (20–48 weeks) non-compliance and that,
during early therapy, keeping the full dose of RBV was more
important than keeping the full dose of IFN. In the HALT-C
study [38], dose reductions of PEG-IFN from greater than 
80% to less than 60% of the target dose within the first 20 weeks
of therapy did not diminish SVR rates, whereas reductions of the
target dose of RBV to less than 60% resulted in a significant
reduction in the SVR; a reduction of either drug after 20 weeks,
when HCV-RNA levels had become undetectable, did not
significantly effect the SVR.

As dose reductions of IFN and RBV are usually forced by
treatment-related adverse events, management of side-effects is
important to ensure compliance and achieve the highest pos-
sible SVR. The control of RBV-induced anaemia with epoetin
may improve compliance [88,90]. Granulocyte growth factors
may also be administered to combat IFN-induced leukopenia.

Compliance is a major problem in drug addicts because of a
poor rate of acceptance of or adherence to therapeutic regimens;
treatment with PEG-IFN/RBV is safe and sufficiently effective in
patients on methadone maintenance [115].

Which HCV subject to treat?

All patients with chronic hepatitis C are potential candidates for
antiviral therapy [44]. However, treatment may be associated
with important side-effects and the results of current antiviral
therapy are variable, depending on viral and individual factors.
Therefore, the decision whether to treat a patient should be
based on: (i) the risk of the underlying liver disease evolving into
cirrhosis and HCC in the lifetime of the patient, (ii) the possible
impact of treatment-related adverse effects on the patient’s 
general health, and (iii) the probability of achieving a response,
taking into consideration the HCV genotype and viral load and
the clinical features and comorbidities of the patient. Of note,
the data on which current antiviral drugs and treatment proto-
cols were licensed have been collected from selected clinically
homogeneous HCV patients without significant comorbidities;
results may be less favourable in field practice in the general
HCV population, in whom the epidemiological and clinical 
scenario is more disparate [75].

These issues need to be exhaustively discussed with the
patients. Patients must be fully aware of the pros and cons of

therapy and must participate in the decision-making process,
ultimately deciding themselves whether the risk-to-benefit ratio
of therapy is acceptable. Patients with no evidence of progressive
disease, with HCV genotype 1 and with comorbid conditions
may reasonably decide to delay therapy until more efficient and
tolerable treatments become available.

The presence of elevated ALT levels is the main determinant
in the decision to start therapy, as there is a correlation between
ALT abnormalities and liver disease activity and progression.
There is a consensus that liver biopsy is not necessary in the
treatment of HCV-2 and -3 patients. Given that the indication to
treat now extends to the whole spectrum of histological lesions,
from initial fibrosis to established compensated cirrhosis, and
that histological scores may grossly underestimate the extent of
fibrosis because of sampling errors, the need to take a confirm-
atory liver biopsy in HCV patients willing to submit to therapy 
is currently being debated; a biopsy should be recommended for
HCV-1 patients who are unwilling to undergo therapy or who
have comorbid conditions that increase the risk of side-effects,
in order to motivate treatment or justify its withdrawal. The role
of non-invasive markers of liver fibrosis (serum markers and/or
elastogram) in the treatment decision-making process is still to
be determined.

Individuals with persistently normal ALT

The issue of whether HCV-RNA-positive subjects with persist-
ently normal ALT levels should be treated is evolving. These 
subjects appear to respond as well as, and according to the 
same prognostic factors as, patients with abnormal ALT levels
[116,117]; SVR rates of 40% and 72% were obtained in genotype
1 and 2/3 patients, respectively, when PEG-IFN plus RBV was
given for 48 and 24 weeks respectively [116].

The decision to treat should be individualized and based not
only on the clinical suspicion of underlying liver disease but also
on the age and motivation of the patient; a major determinant of
treatment may be the negative perception of the chronic infec-
tion and the psychological impact of being a potential source of
HCV transmission. The need for a liver biopsy is controversial;
young motivated patients at no increased risk, in particular
those with HCV-2 and -3, may be treated without a biopsy
[118]. A confirmatory liver biopsy may be useful in patients 
who are older than 50 and who have relative contraindications
to therapy and genotypes that are difficult to treat; in these
patients, the decision to treat should be based on the finding 
of significant fibrosis [118]. Hopefully, the introduction of 
non-invasive methods such as the liver elastogram will help to
differentiate patients with and without fibrosis and enable liver
biopsies to be targeted to those with a stiff liver.

Cirrhosis

There is indication to treat patients with compensated cirrhosis
[119–121]. Although fibrosis has been considered to be an
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important negative predictor of response to antiviral therapy,
registrative PEG-IFN/RBV studies have shown that the rate of
SVR in compensated patients with advanced fibrosis and cirr-
hosis is only marginally less than in patients without fibrosis
(44% versus 54% [7]; 43% versus 56% [8]).

Although antiviral therapy is evolving in patients with decom-
pensated cirrhosis, there is, as yet, no indication to treat such
patients. The clinical status at the time of initiating antiviral
therapy appears to be the major limiting factor; treatment must
be avoided in patients with a Child–Turcotte–Pugh (CTP) score
of > 11 or a model for endstage liver disease (MELD) score of 
> 25, as the risk of precipitating liver failure is high [122].
Published reports mostly describe patients undergoing liver
transplantation. The series of patients included have been 
clinically heterogeneous and not comparable; most studies 
have considered a lack of HCV reinfection in the liver graft 
as evidence of treatment efficacy [123]. Treatment can be con-
sidered in patients with CTP scores of 8–11 (MELD scores
18–25); although SVR responses as high as 90% were reported
in patients with HCV-2 and -3 and responses of 30% were
reported in patients with HCV-1, treatment benefit was offset 
by severe complications related primarily to neutropenia,
thrombocytopenia and anaemia [124–125]. Low initial escalat-
ing doses of IFN have been proposed for patients with blood
cytopenia [120].

Children

In children, the course of chronic hepatitis C is usually benign
and progression is slow; thus, in most paediatric patients, therapy
is not necessary or can be delayed. Treatment may be considered
in children who are viraemic and who have persistently abnor-
mal ALT levels [126]. They are good candidates for therapy as
the HCV infection is short-lived, they do not usually have
advanced fibrosis and they appear to tolerate treatment well;
however, therapy should be avoided in children of less than 
3 years because it may adversely affect growth [127].

In various heterogeneous studies in which 336 children were
treated with IFN monotherapy, the average SVR rate was 36%
and, in several limited series in which children were treated with
standard IFN/RBV, the SVR rate varied between 50% and 64%
[128].

Among children treated with PEG-IFN-α-2b/RBV [129], a
SVR was obtained in 47.8% of patients with HCV-1, 100% of
patients with HCV-2 and -3, and 50% of patients with HCV-4.
Treatment was generally well tolerated; however, three children
required dose reductions and 10.3% developed thyroid auto-
antibodies and thyroid dysfunction.

Patients with autoantibodies

IFN therapy has occasionally been associated with hepatitic
flares in patients with autoantibodies [130,131]. However, 
borderline antinuclear autoantibody (ANA) or smooth muscle

autoantibody (SMA) reactivities often occur in hepatic as well as
in all forms of liver disease, and their frequency increases with
age and with the inflammatory activity of the underlying liver
disease; in the absence of other signs of autoimmunity, these
autoantibodies do not contraindicate the use of IFN or PEG-
IFN. In patients with well-documented hepatitis C, the presence
of liver–kidney microsomal (LKM) antibodies does not predict
autoimmune hepatitis or hyporesponsiveness to IFN/RBV
[132,133]. In patients with hepatitis C who have significant titres
of autoantibodies, attention should be given to the presence 
of other autoimmune stigmata such as arthritis, haemolytic
anaemia and a high level of immunoglobulin (Ig)G. In order to
identify possible cases of autoimmune hepatitis, one can apply
the International Autoimmune Hepatitis Group Scoring System
[134], which was devised to identify autoimmune liver disease.
If the aggregate score is non-diagnostic, therapy with IFN
appears to be safe; if the score points to probable or definite
autoimmune hepatitis, steroids should be considered.

Mixed cryoglobulinaemia

In a proportion of mixed cryoglobulinaemia (MC) patients,
treatment with IFN monotherapy at doses of 3–6 MU three
times a week for 6–12 months reduced the cryocrit, improved
the cutaneous rash and joint symptoms and led to the clearance
of HCV RNA [135,136]; in some studies, IFN was used in 
combination with low doses of steroids [137]. However, the
virological and clinical response was lower and the relapse rate
higher than in hepatitis C patients without MC. Variations in 
the biological markers of MC (cryocrit, rheumatoid factor, 
complement) may be independent of the virological or ALT
response. In some patients with severe MC symptoms, long-
term maintenance therapy is required because they respond well
to IFN but promptly relapse at therapy withdrawal. The efficacy
of IFN in treating MC-associated neuropathies is debated.
Concomitant with HCV-RNA clearance, IFN therapy may lead
to the disappearance of monoclonal B-cell infiltrates and to a
lack of detection of circulating t(14:18) translocated B-cell
clones; the latter reappear if serum HCV reactivates [138,139].
In a study of nine symptomatic and refractory HCV–MC
patients, there was an improvement in the symptoms of the
majority of the patients after treatment with standard IFN/RBV,
even though HCV clearance was only obtained in a minority
(22%) [140].

In two pilot studies of 9 and 18 MC patients [141,142], PEG-
IFN-α-2b/RBV given for 12–13 months induced a virological
and clinical response in the majority of patients (78%–83%)
while on therapy; however, in one of the studies, the rate of
relapse was high (44%) [142].

The persistence of MC despite the clearance of HCV RNA
from serum may be associated with residual HCV infection in
lymphocytes [143].

In patients who are non-responders to PEG-IFN/RBV combi-
nation therapy and who show clinically significant symptoms of
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MC, administration of anti-CD20 monoclonal antibody (ritux-
imab) against B-cell monoclonal proliferation may be considered.

Immunodepressed patients

Treatment of chronic hepatitis C in HIV and transplanted
patients is discussed in Chapters 9.3 and 25.5 respectively.

HCV–HBV coinfected patients

Data on the long-term outcome for individuals coinfected with
HCV and HBV suggest that these patients have higher rates of
progressive liver disease and HCC; effective treatment for such
individuals is, therefore, of particular importance. In general, in
double infections such as these, one virus usually inhibits the
other; therefore, it is essential to measure both HBV-DNA and
HCV-RNA levels to determine which infection is dominant and
treat accordingly. If both infections are active, initial therapy
with IFN and RBV, according to the protocols used for the treat-
ment of hepatitis C, may be the first option, as eradication of
HCV is more likely than eradication of HBV, and IFN may also
control HBV infection. To date, no specific randomized trials
have addressed the issues of an optimal treatment protocol and
therapeutic outcome in HCV–HBV coinfected patients.

Patients with comorbidities

Renal disorders
HCV infection is frequent in haemodialyzed patients with renal
insufficiency [144]. The course of HCV disease in these patients
is characterized by low or normal ALT values and viraemic levels
that are lower than in non-uremic patients; viraemia may spon-
taneously become transiently negative.

The clearance of RBV is much reduced in patients with kidney
failure and the drug is not removed by dialysis. Even a dosage of
RBV of as low as 200 mg/day can precipitate serious anaemia
[145–146] and, therefore, its use is contraindicated. The clear-
ance of standard IFN is also reduced and dosages should be
adapted to plasma creatinine values [147].

A review of 269 dialysis patients from 14 heterogeneous 
clinical trials showed that standard IFN monotherapy given for
4–12 months induced a SVR in 37% of patients, with a dropout
rate of 17% [148]. The overall weighted estimate for a SVR in
HCV-1 patients was 30.6%; a negative serum HCV-RNA test at
8–12 weeks correlated with a SVR. Tolerance was lower than in
non-uremic patients and prolonged IFN monotherapy did not
improve the SVR. In a further study of haemodialysis patients
[149], the SVR was 34% in 29 patients who completed treatment
(out of 46 who originally enrolled in the study). Finally, in a 
preliminary study [150], PEG-IFN-α-2b and low-dose RBV
(target concentration of 10–15 mmol/L) were given to six
haemodialysis patients; all patients became HCV-RNA-negative
during therapy and three remained negative with extended 
follow-up.

Haematological disorders
Trials in hepatitis C patients with thalassemia have shown that
treatment with IFN and RBV is safe and effective [151,152], as
long as adequate haemoglobin levels can be maintained by
transfusion.

Red blood cells of individuals with the Mediterranean form of
glucose-6-phosphate dehydrogenase deficiency do not appear to
be more susceptible to the haemolytic potential of RBV; 26
Sardinian HCV patients with severe glucose-6-phosphate dehy-
drogenase deficiency were safely treated with PEG-IFN/RBV,
with responses that were similar to patients with HCV alone [153].

HCV patients with haemophilia have also been safely treated
with standard IFN/RBV therapy [154]; the overall SVR rate was
lower (29%) than in patients with HCV alone, but it was high
among adolescents younger than 18 years (59%).

Diabetes
Although IFN may precipitate diabetic decompensation, par-
ticularly in patients with pancreatic autoantibodies [155–157],
compensated diabetes is not a contraindication to therapy in
chronic HCV hepatitis. In one study of a patient with pre-existing
diabetes, the diabetes resolved after combination therapy [158].

Hepatitis C in liver transplants 
(See Chapter 25.5)

Retreatment

Non-response to therapy is defined as the persistence of serum
HCV RNA throughout, and at the end of, treatment. Relapse 
is defined as the recurrence of serum HCV RNA during the 
post-therapy follow-up, after apparent clearance of viraemia
throughout therapy. As chronic hepatitis C is a curable disease, 
it is important to consider retreatment in patients who were 
previous non-responders or relapsers after a first course of
antiviral therapy. In one study [159] of patients who previously
relapsed after treatment with standard IFN monotherapy or
standard IFN/RBV therapy, the overall SVR rate after retreat-
ment with PEG-IFN/RBV was 60% and 53% respectively.
Retreatment with combination therapy resulted in a SVR 
in about 25% of patients who were non-responders to IFN
monotherapy but who had a partial biochemical or virolo-
gical response during the monotherapy course [160–162].

New information is emerging from two large-scale studies
whose aim is to retreat patients with advanced compensated
liver disease (bridging fibrosis or cirrhosis) for 48 weeks with
PEG-IFN/RBV (lead-in phase), and maintain long-term with
low-dose PEG-IFN monotherapy those who fail to achieve a
SVR with full antiviral therapy. Preliminary results from the
lead-in phase of the HALT-C study [38] (designed to retreat
non-responders to IFN monotherapy or standard IFN/RBV
therapy with PEG-IFN-α-2a/RBV) have shown a 28% SVR rate
in previous non-responders to IFN alone and a 12% SVR rate in
non-responders to standard IFN/RBV. Similarly, preliminary
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results from the EPIC3 study (designed to retreat relapsers 
and non-responders to IFN/RBV therapy with PEG-IFN-α-
2b/RBV) [163] have shown SVR rates of 41% in relapsers and
14% in non-responders. In both studies, HCV genotypes 2 and 3
responded significantly better than HCV genotype 1 (54–65%
versus 14%).

In a recent study [164], 19% of the genotype 1 patients 
who were retreated with PEG-IFN-α-2b/RBV after failing to
respond to standard IFN/RBV therapy achieved a SVR; inde-
pendent predictors of response were low γ-glutamyltransferase 
levels and low viral load. In another PEG-IFN/RBV retreatment
study [165], an overall SVR rate of 23% was obtained in patients
who had not previously responded to IFN monotherapy or
IFN/RBV therapy. Among standard α IFN/RBV non-responders
retreated with daily consensus IFN and RBV, 22% achieved a
SVR [166].

These data suggest that it is reasonable to retreat patients who
relapse to IFN monotherapy or standard IFN/RBV combination
therapy with PEG-IFN/RBV, and to retreat patients who do not
respond to IFN monotherapy with PEG-IFN/RBV. Although it
also seems reasonable to retreat HCV genotype 2 and 3 patients
who do not respond to standard IFN/RBV therapy with PEG-
IFN/RBV, current retreatment SVR rates in HCV genotype 
1 patients who do not respond to standard IFN/RBV therapy 
are lower than 20% and, therefore, the efficacy of treating 
these patients, who account for the larger proportion of non-
responders, is doubtful.

The addition of histamine in triple combination with PEG-
IFN and RBV was of no benefit and the efficacy of the addition 
of amantadine is debated [167]; this triple combination is not
generally used. Large-scale studies are in progress to evaluate the
efficacy of retreatment with high doses of PEG-IFN/RBV [168]
and with triple combinations including thymosin or protease
inhibitors.

Long-term maintenance monotherapy with reduced weekly
dosages of PEG-IFN has been proposed to prevent progression
of disease in patients with advanced disease who fail or do not
tolerate full antiviral therapy [169]. Three major long-term trials
are ongoing to assess the efficacy of maintenance therapy
(COPILOT, HALT-C, EPIC3); preliminary results have been
encouraging [170].

New treatments in development

Approximately 50–60% of patients with chronic HCV infection
do not achieve a SVR with current therapy. Treatment failures
are often considered to be the result of the virus being ‘resistant’
to therapy, with antiviral resistance being commonly defined as
the mechanisms that a virus develops to continue replication
and escape the antiviral effects of treatment and/or the immune
response of the host. However, it is not known whether the 
failure to achieve a SVR can be entirely considered as being 
‘true’ resistance according to this definition. Non-responders to
current therapy show little or no decrease in serum HCV-RNA

levels during therapy. In these patients, the lack of immune
clearance of infected cells may be a key determinant in the lack 
of viral eradication [171]. In addition, the genetic heterogeneity
or quasi-species nature of HCV raises important therapeutic
implications, as the generation and selection of resistant variants
can allow the virus to escape the antiviral pressure exerted by
treatment [172].

New HCV inhibitors

With improved understanding of HCV molecular virology, 
new therapies that specifically target HCV replication are being
developed. A number of protease or polymerase inhibitors
directed against HCV genotype 1 enzymes have been identified.
Several are now undergoing phase I/II clinical trials in
monotherapy and in combination with pegylated IFN, in order
to increase the virus clearance rate and decrease the resistance
rate; amongst the most promising are the NS3 serine protease
inhibitors [173] and the NS5B RNA-dependent RNA poly-
merase inhibitors.

New IFNs (Albuferon) are also being evaluated, as well as
RBV derivatives (viramidine, etc.) that are less prone to induce
haemolysis.

Drug resistance is a major consideration for
novel direct antivirals

Because of the high mutation rate observed with HCV, it is likely
that mutated viruses having a reduced sensitivity to antiviral
therapies will emerge. In addition, the overall prevalence of indi-
vidual mutations changes over time, indicating that the relative
‘fitness’ (ability to replicate) of a resistant variant will play a role
in viral dynamics during treatment [174]. Potential resistance
mutations in both the polymerase and protease enzymes have
been identified. As the active site for protease inhibitors is a 
long shallow groove, a single point mutation in this enzyme may
be sufficient to hinder the binding of antivirals, with different
mutations conferring low-level or high-level resistance. There
have been several studies reporting the selection of HCV mut-
ants that are resistant against various protease inhibitors using
the in vitro replicon system [174–180].

The active site of the NS5B RNA-dependent RNA polymerase
is a highly conserved region in all HCV genotypes and any
amino acid mutation in this region may inhibit the ability of the
virus to replicate. This suggests that mutations in this enzyme,
which could result in resistance to nucleoside polymerase
inhibitors, may not readily develop. In vitro studies have shown
that replicons carrying mutations showed decreased replication
fitness [178–183]. The NS5B polymerase has also been targeted
through the interaction of its thumb and palm structural
domains with non-nucleoside analogues. In vitro resistance to
this class of inhibitor arises through single mutations within the
inhibitor binding site, which strongly reduces its affinity for the
inhibitors [179,180]. The success of future HCV antiviral agents
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will be heavily influenced by their ability to inhibit viral variants
and prevent the emergence of escape mutants. Agents with dif-
ferent mechanisms of action show limited cross-resistance in
laboratory studies, suggesting that these therapies may be used 
in combination. Thus, the ultimate pharmacological control of
HCV may be best achieved with a combination of agents that are
specifically designed to inhibit different virus-specific targets
through complimentary mechanisms of action, e.g. protease
inhibitors with polymerase inhibitors or nucleoside with non-
nucleoside polymerase inhibitors [184]. Clinical trials are ongo-
ing to determine if these new inhibitors will improve the rate of
SVR in chronic hepatitis C.
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Introduction

Many viral agents may induce liver damage as part of a systemic
infection or an infection primarily involving other organs.
Although hepatic involvement with these agents is usually mild
and the clinical picture is dominated by systemic complications
or complications in other organs, severe hepatitis with acute
liver failure or fulminant hepatitis may occur, either as part of
disseminated disease or, less frequently, as the main clinical
manifestation.

These viral agents include the herpesviruses (herpes simplex
virus, varicella-zoster virus, Epstein–Barr virus, cytomegalovirus
and the human herpesviruses types 6, 7 and 8), the adenoviruses,
human parvovirus B19, the measles and rubella viruses, and the
enteroviruses.

Herpesviruses

The herpesviruses are a family of about 150 large enveloped
DNA-containing viruses that are infectious to a wide range of
invertebrate and vertebrate hosts. The eight known human 
herpesviruses (HHV) are classified into three subfamilies
(Alpha-, Beta- and Gammaherpesvirinae) according to genome
homology, host range and cell tropism. Herpesviruses vary
widely in their ability to infect different types of cells, includ-
ing epithelial and nerve cells, fibroblasts and lymphocytes.
Following primary infection, all herpesviruses undergo lifelong
latency in their natural hosts, either as extrachromosomal or
integrated DNA, or as slowly replicating forms. Latency is 
maintained in ‘immunologically privileged’ sites, such as sen-
sory nerve ganglia, secretory glands or B and T lymphocytes,
because of the capacity of the virus to interfere with major 
histocompatibility complex (MHC)-I-driven immune recogni-
tion and cytotoxic T-lymphocyte-mediated destruction of
infected cells. Reactivation, leading to recurrent disease or inva-
sive infection, may be induced by immune suppression or by
other poorly defined stimuli. Herpesviruses may induce disease
by direct tissue damage, immune-mediated cytolysis or neoplastic
transformation.

Alphaherpesvirinae subfamily

In both primary and recurrent infections, tissue tropism in 
the immunocompetent host involves mucocutaneous epithelia
and neuronal cells. Visceral infections, including hepatitis, pneu-
monia, encephalitis and retinitis, or disseminated disease may
occur in neonates and immunocompromised hosts. Latency is
established primarily, but not exclusively, in sensory ganglia.

Herpes simplex virus
Herpes simplex virus (HSV) types 1 and 2 (HSV-1 and HSV-2)
are double-stranded DNA viruses belonging to the
Alphaherpesvirinae subfamily. HSV has a worldwide distribu-
tion; the seroprevalence in the general population of Europe 
and the United States is about 13% and 22%, respectively, and
rates between 25% and 64% are found in people attending 
clinics for sexually transmitted diseases [1]. Infection is spread
through close contact with peripheral lesions on the skin or
mucosae; however, asymptomatic shedding is common with
both HSV-1 and HSV-2 [2], and so oropharyngeal and genital
secretions are important sources of infection in the absence 
of typical lesions. The virus enters the human host through
mucosal surfaces (oropharynx, cervix, conjunctivae) or the
damaged epidermis and replicates within the nuclei of epithelial
cells. Infection leads to the formation of typical vesicles, which
may rupture leaving shallow or confluent ulcers. Primary 
HSV infection may be either subclinical or accompanied by
significant systemic and local symptoms such as fever, headache,
myalgias, irritability and wide local mucocutaneous involve-
ment with satellite lymphadenopathy (both in orofacial and
genital localizations). The virus is transported intra-axonally
along peripheral sensory nerves to the nerve cell bodies in dorsal
root ganglia, where it replicates and from where it spreads to 
the mucosal or skin surface by centrifugal migration through 
the same sensory nerves [3]. Latency is established in sensory
nuclei; upon reactivation, the virus returns to the mucocutane-
ous surfaces by anterograde axonal movement [4].

Visceral HSV infection usually follows viraemia; multiple-organ
involvement is common, including oesophagitis, pneumonitis,
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acute respiratory distress syndrome, adrenalitis and hepatitis
with disseminated intravascular coagulation. Neonatal HSV-1
and HSV-2 infection, and primary infection in immunosup-
pressed subjects (particularly children), are associated with vis-
ceral infections. Prompt diagnosis of HSV-related liver damage
is critical, as this is one of the very few treatable causes of acute
hepatitis. The disease has a high mortality rate (41–79%); the
liver lesions are severe and lead to rapid hepatic failure [5].

Neonatal HSV hepatitis occurs in the setting of disseminated
infection; it affects 25% of HSV-infected neonates, with an 
incidence of one case per 2000–5000 deliveries per year [6], and
is the most common of the infectious causes of neonatal acute
liver failure [7]. Besides the liver, other organs that are involved
include the central nervous system (CNS), lungs, adrenal glands,
skin, eyes and/or mouth. Diagnosis may be difficult because
60–80% of women who deliver an HSV-infected infant have no
evidence of genital HSV infection at delivery, or a past history of
genital herpes or sexual partner(s) with genital HSV [8]. With-
out appropriate antiviral therapy and liver transplantation, the
prognosis is poor.

HSV hepatitis in healthy adults is a rare, but potentially fatal,
disease, occurring mainly during primary infection; no definite
case of acute hepatitis has been reported during recurrent infec-
tion in immunocompetent hosts, although HSV may affect the
liver in this setting [9]. Mortality rates in untreated patients with
severe HSV hepatitis may be as high as 80% [10].

The clinical picture of acute HSV-related hepatitis includes
fever, upper right abdominal quadrant tenderness, abrupt 
elevations of bilirubin and serum aminotransferase levels 
and leukopenia (< 4000 white blood cells/µL). Disseminated
intravascular coagulation may also develop, rapidly followed 
by oliguria, encephalopathy and coma.

HSV hepatitis during pregnancy may result from primary 
or reactivated infections caused by both HSV-1 and HSV-2. 
The differential diagnosis includes severe preeclampsia,
preeclampsia/haemolysis, elevated liver function and low
platelets (HELLP  syndrome) and acute fatty liver of pregnancy,
as well as hepatitis caused by other viral pathogens or exposure
to exogenous substances, such as drugs [11]. Mucocutaneous
lesions are absent in nearly half of the cases [12]. Maternal and
neonatal mortality rates from HSV hepatitis may be as high as
39% [13].

Diagnosis is difficult because disseminated HSV infection is
rarely suspected in apparently immunocompetent, otherwise
healthy, subjects. Initial symptoms are non-specific; mucocutane-
ous oral/genital lesions are evident in 40–70% of cases [9,14]. 
In a review of HSV hepatitis [15], herpes simplex was considered
in the differential diagnosis in only 33% of patients, although 
the reported cases included 26 pregnant women and 15 patients
receiving immunosuppression for a variety of diagnoses. Fatal
HSV hepatitis has also been reported after corticosteroid treat-
ment in a neoplastic patient [16].

A high index of suspicion is required in order to ask for 
more specific tests (HSV-DNA detection in blood or biopsy

specimens). Given the potential for cure, the diagnostic workup
should proceed even in the presence of severe liver failure with
coagulopathy; prompt diagnosis via transjugular liver biopsy
should be undertaken and empirical treatment with aciclovir
also considered, even in the absence of typical cutaneous 
manifestations.

Immunocompromised hosts, such as bone marrow and solid-
organ transplant patients, patients undergoing chemotherapy
and those with extensive burns or who are severely malnour-
ished, are at greater risk of severe HSV infection. In these 
subjects, HSV causes extensive mucocutaneous infections and
may disseminate.

HSV-related disease in immunosuppressed patients is usually
the consequence of the reactivation of a latent infection [17].
The majority of patients awaiting liver transplantation are 
HSV-antibody positive [18]. In the immediate postoperative
period, the risk of HSV reactivation is high because of the 
induction of immunosuppression at the time of surgery. Most
recipients of kidney, liver and bone marrow transplants excrete
HSV-1 in saliva during the first 2–3 weeks after grafting. HSV-1-
seropositive recipients of a bone marrow transplant from an
HSV-seronegative donor are at higher risk for recurrence and
are more likely to develop aciclovir-resistant strains of HSV than
those who receive marrow from HSV-1-positive donors [19].
Mucocutaneous infection is the most common manifestation of
HSV reactivation, but HSV pneumonia and fatal hepatitis have
also been documented. Prophylaxis against HSV infection in
liver transplant recipients is not performed routinely, possibly
because data regarding the incidence and significance of HSV
reactivation in this population are lacking. In one study, ganci-
clovir was shown to reduce the incidence of symptomatic HSV
infections after liver transplantation to 3.5%, compared with
23.5% in transplant recipients given placebo [20].

Liver histology of fulminant HSV hepatitis reveals large areas
of necrosis, with HSV-DNA-positive hepatocytes detected using
in situ hybridization. Occasionally, Cowdry’s type A intranu-
clear inclusions are seen, which disappear after starting antiviral
treatment; numerous hepatocytes show DNA accumulation
beneath the nuclear membrane [21]. Massive liver infiltration
with mononuclear cells is not consistent with fulminant HSV
hepatitis; in addition to necrosis, apoptosis may play a sig-
nificant role in liver damage [22].

Diagnosis
Antibodies to purified HSV-1 and HSV-2 proteins are readily
detectable in serum of HSV-infected individuals but are of 
no use for diagnosing acute infection; the presence of serum
immunoglobulin (Ig)M antibodies, as well as fourfold increases
in the IgG antibody titre, are not patognomonic of primary
infection because they may arise during reactivation.
Nevertheless, serology is an accurate tool for identifying subjects
with longstanding HSV infection [23]. Type-specific IgG 
antibodies to the glycoproteins gG1 (HSV-1) and gG2 (HSV-2),
which are antigenically distinct, may be detected in serum, and
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HSV-2 screening is recommended in selected groups at risk
[24]; Western blotting may distinguish HSV-1 from HSV-2
infections, with a sensitivity and specificity that is greater than
98% [25].

Herpes simplex should be considered in the differential diag-
nosis of acute hepatitis when other viral or toxic causes are ruled
out. Patients should be asked about sore throat, odynophagia,
dysuria or genital discharge to determine the most likely loca-
tion of vesicles. Both exposed and unexposed skin surfaces
should be examined, searching for mucocutaneous lesions; a
pelvic examination may be necessary as vesicles on the cervix
may not be accompanied by vulvar or vaginal vesicles. If lesions
are identified, Giemsa or Wright staining of scrapings from their
base (Tzanck test) allows a rapid microscopic diagnosis, with
demonstrations of multinucleated giant cells with the charac-
teristic ground-glass nuclear inclusion bodies (Cowdry’s type A).
Viral antigens may also be demonstrated on cytological prepara-
tions using fluorescent antibody staining [5]. HSV infection can
be confirmed by viral culture or by polymerase chain reaction
(PCR) detection of HSV DNA in blood and tissue specimens.
Cultures should always be undertaken because they provide a
virus isolate that can be typed. A scraping of skin vesicles should
be taken from any skin lesions and transferred in appropriate
virus transport media to a virology laboratory for inoculation
onto a susceptible cell culture. A cytopathic effect usually de-
velops 24–48 h after inoculation; antiviral treatment should 
not be delayed while awaiting cultural diagnosis [18].

Therapy
Aciclovir, a synthetic acyclic purine nucleoside analogue, is the
standard first-line therapy for HSV infection. The precursor
drugs valaciclovir and famciclovir have better oral bioavailab-
ility than their activated forms aciclovir and penciclovir re-
spectively. Renal dysfunction can occur, especially with rapid
intravenous infusion of large doses of aciclovir, but this is rare
and usually reversible. The risk of nephrotoxicity can be reduced
by slow infusion and by ensuring adequate hydration. The intra-
venous administration of aciclovir has also been linked to dis-
turbances of the CNS (agitation, hallucinations, disorientation,
tremors and myoclonus). Oral aciclovir has been associated with
renal failure in elderly individuals [26]. Because aciclovir crosses
the placenta and is concentrated in amniotic fluid, there is con-
cern about potential fetal nephrotoxicity; however, none has
been observed [27].

In immunocompromised patients, particularly after induc-
tion chemotherapy or transplantation, aciclovir prophylaxis
reduces the rate of symptomatic HSV infection; famciclovir 
and valaciclovir have similar effects [6].

Resistance to aciclovir can develop and is often associated
with clinical failure; this is an important issue in allogeneic bone
marrow transplant recipients [28]. Resistance most often occurs
via mutations in the gene for viral thymidine kinase (TK), which
is required for phosphorylation of the drug; resistance was
reported in 0.28–0.33% of HSV isolates recovered from 

normally immunocompetent subjects in the general population 
[29]. Higher resistance rates were observed in subjects with 
a depressed immune function (6–7.6%), in bone marrow 
graft recipients (7.0–15.4%) [28] and in subjects with human
immunodeficiency virus (HIV) infection (4.2–7.1%) [30].
Factors that increase the development of aciclovir resistance
include previous treatment with aciclovir, HIV-1 infection and
graft-versus-host disease (GVHD).

Foscarnet and cidofovir retain activity against TK-deficient
strains of HSV. Foscarnet is the treatment of choice for aciclovir-
resistant HSV infection; mutations in the HSV-DNA poly-
merase occur less frequently but may confer resistance to either
foscarnet or aciclovir [31]. Infections with HSV strains that 
are resistant to both aciclovir and foscarnet can be treated with
cidofovir, a nucleotide analogue that is active against a wide
range of DNA viruses, including HSV [32]. HSV resistance to
cidofovir has also been reported [28].

Ganciclovir, a synthetic analogue of 2′-deoxyguanosine,
inhibits the replication of HSV-1 and HSV-2 in vitro, but it has
not been used in HSV infections in humans; HSV strains that are
resistant to aciclovir appear to also be resistant to ganciclovir.

Varicella-zoster virus
Humans are the only host and reservoir of varicella-zoster virus
(VZV). Primary infection is spread via the respiratory route; the
virus replicates in the nasopharynx and is transferred to migrat-
ing T cells, with dissemination to the lymphoreticular organs
and the skin, resulting in chickenpox with a rash (varicella).
After primary infection, VZV becomes latent within the dorsal
root ganglia; when latency is disrupted, the virus is transported
along neuronal axons to the skin and this reactivaction leads to
herpes zoster. VZV is endemic in the population but becomes
epidemic among susceptible individuals during seasonal periods
(late winter and early spring).

Clinical hepatitis is not observed in healthy children with
uncomplicated primary varicella, although 28% of them may
show abnormal aminotransferase levels [33]; however, in one
study [34], only 1.4% of healthy children showed an increase 
in the alanine aminotransferase level that was at least two 
times greater than the upper limit of normality. In apparently
immunocompetent infants of less than 12 months, primary
varicella may result in high mortality rates [35] because of com-
plications such as pneumonitis, encephalitis and haemorrhagic
manifestations (but not severe hepatitis). Reye syndrome, 
an abrupt mitochondrial failure manifesting as acute enceph-
alopathy and liver dysfunction with fatty infiltration, is often
preceded by varicella.

Perinatal varicella is associated with mortality rates that are 
as high as 30% when maternal disease develops between 5 days
before delivery and 48 h postpartum.

Primary varicella may run a severe course in apparently
immunocompetent adults and may be complicated by pneu-
monia (occurring in about 1 in 400 cases), viral encephalitis, 
haemorrhagic conditions and secondary infections. However,
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even in these cases, severe hepatitis with liver failure is excep-
tional, although liver enzyme elevations of up to three times the
upper normal level or higher are common (particularly in men)
[36,37].

In immunocompromised children and adults, primary 
varicella may be life-threatening. Most cases of VZV-related
hepatitis and acute liver failure were reported in patients who
were immunocompromised because of acute leukaemia, [38,39],
bone marrow [40–42] or solid-organ transplantation [43,44],
or acquired immune deficiency syndrome (AIDS) [45].

The use of systemic corticosteroids greatly increases the risk 
of fatal primary varicella hepatitis, even in the absence of under-
lying pathological conditions [46,47].

VZV reactivation is common after haematopoietic stem cell
transplantation (HSCT), as T-cell immunity against VZV, which
is crucial for the re-establishment of latency, recovers slowly
[48]. The incidence of herpes zoster in children following HSCT
has been reported to be in the range of 23–67% in the 5 years
post-HSCT [49].

The infection may be confined to the skin; however, visceral
involvement, including hepatitis, pneumonitis and meningo-
encephalitis, can also occur. Visceral involvement occurs in
approximately 1% of adults [40] and in around 7% of paediatric
bone marrow transplant recipients with VZV reactivation [50];
pneumonitis and hepatic failure are the most important causes
of death. Visceral involvement is probably underdiagnosed, as
immunosuppressed patients may fail to develop the skin rash in
the early phase of the infection; nevertheless, aminotransferases
are frequently slightly elevated before development of the rash in
cases in which herpes zoster involves visceral abdominal organs
[51]. Therefore, an otherwise unexplained aminotransferase ele-
vation might serve as a potential marker for preclinical herpes
zoster infection [52]. Visceral VZV infection often presents as
poorly localized abdominal pain accompanying pancreatitis,
hepatitis and paralytic ileus. In a series of patients [40], the pain
was epigastric, occasionally involving the right upper quadrant
or radiating to the back. Fever and skin rash may be initially
absent and may develop up to 5 days or later after abdominal
pain. [53]. VZV reactivation should be included in the differ-
ential diagnosis of the many causes of elevated alanine and 
aspartate aminotransferases post-HSCT; in one study [42], the
majority of patients with elevated alanine aminotransferase 
levels preceding herpes zoster did not have concomitant GVHD,
which can independently cause liver dysfunction.

The diagnosis of VZV hepatitis is based on PCR and immuno-
histochemical analysis of liver tissue obtained by biopsy or post-
mortem. PCR analysis of blood may be of diagnostic value in 
visceral VZV before the signs of infection appear on the skin,
enabling early diagnosis and treatment [54].

Therapy
Prevention of VZV infection/reactivation has been attempted 
in immunocompromised (mostly transplanted) patients using
both antiviral drugs and vaccines. Aciclovir, either at low 

(400 mg/day) or high (1600 mg/day) doses, taken for up to 6–12
months after bone marrow transplantation, was shown to delay,
but not prevent, disseminated herpes zoster [55,56]; ganciclovir
showed similar results [55].

Inactivated varicella vaccine is immunogenic; it significantly
reduced the incidence of herpes zoster when four doses, the first
given 30 days before transplant, were administered to patients
with lymphoma who received an autologous HSCT [57].

Betaherpesvirinae subfamily

The Betaherpesvirinae subfamily includes human cytomega-
lovirus (CMV; HHV-5), HHV-6 and HHV-7.

Cytomegalovirus

Virology
CMV or HHV-5 is the largest known HHV, with a linear double-
stranded DNA of about 230 kDa. The viral DNA is wrapped in a
nucleoprotein core and is surrounded by a proteinaceous matrix
and the pp65 antigen, which can be detected in host cells by
immunofluorescence, immunoperoxidase and other antigen
detection methods. The viral matrix is surrounded by a lipid
bilayer containing viral glycoproteins. Glycoprotein B (gB) is 
the major envelope glycoprotein of CMV; it is implicated in
host-cell entry, cell-to-cell virus transmission and fusion of
infected cells and is also an important target for both humoral
and cellular immune responses [58]. Latency of CMV depends
on mechanisms that are still unknown; the downregulation 
of human leukocyte antigen (HLA)-1 expression at the cell 
surface may play a role by preventing immune recognition 
and destruction of infected cells. Disease most often follows 
the reactivation of CMV induced by HIV- or drug-mediated
immunosuppression.

Diagnosis of CMV infection
Serology is useful only for the determination of a patient’s
serostatus, as in pretransplant workup; it is of limited value in
the diagnosis of acute CMV infection, with the exception of
infection in immunocompetent adults. The presence of IgM
antibodies to CMV immediate-early and tegument proteins, as
well as to membrane glycoproteins, is usually associated with
acute infection in immunocompetent subjects [59]; however,
they are also reported in about one-third of recurrent infections
in transplanted patients. On the other hand, specific IgM anti-
bodies may be absent in AIDS patients with generalized CMV in-
fection. Primary acute infection in immunocompetent adults can
be diagnosed by IgG antibody seroconversion (i.e. IgG serology
changing from negative to positive) to both non-structural and
structural CMV antigens. A low avidity of IgG antibodies is also
significantly associated with recent primary infection.

In all other situations, only the direct demonstration of the
virus or its components is of diagnostic value. This is particularly
the case in immunocompromised patients, in whom the 
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diagnosis of ‘CMV infection’ requires isolation of CMV or
detection of viral proteins/nucleic acid in body fluids or tissue
specimens. [60]. Traditional viral cultures on human fibroblast
cells are too time-consuming and insensitive to be of diagnostic
use in acute disease. Modern culture techniques using ‘shell vial’
cell monolayers and monoclonal antibodies to immediate-early
CMV antigens can result in the detection of viral growth after
overnight incubation. Virus may be grown from semen or cer-
vical swabs from healthy subjects, as well as from throat swabs
and urine from patients with asymptomatic infection or during
recovery from acute primary infection. Viraemia, defined as the
isolation of CMV from blood by standard or ‘shell vial’ rapid
culture techniques, is highly suggestive of pathogenic infection
in immunocompetent subjects. Rapid viral culture for diagnos-
ing acute systemic infection is best carried out using tissue,
bronchoalveolar lavage (BAL) fluid and urine; however, CMV
growth from these specimens taken from immunocomprom-
ized subjects is often positive in the absence of invasive disease.
In viraemic patients, viral antigens, such as the matrix phospho-
protein pp65, are detectable in peripheral blood granulocytes
using a monoclonal antibody (CMV antigenaemia). As with
viraemia, the presence of antigenaemia in an immunocom-
petent subject is suggestive of clinically relevant infection.

In immunocompromised patients, antigenaemia resulting
from recurrent CMV infection is frequent, regardless of the 
clinical features, and cannot be used to diagnose end-organ dis-
ease. However, as the rate of antigen-carrying cells correlates
with both viraemia and CMV mRNA levels in leukocytes, counts
of pp65-positive cells exceeding six per 200 000 granulocytes are
predictive of the development of clinical disease [61].

To assess the viral load in immunocompromised patients,
many laboratories are now using molecular techniques based on
the detection of CMV DNA by signal or DNA amplification or
on the detection of late-CMV mRNA. Some of these techniques
allow a true quantitative definition of the ‘CMV viral load’
(CMV DNAemia) in samples of plasma, whole blood or periph-
eral blood buffy-coat specimens. Viral load can be used as a pre-
dictor for the development of CMV end-organ disease in AIDS
[62] and transplant patients [63,64]; trends are more useful than
individual assay results, as the rate of rise of viral load and initial
quantitative viral load assessment are independent indicators of
CMV disease risk [65]. In liver transplant patients, the optimal
cutoff for CMV viral load that can be used to predict disease 
is around 5000 copies/mL, with a sensitivity of 85.7% and a
specificity of 86.8% [66]. Determination of the CMV viral load
appears to be the key diagnostic tool for patient surveillance and
management of CMV disease if pre-emptive approaches are
used, i.e. the use of antiviral therapy to lower CMV-DNA levels
to prevent end-organ disease. The detection of CMV pp65
mRNA in plasma, whole blood or buffy-coat specimens using
nucleic acid sequence-based amplification (NASBA) or reverse
transcriptase PCR (‘RNAemia’) has been found to be predictive
for the development of symptomatic disease, although with a
lower sensitivity [67].

Histopathological examination of tissue is important in 
diagnosing invasive disease, as virus cultivation from tissue 
and body fluids may be the consequence of viraemia and not of
tissue invasion. Single large intranuclear inclusions, which give
the cell an ‘owl’s eye’ appearance, may be found in lung, hepato-
cytes, Kupffer cells and biliary tract epithelium (Fig. 1). The use
of immunohistochemistry with monoclonal antibodies and/or
in situ hybridization to identify CMV-infected cells results in
more sensitive morphological analysis.

Epidemiology and pathogenesis
Primary infection may be acquired at any age via saliva, sexual
contact, placental transfer, breastfeeding, blood transfusion or
solid-organ transplantation or HSCT. Congenital infection fol-
lows intrauterine transmission; this can occur in about 40–45%
of pregnant women who acquire a primary CMV infection dur-
ing the first trimester of gestation, and in about 8% of women
who have preconceptional primary infections [68].

The rate of CMV infection increases steadily with age, result-
ing in a seroprevalence of 30–70% in young adults in developed
countries, and of nearly 100% in some African regions. Primary
infection is frequent during adolescence, and rates of congenital
CMV infection are higher among infants born to mothers
younger than 20 years of age [69]. In socially disadvantaged
groups – particularly in developing countries – and homosexual
men, seroprevalence rates may exceed 90% [70].

After a primary infection, the virus persists in the body and 
is harboured mainly in leukocytes, cells of the myeloid lineage
and endothelial cells, from where recurrent infection may
develop [71].

‘Recurrent infection’ is defined as the new detection of CMV
infection in a patient with a previously documented infection, in
whom the virus was not detected for an interval of at least 4
weeks during active surveillance. Recurrent infection may result
from reactivation of the latent virus (endogenous) or reinfection

Fig. 1 CMV liver infection. ‘Owl’s eye’ inclusions in bile duct cells within
portal inflammation (× 400).
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(exogenous). ‘Reinfection’ is defined as the detection of a CMV
strain which is different from the strain that caused the patient’s
original infection, and may be documented by sequencing
specific regions of the viral genome. In immunocompetent sub-
jects, primary infections, as well as reactivations and reinfec-
tions, are usually asymptomatic; however, there are rare reports
of severe and even fatal CMV infections in previously healthy
children and adults. In contrast, immunosuppressed patients
and, particularly, organ transplant recipients have significant
mortality and morbidity rates as a result of primary CMV infec-
tion from donated organs or blood products, as well as from
reactivation [72] or reinfection.

CMV hepatitis
‘CMV hepatitis’ is defined by the presence of elevated liver
enzyme and/or bilirubin levels, the absence of other causes of
hepatitis and the detection of CMV in a liver biopsy specimen
(by culture, immunohistochemical analysis or in situ hybrid-
ization). Detection of CMV by PCR analysis of serum is not
sufficient, as it only implies the presence of viraemia; the finding
of CMV within liver tissue is required.

In neonatal hepatitis, newborns may display hep-
atosplenomegaly, cholestatic jaundice, thrombocytopenia,
petechiae and elevated liver enzymes in a setting of intrauterine
growth retardation and severe neurological symptoms; the 
hepatitis tends to be self-limiting, although mortality may be as
high as 10% and neurological sequelae persist [73].

Primary CMV infection in young adults may cause an 
infectious mononucleosis-like syndrome with fever, weakness,
lymphadenopathy, pharyngitis and lymphocytosis. It is esti-
mated that 79% of infectious mononucleosis is caused by the
Epstein–Barr virus (EBV) and the other 21% by acute CMV
infection. [73]. Patients with acute CMV are usually older than
those with EBV mononucleosis (more than 30 years of age com-
pared with 15–20 years) and have longer durations of fever and
malaise (up to 32 weeks, with a mean duration of 7–8 weeks).
Pharyngeal exudates, lymphadenopathy and peripheral leuko-
cytosis are less common in CMV than in EBV infection; atypical
lymphocytosis may be delayed by several weeks, but may persist
for months. Although symptomatic hepatitis is rare in immuno-
competent patients with CMV mononucleosis, liver function
abnormalities are found in 69% of acute CMV infections [74].
Frank jaundice is seen in only about 10% of patients, with
haemolytic anaemia sometimes contributing to the icterus
[75,76].

A diagnosis of CMV hepatitis is very likely in this clinical 
setting; it is confirmed by high CMV IgM levels (> 300 U/mL)
and IgG seroconversion [71]. CMV pp65 antigenaemia is of 
little help in diagnosis because it has poor sensitivity in
immunocompetent patients (about 50%); in addition, the
CMV-DNA viral load is usually low and does not correlate with
the severity of clinical disease. Liver histology reveals mono-
nuclear cells infiltrating the portal areas, along with giant cells,
microscopic granulomas and few foci of necrosis. ‘Owl’s eye’

cells are rare or may be absent in hepatocytes but are more 
frequent in the bile duct epithelium. Acute hepatitis in the 
setting of acute primary CMV infection generally resolves.

CMV hepatitis in immunocompromised subjects is usually a
manifestation of disseminated disease in AIDS patients or after
transplantation. As recurrent infection is common, it may be
difficult to distinguish between CMV reactivation with viraemia
and end-organ disease.

In solid-organ transplantation, the risk of developing clin-
ically significant CMV disease depends primarily on the CMV
serostatus of both the donor and recipient. Seronegative recipi-
ents of an allograft from a seropositive donor are at greatest 
risk [77]; without effective prophylaxis, 50–75% will develop
CMV disease [78]. If the donor is CMV-seronegative, CMV
transmission – particularly in stem-cell transplantation – occurs
mainly via blood products; the use of blood products from
seronegative donors or of leukocyte-depleted blood products is
recommended. The risk of CMV disease is also dependent on
age, occurring in 5–16% of adult and 6% of paediatric transplant
recipients, and on the type of organ transplanted. Steroids, the
monoclonal antibody OKT-3 and polyclonal antilymphocyte
globulins have been associated with an increased risk of disease,
whereas ciclosporin and tacrolimus were not found to be of 
risk; conflicting data exist on the risk of mycophenolate mofetil.
The risk associated with newer agents, such as sirolimus and the
interleukin (IL)-2-receptor antibody, is unknown. The overall
intensity of immunosuppression appears to be more important
in determining risk than the use of any specific immunosuppres-
sive agent [79]. Higher and more rapid increases in CMV viral
load, as well as the presence of multiple CMV gB genotypes rather
than a single gB genotype, are associated with an increased risk
of CMV infection/disease [80] and with acute graft rejection (in
renal transplantation) or chronic graft dysfunction.

Hepatitis is the most common organ-specific complication 
of CMV infection after liver transplantation. In a study of 
253 liver transplantations, CMV hepatitis was diagnosed in 11% 
of patients; the incidence was higher among seronegative 
(26%) than seropositive recipients (9%), and most cases (70%)
occurred during reactivation rather than primary infection. 
The histological alterations associated with CMV infection may
cause problems in the differential diagnosis of acute rejection, 
in particular, mild forms of rejection. The ballooning of hepato-
cytes, a marked Kupffer cell reaction and the presence of
microabscesses are typical of CMV hepatitis. Findings of portal
lymphocytic infiltration, endotheliitis and cholestasis may not
be distinguishable from findings in mild forms of acute rejec-
tion. Evidence of graft dysfunction, together with minor but
confusing histological findings, may lead to unnecessary antire-
jection treatments, which may further aggravate CMV infection.
Of note, it has been suggested that CMV infection may trigger a
mild subclinical rejection [81]. CMV significantly increased the
expression of ICAM-1/VCAM-1 adhesion molecules and their
ligands (LFA-1, VLA-4), as well as MHC class II- and IL-2-
receptor-positive lymphocytes in the graft. CMV hepatitis had
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no influence on the long-term outcome of the graft, but biliary
complications were common [81].

CMV infection has been associated with cirrhosis and graft
failure after liver transplantation, and with a more aggressive
relapse of hepatitis C with rapid progression of fibrosis. CMV-
induced immunosuppression may increase the risk of oppor-
tunistic (particularly fungal) infections, as well as EBV-related
post-transplant lymphoproliferative disorders [82]. Infection 
is diagnosed by monitoring CMV pp65 antigenaemia; liver 
histology is required for definite diagnosis, including the dem-
onstration of CMV antigens on immunohistochemistry and
CMV DNA by in situ hybridization. CMV antigens are mainly
located in the inflammatory cells of portal infiltrates, but can
also be found within a few infected hepatocytes. No CMV-
positive endothelial or bile duct epithelial cells have been
recorded.

Therapy
Ganciclovir, foscarnet and cidofovir are the antiviral drugs that
are currently used for the treatment of systemic CMV disease.
Ganciclovir remains the preferred first-line agent; the other two
drugs may be nephrotoxic when combined with ciclosporin.
Appropriate drug dosing is important because subtherapeutic
drug levels in the face of high viral loads promote resistance;
however, the majority of documented cases of recurrent CMV
disease have been caused by incomplete suppression of viral
replication rather than drug resistance.

Symptomatic CMV disease is generally treated with a 2–4
week course of intravenous ganciclovir; the risk of relapse is 
estimated to be about 25–30% [83]. Factors such as pretransplant
donor/recipient CMV serostatus, the presence of multisystem
disease, treatment of rejection and intensity of immunosuppres-
sion (e.g. antilymphocyte therapy) may influence the risk of
relapse. Patients who relapse have significantly higher initial
CMV viral loads, lower rates of CMV clearance and are
significantly more likely to have CMV viral loads that are
detectable in peripheral blood or plasma at the end of therapy
[84]. Thus, viral load kinetics (i.e. rate of change of viral load)
seems to be an early predictor of both an increased risk of 
developing CMV disease, which is associated with a faster rate of
viral load increase [65], and a good response to treatment, which
is associated with a faster rate of viral load decrease (mean half-
life of 3.17 days, compared with 8.8 days in non-responders).

Foscarnet and cidofovir are alternative treatments when
drug-resistant strains emerge during ganciclovir therapy. Drug
resistance may also appear during treatment with foscarnet or
cidofovir; cidofovir cross-resistance can result from prolonged
therapy with ganciclovir alone. CMV drug resistance mutations
map to the UL97 phosphotransferase (kinase) sequence at
codons 460, 520 and 591–607, which confer resistance only to
ganciclovir, or to the DNA polymerase gene between codons 300
and 1000; resistance to each of the three drugs has been mapped
within this codon range [85], and appears to be significantly
associated with drug-resistant CMV with high peak virus loads.

The genotypic drug resistance assay is the test of choice for 
guiding treatment strategy, as rapid results may be obtained and
many different mutations are detectable by automated sequenc-
ing of PCR products amplified from DNA extracted from viral
cultures.

CMV-seronegative recipients of a liver graft from CMV-
seropositive donors have the greatest risk for CMV disease. A
prophylaxis trial of sequential intravenous and oral ganciclovir
versus prolonged intravenous ganciclovir in high-risk CMV-
seronegative liver transplant recipients with CMV-seropositive
donors did not show significant differences between the two
groups. All cases of CMV occurred more than 90 days after
transplantation and there were no deaths from CMV in either
study group. Both oral and intravenous ganciclovir were gener-
ally well tolerated. This study indicates that, after induction with
14 days of intravenous ganciclovir, oral treatment can be as
effective as intravenous for the long-term prophylaxis of CMV
disease [77].

Human herpesvirus types 6 and 7
HHV-6 and HHV-7 are lymphotropic viruses with high 
tropism for human CD4+ T lymphocytes; they may infect
monocytes/macrophages and embryonic glial cells, as well as
EBV-transformed B lymphocytes. About 64–83% of all humans
are already infected with HHV-6 by 13 months of age, and 
more than 96% are infected by the age of 2 years [86]; HHV-7
infection is acquired later, over the first 5–6 years of life. After
primary infection, both viruses persist for life and are shed in
saliva, which is the major route of transmission [87]. Liver
involvement was not observed in a large series of acutely ill,
febrile children with culture-proven HHV-6 primary infection
[88], but a few anecdotal cases of severe or fulminant hepatitis at
the time of primary HHV-6 infection have been reported in
newborns or infants [89,90], as well as in adults [91]. However,
although HHV-6 infection appeared to be well-documented in
these cases, the involvement of the virus in episodes of clinically
relevant hepatitis remains questionable. As HHV-6 is ubiquitous,
its long-lasting persistence or reactivation may be concomitant
with an acute hepatitis episode but may not necessarily cause it;
even the detection of viral DNA in tissue using PCR cannot be
considered as definite proof of virus-related organ disease, as
circulating lymphocytes carrying latent HHV-6 may be trapped
within the liver in viraemic patients. More convincing data on
the relationship between HHV-6 primary infection and severe
acute hepatitis has arisen from recent studies employing real-time
quantitative PCR analysis of liver tissue [92]. This technique,
which allows a precise assessment of tissue viral HHV-6 DNA
levels normalized for the number of hepatocytes examined [93],
has led to the detection of liver viral loads exceeding 270 000
copies/105 hepatocytes, ruling out the possibility of ‘incidental’
lymphocytes or other mononuclear cells within the liver carry-
ing the virus.

Virus reactivation with viraemia is common after transplan-
tation, occurring in one-third of solid-organ and half of bone
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marrow recipients within 4 weeks of transplantation; however,
no definite role of reactivation has been documented, so far, 
in organ disease (including post-transplant hepatitis) [94].
Symptomatic HHV-6 reactivation with fever or rash may be
temporally associated with pneumonia, encephalitis and GVHD.
These conditions are usually caused by reactivation of other,
more overwhelming, opportunistic agents like CMV [95,96].

Treatment
The in vitro sensitivity of both HHV-6 and -7 to anti-herpetic
drugs parallels that of CMV: cidofovir and foscarnet are
inhibitory at pharmacologically suitable concentrations, ganci-
clovir activity is variable and aciclovir is inactive.

Both ganciclovir and foscarnet have been reported to be 
effective for prophylaxis or treatment of HHV-6 infections in
transplanted patients [97].

Gammaherpesvirinae subfamily

The gammaherpesvirinae subfamily is characterized by a rel-
atively restricted host range. Gamma-1 herpesviruses (lym-
phocryptoviruses) include EBV and EBV-like viruses, which
infect humans and nonhuman primates respectively; gamma-2
herpesviruses (rhadinoviruses) may infect humans (Kaposi’s
sarcoma-associated herpesvirus; KSHV or HHV-8), as well as
rodents and old- and new-world monkeys. Specific cell tropism,
including B and T lymphocytes (in vivo) and lymphoblastoid cells
(in vitro), latency in either B or T cells, and cell-transformation
capabilities with frank oncogenic potentials, are typical of this
subfamily.

Epstein–Barr virus
EBV (HHV-4) is a ubiquitous HHV; it is the causative agent 
of heterophile-positive infectious mononucleosis (whereas the
heterophile-negative form is mainly caused by CMV). EBV is
associated with the development of malignancies, including
Burkitt’s lymphoma, Hodgkin’s lymphoma, nasopharyngeal
carcinoma and immunosuppression-related lymphomas, such
as post-transplant lymphoproliferative disease (PTLD) and the
AIDS-related diffuse large-cell (B-cell) lymphoma, primary
CNS lymphoma and primary effusion lymphoma of body 
cavities.

Virology and serology
EBV has a double-stranded DNA genome encased in a protein
nucleocapsid, which is surrounded by a lipid envelope with
embedded viral glycoproteins. Primary infection results from
the exposure of susceptible individuals to oropharyngeal secre-
tions of seropositive subjects through kissing, intimate contact
or sharing of food; it is debated whether productive (lytic) repli-
cation in epithelial cells precedes virus spreading to the B-cell
compartment [98]. B lymphocytes are driven to rapid and con-
tinuous proliferation by EBV, resulting in indefinite in vitro
propagation (immortalization) [99]; in vivo, these cells are 

usually removed from the circulation in immunocompetent
hosts as a result of a strong T-cell adaptive response [100].

Viral persistence is established by switching to latency, in
which the genome circularizes in the nucleus and is replicated as
an episome by the host-cell enzyme machinery. Although com-
plete virions are not produced, this in not true latency; limited
gene transcription continues, with the expression of different
proteins such as the EBV nuclear antigens (EBNAs) and latent
infection membrane proteins (LMP-1 and LMP-2) [101].
EBNAs promote the replication of the latent viral genome in the
episomal state by host-cell machinery, ensure proper segrega-
tion of the EBV genome in daughter cells and activate expression
of remaining nuclear proteins and of LMP-1 and LMP-2 [102].
LMP-1 is the major EBV oncogene, whose expression results 
in B-cell lymphomas [103]. EBV accounts for 1% of the global
cancer burden and 5.6% of all infection-related malignancies
[104]; most EBV-associated malignancies are associated with
latent infection and latent gene expression.

Lytic infection, with active production of virions and cell
death, may be the consequence of either primary infection 
or reactivation. Reactivation of latent infection is induced 
by different stimuli, particularly by antibodies to surface
immunoglobulins (B-cell receptors) after antigenic stimulation.
As a consequence, expression of immediate-early genes is
induced, leading to production of early antigens (EAs) involved
in viral replication (thymidine kinase, DNA polymerase), fol-
lowed by expression of late genes encoding structural (capsid)
antigens (viral capsid antigens, VCAs) [105].

The humoral immune response to EBV is characterized by the
production of specific antibodies to the lytic infection-associated
antigens (VCA and EA) and latency-associated nuclear antigens
[EBNA-1, -2 and -3, and the EBV nuclear leader protein
(EBNALP)], as well as to some antigens found on sheep, horse
and beef red cells (heterophile antibodies).

Heterophile agglutinating antibodies (mostly IgM) to sheep
and horse red cells are detectable in 90% of patients at some
point during infectious mononucleosis, and persist for 1 year in
70–75% of cases. Heterophile antibodies may also be present 
in normal serum (naturally occurring Forssman’s antibodies),
leading to false-positive results. The differential absorption of
serum with guinea pig kidney cells (which remove Forssman’s
and serum sickness-associated antibodies, but not mononucleosis-
associated heterophile antibodies) and with beef red cells (which
remove mononucleosis-associated but not Forssman’s antibodies)
increases the test specificity. Titres of 40 or more after guinea 
pig absorption are compatible with infectious mononucleosis,
although false-positive results may be found in 7–12% of patients,
and false-negative results are common in paediatric age groups
or in the very early phase of disease, warranting later retesting in
the course of the illness.

Specific antibodies to structural VCAs and nonstructural 
EAs expressed during the lytic cycle, as well as antibodies to
latent EBNAs, are detectable by indirect immunofluorescence 
or enzyme immunoassays. Anti-VCA IgG antibody levels are
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usually close to peak at the time of presentation, so that a four-
fold rise in titre, which is required to confirm acute infection, is
detectable in only 10–20% of patients with mononucleosis or
related complications. As IgG antibodies to VCAs persist for life,
their detection is only useful for an assessment of serostatus.
Conversely, IgM antibodies to VCAs at titres of 1/32 or greater
are detectable in 90% of early acute infections, but are present 
in no more than 10% of patients after 4 months; their presence 
is therefore diagnostic of acute EBV infection. IgM antibodies 
to VCAs may be absent in 10–20% of acute infections. This 
diagnostic dilemma may be solved by measuring the avidity of
IgG antibodies, i.e. the stability of binding to the antigen in the
presence of urea; recent infection is characterized by low IgG
avidity values.

Antibodies to EAs are found in about 70% of patients with
acute infectious mononucleosis, peak at 3–4 weeks after disease
onset and disappear after 3–6 months; in contrast, antibodies to
EBNAs are not detectable until 3–4 weeks after disease onset,
but persist for life in about 100% of infected patients. Thus, the
appearance of antibodies to EBNAs in patients who were negat-
ive at the beginning of the illness is diagnostic of acute primary
EBV infection.

In view of the high sensitivity and specificity of the serological
tests, and the intermittent virus shedding by healthy seropositive
subjects, virus detection by culture of oropharyngeal washings
or circulating mononuclear cells is of little value in immuno-
competent subjects with acute infection. The detection of virus
in tissues by PCR amplification of viral DNA or by EBV-encoded
RNA in situ hybridization (EBER-RISH) is also of limited clinical
use when employed alone, because of the ubiquitous presence 
of virus-infected B lymphocytes trapped in peripheral organs
[106]. When obtained in combination, serological data consis-
tent with active infection and suggestive histopathological fea-
tures and tissue detection of viral DNA by PCR may be useful.

Epidemiology and pathogenesis
Antibodies to EBV are detectable in more than 90% of the
world’s adult population, without predilection for sex, ethnicity
and socioeconomic status. In the western world, only 50% of
primary infections occur before the age of 5 years, with a second
wave of infections occurring in the second decade of life. EBV 
is labile when exposed to the environment, and may be spread
only by intimate contact with virus shedders (kissing in adoles-
cents/young adults or transfer of saliva to susceptible children
within families through shared objects or food).

Most signs and symptoms of acute primary EBV infection
(infectious mononucleosis) in immunocompetent subjects are pro-
duced by immune activation, aimed at both EBNA-expressing B
cells and EBV-transformed mononuclear cells, which represent
20% of circulating B cells and 0.5% of mononuclear cells respec-
tively. Antigen-activated CD8+ cytotoxic T lymphocytes (CTLs)
that are highly specfic for EBV lytic antigens or EBNA proteins
are the major effectors of removal of proliferating or transformed
mononuclear cells during acute infection and suppression of

EBV-infected B-lymphocyte growth during subsequent viral
latency respectively [107].

EBV hepatitis
Typical infectious mononucleosis is characterized clinically 
by fever, sore throat, lymphadenopathy and splenomegaly, 
by the appearance of heterophile antibodies and by mononu-
clear leukocytosis with atypical lymphocytes. Transient and 
self-limited liver enzyme elevations are found in the majority 
of patients (80–90%) [108]. In adults over the age of 40, 
abdominal pain with fever and transaminase/akaline phos-
phatase alterations may predominate. Jaundice with a frank
cholestatic picture may be present in 5–7% of cases [108–111].
Histopathology shows minimal swelling and vacuolization of
hepatocytes and bile ducts, with pleomorphic lymphocyte and
monocyte portal infiltration; biliary stasis is rare.

Severe hepatitis is rare in immunocompetent individuals with
infectious mononucleosis and only a few lethal cases have been
reported [112,113]. The majority of cases of severe and potenti-
ally lethal liver damage are observed in immunocompromised
subjects with either X-linked (Duncan’s) lymphoproliferative
disease (frequently resulting in fulminant hepatitis at the time of
primary EBV infection) or post-transplant lymphoproliferative
disease, especially after liver transplantation (as a result of 
primary EBV infection or reactivation).

‘Chronic’ hepatitis has been tentatively linked to primary
infection [114] or chronic EBV infection [115]; liver histology 
in these patients shows portal and intrasinusoidal mononuclear
inflammatory cell infiltrates (mostly B and T lymphocytes, 
with rare plasma cells) and fatty changes, without significant
hepatocyte necrosis or liver structure disarray.

Autoimmune chronic hepatitis triggered by EBV through the
continuous proliferation of asialoglycoprotein receptor-specific
B lymphocytes has been reported [116]. Histopathology reveals
active lobular hepatitis with portal and sinusoidal mononuclear
cell infiltration, piecemeal necrosis and portal or bridging 
fibrosis [117,118]. Anti-smooth muscle antibodies may be pre-
sent [119].

In these patients, serology is generally consistent with latent
EBV infection, with absent or low-level antibodies typical of lytic
infection (IgG antibodies to EAs and IgM antibodies to VCAs),
but with significant titres of IgG antibodies to both VCAs and
EBNAs. Molecular techniques have revealed the presence of
EBV in liver tissue; however, the specificity of these techniques
may be weakened by the presence of circulating EBV-carrying B
lymphocytes ‘trapped’ within the liver at the moment of biopsy.
The paradox of viral latency in the lymphocytes infiltrating the
liver but not in the hepatocytes, which lack the CD21 epithelial
cell receptor for EBV and have not been found to contain EBV
sequences, remains unexplained [120].

As the mechanisms underlying EBV-related hepatitis are
poorly understood, reliable diagnostic criteria for EBV hepatitis
are lacking. Recent data suggest that the diagnosis of acute and
chronic EBV hepatitis should be based on the combination of
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four parameters: elevated liver enzymes, serology indicating
active EBV infection, typical histopathological changes and
demonstration of the viral genome in liver tissue by PCR or
EBER-RISH [121]. None of these parameters alone is sufficient
for a reliable diagnosis of EBV hepatitis outside infectious
mononucleosis. In all other situations, quantification of EBV
DNA should be carried out with highly standardized proce-
dures, such as real-time PCR [122,123], to establish clinically
significant thresholds for differentiating EBV-associated liver
damage from non-specific amplification of viral genomes in 
circulating B cells trapped within the liver.

Treatment
Adenine arabinoside, aciclovir and ganciclovir inhibit EBV
replication in vitro; these drugs are active only during lytic and
not latent infection, as they target the EBV DNA polymerase. A
decrease or suppression of viral excretion in pharyngeal secre-
tions may be obtained in infectious mononucleosis, without
affecting the course of disease. In fact, no significant benefit of
aciclovir in the treatment of mild, moderate and severe infec-
tious mononucleosis was demonstrated in a meta-analysis of
five randomized controlled trials [124].

Severe post-transplant EBV-related hepatitis is treated with
aciclovir or ganciclovir [125,126]. As the majority of cells in
lymphoproliferative disease are latently infected and do not
express the EBV DNA polymerase, they should not be sensitive
to aciclovir and ganciclovir; however, these drugs may act on
lytic EBV replication occurring in a small number of cells, 
limiting cell-to-cell spread of EBV and, thus, reducing the pool
of infected B cells [127].

Human herpesvirus type 8
HHV-8 (KSHV) is the only known human gamma-2 her-
pesvirus (rhadinovirus). Transmission is via sexual and non-
sexual routes; in adults from developed countries, 15–20% of
HIV-negative and 40% of HIV-infected male homosexuals 
are HHV-8 seropositive, whereas 10–20% of children in the
subendemic/endemic areas of the Mediterranean Basin [128]
and up to 50% of the general population of sub-Saharan Africa
are seropositive [129]. Saliva is likely to be the principal vehicle
of transmission [130]. HHV-8 DNA is detectable in tissues and
peripheral blood mononuclear cells from patients with HHV-
8-related diseases. The virus induces both latent and lytic 
infection; latent infection is the basis for the lifelong persistence
of the virus in human hosts, and latency-associated antigens
induce tumorigenesis by promoting cell growth and inhibiting
apoptosis [131].

HHV-8 is the cause of Kaposi’s sarcoma (KS), a proliferation
of virus-infected malignant dermal spindle cells with mono-
nuclear cell infiltration. The classic form of KS typically affects
elderly men of Mediterranean descent, with an indolent or
slowly progressive course involving the skin of the lower limbs.
The endemic KS of sub-Saharan Africa behaves similarly to the
classic form in adults but, in children under 10 years of age, it

may show an aggressive multifocal lymphadenopathic course,
which is usually fatal. The AIDS-associated KS observed in HIV-
infected adults predominates in homosexual men; it shows a
rapidly progressive and wide dissemination involving the skin of
the face and trunk, as well as the gastrointestinal and respiratory
tract. Invasive manifestations in other organs are less frequent.
The iatrogenic form of KS is reported with increasing frequency
in transplanted patients and patients who are on immunosup-
pressive or cytostatic treatment for autoimmune and neoplastic
diseases respectively. Primary HHV-8 infection in immuno-
competent hosts is usually asymptomatic; however, a mild self-
limited illness with fever and a maculopapular rash spreading
from face to trunk and limbs may be seen in children [132],
whereas fever, diarrhoea, localized rash and cervical lympha-
denopathy may be seen in immunocompetent adults [133].

Primary infection in immunocompromised patients shows a
different clinical picture and may have significant consequences.
In HIV-positive subjects, HHV-8 seroconversion may be followed
after some weeks by high fever, arthralgia, lymphadenopathy,
splenomegaly and skin lesions showing foci of KS and angiolym-
phoid hyperplasia; lesions have not recurred after starting
antiretroviral treatment. Disseminated KS with plasmacytosis
and bone marrow failure or fatal HHV-8-positive lymphoprolif-
erative disease has occurred in recipients a few weeks after trans-
plant of renal [134] or liver allografts, respectively, from HHV-8
seropositive donors [135,136].

Significant liver involvement has not been reported in
immunocompetent subjects with HHV-8 primary infection. In
contrast, liver tissue may be involved in KS and other HHV-8-
related malignancies in immunocompromised patients, par-
ticularly in the setting of primary acute disseminated infection 
– as in transplant recipients from an infected donor – or, less 
frequently, during HHV-8 reactivation in HIV-positive patients.

Treatment
Ganciclovir, cidofovir, foscarnet and adefovir, but not aciclovir,
show significant activity in vitro against HHV-8 lytic replication
but, similarly to other anti-herpetic drugs, not against latent
viral forms, which predominate in all HHV-8-associated dis-
eases; their use in this setting, therefore, seems unreasonable.
Only anecdotal reports exist on the treatment of acute infections
with disseminated disease following seroconversion in trans-
planted patients [137]; further studies are needed to elucidate
the role of antivirals in this setting, as well as in the prophylaxis/
pre-emptive treatment of graft recipients from HHV-8-positive
donors.

Measles

Measles is an acute, highly contagious, febrile illness caused 
by the rubeola virus, a morbillivirus belonging to the family
Paramyxoviridae.

Diagnosis is based on the demonstration of a serological
response, virus isolation (particularly in immunosuppressed
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patients in whom the antibody response is impaired) and
identification of viral antigens or RNA in tissue specimens. The
current standard serological diagnosis is based on the enzyme-
linked immunosorbent assay (ELISA) detection of specific IgM
antibodies alongside the rash, or on a fourfold or higher IgG
antibody titre increase in convalescent serum.

Clinically significant hepatitis in measles is rarely observed;
overt jaundice has been reported in only a few cases [138],
although increases in liver enzyme levels are seen in up to 80% 
of patients, particularly young adults [139]. In a small series of
patients with uncomplicated measles and asymptomatic liver
dysfunction, maximum alanine aminotransferase levels ranged
from 46 to 2910 IU/L; liver histology showed small foci of hepa-
tocyte necrosis, but no piecemeal necrosis, cellular infiltration 
or portal fibrosis were observed. Electron microscopy showed
no virus particles, and immunohistochemistry was negative,
although measles virus RNA was detectable in one case [140].
The pathogenesis of liver injury in measles is poorly understood;
immune-mediated or antipyretic-induced damage have been
hypothesized [141].

Secondary bacterial superinfections should be vigorously
treated as they are correlated with the severity of liver damage.
The efficacy of parenteral, as well as aerosolized, ribavirin in
complicated measles remains unclear.

Rubella

Rubella (German measles) is a febrile exanthem of children and
adults that is caused by a togavirus and is spread by droplets
from respiratory secretions of infected patients.

Mild hepatitis has been reported as an unusual manifestation
of postnatal rubella [142]. In the few cases reported in the liter-
ature, the age of the patients ranged from the second to the sixth
decade; aminotransferases did not exceed 350 IU/mL, whereas 
lactate dehydogenase (LDH) levels were greatly increased [143].
Liver histology revealed focal hepatocellular necrosis, cellular
swelling and mononuclear infiltration of portal spaces [144];
inflammatory cells within the liver were mainly CD8-positive/
CD16-negative mononuclear cells (T-cytotoxic lymphocytes),
suggesting that cell-mediated immune responses may play a role
in liver injury [145]. Thrombocytopenic purpura, meningoen-
cephalitis, hepatosplenomegaly, jaundice and hepatitis are tran-
sient manifestations that are observed at birth; type 1 diabetes
may develop in late childhood. Cholestatic jaundice with high
levels of alkaline phosphatase and bilirubin, and less significant
alterations of aminotransferases, are observed immediately after
birth; true hepatitis may occasionally occur, with focal hepatocyte
necrosis, giant-cell hepatitis and viral colonization of the liver.

Enteroviruses

The non-poliovirus enteroviruses (coxsackieviruses and echo-
viruses) are responsible for febrile syndromes and exanthems 
in immunocompetent children and adults.

They commonly infect newborns, with consequences ranging
from asymptomatic infection and benign illness to life-threatening
generalized disease and death [146]; however, they are rarely
associated with hepatitis in adults. Clinical manifestations of
neonatal enteroviral infections include meningoencephalitis,
pneumonia, myocarditis, coagulopathy and hepatitis.

Fulminant hepatitis may develop in disseminated coxsacki-
evirus B infections in newborns and young infants, dominating
the clinical picture. In a small series, coxsackievirus B1 infection
was diagnosed in four patients with hepatitis and coxsackievirus
B3 in one; hepatic involvement progressed rapidly to jaundice
and coagulopathy [147]. Severe neonatal hepatitis has also been
reported in association with coxsackievirus B5 [148], echovirus
11 [149] and echovirus 18 infection [150]. Echovirus 33, a rela-
tively uncommon enterovirus, led to 75 virologically-confirmed
cases of infection during the winter of 2000 in New Zealand; 
two infants died of systemic disease, including a neonate with
fulminant hepatitis [151]. In a series of 61 neonatal echovirus
infections, the mortality rate in infants with severe hepatitis was
83% [152].

Diagnosis

The mainstay of diagnosis has traditionally been viral isolation
from tissue culture; however, PCR analysis is more sensitive
than viral culture, highly specific and rapid [153]. Histology may
show a syncytial giant-cell hepatitis with mixed lymphocytic and
neutrophilic infiltrates; however, syncytial giant-cell hepatitis in
the neonatal period has also been associated with CMV, rubella
virus, HSV, HHV-6, varicella virus, reovirus 3, parvovirus B19
and paramyxovirus infections [154].

Treatment

Immunoglobulin has been used to treat neonates with
enterovirus disease, but its efficacy is not proven. Specific anti-
viral therapy for enteroviruses is in development; pleconaril is
an investigational agent that inhibits viral attachment to host cell
receptors and uncoating of viral nucleic acid. Three newborns
presenting at 4–5 days of age with neonatal echovirus infection,
fulminant hepatic failure and severe coagulopathy were treated
with 5 mg/kg of pleconaril every 8 h by nasogastric tube; two
recovered fully [155]. A benefit of pleconaril was also shown in
children and adults with enteroviral meningitis, and in adults
with upper respiratory tract infections caused by picornaviruses
(rhinoviruses or enteroviruses) [153].

Adenoviruses

The adenoviruses (ADV) include non-enveloped double-
stranded DNA viruses that infect humans via the respiratory,
faecal–oral or conjunctival routes [156]. Infection in immuno-
competent hosts is usually subclinical (in about 50% of cases) or
characterized by mild to moderate upper respiratory disease.
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Manifestations are relatively common in paediatric age groups,
in whom infection is endemic, causing 10% of respiratory 
infections [156].

Liver involvement in immunocompetent adults and children
with primary ADV infection is unusual and characterized by
mild enzyme abnormalities. Severe hepatic damage has been
reported in a few paediatric cases, one of which presented with
fulminant hepatic failure, pancreatitis and encephalopathy; 
this patient was treated with cidofovir and recovered without
transplantation [157].

Invasive multiorgan disease, including hepatitis, is a frequent
and often fatal complication of ADV infection in immuno-
compromized individuals [158]. Definition of invasive disease
requires the identification of positive viral cultures with the
addition of either the finding of ADV at the corresponding site
(definite case) or a compatible clinical picture (probable case)
[159]. Invasive or disseminated (> two organ systems) disease 
is particularly frequent in immunocompromised paediatric
patients, but has also been shown to occur in 1.1% of immuno-
competent children during epidemics, particularly with
serotypes 3, 5, 7 and 21 [160], and, exceptionally, in immuno-
competent adults [161]. Since the 1960s, ADV infection in 
children with congenital immune deficiencies has been reported
to result in severe hepatitis with a high mortality rate [162].

In acquired immunodeficiencies, severe ADV hepatitis with
liver failure is rare as an initial manifestation, but is a deadly
complication of disseminated disease [163].

ADV-related disease occurs in about 11% of all transplanted
patients [164,165]. Invasive disease has been reported in
6–9.6% of paediatric bone marrow transplant/HSCT recipients
[159,166,167], with evidence of severe hepatitis in 0.5–1.5%.
Fulminant hepatitis as the sole manifestation of invasive disease
after bone marrow transplant is rare [168]. Among adult bone
marrow transplant recipients, the incidence of invasive disease
was 2.6–4.2%, with evidence of hepatitis in 0.25% [169].

In solid-organ transplant recipients, the most common 
manifestation of invasive disease is pneumonia, although trans-
planted organs – particularly liver and kidney – are often targets.
The overall rate of ADV infection following liver transplantation
is 5.8–11%, with higher rates in paediatric patients [163], and
the incidence of hepatitis ranges from 1.9% to 4%; half of the
patients die from massive liver necrosis [170]. Hepatitis may be
caused either by reactivation of disease or by transmission from
a seropositive donor liver; ADV-seropositive recipients have a
better prognosis.

Induction chemotherapy used for the treatment of acute
leukaemias has been rarely associated with fulminant ADV 
hepatitis [171,172].

Diagnosis

Direct fluorescent assays (DFA) of nasal washes have limited
sensitivity. ADV isolation from cell culture is very sensitive but
requires several days unless the shell vial technique is employed

[173]. Immunohistochemistry with type-specific monoclonal
antibodies can be used to detect ADV in the cytoplasm of exfoli-
ated cells from BAL fluid or urine sediment [174], as well as in
tissue specimens [175]. ADV-DNA detection by PCR analysis of
peripheral blood predicts disseminated disease, allowing earlier
diagnosis and treatment [176]. A quantitative PCR technique,
which measures the ADV viral load, has been developed [177].

Histopathology demonstrates multifocal or widespread hepa-
tocyte necrosis involving both periportal and centrolobular areas
[178], macrovesicular fat distributed in hepatocyte cytoplasm
with minimal inflammation, and ‘smudgy’ cells containing
eosinophilic nuclear inclusions.

Treatment

Vidarabine, ribavirin and cidofovir have been used to treat
severe ADV diseases [175,179–184]. Cidofovir inhibits viral
DNA polymerase and ADV replication in animal models [185],
but its use may be limited by renal toxicity. Cidofovir has 
been employed with apparent benefit in stem-cell transplant
recipients, at doses ranging from 1 mg/kg three times weekly to 
5 mg/kg once weekly [186,187], and in solid-organ transplant
recipients [188]. Recent data suggest that optimal therapeutic
responses may be achieved by combining antiviral therapy with
immunotherapeutic approaches [189].

Human parvovirus B19

Human parvovirus B19 (HPV-B19) is a small DNA virus 
that can induce the erythematous ‘fifth disease’ in children,
arthritis in the presence of acute infections and a variety of blood
dyscrasias in predisposed patients, such as those with chronic
haemolytic anaemia and AIDS [190]. Diagnosis is based on the
finding of the IgM antibody to HPV-B19 by immunoassay or 
of viral DNA by PCR [191]. Most infections are subclinical,
benign and self-limited and result in lifelong immunity [190];
liver enzyme levels may transiently rise without signs of liver
dysfunction.

The prevalence of infection increases with age; in the United
Kingdom, up to 80% of subjects older than 70 have IgG antibod-
ies to HPV-B19 [191]. Infection prevalence was reported to be
higher in HCV-positive than in HCV-negative subjects [192].

HPV-B19 has been implicated in cases of fulminant hepatitis
that are unrelated to the hepatitis A, B and C viruses [193,194];
many of these patients had aplastic anaemia and, in young 
children, the recovery from the HBV-B19-related severe liver
disease was significantly more frequent and rapid than in
patients with fulminant hepatitis of other origin [195].
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Liver damage in patients with human immunodeficiency virus
(HIV) infection can result from multiple factors, including HIV
itself, coinfection with hepatitis viruses, hepatic involvement
during the course of systemic infections, drug toxicities and
tumours (Table 1). Since the advent of highly active antiretrovi-
ral therapy (HAART), severe HIV-related immunodeficiency 
is only rarely seen in the developed world. Accordingly, the 
spectrum of liver complications in HIV+ persons has changed
dramatically. Liver involvement due to opportunistic infections
(i.e. cytomegalovirus, toxoplasmosis, tuberculosis, etc.) or neo-
plasms (i.e. Kaposi’s sarcoma, lymphomas, etc.) is no longer 
an important issue. In contrast, chronic hepatitis B and C have
emerged as one of the leading causes of hospital admission and
death among HIV+ patients in the new millennium.

Hepatitis B

Introduction

The prevalence of chronic hepatitis B virus (HBV) infection
among HIV+ individuals varies according to geography and risk
category. In western countries, chronic hepatitis B is overall 10-
fold more frequent among HIV+ individuals than in the general
population [1]. Men infected through homosexual contacts
tend to show the highest rates (6–10%); rates are slightly lower
among intravenous drug users (IDUs) and much lower among
persons infected through heterosexual contacts [1].

HIV infection has a deleterious effect on the outcome of
chronic viral hepatitides, and complicates their management.
Mortality is higher in HIV-positive individuals with chronic
hepatitis, either B and/or C, than in those with HIV alone [1–3],
with the highest rates being reported among those with multiple
hepatitides [3]. In one study conducted before 2000, HBV co-
infection was associated with a nearly 13-fold higher risk of
liver-related mortality in HIV-positive patients, and this neg-
ative impact was more prominent in subjects with low CD4
counts [2]. There are scarce data on the outcome of HBV infec-
tion in the HAART era [1,4].

The reciprocal interferences between HIV and HBV infec-
tions result in specific problems in coinfected patients [4].
Poorer response to interferon alpha (IFN-α), and faster selection
of lamivudine (3TC)-resistant HBV strains have been reported
[4]. The higher risk of selecting drug-resistant HIV and/or HBV
argues against monotherapy with nucleos(t)ide analogues in
this population. Thus, the management of both infections
should be carefully coordinated.

For a long time, 3TC has been the only available oral drug
with dual activity against HIV and HBV. However, since the
approval of tenofovir disoproxil fumarate (TDF) and emtric-
itabine (FTC) for the treatment of HIV infection, chronic HBV
infection in HIV-coinfected patients may also benefit from
using these new drugs, even though they have not yet been
approved for the treatment of HBV monoinfection. In addition,
the new pegylated IFN-αs, which may be administered subcuta-
neously once a week, have recently attracted attention, as they
are more convenient and potent.

Efficacy of anti-HBV drugs in HIV-coinfected
patients

Four drugs have been approved so far for the treatment of
chronic hepatitis B: IFN-α, 3TC, adefovir dipivoxil (ADV) and
entecavir (ETV). However, other compounds showing anti-
HBV activity have already been approved as therapy against
either HIV (i.e. TDF and FTC) or hepatitis C (i.e. pegylated 
IFN-α). Although not yet approved against HBV, these drugs

974
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Table 1 Aetiology of liver damage in HIV-infected patients.

1 Chronic viral hepatitis: HBV and HCV

2 Other hepatitis viruses: A, E, G, EBV, CMV

3 Infections of the liver: tuberculosis, toxoplasmosis, cryptococcosis, others

4 Liver tumours: hepatocarcinoma, lymphomas, Kaposi’s sarcoma

5 Drug-related liver toxicity: antiretrovirals, other medications

6 Biliary disease

HBV, hepatitis B virus; HCV, hepatitis C virus; EBV, Epstein–Barr virus; 

CMV, cytomegalovirus.
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are often used in HBV/HIV-coinfected patients. Table 2 summar-
izes the current therapeutic armamentarium against HBV [5].

IFN-a
While responses in HIV+ patients are superior compared with
no treatment, they tend to be lower than in HIV-negative indi-
viduals. Higher CD4+ counts and higher baseline transaminase
levels are predictors of IFN response. The therapeutic response
to IFN-α in HBV is worse when HCV and/or HDV coinfections
are present, a common situation in HIV+ IDUs. Therefore, sev-
eral reasons may account for the lower response to IFN-α seen 
in HBV/HIV-coinfected patients, such as low CD4 counts, low
transaminase levels and frequent HCV coinfection.

Lamivudine (3TC)
Although the inhibitory dosage for blocking HBV replication 
is lower (100 mg/day) than that needed for inhibiting HIV, 
300 mg/day of the drug should be given when treating
HBV/HIV-coinfected patients, and 3TC should always be com-
bined with at least two other anti-HIV agents. Otherwise, 3TC
monotherapy would rapidly select HIV resistance mutations [5].

Anti-HBe seroconversion occurs in only a minority of
patients treated with 3TC, but many show improvements in
liver histology; reversal of liver decompensations is common in
those with advanced cirrhosis. However, the downside of 3TC
monotherapy is the relatively high incidence of HBV resistance
mutations over time (~20% per year) [6].

Emtricitabine (FTC)
This cytosine analogue, closely related to 3TC, has been
approved for the treatment of HIV infection. FTC should not be
used as monotherapy in this population due to the high risk of
selecting HIV resistance mutations. FTC is not indicated after
3TC failure, as both drugs show cross-resistance.

Adefovir (ADV)
The dose recommended is 10 mg daily, which does not show
clinical activity against HIV. In a study conducted in 35
HIV/HBV-coinfected patients with 3TC-resistant HBV strains,
the addition of ADV to 3TC provided a significant reduction 
in serum HBV DNA, which was maintained for 192 weeks, 
along with normalization of transaminases in most cases [7].
ADV-resistant mutations were not selected in HBV or in HIV.
However, in other studies, mutations rtN236T and rtA181V
were shown to be selected in 29% of HBV-monoinfected indi-
viduals treated with ADV monotherapy for 5 years.

Tenofovir (TDF)
Lamivudine is no longer a protagonist in the treatment of 
HBV in HIV-coinfected patients since the approval of TDF for
the treatment of HIV infection. TDF is a nucleotide analogue
with both anti-HIV and anti-HBV activity; it is a very potent
inhibitor of HBV replication in vitro, even in the presence of
3TC resistance. The results of retrospective studies assessing the
efficacy of TDF against HBV in HIV-coinfected patients are
shown in Table 3. Serum HBV DNA levels declined on average 
4 log10, despite most patients carrying 3TC-resistant mutations
[8–13].

Entecavir (ETV)
This is one of the most potent anti-HBV agents examined so far
and shows a relatively good safety profile. It lacks any anti-HIV
activity. Data have been released from a randomized and 
double-blind study performed on 68 HIV/HBV-coinfected
patients failing 3TC. Either a 2 log10 reduction in viral load 
from baseline or undetectable HBV DNA (< 400 copies/mL)
were achieved at 24 weeks by 84% of ETV-treated patients.
Virological responses to ETV are seen in patients with 3TC-
resistant HBV, although they tend to be lower than in 3TC-naive

Table 2 HBV arsenal in HIV-infected patients.

Drug Anti-HIV activity Anti-HBV potency Resistance barrier Comments

Pegylated interferon Yes High No Weekly subcutaneous administration 

Contraindicated in ESLD 

6–12 months’ treatment duration

Lamivudine Yes Intermediate Low > 30% resistance at 12 months 

Excellent tolerance

Emtricitabine Yes Intermediate Low Equivalent to lamivudine 

Co-formulated with tenofovir

Adefovira No Intermediate Intermediate Useful in ESLD and 3TC failures 

15% resistance at 4 years

Tenofovir Yes High High Good tolerance 

Useful in 3TC and adefovir failures

Entecavir No High High Useful but less potent in 3TC failures 

Good tolerance

aAdefovir at doses of 10 mg daily.

ESLD, endstage liver disease; 3TC, lamivudine.
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patients. Resistance to ETV results from the accumulation of
multiple changes in the HBV polymerase, including those linked
to 3TC resistance. For this reason, ETV doses of 0.5 mg daily 
are recommended in drug-naive patients, but doses of 1.0 mg
daily are preferred for patients with 3TC-resistant HBV strains.
In HBV/HIV-coinfected patients, doses of 1.0 mg/day are pre-
ferred at first, given the overall higher HBV viraemia seen in this
population [5].

HBV resistance to nucleos(t)ide analogues

On average, YMDD mutations develop at a rate of 15–20% 
per year of 3TC treatment, but are more rapidly selected in
HBV/HIV-coinfected subjects, with incidences of 50% and 90%
after 2 and 4 years of 3TC therapy, respectively [6]. Selection of
HBV resistance to FTC seems to occur more slowly than with
3TC, with rates of 19% after 2 years of FTC treatment.

Hepatitis B surface antigen (HBsAg) should be screened in 
all HIV-infected individuals. If positive, full serological assess-
ment of HBV infection should be performed, including testing

for HBeAg and anti-HBe antibody and plasma HBV DNA 
measurement [5]. HBV treatment is generally indicated for
those patients with active disease and viral replication.

The HIV/HBV-coinfected population is unique in the sense
that some nucleos(t)ide analogues frequently used as antiretro-
virals also have anti-HBV activity. If HIV needs to be treated, in
the presence of an active HBV infection, drugs such as TDF and
3TC (FTC), preferentially in combination, should be considered
as the best option (Fig. 1). The problem of when to treat HBV in
HIV-coinfected patients becomes more relevant when there is
no need to initiate antiretroviral therapy. Most recent guidelines
do not support the requirement for a liver biopsy, relying more
on serum markers such as alanine aminotransferase (ALT) 
levels, HBV DNA and HBeAg serostatus to decide whether 
HBV treatment should be initiated or may be delayed [5,14].
However, liver biopsy may be convenient in patients with no
indication for antiretrovirals when ALT levels are normal but
serum HBV DNA is greater than 104 copies/mL (Fig. 2) [5]. The
advent of non-invasive techniques to assess liver fibrosis, such as
serum biochemical markers and liver elastography, might be

Table 3 Efficacy of tenofovir against HBV in HIV-coinfected patients.

Author [ref.] No. YMDD mutants Mean ↓↓HBV DNA (log10) at Seroconversion Seroconversion
24 weeks

Anti-HBe Anti-HBs

Núñez et al. [8] 12 8 –3.8a 1/9 1/12

Van Bömmel et al. [9] 5 5 –4.5 0/4 0/5

Ristig et al. [10] 6 3 –4.3 0/6 0/6

Nelson et al. [11] 20 11 –4.0a 2/20 0/20

Benhamou et al. [12] 12 10 –3.8 0/? 0/12

Dore et al. [13] 12 7 –4.9 1/10 0/10

aMedian.

ARV use

No Yes

HBeAg

No Yes

*
Adefovir

or
entecavir

* With caution in cirrhotics

PEG-IFN

3TC (FTC) + tenofovir

Fig. 1 Preferred anti-HBV agents in HBV/HIV-
coinfected patients in distinct situations. 
ARV, antiretroviral.
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useful to stage liver fibrosis in chronic hepatitis B, avoiding the
performance of liver biopsy [15]. Liver biopsy could be left only
for discordant cases.

While recent guidelines in HIV-negative individuals with
chronic hepatitis B have recommended that treatment should 
be considered for patients with serum HBV DNA above 105

copies/mL in HBeAg-positive patients [16], a lower threshold
could be appropriate for HBeAg-negative patients and those with
decompensated cirrhosis (thresholds of 104 and 103 copies/mL
respectively) [16]. At this time, the recommendations for treat-
ing HBV in the setting of HIV coinfection should be taken 
individually and based on the consideration of aspects related to
the HIV situation [5]. The coexistence of HIV infection along
with chronic hepatitis B makes an integrated approach necessary
for the appropriate management of both infections.

Table 4 summarizes the treatment options for HIV-infected
subjects with chronic hepatitis B. A major issue is the indication
to give or not to give antiretroviral therapy. If HBV is the 
only virus to be treated, the pegylated forms of IFN-α could be 
a valid option [5]. The presence of HBeAg is one of the most
important determinants in favour of IFN-α. The proportion of
patients achieving HBeAg seroconversion using IFN-α is higher
than with nucleos(t)ide analogues. An advantage of IFN-α is

that it is given for a limited period of time (6–12 months).
However, IFN-α should not be used in patients with decompen-
sated cirrhosis, as necroinflammatory flares accompanying HBeAg
clearance may lead to liver decompensation. IFN-α appears to
be safe in patients with compensated cirrhosis, although there is
still a risk of hepatic decompensation with prolonged therapy
[16]. Given the lack of data on the use of pegylated IFN-α in
HBV/HIV-coinfected subjects, these patients should be treated
within clinical trials.

The choice of oral anti-HBV drugs should be based on their
efficacy in the clinical setting. ETV is a good choice in HBV/
HIV-coinfected patients who do not need antiretroviral therapy
and may be the best option for HBeAg-negative hepatitis B.
ADV may be considered as a reasonable alternative choice,
although the potential selection of resistance mutations in the
HIV genome has been a matter of concern [5]; however, this
does not seem to represent a major problem [17].

The use of 3TC, FTC or TDF in monotherapy should be
avoided in HIV/HBV-coinfected patients, as it would favour the
selection of HIV resistance mutations. Antiretroviral therapy
including either 3TC (FTC) and TDF could be discontinued in
patients who achieve a response, i.e. anti-HBe seroconversion,
but it should be stopped no earlier than 6 months after the
response in order to minimize the risk of relapses upon drug 
discontinuation [16].

In patients who meet the criteria for antiretroviral therapy as
well as for HBV treatment, triple regimens containing 3TC (or
FTC) and TDF should be the preferred option [5]. Although the
role of combination therapy for HBV is unclear at this time, 3TC
(FTC) along with TDF appears at present to be an appropriate
backbone, and their combination appears therefore to be the
first choice [5]. In cases of no clear indication for anti-HBV
treatment, the inclusion of active drug(s) against HBV in the
HAART regimen may be considered to avoid hepatic flares in
the context of immune reconstitution [5].

HBV resistance should be suspected in patients with
detectable HBV viraemia who have already received 3TC. FTC 
is not useful in this setting, and switching to or adding TDF is
recommended. If HIV replication is already suppressed, adding
ADV or ETV is a reasonable option.

ALT

HBeAg

HBV DNA >104 copies/mL

Fibrosis

HBsAg+

Normal Elevated Rx

Negative Positive

No YesNo Yes

No Yes

Rx

Rx

Rx
Fig. 2 HBV treatment (Rx) decision algorithm
in HIV/HBV-coinfected patients.

Table 4 HBV treatment options in HIV/HBV-coinfected patients.

HBV treatment only Pegylated interferon

HBeAg-positive ETV 

ADV

HBeAg-negative ETV 

ADV

HIV and HBV treatment HAART including TDF ± (3TC or FTC) 

HAART + (ADV or ETV)

HIV treatment only Consider including at least one anti-HBV drug 

in the HAART regimen to avoid flares due 

to immune reconstitution

ADV, adefovir; ETV, entecavir; HAART, highly active antiretroviral therapy;

3TC, lamivudine; FTC, emtricitabine; TDF, tenofovir.

TTOC09_03  3/8/07  6:42 PM  Page 977



978 9 VIRAL INFECTIONS OF THE LIVER

Finally, HBV/HIV-coinfected patients not treated for HBV
should regularly undergo biochemical and virological follow-up
(every 3–6 months) to re-evaluate the need for anti-HBV treat-
ment. Biannual α-fetoprotein and ultrasound are recommended
in cirrhotics. There has been no agreement as to the time for
repeating liver biopsies in patients with no or minimal activity in
a first biopsy. However, the availability of the new non-invasive
tools for assessing liver fibrosis may overcome this problem.
Periodic monitoring with these techniques is particularly help-
ful in HBV/HIV-coinfected patients in whom progression to
endstage liver disease may be accelerated [18].

Hepatitis C

Introduction

Chronic HCV infection has been the focus of particular atten-
tion in HIV-positive patients over the last few years. HCV-
related liver disease is now a leading cause of morbidity and
mortality among HIV-infected individuals in areas with a high
prevalence of IDUs [19]. This increased rate of liver complica-
tions among HIV-infected patients is due to the dramatic
decrease in opportunistic infections as a result of the widespread
use of HAART, to the accelerated course of HCV-related liver
disease in the HIV setting and to the enhanced risk of liver 
toxicity using antiretroviral agents in the presence of underlying
chronic hepatitis C.

The bidirectional interferences between HCV and HIV infec-
tions have clinical consequences and make the management of
coinfected individuals complex [14,20].

Epidemiology of HIV/HCV coinfection

Given that HIV and either hepatitis B and C viruses share similar
routes of transmission, coinfection is relatively frequent (Fig. 3).

In the United States and western Europe, around one-third of
HIV-infected individuals are coinfected with HCV [21]. HCV
and HIV are both transmitted by whole blood and blood prod-
ucts, with HCV being 10 times more infectious than HIV.
Coinfection with HIV and HCV is therefore frequent in persons
with increased blood exposure such as IDUs and haemophiliacs,
who have a prevalence of coinfection > 75%. Sexual transmis-
sion of HCV is infrequent; this explains the low rate of HCV
coinfection among homosexual HIV+ patients. Nevertheless,
recent outbreaks of acute HCV infection have been described in
association with some homosexual practices.

Laboratory markers and diagnosis of hepatitis
C in the HIV setting

Current guidelines recommend that all HIV-infected indi-
viduals should be screened for HCV antibodies by enzyme-linked
immunosorbent assay (ELISA) [14,20]. More than 85% of anti-
HCV antibody-positive patients have detectable HCV RNA in
the setting of HIV infection, whereas HCV RNA is detectable 
in only 75% of HIV-negative patients with HCV antibody.
Patients with repeatedly elevated aminotransferases of unclear
cause (HCV antibody negative) should also be tested for 
HCV RNA, given that rare cases of silent HCV infection have
been reported, mainly among subjects with profound immun-
odeficiency [20].

In all HCV RNA-positive patients, the HCV genotype should
be determined before making any therapeutic decision. Finally,
around 20% of HIV+ patients with active HCV replication may
show repeatedly normal transaminases. At present, the manage-
ment of this subset of patients is unclear. HIV/HCV-coinfected
patients should be vaccinated against hepatitis A virus if they
have not been previously exposed or immunized, because acute
hepatitis A may be more severe in the presence of underlying
chronic hepatitis C. Likewise, HBV vaccination should not 
be forgotten in these patients, as up to 20% of HIV-infected
individuals may lack markers of ongoing and/or past HBV 
infection.

Natural history of HIV/HCV coinfection

The coexistence of HIV and HCV in the same individual results
in complex interactions between both infections, leading to
changes in their respective natural histories. With HAART,
HCV-related liver disease might progress less rapidly than in
severely immunosuppressed individuals who have no control 
of HIV replication.

Influence of chronic hepatitis C on the course of HIV
infection
Clinical studies of the influence of HCV on HIV disease progres-
sion are conflicting. In the Swiss cohort, HIV-positive indiv-
iduals with HCV infection progressed faster to AIDS and death
than HCV-negative patients [22] whereas, in an American

HCV

HIV

350
1

0.5

12 4

40

175

HBV

Fig. 3 Estimated number of individuals (in millions) with HIV, HBV and 
HCV worldwide.
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cohort, the progression rates to AIDS and survival were similar
in both groups [23].

Results are also conflicting on the possible negative influence
of HCV infection in HIV patients who recover immunity using
antiretroviral therapy. Although CD4 gains seem to be blunted
in HCV/HIV-coinfected individuals recruited in some studies
[22], similar gains in CD4 cell counts compared with HCV-
negative patients have been seen by others [23]. If the deleterious
effect exists, a successful treatment of HCV infection might 
contribute to higher CD4 gains using HAART in the coinfected
population.

HCV may negatively influence HIV disease through indirect
pathways, such as forcing antiretroviral treatment discontinua-
tion more frequently because of an increased risk of liver 
toxicity. Up to one-quarter of coinfected patients who initiate
HAART stop therapy on account of drug-related hepatotoxicity
[24]; an increased risk ratio of 3.7 times for developing liver 
toxicity was found in one study [25]. This risk might be even
more pronounced in patients carrying HCV genotype 3, given
that baseline steatosis is associated with this HCV variant [26].
Liver toxicity is most often asymptomatic, but occasionally it
may lead to acute liver failure [27].

Influence of HIV infection on the course of chronic
hepatitis C
Acute HCV infection evolves more easily into chronic hepatitis
in HIV-infected individuals, especially in those with a more
advanced immune deficiency. HCV RNA levels are much higher
in HIV-coinfected patients than in HCV-monoinfected individ-
uals, both in plasma and in the liver. The reason for the higher
level of HCV replication in HIV-coinfected patients seems to be
the poorer control of HCV infection, mainly due to a decrease 
in anti-HCV-specific CD8 responses, which are more evident 
in patients with lower CD4 counts. Although the implications 
of these findings on the natural history of HCV infection are
uncertain, patients with high levels of HCV replication may have
lower chances of response to IFN-based treatments [28].

The progression of liver fibrosis is accelerated in HIV/HCV-
coinfected patients, especially when immune deficiency is pro-
found. In a recent multicentre European study that assessed liver
biopsies from 914 patients coinfected with hepatitis C and HIV,
the distribution of METAVIR liver fibrosis stages was F0 in 
10% of patients, F1 in 33%, F2 in 22%, F3 in 22% and F4 in 13%,
highlighting the high degree of liver fibrosis in this population
[29]. Nearly half of patients had advanced liver fibrosis (F3–F4)
after the age of 40 years. Clearly, progression to endstage liver
disease occurs faster in the HIV/HCV-coinfected population,
including the development of hepatocellular carcinoma at
younger ages [30]. Overall, 25% of the HIV/HCV-coinfected
patients will develop cirrhosis within 15 years after HCV expo-
sure, whereas this occurs in only 5% of those without HIV infec-
tion [31].

HAART might be associated with better survival through
decreasing HIV-related and also liver-related deaths [32]. The

improved prognosis in HIV/HCV-coinfected patients conferred
by HAART could be related to a slower progression of liver
fibrosis. Several studies have reported significantly reduced
fibrosis scores in patients on protease inhibitor (PI)-based
HAART. HAART may reverse at least partially the negative
effect of HIV infection on HCV-related liver disease, in par-
ticular when the immune deficiency is more profound.

Treatment of hepatitis C in the 
HIV setting

Until the advent of HAART, liver disease associated with HCV
had minimal impact on the outcome of HIV+ individuals, and
classical opportunistic illnesses were the main concern, particu-
larly at advanced stages of immunosuppression. However, since
1996, potent antiretroviral therapy has permitted the reversal of
the immune deficiency in most HIV-infected individuals and,
therefore, the risk of developing opportunistic infections. As a
consequence, other illnesses such as chronic viral hepatitis have
become much more relevant.

Rationale
The treatment of hepatitis C in HIV+ patients has become a pri-
ority for two main reasons. First, progression to endstage liver
disease due to HCV occurs more rapidly in the HIV setting.
Second, the tolerance of antiretroviral agents is much poorer in
the presence of underlying chronic hepatitis C, with a greater
risk of developing hepatotoxicity [20].

Current results
Pegylated IFN (PEG-IFN) plus ribavirin (RBV) should be con-
sidered as the current treatment of choice in this population
[14,20]. However, treatment responses are lower than in HCV-
monoinfected patients. Because both PEG-IFN and RBV act, at
least in part, as immunomodulatory agents, immune defects
driven by HIV infection might negatively affect the performance
of these drugs.

Most of the studies assessing the efficacy and safety of peg-
IFN plus RBV in coinfected patients provided treatment for 
12 months to all patients, irrespective of their HCV genotype
[33–36]. Because of concerns about drug interactions and 
further toxicities, lower (800 mg daily) than recommended
doses of RBV were prescribed. Only patients with a relatively
good immunological status were recruited. Table 5 summarizes
the treatment schedules and the results obtained in the main
prospective randomized trials.

The high rate of HCV treatment discontinuation in some 
trials may reflect a higher frequency of serious adverse events in
HIV-positive compared with HIV-negative patients; it might
also reflect fears by some HIV physicians not familiar enough
with the management of side-effects of anti-HCV therapy. Thus,
efforts to minimize side-effects with symptomatic treatments
and appropriate management of complications are critical to
ensure completion of HCV therapy [20].
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Selection of candidates for HCV therapy

Histology
The value of liver biopsy before prescribing anti-HCV therapy
has lost importance as anti-HCV therapy has become more
efficacious. Outside academic purposes, many experts feel that it
is no longer needed in most cases [20,37]. Liver histology allows
staging of HCV hepatic damage and may predict the develop-
ment of cirrhosis. It may also provide information to rule out
other causes of liver damage. However, the reproducibility is
quite low and largely affected by the size of the hepatic fragment
and the expertise of the pathologist.

The controversy on the need for a liver biopsy may be even
less justified in HCV/HIV-coinfected patients, in whom the
fibrosis progression rate is faster than in HCV-monoinfected
persons. Nearly half of coinfected patients may show cirrhosis or
precirrhosis after 40 years of age [29]; it should be noted that the
mean age of HCV/HIV-coinfected patients currently seen in
clinics in the USA and western Europe is above 40 years of age.

CD4 counts
The efficacy of HCV therapy depends somewhat on the baseline
CD4 cell count [28]. Candidates to receive HCV therapy should
ideally have more than 200–350 CD4+ T cells/µL, a feasible
threshold for most patients if antiretroviral therapy is used
appropriately [20]. That figure is also currently the immunolo-
gical threshold for initiating HAART in drug-naive patients.

In patients with CD4 counts below 200 cells/µL and already
under HAART, the decision to treat HCV infection must take
into account other factors, such as the estimated length of HCV
infection, the severity of liver disease, the extent of HIV suppres-
sion and classical predictors of response to HCV therapy such as
HCV genotype and viral load. Toxicities of IFN and/or RBV as
well as poorer responses may be more frequent in this subset 
of patients. In general, HCV therapy should be deferred in indi-
viduals with less than 200 CD4+ T cells/µL, as the risk of toxicity

is increased and the response may be poorer. IFN-based therap-
ies cause a decline in the CD4 count, which may put patients at
risk of developing opportunistic infections if baseline counts are
low. Therefore, in drug-naive coinfected patients, antiretroviral
therapy should be considered at first. Once the CD4 count has
risen and plasma HIV RNA is under control, the prescription of
HCV therapy should be reassessed [20].

Conversely, in antiretroviral-naive individuals with HCV/
HIV coinfection, hepatitis C should be treated first if the CD4
count does not warrant immediate antiretroviral therapy. It is
debated whether, in patients with CD4 counts above 350 cells/
µL but with high plasma HIV RNA levels, suppression of HIV
replication should be attempted first, deferring HCV therapy
until undetectable HIV viraemia is attained [20]. Finally, the
greater efficacy of HCV therapy in patients with higher CD4
counts should be balanced against a higher risk of interactions
between antiretrovirals and anti-HCV drugs [14,20].

Contraindications and special populations
Contraindications to the use of IFN or RBV are the same as in
HIV-negative patients (see Chapter 5.1.3.v).

Patients on methadone are acceptable candidates for anti-
HCV therapy. However, up to one-third of them may need
adjustments in methadone dosage. This is generally due to psycho-
logical demands rather than to pharmacological interactions
between anti-HCV drugs and methadone. Ideally, a multidis-
ciplinary team, including experts in addiction medicine and 
psychologists/psychiatrics, should take care of these patients.

Patients with repeated normal liver enzymes, particularly
those infected with HCV genotypes 2 or 3, might benefit from
anti-HCV therapy. However, more information on liver damage
in this subset of HCV/HIV-coinfected patients is needed to 
balance the cost–benefit of HCV therapy in them [14,20]. In the
RIBAVIC trial [33], significant liver fibrosis was recognized in a
substantial proportion of coinfected patients with normal ALT
levels, but treatment responses were lower in this population.

Table 5 Response to PEG-IFN plus ribavirin in HCV/HIV-coinfected patients in four studies.

ACTG 5071 [33] RIBAVIC [34] APRICOT [35] Laguno et al. [36]

No. of patients 66 205 289 52

Type of PEG-IFN Roche Schering-Plough Roche Schering-Plough

RBV dose Escalating 600→1000 mg/day 800 mg/day 800 mg/day 800–1200 mg/day

IDU 80% 81% 62% 75%

Cirrhosis 11% 18% 15% 11%

Genotypes 1–4 77% 69% 67% 63%

Median CD4 count 492 cells/mL 525 cells/mL 520 cells/mL 624 cells/mL

With ARV 85% 82% 84% 94%

Premature stop 12% 36% 25% 25%

ETR (ITT) 41% 36% 49% 52%

SVR (ITT) 27% 27% 40% 44%

ETR, end-of-treatment response; SVR, sustained virological response; ARV, antiretroviral therapy; PEG-IFN, pegylated interferon; RBV, ribavirin; 

ITT, intention to treat; IDU, intravenous drug user.
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In summary, all HIV+ persons with chronic HCV infection
should be considered as potential candidates for HCV therapy,
given their higher risk of progression to endstage liver disease
compared with HIV-negative patients and their increased risk of
liver toxicity after beginning antiretroviral therapy. The timing
for anti-HCV treatment should be decided on an individual
basis. Severe neuropsychiatric disorders [38] and alcohol and drug
abuse generally contraindicate current HCV treatment. However,
methadone use and non-decompensated cirrhosis are not con-
traindications for therapy. Treatment of patients with CD4 counts
below 200 cells/µL is risky and should generally not be advised.

Monitoring and duration of HCV therapy in
coinfected patients
Despite a possible slower initial HCV RNA decay in HIV-
coinfected patients, all patients who attain a sustained viral
response (SVR) showed a decline greater than 2 logs at week 12
of therapy [32–34]. Therefore, the predictive roles of early 
virological response (EVR) also apply to HCV/HIV-coinfected
patients (see Chapter 5.1.3.v). Furthermore, one recent report
has demonstrated the negative predictive value of the 2 log 
rule at week 12 in coinfected patients [39], showing that the only
difference between HIV-positive and HIV-negative patients
with hepatitis C was the proportion of patients reaching virolog-
ical responses at any given time point (lower in the coinfected
population, although this could be due to the relatively low
doses of RBV used in that study); using adequate RBV doses,
HCV kinetics do not seem to differ much in HIV-positive and
HIV-negative subjects, except that baseline HCV RNA is much
higher in coinfected individuals and, therefore, it may take
longer to reach undetectable viraemia [40,41]. Thus, the princi-
ples guiding anti-HCV therapy in HIV-negative patients may
equally apply to HIV-coinfected patients.

Patients with high HCV loads may show a good EVR but 
may fail to clear viraemia at week 24, and may clear the virus
later on. This subset of patients represents less than 3% of 
HCV-monoinfected individuals, but it is larger in HIV-
coinfected patients, given their higher baseline HCV RNA levels
and possible slower HCV RNA decays on therapy. Therefore,
extending treatment beyond 6 months may be advisable in 
coinfected patients who showed more than 2 log HCV RNA 
falls at week 12 but are still HCV RNA positive at week 24. 
If HCV RNA is still detectable at month 9, therapy should be 
discontinued.

The second phase of clearance of HCV RNA on HCV therapy,
which accounts for the steady destruction of infected liver cells,
may also be delayed in HIV/HCV-coinfected patients, and could
explain the more frequent relapse rate in early virological
responders seen in HIV-coinfected patients [42]. Therefore,
HIV/HCV-coinfected patients who carry genotypes 2 or 3
should be treated for 12 months.

The use of high doses of RBV seems to enhance substantially
the virological response, and this may be even more apparent 
in the setting of HIV coinfection. Therefore, an effort to keep

patients on adequate doses of the drug should be attempted. The
administration of recombinant erythropoietin has been pro-
posed as a useful strategy in the management of RBV-related
anaemia.

Patients not achieving HCV eradication with treatment 
might benefit from long-term therapy with PEG-IFN alone.
Maintenance therapy with PEG-IFN may provide histological
improvement and even reduce the risk of hepatocellular 
carcinoma; this approach is currently being investigated as an
alternative strategy in large trials (i.e. HALT-C and EPIC) in
HCV-monoinfected patients. Whether this strategy may also be
applicable to non-responding HIV/HCV-coinfected individuals
with advanced liver fibrosis remains to be elucidated. However,
the potential benefit of this approach should be balanced against
the compromise in the quality of life and the reduced CD4+ T
cell count caused by PEG-IFN [43].

Interactions between antiretroviral agents and 
HCV medications
HCV treatment in the presence of HIV infection may be compli-
cated by the interactions between RBV and some antiretrovirals.
The intracellular levels of some HIV nucleoside analogues may
be decreased by RBV, but the interactions seem to have no 
clinical consequences. However, a higher toxicity was noted
with the concomitant use of didanosine (ddI) and RBV; toxi-
city is further increased using stavudine (d4T) and ddI together 
with RBV due to the enhancement of mitochondrial toxicity.
Hepatitis C, HIV, RBV and HIV nucleoside analogues may all
cause mitochondrial dysfunction and act synergistically [44].
Hepatic decompensation, sometimes with fatal outcome [45],
was described with the co-administration of these drugs in 
cirrhotic patients. Lactic acidosis and pancreatitis have also 
been reported with the combined use of RBV and ddI; there-
fore ddI should be avoided in patients receiving anti-HCV 
therapy [20].

It is also advisable to avoid zidovudine (AZT) when anti-HCV
therapy is initiated, because anaemia is more frequent and
severe in patients taking AZT along with RBV [46]. A recent
study showed a correlation between RBV plasma levels and
anaemia, with higher RBV concentrations in patients receiving
AZT compared with other nucleoside analogues [46].

How to improve HCV treatment responses
Multiple factors may account for the lower response to HCV
therapy seen in HIV-coinfected vs. HCV-monoinfected patients.
In view of the low eligibility and applicability of HIV/HCV-
coinfected subjects to receive anti-HCV treatment, the first
effort needed is to increase the population of candidates for
therapy. Poor compliance with follow-up visits was one of 
the most common causes for excluding HIV/HCV-coinfected
patients from therapy. Drugs and alcohol abuse are also often
reported as barriers to treating hepatitis C in this population.
Special efforts should be made to follow very closely and to 
manage appropriately the side-effects derived from anti-HCV
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medications in coinfected patients to avoid unnecessary 
discontinuations.

Recent reports have shown the achievement of higher 
early and sustained responses in HIV/HCV-coinfected subjects
with more elevated RBV plasma levels, suggesting that, in this
setting, it is also important to maximize the exposure to RBV
[40,46].

In contrast to HCV-monoinfected patients, treatment should
be given for 48 weeks to HIV/HCV-coinfected patients with HCV
genotype 3, as this schedule seems to decrease the number 
of relapsers after the initial response. Relapses in HIV-positive
patients coinfected with HCV genotypes 1 or 4 treated for 12
months occur in 20–30% of patients. In this population, the
benefit of prolonged periods of therapy, at least among early
virological responders, should be investigated [47]. Tailoring
the duration of treatment according to early kinetics might 
be another strategy to maximize the proportion of SVR. Thus,
patients with slower declines during the first weeks of therapy
could benefit from receiving more prolonged therapy than those
showing a rapid decline in HCV RNA levels [48]. However,
extending the duration of treatment in patients who had not
attained an adequate virological response at week 12 (> 2 log10)
did not increase SVR in HIV/HCV-coinfected subjects.

Management of endstage liver disease in
HCV/HIV-coinfected patients

Owing to the accelerated progression of the histological liver
damage in the HIV setting, the time to evolve to endstage liver
disease (ESLD) is shortened in coinfected patients. Individuals
with ESLD have a very poor prognosis, and liver transplant is the
only change of survival for them. Results of studies evaluating
the outcome of liver-transplanted HIV-infected subjects suggest
that HIV should no longer be considered an absolute contr-
aindication for orthotopic liver transplantation (OLT) in coin-
fected patients [49]. Early evaluation of candidates is critical in
this population [50]. Patients with ESLD due to viral hepatitis
are also at high risk of developing hepatocellular carcinoma.

Liver transplantation in HCV/HIV-coinfected
patients
Given the improved survival and quality of life achieved with
HAART, OLT is currently being proposed for HIV/HCV-
coinfected patients with ESLD. The first OLT attempts, before
the introduction of HAART, provided very poor results, with
only a small percentage of transplanted HIV+ recipients achiev-
ing a satisfactory outcome. However, more recently, short- and
mid-term survival has improved significantly in HIV-infected
OLT recipients, although the management of liver transplant
entails major difficulties in HIV/HCV-coinfected patients.

The criteria used for OLT are relatively similar worldwide,
including CD4 counts above 100 cells/µL, undetectable plasma
HIV RNA on HAART or available antiretrovirals for the post-
OLT period if the HIV load is detectable, and absence of prior

history of AIDS-defining conditions other than pulmonary
tuberculosis. The risk of opportunistic infections in the post-
transplant period is low as long as HIV replication is well con-
trolled with antiretrovirals. Furthermore, CD4 cell counts remain
stable or even increase after transplantation. Therefore, the use
of standard immunosuppressive therapy in patients with well-
controlled HIV infection seems to be safe and does not increase
the risk of developing opportunistic infections.

There are, however, a number of issues involved in both the
pre- and post-transplant period that make it more difficult to
achieve satisfactory OLT outcomes in the HIV population. First,
the selection of HIV-infected candidates for transplantation,
because patients with ESLD often present a poor profile (alcohol
abuse, drug addiction, prior AIDS-defining conditions, etc.).
Second, the priority of organ allocation, as most HIV-infected
patients, because of their rapid clinical deterioration, will not
survive sufficiently long to receive a liver transplant if they 
are not prioritized. Therefore, new approaches to make liver
transplantation available sooner after the assignment of HIV
patients to the waiting list should be assessed [50].

Intolerance to HAART and drug-to-drug interactions between
antiretrovirals and immunosuppressive agents create further
difficulties. Some antiretrovirals may produce liver toxicity,
which makes the interpretation of liver enzyme elevations more
complicated. Low doses of ritonavir (RTV) or non-nucleoside
analogues (nevirapine or efavirenz) should be used with caution
because of their effects on cytochrome P-450 and P-glycoprotein,
which may cause important pharmacokinetic interactions with
immunosuppressive agents, such as ciclosporin A and tacrolimus.
Administration of lower doses of calcineurin inhibitors and/or
ciclosporin are needed in patients on protease inhibitors (PIs),
and their plasma levels should be closely monitored. Episodes of
acute rejection have been reported in patients who stopped PIs
without adapting doses of calcineurin inhibitors. Patients taking
HIV non-nucleoside reverse transcriptase inhibitors may show
reduced plasma levels of immunosuppressive drugs, which may
make them prone to graft rejection. The use of higher levels 
of immunosuppressive drugs may favour fibrocholestatic 
hepatitis C and rapid progression to ESLD in patients with 
HCV relapse after transplantation. Therapeutic drug monitor-
ing of immunosuppressive agents is mandatory when taking
antiretrovirals.

HIV coinfection and hepatitis A, D and 
G viruses

Hepatitis A virus (HAV) vaccine should be recommended to 
all HIV-infected adults who have no HAV antibodies. The safety
and efficacy has already been proven in this population;
immunogenicity is only slightly reduced in subjects with very
low CD4 counts [51].

As in HIV-negative subjects, hepatitis D may be acquired
coincident with exposure to HBV or, in HIV-positive patients,
appear as a superinfection in a patient with chronic hepatitis B.
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Progression of liver fibrosis occurs rapidly in chronic hepatitis
D, and response to IFN therapy is low, even using high doses of
IFN, such as 9 MU t.i.w, particularly in the setting of HIV coin-
fection [52]. In patients with advanced HIV immunosuppres-
sion, the Delta antigen can be recognized in the serum and not
only in the liver.

A study suggested that the course of HIV infection is less pro-
gressive in HIV patients coinfected with the hepatitis G virus or
GB virus (a lymphotropic virus replicating in B and T lympho-
cytes) than in HIV-monoinfected patients [53]; this issue has
also raised debate as to whether IFN therapy of hepatitis C in
HIV/HCV/hepatitis G-coinfected patients might accelerate pro-
gression of HIV disease due to the clearance of the hepatitis 
G virus that is sensitive to IFN. Neither assumption has been
confirmed.

Other infections of the liver

Cytomegalovirus

All herpesviruses and particularly cytomegalovirus (CMV)
cause disseminated disease in severely immunosuppressed
patients. Although chorioretinitis is the most frequent CMV-
related complication in HIV-infected individuals with less than
100 CD4+ T cells/µL, lung, gastrointestinal and liver involve-
ment is also frequent in these patients.

Tuberculosis

Infection with Mycobacterium tuberculosis is one of the most 
frequent illnesses in HIV-infected patients in developing regions
and among IDUs in North America and western Europe. It 
may develop in subjects without severe immunodeficiency as
pulmonary tuberculosis (TB), although it tends to present as
disseminated TB in patients with low CD4 counts. In the latter
situation, hepatic involvement is frequent. It complicates treat-
ment management as most anti-TB drugs are hepatotoxic to
some degree (mainly rifampin, isoniazid and pirazinamid).
Characteristic large and multiple hepatosplenic abscesses have
been reported in association with intra-abdominal lym-
phadenopathies in HIV-infected immunosuppressed patients,
mimicking lymphomas [55]. They may also develop as a result
of an immune reconstitution syndrome following initiation of
HAART. Hepatic TB may be part of miliary disease, featuring
granulomatous hepatitis in the liver biopsy and fever of appar-
ently unknown origin.

Mycobacterium avium complex (MAC)

Atypical mycobacteria of the M. avium–intracellulare complex
are among the most common opportunistic organisms
identified in the liver biopsy of severely immunosuppressed
HIV-infected patients. Their presence is usually associated with
fever, night sweats and weight loss, as well as elevated serum

alkaline phosphatase and transaminases [56]. Infection is usu-
ally disseminated, and examination and culture of bone mar-
row, lymph node aspirates or blood will often give the diagnosis,
avoiding the need for liver biopsy. Granuloma formation is
often scanty, and the examination of smears and culture of
biopsy tissue are essential. Response to treatment, particularly in
patients with advanced disease, is often poor, and maintenance
therapy is required to prevent relapse. However, since the advent
of HAART, the improvement in the immune status in most
patients on therapy has dramatically reduced the incidence of
this complication. Conversely, immune reconstitution syndromes
with lymph node enlargement and fever have been described
following initiation of HAART in subjects with subclinical atyp-
ical mycobacterial infections.

Toxoplasmosis

Symptomatic infection with Toxoplasma gondii in HIV-positive
patients generally manifests as cerebral toxoplasmosis. How-
ever, in severely immunosuppressed individuals, disseminated
toxoplasmosis may appear with lung and/or hepatic involve-
ment [57].

Drug-related liver toxicity

Background

Liver enzyme elevations are often seen following initiation of
antiretroviral therapy. Liver toxicity is an important cause of
morbidity, mortality and treatment discontinuation in HIV-
infected patients. Drug liver toxicity has affected the recommen-
dations for antiretroviral therapy in certain scenarios, as in the
case of nevirapine in post-exposure prophylaxis [58], which
should be avoided in women with CD4 counts > 250 cells/µL.

Definition of hepatotoxicity

There is a broad variability across studies in the criteria used 
to categorize the severity of hepatotoxicity. We propose as the
most accepted, the AIDS Clinical Trials Group (ACTG) scale of
liver toxicity. Accordingly, patients with transaminases within
normal limits at baseline are considered to develop hepatotoxic-
ity when ALT and/or aspartate aminotransferase (AST) rise above
the upper limits of normal. Severe hepatic injury (the primary
study outcome) is defined as grade 3 or 4, a > fivefold or >
10-fold change in AST and/or ALT levels during antiretroviral
treatment respectively.

To avoid an over-representation of individuals with chronic
hepatitis at baseline experiencing liver toxicity, changes in
transaminase levels should be recorded based on baseline values.
Therefore, transaminase level elevation is scored as grade 1
(1.25–2.5 × baseline), grade 2 (2.6–3.5 × baseline), grade 3
(3.6–5 × baseline) and grade 4 (> 5 × baseline) in subjects with
abnormal liver enzyme values at baseline [24].
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Incidence and risk factors

The reported incidence of severe liver toxicity after initiating
HAART ranges from 2% to 18%. Differences in study popula-
tions, as well as in the methods used, account for this wide range.
Liver toxicity is more frequent among subjects with chronic
hepatitis C and/or B than in those without underlying liver dis-
ease. A higher risk of hepatotoxicity has been found in patients
carrying HCV genotype 3 compared with other genotypes [26].

Among the PIs, full-dose RTV is more hepatotoxic than other
drugs [25]; it has caused fatal acute hepatitis. The use of two PIs,
often including RTV at low doses as a booster for the second PI,
does not increase the risk of liver toxicity. The incidence of liver
toxicity with lopinavir (LPV), which is given with fixed low
doses of RTV (200 mg/day), is low. Atazanavir also has a good
liver safety profile, even if used with low-dose RTV. In contrast,
tipranavir, the last approved PI, appears to be more hepatotoxic,
possibly because it is given with higher doses of RTV (400
mg/day) as a booster.

Some nucleoside reverse transcriptase inhibitors (NRTIs),
such as 3TC and TDF, have a low incidence of hepatotoxicity.
The mitochondrial damage is thought to be the mechanism
involved in the development of liver injury by other NRTIs [24].
Cases of hepatic failure have been reported in patients taking
AZT, although ddI and d4T are the most common agents caus-
ing severe hepatotoxicity. Abacavir (ABC) and TDF, which have
a low potential for mitochondrial damage, have a safer liver
profile.

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
may cause liver toxicity by several mechanisms [24]. Cases of
severe liver toxicity have been reported, some of them fatal, in
subjects receiving nevirapine (NVP) as part of a post-exposure
prophylaxis regimen [58]. Likewise, in a trial assessing the NRTI
emtricitabine (FTC), a higher incidence of hepatotoxicity was
observed among patients taking NVP [59]. Of interest, in both
the post-exposure prophylaxis and the FTC trial, hepatotoxicity
developed early following initiation of treatment and predom-
inated among black African women in the FTC study. These
data suggest a hypersensitivity reaction causing the liver abnor-
malities. However, in other reports, the hepatotoxicity of 
NVP-containing regimens had a later onset (beyond the fourth
month), with an increase in the cumulative incidence over 
time [60,61]. Therefore, it is likely that NVP causes liver toxicity
through a second mechanism, more common than the hyper-
sensitivity syndrome. More importantly, while the allergic phe-
nomenon might not be favoured by underlying hepatitis B or C,
the toxic cumulative mechanism could be more frequent in
patients with chronic viral hepatitis.

Several retrospective studies have evaluated the develop-
ment of hepatotoxicity linked to the use of NNRTIs. In general,
the incidence of liver toxicity is higher compared with other
antiretrovirals, particularly in populations with a high preval-
ence of chronic HCV infection and with NVP rather than
efavirenz.

Mechanisms of liver toxicity

The possible mechanisms involved in the development of 
hepatotoxicity associated with the use of antiretrovirals are 
summarized in Table 6. Four main pathogenic mechanisms 
of hepatotoxicity of antiretrovirals exist, including direct drug
toxicity, immune reconstitution in the presence of HCV and/or
HBV coinfections, hypersensitivity reactions with liver involve-
ment and mitochondrial toxicity. It is probable that multiple
pathogenic pathways occur simultaneously in some patients.
Other pathogenic mechanisms may also be involved, such as
insulin resistance, which is favoured by several antiretrovirals
and may contribute to the development of steatohepatitis [24].

Therapeutic management

The three main considerations necessary for the adequate 
management of transaminase elevations following the introduc-
tion of HAART are severity, clinical impact and aetiological
mechanism. The suspicion of hypersensitivity reactions or lactic
acidosis, and the development of liver decompensation, are all
reasons for stopping treatment immediately [20]. Severe liver
toxicity (grades 3–4), even in the absence of symptoms, sim-
ilarly warrants discontinuation of antiretroviral therapy.

If fatty liver is present, the removal of factors predisposing to
steatosis is indicated. If the patient is taking an antiretroviral
with higher hepatotoxic potential (i.e. NVP), replacement of
this drug is an option. The continuation of the same regimen,
with spontaneous decrease in transaminase values, has been
reported in immune reconstitution cases. Liver enzyme eleva-
tions may persist in some patients; the long-term consequences
are unknown, yet sporadic cases of severe liver disease potentially

Table 6 Mechanisms of liver toxicity of antiretroviral drugs.

Mitochondrial toxicity

Exclusive to NRTI, particularly d4T and ddI

Tends to occur after prolonged exposure

Hypersensitivity reaction

Associated with nevirapine and abacavir

Occurs early, often within the first 12 weeks

HLA-linked

Often associated with rash and fever

Not favoured by HCV or HBV

Direct damage

With PI and NNRTI

Favoured by HCV and/or HBV

Two modalities:

Intrinsic toxicity: dose-dependent, early onset

Idiosyncratic: not dose-dependent, latent period often long

Immune reconstitution

Mainly in patients with low CD4 counts and high viral load

Only in patients with HCV and/or HBV

HLA, human leukocyte antigen.
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linked to prolonged antiretroviral exposure have been reported
recently.

Liver tumours

Neoplasias involving the liver are not uncommon in HIV-
infected individuals. Primary tumours are mainly represented by
hepatocellular carcinoma, lymphomas and Kaposi’s sarcoma.
Metastatic lesions are seen in subjects with colorectal cancer.
While the incidence of hepatocellular carcinoma seems to be on
the rise in HIV-infected patients with chronic hepatitis B and/or
C, other hepatic tumours are declining since the introduction of
HAART.

Hepatocarcinoma

Concurrent HIV infection may increase the incidence of hepa-
tocellular carcinoma in cirrhotic patients with either HBV
and/or HCV. In a study, six cases of hepatocellular carcinoma in
a cohort of 2383 HIV-infected patients were identified, with an
incidence ratio of 13.95, higher than expected in the general
population [30]. A more aggressive course was also identified 
as a distinctive feature of chronic hepatitis C-associated hepato-
cellular carcinoma in the HIV setting.

HIV-infected cirrhotic patients should be screened for hepato-
cellular carcinoma at 6-month intervals using ultrasonography
and measurement of alpha-fetoprotein levels [14,20]. Percutaneous
ethanol injection can be indicated for small tumours in patients
who are not candidates for surgery. Chemoembolization may
improve survival in cases with late-stage hepatocellular carci-
noma. In general, HIV-infected patients with hepatocellular 
carcinoma do not qualify for liver transplantation.

Lymphomas

The incidence of non-Hodgkin’s lymphoma (NHL) is increased
in HIV-infected individuals, but has declined significantly since
the introduction of HAART. Hepatic involvement is frequently
seen in NHL, but almost always as part of a systemic disease and
very rarely as a primary tumour [62]. Hodgkin’s disease is less 
frequent, but may likewise involve the liver at presentation or
thereafter in the absence of response to chemotherapy.

Kaposi’s sarcoma

Infection with human herpesvirus type 8 (HHV-8) is associ-
ated with three different clinical entities: (i) Kaposi’s sarcoma
(KS); (ii) primary effusive lymphomas; and (iii) multicentre
Castleman’s disease. Symptomatic HHV-8 infection was par-
ticularly frequent among homosexual men until the advent 
of HAART. Since then, the incidence of these neoplasias has
declined dramatically. Vascular lesions of KS in the liver were
common in subjects with visceral disease, and almost always
accompanied cutaneous lesions.

HIV-associated biliary disease

The biliary tract may be involved in HIV disease as a result of
infection with Cryptosporidium, Microsporidium, Cyclospora,
MAC and tuberculosis. Chronic sclerosing cholangitis often
results in cholestasis, jaundice and pruritus. In some HIV-
infected subjects, the cholangiopathy has been limited to the 
distal choledochus, resulting in a dilated bile duct; resolution
was obtained with endoscopic retrograde cholangiography fol-
lowed by resection. As with other opportunistic infections,
HAART has almost eliminated HIV-related cholangiopathy.
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Viral haemorrhagic fevers
Pierre E. Rollin and Thomas G. Ksiazek

Patients with viral haemorrhagic fevers frequently present with
similar and non-specific clinical signs resembling malaria,
typhoid fever and pharyngitis. A detailed travel history, coupled
with a high index of suspicion and the availability of definitive
virological tools, should facilitate a rapid diagnosis and the
timely implementation of appropriate patient isolation, clinical
management procedures and public health measures.

Lassa fever and other arenaviruses

Arenaviruses cause chronic infections of wild and peridomestic
rodents indigenous to Europe, Africa and the Americas. When
these asymptomatically infected animals come into contact 
with man, human disease may result. Arenavirus infections of
humans are common and, in some cases, cause severe haemor-
rhagic fevers.

Aetiological agent and epidemiology

Arenaviruses are spherical enveloped viruses that have a sandy,
granular appearance by thin-section electron microscopy. 
The lipid envelope of arenaviruses makes them susceptible 
to organic solvents and detergents. The arenavirus genome con-
sists of two single-stranded RNA molecules, which are desig-
nated S (small) and L (large). Two genes are encoded in an
ambisense orientation on each RNA. The family Arenaviridae is
divided into two complexes [1]. The lymphocytic choriomenin-
gitis (LCM) or Old World complex contains LCM virus and the
Lassa viruses, and also includes a number of related and appar-
ently benign viruses (Mopeia, Mobala and Ippy). All have been
isolated from rodents of the family Muridae. The Tacaribe or
New World complex includes several severe human pathogens
(Junin, Machupo, Guanarito, Sabia, Flexal and Chapare viruses),
some viruses that are responsible for mild laboratory infections
(Pichinde, Tacaribe) and some that are not associated with

human disease (Amapari, Bear Canyon, Cupixi, Latino, Parana,
Oliveros, Pirital, Tamiami and Whitewater Arroyo viruses).

In nature, arenaviruses are maintained by association with
specific rodent hosts, in whom they produce chronic viraemia
and/or viruria; they are routinely isolated from blood and urine
samples. Naturally occurring human disease can usually be
traced to direct or indirect contact with infected rodents.
Aerosol infectivity is thought to be an important natural route of
human infection [1,2]. Attempts to implicate arthropod vectors
have been unsuccessful, but ectoparasites taken from viraemic
mammalian hosts have occasionally yielded arenavirus isolates.
Rodents serve as a food source in Lassa fever-endemic regions
and handling of these animals is a risk factor for Lassa virus
infection.

Lassa fever is endemic in several countries of West Africa:
Sierra Leone, Guinea, Liberia and Nigeria. The rodent reservoir,
and certainly the virus, is also present in other West African
countries. The natural host species of Lassa virus are African
rodents of the genus Mastomys [1,2].

The Argentine haemorrhagic fever (AHF)-endemic region is
limited to the Pampa area of Argentina, but has shown a con-
tinuing northward extension since the first description of the 
disease, now covering 150 000 square kilometers. The peak incid-
ence occurs during harvesting in May and is correlated with the
population density of the reservoir, the drylands vesper mouse
(Calomys musculinus). Male rural workers were the population
at risk; however, health education and recent intensive human
vaccination have changed the epidemiological pattern. AHF,
caused by the Junin virus, is not usually contagious, although
person-to-person transmission by sexual contact has been
described [1].

Bolivian haemorrhagic fever (BHF; caused by Machupo
virus) has been described in the Beni department of Bolivia. 
The reservoir of the virus is Calomys callosus. BHF is a seasonal
disease, with more cases occurring in the dry season. The cases
are sporadic, with small clusters of cases caused by human-to
human transmission. In the past, large epidemics in towns 
have been described following unusually high rodent density
levels [1].
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Since its description in 1989, Venezuelan haemorrhagic fever
(VHF; caused by Guanarito virus) has been restricted to the
municipality of Guanarito, in the southern tip of Portuguesa
state in Venezuela, with Zygodontomys brevicauda being the
reservoir. As is often the case with arenaviral haemorrhagic
fevers, the seasonal incidence and agricultural activity peaks
coincide. Person-to-person transmission has not been observed
[1].

The epidemiology of Sabia and Flexal viruses is not known,
but severe, or even fatal, laboratory infections have been
described for these two viruses.

Pathology and pathogenesis

Arenavirus pathogenesis is difficult to understand from patho-
logical examination of tissues from animal models or humans.
The observed lesions cannot explain the severity of the disease
and arenaviruses are not highly cytopathic. In Lassa fever, the
virus can be isolated from all organs and the liver is consistently
affected, as confirmed by aspartate aminotransferase (AST) 
elevation and pathological examination of liver biopsies or 
post-mortem tissues [3]. Levels of coagulation factors are
slightly decreased and functional disturbances have been found
in platelets [4]. In Lassa fever patients, a fatal outcome correlates
with low levels of circulating interleukin (IL)-8 and interferon-
inducible protein (IP)-10. This down-regulation of the immune
system is also associated with an impaired B-cell response: there
is a low or absent antibody response in fatal cases. Proinflamma-
tory cytokines are elevated and, in AHF, there is a correlation
between mortality and the levels of tumour necrosis factor
(TNF)-α and interferon (IFN). In arenavirus infections, haem-
orrhages result from the activation and dysregulation of infected
macrophages, endothelial and inflammatory cells. The levels of
virus replication are important and are indirectly correlated
with the patient’s outcome of infection via a pathophysiological
cascade [1].

Clinical manifestations

Lassa fever patients usually present with fever, sore throat, severe
lower back pain, cough and conjunctivitis. In tropical areas, this
syndrome can easily be misdiagnosed and is very often labeled 
as malaria. During the second week of infection, digestive signs
include nausea, vomiting, diarrhoea and abdominal pain. In
most patients, the disease is self-limiting; however, in a small
percentage, the disease is more severe and patients are hospital-
ized. A maculopapular rash, bleeding from the gums and the
nose, haematemesis and oedema of the face may develop, but
frank haemorrhage is seen in only a proportion of the most
severe cases. Pleural and pericardial effusions are common and
can be massive. Respiratory distress, hypovolemic shock and
bleeding are usually associated with fatal cases, which is the 
outcome in 15–20% of patients with Lassa fever who are 
hospitalized. Central nervous system involvement (seizures and

encephalopathy) is frequent [5]. Lassa fever is a particularly
severe disease among pregnant women, and fetal loss occurs 
in more than 80% of cases [6]. Ataxia and deafness are not
uncommon sequelae. In infants, swollen-baby syndrome, which
is characterized by anasarca, abdominal distension and bleed-
ing, is also typical [2].

The clinical pictures of AHF, BHF and VHF are similar.
Incubation periods range from 7 to 14 days and the onset is 
generally gradual, with fever, anorexia and malaise occurring
over several days. The disease is multisystemic, including the
gastrointestinal, cardiovascular and central nervous systems. 
On initial examination, flushing of the face, neck and chest and
bleeding from the gums with enanthem are common. Other
complications include extensive petechial haemorrhages, ooz-
ing from puncture wounds, melena and haematemesis. In addi-
tion, among the 15% of patients who die from these conditions,
hypotension and shock may develop. During the second week 
of illness, clinical improvement may begin or complications 
may develop. Neurological involvement ranges from mild 
irritability and lethargy to coma, delirium and convulsions in
severely ill patients, with or without any haemorrhagic manifes-
tations. Recovery is slow; weakness, fatigue and mental difficulties
may last for weeks. In AHF, a significant proportion of patients
relapse with a ‘late neurological syndrome’, which includes
headache, cerebellar tremor and cranial nerve palsies; deafness
has also been described as a sequela [1].

Laboratory findings

In Lassa fever, patients are frequently dehydrated and have high
haematocrits. Proteinuria is usually present, and lymphopenia
and relative or absolute neutrophilia is the rule. Platelet num-
bers are reduced but, most importantly, an inhibitor of platelet
function (e.g. aggregation) is present [4,5]. A serum AST level 
of 150 units/mL or higher on admission is associated with a high
risk of mortality [7]. The impact of infection on liver function 
is limited (glucose and bilirubin are normal) and cannot be
responsible for the severity of the disease [8,9]. In contrast 
to Lassa fever, clinical laboratory studies in cases of Junin virus
infection are frequently useful for diagnosis. Proteinuria is con-
stant. Total leukocyte counts usually fall to 1000–2000 cells/µL,
although the differential remains normal. Platelet counts fall
precipitously, usually to between 25 000 and 100 000 cells/µL.
Routine clotting parameters are usually normal or slightly
abnormal; however, patients with severe cases of disease may
show evidence of disseminated intravascular coagulation (DIC).
Transaminases generally remain normal [1].

Diagnosis

The specific diagnosis of arenavirus haemorrhagic fever requires
biological containment and is limited to only a few laborator-
ies in the world. Acute human infections are associated with
viraemia. Viral antigen, viral RNA or virus can easily be
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identified by antigen detection enzyme-linked immunosorbent
assay (ELISA), reverse transcriptase-PCR (RT-PCR) or isolation
respectively [10,11]. In the rapidly fatal forms of Lassa or
Machupo haemorrhagic fevers, patients may often die without
any detectable antibodies. Specific antibodies become detectable
in the second week of the disease and can be detected using 
IgM capture ELISA and IgG ELISA tests. Immunohistochemical
assays can be used to detect virus antigen in liver biopsies or 
tissues collected during post-mortem.

Treatment and prevention

Barrier nursing is very important in arenavirus haemorrhagic
fever and should be implemented as early as possible. Numerous
episodes of nosocomial infection have been described for Lassa
and Machupo haemorrhagic fever. Specimens collected for
diagnosis and management of the patient should also be handled
with extreme precautions. Variable results have been observed
in the treatment of Lassa fever with immune plasma. Con-
valescent immune plasma, selected on the basis of neutralizing
antibody concentration, has been used with success for the 
treatment of AHF [1]. About 10% of the recipients developed 
a transient neurological syndrome. Intravenous ribavirin, a
broad-spectrum antiviral, is the treatment of choice for Lassa
fever [6,7]. Its efficacy is particularly evident when used early in
the disease. Treatment starts with a loading dose of 30 mg/kg
(with a maximum of 2 g), followed by 16 mg/kg every 6 h for 4
days and 8 mg/kg every 8 h for 6 days. Ribavirin is also likely to
be an effective therapy for South American arenavirus infections.

No vaccine is currently available for Lassa fever. A Junin 
vaccine has been developed and is used in the endemic area. This
vaccine also protects non-human primates against Machupo
virus.

Rift Valley fever

The Rift Valley fever (RVF) virus is a mosquito-borne agent that
is mainly responsible for disease in domestic ruminants (sheep,
goats and cattle). The virus was though to be enzootic in East
Africa only, but has been found in virtually all sub-Saharan
countries. The virus was responsible for massive animal and
human epidemics that occurred in ‘virgin soil’, including Egypt,
and, more recently, Saudi Arabia and Yemen [3].

Aetiological agent and epidemiology

The RVF virus is a negative-sense, trisegmented, single-stranded
RNA enveloped virus belonging to the family Bunyaviridae. The
virus was first isolated in 1930 during an outbreak of disease in
sheep in the Rift Valley of Kenya. For many years, heavy rainy
seasons in this area were regularly followed by small epidemics
in ruminants. The virus was also found to be present in other
countries, but the human impact was very limited with a few
cases of self-limiting febrile illness. However, in 1977, a massive
epidemic occurred in Egypt, with more than 200 000 people

infected and nearly 600 deaths. Because of the large number of
cases, a more complete clinical spectrum of human disease was
reported. Since the Egyptian outbreak, there have been several
sites of considerable outbreaks in animals and humans, includ-
ing Mauritania in 1987, Madagascar in 1990, and Saudi Arabia
and Yemen in 2000 [12,13]. Although the enzootic maintenance
and transmission cycle is not entirely understood, heavy rains
and flooding, irrigated farming and water management (dams)
have an obvious impact on the populations of Culex and Aedes
mosquitoes before and during outbreaks. Susceptibility to the
virus among breeds of animals is variable, but the abortion rate
can reach 100% in afffected pregnant animals and mortality in
young animals is also very high. Because of the lack of effective
animal disease surveillance systems, severe human disease has
very often been the initial indicator revealing epizootics.

Pathology and pathogenesis

A viraemic phase, corresponding to an initial febrile period, is
the first step in infection and leads to dissemination of the virus,
with secondary replication in endothelial cells and hepatocytes.
RVF virus is very cytolytic and infection results in hepatocellular
degeneration, necrosis that is mainly centrizonal and scattered
lobular foci of necrosis [3]. Massive necrosis associated with the
loss of hepatic architecture is seen in the severe form of disease,
as demonstrated by immunohistochemistry of post-mortem
specimens. Intrathecal replication of the virus is at the origin 
of RVF encephalitis. The pathogenesis of retinal lesions is not
understood, but is coincidental with the onset of antibody 
circulation. In non-human primate models, the late onset of the
IFN response is associated with more severe disease and DIC,
suggesting that the early production of IFN is influential in 
limiting the severity of disease; in the same model, prophylactic
administration of recombinant IFN-α limited viraemia, hepato-
cellular damage and haemostatic derangement [14].

Clinical manifestations

The most frequent clinical manifestations include the sudden
onset of fever, myalgia, headache and anorexia of a week’s 
duration, followed by a complete recovery. Three other clinical
syndromes have been seen, particularly in large outbreaks of 
disease. Some patients develop an acute decrease in visual acuity
about 5–15 days after the onset of disease. Retinal lesions can 
be uni- or bilateral and are characterized by macular lesions,
edema, vasculitis and haemorrhage. Recovery is often not com-
plete and half of these patients have some permanent loss of
vision [12,15,16]. The other two severe complications have been
described in approximately 1% of the total number of cases. 
In the haemorrhagic fever form of the disease, haemorrhagic
manifestations become evident in the few days following onset
of disease, with epistaxis, gingival bleeding, haematemesis and
melena. The prognosis is very bad, frequently with DIC and 
hepatic and renal failure. A few other patients develop headache,
meningismus and confusion, 7–10 days after onset. In this
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meningoencephalitic form of the disease, the mortality rate 
is high and residual sequelae are frequent. Human-to-human
transmission has never been described, although laboratory
infections commonly occur in individuals.

Laboratory findings

In acute uncomplicated RVF, clinical laboratory tests show
leukopenia, but liver function tests and platelet counts are
within the normal range. In the severe syndromes, half of the
patients show anaemia with evidence of DIC. The most obvious
abnormal findings are marked abnormal liver function tests
[elevated alanine aminotransferase (ALT) and AST]; lactic
dehydrogenase and creatine phosphokinase levels are also ele-
vated [13,15,17,18]. Hepatic failure is frequent and may lead to
fatal hepatic encephalopathy. Renal failure with high creatinine
and urea levels is also common and may require haemodialysis
[12]. In patients with encephalitis, the cerebrospinal fluid shows
pleocytosis (mostly lymphocytes) and normal glucose and pro-
tein concentrations.

Diagnosis

At the very acute stage of RFV disease, viraemia is very significant
and it is easy to detect viral antigen (by antigen capture ELISA),
viral RNA (by RT-PCR) or virus (by isolation) [11,13]. After 1–2
days, the virus or antigen can no longer be detected because of
the presence of detectable IgM and IgG antibodies. As for other
diseases, it is best to use a combination of the available assays for
diagnosis. The same tests can be applied to confirm a clinical
suspicion of disease in animals. Specific immunohistochemical
assays can detect viral antigen in post-mortem human and 
animal specimens (liver being the optimal specimen).

Treatment and prevention

There is no specific antiviral treatment for RVF disease. Most
patients with severe disease should receive supportive care,
including intravenous fluids and, when indicated, blood and
freshly frozen plasma transfusions, mechanical ventilation,
haemodialysis and antimicrobial therapy for secondary bacterial
or fungal infections [12,13]. Ribavirin is effective against RVF
virus in cell culture but, during one human trial, there was no
suggestion of any benefit for patients and a suggestion of adverse
effects. Very effective inactivated vaccines against RVF have
been developed by the US Department of Defense, but they are
not available for the general population. Proper vaccination of
domestic animals in the endemic area is possible and important,
as livestock usually serve as the amplificatory step.

Marburg and Ebola virus diseases

The Marburg and Ebola viruses, which are filoviruses, are
responsible for severe disease in Central Africa. Although case
fatality rates vary between the viruses, the symptomatology, 

progression of disease, pathogenesis and epidemiology are very
similar, and only specific laboratory testing allows a specific
diagnosis to be made.

Aetiological agent and epidemiology

The viral genomes of the Marburg and Ebola viruses consist 
of nonsegmented, negative-sense, single-stranded RNAs. These
viruses contain seven virus-specific structural proteins that 
are expressed from seven genes [19]. The Marburg and Ebola
viruses are easy to identify by electron microscopy because of the
characteristic combination of the size and shape of the virions:
they have widely variable lengths, as well as branching circular or
‘6’ shapes. Phylogenetic analysis clearly separates the Marburg
and Ebola viruses into two genera, Marburgvirus and Ebolavirus,
with one species for the Marburg virus and four for the Ebola
virus: Zaire Ebolavirus (EBO-Z), Sudan Ebolavirus (EBO-S),
Reston Ebolavirus (EBO-R) and Tai forest Ebolavirus (formerly
known as Ivory Coast Ebolavirus) [19]. Heat, lipid solvents, 
β-propiolactone, formaldehyde, ultraviolet light and gamma
radiation can be used to inactivate these viruses.

The Marburg virus was the first filovirus to be recognized: 
in 1967, 31 individuals in Germany and Yugoslavia became
infected following contact with monkeys or their tissues or with
other patients. In 1976, Ebola virus was responsible for two
simultaneous outbreaks in Zaire and Sudan. Around 500 cases
were reported, with case-fatality rates of 88% in Zaire and 53%
in Sudan. Despite the simultaneous emergence, these viruses
(EBO-Z and EBO-S) are distinct species by serological and
sequence analysis criteria. More recently, two additional distinct
Ebola virus species have been isolated. In 1989, a new strain 
of Ebola virus (EBO-R) was isolated from monkeys held in 
quarantine in Virginia (USA), following importation from the
Philippines. No human disease was recorded, although several
animal handlers at the quarantine facility seroconverted. EBO-R
reappeared in monkeys exported from the same facility in the
Philippines to Siena, Italy, in 1992 and to Alice, Texas, in 1996.
In 1994, the fourth genetically distinct species of Ebola virus 
(Tai forest Ebolavirus) was associated with disease in a human
and deaths among chimpanzees in West Africa.

In 1995, EBO-Z was responsible for a massive outbreak in
Zaire and, subsequently (1996, 2001–2005), a number of out-
breaks occurred in Gabon and adjacent areas of the Republic 
of Congo among apes and humans; several of the human cases
were exposed to infected non-human primates. In 2000, EBO-S
was responsible for a large outbreak of disease in Gulu, in the
north-west of Uganda. More than 400 people were infected and
53% of them died. In 2004, in Yambio (Sudan), 17 individuals
were infected with EBO-S and seven of them died. From 1999 
to 2000, an outbreak of disease caused by the Marburg virus
occurred in the eastern Democratic Republic of Congo. In the
spring of 2005, a large outbreak of Marburg occurred in Uige,
northern Angola, with a total of 252 cases and 227 deaths
reported by the end of August of that year. Following every large
outbreak, a search for the animal reservoirs of filoviruses have
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been made without success. Non-human primates, the source 
of many human infections, are not considered to be a likely
reservoir. The real reservoirs have not yet been found, although
recent data have implicated fruit bats [20].

Pathology and pathogenesis

The understanding of the pathogenesis of these diseases is derived
from animal-model studies and from the very few human speci-
mens, including tissues, collected during outbreaks. Extensive
and disseminated infection and necrosis is obvious in major
organs such as the liver, spleen, lung and kidney. Extensive hep-
atocellular necrosis is associated with the formation of charac-
teristic intracytoplasmic viral inclusions; lymphoid depletion 
is particularly obvious in the spleen; and virus replication in
endothelial cells and macrophages plays a role in vascular 
dysregulation and permeability, cytokine induction and haemo-
static balance [19].

Clinical manifestations

Marburg and Ebola virus infections are clinically similar. The
incubation period varies from 4 to 16 days. The onset is sudden
and marked by a non-specific syndrome, including fever, chills,
headache, anorexia, and myalgia. Digestive signs and symptoms
follow: nausea, vomiting, sore throat, abdominal pain and 
diarrhoea. On examination, patients are usually dehydrated,
apathetic and disoriented. Pharyngeal and conjunctival injec-
tion is usual. After 3–4 days, a characteristic maculopapular
rash over the trunk, petechiae and mucous membrane 
haemorrhages appear; however, they may be difficult to see on
dark-skinned patients. Gastrointestinal bleeding is common,
accompanied by intense epigastric pain. Severe cases can develop
petechiae and bleeding from puncture wounds and mucous
membranes [21,22]. Multiorgan failure with shock usually 
precedes death, which occurs in 80–90% and 51% of cases of
EBO-Z and EBO-S respectively. The case-mortality rates in
Marburg virus infection have varied from 30% in the original
outbreak to 90% in the recent outbreak in Angola.

Laboratory findings

Clinical laboratory studies usually reveal an early and profound
leukopenia, which is sometimes moderately elevated at a later
stage. Platelet counts decline to 50 000–100 000 cells/µL during
the haemorrhagic phase. Elevated liver enzyme (AST and ALT)
values reflect the gravity of the syndrome [21]. Abnormalities 
in coagulation parameters include fibrin split products and 
prolonged prothrombin and partial thromboplastin times, 
suggesting that DIC is a terminal event and usually associated
with multiorgan failure. More recent studies have shown that 
D-dimers are detectable early in the disease. During the terminal
stages, kidney failure is confirmed by high creatinine and 
blood urea nitrogen values. Ebola or Marburg viral antigens 

are present at high levels in all tissues, including the skin, 
allowing a specific diagnosis to be made post-mortem by
immunohistochemistry.

Diagnosis

The specific diagnosis of filovirus infection requires tests that are
not usually available in the endemic areas of these viruses, or in
any hospital in the western world. Diagnosis initially requires
the elimination of a number of viral haemorrhagic fevers. In
general, viraemia and antigenaemia are present during the acute
phase of the disease. The best approach is to use a combination
of tests, including antigen detection ELISA assay, RT-PCR (usu-
ally more sensitive but subject to artifacts and contamination)
and IgM capture ELISA [11,23,24]. RT-PCR has the advantage
of allowing genetic analysis of the products. Virus can be iso-
lated, but this requires time and adequate levels of containment
(BSL-4 level). During rapid fatal disease, patients may often die
without any detectable antibodies; however, ELISA tests can 
be used to detect IgM antibodies, which may be present during
illness and usually appear early in convalescence. IgG ELISA
tests play little role in establishing acute diagnosis, but can be
used for retrospective or epidemiological studies. Post-mortem
diagnosis can be carried out using specific immunohistochemical
analysis of tissues, including skin biopsies, collected after deaths
that are suspected to be caused by filovirus infection; this is a 
distinct advantage in highly fatal diseases [25].

Treatment and prevention

Barrier nursing and the avoidance of parenteral exposure of 
hospital staff are important in the management of filovirus
infections because of the frequency with which nosocomial
transmission is seen. Symptomatic and supportive manage-
ment, with careful maintenance of fluid balance, is the only
available treatmtent option at this time. No antiviral drugs 
or vaccines are currently available for human use, but several
candidate vaccines have shown potential in animal models.

Crimean–Congo haemorrhagic fever

Crimean–Congo haemorrhagic fever (CCHF) was first recog-
nized in the Crimean peninsula (former USSR) at the end of 
the Second World War. In 1969, the causal virus was found to 
be identical to a virus isolated from a febrile child in 1956 in
Stanleyville, a town in the former Belgian Congo [26,27]. Since
then, the virus has been found from Africa to the western
provinces of China.

Aetiological agent and epidemiology

The CCHF virus, a tick-borne virus found in Africa, eastern
Europe and Asia, belongs to the genus Nairovirus of the family
Bunyaviridae. The genome is composed of three segments 
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of negative-sense, single-stranded RNA. Virions contain two
envelope glycoproteins, a nucleocapsid protein and a RNA poly-
merase. The CCHF virus is an enveloped virus.

CCHF virus has been isolated from 30 species of ixodid ticks
and, with the exception of Madagascar, the distribution of the
virus overlaps with the distribution of Hyalomma ticks. These
ticks feed on different hosts during their life-cycle, from rodents
and birds to small ruminants and cattle. Transovarial transmis-
sion of virus from female ticks to progeny occurs [27]. Although
several species of mammal can be infected, disease only develops
in humans. The virus is usually contracted through the bite of an
infected tick, or by contact with blood or tissue from a viraemic
animal or a patient at home or in a hospital setting. The number
of human cases during outbreaks is usually small and, fre-
quently, those in contact with animals (farm or slaughterhouse
workers) are at the origin of the infection; health-care personnel
who take care of infected patients are involved secondarily in
small clusters [13].

Pathology and pathogenesis

Because of the lack of an animal model, the occurrence of 
the disease in remote areas and the limited number of special-
ized laboratories, the pathogenesis of CCHF is poorly under-
stood. Few tissues collected during necropsies have been made
available for analysis. Pathological examination of liver tissue
reveals hepatocellular necrosis with prominent Councilman
bodies, hypertrophic Kupffer cells and lack of inflammatory
mononuclear cell infiltrates. Abundant immunostaining of
CCHF virus antigens reveals replication of the virus in hepato-
cytes, mononuclear phagocytes and endothelial cells [28]. The
infection of endothelial cells plays an important role in the 
vascular leakage and haemostasis that are observed in the dis-
ease [13].

Clinical manifestations

The incubation period can be as short as 3 days but is usually
around 7 days. Onset is characterized by the sudden appearance
of headache, dizziness, fever, nausea, vomiting and abdominal
pain. Behavioural changes, such as somnolence or depression,
are frequent; some patients are confused or even aggressive
[29,30]. During the clinical examination, conjunctival injection
and enanthem are usually obvious and lymphadenopathies and
hepatomegaly may be present, as well as tenderness of the right
upper quadrant of the abdomen. A petechial rash on the trunk
and limbs may be seen by the end of the first week of illness
[27,30,31]. In some patients, large ecchymoses and bruises are
indications of the haemorrhagic tendencies of CCHF infections.
Epistaxis, haematemesis and melena are common. The most
severely ill patients develop multiorgan failure, coma and DIC
[27,29,31,32]. In mild forms of the disease, defervescence is
observed during the second week, with progressive general
improvement; convalescence is usually prolonged.

Laboratory findings

Leukopenia is only transient, but thrombocytopenia is an early
and consistent feature of CCHF. Elevations of blood urea nitro-
gen and creatinine levels are accompagnied by proteinuria. 
All patients have abnormal liver functions, with elevated levels
of serum AST, ALT and gamma-glutamyltransferase [18,29].
Most patients show a decline in haemoglobin levels [27,31,32].
During the course of fatal infections, elevations of the pro-
thrombin ratio, activated partial thromboplastin time, fibrin
degradation products and D-dimers, and low fibrinogen levels,
are typical of DIC.

Diagnosis

Laboratory diagnosis of the infection at the early stage of the 
disease is carried out by detection of the CCHF virus, antigen or
RNA. This is achieved using an antigen detection ELISA or by
RT-PCR analysis of serum or blood [11,27,29]. Virus isolation
from cell cultures or suckling mice is sensitive but requires sev-
eral days and a laboratory with adequate levels of containment.
Tissues collected during necropsies are also suitable for CCHF
antigen, RNA or virus isolation [13,28]. In addition, immuno-
histochemical assays can specifically confirm the aetiological
diagnosis [28]. IgM and IgG antibodies, detectable by ELISA,
may often be absent in fatal cases and appear later in the disease
process.

Treatment and prevention

Most of the facilities where CCHF patients are hospitalized have
no diagnostic capabilities and the treatment is symptomatic.
Good barrier-nursing practices should be initiated in areas
where disease is present [13]. Ribavirin is effective against the
CCHF virus in cell cultures and, although no rigorous clinical
trials have been carried out, intravenous and oral ribavirin have
been used in South Africa, Pakistan, Iran and Turkey with
apparent success [31–33].

Disclaimer

The findings and conclusions in this report are those of the
authors and do not necessarily represent the views of the fund-
ing agency.
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Dengue and yellow fever
Alberto Queiroz Farias and Flair José Carrilho

Dengue

Aetiological agent and epidemiology

Dengue infection is currently ranked as the most important
mosquito-borne viral disease worldwide. The disease is endemic
in more than 100 countries and affects 100 million people,
mainly in tropical and subtropical regions, with 450 000 annual
cases of the haemorrhagic form of the disease. The vector is the
day-biting mosquito of the genus Aedes, usually Aedes aegypti,
although A. albopictus and A. polynesensis may also have epi-
demiological relevance depending on the geographical location.

TTOC09_04  3/8/07  6:42 PM  Page 994



9.4 EXOTIC VIRUS INFECTIONS OF THE LIVER 995

A. aegypti breeds in small collections of water and the eggs are
resistant to desiccation. Transovarial virus transmission may
account for the maintenance of a reservoir without human 
participation. The dengue virus is a single-stranded RNA virus
of the Flaviviridae family with a genome of 11 kb. The disease is
caused by any of the four dengue virus serotypes (DEN-1 to
DEN-4). The infection induces specific, but not cross-protective,
immunity [1,2].

Pathology and pathogenesis

The dengue virus replicates within cells of the mononuclear
phagocyte system and in mast, dendritic and endothelial cells.
Bone marrow suppression occurs in dengue infection and 
contributes to low lymphocyte and platelet counts [3,4].
Occasionally, the dengue virus crosses the blood–brain barrier
and causes encephalitis. The viraemic and infective phase lasts
for up to 5 days after the onset of symptoms and is followed by
the appearance of specific IgM antibodies around the sixth day
[5]. Most of the patients recover, but a small percentage of cases
progress to dengue haemorrhagic fever (DHF), which is charac-
terized by plasma leakage. The risk of severe disease is highly
increased in cases of sequential infection by a different serotype.
Circulating cross-reacting non-neutralizing antibodies, either
from previous dengue episodes or from acquired maternal IgG
in the neonatal period, are implicated in DHF. During sec-
ondary infection, the Fc portion of those antibodies forms 
complexes with the dengue virus and enhances cell-surface bind-
ing and entry of the second virus serotype into macrophages,
leading to DHF [6]. The underlying pathophysiological process 
in DHF is increased capillary permeability, producing plasma
leakage; microscopically, there is no necrosis or inflammation of
capillary vessels. Higher levels of cytokines and other markers of
activated T cells support the role of these mediators in increasing
capillary permeability.

The liver in dengue virus infection

Liver involvement is characterized by focal midzonal necrosis of
varying degrees of severity and by microvesicular steatosis. Focal
perivenular necrosis and dropout of hepatocytes are common
findings. Low-grade inflammation is usually found and residual
parenchymal calcification may occur. Plate 9.4.1 (facing p. 72)
shows immunohistochemical staining of dengue virus antigen
in liver tissue.

Clinical manifestations

The incubation period is 4–7 days. Dengue infection may 
be asymptomatic. According to the World Health Organization
(WHO), symptomatic infections can be classified into three 
categories [1,7,8]:
1 Undifferentiated fever – usually seen in primary infection and
indistinguishable from other acute viral disorders.

2 Dengue fever – characterized by sudden onset of high fever
(40°C or 104°F) with a biphasic course and including two or
more of the following manifestations: intense myalgia (‘break-
bone fever’), arthralgia, headache, retro-orbital pain, leukopenia
and haemorrhagic diathesis. Manifestations such as flushing,
coryza, rash and seizure may also occur. The tourniquet test may
be positive in some subjects, presumably because of capillary
fragility.
3 DHF – the WHO case definition must fulfill all of the follow-
ing four criteria:
• acute sudden onset of high fever for 2–7 days;
• haemorrhagic manifestations demonstrated by spontaneous
bleeding or positive tourniquet test;
• platelet count < 100 × 109 cells/L;
• plasma leakage shown by a raised packed cell volume of > 20%
in serial measurements or by the development of ascites or 
pleural effusions.

DHF is classified into four grades of severity based on the
presence of spontaneous bleeding and the severity of plasma
leakage. Dengue shock syndrome includes DHF grades III and
IV. Although rare, DHF may be complicated by myocarditis,
haemolytic uremic syndrome, acute renal failure, encephalo-
pathy, encephalitis and fulminant liver failure.

Laboratory findings and diagnosis

Laboratory findings are variable and more conspicuous in 
DHF. The most common findings are a decreased platelet count,
leukopenia, atypical lymphocytosis, an abnormal coagulation
profile and reduced serum complement levels. Liver enzymes
are elevated in most infected individuals. Infections with DEN-3
or DEN-4 serotypes are believed to induce a higher increase in
liver enzymes than other genotypes. Other findings include low
albumin levels and acid–base and electrolyte disturbances.

A definite diagnosis of dengue virus infection depends on the
detection of specific circulating antibodies, viral isolation and
detection of viral RNA in tissue or serum samples. The mono-
clonal antibody-based capture enzyme-linked immunosorbent
assay (ELISA) is still the most commonly used serological test.
However, antibodies are not detectable until at least 5 days 
after infection, and cross-reactivity with other flaviviruses is
possible. Inoculation on mosquito cell cultures (mainly the
C6/36 clone of A. albopictus) has become the standard technique
for dengue virus isolation. Viral RNA detection by reverse 
transcriptase-polymerase chain reaction (RT-PCR) may be
used; however, it still needs to be internationally standardized
[9–11].

Treatment, prognosis and prevention

Most cases are self-limited and hospitalization is not required.
Treatment is merely symptomatic. Antiviral drugs are not 
effective, but therapy with paracetamol has been proposed.
Acetylsalicylic acid (aspirin) should be avoided because of the
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risks of bleeding episodes and the development of Reye syn-
drome. In the case of DHF or dengue shock syndrome, the life-
threatening forms of the infection, therapy is aimed at adequate
and prompt fluid replacement. Although dengue fever is self-
limited, DHF is associated with high mortality rates. Adequate
supportive therapy for DHF has been reported to successfully
decrease fatalities from 40% to less than 1%. Currently, no 
effective vaccine is commercially available. The most effective
strategy for prevention of infection is vector control, which may
be achieved by removing stagnant pools of water around houses,
treating stored water with larvicide, the biological control of vec-
tors (with the use of larvivorous fish or endotoxin-producing
bacteria) and education [1,12].

Yellow fever

Aetiological agent and epidemiology

Yellow fever (YF) is a systemic mosquito-borne viral infection
that affects approximately 200 000 individuals annually in 
tropical regions of Africa and Central and South America. The
disease probably originated in Africa and was brought to the
New World during the period of the slave trade. The infectious 
agent is a flavivirus of 25–65 nm in size, and there are seven
strains that are infectious to man. In Africa, YF is endemic in 
29 countries and both rural and urban outbreaks have occurred.
In the Americas, YF has not been reported in urban areas for the
last 50 years and is now restricted to the tropical rain forests.
There are two cycles of YF in endemic regions: the forest (jungle
or sylvatic) cycle and the urban cycle. In America, the forest 
cycle is maintained in monkeys and, probably, in rodents. The
vectors are Haemagogus spp. and Sabethes spp. forest-dwelling
mosquitoes. The Aedes aegypti mosquito is responsible for 
urban outbreaks. In Africa, infection in monkeys, mainly
Cercopithecus monkeys (vervet), accounts for the jungle cycle,
and a number of Aedes spp. mosquitoes play a role in virus 
transmission. Infected hosts transmit the YF virus to mosquitoes
during the period of fever. The intrinsic cycle in the mosquito 
is 4–18 days, depending on environmental conditions, and the
infection is lifelong in mosquitoes. Transovarial viral transmis-
sion contributes to YF virus maintenance during the dry seasons.
Individuals entering the forest are bitten by mosquitoes that
have acquired infection from primates; these individuals then
serve as reservoirs when they return to urban areas. The
peridomiciliar A. aegypti may disseminate the YF virus, begin-
ning the urban cycle [3,13,14]. Interhuman transmission is
unimportant. YF virus has also been isolated from the tick
Amblyomma variegatum, but the epidemiological significance 
of this finding is unclear [15].

Pathology and pathogenesis

Initial replication probably takes place in the draining lymph
nodes. During the subsequent haematogenous dissemination,

the liver becomes the principal focus of infection. Kupffer 
cells are infected first, followed by hepatocytes. Pathogenesis is
mediated by direct viral injury to hepatocytes. Stroma cells are
not involved, and typical lesions may not be found in biopsy
specimens during the recovery phase. Liver involvement is con-
spicuous and characterized by extensive midzonal necrosis with
minimal inflammation. The more intense immunostaining of
YF antigens in the midzonal region suggests a specific viral
tropism toward zone 2.

Lesions in other organs are variable. Myocarditis is charac-
terized by degenerative and focal fatty changes and may result 
in circulatory dysfunction and arrhythmias. Fatty changes may
be seen in the sinoatrial node and in the bundle of His and 
are related to the clinical finding of bradycardia. Encephalitis,
cerebral edema and perivascular haemorrhages can also occur.
In the kidneys, the most important pathological findings are in
the renal tubules, which show acute tubular necrosis and fatty
changes. Haemorrhagic diathesis is characterized by decreased
synthesis of clotting factors and disseminated intravascular
coagulation. Haemorrhages occur in the digestive system, eyes,
lungs, uterus, liver, spleen and kidneys. The number of spleen
and lymph node lymphocytes decrease and adrenal lesions may
be found. Death results from hepatorenal failure, although heart
dysfunction may also contribute [16,17].

The liver in yellow fever

In the liver, the characteristic histopathological changes are seen
between the third and eighth day of illness. The hallmark of 
liver infection is the clear preferential involvement of zone 2, as
seen by midzonal necrosis of the parenchyma with degenerated
hepatocytes forming eosinophilic Councilman bodies. Nuclei
are pyknotic and have enlarged nucleoli and sometimes 
nuclear inclusions (Torres bodies). Villela bodies are similar
structures, but are restricted to the cytoplasm of hepatocytes.
Microvesicular steatosis and Kupffer cell hyperplasia also occur.
Hepatocytes around the portal and centrolobular veins are
spared, inflammatory cells are not prominent and the reticulin
framework is preserved [18]. The pattern of midzonal injury,
initially thought to represent a characteristic histopathological
finding of YF, is also observed with relative frequency in infec-
tions by other viral haemorrhagic fevers, such as dengue and Rift
Valley fever viruses. Plate 9.4.2 (facing p. 72) shows the major
histological findings in the liver that are associated with YF.

Clinical manifestations

The incubation period is 3–6 days. The spectrum of infection is
variable; in the majority of cases, the disease is mild or subclin-
ical. Severe classic YF accounts for 10–20% of cases. The typical
presentation of severe forms of YF is characterized by three 
distinct periods (Fig. 1) [13]:
1 Period of infection – this early period corresponds to the
viraemic stage and lasts for 3 days. Prodromal symptoms are
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usually absent. There is an abrupt onset with a fever of up 
to 40°C, chills, headache, nausea, vomiting, abdominal pain,
myalgia and lumbosacral pain. Conjunctival injection and
hyperaemia along the edges of the tongue may be found. On the
second day, despite a rising temperature, the pulse may decrease
(Faget’s sign). Nasal bleeding is a common finding.
2 Period of calm – this phase is characterized by the fall of fever;
it lasts from several hours to a day, and the patient may enter
clinical remission or progress to the following period.
3 Period of recrudescence – viraemia is no longer detectable
and circulating antibodies may be present. The fever returns,
Faget’s sign reappears and the patient’s condition deteriorates.
Liver and kidney failure develop. Jaundice becomes evident but
is never as deep as in viral hepatitis. As in other haemorrhagic
fevers, bleeding from different organs may occur, in particular
from the eyes, nose, mouth, bladder, uterus and digestive tract.
The classical manifestation of coffee-ground haematemesis or

‘black vomit’ carries a dismal prognosis. In spite of severe pro-
teinuria, ascites is rare. Myocardial dysfunctions are characterized
by hypotension, heart failure, arrhythmias and ST segmental
changes. Central nervous system involvement is suggested by
signs of meningitis or encephalitis. Suppurative parotitis and
pneumonia may complicate YF. Death usually occurs on the
seventh to tenth day of illness, but the duration of the period 
of recrudescence is quite variable and may last for up to two
weeks.

Laboratory findings and diagnosis

Clinical laboratory tests reveal leukopenia, thrombocytopenia
and hypoglycaemia and elevated levels of conjugated bilirubin,
serum aminotransferases [particularly aspartate aminotrans-
ferase (AST)], blood urea nitrogen and creatinine in endstage
disease. Serological tests, such as haemaglutination inhibition,

Period of infection

Fever and Faget’s sign

Period of calm Period of recrudescence

Myalgias and back pain

Hepatic encephalopathy

Jaundice

Leukopenia

AST

ALT

Thrombocytopenia

Low prothrombin activity

1 2 3 4

Days

5 6 7 8

Proteinuria

Fatigue and anorexia

Fever and Faget’s sign

Fig. 1 Clinical course in a patient with yellow fever.
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complement fixation, indirect immunofluorescence, ELISA and
radioimmunoassay, have been used as a supplementary tool 
for diagnosis. However, cross-reactivity to other flavivirus is a
concern. An elevation in the titre of IgM antibodies indicates
recent infection; paired acute and convalescent sera should 
be tested, with rising antibody titres providing a confirmatory
diagnosis. Inoculation onto mosquito cell cultures is the method
of choice for virus isolation. YF antigen may be demonstrated 
in formalin-fixed tissue from the liver, kidney and heart by
immunohistochemical staining [17]. However, histopathologi-
cal examination of the liver is not recommended because of the
high risk of life-threatening bleeding from the biopsy site. A
PCR-based test is available to detect the YF virus.

Treatment, prognosis and prevention

During the acute phase of YF, the patient should be protected
from mosquito bites to avoid the spread of infection. Treatment
is supportive and symptomatic. Inhibitors of gastric acid secre-
tion are advisable to decrease the risk of gastric bleeding. Dialysis
may be required. Heparin therapy is controversial and should 
be reserved for selected patients with documented severe dis-
seminated intravascular coagulation. No specific antiviral drug
is available. The overall case fatality rate during outbreaks is
between 5% and 10%. The prognosis for patients with jaundice
is poor, with up to 50% dying between the seventh and tenth 
day after onset. YF is a preventable disease and vaccination is
mandatory for populations at risk and travellers to endemic
areas. The live attenuated 17D vaccine, produced from chicken
embryos and delivered by a single subcutaneous dose, induces
long-lasting immunity in more than 95% of people. Immunity is
probably lifelong but, for travel certification, revaccination is
recommended every 10 years. The vaccine must not be given to
infants of less than 6 months of age because of the risk of post-
vaccinal encephalitis; if possible, it is best to delay vaccination
until 12 months of age. The rate of encephalitis is from 0.5 to 4.0
in 1000 in those younger than 9 months and one in eight million 
in those older than 9 months [19,20]. Immunization during
pregnancy is contraindicated because of the fetal risk and poor
maternal immune response. The YF vaccine is inexpensive and
relatively safe. More than 400 million doses have been used since
the implementation of the seed-lot system in 1945, and only 27
cases of postvaccinal encephalitis and 12 cases of viscerotropic
complications have been reported. Six fatal vaccine-associated
cases have been reported worldwide [21]. In Brazilian patients
among these cases, the course resembled classic YF. [22]

The possibility of eradicating YF in endemic forest regions
seems remote. The control of A. aegypti is the cornerstone strat-
egy for the prevention of urban YF. This includes the removal 
of mosquito breeding sites in stagnant waters and the biological
or chemical control of vectors.
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10.1 Bacterial, rickettsial and spirochaetal
infections
José M. Sánchez-Tapias

Bacterial infection

Introduction

A large number of bacteria may affect the liver either as a result
of parenchymal or biliary invasion or as a manifestation of 
bacteraemia or toxaemia. There is a wide spectrum of clinical
manifestations, ranging from asymptomatic abnormalities of
liver function tests to jaundice and, occasionally, severe liver
failure.

Liver dysfunction in extrahepatic infection

Patients with extrahepatic infection often have clinical or bio-
chemical signs of liver dysfunction [1]. Jaundice was described
as early as 1836 in patients with pneumococcal pneumonia, but
the overall prevalence of liver dysfunction in infected patients
remains undefined. Liver disorder is more frequent in children
than in adults, and its frequency increases with the severity of the
underlying condition, being highest in patients with septic shock
and multiple organ failure [2]. About half of patients with severe
infection admitted to intensive care units may have bilirubin
serum concentrations higher than 2 mg/dL. Liver dysfunction
occurs mostly in patients with documented Gram-negative bac-
teraemia, especially Escherichia coli and Klebsiella spp., although
Gram-positive organisms may be involved as well, especially
Streptococcus pneumoniae and Staphylococcus aureus. The most
common sources of bacteraemia in these patients are pneumo-
nia, urinary tact infection and soft-tissue infection, although
organisms may originate from other sources such as pelvic 
infection, diverticulitis, appendicitis, peritonitis, meningitis,
lung abscess, septic abortion or others.

The severity of liver disorder is variable, ranging from sub-
clinical evidence of cholestasis to deep jaundice. Pruritus is fairly
uncommon. Symptoms are those of the underlying condition.
Viral, drug-related and ischaemic hepatitis must be excluded. 
In severe infections, other complications may ensue, including
renal failure, respiratory distress syndrome and coagulopathies.
Prognosis is related to the underlying condition, and mortality

seems to be related more closely to renal, neurological and coag-
ulation complications than to hepatic impairment itself [3,4].

Pyogenic liver abscess

Pyogenic liver abscess results from bacterial infection of the 
liver parenchyma and subsequent infiltration of the area with
neutrophils and other phagocytes to form a collection of pus.
The wall of the abscess may be formed, for instance, by biliary
epithelium or by the lining of a hydatid cyst, in cases secondary
to infection of ectatic bile ducts or parasitic cyst respectively.

There have been changes in the epidemiology of pyogenic
liver abscess in recent years. The age distribution now has a 
peak at around 60–70 years, and an increase in prevalence has
been noted between 1977 and 2002 from 6 to 18 per one million,
most probably as a result of using more sensitive diagnostic 
tools [5].

Biliary tract infection resulting from obstruction of the com-
mon bile duct accounts for about 40% of cases and is the most
frequent of the known causes of pyogenic liver abscess, but no
underlying cause can be identified in nearly one-third of cases
[6,7]. Systemic bacteraemia is thought to be the most common
cause in infants and young children and is responsible for
10–20% of cases in adults, sometimes by infection of pre-
existing tumours or intrahepatic haematomas following blunt
trauma. Portal bacteraemia caused by intra-abdominal infections,
such as appendicitis, diverticulitis, abscesses, inflammatory bowel
disease and others, may lead to liver abscess formation, but this
is less frequent than in the pre-antibiotic era. Liver abscesses
may also result from extension of septic processes in the vicinity
of the liver, such as cholecystitis, pancreatitis or penetrating 
gastric or duodenal ulcers. Occasionally, treatment of liver
tumours by transarterial embolization and, more rarely, by
ethanol injection may cause abscess formation.

The causative organisms vary according to the primary site 
of infection. Abscesses following cholangitis or intra-abdominal
sepsis are frequently polymicrobial and involve enteric Gram-
negative organisms and anaerobes, whereas systemic bacteraemia
causes abscesses with a single organism, such as Staph. aureus,
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streptococci or aerobic Gram-negative organisms. Escherichia
coli is classically the organism most frequently involved, but
Klebsiella pneumoniae has increasingly been recovered from 
cultures in recent years, particularly among Asian patients [8,9],
and a genetically determined increased tissue invasiveness has
recently been recognized in involved strains [10].

Patients typically present with slow onset of fever and pain or
tenderness in the right upper quadrant, loss of appetite and body
weight. These symptoms may last for weeks before the diagnosis
is made, but there may be rapid deterioration with signs of 
sepsis, jaundice and septic shock, particularly in cases associated
with biliary obstruction.

Laboratory abnormalities are not specific. Increased erythro-
cyte sedimentation rate (ESR), elevated alkaline phosphatase,
increased leukocyte count with neutrophilia, and mild anaemia
are usually found. Blood cultures are positive in about half 
the cases. On chest X-rays, there may be elevation of the right
hemidiaphragm, pleural effusion or a basal infiltrate, but
abdominal ultrasonography, computerized tomography (CT)
or magnetic resonance imaging (MRI) are essential for diagnosis.
Modern imaging techniques are important because they can
provide relevant information regarding underlying biliary or
abdominal disorders, and facilitate aspiration of pus for diag-
nostic or therapeutic purposes.

The prognosis of pyogenic liver abscess has very much
improved in recent years. Early diagnosis and appropriate 
management have reduced overall mortality to about 10% 
or less, although it remains high in patients with subjacent
malignancies [5,11].

Treatment is based on the administration of appropriate
antibiotics and evacuation of pus. In selected patients, antibiotic
therapy alone may be an option. In view of the wide range of
possible organisms, microbiological diagnosis is important in
choosing the most effective antibiotics. Empiric therapy should
include antibiotics active against Gram-negative bacteria, strep-
tococci, including enterococci, and anaerobes. Duration of 
therapy depends on the response but, in general, antibiotics
should be given intravenously (i.v.) for 2 weeks and by mouth
for a further 4 weeks. Evacuation of pus must be done surgically
in patients with large abscesses [12]; otherwise, percutaneous,
ultrasound-guided drainage is less aggressive and very effective
[13]. Percutaneous evacuation of pus can be done by continuous
drainage via an inserted catheter or by intermittent needle aspir-
ation. A recent controlled trial suggests that needle aspiration
may be the procedure of choice as a first option [14].

Liver dysfunction following infection with
specific organisms

Staphylococcus aureus and the toxic shock
syndrome
The toxic shock syndrome is a severe multisystem disorder that
occurs in patients infected with a strain of Staph. aureus produc-
ing a specific toxin called TSST-1. This syndrome was initially

described in adult females at the onset of menstruation and was
related to the use of specific tampons. Following adequate pre-
ventive measures, the incidence of this syndrome has markedly
decreased in this setting, but still occurs as a complication of sur-
gical procedures, trauma, burns and other local infections [15].

Clinically, it is characterized by high fever, hypotension, 
erythematous rash and multiorgan involvement affecting the
gastrointestinal tract, kidney, central nervous system and liver.
Liver dysfunction is characterized by a transient, moderate
increase in bilirubin, transaminases and alkaline phosphatase.
Diagnosis is based on clinical criteria. Staph. aureus is rarely
recovered from blood but may be isolated from vaginal swabs or
from other sites. Differential diagnosis is that of multisystem
disease with fever, hypotension and rash and includes scarlet
fever, meningococcaemia, erythema multiforme, drug eruption,
leptospirosis and others. Treatment is based on supportive 
measures, drainage of infected sites, appropriate antibiotics and,
in severe cases, intravenous immunoglobulin, which contains
anti-TSST-1 antibodies, may be considered.

Clostridium perfringens
Clostridium perfringens may directly affect the liver in the form
of an abscess or, very rarely, by causing diffuse, necrotizing, 
massive gas gangrene of the liver, leading to fulminant hepatic
failure [16]. Patients with gas gangrene elsewhere, following 
septic abortion or wound infection, may be jaundiced mostly as
a consequence of massive haemolysis.

Listeria monocytogenes
Listeria monocytogenes, a Gram-positive, aerobic bacillus, is
widely distributed in nature but rarely causes symptomatic
infection, except in pregnant women, immunocompromised
subjects and neonates. Hepatic involvement with L. monocyto-
genes may occur as a solitary liver abscess or may be more
widespread and present as an acute hepatitis with high transam-
inases. High fever, neutrophilia and the presence of granulomas
in the liver may be valuable for distinction from viral hepatitis
[17,18]. This organism has been recognized as a cause of spon-
taneous bacterial peritonitis in patients with cirrhosis [19].
Diagnosis is confirmed by isolation of the organism from blood,
tissue or organic fluid cultures. Ampicillin is the drug of choice.

Legionella pneumophila
Legionella pneumophila causes Legionnaire’s disease, which is a
pneumonia with multisystem involvement. This disease has its
highest incidence in the 40- to 70-year-old age group and is
more frequent in men. Alcoholics, smokers and subjects with
chronic diseases are at highest risk. Abnormalities of liver func-
tion test are quite common, but frank jaundice is rarer [20].
Histological changes of the liver are non-specific. The diagnosis
is mostly based on serology, and the differential diagnosis
includes other bacterial pneumonias, Mycoplasma infection,
psittacosis and Q fever. Oral azithromycin or clarythromycin is
the treatment of choice in the immunocompetent host, whereas
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immunocompromised or patients with severe disease need i.v.
therapy with azithromycin, levofloxacin or ciprofloxacin.

Brucella spp.
Brucellosis is a worldwide zoonosis that occasionally affects
man. There are three important pathogenic species: Br. abortus,
Br. melitensis and Br. suis, which have different geographic dis-
tributions and somewhat different clinical presentation [21].
Brucellosis is an occupational infection of farmers, veterinary
surgeons, meat handlers and microbiology laboratory workers
and is also transmitted by raw milk, particularly goat milk, and
dairy products.

The presentation of the disease may be acute, subacute or
chronic. Major features are fever, sweating, malaise, headache,
rigors, arthralgia, myalgia and back pain. The liver, the spleen or
both are enlarged in about one-third of cases, but significant
liver damage with jaundice or liver abscess formation is infre-
quent, and chronic hepatosplenic suppurative brucellosis is 
rare [22,23]. Elevation of alkaline phosphatase, suggesting an
infiltrative process within the liver, is the most prominent 
biochemical abnormality. Liver biopsy usually shows non-
specific inflammation, reactive changes and small non-caseating
granulomas, the last being found infrequently when the disease
becomes chronic [24]. Large liver abscesses are rare, and symp-
toms are insidious, but imaging techniques characteristically
show large, poorly defined, hypodense areas surrounding a
patent central calcification [23,25]. Several serological tests
[Bengala rose, Coombs, enzyme-linked immunosorbent assay
(ELISA)] are available for diagnosis, but interpretation may be
difficult, particularly in endemic areas or in chronic infection.
Brucella can frequently be isolated from blood in the early stages
of infection, but cultures are rarely positive at later stages, during
non-febrile periods. Several days or weeks may be necessary for
cultures to grow. Modified automated culture techniques and
polymerase chain reaction (PCR)-based methods have increased
sensitivity and are helpful in speeding diagnosis [26]. Therapy 
is based on prolonged administration of antibiotics, mostly
doxycycline in combination with streptomycin or rifampicin.
Surgical excision may be required for large liver abscesses.

Neisseria gonorrhoeae
Gonococcal perihepatitis, with the formation of violin-string
fibrin adhesions between the liver capsule and the peritoneal
wall, may result from direct spreading through the peritoneum
of germs causing pelvic inflammatory disease in women or,
rarely, by retroperitoneal lymphatic or haematogenous dissem-
ination in men. Clinically, it is characterized by severe pain in 
the right upper quadrant and fever, and there may be a friction
rub. Liver function tests are usually normal, although serum
transaminases may be raised. CT scan or ultrasonography may
show thickening of the peritoneum. Laparoscopy is useful to
confirm the diagnosis and to relieve pain by section of the adhe-
sions. This clinical picture (Fitz-Hugh and Curtis syndrome)
may also be caused by Chlamydia trachomatis. Antibiotic 

therapy is based on a combination of doxycycline and 
ceftriaxone.

Burkholderia pseudomallei
Burkholderia pseudomallei, a Gram-negative aerobic bacillus, is 
a soil saprophyte that can easily be recovered from water and 
wet soils in endemic areas. Melioidosis is a very important cause
of sepsis during the rainy seasons in northeastern Thailand and
has also been recognized in other Southeast Asian countries, the
north of Australia and Central America. Melioidosis mostly
affects people who have direct contact with wet soils and have a
predisposition to infection, such as diabetes or other chronic
diseases. The skin is the portal of entry. The disease may present
as severe sepsis, often fatal, or a chronic debilitating condition
with abscess formation mostly in the lung, although virtually
any organ, including the liver, spleen, kidney, brain, skeletal
muscle, skin and, in children, parotid gland, may be involved
[27]. On ultrasound examination, liver abscesses may present as
multiple hypoechoic areas or large, multiloculated lesions [28].
Melioidosis should be considered in severely septic patients 
living in or coming from endemic areas. Rapid diagnosis and
immediate therapy are important. Serologic tests are of little
help in endemic areas. B. pseudomallei can readily be cultured
from infected sites or from blood within 48–72 h. Indirect
immunofluorescence of sputum, urine or pus is very specific
and provides much more rapid diagnostic information [29].
Immunoperoxidase staining of fixed specimens may be useful 
as well [30]. Rapid and specific PCR techniques have been
described [31], but their applicability is probably low in endemic
areas. Initial intensive care management, intravenous cefta-
zidime followed by prolonged oral administration of chloram-
phenicol, doxycycline and trimethoprim–sulphamethoxazole is
the therapy of choice [27].

Hepatic involvement in infections with bacterial
enteric pathogens

Salmonella spp.
Several Salmonella species may cause cholangitis, cholecystitis
and liver abscesses. Salmonella typhi and S. paratyphi cause
enteric fever. Liver involvement, as indicated by enlarged liver
and abnormal liver function tests, is frequent in patients 
with typhoid fever. Histological findings are non-specific.
Occasionally, typhoid nodules, which consist of aggregates of
Kupffer cells, may be found [32]. More serious liver injury and
clinical jaundice, the so-called typhoid hepatitis, is rare but may
resemble viral hepatitis. High fever, bradycardia, lower peak
serum aminotransferases level, high peak alkaline phosphatase
and low alanine aminotransferase (ALT) to lactate dehydro-
genase (LDH) ratio suggest typhoid hepatitis, but culture of
salmonella from blood stool is important for diagnosis [33].
Salmonella is able to colonize the gallbladder, leading to a
chronic carrier state that causes prolonged shedding of the
organism. Chloramphenicol was traditionally the first-line
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antibiotic for the treatment of typhoid fever, but fluoro-
quinolones are more effective, as these drugs provide a rapid
cure in most patients, with a very low rate of both relapse or 
faecal carriage of the organism [34].

Other bacterial enteric pathogens
Abnormalities of liver function tests and an enlarged, tender
liver may frequently be found in infections with Shigella spp. and
Campylobacter spp., but clinical hepatitis or jaundice is rare. A
few cases of spontaneous peritonitis caused by Campylobacter
have been reported in patients with cirrhosis. Liver abscesses
caused by Yersinia, although uncommon, have mostly been
reported in patients with genetic haemochromatosis or second-
ary iron overload.

Tularaemia
Franciscella tularensis is a Gram-negative coccobacillus that
causes tularaemia in wild rodents. Infection may be transmitted
to man directly from infected animals, by insect bites or by
drinking contaminated water. F. tularensis is distributed world-
wide, but human disease is rare and occurs mainly in persons in
contact with infected animals [35]. Clinical manifestations are
variable and include fever, malaise, headache and a local reac-
tion at the entry site, causing several types of illness: glandular,
ulceroglandular, oculoglandular, pulmonary, oropharyngeal
and typhoidal. Elevation of aminotransferases is frequent, but
clinically apparent liver involvement is rare, although hepatic
abscesses and hepatic granulomas have been reported. F.
tularensis is difficult to culture, and the handling of this bac-
terium poses risks to laboratory workers. Microagglutination
and ELISA tests and PCR-based methods are being used for
diagnosis [36]. Streptomycin and aminoglycosides are the
antibiotics of choice for treatment

Q fever
Q fever is a worldwide distributed zoonosis with protean clinical
manifestations [37,38]. The responsible agent is Coxiella burnetti,
a pleomorphic, Gram-negative, strictly intracellular coccoba-
cillus. Recent phylogenetic studies showed that C. burnetti
belongs to the order of Legionellales rather than Rickettsiales. A
wide variety of animals can be infected, including domesti-
cated and wild mammals, reptiles, amphibians, fish and ticks.
Most human infections occur in persons in direct contact 
with infected animals such as cattle, sheep or goats, but may 
also occur by indirect exposure in rural or urban areas, mostly 
by inhalation of wind-spread infectious aerosol particles or 
consumption of unpasteurized dairy products.

Q fever usually presents as a febrile influenza-like illness with
pneumonitis, hepatitis or both. Jaundice is rare, but elevation of
liver enzymes and hepatomegaly are very common. Pericarditis,
myocarditis, neurological manifestations, such as meningitis,
meningoencephalitis or peripheral neuropathies, and dermato-
logical lesions may be present. Bradycardia is common. Fever of
unknown origin and abnormal liver enzymes are a frequent

form of presentation. Liver histology shows parenchymal granu-
lomas with a characteristic ring of fibrinoid necrosis, which is
surrounded by histocytes and lymphocytes and centred by a fat
vacuole. This ‘doughnut’ or lipogranuloma lesion is highly sug-
gestive of Q fever, but not pathognomonic, as it may be found in
other granulomatous diseases such as typhoid fever, lymphoma,
vasculitis and Epstein–Barr virus and cytomegalovirus infection
[39]. Q fever is often autolimited, but may very occasionally be
fatal. Endocarditis is by far the best characterized consequence
of chronic infection. It has also been suggested that the chronic
fatigue syndrome may be associated with protracted infection in
some patients.

In patients with acute disease, the diagnosis can be confirmed
by serology, with detection of rising antibodies against phase II
antigens, but significant titres may take 3 or 4 weeks to appear.
The diagnostic value of PCR assays in serum samples is lim-
ited, but may be useful for earlier diagnosis in some cases, as 
PCR may be positive within the first 2 weeks from the onset,
when conventional serology is still negative [40]. Patients with
chronic infection have high titres of antibodies against phase I
antigen.

Doxycycline is the treatment of choice, but macrolides and
fluoroquinolones have also been used. Several types of vaccines
have been developed and may be efficacious in persons at risk.

Chlamydia

Chlamydia trachomatis
Infection with C. trachomatis is virtually restricted to humans
and distributed worldwide. This pathogen causes a wide variety
of disorders, including trachoma and conjunctivitis, sexually
transmitted diseases in adults and pneumonia in the newborn.
In males with lymphogranuloma venereum, increased liver
enzymes and hepatic granuloma formation have been described.
However, perihepatitis is the most typical hepatic disorder
caused by C. trachomatis. Perihepatitis occurs mostly in young
females via peritoneal spread of germs from the genital tract,
although cases have been described in men, via blood or 
lymphatic dissemination. The disease results from localized
inflammation, which leads to the formation of adhesions
between the parietal and visceral peritoneum overlying the 
liver. In most cases, perihepatitis is associated with salpingitis
and presents with fever and severe pain in the right upper 
quadrant, which exacerbates with deep breathing and coughing.
Laparoscopy shows the typical fibrin ‘violin-string’ adhesions
(Fitz-Hugh and Curtis syndrome). Perihepatitis may be found
incidentally in non-symptomatic patients who undergo laparo-
scopic examination for other reasons [41]. C. trachomatis may be
grown in cell culture or demonstrated by immunofluorescence
from vaginal, endocervical or ureteral swabs. More recently,
molecular procedures for amplification and hybridization of
specific nucleic acid fragments have been developed and are
commercially available [42]. This condition must be distin-
guished from acute cholecystitis and appendicitis, and from 
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perihepatitis caused by N. gonorrhoeae. Doxycycline and
azithromycin are the antibiotics of choice.

Chlamydophila psittaci
Psittacosis is a worldwide distributed zoonosis that affects birds.
C. psittaci is transmitted to man by the oral route, replicates in
the liver and spleen and reaches the lung and other tissues fol-
lowing haematogenous dissemination. Symptoms are those of a
non-specific atypical pneumonia: high fever, headache, malaise,
dry cough; there may be some haemoptysis, but pleuritic pain is
absent. Many patients have splenomegaly and enlarged liver,
and a maculopapular rash may be present. Mild elevation of
transaminases is frequent, but jaundice is rare, except in the
most severe cases. Diagnosis is based on increasing titres of 
antibodies in sequential sera. Culture is difficult and hazardous
for laboratory workers. PCR-based techniques are under devel-
opment. Doxycycline is the antibiotic of choice, and macrolides
and chloramphenicol may alternatively be used.

Chlamydophila pneumoniae
Chlamydophila pneumoniae has been recognized as an im-
portant aetiological agent in acute respiratory disorders and 
community-acquired pneumonia, mostly in young people.
Over the past few years, there has been much debate about 
the possible role of this agent in atherosclerosis. Recently, C.
pneumoniae antigen and RNA have been detected in explanted
liver tissue from patients with primary biliary cirrhosis, and a
controversy on its role in this disease has been opened [43].

Mycoplasma pneumoniae
Mycoplasma pneumoniae is a small Gram-negative eubacterium
that does not have a cellular wall. It is distributed worldwide and
produces pharyngitis and tracheobronchitis, and is a frequent
cause of community-acquired pneumonia. Most infections are
mild and do not require hospitalization. Symptoms are not
specific. Some patients have a maculopapular rash or a bullous
myringitis. Characteristically, respiratory physical signs are scarce,
whereas chest X-ray shows prominent changes. Liver involve-
ment is not frequent, but some patients may have elevated
transaminases, and cholestatic hepatitis has been described in
children. Cases of mild hepatitis in patients without pneumonia
have also been reported [44]. Diagnosis is mostly based on 
serology. The antibiotic of choice is azithromycin.

Cat-scratch disease
Cat-scratch disease is an infection caused by Bartonella henselae,
a small Gram-negative bacillus that infects cats, dogs and their
fleas. Children and young adults are most frequently affected. 
In the majority of patients, cat-scratch disease is characterized
by regional granulomatous lymphadenopathy following a cat
scratch or bite. The site of inoculation is marked by a vanishing
papular lesion. General symptoms such as low-grade fever or
malaise may be present or not, and spontaneous, although slow,
resolution is frequent. Liver involvement is rare. There are 

atypical cases in which the characteristic regional lymphadenitis
and inoculation papule are absent. Granulomatous hepatic 
and splenic involvement has been reported in a few cases [45].
Diagnosis is based on serology and PCR amplification of 
bacterial DNA from tissue specimens. Therapy may not be 
necessary in localized, typical forms. Otherwise, a wide variety of
antibiotics including fluoroquinolones, new macrolides such as
azithromycin and co-trimoxazole may be useful.

In immunocompromised patients, B. henselae may cause
severe granulomatous hepatitis and peliosis hepatis [46]. These
patients have an enlarged and tender liver and appear seriously
ill. Imaging techniques show multiple focal nodular hypodense
lesions that must be differentiated from malignancies and a
number of other granulomatous or infectious diseases that may
affect the liver.

Mycobacteria
Involvement of the liver is frequent in patients with mycobac-
terial infections. Until recently, the incidence of tuberculosis 
has been declining in developed countries, but there is a recru-
descence of mycobacterial infection due to immigration from
underdeveloped countries and to the emergency of the acquired
immune deficiency syndrome (AIDS). In this setting, in addition
to Mycobacterium tuberculosis, other species such as M. avium
intracellulare or, more rarely, M. genavense, may be involved. 
In addition, due to immune suppression, organ-transplanted
patients are also at increased risk of developing tuberculosis.
Liver-transplanted patients are prone to develop significant
hepatotoxicity from standard antituberculous therapy, and
alternative regimens should be considered [47].

The clinical spectrum of liver disease due to Mycobacterium
spp. ranges from the absence of symptoms to severe hepatic 
disease, including liver failure. Multiple small granuloma for-
mation within the parenchyma is the most common lesion.
However, granulomas may also coalesce and form large tuber-
culomas, may affect the intrahepatic or extrahepatic biliary 
tree or the lymph nodes at the porta hepatis and cause biliary
obstruction. Furthermore, patients with extrahepatic tuberculo-
sis may have drug-induced hepatitis, non-specific lesions such as
fatty infiltration or reactive hepatitis. Granulomatous hepatitis
has been reported in patients undergoing bacille Calmette-
Guérin (BCG) systemic immunization or local instillation in
patients with carcinoma of the urinary bladder.

Tuberculosis is a frequent cause of liver granulomatosis. The
number of granulomas is variable, being greater in patients with
disseminated miliary tuberculosis. Hepatic tuberculosis occa-
sionally occurs in the absence of apparent tuberculosis elsewhere
[48]. Granulomatous hepatic tuberculosis does not usually
cause symptoms, and the clinical manifestations are those of
non-hepatic disease. Hepatomegaly and abnormal liver func-
tion tests, particularly elevation of alkaline phosphatase, are
incidental findings. Jaundice and ascites are rare, and related to
involvement of the biliary tree or the peritoneum respectively.
Cases of liver failure mimicking fulminant viral hepatitis have
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been reported. Suspicion of liver involvement arises from 
clinical symptoms or biochemical abnormalities. Plain X-ray
may show multiple calcifications in the hepatic area. Imaging
techniques do not provide specific data, but may be useful in rul-
ing out other lesions. Liver biopsy demonstrates the presence of
granulomas, which are formed by aggregates of epithelioid cells
surrounded by mononuclear inflammatory cells and contain a
few multinucleated giant cells. Caseation may be found in half
the cases, but none of these features is specific. Acid-fast bacilli
may be demonstrated by Ziehl–Nielsen staining in a minority of
cases. Mycobacteria may be isolated in less than half the cases.
Recently, several PCR-based assays have been developed for
rapid and specific diagnosis of tuberculosis in clinical speci-
mens, but the performance of these techniques in liver biopsies
has not been fully evaluated in hepatic miliary tuberculosis.

Hepatic tuberculoma, tuberculous hepatic abscess, nodular
or pseudotumoral hepatic tuberculosis are terms used to desig-
nate larger hepatic lesions resulting from the coalescence of
tuberculous granulomas. They may be single or multiple and 
of variable size, although lesions greater than 3 cm in diameter
are rare [49]. Abdominal pain, fever and weight loss are the 
most usual symptoms, but these may not be very apparent, 
and a tuberculous abscess may be discovered incidentally, 
when patients with abnormal liver function tests, particularly
increased alkaline phosphatase, are investigated. Manifestations
of pulmonary tuberculosis are often absent. Imaging techniques
show a diversity of space-occupying lesions without specific fea-
tures, which must be differentiated from primary or metastatic
neoplasms or fungal infection. Histological examination of liver
tissue obtained by percutaneous biopsy may show granulomas
or non-specific inflammatory or fibrotic material. Staining for
acid-fast bacilli, cultures and PCR-based DNA amplification are
necessary for diagnosis. Most patients respond well to antituber-
culous regimens, but improvement may not be immediate and
prolonged treatment is necessary.

Rickettsial infection

Rocky Mountain spotted fever

This condition is a tick-borne, multisystemic disease caused by
Rickettsia rickettsii [50]. It is endemic in some areas in North,
Central and South America, and has its highest incidence in chil-
dren as they play outdoors and with dogs. Most patients have a
mild or moderate illness, but the disease may be severe in some
cases. High fever, malaise, headache, muscle aches, abdominal
symptoms and an initially distal maculopapular rash are the first
symptoms. A significant proportion of patients are not aware of
having been bitten by a tick. Abnormal elevation of ALT is fre-
quent, but clinical manifestations of liver involvement are rare.
Prompt treatment is essential, as mortality in untreated patients
may be high. Immunofluorescence assays and ELISA tests using
specific antigens as well as PCR-based techniques are available,
but treatment initiation must not await serological confirmation

when there is a reasonable degree of clinical suspicion.
Doxycycline is the drug of choice.

Mediterranean spotted fever (tick typhus,
‘fievre boutonneuse’)

This acute febrile illness is caused by Rickettsia connorii, which is
transmitted to man mostly by a dog tick. It is endemic in the
Mediterranean basin, the Middle East, India and South Africa,
but a number of cases have been reported recently from central
Europe. Initial symptoms are high fever, headache, myalgia,
photophobia and a distal papular rash, which later extends onto
the trunk and face. A characteristic black eschar, which is the
inoculation site and where the tick may still be found, can be
observed in a large proportion of patients. Hepatic involvement
is very common and is manifested by liver enlargement, elevated
transaminases, alkaline phosphatase and γ-glutamyl transpepti-
dase, and hepatic granulomas may be found [51]. Diagnosis can
be based on clinical data. Rickettsias may be detected by direct
immunofluorescence of cutaneous lesions, by increased specific
antibody titres or by a positive Weil–Felix reaction. The course
of the disease is usually benign. Doxycycline is very effective, 
but co-trimoxazole and chloramphenicol may also be used.
Clarythromycin and azithromycin are effective in children. No
vaccines are available.

Ehrlichioses and anaplasmosis

Human monocytotropic ehrlichiosis and human granulocy-
totropic anaplasmosis, formerly known as human granulocy-
totropic ehrlichioses, are tick-borne zoonoses caused by
Ehrlichia chaffeensis and Anaplasma phagocytophilum respect-
ively [50,52,53]. These conditions are characterized by infec-
tion of leukocytes, where the agents may form microcolonies
within cytoplasmic vacuoles called morulae, which may be
found in conventional smears of peripheral blood. Most patients
have a moderately severe febrile illness with flu-like symptoms,
and a cutaneous rash may be present, especially in patients with
ehrlichiosis. Severe complications such as respiratory or renal
failure, gastrointestinal haemorrhage or neurological complica-
tions may occur, mostly in patients of advanced age. Leukopenia
(40%), thrombocytopenia (70%) and mildly increased amino-
transferase serum levels (70%) are frequently found, and a few
patients may be jaundiced. As symptoms are non-specific, a high
index of suspicion is essential for early diagnosis. The presence
of morulae in leukocytes is highly suggestive, but blood smear is
quite insensitive, as morulae are found in a minority of cases.
Immunofluorescence and ELISA assays are available, but these
tests do not allow for early diagnosis because specific antibody
response does not occur until the second week. Demonstration
of rising IgG or IgM titres in serum specimens taken 2 or 3 weeks
apart is required to confirm acute infection. PCR techniques can
detect specific DNA sequences earlier, mostly in whole blood
specimens, but a negative test does not rule out the diagnosis.
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Culture is difficult. Antibiotic therapy must be initiated as soon
as the diagnosis is suspected. Doxycycline is the drug of choice.

Spirochaetal infections

Treponema pallidum (syphilis)

Syphilis is a multisystem, sexually transmitted infection, which
evolves through several clinical stages when left untreated. It
may be transmitted to the fetus during pregnancy. Liver involve-
ment may occur at every stage of the infection.

Besides the characteristic mucocutaneous lesions, osteitis and
osteochondritis, babies with congenital syphilis have hepatitis
with hepatosplenomegaly and jaundice [54]. Serum transami-
nases may reach very high levels, and aspartate aminotransferase
(AST) is typically higher than ALT. Liver biopsies show multiple
epithelioid granulomas and portal and pericellular fibrosis.
Spirochaetes are localized mostly at the space of Disse and may
be demonstrated by silver staining or electronic microscopy of
liver tissue. Granulomas may evolve silently over the years and
become manifest later in infancy or during adolescence as a
hepar lobatum or hepatic gummas. Serological diagnosis may 
be difficult in the early stages because of the presence of mater-
nal antibodies.

A resurgence of syphilis is being observed, particularly among
human immunodeficiency virus (HIV)-infected individuals
[55]. Liver involvement is relatively frequent in patients with
secondary syphilis, but recognition may be obscured by coin-
cidental, sexually transmitted, viral hepatitis. Patients present
with anorexia, loss of weight, weakness, hepatomegaly and pru-
ritus, but jaundice is uncommon [56]. In HIV-infected patients,
neurological involvement seems to be more prominent than
cutaneous or hepatic involvement [57]. A cutaneous rash, but
not the primary chancre, is still present. Liver function tests 
are abnormal, and alkaline phosphatase is disproportionately
elevated. A variety of histological changes have been described,
including portal inflammation, areas of hepatocellular necrosis,
granuloma formation, pericholangiolar inflammation, vasculitis
and cholestasis. Spirochaetes are rarely found, and the patho-
genesis of these liver lesions is unclear. Diagnosis is based on
serology and on the demonstration of treponemes in cutaneous
and mucous membrane lesions. All abnormalities subside rapidly
with penicillin therapy.

In untreated patients, the clinical manifestations of secondary
syphilis resolve spontaneously within a few weeks, and the infec-
tion enters into a state of latency. Recurrent secondary eruptions
may occur but are rare. Latency may last for years and produce a
variety of lesions leading to neurological, ocular, cardiovascular,
skeletal, cutaneous or hepatic manifestations. Hepatic involve-
ment is very rare and consists of the formation of gummas,
which are granulomatous formations with no specific features.
Gummas are space-occupying lesions that do not usually cause
symptoms, but may be confounded with malignant lesions,
mostly metastatic cancer [58]. Cases with pain over the right

hypochondrium, loss of weight and presentation as a
Budd–Chiari syndrome caused by compression of the inferior
vena cava have been described. Percutaneous liver biopsy and
specific treponemic tests are useful for diagnosis. Patients
respond well to penicillin. Doxycycline has also been used 
successfully.

Borrelia burgdorferi (Lyme disease)

Lyme disease is a multisystem disorder caused by B. burgdorferi,
a tick-borne microaerophilic spirochaete that is distributed
worldwide. The distribution of the disease is related to the 
geographic prevalence of the tick vector. The disease follows
three consecutive stages. Following inoculation, the organism
multiplies locally and spreads into the regional lymph nodes 
and then to the organs and joints. The initial symptoms are 
those of a generalized infection, with fever, malaise, headache,
lymphadenopathy, arthralgia, myalgia and a characteristic rash,
named erythema chronicum migrans, a reddish macular or
papular rash, which expands over time while fading centrally
[59]. Neurological or cardiac abnormalities occur weeks or
months later and may persist for several weeks. The late phase is
characterized by the development of chronic erosive arthritis
that may resemble rheumatoid arthritis. Hepatic involvement is
very frequent in the early stage, when about half the patients
have abnormal liver function tests resembling acute viral hep-
atitis. Liver lesions include portal inflammation, ballooning 
and microvesicular fatty degeneration of hepatocytes, abund-
ant mitoses and infiltration of sinusoid with inflammatory 
cells [60,61]. Diagnosis is based on serological ELISA and
immunofluorescence tests and, recently, on DNA amplification
by PCR-based assays. Doxycycline is the drug of choice, but
azithromycin is also effective.

Borrellia recurrentis

Relapsing fever is a louse-borne disease that is transmitted from
man to man and occurs mostly in epidemics associated with 
very poor hygiene conditions. It is caused by B. recurrentis, a
microaerophilic spirochaete that has no animal reservoir. The
disease presents with rigors, high fever, arthralgia, myalgia,
vomiting, photophobia and a cutaneous rash that may be
petechial. Hepatosplenomegaly is present in most patients,
jaundice is common, transaminasas are elevated, and there 
may be thrombocytopenia. Within less than 2 weeks, the initial
episode abruptly subsides. At this time, death may occur as a
consequence of cardiovascular collapse. Following an afebrile
period that lasts several days, there is a relapse that resembles 
the initial episode [62]. Relapses are caused by the emergence 
of organisms able to evade protecting antibodies due to chang-
ing antigenicity. Diagnosis is made by direct demonstration 
of the organism in blood extension during a febrile episode.
Tetracyclines and erythromycin are more effective than 
penicillin.

TTOC10_01  3/8/07  6:45 PM  Page 1007



1008 10 OTHER INFECTIONS OF THE LIVER

Leptospirosis

Leptospirosis results from infection with different serovars
belonging to the species Leptospira interrogans, such as L. ictero-
haemorrhagiae, L. canicola, L. pomona, L. andamana, L. autum-
nalis, L. copenhageni, L. gripptyphosa, L. hebdomadis and others.
Leptospirosis occurs worldwide, in rural and urban areas, but is
more frequent in underdeveloped or developing countries and
still remains an important public health problem [63]. There are
many animal hosts, mostly rodents, which act as reservoirs and
eliminate the leptospires in the urine. Stagnant water and warm
temperature favour survival of the organisms. Humans are
infected by contact of abraded skin with contaminated water or
soil. Infection can also occur by penetration of the organisms
through mucosal surfaces, including ingestion of contaminated
food. The disease often results from occupational exposure in
persons working in sewers, mines or rice and sugar cane planta-
tions, as well as in persons who handle animal tissues or fluids.

The incubation period is 10 days on average. The severity of
the illness varies widely, from asymptomatic cases to a severe
disease with jaundice, renal failure and haemorrhages (Weil’s
disease). Most symptomatic patients have a biphasic disease.
The first phase lasts several days and is characterized by sudden
onset of high fever, rigors, severe headache, myalgia and abdom-
inal complaints. There may be stiffness of the neck suggesting
meningitis, and muscle pain is prominent. During this phase,
leptospires are found in blood and in the cerebrospinal fluid.
After a relatively asymptomatic interval lasting a few days, a sec-
ond phase ensues, in which symptoms are variable, with a pre-
dominance of neurological manifestations, mostly meningitis
and optical neuritis or iridocyclitis. Leptospires are excreted in
the urine during this phase.

The manifestations of the second phase of leptospirosis may
be severe. Weil’s disease is characterized by marked jaundice,
renal failure, haemorrhagic manifestation such as purpura or
bleeding from the nose, gums or gastrointestinal tract, and neu-
rological manifestations. Patients may have myocardial damage,
which may cause arrythmias and heart failure. Typically, there 
is a moderate increase in serum transaminases in contrast 
to very high levels of bilirubin and γ-glutamyl transferase.
Histology shows relatively little liver damage. Apart from
prominent cholestatic features, the parenchyma appears well
preserved, with some oedema and inflammation of the portal
tracts, mitotic activity of the hepatocytes and hyperplasia of
Kupffer cells.

Diagnosis should first be based on clinical and epidemiolo-
gical suspicion. Leptospires can be isolated from blood or cere-
brospinal fluid during the first phase and from urine during the
second phase. Several methods are available for the detection of
specific antibodies during the second phase, including macro-
scopic and microscopic agglutination, immunofluorescence and
ELISA tests. Detection of leptospires in blood or urine by PCR
amplification techniques allows early confirmation of the dia-
gnosis during the initial phase of the illness [64].

Most patients with mild leptospirosis heal spontaneously.
Doxycycline may reduce the duration of the illness in these
patients, but there is no clear evidence that antibiotics are 
effective in modifying the illness in patients with severe disease,
where doxycycline, cefotaxime and penicillin appear to be
equally effective [65].
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The liver becomes a target for infection in certain systemic fun-
gal infections for several reasons. First, fungi of the appropriate
size, such as Histoplasma capsulatum, are taken up by reticuloen-
dothelial cells. Second, because of the volume of blood flow
through the liver, fungi disseminated through the bloodstream
commonly involve this organ. Third, certain fungi, notably
Candida albicans and Candida tropicalis, are thought to pene-
trate the gastrointestinal mucosa in severely ill, neutropenic
patients and spread directly to the liver via the portal vein before
invading other organs. Despite this, the liver is not commonly
reported as a site of fungal infection, possibly through simple
oversight. It also reflects the fact that symptoms resulting from
invasion of other sites such as the central nervous system or lung
may dominate the clinical picture. The mycoses most frequently
associated with invasion of the liver are shown in Table 1. They
include the systemic fungal infections histoplasmosis, coccid-
ioidomycosis penicillinosis due to Penicillium marneffei, para-
coccidioidomycosis and, less frequently, blastomycosis. Of the
opportunistic fungal pathogens, both Aspergillus and Cryptococcus
may spread to this site, but liver infection is more often seen 
in disseminated candidosis as well as in rarer diseases such as 
trichosporonosis.

The other important way in which fungi may cause damage 
to hepatocytes is via mycotoxicosis produced by ingestion of
fungal toxins. Many of the aflatoxins produced by a range of
environmental fungi such as Aspergillus spp. may cause hepatic
necrosis or cirrhosis. Other mycotoxins, such as patulin and

ochratoxin A, affect the liver in laboratory animals, although the
contribution made by these substances to human disease is
largely unproven.

Candidosis

Definition

Infections caused by fungi of the genus Candida, known as can-
didosis or candidiasis, may be either superficial or systemic [1].
Liver involvement follows dissemination via the circulation,
either after direct introduction of the organisms through a 
contaminated intravenous line or intravenous injection in a
drug abuser, or after invasion via the gastrointestinal tract.
While hepatic infection may pass virtually unrecognized among
the other manifestations of fulminant systemic candidosis, in
certain patients, Candida infection of the liver and spleen pro-
duces a characteristic syndrome called hepatosplenic candidosis
(chronic disseminated candidosis).

Introduction

In the last 30 years, systemic Candida infections have become a
relatively frequent occurrence in certain groups such as neu-
tropenic cancer or postoperative or intensive therapy unit (ITU)
patients. Infection of the liver has been a consistent finding in
many autopsy surveys of systemic candidosis.

Epidemiology

Candidosis has a worldwide distribution [1]. The most com-
mon species that causes human infection is Candida albicans,
although others such as C. tropicalis, C. parapsilosis and C.
glabrata may also be implicated. Candida krusei and C. glabrata
are usually resistant to the antifungal drug fluconazole. Overall,
there has been a change in the distribution of different Candida
species in systemic infections, with a higher proportion of 
infections occurring in ITU and neutropenic patients being
caused by species other than C. albicans such as C. glabrata or
C. parapsilosis.

1011

10.2 Fungal infections affecting the liver
Roderick J. Hay

Table 1 Liver involvement has been reported in the following deep fungal
infections.

Opportunistic mycoses
Candidosis – includes hepatosplenic candidosis

Cryptococcosis

Less common: aspergillosis, mucormycosis, trichosporonosis

Pathogenic mycoses
Histoplasmosis – disseminated (classical) histoplasmosis

Paracoccidioidomycosis

Less common: coccidioidomycosis, African histoplasmosis, blastomycosis, 

penicillinosis
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Candida spp. are common commensal organisms, being 
carried by a significant proportion of the healthy population 
in the mouth (25%), gastrointestinal tract (16%) and vagina
(22%). The organisms become pathogenic under appropriate
conditions, a change often associated with the development of
hyphae. These conditions range from abnormalities of epithelial
surfaces to physiological changes, endocrine or metabolic dis-
ease and primary or secondary immunodeficiency states.

Pathogenesis and pathology

Candida causes disease by invasion of tissue. There are various
potential routes of systemic invasion. The organisms may be
introduced directly into the bloodstream by injection, a form of
disease seen in intravenous drug addicts, in whom fungi cause
infection of the eyes, hair follicles and bones. Candida may also
gain entry via an intravenous drip site by contamination of
intravenous fluids or the skin. A major route of entry in neu-
tropenic patients is via the gastrointestinal (probably jejunal)
mucosa. This may follow invasion of the mucosa, or a process
known as persorption in which particles such as Candida cells
rapidly cross an intact mucosal wall. This is based on evidence 
in man that non-pathogenic yeasts can appear rapidly in the
bloodstream after oral administration and, in neonatal mice,
transfer of yeasts from the bowel lumen to the circulation
appears to occur in the jejunum.

In tissue, C. albicans is normally found in both yeast and
hyphal forms in small abscesses, and there are usually many
organisms present. However, in patients with hepatosplenic
candidosis, in whom the infection may persist for weeks despite
a return of white cell counts to the normal range, few organisms
are seen in the later stages of infection, and the tissue response
may be granulomatous or mixed, with granulomas surrounding
neutrophil abscesses. Hyphae are seldom produced in tissues 
by Candida spp. other than C. albicans. The pattern of disease
associated with hepatosplenic candidosis has been described as
an immunorestitution syndrome [not associated with human
immunodeficiency virus (HIV)], a description that explains
some of the features of the condition [2].

Clinical features and complications

Systemic candidosis usually has few clinical features that can be
used to separate it from other septicaemic illnesses in severely ill
patients. Patients present with pyrexia, usually after abdominal
surgery or during neutropenia. Occasionally, there are helpful
signs that may give a clue to the diagnosis, such as the appear-
ance of multiple skin nodules, muscle pains or retinal deposits.
The liver may be enlarged in such cases, but this is very variable.
Hepatic lesions are usually found incidentally at autopsy. A
number of risk factors have been associated with fungal liver
infection in bone marrow transplant recipients. These include
deep fungal infection after transplantation, colonization or
superficial fungal infection after transplantation and severe liver

dysfunction through veno-occlusive disease or graft-vs.-host
disease [3].

Hepatosplenic candidosis
In recent years, increasing numbers of patients have been
described with a syndrome whose principal feature is Candida
infection of the liver and spleen [4]. The main characteristics of
these patients were reviewed by Odds (Table 2) [1]. Most have
leukaemia and have had a prolonged episode of neutropenia.
The infection is most often caused by C. albicans. Unlike other
forms of candidosis, the signs may appear after the patient
appears to be in remission from the primary disease. The main
clinical features are high, swinging pyrexia and chills, with right
upper abdominal pain. Appetite is poor and patients show a
variable degree of malaise. Progress is variable but, in untreated
patients, the infection persists over weeks. It is also notoriously
resistant to therapy [5–7]. The names hepatosplenic or chronic
disseminated candidiasis have been used for this syndrome.

Diagnosis and differential diagnosis
Systemic candidosis may be difficult to diagnose, particularly in
the immunocompromised patient. Blood cultures should be set
up and repeated if necessary; cultures of intravenous line tips
may also be helpful. Blood cultures are positive in a high propor-
tion of patients after surgery, but in less than 20% of those 
with neutropenia. Other methods of diagnosis include serology,
which is often only available in specialized centres. There are a
few commercial kits available for the detection of Candida anti-
bodies or antigen. These investigations may be contributory, but
should not be regarded as diagnostic, particularly in the absence
of any other evidence of Candida infection. The most reliable
method of diagnosis is by biopsy and histopathological exami-
nation of appropriate lesions such as skin nodules. Percutaneous
liver biopsy has not been widely used, except in hepatosplenic
candidosis, where it is the definitive method of diagnosis [8].

Hepatosplenic candidosis
In this syndrome, a number of approaches to diagnosis in addi-
tion to biopsy may also be contributory. The most consistent
results are seen with computerized tomography (CT) or mag-
netic resonance imaging (MRI) scans, which will show liver or
spleen granulomas and abscesses [9,10]. The biphasic spiral liver
CT technique shows specific patterns of enhancement, and the
pattern is best seen in the arterial phase of perfusion [11]. MRI 
is a useful technique for following the course of infection.
Ultrasonography has been less helpful, but is an alternative.
Radionucleotide scanning with technetium-99 or gallium-67
has produced variable results. To prove the identity of the 
infection, it may be necessary to attempt liver biopsy with echo
guidance or open biopsy at laparotomy. Serological tests may 
be positive in some of these patients and, in many such cases,
antibody rather than antigen titres may be considerably elevated.
The use of polymerase chain reaction (PCR) techniques can
improve the diagnostic yield [12]. Liver enzymes are usually 
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elevated, although the most consistent abnormality has been in
alkaline phosphatase.

In hepatosplenic candidosis, the presence of a high, swinging
pyrexia should alert the attending physician.

Treatment and prognosis
The mainstay of treatment for systemic Candida infections 
is intravenous amphotericin B (0.5–1.0 mg/kg body weight).
Other choices include lipid-associated forms of amphotericin B
[13], amphotericin B combined with flucytosine, itraconazole
(oral), caspofungin and fluconazole (oral or intravenous). The
range of treatment regimes employed suggests that these are
difficult infections, possibly in keeping with their designation 
as part of an immune reconstitution syndrome. There is a high
mortality in proven infections affecting neutropenic patients;
therapy should be continued, where possible, until there is
recovery of white cell numbers and, at any rate, for a minimum
of 2–3 weeks. Treatment of hepatosplenic infections is also
difficult, and many patients fail to respond to long courses of
amphotericin B and flucytosine or fluconazole [5]. Some suc-
cesses have been achieved with the lipid-associated forms of
amphotericin B that are liposome based (AmBisome), a col-
loidal dispersion (ABCD or Amphocil) or a lipid complex
(ABLC or Abelcet). Once again, there are few case reports on
these compounds in hepatosplenic candidosis. Hepatosplenic

candidosis is not necessarily a contraindication to bone marrow
transplantation, provided that recipients are treated with anti-
fungals both before and after engraftment until the graft is 
established [14]. There is little experience to date with voricona-
zole in this variety of candidosis.

Other opportunistic fungal infections

Invasive aspergillosis may be associated with solitary or multiple
liver abscesses in 13–41% of cases [15]. The usual pattern of
infection is the invasion of tissue, with scattered fungal hyphae
penetrating necrotic liver parenchyma [16]. Occasionally, the
fungus may form into a fungus ball, or aspergilloma, at this site
[17]. Likewise, liver abscesses have been recorded with systemic
infections caused by other fungi such as Trichosporon beigelii [18].
Mucormycosis, invasive zygomycosis and Scedosporium infections
have only occasionally been recorded as causing liver disease,
largely because they are often rapidly fatal even with localized
infection of a distal site. All these infections are treated in much
the same way as systemic candidosis, usually with amphotericin
B in conventional or lipid-associated forms and/or flucytosine.

Cryptococcosis

Cryptococcosis is caused by Cryptococcus neoformans, a yeast

Feature Details Percentage with feature

Sex distribution Male:female 45.2:54.8

Age distribution (years) <1 0

1–9 25.0

10–29 25.0

30–49 34.1

50–69 13.6

>70 2.3

Underlying diseases Acute leukaemia 86.3

Aplastic anaemia 5.9

Other 7.8

Diagnostic features Fever 100.0

Upper quadrant abdominal pain 96.3

Raised alkaline phosphatase 100.0

Blood leucocytosis 81.0

CT scan abnormalities 93.8

Ultrasound abnormalities 66.7

Sites affected Liver alone 23.5

Spleen alone 13.7

Both liver and spleen 62.7

Causative organism Candida albicans 88.2

C. tropicalis 5.9

Outcome Patient died 43.2

Data taken from Table 22.3 in Odds FC (1988) Candida and Candidosis. London: Baillière Tindall, 

pp. 196–205, with permission.

Table 2 Clinical and pathological features of
hepatosplenic candidosis.
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that is found in the environment in association with pigeon 
excreta [19]. There are two varieties of the organism: C. 
neoformans neoformans, which causes disease in Europe and
parts of the United States in otherwise healthy people and
immunocompromised patients including those with acquired
immunodeficiency virus (AIDS); and C. neoformans gattii, which
is seen mainly in non-AIDS patients in Africa and the Far East.
The former is associated with pigeon excreta, the latter with 
certain species of Eucalyptus. Infection usually follows inhala-
tion. Previously healthy individuals may be infected, particularly
in the tropics but, in many parts of the world, cryptococcosis is
seen mainly in patients with defective T-lymphocyte function,
including those with Hodgkin’s disease, AIDS, systemic lupus
erythematosus, and in patients on steroid therapy as well as
those receiving immunosuppression after organ transplants.

The primary focus of infection is the lung, but the most com-
mon clinical manifestation of the disease is meningitis. Skin or
bone lesions may also occur. About 10–15% of patients have some
evidence of pulmonary involvement, indicating that the primary
focus often heals, despite dissemination. Liver infiltration dur-
ing disseminated cryptococcosis is not common, but has been
reported, particularly in patients with AIDS, where enlargement
of the liver is not infrequent [20]. Patients may present with
apparent biliary obstruction due to liver infiltration [21,22].

In non-AIDS patients, other patterns of liver infiltration 
have been recorded rarely. These include focal granulomatous
hepatitis, which may mimic viral hepatitis and, on occasion,
widespread infiltrates resulting in hepatic failure [23].

Another rare method of presentation is with obstructive jaun-
dice secondary to sclerosing cholangitis, where the yeasts can be
identified in the common bile duct [24]. In at least one such case,
there has been histological evidence of pre-existing cirrhosis.
Extensive hepatic necrosis associated with cryptococcal infec-
tion leading to liver failure has been described [25].

The best method of laboratory diagnosis is direct microscopic
examination of smears, sputum or cerebrospinal fluid. The 
samples can be stained with India ink or nigrosin, both of which
emphasize the yeast capsule. Cultures can also be taken and are
usually positive in infected cases. There is a rapid antigen detec-
tion test using the agglutination of latex particles coated with
antibody or an enzyme-linked immunosorbent assay (ELISA)
that can be performed on serum or cerebrospinal fluid.

In most patients, the most appropriate therapy is ampho-
tericin B with or without flucytosine given in doses of 0.3–0.6
mg/kg daily and 150 mg/kg daily respectively. Therapy in
patients with AIDS is associated with a high relapse rate (over
70%), and it is usually necessary to give long-term treatment 
at weekly intervals after the induction of remission, the length 
of suppressive treatment depending on the response to highly
active antiretroviral therapy (HAART). Fluconazole produces
significant remissions at a dose of 400 mg daily in comparison
with amphotericin B, but there may be a somewhat higher 
frequency of early relapse with fluconazole. Higher doses of
fluconazole (600–800 mg daily) appear to be more effective.

However, fluconazole is effective as a long-term treatment after
initial remission.

Histoplasmosis

Definition

Histoplasmosis is a systemic infection caused by Histoplasma
capsulatum, a dimorphic organism that can be found in the 
environment in soil or material contaminated with bird or bat
excreta [19]. Infection follows inhalation and, in most people,
this is asymptomatic. Occasionally, the infection may dissemi-
nate from the lungs to involve other organs, notably those rich in
macrophages. The liver is affected in disseminated infections.
This type of infection is known as classical or small-form histo-
plasmosis and is caused by a specific variant of the fungus, 
H. capsulatum capsulatum. The small-form disease is character-
ized by the presence of tiny yeasts (2–4 µm in diameter) in tissue
macrophages; it has a worldwide distribution.

A second type of histoplasmosis, African or large-form his-
toplasmosis, caused by another variant of H. capsulatum, named
H. capsulatum var. duboisii, is seen in central regions of Africa.
Liver infection is not commonly recorded in this form of the 
disease. The tissue yeast forms in African histoplasmosis are
large (10–12 µm in diameter) and are found in foreign-body
giant cells; both forms of H. capsulatum are culturally indistin-
guishable. African histoplasmosis will be discussed separately.

Prevalence and epidemiology

Histoplasmosis (classical) has a well-defined endemic area,
being found in the east and central regions of the United States
as well as Central and South America, Africa, the Indian subcon-
tinent and the Far East. Exposure, as assessed by conversion rates
on the histoplasmin skin test, is highest in the United States and
northern South America. In parts of the United States, over 90%
of the healthy populace are skin test positive. A lower prevalence
of positive skin test (under 20%) is seen in Africa and the Far
East. These findings suggest that the infection is usually asymp-
tomatic and self-healing. Infection follows inhalation of the
organism, which is particularly associated with large accumula-
tions of bird droppings in roosting sites and old buildings. In the
tropics, important sites of potential exposure are bat-infested
caves or buildings housing bat colonies.

Pathogenesis

Most of the systemic mycoses follow a common pattern of infec-
tion shown in Table 3. Subclinical infection is common, but the
primary infection may be symptomatic where it is associated
with massive exposure to a natural source of the fungus, for
instance in a cave (cave fever). Chronic infection of the lungs
may develop in those with pre-existing pulmonary disease, such
as emphysema. The infection is a frequent, self-healing event,
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even in subclinical cases because, in endemic areas, splenic or
hepatic calcification of the site of healed metastatic lesions, some
of which contain H. capsulatum, is common. In addition to this,
dissemination may be progressive, particularly in patients with
defective resistance. In rapidly disseminated forms of histoplas-
mosis, liver involvement may be more common, but it is also a
feature of the indolent, chronic form of disseminated histoplas-
mosis in which the main clinical abnormalities are oral ulcera-
tion, hepatic enlargement or adrenal insufficiency [26].

Clinical features

The clinical features of histoplasmosis are largely determined by
the site of infection. Acute and chronic pulmonary histoplasmosis
are dominated by respiratory symptoms such as cough, weight
loss, chest pain and fever. Disseminated disease is also associated
with weight loss and fever but, in the chronic forms of infection,
oral or laryngeal ulcers or adrenal insufficiency may appear [19].

Symptomatic hepatic involvement may be seen in the rapid-
onset, disseminated form of Histoplasma infection. Studies indi-
cate that as many as 66% of patients have hepatomegaly [27,28].
The enlarged liver may be tender, and the spleen is frequently
enlarged also. Lesions are usually diffusely distributed through
the liver, with multiple granulomas or parenchymal infiltration
with many macrophages being stuffed with organisms [26].
Abnormalities of liver function may also occur. In patients with
AIDS, liver enlargement has also been a common feature in
those presenting with histoplasmosis [29–31].

The liver may also be involved in chronic disseminated forms
of the infection. Here, there may be only slight hepatic enlarge-
ment. Interestingly, the most common pathological pattern is
diffuse granuloma formation and, in many of these lesions,
organisms cannot be found [32]. Infiltration of an allograft liver
has also been reported [33].

Investigations

Histoplasma capsulatum is very small and difficult to demon-
strate in pathological material without experience. Giemsa- or
methenamine silver-stained sections or biopsies may show the
organisms. Histoplasma can be cultured from such cases. Liver
biopsies may also be a source of histopathological material [34].
Serological tests (immunodiffusion and complement fixation)
are useful procedures for diagnosis and monitoring therapy.
Two very specific precipitin bands, H and M, are found in histo-
plasmosis, the former being a more reliable indicator of active
disease. Newer antigen detection tests are available and are par-
ticularly helpful for AIDS patients.

Therapy

The treatment of the patient with histoplasmosis affecting the
liver is the same as that used for disseminated infections.
Amphotericin B is the main treatment and is given in doses of
0.8–1.0 mg/kg daily. The duration of treatment varies, but it
may need to be continued until a total dose of 2.0 g is achieved.
Itraconazole is effective in some forms of histoplasmosis and is
probably the treatment of choice in chronically disseminated
forms of the disease; it is also effective in patients with AIDS both
for initial therapy at 200–400 mg daily and for long-term sup-
pressive therapy (cf. cryptococcosis) at 100–200 mg daily [35].
These regimens can be modified depending on the response to
HAART.

African histoplasmosis

African histoplasmosis is an uncommon disease. Patients
mainly present with disseminated lesions affecting the skin,
bones and lymph nodes. Pulmonary involvement is rare. There
are few reports of liver involvement in the course of African
histoplasmosis [36].

Paracoccidioidomycosis

Definition

Paracoccidioidomycosis is a systemic fungal infection caused 
by the dimorphic fungus Paracoccidioides brasiliensis [37]. The
infection is seen only in parts of South and Central America and
Mexico. The organism causes either a widely disseminated infec-
tion or one localized to one or two sites, particularly the oral
mucosa or lungs. Involvement of the liver is infrequently recog-
nized, although it is probably common in widespread infections.

Epidemiology and pathogenesis

Paracoccidioidomycosis is a New World infection, although
imported cases have been described outside this area in Japan
and Europe. While it is believed that P. brasiliensis is found in

Table 3 Scheme for clinical features of systemic mycoses due to endemic
pathogenic fungi (histoplasmosis, blastomycosis, etc.).

Asymptomatic (sensitization) Positive delayed-type hypersensitivity to 

fungal antigen 

Acute pulmonary Acute pulmonary infection after high-dose 

exposure

Chronic pulmonary

Inactive Asymptomatic pulmonary nodule(s)

Active Chronic consolidation or cavitary lung 

disease

Disseminateda

Acute Widespread extrapulmonary dissemination

Chronic Focal slowly progressive dissemination

Primary cutaneous Skin lesion and lymphadenopathy 

following inoculation

aThe progress and extent of dissemination in deep mycoses varies

depending on the infection and the underlying condition of the patient.
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nature, it has only been identified in the natural environment 
on a few occasions and, therefore, its true ecological niche is
unknown.

Cases of the infection are not common, even in endemic
areas, and are mainly seen in adult males. This is thought to be
due to an unusual effect of human androgens on the conversion
of the organism to the yeast phase. There have been several 
surveys which suggest that exposure to the organism is fairly
widespread in the population of endemic areas, although only
occasionally have more than 20–25% of the community been
found to be skin test positive to intradermal antigens of 
P. brasiliensis. Infection follows inhalation.

Clinical features

Paracoccidioidomycosis is a multisystem disease involving the
lungs and the lymphatic system. It is often classified, as with 
the other systemic mycoses, into pulmonary and disseminated
forms, or by location into pulmonary, lymphatic, mucocu-
taneous and mixed depending on the predominant site(s) of 
clinical involvement. Like histoplasmosis, a proportion of those
exposed to this organism appear to develop asymptomatic infec-
tion, and the process resolves with the only evidence of infection
being a positive skin test. Respiratory disease may also coexist
with extrapulmonary infection, particularly ulcerative lesions of
the oral or genital mucosa as well as adjacent skin. Lymph node
involvement is also common.

Evidence for hepatic involvement is largely based on autopsy
surveys, in which between 24% and 56% of those who die with
paracoccidioidomycosis are found to have liver involvement
[38,39]. In some series, over 40% of those with disseminated
forms of infection have had hepatomegaly. The liver in these
cases is said to be enlarged diffusely with unchanged consistency.
Jaundice is rare and is found in less than 6% of cases [40]. Biopsy
shows lesions ranging from small granulomas to diffuse infiltra-
tion of yeast forms and fibrosis. The bile ducts are commonly
involved. The earliest signs are changes in aminotransferase
concentrations; changes in alkaline phosphatase or bilirubin
tend to occur in late disease.

Investigations

The diagnosis is confirmed by the demonstration of the organism
in tissue and its isolation in culture. Paracoccidioides brasiliensis
characteristically produces multipolar buds around the circum-
ference of a yeast cell, and these can be seen in direct examina-
tion of smears. The organisms grow well in primary culture.
Serodiagnosis may be very helpful, and immunodiffusion and
complement fixation tests are available for this disease.

Therapy

The most appropriate therapy available at present is itracona-
zole, which is given in doses of 100–200 mg daily for 3–6 months

or longer if necessary. The older azole antifungal, ketoconazole,
is also very active. Other methods include intravenous ampho-
tericin B and sulphonamides. Relapse after using the latter is
very common.

Coccidioidomycosis

Coccidioidomycosis is an infection caused by Coccidioides
immitis, a soil organism found in the arid western parts of the
United States in California, Arizona, Texas and New Mexico, as
well as in certain areas in South and Central America (northern
Argentina, Colombia, Uruguay) [41]. Infection follows inhala-
tion of the fungus and, like histoplasmosis, many of those
exposed simply become sensitized without infection. Like histo-
plasmosis, acute or chronic pulmonary infections may result, or
the disease may spread from the primary lung focus to involve
other sites including the liver.

The main features of infection are therefore respiratory, and
patients present with acute or chronic cough, malaise and fever.
Dissemination often occurs in immunocompromised patients
and is also more frequently seen in certain ethnic groups such as
Indians or African Americans. The principal sites for dissemina-
tion are the meninges, joints and skin. In severe and widely dis-
seminated infections, involvement of the liver is common, and
one autopsy survey suggested that hepatic foci could be found in
at least half of those with this type of disease [42]. The pattern of
liver involvement ranges from focal granuloma formation to
diffuse inflammatory infiltration [42,43]. Liver enlargement can
occur together with changes in liver enzymes. Liver involvement
has also been reported in patients with AIDS who develop 
coccidioidomycosis [44].

This infection is diagnosed by culture or by finding the 
characteristic Coccidioides spherules in smears or histologically.
The organism grows well in laboratory culture. Laboratory staff
should be warned about a possible diagnosis of coccidioidomy-
cosis if they are attempting cultures. Serology (immunodiffusion,
enzyme immunoassay or counter-immunoelectrophoresis) is
very helpful in both establishing the diagnosis and monitoring
the course of disease. Liver biopsy has been reported as a dia-
gnostic procedure in coccidioidomycosis [43].

Although the management of some forms of coccidioidomy-
cosis may be relatively simple, disseminated infections are
difficult to treat. Amphotericin B is the mainstay of therapy,
although some patients with soft-tissue disease may respond to
ketoconazole, itraconazole or fluconazole.

Other systemic mycoses

Blastomycosis due to the dimorphic fungus, Blastomyces 
dermatitidis, is occasionally associated with liver infiltration in
disseminated forms [45]. The geographical range of this disease
is fairly wide, with cases being found in north and central United
States and Canada, Africa, the Middle East and occasionally else-
where. It is uncommon and has only occasionally been reported
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in disseminated infections in immunocompromised patients [46].
In one study in such groups, two of six patients with chronic
myeloid and chronic lymphocytic leukaemia, respectively, had
diffuse infiltrations of leukaemic cells and B. dermatitidis in the
liver at autopsy.

Penicillinosis due to Penicillium marneffei is a disease recently
reported from Southeast Asia and in individuals who have 
visited that area. The organism naturally causes infection in
bamboo rats. Its mode of transmission and pathogenesis is
unknown, but widespread disseminated forms of the disease
have been seen, with foci of infection in bone marrow, spleen,
lung and liver [47]. The infection is generally associated with
AIDS, and it is encountered regularly as an AIDS-related com-
plication in endemic areas in Thailand, South China, Malaysia,
Hong Kong and Myanmar. Patients generally present with dis-
seminated disease in which there are widespread skin lesions 
and bone marrow infiltration with yeast cells. They are febrile
and systemically unwell. Less frequently, patients may present
without skin lesions and with tender hepatomegaly [48].

The organism can be recognized histologically and isolated in
culture. In tissue, P. marneffei may resemble Histoplasma small
forms, but it does not form buds and individual cells divide by
transverse fission. Hepatic lesions are of one of three types: 
diffuse, granulomatous and mixed. The diffuse pattern showed 
a diffuse infiltration of foamy macrophages that contained
numerous P. marneffei, whereas in the granulomatous pattern,
true granulomas are seen with various degrees of inflammatory
cell infiltration. The mixed pattern shows features of both forms.
All show abnormal liver function, but there are no specific 
features that will distinguish the types, and there is usually 
a granulomatous response. This infection can be treated with
itraconazole or amphotericin B.

Actinomycete infections

The actinomycetes are filamentous bacteria that may cause a
variety of different diseases. By convention, two of these, actino-
mycosis and nocardiosis, are usually considered with the fungal
infections.

Actinomycosis

Actinomycosis is an infection caused by actinomycetes of the
genus Actinomyces, notably A. israelii, A. bovis and A. naeslundii.
More rarely, other actinomycete species are involved. Infections
often occur in specific sites such as the mouth (cervicofacial),
abdomen, thorax or uterus (pelvic). In the pelvic site of infec-
tion, there has been an association with certain intrauterine 
contraceptive devices.

In many cases, it appears that aggregates of Actinomyces
are associated with other bacteria such as coliforms. The part
played by these bacteria in the pathogenesis of the infection is
unknown. Actinomycosis is mainly seen in otherwise healthy
patients. The hallmark of the infection is the formation of

inflammatory masses containing granules. Such masses
encroach on other structures, and multiple draining sinuses 
are formed. These may involve the jaw, the chest or the pelvis,
and can be confused with a range of other conditions such as
mycetoma or tumours. Infection of the liver is unusual but has
been recorded.

In about 15% of cases of abdominal actinomycosis, itself a
rare condition, the liver is affected [49]. The route of infection 
to this site is unknown, but it has been suggested that spread 
follows passage through the portal vein after appendicitis or
surgery [50]. Most commonly, it presents as a solitary liver
abscess and may spread to affect adjacent sites such as the bowel
and the diaphragm. The liver may appear enlarged, but jaundice
is rare [51]. The course of this infection may be very slow (over 
2 years).

The diagnosis is made on the basis of cultures after needle
aspiration or biopsy. CT scans show single or multiple, poorly
defined areas of increased density [50]. The presumptive dia-
gnosis is of liver abscess; aspirated material should be cultured.
The main treatment is penicillin given parenterally (2–12 × 106

units daily in adults), the dose depending on the site. Alternatives
include erythromycin or tetracycline

Nocardiosis

Nocardia asteroides, N. brasiliensis and N. caviae are aerobic 
actinomycetes that may cause human disease [51]. There are 
two main clinical varieties: mycetoma, a subcutaneous infection
resulting from implantation; and systemic nocardiosis, an inva-
sive disease seen in both immunocompromised and healthy
patients. Liver invasion is occasionally seen in disseminated
nocardiosis. The primary portal of infection is thought to be the
lung, and patients may present with primary lung disease and
pulmonary infiltrates or with clinical lesions due to extrapul-
monary dissemination, for instance to the brain or skin. The
liver is a rare target in disseminated nocardiosis. In one survey of
230 cases of disseminated nocardiosis, only 3% of patients had
proven hepatic lesions, either solitary or multiple abscesses. In
one instance, the diagnosis was established by CT-guided needle
aspiration of a subcapsular abscess [52]. Most patients with dis-
seminated Nocardia infections have some form of underlying
disease affecting T-lymphocyte function, such as lymphoma 
or AIDS, chronic granulomatous disease [53] or are receiving
immunosuppressive regimens including corticosteroids.

The diagnosis is confirmed by culture, although the presence
of partially acid-fast filaments in smears or histopathological
sections is helpful. Nocardiosis often responds to treatment with
co-trimoxazole. Alternative drugs include minocycline, ampi-
cillin, amikacin and impipenem.
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10.3.1 Amoebiasis, giardiasis and
cryptosporidiosis
David Kershenobich, Guillermo Robles Díaz and 
Juan Miguel Abdo

Introduction

Amoebae, Giardia and Cryptosporidium are among the most
common protozoa that can infect humans, mainly in the tropics.
By far the most favourable sites for intestinal parasites are the
duodenum, ileum, caecum and large intestine. To survive and 
to reproduce in the gastrointestinal tract, the parasites have to
adapt to continuous physiological changes relative to the feeding
habits of the host, the battery of protein, fat and carbohydrate-
splitting enzymes, pH changes and the almost oxygen-free 
environment [1,2]. These protozoa can gain access to the 
bloodstream and biliary tract and eventually disseminate to
extraintestinal organs, mainly the liver, leading to variable 
clinical manifestations [3,4]. Hepatic involvement is a frequent
clinical presentation for amoeba infection, whereas Giardia and
Cryptosporidium are uncommon aetiological agents of hepato-
biliary damage and affect mainly selected populations, such as
immunocompromised individuals [5–10].

Epidemiology

Amoebae, Giardia and Cryptosporidium can be found world-
wide but are still more prevalent in tropical and subtropical
regions. They affect persons in all age groups, and one of the dis-
eases caused, giardiasis, has been considered the most common
protozoan infection in humans with a worldwide incidence
ranging between 20–60% and 2–7% in industrialized countries
[11]. The implications of invasive amoebiasis and its extension
to the liver causing liver abscess continue to stand out as the
most consequential protozoan infection in the liver. Most of 
the estimates regarding the global magnitude of amoebiasis 
were assessed before the identification of Entamoeba dispar as a

separate species that is non-invasive and does not cause disease
(Fig. 1); however, among the estimated 500 million people
infected each year with Entamoeba histolytica, there are approxi-
mately 48 million cases of colitis and liver abscess and 70 000
deaths [12–14] (Fig. 2).

About 200 million people have symptomatic giardiasis in
Asia, Africa and Latin America with some 500 000 new cases
reported each year [15]. Approximately 20 000 cases are reported
annually in a Giardiasis surveillance programme in the United
States [16]. In a meta-analysis conducted in the Nordic countries
of Denmark, Finland, Norway and Sweden, which analysed the
data from 13 clinically and methodologically non-heterogeneous
studies published before 2004, the estimated prevalence of
Giardia cases in an asymptomatic (i.e. no gastroenteric symp-
toms) population was 2.97% (2.64–3.31%) and in a symp-
tomatic population 5.81% (5.34–6.30%) [17].

The proportion of the general population excreting
Cryptosporidium oocysts is 1–3% in the developed countries 
and 10% in developing countries. Cryptosporidial infection

1020

10.3 Protozoal infections affecting the liver

Fig. 1 Entamoeba histolytica and Entamoeba dispar. Both species are
morphologically indistinguishable. Differentiation should be made by
isoenzyme analysis, by monoclonal antibodies and by PCR.
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accounts for 2.2% (0.26–22%) of cases of diarrhoea in immuno-
competent persons in developed countries and 6.1% (1.4–4%)
in immunocompetent persons in developing countries. In
immunocompromised persons, cryptosporidiosis occurs in
14% (6–70%) of the population in developed countries and 
in 24% (8.7–48%) in developing countries [18].

Most giardiasis and cryptosporidiosis cases occur sporadi-
cally, but outbreaks are well documented, mainly linked to
infected recreational or drinking water and also food-borne 
outbreaks [11,16,19–21].

Demographic changes have modified susceptibility to proto-
zoan infections. The impact of parasitic infections in the devel-
oping countries is brought home to citizens of the developed
countries when tourists, immigrants or soldiers returning or
migrating from these less developed countries are infected with
endemic parasites [22]. The clinical relevance of this phenomenon
is exemplified in a study of 56 patients with an amoebic liver
abscess (ALA) at two large San Francisco Hospitals from 1979 to
1994, in which the patients with a history of travel to an endemic
area were a decade older and tended to have an insidious onset [23].

We have entered the twenty-first century with a new term
introduced to our vocabulary, emergent risk factors, which
include the increase in drug abusers, human immunodeficiency
virus (HIV)-infected subjects, organ transplant recipients or
drug-induced immunosuppressed patients (Table 1). The
rapidly evolving context of host immune deficiency requires 
that biologists and health professionals maintain attentiveness
and update their knowledge of the problem in the setting of 
parasitic infections. In the above-mentioned study of ALA in
San Francisco [23], one-third of the patients studied had no
associated travel history or endemic origin as risk factors. Of

these, 63% had a condition consistent with severe immuno-
suppression, such as infection with HIV, malnourishment with
severe hypoalbuminaemia or chronic infection. During the last
5 years of the study, one-third of all patients diagnosed with ALA
were HIV positive. Also associated with a decrease in the
immune system, sclerosing cholangitis due to cryptosporidiosis
has been described in liver-transplanted children receiving
immunosuppression with tacrolimus and prednisone [24].
Although Cryptosporidium parvum, in particular genotypes
human type 1 and bovine type 2, are the most common species
in humans, C. felis, C. muris and C. meleagridis have also been
identified in immunocompromised persons [25,26].

Life cycle

Entamoeba histolytica

Humans are the primary reservoir for E. histolytica; the main
source of transmission is the chronically infected human. Stools
infected with the cysts from the parasites may contaminate food

Liver abscess

Colitis

Amoebiasis

500 million 48 million 70 000

Death

Risk factors

Residents in tropical and
subtropical regions
Travel to endemic areas
Immunosuppression
Children and pregnancy
Old age

Complications
Asymptomatic

carriers

Fig. 2 Worldwide impact of amoebiasis.

Table 1 Risk factors for protozoan infections.

Travel history to an endemic area

Contamination of recreational or drinking water

Unsafe food-related habits

Drug abusers

HIV-infected patients

Organ transplant recipients

Drug-induced immunosuppression

Underlying systemic disease
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or water. Another common source of transmission is oral–anal
sexual contacts. There may be some animal reservoirs of E. 
histolytica (dogs, monkeys and probably pigs), but they rep-
resent a very small source of human infection. As humans are
infected by ingesting infected cysts, they travel through the 
gut lumen to the small intestine where they excyst to form
trophozoites. The trophozoite of E. histolytica can convert to a
precyst form with a nucleus and mature into a tetranucleated
cyst, which migrates down and out of the colon where it
becomes a mature and infectious cyst [27,28].

Giardia lamblia

Giardia is found in humans and in other animals such as cats,
dogs, beavers and cattle. The Giardia life cycle involves two
stages: the cyst, which is the infectious form and is ingested 
in contaminated water, food, direct oral–faecal contact in chil-
dren and sexual practices that include oral–anal contact. Once
ingested, the low pH in the stomach and pancreatic proteases
found in the proximal small intestine promote rapid excitation,
giving rise to the trophozoites that are responsible for symp-
tomatic illness. The trophozoites attach to the mucosa of the
duodenum and proximal jejunum, where they multiply rapidly
via binary division. Responding to unknown stimuli, possibly
bile salts, some trophozoites encyst in the ileum and are elim-
inated in the stools of infected hosts [29–33].

Cryptosporidium

Various domestic animals and cattle are potential sources of
human infection. Transmission occurs by the faecal–oral route
(person to person and animal to person) and via contaminated
food and water [34]. The developmental stages of Cryptosporidium
originate in an intracellular, extracytoplasmic location within
parasitophorous vacuoles of host cell origin; these vacuoles 
are found at the microvillous surface of the host cell. Humans
are infected when they ingest Cryptosporidium oocysts. Once
ingested, oocysts excyst in the gastrointestinal tract and release
infective sporozoites that affix to the apical membrane of the
host epithelial cell. Such attachment induces reorganization of
the host cell actin cytoskeleton and swelling of the host cell
membrane around the sporozoite to form a vacuole in which 
the organism remains intracellular but extracytoplasmic. The
internalized sporozoite then matures and undergoes asexual
reproduction (schizogony) to produce merozoites. After release
into the intestinal lumen, merozoites can either infect other
epithelial cells or mature into gametocytes, the sexual form of
the parasite. The life cycle is repeated after fertilization occurs in
the intestinal tract, producing thin-walled oocysts that sporulate
to release sporozoites again; this can lead to autoinfection and
heavy, persistent infections, with massive shedding of oocysts in
the faeces of an infected patient. The presence of a thin-walled
autoinfective oocyst can cause an overwhelming infection in a
susceptible host and explains the persistent, life-threatening

infections in immunocompromised patients in the absence of
repeated exposure to oocysts [35,36].

Pathophysiology

Protozoan infections are usually brought to a halt by different
pathophysiological mechanisms occurring mainly at the level of
the intestine. Disease processes intrinsic to host–parasite inter-
actions may, however, lead to more severe and life-threatening
complications that affect the liver and biliary tract. Among these
pathophysiological mechanisms, some of the most relevant are
tissue inflammation, neutrophil adherence to endothelium,
endothelial disruption, release of cytokines, release of active 
oxidants, changes in the permeability of plasma membranes,
lysosomal disruption, release of proteolytic enzymes and cell
death. Abnormalities in intestinal function can alter the secre-
tion of products that undergo enterohepatic circulation and
increase the synthesis of bile acids by the liver. In addition, bile
acids that enter the colon induce water secretion by the colonic
mucosa and cause diarrhoea. Understanding the mechanisms
involved in the relation of protozoan infections and the liver is
still an open issue, with some insights coming from the analysis
of each particular infection (Table 2).

E. histolytica

An important factor contributing to the pathogenesis of E. 
histolytica is its highly effective actomyosin cytoskeleton, which
allows fast morphological changes associated with amoebic

Table 2 Pathophysiological mechanisms involved in protozoan infections
in the intestine and the liver.

Amoebiasis
Parasite motility

Cell adhesion

Cytoskeletal re-arrangement

Signal transduction

Cytolysis

Migration in the liver

Release of proteases

Necrosis, apoptosis

Giardiasis
Attachment to intestinal epithelium

Altered brush border, crypt hyperplasia

Decreased disaccharidase activity

Giardia–bile salt interactions

Epithelial damage/increased permeability

Cytokine-induced liver damage?

Cryptosporidiosis
Intestinal epithelial damage

Humoral and cell-mediated immunity

Invasion of biliary epithelial cells

Morphofunctional changes in hepatocytes
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motility and spatial reorganization of cellular components [37].
The earliest observations of this protozoa noted that their motil-
ity involved force generation through either the microtubule- 
or the microfilament-based cytoskeletal elements. The amoeba
is a protozoa that crawls along a solid substratum in a fashion
known as ‘amoeboid movement’. Amoeba projects out a pseu-
dopodium, or false foot, from the cell body. The pseudopodium
then attaches to the substratum and pulls the rest of the cell 
body forward. The force involved in this movement is generated
by another cytoskeletal system, which is composed of actin 
and myosin. Actin forms long filaments, also known as
microfilaments, and myosin is a motor protein that moves 
along the microfilaments in an adenosine triphosphate (ATP)-
dependent manner [38,39]. Its motility, cell adhesion properties
and aggressive behaviour are however variable and may depend
on the host immune system and on the localization in the host.

Contact-dependent cytolysis of host cells by E. histolytica is an
important event in the pathogenesis of amoebic liver abscess
[40]. E. histolytica may be viewed as a cytotoxic effector cell with
an extraordinary capacity for killing various target cells and also
as a primitive actively phagocytosing eukaryotic cell that uses
bacteria as a major nutrient source [41].

The coordinated action of the E. histolytica cytoskeleton 
and surface adhesion molecules is a key factor in pathogenesis
[42–44]. Some of the best characterized parasite surface molecules
involved in amoeba binding to host cells are the Gal/GalNac
lectin [45] and myosin II [46], which enables adhesion of the
trophozoite to intestinal epithelial cells by high-affinity interac-
tions with cell surface glycoproteins. Experimental studies in
hamsters show that the disruption of Gal/GalNac and myosin II
impairs the area of contact between E. histolytica and the entero-
cytes. Intraportal delivery of these parasites to the liver leads to
the formation of small abscesses with disorganized morphology
that are localized in the vicinity of blood vessels. Successful inva-
sion of the liver parenchyma requires that the trophozoite binds
strongly to the endothelium to counteract the pressure imposed
by the bloodstream, extravasation and migration through the
three-dimensional structure of the hepatic tissue. The tropho-
zoite has to survive the host inflammatory response at each of
these steps. Adhesion to the host cells modulates the distribution
of trophozoites in the liver and their capacity to migrate in the
hepatic tissue [38].

Initial steps in tissue invasion may be aided by the release of
proteases from trophozoites that degrade extracellular matrix
components such as fibronectin and laminin [47]. In patients
with invasive amoebiasis, E. histolytica causes vast tissue damage
that is believed to be a direct result of its ability to induce necro-
sis and host cell apoptosis (Fig. 3). In vitro trophozoites of E. 
histolytica induce apoptosis of host cells including neutrophils, 
T lymphocytes and macrophages [48]. Nuclei of hepatocytes 
of murine amoebic liver abscess are positive by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin end labelling
(TUNEL) staining [49]; treatment of mice with a pan-caspase
inhibitor blocks the formation of amoebic liver abscesses [50].

Reactive oxygen species (ROS)-mediated activation of ERK1/2 is
required for the entamoeba to induce neutrophil apoptosis [51].
In contrast to life in the anoxic colon, E. histolytica encounters a
relatively high oxygen environment during invasive amoebiasis;
ability to cope with this change is an important factor in deter-
mining its virulence. E. histolytica has four copies of flavoprotein
E, which detoxifies nitric oxide and/or oxygen [52] and also 
contains rubrerythrin [53], which is protective against intracel-
lular hydrogen peroxide in anaerobic bacteria. Taking all these
observations together, it has been proposed that the regulatory
mechanisms of redox signalling may be relevant in the amoebic-
induced inflammatory response [51].

E. histolytica uses a complex mix of signal transduction sys-
tems in order to sense and interact with the different environ-
ments it encounters. The analysis of its genome has revealed
almost 270 putative E. histolytica protein kinases representing
members of all seven families of the eukaryotic protein kinase
superfamily. These include tyrosine kinase with SH2 domains,
tyrosine kinase-like protein kinases and 90 putative receptor
SER/THR kinases. E. histolytica contains more than 100 protein
phosphatases that dephosphorylate proteins. All these observa-
tions come from the analysis of the genome of E. histolytica [54],
whose comparisons with other genomes will help to resolve fun-
damental issues relating to eukaryote and amoeba phylogeny.

Giardia

Giardia has a special disc located on its ventral surface, which is
relevant to its attachment to the intestinal epithelium [55]. This
process is mediated by specific lectins. During the process of
attachment, intestinal damage can ensue. The brush border is
altered, there is crypt hyperplasia and disaccharidase activity
decreases [11]. In the small bowel, Giardia trophozoites har-
bouring peripheral bacterial endosymbionts are destroyed and
lysed by the Paneth cells located at the base of the crypts of

Fig. 3 Gross appearance of a huge amoebic liver abscess at autopsy.
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Lieberkuhn, which leads to greater intestinal epithelial damage
[56]. Bile specifically stimulates the growth of Giardia by
unknown mechanisms, and it is avidly consumed by the para-
site, leading to reduced intraluminal bile salt concentrations
[57]. It seems that Giardia is unable to survive in the absence of
bile acids, but it does not reside in the biliary tract where the pH
and the absence of nutritional substrate do not allow its colo-
nization [58]. The increase in intestinal epithelial permeability
may allow the passage of toxic substances or cytokines that could
eventually cause damage to the liver.

There is evidence for diversity in infectivity and host
specificity of Giardia species. An ongoing genome project 
plans to obtain approximately 95% of the genome by a random
approach, as well as a complete physical map using a bacterial
artificial chromosome library. The Giardia genome project [59]
promises to greatly increase our understanding of this interesting
and enigmatic organism as well as its phylogenetic relationship
to other primitive organisms. Also, an important role of variant-
specific surface proteins (VSPs) in Giardia lamblia–host inter-
actions has been demonstrated that exert both positive and 
negative selective pressures on the parasite, independent of the
adaptive immune response [60].

Host defences against Giardia infection must act in the gut
lumen in the absence of induction by classical inflammatory
mediators. Secretory IgA antibodies have a major role in the
control of infection [61], but other immunoglobulins and B 
cell-independent mechanisms also exist and can contribute 
to eradication of the parasite. Neither Th1 nor Th2 cells are
strictly necessary for the clearance of Giardia infection, whereas
mucosal T cells may have an important role, and T-cell
cytokines may induce the production and release of anti-giardial
defensins into the intestinal lumen [11,62].

Cryptosporidium

Cryptosporidium oocytes enter the brush border of intestinal
epithelium, develop into merozoites and multiply, impairing
absorption of glucose, electrolytes, water, fats and vitamin B12
[63]. There is a general consensus that the mechanisms respons-
ible for clearing Cryptosporidium from the gastrointestinal tract
involve a role for gamma interferon, although the mechanism by
which this cytokine impairs resistance is unclear. After infection
with Cryptosporidium, CD40 ligand and interferon gamma
knockout mice develop a very aggressive type of liver damage
[64], suggesting that the absence of the CD40–CD40 ligand
interaction and/or the downregulation of interferon gamma may
be related to the development of Cryptosporidium-associated
sclerosing cholangitis, bile duct dysplasia and possibly neoplasms
[65,66]. It is also clear that CD4 T lymphocytes are necessary for
the resolution of both acute and chronic cryptosporidiosis [67].
The spectrum and severity of the disease in immunocompro-
mised individuals with cryptosporidiosis reflect this importance,
as individuals with a defect in T-cell response have more severe 
disease [68].

No difference has been found between cryptosporidiosis in
normal and B cell-depleted neonatal mice, suggesting that anti-
body production may play a less important role in recovery from
infection [69].

In an in vitro model of human biliary cryptosporidiosis dur-
ing internalization of the parasite, numerous vacuoles covered
by its plasma membrane are formed and cluster together to
establish a preparasitophorous vacuole. This preparasitophorous
vacuole comes into contact with host cell membrane to form a
host cell–parasite membrane interface. Vacuole-like structures
appear in the apical complex region of the attached sporozoite,
which bud out into host cells. A tunnel directly connecting the
parasite to the host cell cytoplasm forms during internalization
and remains when the parasite is totally internalized [70].

C. parvum has the capacity to invade epithelial cells and
induce survival signals. It activates the NFkappaB/I(kappa)B
system in infected biliary epithelia, thus protecting infected cells
from death and facilitating parasite survival and propagation [71].
C. parvum invasion of biliary epithelial cells requires host cell
tyrosine phosphorylation of cortactin to induce actin polymer-
ization at the attachment site, a process associated with micro-
bial secretion but independent of host cell endocytosis [72].

In experimental animals, morphofunctional changes in hep-
atocytes have been demonstrated after infection with different
doses of oocysts of C. parvum, which include an increase in
multinuclear hepatocytes, a decrease in the quantity of glycogen
and an increase in proteins and nuclear DNA [73].

Clinical manifestations

Amoebic liver abscess

This is the most common extraintestinal manifestation of amo-
ebiasis. It occurs more frequently in tropical regions, in men
between the ages of 20 and 40 years, although cases are found at
both age extremes, the youngest patients having been described
at 6 weeks of age. The characteristic clinical manifestations may
vary in relation to the size, number and localization of the
lesions as well as the development of possible complications 
secondary to rupture or communication of liver abscesses to
neighbouring organs. Most frequently, patients with ALA pre-
sent an abrupt onset of fever between 38°C and 40oC, accompa-
nied by chills and profuse sweating, severe and progressive pain
in the right upper abdominal quadrant radiating to the scapular
region and right shoulder. The pain increases with movement,
deep breathing or coughing. Patients usually refer with a history
of malaise in the preceding days and weight loss. On physical
examination, the liver is usually large and tender, ventilation 
in the right lung is restricted, and the respiratory sounds are
reduced. Jaundice is present in less than 10% of the cases.

Although the colon is the portal of entry and colonic involve-
ment is of considerable importance, there are surprisingly few
studies of the colon with ALA. Colonic ulcers, when investi-
gated, are found in approximately 55% of patients with ALA;
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they are more likely to be present if the patient has diarrhoea as a
presenting symptom or has had diarrhoea in the recent past.
However, diarrhoea is observed in less than a third of patients
with ALA [74]. It has been suggested that either the colon is
involved minimally without symptoms or there is a considerable
time interval between the colonic and liver involvement, allow-
ing for healing of the colonic lesions, and presentation later with
an ALA. Multiple, large and left-sided ulcers are more common
in elderly patients and in those in whom diarrhoea is the pre-
senting symptom [75].

Invasive amoebiasis as an emerging parasitic disease is being
recognized more frequently among immunosuppressed patients.
Investigators in Japan, Italy, Korea and Taiwan have found a
higher prevalence of antibody to E. histolytica in homosexual
men with or without HIV infection [5].

Giardiasis

In humans, clinical manifestations of giardiasis range from
asymptomatic to symptoms such as chronic diarrhoea, weight
loss, vomiting, abdominal distension and abdominal pain. The
severity of symptoms may vary and has been found to be related
to the number of cysts ingested, the age of the host and the 
state of the host immune system [76]. Malabsorption caused by
disaccharidase deficiency has been described and is related to the
parasite burden in the small intestine [77].

Overt involvement of the liver by Giardia is rare; however,
when investigated intentionally, alterations in hepatic histology
including steatosis, inflammatory lesions and data of chronic
active hepatitis have been reported in patients with a diagnosis
of giardiasis by duodenal intubation [8]. Cases of granuloma-
tous hepatitis and cholangitis [78] or biliary giardiasis in HIV
patients have been reported [79,80].

Cryptosporidiosis

Although Cryptosporidium has been described as causing a self-
limited diarrhoeal illness in immunocompetent people, lasting
between 2 and 4 weeks, it is a major problem in immunocom-
promised patients causing chronic debilitating diarrhoea [81].

Extraintestinal cryptosporidiosis may involve the respiratory
system, middle ear, pancreas, stomach and biliary tract. Biliary
cryptosporidiosis is the most common extraintestinal mani-
festation, causing gallbladder disease and sclerosing cholangitis
[82–84]. Two distinct presentations are seen, papillary stenosis
with extrahepatic ductal dilatation and sclerosing cholangitis 
or acalculous cholecystitis. These manifestations have also been
described in patients with AIDS and intestinal cryptosporidiosis
before retroviral treatment [85,86]. C. parvum-induced scleros-
ing cholangitis has been found in other immunodeficient states
such as congenital immunodeficiency and X-linked immuno-
deficiency with hyper-IgM [87] and in renal or liver transplant
recipients [82,83]. Besides diarrhoea, there is pain in the right
upper quadrant, nausea, vomiting and fever.

Diagnosis

Imaging

Imaging plays a pivotal role in the workup of patients with 
suspected ALA and has reduced the delay in diagnosis. Studies
include chest X-ray, liver ultrasound, computerized tomography
(CT), magnetic resonance imaging (MRI) and 99Tc liver scan.
Ultrasonography is the first choice. A space-occupying lesion 
is seen in at least 75% of cases. The lesions tend to be round 
or oval, with well-defined margins. The lesions are primarily
hypoechoic [88]. Within the lesion, there may be hyperechoic
areas corresponding to necrotic conglomerates especially in 
the early phases; when this occurs, Doppler examination is 
useful as it fails to detect any signal in the interior of the 
abscess [89].

CT is indicated when the diagnosis has not been confirmed by
other methods, when symptoms persist under medical treatment
or when the need for differential diagnosis with other lesions
arises. On contrast-enhanced CT, amoebic abscesses appear as
lesions with attenuation values that indicate the presence of
complex fluid (10–20 HU). An enhancing wall 3–15 mm in
thickness and a peripheral zone of oedema around the abscess
are common and somewhat characteristic. The central abscess
cavity may show multiple septa or fluid debris levels and, rarely,
air bubbles or haemorrhage [88,90].

On MRI, ALA has homogeneous low signal intensity and high
signal intensity on T1- and T2-weighted images respectively.
Perilesional oedema is seen on T2-weighted MR images in 50%
of cases [91].

Chest X-ray abnormalities include atelectasis, pulmonary
infiltrates and pleural effusion or elevated right diaphragm [92].

Ultrasonographic findings of biliary disease in cryptosporid-
iosis are the thickening of the biliary duct wall and/or dilatation
of the gallbladder. Endoscopic retrograde cholangiopancreato-
graphy is indicated in these cases and can reveal papillary sten-
osis or long extrahepatic bile duct strictures [7]. Endoscopic
ultrasonography can be useful in detecting papillary stenosis.

Laboratory findings

The majority of patients with ALA have an increased white blood
cell count, with neutrophilia, elevated alkaline phosphatase, mild
anaemia and increased erythrocyte sedimentation rate. Slight
increases in bilirubin are seen in approximately one-third of
patients.

Serological test methods for the detection of antiamoebic
antibodies are useful for the diagnosis of ALA. Indirect haemag-
glutination (IHA) and enzyme-linked immunosorbent assay
(ELISA) are the most often used. A cutoff value of 1:512 is 
considered diagnostic. Titres may persist after resolution of the
amoebic abscess. Serology is often positive in areas of endemic-
ity where circulating antibodies may reflect a past infection. 
In countries where amoebiasis is uncommon and its presence
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may be an emerging pathology, antiamoebic serology is usually
correlated with disease.

In those patients in whom an aspirate is obtained, the material
should be sent for Gram stain, determination of the presence of
neutrophils and culture. Amoebic culture and visualization of
trophozoites can be done using the last 5 mL of aspirate [93].

Diagnosis of Giardia lamblia infection is established by 
the microscopic examination of stool for the parasite [94,95].
Detection of anti-Giardia salivary IgA antibodies is an excellent
tool for screening G. lamblia in patients with longstanding
symptoms of more than 1 month duration [96].

Cryptosporidium stains intensely red by modified acid-fast
techniques on microscopic examination of stool [97] Serolo-
gical testing using EIA has been described. Serological tests are of
limited value as antibodies to Cryptosporidium can be found in
previously exposed persons.

Treatment

Amoeba

The drugs of choice for invasive amoebiasis are tissue active
agents, such as metronidazole, tinidazole and chloroquine, or 
the more toxic emetin derivatives, including dehydroemetine
[98,99].

Metronidazole and tinidazole are derived from 5-nitroimidazole,
which kills the trophozoites by alterations in the protoplasmic
organelles of the amoeba [100]. Metronidazole is the drug of
choice in the treatment of uncomplicated amoebic liver abscess.
The oral dose is 1 g twice daily for 15 days in adults and 30–50
mg/kg daily for 10 days in three divided doses for children; 
intravenous metronidazole is given at a dose of 500 mg every 
6 h in adults and 7.5 mg/kg every 6 h for children. Tinidazole is
given orally 2 g daily for 15 days. While on treatment, patients
should abstain from alcohol as these drugs have an antiabuse
effect.

Chloroquine is derived from 4-aminoquinolines; it acts on
the vegetative forms of the parasite and kills it by inhibiting
DNA synthesis. Adults should receive 1 g/day orally for 2–5 days
followed by 500 mg/day for 2–3 weeks; in children, the dose is 
15 mg/kg orally, daily for 2–5 days followed by 5 mg/kg daily for
2 weeks [101].

Percutaneous aspiration/drainage can be used as a diagnostic
or therapeutic tool and should be performed with imaging guid-
ance (Fig. 4). Indications include the lack of clinical response to
medical treatment, defined as no decrease in fever or pain, no
reduction in the white cell count in a 5-day period following 
initiation of treatment. It is also indicated when less than 1 cm of
rim liver tissue remains around a liquefied abscess or when it
becomes necessary to rule out a pyogenic abscess.

Rupture of an abscess into the lungs, pleural space, peri-
cardium or peritoneum has a severe rate of mortality and
requires urgent surgical intervention.

Giardia

Therapy of diarrhoea caused by giardiasis includes a vast range
of drugs, mainly nitroimidazoles, nitazoxanide, paromomycin,
furazolidone, albendazole or quinacrine [102–104]. Of these,
metronidazole has been the most thoroughly studied and also
the most commonly used worldwide at a dose of 500 mg three
times a day for 5 days [105]. Tinidazole at a single dose of
1.0–2.0 g has the advantage of compliance and has similar
proven efficacy [106].

Resistance has been reported with all the different agents;
strategies to overcome resistance are the use of higher doses of the
original agent or using a different drug to avoid cross-resistance.
Combination therapy may be necessary in immunosuppressed
patients.

Cryptosporidium

Cryptosporidium carriage in liver-transplanted children with
sclerosing cholangitis has been successfully treated with paro-
momycin, a non-absorbable aminoglycoside, while immuno-
suppression is decreased according to graft tolerance [107].
Paromomycin 500 mg three times daily for 2 weeks has been
used to treat cryptosporidiosis in patients with AIDS, while 
these patients continue to receive antiretroviral therapy [108].
Recent reports suggest that, in the setting of C. parvum infection,
sclerosing cholangitis may be completely reversible if the infec-
tion can be eradicated quickly. Protease inhibitors have a direct
inhibitory effect on Cryptosporidium infection [109].

Nitazoxanide, paromomycin and azithromycin are commonly
used to eradicate Cryptosporidium infection in both immuno-
competent and immunosuppressed patients [110].

Fig. 4 Guided percutaneous aspiration of an amoebic liver abscess.

TTOC10_03  3/8/07  6:44 PM  Page 1026



10.3 PROTOZOAL INFECTIONS AFFECTING THE LIVER 1027

References
1 Cox FEG (2003) Taxonomy and classification of human parasites. In:

Murray PR, Baron EJ, Jorgensen JH et al. (eds) Manual of Clinical

Microbiology, 8th edn. Washington, DC: ASM Press, pp. 1897–1902.

2 Sleigh MA (1991) The nature of protozoa. In: Kreier JP (ed.) Parasitic

Protozoa, 2nd edn, Vol. 1. San Diego, CA: Academic Press, pp. 1–53.

3 Bruckner DA (1992) Amebiasis. Clin Microbiol Rev 5, 356–369.

4 Barsoum RS (2004) Parasitic infections in organ transplantation. Exp

Clin Transplant 2, 258–267.

5 Hung Ch Ch, Deng HY, Hsiao WH et al. (2005) Invasive 

amebiasis as an emerging parasitic disease in patients with human

immunodeficiency virus type 1 infection in Taiwan. Arch Intern Med

165, 409–415.

6 Vakil NB, Schwartz SM, Buggy BP et al. (1996) Biliary cryptosporid-

iosis in HIV-infected people after the waterborne outbreak of 

cryptosporidiosis in Milwaukee. N Engl J Med 334, 19–23.

7 Schneiderman DJ, Cello JP, Laing FC (1987) Papillary stenosis and

sclerosing cholangitis in the acquired immunodeficiency syndrome.

Ann Intern Med 106, 546–549.

8 Sotto A, Gra B (1985) Hepatic manifestations in giardiasis. Acta

Gastroenterol Latinoam 15, 89–94.

9 Roberts-Thomson IC, Anders RF, Bhathal PS (1982) Granulomatous

hepatitis and cholangitis associated with giardiasis. Gastroenterology

83, 480–483.

10 Sotto A, Alvarez JL, Garcia B et al. (1990) Acute hepatic lesion caused

by Giardia lamblia. Rev Esp Enferm Dig 77, 24–28.

11 Hawrelak J (2003) Giardiasis: pathophysiology and management.

Altern Med Rev 8, 129–142.

12 Farthing MJG, Cevallos AM, Kelly P (2003) Intestinal protozoa. 

In: Cook GC, Zumla AL (eds). Manson’s Tropical Diseases, 21st edn.

Edinburgh: Elsevier Science, pp. 1373–1386.

13 World Health Organization (1998) The World Health Report. Life in

the 21st Century: A Vision for All. Geneva: WHO.

14 World Health Organization (1997) Amoebiasis. WHO Wkly Epidemiol

Record 72, 97–100.

15 World Health Organization (1996) The World Health Report. Fighting

Disease, Fostering Development. Geneva: WHO.

16 Hlavsa MC, Watson JC, Beach MJ (2005) Giardiasis surveillance –

United States, 1998–2002. MMWR Surveill Summ 54, 9–16.

17 Horman A, Korpela H, Sutinen J et al. (2004) Meta-analysis in assess-

ment of the prevalence and annual incidence of Giardia spp. and

Cryptosporidium spp. infections in humans in the Nordic countries.

Int J Parasitol 34, 1337–1346.

18 Guerrant RL (1997) Cryptosporidiosis: an emerging, highly infec-

tious threat. Emerg Infect Dis 3, 51–57.

19 Chen XM, Keithly JS, Paya CV et al. (2002) Cryptosporidiosis. N Engl

J Med 346, 1723–1731.

20 Lavas MC, Watson JC, Beach MJ (2005) Cryptosporidiosis 

surveillance – United States 1999–2002. MMWR Surveill Summ 54,

1–8.

21 Cifuentes E, Suarez L, Espinosa M et al. (2004) Risk of Giardia intesti-

nalis infection in children from an artificially recharged groundwater

area in Mexico City. Am J Trop Med Hyg 71, 65–70.

22 Chistie JD, García LS (2004) Emerging parasitic infections. Clin Lab

Med 24, 737–772.

23 Seeto RK, Rockey DC (1999) Amebic liver abscess: epidemiology,

clinical features, and outcome. West J Med 170, 104–109.

24 Campos M, Jouzdani E, Sempoux C et al. (2000) Sclerosing cholan-

gitis associated to cryptosporidiosis in liver-transplanted children. 

Eur J Pediatr 159, 113–115.

25 Coupe S, Sarfati C, Hamane S et al. (2005) Detection of

Cryptosporidium and identification to the species level by nested PCR

and restriction fragment length polymorphism. J Clin Microbiol 43,

1017–1023.

26 Carreno RA, Pokorny NJ, Lee H et al. (2001) Phenotypic and 

genotypic characterization of Cryptosporidium species isolates. J Ind

Microbiol Biotech 26, 95–106.

27 Huston CHD, Haque R, William AP (1999) Molecular-based 

diagnosis of Entamoeba histolytica infection. Expert Rev Mol Med

1–11.

28 García LS (2001) Diagnostic Medical Parasitology, 4th edn.

Washington, DC: ASM Press.

29 Rendtorff RC (1954) The experimental transmission of human

intestinal protozoan parasites. II. Giardia lamblia cysts given in 

capsules. Am J Hyg 59, 209–220.

30 Rendtorff RC (1978) The experimental transmission of Giardia 

lamblia among volunteer subjects. In: Jacubowski W, Hoff JC 

(eds) Waterborne Transmission of Giardiasis. EPA 600/9-79-001.

Washington, DC: US Environmental Protection Agency, pp. 64–81.

31 Rice EW, Schaefer FW (1981) Improved in vitro excystation pro-

cedure for Giardia lamblia cyst. J Clin Microbiol 14, 709–710.

32 Erlandsen SL, Macechko PT, Van Keulen H et al. (1996) Formation

of the Giardia cyst wall: studies on extracellular assembly using

immunogold labeling and high resolution field emission SEM. J

Eukaryot Microbiol 43, 416–429.

33 Lujan HD, Mowatt MR, Nash TE (1997) Mechanism of Giardia 

lamblia differentiation into cysts. Microbiol Mol Biol 61, 294–304.

34 Tzipori S, Widmer G (2000) The biology of Cryptosporidium. Contrib

Microbiol 6, 1–32.

35 O’Donoghue PJ (1995) Cryptosporidium and cryptosporidiosis in

man and animals. Int J Parasitol 25, 139–195.

36 Ferreira MS, Borges AS (2002) Some aspects of protozoan infections

in immunocompromised patients – a review. Mem Inst Oswaldo Cruz

97, 443–457.

37 Guillén, N (1996) Role of signaling and cytoskeletal rearrangements

in the pathogenesis of Entamoeba histolytica. Trends Microbiol 4,

191–196.

38 Tavares P, Rigothier MCH, Khum H et al. (2005) Roles of cell adhe-

sion and cytoskeleton activity in Entamoeba histolytica pathogenesis:

a delicate balance. Infect Immun 73, 1771–1778.

39 Dominik M, Klopocka W, Pomorski P et al. (2005) Characterization

of Amoeba proteus myosin VI immunoanalog. Cell Motil Cytoskel 61,

172–188.

40 Stanley SL Jr (2003) Amoebiasis. Lancet 361, 1025–1034.

41 Benkert C, Jacobs T, Berninghausen O et al. (1997) Molecular basis of

aggressive and defensive functions of Entamoeba histolytica. Arch

Med Res 28, S211–S213.

42 Wehrle-Haller B, Imhof B (2002) The inner lives of focal adhesions.

Trends Cell Biol 12, 382–389.

43 Tsutsumi V, Mena-Lopez R, Anaya-Velásquez F et al. (1984) Cellular

bases of experimental amebic liver abscess formation. Am J Parasitol

117, 81–91.

44 Tavares P, Sansonetti P, Guillen N (2000) Cell adhesion and polariza-

tion in a pathogenic protozoan: role of the Entamoeba histolytica.

Arch Med Res 2, 643–649.

TTOC10_03  3/8/07  6:44 PM  Page 1027



1028 10 OTHER INFECTIONS OF THE LIVER

45 Rawal S, Majumdar S, Vohra H (2005) Activation of MAPK kinase

pathway by Gal/GalNAc adherence lectin of E. histolytica: gateway to

host response. Mol Cell Biochem 268, 93–101.

46 Arhets P, Olivo JC, Gounon P et al. (1998) Virulence and functions of

myosin II are inhibited by overexpression of light meromyosin in

Entamoeba histolytica. Mol Biol Cell 8, 1537–1547.

47 Stanley SL Jr (2001) Pathophysiology of amoebiasis. Trends Parasitol

17, 280–285.

48 Petri WA, Haque R, Mann BJ (2002) The bittersweet interface of 

parasite and host: lectin–carbohydrate interactions during human

invasion by the parasite Entamoeba histolytica. Annu Rev Microbiol

56, 39–54.

49 Velázquez C, Shibayama-Sales M, Aguirre-García J et al. (1998) Role

of neutrophils in innate resistance to Entamoeba histolytica. Cell

Microbiol 20, 255–262.

50 Yan L, Stanley L (2001) Blockade of caspases inhibits amebic liver

abscess formation in a mouse model of disease. Infect Immun 69,

7911–7914.

51 Sim S, Yong TS, Park SJ et al. (2005) NADPH oxidase-derived 

reactive oxygen species-mediated activation of ERL1/2 required for

apoptosis of human neutrophils induced by Entamoeba histolytica. 

J Immunol 174, 4279–4288.

52 Gomes CM, Giuffre A, Forte E et al. (2002) A novel type of nitric-

oxide reductase. Escherichia coli flavorubredoxin. J Biol Chem 277,

25273–25276.

53 Sztukowska M, Bugno M, Potempa J et al. (2002) Role of rubrery-

thrin in the oxidative stress response of Porphyromonas gingivalis.

Mol Microbiol 44, 479–488.

54 Loftus B, Anderson I, Davies R et al. (2005) The genome of the protist

parasite Entamoeba histolytica. Nature 433, 865–868.

55 Leber AL, Novak SM (2003) Intestinal and urogenital amebae, flagel-

lates and ciliates. In: Murray PR, Baron EJ, Jorgensen JH et al. (eds)

Manual of Clinical Microbiology, Vol. 2. Washington, DC: American

Society for Microbiology, pp. 1990–2007.

56 El-Shewy KA, Eid RA (2005) In vivo killing of Giardia trophozoites

harbouring bacterial endosymbionts by intestinal Paneth cells: an

ultrastructural study. Parasitology 130, 269–274.

57 Halliday CE, Clark C, Farthing MJ (1988) Giardia–bile salt 

interactions in vitro and in vivo. Trans R Soc Trop Med Hyg 82,

428–432.

58 Vesy CJ, Peterson WL (1999) Review article: the management of 

giardiasis. Aliment Pharmacol Ther 13, 843–850.

59 McArthur AG, Morrison HG, Nixon JE et al. (2000) The Giardia

genome project database. FEMS Microbiol Lett 189, 271–273.

60 Carranza PG, Feltes G, Ropolo A et al. (2002) Simultaneous 

expression of different variant-specific surface proteins in single

Giardia lamblia trophozoites during encystation. Infect Immun 70,

5265–5268.

61 Tellez A, Palm D, Weiland M et al. (2005) Secretory antibodies

against Giardia intestinalis in lactating Nicaraguan women. Parasite

Immunol 27, 163–169.

62 Eckmann L (2003) Mucosal defences against Giardia. Parasite

Immunol 25, 259–270.

63 Barbot L, Topouchian A, Capet C et al. (2001) Cryptosporidium

parvum: functional study of the intestinal malabsorption syndrome.

Ann Pharm Fr 59, 305–311.

64 Stephens J, Cosyns M, Jones M et al. (1999) Liver and bile duct

pathology following Cryptosporidium parvum infection of immuno-

deficient mice. Hepatology 30, 27–35.

65 Stout RD, Suttles J, Xu J et al. (1996) Impaired T cell mediated

macrophage activation in CD40 ligand deficient mice. J Immunol

156, 8–11.

66 Kline TJ, De las Morenas T, O’Brien M et al. (1993) Squamous 

metaplasia of extrahepatic biliary system in an AIDS patient with

cryptosporidia and cholangitis. Dig Dis Sci 38, 960–962.

67 McDonald V, Smith R, Robinson H et al. (2000) Host immune

responses against Cryptosporidium. Contrib Microbiol 6, 75–91.

68 Hunter PR, Nichols G (2002) Epidemiology and clinical features of

Cryptosporidium infection in immunocompromised patients. Clin

Microbiol Rev 15, 145–154.

69 Gomez Morales MA, Pozio E (2002) Humoral and cellular immunity

against Cryptosporidium infection. Curr Drug Targets Immune Endocr

Metabol Disord 2, 291–301.

70 Huang BQ, Chen XM, LaRusso NF (2004) Cryptosporidium parvum

attachment to and internalization by human biliary epithelia in vitro:

a morphologic study. J Parasitol 90, 212–221.

71 Chen XM, Levine SA, Splinter PL et al. (2001) Cryptosporidium

parvum activates nuclear factor kappaB in biliary epithelia prevent-

ing epithelial cell apoptosis. Gastroenterology 120, 1774–1783.

72 Chen XM, Huang BQ, Splinter PL et al. (2003) Cryptosporidium

parvum invasion of biliary epithelia requires host cell tyrosine phos-

phorylation of cortactin via c-Src. Gastroenterology 125, 216–228.

73 Beier TV, Anastskaia RAS, Sidorenko NV et al. (2002) Mor-

phofunctional changes in hepatocytes during the early postnatal

development of rats experimentally infected with the intestinal pro-

tozoan pathogen Cryptosporidium parvum (Coccidia, Sporozoa).

Tsitologiia 44, 1046–1057.

74 Misra SP, Misra V, Dwivedi M et al. (2004) Factors influencing

colonic involvement in patients with amebic liver abscess. Gastrointest

Endosc 59, 512–516.

75 Sachdev GK, Dhol P (1997) Colonic involvement in patients with

amebic liver abscess: endoscopic findings. Gastrointest Endosc 46,

37–39.

76 Farthing MJG (1996) Giardiasis. Gastroenterol Clin North Am 25,

493–515.

77 Jennings W, Rowl R, Hecker R et al. (1976) The significance of 

lowered jejunal disaccharidase levels. Aust NZ J Med 6, 556–560.

78 Roberts-Thomson IC, Anders RF, Bhathal PS (1982) Granulomatous

hepatitis and cholangitis associated with giardiasis. Gastroenterology

83, 480–483.

79 Esfiandari A, Swartz J, Teklehaimanot S (1997) Clustering of giar-

diasis among AIDS patients in Los Angeles County. Cell Mol Biol 43,

1077–1083.

80 Aronson NF, Cheney C, Rholl V et al. (2001) Biliary giardiasis in a

patient with human immunodeficiency virus. J Clin Gastroenterol 33,

167–170.

81 Current R, Bailey W, Heyman M et al. (1983) Human cryptosporid-

iosis in immunocompetent and immunodeficient persons. N Engl J

Med 308, 1252–1257.

82 Abdo A, Klassen J, Urbansski S et al. (2003) Reversible sclerosing

cholangitis secondary to cryptosporidiosis in a renal transplant

patient. J Hepatol 38, 688–691.

83 Campos M, Jouzdani E, Sempoux C et al. (2000) Sclerosing cholangitis

associated to cryptosporidiosis in liver transplanted children. Eur J

Pediatr 159, 113–115.

84 Cordero E, Lopez Cortez LF, Belda O et al. (2001) Acquired immuno-

deficiency syndrome related cryptosporidial cholangitis: resolution

with endobiliary prosthesis insertion. Gastrointest Endosc 53, 534–535.

TTOC10_03  3/8/07  6:44 PM  Page 1028



10.3 PROTOZOAL INFECTIONS AFFECTING THE LIVER 1029

85 Gross T, Wheat J, Bartlett M et al. (1986) AIDS and multiple 

system involvement with cryptosporidiosis. Am J Gastroenterol 81,

456–458.

86 Kaplan JE, Hanson D, Dworkin MS (2000) Epidemiology of human

immunodeficiency virus associated opportunistic infections in the

United States in the era of highly active retroviral therapy. Clin Infect

Dis 30, S5–S14.

87 Levy J, Espanol-Boren T, Thomas C et al. (1997) Clinical spectrum of

X-linked hyper-IgM syndrome. J Pediatr 131, 47–54.

88 Mortele KJ, Segatto E, Ros PR (2004) The infected liver: radiologic–

pathologic correlation. RadioGraphics 24, 937–955.

89 Grant EG (1992) Liver. In: Mittelstaedt CA (ed.) General Ultrasound.

New York: Churchill Livingstone, Ch. 5, pp. 208–211.

90 Radin DR, Ralls P, Coletti PM et al. (1988) CT of amebic liver abscess.

Am J Roentgenol 150, 1297–1301.

91 Mortele KJ, Ross PR (2001) Cystic focal lesions in the adult: differ-

ential CT and MR imaging features. RadioGraphics 21, 895–910.

92 Shamsuzzaman SM, Hashiguchi Y (2002) Thoracic amebiasis. Clin

Chest Med 23, 479–492.

93 Khanna D, Chaudhary D, Kumar A et al. (2005) Experience with

aspiration in cases of amebic liver abscess in an endemic area. Eur J

Clin Microbiol Infect Dis 24, 428–430.

94 Souza DS, Barreiros JT, Papp KM et al. (2003) Comparison between

immunomagnetic separation, coupled with immunofluorescence,

and the techniques of Faust et al. and of Lutz for the diagnosis of

Giardia lamblia cysts in human feces. Rev Inst Med Trop Sao Paulo 45,

339–342.

95 Fedorko DP, Williams EC, Nelson NA et al. (2000) Performance of

three enzyme immunoassays for detection of Giardia lamblia in stool

specimens preserved in ECOFIX. J Clin Microbiol 38, 2781–2783.

96 Shatla HM, el-Hodhod MT, Mohsen DM et al. (2004) Potential 

diagnosis of Giardia lamblia infection through specific antibody

detection in saliva. J Egypt Soc Parasitol 34, 621–630.

97 Didier ES, Orenstein JM, Aldra D et al. (1995) Comparison of three

staining methods for detecting microsporidia in fluids. J Clin

Microbiol 33, 3138–3145.

98 Hughes MA, Oetri WA Jr (2000) Amebic liver abscess. Infect Dis Clin

North Am 14, 565–583.

99 Torre A, Kershenobich D (2002) Amebic liver abscess. Ann Hepatol 1,

45–47.

100 Rosenblatt JE, Edson RS (1987) Metronidazole. Mayo Clin Proc 62,

1013–1017.

101 Badalamenti S, Jameson JE, Reddy KR (1999) Amebiasis. Curr Treat

Options Gastroenterol 2(2), 97–103.

102 Karabay O, Tamer A, Gunduz H et al. (2004) Albendazole versus

metronidazole treatment for adult giardiasis: an open randomized

clinical study. World J Gastroenterol 10, 1215–1217.

103 Wright JM, Dunn LA, Upcroft PJA (2003) Efficacy of antigiardial

drugs. Expert Opin Drug Safety 2, 529–541.

104 Fox LM, Saravolatz LD (2005) Nitazoxanide: a new thiazolide

antiparasitic agent. Clin Infect Dis 40, 1173–1180.

105 Petri WA (2005) Treatment of giardiasis. Curr Treat Options

Gastroenterol 8, 13–17.

106 Gardner TB, Hill DR (2001) Treatment of giardiasis. Clin Microbiol

Rev 14, 114–128.

107 Zardi EM, Picardi A, Afeltra A (2005) Treatment of cryptosporidiosis

in immunocompromised hosts. Chemotherapy 51, 193–196.

108 Hommer V, Eichholz J, Petry F (2003) Effect of antiretroviral pro-

tease inhibitors alone, and in combination with paromomycin, on the

excystation, invasion and in vitro development of Cryptosporidium

parvum. J Antimicrob Chemother 52, 359–364.

109 Smith HV, Corcoran GD (2004) New drugs and treatment for 

cryptosporidiosis. Curr Opin Infect Dis 17, 557–564.

110 Giacometti A, Burzacchini F, Cirioni O et al. (1999) Efficacy of 

treatment with paromomycin, azithromycin, and nitazoxanide in 

a patient with disseminated cryptosporidiosis. Eur J Clin Microbiol

Infect Dis 18, 885–889.

10.3.2 Malaria
Montse Renom and Pedro L. Alonso

Malaria, caused by Plasmodium protozoan parasites, represents
a major global health problem [1]; it is the most important 
parasitic disease of man. Approximately 4% of the world’s 
population is infected; the disease is endemic in more than 100
countries and 40% of the world’s population is at risk. Every
year, approximately 500 million people suffer the disease, of
whom approximately 1–3 million die, 90% in sub-Saharan Africa
and 75% of them children [1–3].

The disease is caused by an intracellular protozoan of the
Plasmodium genus that is transmitted to humans by the bite of
the female mosquito of the Anopheles genus. The infection can
also be acquired by blood transfusion, through the placenta
(congenital transmission) as well as by the use of contaminated
needles or syringes.

In non-endemic areas, the disease should be suspected in 
all febrile patients with a travel history to endemic countries.
Needless to say, malaria should be suspected in all febrile
patients in endemic areas.

Four species of Plasmodium infect humans (P. falciparum,
P. vivax, P. ovale and P. malariae). P. falciparum is encountered
mainly in African countries and is responsible for the most
severe forms of the disease. P. vivax and P. ovale are known to
form resting stages in the liver (hypnozoites) that may reactivate
and can cause clinical relapse many months after the initial 
clinical presentation [3].

Epidemiology

At present, malaria is found throughout the tropics in 103 coun-
tries in Africa, Latin America, Asia and Oceania. The epidemio-
logy of the disease is complex and varies in different areas within
the same geographical zone. The transmission depends on at
least four interrelated factors: the vector (Anopheles), the para-
site (Plasmodium), the human host and the environment [4,5].

In Africa, Papua Guinea and Haiti, P. falciparum is the pre-
dominant species; P vivax is more common in Central and
South America, North Africa, the Middle East and the Indian
subcontinent. The prevalence of both species is approximately
equal in other parts of South America, East Asia and Oceania. 
P. vivax is rare in sub-Saharan Africa, whereas P. ovale is 
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relatively uncommon outside West Africa. P. malariae is found
in most areas, but is less common outside Africa. P. vivax strains
may still be found in China and adjacent countries.

Malaria was endemic in some areas of Europe and northern
Asia, and was introduced to North America, but has been eradi-
cated from these areas since the mid-nineteenth century.

The epidemiology of malaria is described as endemic (stable
transmission) when the incidence is relatively constant annu-
ally; transmission may be seasonal or perennial. It is defined as
epidemic (unstable transmission) when marked differences exist
between different years. Endemic areas were further classified
(from low to high) as hypoendemic, mesoendemic, hyperen-
demic and holoendemic depending on the intensity of transmis-
sion and the effects on the population. Epidemics occur when
one or several of the following factors appear: (i) increase in 
the number of susceptible individuals in the population; (ii)
increase in the gametocyte reservoir of the population; (iii)
increased contact between human and vector; and (iv) increased
effectiveness in vector transmission.

Epidemics often occur in hypoendemic and mesoendemic
areas and are characterized by an elevated mortality affecting all
age groups. In areas of high endemicity, mortality is mainly seen
in the most vulnerable groups such as children under 5 years of
age. Malaria infection also poses substantial risks to pregnant
women and their fetuses and may result in spontaneous abor-
tion and stillbirth. Most cases diagnosed in Europe and the 
USA are imported. More than 15 000 and 1200 cases are declared
annually in Europe and the USA respectively.

Aetiology

There are 120 Plasmodium species that affect animals (primates,
birds and reptiles), only four of which affect humans. The
genomic sequence of P. falciparum has been described recently.
The Plasmodium life cycle is complex and similar in the four
species infecting humans: (i) a sexual exogenous phase in certain
Anopheles mosquitoes (sporogony); and (ii) an asexual endoge-
nous phase in humans, which includes an exoerythrocytic phase
and an erythrocytic phase.

Humans may be infected through the bite of a female
Anopheles mosquito which inoculates the sporozoites (infective
form) into the dermis and the bloodstream. The blood drives the
sporozoites to the liver where they invade the hepatocytes. This
phase is known as the exoerythrocytic or hepatic schizogony
phase. The circumsporozoite protein and TRAP (organelle pro-
tein translocated to the sporozoite surface) bind to hepatocytes
through the heparan sulphate glycosaminoglycans (GAGs)
specifically expressed on the hepatocyte surface. Malaria sporo-
zoites actively enter the Kupffer cells prior to hepatocyte inva-
sion [6–10]. In the hepatocyte, the sporozoite becomes schizont
through schizogony and divides into several thousand mero-
zoites. Up to this stage, there is no obvious effect on liver func-
tion, nor are signs and symptoms of the disease observed.
Infection with P. vivax and P. ovale may lead to the persistence 

of pre-erythrocytic forms in the liver (hypnozoite), which can
awake and mature into schizonts months after the initial infec-
tion. This is not seen with P. falciparum or P. malariae parasites.

After 6–16 days, depending on the species, merozoites are
delivered into the bloodstream where they invade red blood cells
(RBCs). At this point, the erythrocytic schizogony phase starts.
In the initial stages, the parasite can be seen as annular rings 
or trophozoites and, in the following stages, the trophozoite
absorbs haemoglobin resulting in the formation of haemozoin
pigment. After a maturation period, the trophozoite undergoes
multiple divisions forming the schizont. When the schizont
becomes engorged with merozoites, the RBC is destroyed, and
all merozoites are released into the bloodstream ready to infect
other RBCs where the same process takes place. The duration 
of the erythrocytic phase varies between species being 48 h in 
P. vivax, P. ovale and P. falciparum and 72 h in P. malariae. Many
generations after the initial merozoites, a few of them evolve into
differentiated sexual forms (gametocytes).

When a female Anopheles mosquito feeds from an infected
individual, parasites are delivered into its stomach, the asexual
forms and RBCs are destroyed and gametocytes continue with
the maturation process. Fecundation takes place, giving rise to a
zygote which evolves into oocytes that contain sporozoites.
Sporozoites will accumulate in the mosquito salivary gland and
enter the human host through a bite. The sexual cycle in the
mosquito lasts approximately 10–20 days, and the ideal temper-
ature for it to happen is between 15 and 32°C. It does not take
place at altitudes above 2000 m.

Clinical manifestations

Malaria has a wide range of clinical manifestations which
depend mainly on the species of Plasmodium and the previous
immune status of the host; children less than 5 years, pregnant
women and travellers from non-endemic areas are most vulner-
able and suffer more severe forms.

The pathogenetic effect is the result of erythrocyte destruc-
tion, liberation of the parasite and RBC degradation products
into the bloodstream and host responses to these events. Known
physiopathological phenomena that have been recognized so far
to cause damage are: (i) cytokine toxicity; (ii) cytoadherence
phenomena in the blood vessels and organs with microcircula-
tion occlusion; (iii) rosetting, non-infected erythrocytes adhere
to parasitized RBCs; (iv) deformability, parasitized RBCs
become more rigid. The organs most affected during malaria
infection are the brain, spleen, liver [11], kidney, lungs and 
placenta. The incubation period varies between 8 and 30 days
depending on the species: shorter for P. falciparum and longer
for P. malariae. Nevertheless, some P. vivax may have an incuba-
tion period of almost a year. The clinical features of uncom-
plicated malaria are common in the four species and consist of
fever, headache, muscle aches, abdominal discomfort, lethargy
and anaemia. Diarrhoea and respiratory symptoms may be 
present.
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Severe malaria, mainly caused by P. falciparum, is often
classified as: cerebral malaria (which includes a Blantyre coma
score ≤ 2), severe malarial anaemia (including a haematocrit 
≤ 15) or other forms of severe malaria (which may include 
multiorgan failure, severe hypoglycaemia, respiratory distress,
acidosis or circulatory collapse) [12–15].

Malaria hepatic dysfunction

Jaundice in malaria
Although jaundice is considered to be a frequent sign in malaria,
there is a wide variation in its reported incidence ranging from
2.58% to 62% [16]. Possible reasons for this wide variation
could include the level of endemicity (endemic vs. epidemic),
age, the Plasmodium species (vivax vs. falciparum) and case
definition used (e.g. inclusion of complicated cases only where
the incidence of jaundice is higher).

Jaundice in malaria is multifactorial and mostly due to one or
several of the following:
1 intravascular haemolysis due to destruction of parasitized and
non-parasitized RBCs;
2 coexistent malnutrition;
3 shock and disseminated intravascular coagulation leading to
microangiopathic haemolysis;
4 hepatocyte dysfunction.

Malarial hepatitis
Hepatocellular dysfunction is observed in falciparum malaria.
This clinical picture may range from different degrees of con-
jugated hyperbilirubinaemia with or without mild elevation of
transaminases to fulminant hepatic failure [16–18].

Several mechanisms conducive to hepatic have been described
dysfunction Organ damage, including the liver, is believed to be
related to cytoadherence of parasitized red blood cells (pRBCs)
to the vascular and sinusoidal endothelium, leading to stagnant
anoxaemia. Reduction in portal venous flow has been described
as a consequence of micro-occlusion of portal venous branches
by pRBCs. Liver function abnormalities have been reported in
severe systemic infections and endotoxaemia; this has also been
described, with or without concomitant bacterial infections, in
complicated malaria. An additional mechanism is the intrahepatic
cholestasis secondary to reticuloendothelial blockage and dis-
turbances of the hepatic microvilli. In many cases, the biochem-
ical and histological evidence of hepatocellular injury is minimal.

The traditional view that, besides jaundice, signs of hepatic
dysfunction are unusual, and clinical signs of liver failure such as
asterixis or ‘liver flap’ are never seen unless there is concomitant
viral hepatitis [19], has been challenged in recent years by 
a number of reports describing the occurrence of hepatic
encephalopathy in infections caused by falciparum malaria
[20,21]. Other reports have also inappropriately used the term
fulminant hepatic failure in malaria patients with coma, without
ruling out a neurological involvement by malaria (cerebral
malaria) rather than hepatic encephalopathy.

Malarial hepatopathy has a wide range of presentations that
are classified in two large groups:
• type A involves a fulminant illness with coma, jaundice, pur-
pura and multiorgan failure [19];
• type B, a milder illness with fever, headache and vomiting,
resolving in 10–15 days [22].

Jaundice is the commonest sign of hepatic dysfunction;
according to some classifications, it can be considered as a sign
of severe malaria.

Anatomopathological findings
In acute falciparum malaria, the liver is enlarged and can weigh
approximately 2.5 kg. It is congested and pigmented dark brown.
A wide variety of histological changes have been reported in
malaria which are not consistently found in all studies. By 
electron microscopy, Kupffer cells are hypertrophied and 
contain haemozoin pigment. The sinusoids are dilated, and 
the portal tracts may be infiltrated with inflammatory cells. The 
parasites are rarely demonstrable (seen in less than half the
cases). Additional changes include steatosis, focal hepatocyte
swelling and necrosis and focal accumulation of histiocytes
forming non-granulomatous lesions. Parasitized red blood cells
are seen in Kupffer cells and endothelial cells. Characteristically
rectangular, crystalline malaria pigment granules are seen in these
cells. The hepatocytes contain lipofuchsin and haemosiderin 
as well as fat droplets. There are changes in the endoplasmic
reticulum and mitochondria. The spaces of Disse can become
narrow with loss of microvilli in the hepatocytes and the bile
canaliculi. Centrizonal necrosis has also been described and, of
the other non-specific changes, it is a strong indicator of hepato-
cellular damage [23]. It still needs to be resolved whether this is
due to malaria infection itself or to terminal hypotension artifacts.

Diagnosis

Malaria

The diagnostic gold standard remains the microscopic examina-
tion of a thick and thin blood smear stained with Giemsa,
Leishman or Romanowsky–eosin. Thick smears have a greater
sensitivity because erythrocytes are haemolysed, and intraery-
throcytic parasites are then liberated. It provides a simpler
method of counting parasites that allows formulation of the rel-
ative parasite count and gives the results in a semi-quantitative
scale (one to five crosses). Thin smears have a better specificity
because they keep the parasite morphology allowing the
identification of species and stage. They allow parasite counting
per microlitre (µL); this is based on the number of parasites 
per µL of blood, counted in relation to a predetermined number
of leukocytes. An average of 8000 leukocytes/µL is taken as the
standard. Despite inaccuracies due to variations in ill persons,
this standard permits reasonable comparisons.

Other diagnostic methods are QBC (quantified buffy coat),
DNA probes, detection of monoclonal antibodies. They still 
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do not have a role in clinical settings and are only used in epi-
demiological studies. Antibody determination is useless in acute
episodes but may be useful in epidemiological studies to confirm
past exposure.

Malarial hepatitis diagnosis

The diagnosis is made on clinical evidence of signs and symptoms
of liver injury, confirmed by the appropriate laboratory tests of
liver dysfunction. In 29 patients with malaria hepatitis [24], the
ultrasound examination found hepatomegaly with low echogenic-
ity and thick gallbladder similar to that seen in acute viral hepatitis.
No data are available on the features of livers in malaria by com-
puterized tomography or magnetic resonance imaging. It is
therefore important to make the diagnosis of liver dysfunction
in the context of an already made diagnosis of malaria, as well as
to consider malaria as the cause of a suspected liver injury of
varying degrees. In the context of malaria, unconjugated biliru-
bin is often elevated in association with intravascular haemolysis
of multifactorial origin, but the finding of increased conjugated
bilirubin with elevation in liver enzymes should lead to the diag-
nosis of malarial hepatopathy. Haemolysis alone does not cause
severe jaundice or predominantly conjugated hyperbilirubi-
naemia. Therefore, major patients with serum bilirubin levels 
of more than 10 mg% and a are likely to suffer from proportion
of conjugated bilirubin associated hepatocellular injury; these
patients also have increased liver enzymes.

Malarial hepatitis: diagnostic criteria [16]
• Demonstration of P. falciparum infection by the detection of 
parasites in peripheral blood smear;
• Hyperbilirubinaemia > 10 mg% with elevated conjugated 
bilirubin;
• A minimum of a threefold rise in transaminases, especially 
alanine aminotransferase, on two consecutive blood samples
taken 24 h apart with or without the presence of conjugated
hyperbilirubinaemia;
• Absence of serological evidence suggesting viral infection;
• No intake of drugs that may affect liver function;
• Clinical response to antimalarials;

Malarial hepatitis differential diagnosis
Malaria must enter the differential diagnosis of patients with a
history of travel to endemic areas who present with fever and
jaundice or any sign of liver dysfunction. While the full-blown
presentation with oligoanuria, disproportionate anaemia with
normal and increased liver mass, as well as persistent fever and
mild elevations in liver enzymes, should prompt consideration
of malaria as a cause, it is important also to include malaria in
the differential diagnosis of minor signs of liver dysfunction in
travellers, as malarial disease is reversible if treated but may
progress rapidly if unrecognized. In this regard, it should be
noted that malarial hepatitis may mimic fulminant hepatic fail-
ure from whatever cause; it is vital to start antimalarial therapy

immediately as severe malarial hepatitis may very rapidly lead to
death if untreated or treated with delay. Thinking about malaria
is important in developed countries where travel to endemic
areas is becoming frequent, and medical professionals are not
yet accustomed to include parasitic and/or other tropical dis-
eases in their differential diagnosis of liver disorders. Imported
falciparum malaria in the USA is often misdiagnosed as hepatitis
and gastroenteritis or, in the severe presentations, as fulminant
hepatic failure.

Fulminant hepatic failure (FHF), defined as the onset of
encephalopathy within 8 weeks from the first symptom of 
hepatic injury, is commonly due to viral hepatitis and drug 
use. Infectious diseases such as sepsis or typhoid fever may 
also rarely present with FHF. Altered consciousness in malarial
hepatitis, although uncommon, may make the distinction
between malarial hepatitis and viral FHF very difficult. Malaria
is treatable with numerous drugs, and the outcome, when
prompt treatment is started, is often good. Mortality was 24% 
in cases of malarial hepatitis compared with 76% in the viral
FHF group [20,25].

Jaundice induced by antimalarial drugs
A minimal elevation of liver enzymes has been described after
exposure to mefloquine, especially in previously damaged livers.
The drug should, therefore, be prescribed with caution in
patients with known liver disease. Fatal acute hepatitis has 
been reported secondary to amodiaquine and hepatitis has been
reported with chloroquine prophylaxis. Combination therapies,
which are recommended to delay the development of resistance
to P. falciparum, were also associated with hepatic alterations.
An episode of acute asymptomatic hepatitis was described in
two healthy volunteers after two doses of amodiaquine plus 
artesunate as well as after the administration of pyrimethamine–
sulphadoxine; a case of granulomatous hepatitis has been
attributed to pyrimethamine–chloroquine administered for
prophylaxis.

Coexisting acute viral hepatitis
In endemic areas, it is important to differentiate whether jaun-
dice is secondary to malaria per se or to acute viral hepatitis. In
the former, it is characteristic to see a disproportionate hyper-
bilirubinaemia with mild elevation of the liver enzymes. Acute
hepatitis E and malaria can commonly coexist in tropical coun-
tries [26,27]. Hepatic failure is mostly associated with viral infec-
tion or with severe falciparum malaria. Hepatitis A has also been
reported in association with malaria [28].

Underlying chronic hepatitis
The overall prevalence of HBsAg was found to be higher
(23.77%) than previously described (9.8%) among adult
Vietnamese patients admitted for severe falciparum malaria
[29]. HBsAg was present in a slightly greater proportion in
patients admitted for cerebral malaria. However, no association
was found between the risk of death and the coexistence of
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severe malaria and HBsAg. Chronic infection with hepatitis B
virus (HBV) may nevertheless be a risk factor for severe malaria.
It has been suggested that the immunoresponse-raising anti-
RESA (antibody against P. falciparum ring-infected erythrocytes
surface antigen) could be suppressed in chronic HBsAg carriers
[30]. There have also been reports of an association between
HBsAg carriage and severe malaria in Gambian children [31];
this association, which could be explained by a reduced level of
HLA class I antigen expression on hepatocytes infected by HBV,
impairing the clearance of liver parasites, has not been shown in
other studies in different endemic areas.

Vice versa, malaria infection might influence the course 
and pathogenesis of HBV infection and modulate viraemia in
chronic hepatitis B [32]. Interestingly, severe flares of HBV hep-
atitis B with liver cell failure were seen after discontinuation of
chloroquine given for malaria prophylaxis [33]. The proposed
mechanism is through chloroquine inhibiton of the association
of the major histocompatibility complex (MHC) type 2 with
HBV, therefore inhibiting T cell-mediated lysis of infected cells.

Malarial hepatitis simulating FHF vs. fulminant hepatic
failure [25,34]
Severe malaria due to P. falciparum may masquerade as FHF.
Simple clinical and laboratory parameters together with a high
index of suspicion can easily distinguish these entities. A detailed
and focused medical history, physical examination and pattern
of liver test abnormalities may help to distinguish both entities.
The presence of hepatomegaly and normal prothrombin time
(PT) are characteristic of malarial hepatitis. In contrast, a
decreased liver size and prolonged PT are the hallmarks of 
FHF. In patients presenting with FHF, clinical suspicion of
malaria and, in a non-endemic area, history of recent travel to 
an endemic area should prompt a peripheral blood smear to 
rule out malaria.

Treatment

Uncomplicated malaria

During the last 50 years, treatment has been based on chloro-
quine, a safe, efficacious, easy to take and cheap drug. However,
during the past two decades, development by the parasite of
resistance to chloroquine has increased so much that this drug 
is no longer recommended as first-line treatment (although 
it is still used in some countries, particularly in West Africa). 
The emergence and spread of resistance to sulphadoxine–
pyrimethamine is also rendering this drug of limited value as 
a first-line substitute. The artemisinine derivative, especially in
combination with other antimalarial drugs, is showing promis-
ing results and is being introduced in many countries. Its avail-
ability and cost are the main limitations as well as the limited
availability of safety data in certain groups such as pregnant
women [35]. Other options are quinine, mefloquine, halofantrine,
doxycycline and clindamycin.

Complicated malaria

Current recommendations are parenteral quinine salt 20 mg/kg
body weight infused over a 4-h period followed by 10 mg/kg
infused over a 4-h period every 8 h. Once patient consciousness
improves, medication is switched to oral quinine 650 mg every 
8 h for a total duration of 7 days. Oral doxycycline should be
added for 7 days when possible.

Treatment of the intrahepatic forms 
(P. vivax and P. ovale)

Primaquin 15 mg base/day (0.25 mg/kg) for 2 weeks. Con-
traindicated in pregnant women, in the breastfeeding period
and for those with glucose-6-phosphate dehydrogenase
deficiency.

Malarial hepatitis treatment

Measures should be addressed to correct the hepatocellular 
dysfunction if needed, as well as to appropriately treat malaria.
Hepatocellular jaundice is indicative of severe malaria and,
therefore, appropriate intravenous antimalarial treatment is
indicated (described above). As quinine elimination half-life 
is prolonged and clearance is lower, current dosage regimens
may need to be adjusted or followed closely in patients with
acute hepatitis and/or renal dysfunction and in those who had
an acute hepatitis within the previous 3 months.

Mild cases of liver disorders have improved with antimalarial
therapy, with amelioration of liver function tests [21].

Prevention

At present, the malaria prevention strategies are vector control,
the reduction of human–vector contact and drugs for its preven-
tion and treatment [36]. Treatment in developing areas is hin-
dered by the lack of effective, safe and cheap drugs. Intermittent
preventive treatment in infants and pregnant women is being 
developed. A malaria vaccine, RTS,S/ASO2A, has shown prom-
ising results in endemic areas but is still under investigation
[37,38].
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10.3.3 Visceral leishmaniasis
Manuel Corachan

Introduction

The protozoan parasite responsible for visceral leishmaniasis
(VL) was morphologically described by Laveran and Mesnil 
in 1903; it was given the name of Leishmania donovani when,
almost simultaneously, Leishman in Calcutta and Donovan in
Madras published a sketch of the parasite in the spleens of
patients with remittent types of fevers.

The epidemiology, diagnostic approach and therapy of VL
have changed significantly in the last two decades, as a result 
primarily of the increase in Leishmania coinfection with the
human immunodeficiency virus (HIV virus). Coinfection has
been brought under partial control in some areas, such as the 
the EU Mediterranean, zone thanks to the new therapeutic pos-
sibilities and preventive efforts targeted against drug addiction;
however, in other places, it is still on the rise, as in Brazil. Besides
representing an emerging risk for HIV-immunocompromised
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subjects, Leishmania is also emerging as a risk for people who
receive organ transplants.

Transmission occurs through phlebotomine arthropods with
Phlebotomus argentipes in the Old World and Lutzomia longi-
palpis in the New World being the most prevalent among several 
hundred sandfly species described. The phlebotomines ingest
the parasite from a human or canine reservoir which can be wild 
or domestic. The parasite inoculated by the sandfly colonizes the
mononuclear phagocytic system throughout the body, stimulat-
ing a T-helper cell response that may contain disease despite the
persistence of the infection. Infected people raise antibodies to
Leishmania, but these are not protective. Infection includes a
febrile illness that may result in marked organomegaly, cachexia
and pancytopenia.

The overall annual incidence of infection by Leishmania
species is estimated to be between 1.5 and 2 million; this includes
the various types of clinical presentations (cutaneous, mucocu-
taneous or visceral). Visceral leishmaniasis is also known as
‘kala-azar’ from the Hindi language meaning dark fever.

Epidemiology

Leishmania infection is endemic in more than 60 countries with
an estimated 500 000 new cases per year and around 41 000
deaths [1].

The sandflies have nocturnal feeding habits. Their precise
breeding sites are still controversial, but it is known that they 
feed on several species of mammals including rodents, canines,
marsupials and primates. In the Old World, the dog is the most
important reservoir, and the animal itself may undergo a severe
and often fatal disease.

Infection via blood transfusion or through neonatal transmis-
sion is extremely rare; however, the exchange of syringes among
drug users has been responsible for the spread of Leishmania
coinfection with HIV in Europe, especially in the Mediterranean
basin. Infection can be transmitted by transplantation of in-
fected organs.

In the last two decades, endemic areas have undergone 
considerable geographical extension for several reasons, among
which war, famine, drought and economic migration were the
most important [2].

A small outbreak of VL produced by Leishmania tropica
(usually producing urban cutaneous leishmaniasis) affected the
US troops during the Gulf War. The Indian subcontinent, Sudan
and the northeast of Brazil register more than 80% of total cases.
The epidemiology in India and Brazil shows a similar pattern in
which the classical rural infection and the urban HIV pandemic
are joining forces, thus resulting in significant numbers of coin-
fections. The spreading of coinfections produces a considerable
increase in the human reservoir and complicates the diagnosis
and therapy of the parasitic disease, which will be prone to 
frequent relapses [3]. In this setting therapeutic responses are
poor, clinical manifestations atypical and Leishmania serology
often negative, thus hampering the diagnostic approach.

In East Africa and the Indian subcontinent humans are the
reservoir of the parasite; most VL elsewhere are considered as
zoonoses, and their geographical distribution coincides with
that of the presence of the vector. The geographical distribution
of the species and the nature of the reservoir are shown in 
Table 1 and Figure 1.

Clinical features

The incubation period ranges from a few weeks to several years
(average 2–6 months).

Fever is the dominant feature, and the disease is classically
considered in the differential diagnosis of pyrexia of unknown
origin (PUO) syndrome. All types of fever have been described,
bimodal being the most frequent; apyrexial periods are usually
intercalated. There is progressive asthenia and weight loss ac-
companied by signs of anaemia, lymphadenopathy, occasional
hepatomegaly and the almost constant finding of progressive
splenomegaly that extends below the umbilicus producing a
protuberant abdomen.

The size of the spleen correlates with the degree of pancytope-
nia and the duration of the illness. There is no convincing 
evidence that autoimmune haemolysis contributes to the sever-
ity of anaemia [4]. Liver laboratory abnormalities are not 
characteristic; aminotransferases and alkaline phosphatase may
be increased, usually to a relatively minor degree. Overt ascites
and liver failure occur rarely.

Pulmonary involvement and bleeding episodes can occur in
advanced disease. The natural course of the chronic infection
will be fatal in 90% of cases due to intercurrent infections or
bleeding complications.

Clinical variants of these ‘classical’ features occur. Subclinical
infections have been described in Kenya, Brazil and the
Mediterranean. These subclinical cases may change to full-
blown disease when the patient immune status changes.
Immunosuppressive therapy or the development of acquired
immunodeficiency syndrome (AIDS) may convert latent infec-
tions of long standing to overt VL. In the Mediterranean 
basin, the form of kala-azar caused by Leishmania infantum is
predominant in the under 5-year age group compared with the
adult form; however, at the peak of the AIDS epidemic in the
European Mediterranean area, the prevalences of L. infantum
infection became almost equal in children and adults. VL has

Table 1 Visceral leishmaniasis.

Species Geography Reservoir

L. donovani East Africa, India Human

L. infantum Mediterranean Canine

L. chagasia Central and South America Canine

aL. chagasi is currently considered as a synonym of L. infantum.
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developed in patients who received liver, heart and kidney 
transplants.

Post-kala-azar dermal leishmaniasis (PKDL)

Between 5% and 60% (depending on the geographical area) of
patients with VL develop PKDL during or years after receiving
treatment. This complication was described many decades 
ago, but its importance and its epidemiological implications
(especially in East Africa) have only recently been recognized.
Usually, it appears during the first months after treatment of VL
in East Africa but after 2–3 years in the Indian subcontinent and
in Asia. PKDL is more severe, the shorter the interval between
treatment and the development of the complication. Younger
age is predictive of severity.

It presents as a macular, papular rash in a patient who is
recovering from systemic illness, starting on the face and spread-
ing over the rest of the body when severe. Biopsy of the lesions
can show the parasites, although the clinical picture in a treated
patient is the main diagnostic element. Serological tests and the
leishmanin skin test are of no clinical value in this situation, but
polymerase chain reaction (PCR) will detect the parasites in
more than 80% of cases [5].

Laboratory parameters and diagnosis

Pancytopenia is accompanied by important changes in plasma
proteins resulting in the classical profile of low albumin levels

together with overproduction of polyclonal IgG; erythrocyte
sedimentation rate (ESR) and C-reactive protein are increased
due to the inflammatory syndrome.

Pancytopenia is a consequence of hypersplenism. Anaemia is
the most visible sign. In chronic disease, neutropenia increases
the risk of associated infections and thrombopenia is responsible
for bleeding episodes if alteration of coagulation factors is also
present.

The identification of the parasite through culture techniques
or direct observation confirms the clinical suspicion. The para-
site can be stained or cultured in aspirates of bone marrow,
spleen, lymph node or liver. Most rewarding is the spleen 
aspirate used as a last measure in developed countries but 
as a routine diagnosis in field practice in Kenya and Sudan 
(Fig. 2).

In patients with Leishmania/HIV coinfection, the parasite can
often be directly detected in peripheral blood. In immunocom-
promised patients, it is also possible to find parasites in unusual
localizations such as the pleural fluid, cerebrospinal fluid and in
the mucosa of the digestive tract.

The classical blood agar 3N medium is the most currently
used, but other diphasic and liquid methods are also available;
the strains involved in visceral leishmaniasis are less difficult 
to isolate and culture than the cutaneous strains, such as
Leishmania venezuelensis or Leishmania braziliensis.

PCR evaluation is very sensitive, permitting the detection of
very low levels of the parasite in the blood [6,7]. This technique
is also useful in monitoring relapses of HIV coinfections, but 

Fig. 1 Map showing geographical distribution of visceral leishmaniasis, showing the four main zones and sporadic human cases.
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it is still not available for fieldwork leishmaniasis in areas of high
prevalence such as in the horn of Africa.

Serological techniques

Immunocompetent patients raise high levels of specific anti-
bodies during active VL, but in immunocompromised patients, 
the antibody response is blunter. Direct and latex agglutination
tests, Dot and fast enzyme-linked immunosorbent assay (ELISA)
are usually available in most laboratories for the identification of
antibodies. However, cross-reactions with other blood protozoa
(malaria and trypanosomes) and helminths (schistosoma) do
occur.

Research efforts are now devoted to the development of
recombinant DNA-derived leishmania proteins of potential 
use in diagnosis and probably in future vaccines. A promising

recombinant antigen is rK39, which is used to diagnose VL
caused by L. donovani, L. chagasi or L. infantum. Serological 
testing showed that 98% of Brazilian and 100% of Sudanese VL
patients have high levels of antibodies against this antigen, and
this finding correlated with clinical disease [8,9].

High antibody titres of L. donovani hydrophilic acylated 
surface protein (HASPB1) and L. major gen B protein (GBP) are
present in the serum of VL patients. Both can also induce anti-
bodies that are detectable in patients with post-kala-azar dermal 
leishmaniasis (PKDL). Public health attention is also directed
towards the identification of asymptomatic infected dogs (the
main reservoir of the infection), as the control of the canine dis-
ease could have an impact in reducing transmission to humans.

Treatment

The earlier the treatment is started, the better is the response. 
It is worth remembering that there are many more subclinical
than overt cases of VL [10]; generally speaking, the clinical
response is slow whatever the drug used and often a second
course of treatment is needed to complete the cure.

Antimonials (already in use for almost a century) are still the
most widely used therapy in less developed countries because of
economic constraints. An exception is northern India (Bihar
state) where resistance to the antimonials has emerged. Table 2
shows the antileishmanial drugs currently utilized.

Antimonial therapy

Resistance to these widely used drugs (pentavalent anti-monials)
is increasing, as suggested by studies in India [11] and Sudan.
They have several disadvantages, mainly cardiotoxicity (at the
repolarization conduction level) and other side-effects such as
arthralgia, nausea and acute pancreatitis (the last is frequent in
HIV coinfections). Relapses are frequent after inadequate or
incomplete treatment with a single drug as monotherapy may
select resistant mutants. Local pain at sites of injection due to the
prolonged treatment diminishes acceptance of this drug in
endemic areas. It has practically been abandoned in industrial-
ized areas with fewer economic constraints.

Amphotericin B

Currently used for treating systemic fungal infections, it has
become the first-line drug in areas of known resistance and in
wealthy countries; the more expensive lipid-associated ampho-
tericin B or the liposomal amphotericin are used as alternative
treatments. Efficient plasma concentrations are achieved with its
intravenous infusion. Fever, chills, thrombophlebitis, hypoten-
sion, vertigo and, exceptionally, cardiogenic shock are infusion
related side-effects that can be lessened by a slow rate of infusion
and the addition of corticosteroids at the infusion drip. The
renal elimination is rather slow; nephrotoxicity is the most 
serious of the more frequent side-effects.

(a)

(b)

Fig. 2 (a) Two amastigotes of L. donovani in the spleen aspirate of a
patient with visceral leishmaniasis. Parasites are usually extracellular in
smears, because the macrophages that contain them rupture when the
smear is made; they are intracellular in tissue sections. (b) L. donovani in
Kupffer cells in the liver (× 1000).
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In areas of India where it has become the drug of choice,
amphotericin B achieved more than 97% cure rates with no 
evidence of resistance to date [12].

Lipid-associated amphotericin B

Liposomal amphotericin B is less toxic than the conventional
amphotericin B and more efficient in immunocompetent as 
well as in immunocompromised patients; it has become first-
line treatment in the developed countries.

A short course of treatment is currently used (see Table 2). For
immunocompromised patients, the number of injections is
increased to a total of 10.

Two other lipid-associated formulations, amphotericin B
phospholipid complex and amphotericin B cholesterol dispersion,
are not yet licensed for the treatment of visceral leishmaniasis.

Miltefosine

This alkyl phospholipid derives from oncology. Studies in India
have shown a 100% cure rate with a dosage of 100 mg/day orally
for 4 weeks. Gastrointestinal side-effects are frequent but do not
usually interfere with treatment. Toxicity to male dog gonads
has raised concern for teratogenicity, but in phase III trials in
humans the drug did not affect male fertility [2].

The long half-life of this drug together with its narrow thera-
peutic index have a potential for the emergence of resistant
mutants; combination therapy should be considered to delay
this possibility.

Others

Paromomycin and aminosidine
These broad-spectrum aminoglycosides were used successfully
in combination with pentavalent antimonials [13] in East Africa,
India and in the UK in complicated cases. This valuable drug is

at present undergoing a phase III clinical trial promoted by the
Tropical Diseases Research (TDR) programme of the WHO as
the traditional parenteral formulation is no longer available on
the market.

Imidazoles
These have weak anti-leishmania activity when used as a single
drug. In combination with allopurinol, isolated cases of cure
have been reported, but there have been no formal clinical trials
of the combination.

Allopurinol
This is another oral drug with weak anti-leishmania activity
when used as monotherapy. Limited clinical trials have also
shown a synergistic activity with pentavalent antimonials as well
as with the imidazoles.

Interferon-g
Because Leishmania infection depends on a defect in
macrophage activation, the therapeutic use of this macrophage-
activating cytokine has a rationale, but no convincing clinical
studies have been carried out to date with this agent.

Treatment of PKDL

Most cases of PKDL undergo spontaneous healing, but this can
take months. When treatment is required, the same drugs are
used as for classical VL. Patients with mild clinical presentation
can be left untreated. Patients with more severe forms, high
serum antibody titres and a negative leishmanin skin test should
receive treatment [5].

Cure rates of 62–90% were achieved with sodium stiboglu-
conate at 20 mg/kg/day in India; this therapy needs to be admin-
istered for 3–4 months. Case reports are available on the efficacy
of amphotericin B and liposomal amphotericin B; the latter is
probably the best drug for the treatment of both VL and PKDL. 

Table 2 Antileishmanial therapy.

Drug

Pentavalent antimonials

Sodium stibogluconate (100-mL bottle: 100 mg Sb/mL)

Meglumine antimoniate (5-mL ampoules: 85 mg Sb/mL

Amphotericin B

Formulated as a colloidal suspension

Lipid-associated amphotericin B

Liposomal

Colloidal dispersion

Miltefosine

Alkyl phospholipid

Dose

20 mg/kg/day for 3–6 weeks

Depending on the geographical area, 

parenterally

7–20 mg/kg as a total dose over 2–3 

weeks

10–20 mg/kg total dose. Given

over 10 days (5–10 doses) i.v.

100 mg/day over 4 weeks

2.5 mg/kg/day in children

Notes

Haematological and biochemistry controls as well

as ECG controls are recommended during the

period of treatment

Slow (6–8 h) intravenous infusion

Watch dose-limiting toxicity

Retreatment of antimonial failures. First line in an

HIV coinfection. First line in wealthy countries

Optimum dosage needs to be defined

First highly effective oral drug

Most probably will need to be used in combination

to avoid early development of resistance
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There is a need for testing of the new oral compound miltefo-
sine. If proven beneficial, it could avoid the lengthy courses of
daily parenteral treatment in countries where the amphotericin
group of drugs are too expensive for the national health services.
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10.4.1 Blood flukes (schistosomes)
and liver flukes
Flair Carrilho, Pedro Paulo Chieffi and Luiz Caetano Da Silva

Blood flukes

Blood flukes are trematode worms belonging to the genus
Schistosoma, which inhabit either intestinal or vesical venous
circulations in their definitive hosts. Among the five species of
Schistosoma that infect humans, Schistosoma mansoni, S. japon-
icum, S. intercalatum and S. mekongi are found in the intestinal
venous circulation, and S. mansoni and S. japonicum mainly
affect the liver through the portal system, sometimes causing
severe disease. S. haematobium, another important human para-
site, inhabits the vesical venules and may damage the urinary
bladder and the ureters.

The life cycle of Schistosoma species alternates between a sex-
ual stage of adult schistosomes in the definitive vertebrate host
and an asexual stage in a molluscan host. S. mansoni has snails of
the genus Biomphalaria as intermediate hosts; Oncomelania and
Bulinus are the molluscan intermediate hosts of S. japonicum
and S. haematobium, respectively, and S. intercalatum and 
S. mekongi have the asexual stages in snails of the genus Bulinus
and Neotricula respectively.

The life cycle of schistosomes begins with the shedding of 
eggs in the urine (S. haematobium) or stool (other Schistosoma
species) of the vertebrate hosts. After reaching fresh water col-
lections, the miracidium, a free-swimming stage, hatches from
the egg and infects the snail intermediate host, giving rise to
sporocysts that, at the end of 35–45 days, produce numerous
free-swimming cercariae, the infective stage in vertebrate hosts.
Both miracidium and cercariae are short-lived stages, keeping
their infective properties for only 10–12 h.

Cercariae may actively enter human skin and give rise to
schistosomulae, which mature to adult Schistosoma, reaching
their normal habitat according to each species: the venous 
urinary system for S. haematobium and the mesenteric and 

portal venous systems for the other Schistosoma species.
Approximately 45–60 days after infection, eggs are eliminated
in either the urine or the stool of the infected vertebrate host.

Excluding S. haematobium, which infects humans almost
exclusively, other Schistosoma species infecting man are
zoonoses. S. haematobium has rarely been found to infect other
vertebrates (primates or rodents), but this kind of infection 
is considered to be coincidental, without importance in the 
natural transmission to humans. S. japonicum, besides man, can
infect several species of wild and domestic mammals; S. mekongi
has only dogs as reservoir hosts. S. mansoni infects mainly
humans, but it was frequently found to be a natural infection in
several species of small rodents in Brazilian endemic areas.

Schistosomiasis mansoni

This section will discuss liver disease caused by S. mansoni,
which is the most widely distributed schistosome in man and is
found in both the Old and New Worlds. Mansonian schistoso-
miasis is endemic in the northeast of Brazil, where it affects
around 2.5 million people [1]. The prevalence of S. mansoni is
nowadays very low (below 1%) in some areas such as the
Caribbean Islands, Venezuela and Suriname. This might be due,
at least in part, to the predatory action of some snails (e.g. Thiara
granifera) on the intermediate host Biomphalaria glabrata [2].
This hypothesis may be valid in restricted areas, but not where
the Biomphalaria snails are distributed in vast territories. In
Brazil, a big programme to control S. mansoni based on treat-
ment with oxamniquine and snail control resulted in a sharp
decrease in the hepatosplenic and other advanced forms of
schistosomiasis [1].

Schistosomiasis is considered to be a ‘man-made disease’
because man is the victim and the source of infection at the same
time. People’s habits regarding defaecation in canal water and
exposure to the polluted water by bathing, swimming for recre-
ation and washing purposes characterize the endemic areas.
Exposure starts as early as 6 months of age, and infection and 
its severity occur in early childhood (10–14 years) followed by
progressive decrease with increasing age. The lower prevalence
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in adults may be explained by less exposure to contaminated
water and the development of concomitant acquired immunity
[1].

Environmental changes that result from the development of
water resources and the growth and migration of populations
can facilitate the spread of schistosomiasis. For example, the
construction of the Diama Dam led to the introduction of 
S. mansoni into Mauritania and Senegal [3].

Clinical forms and pathogenesis

Liver disease in schistosomiasis results from the entrapment of
eggs that are not excreted but instead lodge in portal venules that
match the smallest diameter of the eggs, about 50 µm. Eggs in
the liver remain viable for about 3 weeks and secrete products 
that initially elicit a characteristic response, the schistosome 
egg granuloma. In some persons with heavy infections, the final
result of hepatic schistosomiasis is a severe portal fibrosis (Fig. 1).
Advanced schistosomal hepatic fibrosis gives a gross appearance
of greatly enlarged fibrotic portal tracts, described by Symmers
in 1904 as resembling clay pipestems thrust through the liver,
and now termed Symmers’ pipestem fibrosis.

Schistosome infection can be divided into distinct stages. 
The prepatent stage begins with cercarial invasion and ends with

initiation of egg laying. The patent (acute) stage coincides with
schistosome egg production and can be further divided into
acute and chronic schistosomiasis [1].

Acute form (Katayama fever)
Acute schistosomiasis results from a new fresh infection. Clinical
manifestations may be absent, particularly in individuals living
in an endemic area. Occasionally, some individuals may develop
the syndrome after exposure to water contaminated by S. mansoni
cercariae. The most common manifestations are fever, chills,
weakness, headache, anorexia, nausea, vomiting and general
malaise. Severe watery diarrhoea, sometimes bloody stools, non-
productive cough and rapid weight loss may develop [1].

Occasionally, patients with acute schistosomiasis mansoni are
misdiagnosed as having typhoid fever, hepatitis, pancreatitis,
miliary tuberculosis, myelitis and appendicitis. Hepatomegaly 
is virtually constant and frequently accompanied by slight 
right upper quadrant tenderness. Transitory generalized lym-
phadenopathy and splenomegaly appear frequently, but there is
no jaundice. Laboratory examinations show leucocytosis with
eosinophilia, which can reach 70%, and slight changes in serum
aminotransferase [1].

Ultrasonography studies are scarce in patients with acute
schistosomiasis, and the ultrasound and computerized tomo-
graphy (CT) features of this form are unknown.

Acute schistosomiasis usually progresses to an asymptomatic
infection and eventually to the chronic forms. In patients 
with acute schistosomiasis admitted to hospital with severe
symptoms, treatment should be started with corticosteroids, 
followed by schistosomicides. However, this situation is quite
uncommon.

Chronic forms
The life cycle of the parasite in the host explains why S. mansoni
can produce damage in organs other than the intestines and 
the liver [4]. However, these localizations are by far the most 
frequent.

Intestinal and hepatointestinal forms
Intestinal manifestations may be diarrhoea and colicky pain, but
asymptomatic forms are more frequent.

Rearrangement of the egg granuloma is observed during the
transition of the acute form to the chronic form; this results in 
a less pathogenic effect on the liver cells. According to some
authors, in patients who fail to remodel the granuloma, the 
disease tends to evolve to the hepatosplenic form [5].

As the intestinal form is frequently asymptomatic, the diagnosis
is based on the finding of S. mansoni eggs in the stools of the patients.

Schistosomotic intestinal poliposis is uncommon in Brazil,
but is frequently observed in Egypt [1].

The subdivision into an intestinal form and a hepatointestinal
form is not uniformly accepted, but enlargement of the liver,
mainly of the left lobe, may be seen in schistosomotic individuals
living in highly endemic areas, and this characterizes the 

(a)

(b)

Fig. 1 Symmers’ periportal fibrosis of the liver (a) with Schistosoma
mansoni showing an egg at the centre of a granuloma (b).
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hepatointestinal form. Recently, portal and splenic overflow was
reported in both hepatointestinal and hepatosplenic forms of
schistosomiasis by our group [1].

Hepatosplenic form and portal hypertension

Pathophysiology. Formation of the egg granuloma appears to be
the main process responsible for the tissue damage in organs
such as liver, intestines, lung and pancreas; however, immuno-
complexes derived from parasite antigens are responsible for
additional lesions such as glomerulopathy [4].

Hepatic granulomas initially form endovascularly in presinu-
soidal areas, usually at inlet venules or terminal portal venules.
Following an initial endothelial proliferation, the blood vessels
rapidly become occluded with eventual obliteration of the lumen
and displacement of hepatocytes by the developing granuloma.
Symmers’ fibrosis of the liver, which may result in portal hyper-
tension and congestive splenomegaly, predominates in the 
6- to 20-year age group and occurs 5–15 years after the onset 
of infection. It is the most severe form and the most common
cause of morbidity or death. However, in heavily infected young
patients, there is a ‘non-congestive’ phase of the disease with
splenomegaly but without signs of portal hypertension. Data
from Brazil show that, in such cases, the spleen may become
non-palpable after adequate chemotherapy. In young patients, a
strong correlation has been shown repeatedly between the hep-
atosplenic form and the worm load. Furthermore, experimental
studies suggest that massive infections during the initial expo-
sure to cercariae may be important. The individual failure in 
the immunological modulation of the inflammatory reactions
seems to play a role. These and other factors would explain the
presence of hepatosplenic schistosomiasis (HSS) in only a small
percentage of patients with heavy worm burden [4].

Hepatic periportal fibrosis is caused by the T cell-rich granu-
loma that develops around schistosome eggs. Experimental
models of infection have shown that granuloma and fibrosis are
regulated by cytokines. However, it is unknown why advanced
periportal fibrosis occurs only in certain subjects.

In some patients with heavy infection, chemotherapy may
produce a peculiar type of pulmonary lesions, ‘the dead worm’
pneumonitis; this event has been attributed to a hyperergic 
pulmonary reaction to the products of dead worms.

Family-based studies have found a highly significant concen-
tration of hepatosplenic forms among children from the same
nuclear family, particularly when the mother was affected by 
the same form of the disease. Furthermore, hepatosplenic 
schistosomiasis occurs with higher frequency in whites than in
blacks, despite the fact that Brazilian whites have better social
and economic conditions. This evidence would point to an as yet
undetermined genetic component.

It is generally accepted that S. mansoni infection alone does
not lead to cirrhosis. Hepatitis B and C virus infections are im-
portant pathogenic factors in causing progression of hepatic
schistosomiasis to cirrhosis and decompensation.

Haemodynamic aspects. Intrahepatic angiographic changes sug-
gestive of hepatosplenic schistosomiasis are the enlargement 
of the hepatic veins and a marked reduction in branching, 
along with a more pronounced arching of large branches [4]. 
In 50 patients studied by Mies et al. [6], the gradient between 
hepatic vein wedged and free pressures was at the upper 
limit of normal (9.1 ± 5.7 mmHg). In about 40% of cases, 
however, it was raised: the gradient ranged from 10.4 to 
22.7 mmHg.

Contrast material injected into the portal system shows an
intrahepatic pattern characterized by gross amputations of 
large branches, and by the appearance of a dense network of
small-calibre vessels around portal branches. These aspects were
described by Bogliolo in 1957 and are known as ‘Bogliolo’s sign’.
Enlargement of splenic and portal veins is usually present. Portal
pressure is raised to levels similar to those seen in liver cirrhosis.

Angiographic studies have shown a reduced diameter of the
hepatic artery, with thin, arched branches outlining vascular
gaps. The tortuous aspect characteristic of liver cirrhosis is 
not observed. These aspects suggest that the poor intrahepatic
arterial vascularization demonstrated by selective arteriography
in human hepatosplenic schistosomiasis is due to a ‘functional
deviation’ of arterial blood to the splenic territory [4]. In
advanced schistosomiasis, the hepatic artery may be hyper-
trophic [1].

Total liver blood flow, measured by different methods, is 
normal; this suggests that the increased portal blood flow is
accompanied by a reduction in the arterial blood flow, pointing
to an interaction between portal and arterial blood flow.

Dynamic studies have demonstrated that a high splenic 
blood flow may be responsible for the increased portal blood
flow. It seems that the splenic component and the abundant 
network around portal branches (‘Bogliolo’s sign’) may be pre-
ponderant (hyperflow component) over the obstruction of the
intrahepatic portal branches produced by parasitosis (presinu-
soidal block), at least in cases of severe splenomegaly. However,
ultrasound studies show that an extensive periportal thickening 
of the liver may be found in some patients without a palpable
spleen, probably as a consequence of spontaneous shunts.
Furthermore, schistosomic portal hypertension is not restricted
to patients with splenic hyperdynamic circulation. Mies et al. [7]
showed that, despite small changes in sinusoidal pressure and
liver function, schistosomotic patients present with high cardiac
index and low systemic vascular resistance compatible with a
systemic hyperdynamic circulatory status similar to cirrhosis.

Clinical and laboratory changes. Schistosomiasis mansoni
exhibits a wide range of clinical manifestations, varying from
asymptomatic to several symptomatic forms. Occasionally, the
disease is discovered accidentally, either by a routine stool exam-
ination or by enlargement of the liver or spleen on physical
examination [4].

Hepatosplenic schistosomiasis can be divided clinically 
into compensated and decompensated forms. The latter is 
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characterized by muscular wasting, low serum albumin and,
occasionally, chronic ascites. However, other causes, such as
alcoholism and hepatitis B and C virus infection, are frequently
responsible for the decompensation of liver funetion.

The main symptoms of the hepatosplenic form are related to
splenomegaly and haemorrhage. Spontaneous ascites is uncom-
mon; it usually appears after episodes of bleeding or infection or
when schistosomiasis is associated with other causes of liver
damage.

Spontaneous neuropsychiatric symptoms are very rare in
hepatosplenic schistosomiasis, even with abundant collateral
circulation. These symptoms are seen only after precipitating
factors, mainly haemorrhage or infection. Anaemia with delayed
somatic and sexual development may be observed in young 
people. Spider naevi, gynaecomastia and palmar erythema 
are rare in uncomplicated schistosomiasis. Leucopenia and
thrombocytopenia are found in most cases of hepatosplenic
schistosomiasis [4].

In hepatosplenic schistosomiasis, clotting defects result from
an impaired rate of protein synthesis by the liver or localized
consumption coagulopathy, or both. The relative role of these
two factors is not well established. Changes in the plasma 
coagulation systems may be partially corrected by subcutaneous
heparinization but the most effective correction is by splenec-
tomy [8].

Diagnosis

Direct methods of diagnosis are based on the demonstration of
eggs or of miracidia. Eggs may be found in the stools by the
Kato–Katz quantitative method. The hatching test provides a
simple, cheap and useful method, without the need for
microscopy and is especially useful for the diagnosis of S. haema-
tobium, whose eggs are eliminated into the urine. Rectal biopsy
is used in suspected cases with negative parasitological tests.

Immunological methods, indirect immunofluorescence, indi-
rect haemagglutination and enzyme-linked immunosorbent
assay (ELISA) give a high degree of positivity.

Antibody titres are usually higher in the hepatosplenic form
than in the hepatointestinal form. Titres increase early and
significantly after chemotherapy as a consequence of the death
of the worms.

A major diagnostic problem is the demonstration of peri-
portal fibrosis at histology, even with wedged liver biopsies.
Ultrasonography has however become a reliable and sensitive
method of demonstrating this type of lesion [9]. Ultra-
sonography can provide reliable information on the state of
internal organs in schistosomiasis as well as on regression of
pathological changes after treatment.

Periportal fibrosis, seen in ultrasonography as echodense
areas along the portal vein (Fig. 2), is an important diagnostic
feature, and also an indicator of the possible existence of portal
hypertension. Until fibrosis becomes advanced and generalized,
thickened patches are typically scattered throughout the liver;

the portal vein and the structures around it can best be visualized
in the left liver lobule [9].

Variceal bleeding in patients with hepatosplenic schistosomi-
asis correlates with endoscopic (variceal size, red signs, congestive
gastropathy and fundic varices) and ultrasonographic (portal
vein diameter and periportal thickness) parameters [10].

By Doppler ultrasonography, hepatic left lobe hypertrophy
and right lobe atrophy are commonly observed in hepatosplenic
schistosomiasis [9,11]. In summary, our group showed that 
portal overflow may be found in both forms of schistosomiasis.

Course and prognosis

The prognosis for hepatic schistosomiasis is good in the acute
and hepatointestinal forms. The prognosis for the hepatosplenic
forms depends on whether the liver disease is compensated or
decompensated. Fortunately, most cases remain compensated:
the prognosis is better than for patients with cirrhosis. Recovery
after haematemesis is rapid and the patients live longer [5].
Hepatic coma and ascites after haemorrhage are less frequent
and easier to control [4].

Treatment

Treatment of helminthiasis
The treatment of helminthiasis is indicated in all stages and 
clinical forms of mansonian schistosomiasis, but some patients
with a very advanced form or with concomitant non-hepatic
disorders may not tolerate chemotherapy.

There are two highly effective chemotherapeutic drugs:
oxamniquine, used at different doses in Latin America and
Africa, and praziquantel; both are given by the oral route.

Praziquantel can also be safely given to patients with compen-
sated hepatosplenic forms of the disease.

Fig. 2 Ultrasonographic features of periportal fibrosis in schistosomiasis
mansoni.
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Treatment of portal hypertension

Non-surgical treatment of bleeding oesophageal varices
The management of patients with oesophageal and gastric varices
remains a challenge, particularly when prophylactic procedures
are considered.

Endoscopic changes indicative of a high risk of bleeding
include the finding of large varices, cherry-red spots, varices on
varices, erosions on varices [10] and hypertensive gastropathy.
These and ultrasonographic changes should be used in the
identification of patients for prophylactic procedures, including
drug therapy, sclerotherapy and surgery.

The utility of β-blockers such as propranolol, which are
efficacious in liver cirrhosis, is not well established in chronic
schistosomiasis.

Propranolol seems to protect patients with schistosomiasis
against gastrointestinal rebleeding during the short periods of
time that precede definitive surgical treatment. A single oral
‘blockade dose’ may induce a significant decrease in the azygous
blood flow [12].

In a retrospective study of sclerotherapy of bleeding
oesophageal varices in schistosomiasis, the eradication of varices
was obtained in nearly 70% of patients during a follow-up
period lasting between 48 and 132 months. Sclerotherapy was
effective in the control of rebleeding in 97% of the patients 
previously submitted to portal hypertension surgery and in 73%
of the patients without previous portal hypertension surgery,
with a smaller number of sessions of sclerotherapy per patient 
in the former group [13]. A prospective non-randomized trial
comparing elective sclerotherapy with a control group during a 
5-year follow-up showed that the incidence of rebleeding was
28% and 45%, respectively, a difference that was not significant;
however, the mortality from rupture of oesophageal varices was
3% in the sclerotherapy group and 28% in the control group,
which was a significant difference [14].

Surgical treatment of portal hypertension
Until 1986, three major types of operations were used in Brazil:
oesophagogastric devascularization plus splenectomy (EGDS),
splenectomy with splenorenal shunt, selective portal decom-
pression (SPD) or distal splenorenal shunt (DSS).

In a prospective randomized trial [15] comparing the results
of the three surgical techniques, the proximal splenorenal 
shunt (SRS) induced portosystemic encephalopathy with a 
high frequency (39%). Later on, a long-term follow-up study
(85.7 ± 33.1 months) in the same patients showed that 
gastrointestinal bleeding occurred in 24.1% of the patients, 
with no significant differences among the three groups, but
rebleeding because of varices was more frequent after oesopha-
gogastric devascularization with splenectomy (EGDS). Hepatic
encephalopathy was significantly higher after proximal SRS
(39.3%) compared with distal splenorenal shunting (DSS,
14.8%) and EGDS (0%). Mortality was also significantly higher
after SRS (42.9%) compared with DSS (14.8%) and EGDS

(7.1%). EGDS therefore appeared to be the best surgical 
option.

In our department, patients with schistosomiasis and bleed-
ing oesophageal varices are treated with oesophagogastric 
devascularization with splenectomy and, if rebleeding occurs, 
by sclerosis of the varices [4].

Liver flukes

Definition

Liver flukes are trematode worms found in the bile ducts, where
they may determine hepatic disease. Some species such as
Fasciola hepatica, F. gigantica, Opisthorchis felineus, O. viverrini
and Clonorchis sinensis can infect humans. Rarely, Dicrocoelium
dendriticum and Eurytreme pancreaticum produce human 
infections.

Fasciola hepatica and Fasciola gigantica

The genus Fasciola comprises digenetic trematode parasites of
herbivorous mammals such as livestock. Two species, F. hepatica
and F. gigantica, are known, and the former is much more
important as a human parasite because of its higher prevalence
rate. F. hepatica infects sheep or cattle in Central and South
America, some European countries, Australia, China and the
Middle East. F. gigantica is endemic in Southeast Asia, some
African countries and in the western Pacific [16].

The human infection by F. hepatica or F. gigantica depends on
the ingestion of raw vegetables, especially common watercress
(Nasturtium officinale), in the leaves of which the cercariae, hav-
ing been eliminated by limnaeid snails of the genus Lymnaea or
Galba, encyst as metacercariae. Less frequently, human infection
may result from ingestion of contaminated water by floating
metacercariae. In human bile ducts, adults of Fasciola can sur-
vive at least 10 years. Once in the duodenum, larvae emerge 
and burrow through the bowel wall into the peritoneal cavity.
The larvae penetrate Glisson’s capsule and migrate through the
hepatic parenchyma to the bile ducts. The larvae mature into
adult flukes within the larger intrahepatic bile ducts over 2–3
months and start producing eggs. The eggs are shed in the bile
and enter the host intestinal tract through the ampulla of Vater.
To complete the life cycle, the eggs must be shed into fresh water,
hatch into miracidia and enter fresh water snails, where they
develop into cercariae [16].

The pathogenesis of liver disease from fascioliasis results from
the larval migration through the hepatic parenchyma and the
chronic inflammatory changes induced within the biliary tract.
As the larvae travel through the hepatic parenchyma, there is a
marked local inflammatory reaction with eosinophilia, hepato-
cyte necrosis, haemorrhage and abscess formation, followed by
fibrosis. The severity of the hepatic inflammation and damage is
proportional to the parasite load; in Bolivia, approximately 17%
of cases present with massive infestation. In the chronic biliary
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phase of infestation, the adult fluke incites hyperplasia and
desquamation of the biliary epithelial layer, resulting in thick-
ened, dilated and fibrotic bile ducts. The adult fasciola and its
ova, in addition to causing chronic intermittent obstruction, are
a nidus for recurrent cholelithiasis. Secondary biliary cirrhosis
and sclerosing cholangitis have been reported. The adult fluke is
thought to feed on host hepatocytes and biliary epithelial cells
while residing in the large intrahepatic and extrahepatic bile
ducts [16,17].

The clinical manifestations of fascioliasis are reflective of 
the parasite life cycle. In 50% of cases, the initial presentation is
subclinical. The acute hepatic phase begins within 12 weeks of
exposure and is characterized by low-grade fever, tender hep-
atomegaly, anorexia, nausea and pruritus. A mild to moderate
peripheral eosinophilia is common, but can become marked
during larval migration through the liver. Elevated levels of 
alkaline phosphatase and γ-glutamyl transpeptidase are typical,
with high aminotransferase levels seen only with significant 
hepatocellular necrosis. Jaundice, urticaria, weight loss, ascites
formation and haemobilia have been reported in children with
massive infestations [16,17].

During the chronic biliary phase, patients may be asymp-
tomatic or complain of non-specific symptoms such as dyspepsia,
dull right upper quadrant discomfort or diarrhoea. If the biliary
tract becomes obstructed (with either flukes or gallstones),
patients may present with typical biliary colic, ascending cholan-
gitis, acute pancreatitis or cholecystitis (adult flukes occasionally
migrate into the gallbladder). As mentioned previously, chronic
inflammation and obstructation have been reported to lead 
to marked biliary dilatation, sclerosing cholangitis and biliary 
cirrhosis. In the chronic phase of infestation, peripheral
eosinophilia may be mild or absent [16].

Detection of eggs in the faeces, bile or duodenal aspirate is 
the definitive test. However, multiple stool specimens and con-
centration techniques are often necessary in light infestations
because egg production and shedding may be low. In a patient
with the proper clinical presentation and travel history, a neg-
ative stool examination does not rule out fascioliasis. ELISA-
based tests aid in diagnosis because of their extremely high 
sensitivity (> 95%) and specificity (97–100%). Serological tests
are also useful in the acute phase of disease prior to the larvae
maturing into adult liver flukes. Antibody titres should decline
after successful therapy and can therefore be used to monitor
treatment response [16,17].

Imaging techniques are also helpful in establishing the 
diagnosis, particularly in the chronic biliary phase. Hepatic
ultrasound may demonstrate adult flukes in the bile ducts or
gallbladder as well as hyperechoic lesions corresponding to the
migrating larvae. CT scanning may also reveal characteristic 
1- to 10-mm hypodense linear lesions in a ‘radiating’ pattern that
corresponds to the larval burrows in the hepatic parenchyma. In
addition, CT may show small peripheral hypodense nodules,
calcifications and a thickened liver capsule. Endoscopic retro-
grade cholangiopancreatography (ERCP) plays an important

role in diagnosis and therapy when biliary obstruction from
adult flukes or choledocholithiasis is suspected [16,17].

The current therapy of choice is triclabendazole, 10–12
mg/kg/day. However, this drug is not widely available. The alter-
native therapy is biothionol, 30–50 mg/kg/day for 10–15 days.
Intramuscular dehydroemetine, 1 mg/kg/day for 14 days, is
another alternative. Praziquantel is also used for liver flukes 
but, because F. hepatica does not respond to this agent, it is not
recommended. In biliary obstruction, ERCP with endoscopic
sphincterotomy and antihelminthic therapy are recommended.
In light infestation, a dormia basket or biliary balloon can be
used to clear the bile ducts of adult flukes. In patients with heavy
burden and resistance to oral therapy, intraductal endoscopic
treatment with a fasciolicidal agent has been successful; a 10%
povidine iodine solution (mixed with contrast) is instilled into
the biliary system and left in place by occluding the distal com-
mon bile duct with a biliary balloon (for 10 min), after which the
ducts can be swept free of the dead liver flukes [16–19].

Clonorchis sinensis, Opisthorchis felineus and
Opisthorchis viverrini

Clonorchis sinensis is a trematode endemic in many oriental
countries such as Taiwan, continental China, Japan, South and
North Korea and Vietnam. Anecdotal human infections have
been noticed in western countries as a consequence of imported
contaminated food from endemic areas. C. sinensis shows a
zoonotic behaviour, infecting several mammal species besides
man. Dogs, cats, pigs, rats, badgers, mink and camels can 
harbour natural infections. In humans, the adult worms can 
survive for a long time (approximately 20 years). Humans and
other mammal species may be infected by C. sinensis by inges-
tion of either raw or undercooked freshwater fish of the family
Cyprinidae, in which metacercariae can be encysted. The fish
usually become infected by ingesting snails of the genus
Parafossarulus; less frequently, fish infection is caused by inges-
tion of snails of the genus Thiara or Melanoides [16,20].

Opisthorchis viverrini is the most common liver fluke infesta-
tion in Southeast Asia. The World Health Organization estimates
that 16 million people worldwide are infested with O. felineus
and another 10 million with O. viverrini. These three liver flukes
are found in close association with fish-eating mammals and the
human consumption of raw or pickled fish. As in fascioliasis,
these liver flukes can survive for decades in the host biliary 
system [16,20].

The pathogenesis of hepatic disease in Clonorchis and
Opisthorchis human infections depends on alterations in the 
biliary tract induced by their infestation, which may either be
acute or, most commonly, chronic. The severity of the disease is,
in the majority of cases, a consequence of the worm burden. 
The acute phases of Clonorchis and Opisthorchis infections are
usually asymptomatic but, in 10% of the patients, fever, malaise
and abdominal pain may be present. Patients with chronic heavy
infections by C. sinensis usually complain of weakness, weight
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loss, abdominal pain and diarrhoea. The development of intra-
hepatic gallstones is common and, sometimes, cholangitis and
cholecystitis occur. The rate of cholangiocarcinoma is higher 
in these patients. Mild infections by O. viverrini are usually
asymptomatic. When the worm burden is higher, there is loss of
appetite, abdominal pain, flatulence, moderate fever and, more
rarely, jaundice. Eventually, hepatic cirrhosis and cholangiocar-
cinoma may develop. In patients infected by O. felineus symp-
toms were the same as those with O. viverrini; however, rates 
of cholangiocarcinoma were not higher [21–23].

Detection of eggs in the faeces, bile or duodenal aspirate is 
the definitive test. However, multiple stool specimens and con-
centration techniques are often necessary in light infestations
because egg production may be low. Serological tests are 
available for Clonorchis (immunoblot antigen assay and ELISA)
and O. viverrini (ELISA) but are not routinely used except as an
adjunct to stool studies or cholangiography [16,20].

Transabdominal ultrasonography detects abnormalities in
approximately 50% of patients with liver fluke infestation. 
The findings may be consistent with chronic cholecystitis, 
biliary sludge, hepatomegaly or hydropic gallbladder. Liver
flukes appear as non-shadowing echogenic material within the
bile ducts. CT scanning may also reveal dilated or thickened
intrahepatic bile ducts that are not appreciated on liver ultra-
sonography. Cholangiography may reveal duct wall irregular-
ities, multiple cystic dilations of the intrahepatic ducts with
tapering at the periphery and an overall decrease in intrahepatic
radicles. If visible, Clonorchis appears as a wavy, elliptiform
filling defect [16,20].

The treatment of choice is praziquantel, 75 mg/kg divided
into three doses a day. Single dose therapy (praziquantel, 
40 mg/kg) is not advocated in Clonorchis species because of 
low cure rates. The recommended alternative treatment is
albendazole, 10 mg/kg/day for 7 days. As an adjunct to medical
therapy, endoscopic management of acute and chronic compli-
cations may be necessary. Biliary decompression is often needed
in patients with ascending cholangitis on an emergency basis.
Chronic complications include recurrent intrahepatic pigment
stones, biliary strictures and cholangiocarcinoma, which can be
managed endoscopically or surgically depending upon regional
availability and local expertise [16,24].

Dicrocoelium and Eurytrema

Dicrocoeliasis and eurytremiasis are infections of the bile and
pancreatic ducts of herbivorous mammals caused, respectively,
by the trematodes Dicrocoelium dendriticum and Eurytrema 
pancreaticum. Human infections have been reported, but are
rare. Sometimes, the finding of eggs in human stool represents 
a spurious infection, due to ingestion of infected animal livers.
The two trematodes have similar life cycles, and both require
two intermediate hosts: the first is a snail (genus Zebrina,
Helicella, Cionella or Bradybaena for D. dendriticum and
Ganesella for E. pancreaticum). The second intermediate hosts

for D. dendriticum are ants of the genus Formica; the grasshop-
pers (genus Conocephalus) or tree crickets (genus Oecanthus) are
the second intermediate hosts for E. pancreaticum. Infection 
of the definitive hosts by these trematodes depends on the 
ingestion of metacercariae encysted on the insect second inter-
mediate host tissues. The adults of both species produce and
shed morphologically similar eggs, making specific diagnosis 
by faecal examination difficult. The definitive diagnosis depends
on the recovery of adult worms at surgery or necropsy.
Dicrocoeliasis and eurytremiasis usually cause mild symptoms
in humans. However, heavy infections may produce biliary,
pancreatic and gastrointestinal disturbances and, sometimes,
jaundice. Occasionally, enlarged liver and systemic symptoms
are found. Human infections by these trematodes should be
treated with praziquantel; as second choice, the drug triclaben-
dazole may be used [25,26].
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10.4.2 Echinococcosis of the liver
S. Bresson-Hadni, G.A. Mantion, J.P. Miguet and D.A. Vuitton

Cystic echinococcosis (CE, or hydatid disease) and alveolar
echinococcosis (AE) are different in presentation, natural his-
tory and complications, and will be described separately; their
immunodiagnosis and chemotherapy, which share many points,
will be presented together [1].

Cystic echinococcosis

Epidemiology

Life cycle
The adult cestode develops in the small intestine of the definitive
host, a carnivore. The last segments (proglottids) of this worm
(3–5 mm long) contain eggs that are released into the intestine,
and dispersed on the grass with the stools of the host. When 
eggs are eaten by the intermediate host (usually a mammal), 
the hexacanth embryo, released into the duodenum, passes

through the intestinal wall and usually settles in the liver as
‘cysts’ (‘hydatids’). Sheep, cattle, camels, swine or (accident-
ally) humans serve as intermediate hosts. Commonly, dogs are
infected by eating raw infected offal containing hydatid larvae.
Man becomes infected either by touching dogs with contam-
inated hair or by ingesting vegetables or water infected by dog
stools [2]. Less commonly, the cycle involves a wild carnivore
such as the wolf, jackal or coyote and a wild herbivore such as the
elk, caribou or reindeer [3].

Prevalence
The disease is prominent in rural areas where humans, dogs 
and cattle coexist closely, with poor housing conditions and low
levels of sanitation, and is most common in the regions of the
world where raising livestock is a major industry: the entire
Mediterranean littoral, the former USSR, China and parts of
South America, particularly Uruguay, Argentina and Chile; New
Zealand and Australia, highly endemic in the past, are now far
less infected [2,4]. The highest prevalence is observed in western
China (up to 5–10% of screened people) [4]. The disease
remains frequent in Turkey and the Middle East countries, 
and is re-emerging in several countries where it had been par-
tially controlled, especially in the endemic ex-USSR territories,
e.g. Bulgaria and Romania, in Europe and the central Asian
republics [5]. The diagnosis should thus be evoked for any 
suspect occupying lesion of the liver seen in immigrants from
these countries.

Prevention and control

Control of Echinococcus granulosus is a realistic objective [2,4,5];
it has been achieved in islands where importation of animals 
was more easily controlled, such as Iceland, New Zealand and
Tasmania. Eradication is much more difficult in continental
areas, where reinfection of animals may occur easily from the
surrounding regions. Cultural, economic and political factors
may interfere with any control campaign, and these are the
major pitfalls that preclude the theoretical ‘easy control’ of the
disease [4–6].

Preventive measures include treatment of dogs with prazi-
quantel and/or destruction of stray dogs, education campaigns,
active measures to prevent access by dogs to infected offal and
development of safe livestock slaughtering facilities [6]. Effective
control must involve all approaches, including vaccination of
animal intermediate hosts (mostly sheep) using the very efficient
EG95 vaccine [7].

Pathogenesis

After ingestion of the eggs, the embryos of E. granulosus develop
into a metacestode delimited by an inner, fertile membrane, the
germinal layer, and an outer hyaline membrane, the laminated
layer [1,2,8]. ‘Brood capsules’ containing numerous protoscol-
ices (the future head of the adult cestode) develop by budding

TTOC10_04  3/8/07  6:44 PM  Page 1047



1048 10 OTHER INFECTIONS OF THE LIVER

from the germinal layer. The laminated layer is surrounded by 
a fibrous wall, derived from host tissue, sometimes calcified,
which limits the extension of the cyst. Outside this wall, the liver
appears normal (Fig. 1a).

The cyst grows at a rate of about 0.3 cm/year. A significant
proportion of cases either degenerate or never increase [9]. The
cysts are filled with fluid under pressure and contain protoscol-
ices (called ‘hydatid sand’ or ‘granula’, which gave the parasite
the species name granulosus). Daughter cysts may develop inside
or outside the germinal layer.

The cysts may be of any size, solitary or multiple, and located
in any area of the liver. The right lobe is involved in 75% of cases;
one-third of cysts are solitary [2]. Two-thirds of the lesions are
located in the liver, a quarter in the lungs, 15% in muscle, 3% in
bone, 2% in kidney, 1% each in spleen and brain [2]; multiple
organs are involved in 20% of patients [2]. Bone, chest and brain
localizations have been extensively studied; cysts may occur in
the heart, biliary tract, thyroid and parotid gland, tongue, tooth,
broad ligament, prostate, bladder, tonsil, pulmonary artery and
inferior vena cava [1,8].

Clinical features and complications

The hydatid cyst remains clinically silent for a long time and is
often discovered incidentally during routine abdominal ultra-
sound examination (US). The patient may complain of vague
right upper quadrant pain, urticaria, episodes of itching or of 
a right upper quadrant tumoral mass. Clinical symptoms are
usually absent until the cyst has reached 10 cm in diameter; a
mass is rarely palpable until it reaches 20 cm. The diagnosis is
usually made when a complication occurs, usually jaundice. 
In endemic areas, mass screening programmes using US and
serology have shown that liver cysts, albeit far more numerous
than lung cysts, were more frequently asymptomatic and
remained so for a long period of time [9–13].

Physical examination of the liver may be normal or may 
disclose an enlarged and regular liver. If the cyst is located in the

anterior liver, a round, painless tumour can be palpated with,
exceptionally, a ‘hydatid thrill’ [1,8]. Compression of the com-
mon bile duct, portal or hepatic veins or inferior vena cava is
uncommon. Rupture of the cyst (usually into the bile ducts) is
more common: at diagnosis, 36–40% of cysts have ruptured 
or have become infected. Cysts can erode and perforate the
diaphragm into the pleural and pericardial cavities, the lung or
the bronchi, and the peritoneum into the peritoneal cavity or the
duodenum, stomach, colon or right renal pelvis. This may lead
to extrahepatic hydatic cysts, which favour the development of
daughter cysts and may cause allergic symptoms (increase in
blood eosinophils, itching urticaria and anaphylactic shock).
More commonly, the rupture of hydatid cysts occurs into 
bile ducts and is revealed by cholestatic jaundice, cholangitis or
biliary pain. Ruptures may be clinically silent, and are thus only
disclosed during an operation.

Diagnosis

The two key procedures for diagnosis are US and serology.
Plain films of the abdomen and/or chest may show highly 

suggestive arc-shaped calcifications, characteristic deformation
of the diaphragm and sometimes images in the lungs or 
mediastinum.

US can be used to recognize cysts as small as 1 cm in diameter.
It can show one or several round masses with a well-defined con-
tour, which may be empty or filled with echogenic structures
corresponding to daughter cysts. It can be used to recognize 
the rupture of the germinative membrane by showing a folded,
detached endocyst. When cysts become infected, they are dif-
fusely hyperechogenic and no longer exhibit characteristic fea-
tures. In 1981, a US classification was proposed by Gharbi et al.
[10] based on a correlation between five US types and pathologi-
cal findings. Several classifications have since been proposed
with various aims and degrees of complexity. The WHO
Informal Working Group on Echinococcosis (IWGE) has pro-
moted a unified classification, shown in Table 1, which might be

Necrosis

(a) (b)

Host organ parenchyma

Connective tissue layer

Laminated membrane

Germinative membrane

Protoscolices 
inside a brood 
capsule

Fibrosis

Granuloma

Fig. 1 (a and b) Diagrammatic structure of an Echinococcus granulosus cyst.

TTOC10_04  3/8/07  6:44 PM  Page 1048



10.4 HELMINTHIASIS 1049

used to compare data from mass screenings and therapeutic
interventions as well [11]. This classification attempts to follow
the natural history of the cyst; however, stage CE3 (Gharbi II),
characterized by the detachment of membranes, may progress
either to development of daughter cysts or to degeneration.
When the classification is used to assess any therapeutic 
intervention, the diameter of cysts (in cm) rather than semi-
quantitative values should be given [14].

On computerized tomography (CT) (Fig. 2a–c), the unilocu-
lar cyst with its spherical or oval structure of near water density is
easily recognized [1,8]. Conversely, multilocular cysts may have
several CT patterns depending on the space occupied by daugh-
ter cysts inside the mother cyst; however, the CT densities of
viable daughter cysts are always lower than those of mother
hydatid cysts. Abscesses or necrotic tumours may mimic hydatid
cysts. In these cases, if serology is negative, only aspiration cytol-
ogy can establish the diagnosis of hydatid cyst [15]. Hydatid cyst
aspiration with a fine needle under US guidance is currently
considered medically and ethically acceptable [15,16]. However,
the procedure must be accompanied by appropriate precautions

aimed at preventing and/or treating any anaphylactic complica-
tion and protoscolex spillage, and must be systematically followed
by the puncture, aspiration, injection and reaspiration (PAIR)
technique if the diagnosis of hydatid cyst is confirmed.

Treatment

Surgery has long been considered the first choice treatment 
for all cases of hydatid cysts. Current availability of alternative
therapies has made this statement obsolete. In 1996, treatment
guidelines published by the WHO-IWGE stated that the thera-
peutic strategy should consider chemotherapy and PAIR [17].
Since then, the results of long-term evaluation of these treat-
ments have been made available, and surgery should always be
discussed regarding cyst location in the liver, number of cysts,
presence of other cysts in other organs, anatomical/clinical 
complications, clinical status of the patient, but also surgical
facilities, expertise of the surgical team and quality of follow-up.
New guidelines are currently being discussed by the WHO-
IWGE and should be published soon. A recent meta-analysis

Table 1 Ultrasonographic classification of hydatic cyst of the liver.

Gharbi et al. (1981) [10] WHO classification [11] Clinical correlation

– CL No pathognomonic signs of cystic echinococcosis

Type 1 CE1 Group 1: active lesions

Evolutive cysts, usually fertile

Type 3 CE2 Group 2: transitional lesions

Type 2 CE3 Cysts becoming degenerated, but usual persistence of viable protoscolices with possible 

evolution to CE2 type

Type 4 CE4 Group 3: inactive lesions

Type 5 CE5 Degenerated cysts or partially/totally calcified. High probability of sterilization

CL, cystic lesion.

(a) (b) (c)

Fig. 2 CT images of cystic echinococcosis of the liver. (a) Two cysts located in the right lobe. The anterior one, corresponding to a type 1 (CE1), is
characterized by a hypodense content and well-defined contour. The posterior one, totally calcified, corresponds to a type 5 (CE5). (b) Huge, well-delineated
hydatid cyst in the top of the right liver classified as type 2 (CE3): detached membranes are well visualized inside the hydatid fluid. (c) Complicated cystic
echinococcosis. The cyst in the left liver (containing multiple daughter cysts) has ruptured in the biliary duct and is responsible for a biliary obstruction (note the
intrahepatic biliary duct dilatations).
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aimed at finding ‘evidence-based’ answers to the main questions
about treatment strategy in cystic echinococcosis [18]. The 
main results, graded according the Cochrane system (level of
evidence and grade of recommendation), were the following: 
(i) chemotherapy is not the ideal treatment for uncomplicated
hydatid cysts of the liver when used alone; (ii) the level of 
evidence is too low to help in deciding between radical or con-
servative treatment; (iii) omentoplasty associated with radical or
conservative treatment is efficient in preventing deep abscesses;
(iv) the laparoscopic approach is safe; (v) drug treatment asso-
ciated with surgery requires further studies; (vi) percutaneous
drainage associated with albendazole therapy is safe and efficient
in selected patients; the level of evidence is low concerning 
treatment of complicated cysts. This has led some authors to
write this rather provocative statement: ‘Surgery should be
reserved for patients with hydatid cysts refractory to PAIR
because of secondary bacterial infection or for those with
difficult-to-manage cyst–biliary communication or obstruction’
[19], whereas others still write: ‘Although certain types of
hydatid cysts are successfully treated by PAIR, surgery remains
the treatment of choice’ [20]. This discrepancy clearly indicates
that further well-designed studies are in order.

Surgery
The goal of surgery is eradication, i.e. to remove all parasitic
cysts and fluid completely; eradication achievable by surgery is 
a major advantage compared with other types of treatment.
Controversies still exist about the best operative technique. The
main surgical alternatives are cystectomy, with an appropriate
management of the residual cavity, and hepatic resection.
Despite the high number of hydatid cysts removed surgically
worldwide, few large reviews of surgical cases with a significant
follow-up are available. In a European non-endemic country, 
a recent retrospective study, in 84 patients followed up for a
median of 8 years, showed that almost half the patients operated
on for liver hydatid cysts had complicated disease [21]; after
complete removal of cystic and pericystic tissue with simultane-
ous treatment of the fistulous tract, in 23% of the patients, there
was postoperative morbidity, but no mortality and no recur-
rence of disease. In a highly endemic area in Kenya, among 663
patients managed with surgery, there was one intraoperative and
one postoperative death, and 47 patients underwent repeated
operations [22] for postoperative complications and/or recur-
rences. Recurrences are estimated to occur in 2–25% of cases,
depending on the size, location, number or peroperative rupture
of the original cysts, as well as on the expertise of the surgical
team.

Various types of cystectomy permit the complete removal of
the parasite without the risks of liver resection [1,8]. To avoid
spillage of the contents of the hepatic cyst, the peritoneal cavity
must be carefully protected during cyst evacuation. The con-
tents of the cyst are first sterilized by the injection of scolicidal
agents and then evacuated. Formalin and hypertonic saline
should not be used because of the risk of caustic sclerosing

cholangitis. Chlorehexidine, H2O2, 80% alcohol or 0.5% cetrim-
ide are safer. Their intracystic injection should not be used if
there is any evidence of biliary communication. Pretreatment 
of patients with antiparasitic drugs may make scolicidal agents
obsolete; however, there is as yet no long-term study that has
evaluated the efficacy of chemotherapy in preventing recurrence.
After the liver overlying the cyst has been incised, attempts
should be made to excise the laminated membrane intact; 
this may be done by cleaving through the virtual gap existing
between the inner and outer fibrous layer surrounding the cyst
(‘total subadventitial cystectomy’) [23].

Hepatic resection is usually only recommended for central
cysts of a left lateral segment. Liver transplantation (LT) 
has exceptionally been performed in patients with acute
Budd–Chiari syndrome and secondary biliary cirrhosis related
to toxic sclerosing cholangitis [24].

Instrumental treatment: puncture–aspiration–
injection–reaspiration (PAIR)
Since 1986, PAIR has been proposed as an alternative to surgery
[25]. After percutaneous puncture under US guidance, aspira-
tion is performed; the residual cavity is then completely filled
with a scolicidal agent, usually ethanol, which is reaspirated 
10 min later. Detailed practical guidelines for a wider use of the
PAIR technique have been published by the WHO-IWGE [16].
A long-term follow-up of patients is now available [26]; a meta-
analysis has confirmed that PAIR is efficacious, safe and useful in
selected indications [27]. A very limited number of anaphylactic
shocks, nearly always reversible with appropriate resuscitation,
and no secondary dissemination have been reported. Recurrence
of the cysts in most series is lower than after surgery. PAIR can 
be proposed for type CE1 and selected cases with CE2 and CE3
cysts. It is contraindicated if there is a communication of the cyst
with the biliary tree, assessed through puncture of the cyst with
cystocholangiography or, in disadvantaged settings, by checking
bilirubin in the cyst content. The duration of pre- and postinter-
ventional benzimidazole therapy necessary to avoid parasitic
spillage has not been properly evaluated. In experienced hands,
PAIR represents the first choice of treatment [28]; drainage may
be associated with PAIR in treating large cysts [28]. To treat cysts
with numerous daughter cysts, a PAIR-like technique (‘percuta-
neous puncture drainage and curettage’) [29], which uses larger
tubes and vacuum aspiration through a small surgical incision,
was first described in western China; similar procedures have
since been published in Europe [30,31].

Laparoscopic aspiration and sterilization of the cysts is also
feasible; however, it is more frequently complicated by spillage
and recurrence [32].

Treatment of complications

Cholangitis is usually treated by biliary surgical drainage. In
some instances, papillotomy during endoscopy may be pro-
posed. The rupture of a hepatic cyst into the peritoneal cavity
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remains difficult to cure. Despite the removal of cyst contents
from the peritoneal cavity at surgery, residual protoscolices
form daughter cysts that almost inevitably lead to recurrence.
Benzimidazole–praziquantel combined therapy should be used
in these situations.

Alveolar echinococcosis

Alveolar echinococcosis (AE) of the liver is an uncommon 
parasitic disease of the northern hemisphere which is due to the
intrahepatic growth of the larva of Echinococcus multilocularis
(E.m.). AE behaves as a liver cancer and is always fatal unless
completely removed by surgery. The significant advances achieved
in the management of AE during the past 20 years have led to a
dramatic improvement in the prognosis of AE, even in inoper-
able cases.

Epidemiology

Life cycle
A cycle in wild animals allows the parasite to subsist in nature
[33]. The adult cestode usually develops in the small intestine 
of the fox. The last segments (2–4 mm long) are released into 
the intestine, and their eggs are dispersed on the ground with 
the stools, contaminating the grass. Eggs are surrounded by an
envelope that allows them to resist very low temperatures (down
to –40°C); they die at +60°C. When eggs are eaten by the inter-
mediate host, usually a wild rodent, the hexacanth embryo is
released into the duodenum, enters the liver through the intesti-
nal wall and can reach the lungs, brain and bones. In rodents, AE
consists of a mass of small vesicles each lined by the germinal
layer from which enormous numbers of protoscolices develop;
lesions produced by several embryos may coalesce and can
occupy a considerable part of the liver [2]. The life cycle is com-
pleted when the intermediate host, containing infected larvae, 
is eaten by foxes. Dogs are the most common definitive hosts 
in some areas, such as China. Less commonly, other carnivores
including coyotes and cats can also serve as definitive hosts
[33,34].

Prevalence
Humans become infected either by eating contaminated wild
fruits or by touching infected foxes or pets. Risk factors for
human AE in endemic regions include occupation in agriculture
(or activity in gardening, foresting, hunting), a history of dog/cat
ownership and residence in a rural upland landscape that
favours high densities of small mammals, especially voles [35].
Because of immunogenetic (but also behavioural) factors, the
wide distribution and generally high frequency of E. multilocularis
in foxes is not reflected in disease prevalence in humans, which is
low in most endemic areas [34,36]. Among European patients,
54% were female and 46% male with a median age at diagnosis
of 56 years [37]; although AE was also disclosed in young 
children, a mean period of 15 years is usual between contamina-

tion and presenting symptoms. The average incidence, referred
to the total population of a country, is rather low, ranging from
0.02 (Austria) to 0.10 (Switzerland) cases per 100 000 inhabitants
per year in western Europe. However, because of the geographi-
cally focused epidemiology of the parasitic cycle, local incid-
ence rates may be much higher. In a retrospective study of 559
European AE cases diagnosed between 1982 and 2000, 42% were
in eastern France, 23.6% in southern Germany and 21% in
northeast Switzerland [37]. The increase in fox populations and
parasite prevalences and the increasing encroachment of foxes
into urban areas, with spillover of E. multilocularis infection
from wild carnivores to domestic dogs and cats, might point to
the emergence of a new AE public health hazard in central
Europe [34,37,38]. Neither human cases nor fox infection have
ever been found in the British islands [39]. Other endemic
regions for AE in humans are many areas of the former Soviet
Union, eastern Turkey, northern Japan, China and Alaska.
Reports of adult or larval cestodes in the wild fauna of north 
central America suggest that, in the United States, the parasite is
still moving south and east [34]. In north and northwestern
China, the prevalence of alveolar echinococcosis in humans can
be as high as 16% in some villages [34,40].

Prevention and control

Mass surveys using US and serology are recommended in 
high-risk populations in endemic areas to monitor epide-
miological trends and support health education [12,40,41].
Prevention measures are limited to educational programmes
aimed at warning the population in endemic areas of the hazards
of touching foxes and eating uncooked fruits and vegetables. 
It may be advisable to enclose a kitchen garden located near 
a forest. Extermination of foxes and/or rodents is not a realistic
objective and could be deleterious. A third option consists 
of mass dosing of foxes with praziquantel-treated baits; pilot
studies have been done to assess the feasibility and efficacy of this
option in non-urban areas and are currently ongoing in urban
areas [38,42]. Praziquantel provides a 100% elimination of the
parasite from dogs when given at a dose of 5 mg/kg body weight;
it should therefore be used for the deworming of domestic dogs
in the endemic areas [2,5,38].

Pathogenesis

The hepatic lesions of humans generally consist of a unique mass
of fibrous tissue that displays a multitude of cavities, ranging
from a few millimetres to a few centimetres in size (Fig. 1b). 
E. multilocularis induces hepatic necrosis allowing the parasite to
invade the liver step by step in a way similar to a liver carcinoma.
The lesions are not limited by a fibrous shell. The parasitic tissue
electively involves and destroys the bifurcation of intrahepatic
bile ducts. It may also invade major hepatic vessels and the infe-
rior vena cava [1,43,44]. The lesions are usually most prominent
in the right lobe of the liver. Microscopically, they consist of
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numerous parasitic vesicles (1 mm to 1 cm in diameter) lined 
by an inner germinal layer and an outer laminated layer.
Protoscolices are observed in only 15% of cases, and the 
germinal layer is usually absent in ‘old’ vesicles embedded in a
dense fibrosis. The parasitic vesicles are surrounded by concen-
tric layers of ‘epithelioid cells’ of the macrophagic lineage, by 
a macrophagic/fibroblastic infiltrate and collagen bundles, and
by peripheral lymphocytes (mostly CD8 T-cell lymphocytes), 
arranged in a granuloma [36,45]. The parasitic granuloma
(absent in cystic echinococcosis) leads to a fibrotic scar which
compresses and then destroys the hepatic vessels and the bile
ducts. The resulting necrotic process leads to the formation of
large cavities containing parasitic and hepatic debris, blood, 
bile and sometimes pus; the migration of necrotic fragments 
is responsible for cholangitis and systemic bacteraemia. The
migration of parasitic material through the hepatic vessels may
result in distant metastases [46].

Clinical features and complications

AE was frequently diagnosed at an advanced stage and mim-
icked neoplasia. Jaundice was the most frequent presenting
symptom before the 1980s; it was observed in 43% in our series
[44], either as a gradual-onset jaundice with pruritus related to
hilum involvement or as intermittent jaundice with pain and
fever related to superimposed bacterial biliary infection. Hard
and massive hepatomegaly was classically the revealing symp-
tom in about 25% of cases.

During the past 20 years, the symptoms at presentation have
changed with the earlier diagnosis of less severe and asymp-
tomatic cases. In a series of patients diagnosed between 1983 
and 1993, only 25% presented with jaundice, and hepatomegaly
was observed in 16%. Vague abdominal right upper quadrant
pain is a presenting symptom in about one-third of cases. The
contrast between a huge hepatomegaly mimicking a liver carci-
noma and a good clinical status should raise suspicion of AE in
endemic areas. Currently, a significant number of patients with
AE are asymptomatic: they may be diagnosed by chance (during
surgery or an ultrasonographic examination for other reasons)
or as a result of mass screening in an endemic area.

Complications are rarely the first manifestations of the dis-
ease. The most frequent are biliary infection with septicaemia
and septic shock and liver abscesses resulting from bacterial or
fungal infection of the central necrotic area. Owing to locore-
gional extension or haematogenous spread of parasitic tissue to
distant metastases (in approximately 12% of cases, mainly in the
lungs) [37], symptoms ranging from dyspnoea and bile sputum
to seizures and stroke as well as skin nodules [43,47] or bone
pain may be the presenting clinical manifestations. Anaphylactic
reactions are exceptional as initial symptoms [46]. Earlier diag-
nosis and prophylaxis of variceal bleeding with β-blockers have
diminished bleeding from oesophagogastric varices related to
portal hypertension, secondary to biliary cirrhosis or to chronic
parasitic Budd–Chiari syndrome or portal thrombosis.

Diagnosis

Laboratory findings
Lymphopenia is frequent. Total and conjugated bilirubin are
increased in proportion to the degree of jaundice; γ-glutamyl
transferase and alkaline phosphatase are markedly increased 
in jaundiced patients as well as in patients without jaundice.
Conversely, serum transaminases are usually normal except for
the few patients with a necrotic process in the liver, in whom a
two- to fourfold increase is usual. Eosinophilia greater than 7%
is found in 10% of patients. A high level of C-reactive protein is
suggestive of a latent biliary infection [43]. Prothrombin time
and factor V are usually normal. In 80% of patients, serum gam-
maglobulins are over 30 g/L; electrophoresis shows a polyclonal,
and only exceptionally a monoclonal, gammopathy. All three
classes of immunoglobulins (G, A, M) are increased.

Morphological findings
US and CT remain the basic morphological imaging techniques
in AE [47]. US is the current screening method of choice for
diagnosis and regular follow-up in AE [48,49]. A typical US
aspect is observed in 70% of cases: the lesion is characterized by
irregular limits and heterogeneous content with juxtaposition 
of hyperechogenic and hypoechogenic areas (Fig. 3a). The
hyperechogenic fibrous tissue often contains scattered calcifica-
tions. Another US aspect typical of AE is a huge lesion with large
central necrosis surrounded by a hyperechogenic ring. However,
in endemic AE areas, the following atypical US aspects account
for 30% of cases: (i) a small haemangioma-like hyperechogenic
nodule which corresponds to an early homogeneous nodular
lesion; (ii) a pseudocystic form in the case of a huge AE lesion
with massive necrosis; the irregular lining suggests the diagnosis
of AE; (iii) a small calcified lesion that corresponds to an
abortive form of the disease or a small developing AE [41,48].
US can also provide information on the biliary and vascular
involvement.

The typical CT aspect is a lesion with irregular linings and 
heterogeneous contents of various densities: hyperdense scattered
calcifications and hypodense areas corresponding to necrosis
and active parasitic tissue (Fig. 3b). No significant enhancement
is observed within the lesion after the intravenous bolus admin-
istration of contrast medium. The dilatation of the intrahepatic
bile ducts in the contralateral lobe of the liver is the hallmark of
an infiltration of the hilum by the parasitic process.

Magnetic resonance imaging (MRI) may facilitate the diagnosis
in uncertain cases with non-calcified lesions. It is the best tech-
nique to characterize the different components of the parasitic
lesion and to study the extension to adjacent structures.
Cholangio-MRI has now advantageously replaced the classical
percutaneous cholangiography. It is an important part of the
preoperative evaluation, as it provides information on the rela-
tionship between the AE lesion and the biliary tree. Positron
emission tomography using [18F]fluorodeoxyglucose has recently
been developed for the follow-up of inoperable AE patients
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under long-term benzimidazole therapy [50,51]. This approach
seems to be promising in assessing inflammatory activity and
thereby indirectly depicting parasitic activity (Fig. 3c).

Treatment

Modern treatment of AE clearly requires a multidisciplinary
approach with benzimidazole therapy as a common denominator
(see below). Depending on the size of the lesion, its location in
the liver and vascular and biliary involvement, the option may
be a curative resection, an interventional radiological procedure
or, exceptionally, a liver transplant. Partial debulking resections
followed by continuous administration of a benzimidazole must
be avoided [52]. A classification system has been developed
recently that could be useful in helping clinicians to choose the
appropriate treatment [53].

The sole efficient treatment is partial hepatectomy when the
lesions are sufficiently localized [53–55]. Because the intrahep-
atic common bile duct is usually involved, it is often necessary to
remove the bifurcation and to reconstruct the biliary tract using
a Roux-en-Y loop [56]. In our series from 1983 onwards, 35% of
patients underwent a curative partial hepatectomy, compared
with 10% before 1983.

For unresectable patients, palliative surgery is now advantage-
ously replaced by instrumental treatment procedures [47,57,58],
which consist of percutaneous radiological drainage of huge
centroparasitic abscesses or a dilated intrahepatic bile duct
above a hilar stenosis. The best option is to push the drain
beyond the stenosis to obtain external/internal biliary drainage.
Such drains may be maintained for years; with chemotherapy,
they have allowed prolonged survival in initially very severe AE
cases [59]. Biliary endoprosthesis could also be inserted, but the
stent may become obstructed by necrotic plugs; it is far more
difficult to change a stent than an external–internal drain.

A retrospective analysis of the results of LT for unresectable
AE (45 cases from different European centres) has been pub-

lished recently [60]. From this experience, LT is indicated 
only for incurable symptomatic biliary AE with life-threatening
cholangitis and/or symptomatic secondary biliary cirrhosis;
despite this major procedure, only half the patients have actually
been definitively cured by LT. In other patients, parasitic
residues were observed with accelerated progression related to
immunosuppressive therapy [60,61]. The actuarial survival rate
was 58% at 5 years.

Immunological and molecular 
diagnosis

Numerous immunodiagnostic tests have been developed for CE
and AE, but there is currently no standard, highly sensitive and
specific as well as cheap test available for antibody detection in
either disease. Cross-reactivity is observed between both ces-
todes, and most tests for CE can be used for the diagnosis of AE
and vice versa. In some endemic countries, both diseases may be
found in the same area (this is especially the case in China, but
also in Turkey and most central Asian countries), and a differ-
ential diagnosis could theoretically be useful. Cellular tests are
interesting for research but have no value in the diagnosis of
these diseases [36]. The intradermal ‘Casoni’ test is no longer
used because of its lack of sensitivity and specificity as well as
safety.

Serological tests

Assays for specific antibodies in serum have used natural anti-
gens obtained from both Echinococcus granulosus (hydatid fluid
or hydatid sand) and Echinococcus multilocularis (protoscolices
or parasitic extracts) and/or purified antigens or recombinant
proteins from either Echinococcus sp. [62]. The following 
considerations apply to serological testing; (i) complement
fixation tests are no longer used because of poor sensitivity and
specificity; (ii) indirect haemagglutination and latex tests, with

(a) (b) (c)

Fig. 3 Morphological aspects of alveolar echinococcosis (AE) of the liver. (a) Ultrasonic aspect of a huge AE lesion located in the left and the central part of
the liver, characterized by irregular limits, a heterogeneous content with central hypoechogenic area (necrosis) surrounded by the hyperechogenic fibrous
tissue containing scattered calcifications. (b) CT images of the same lesion: heterogeneous content with irregular border and hypodense central area. (c)
Positron emission tomography using [18F]fluorodeoxyglucose in the same patient, before the introduction of albendazole therapy: very intense perilesional
activity within the inflammatory reaction that indirectly traduces the parasitic viability.
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crude Echinococcus extracts, are both cheap and sensitive but
poorly specific; (iii) immunoelectrophoresis or immunosyneresis
is specific, but poorly sensitive and time-consuming; (iv) ELISA
tests, using crude antigens from E. granulosus or E. multilocularis,
are sensitive but poorly specific; (v) more specific are ELISA 
tests using purified antigenic fractions or recombinant antigens
such as antigen 5 or antigen B of Echinococcus granulosus, the
Em2 or the Em18 fractions of Echinococcus multilocularis, the
specific alkaline phosphatase of E. multilocularis, the recom-
binant Em3/10 and Em18; (vi) Western blots use either crude
extracts from E. granulosus or E. multilocularis (more sensitive)
or purified fractions or recombinant antigens (more specific).
The combination of antigens in a single test (such as the 
EM2+) or Western blot patterns have attempted to provide 
both the positive and the differential diagnosis. By comparing
the ‘best’ serological tests with ultrasound- and/or CT-
confirmed lesions, the overall sensitivity reaches 80% for liver
hydatid cysts (it is lower for lung cysts, averaging 65%) and 
90% for alveolar echinococcosis; specificity may reach 90% for
both [62]. The diagnostic efficiency of serology is limited by the
reduced capacity of some infected subjects to develop specific
antibodies and the failure to release specific antigens by some
hydatid cysts (decreased sensitivity) and the existence of infected
non-diseased subjects in endemic areas (decreased specificity).
Positive serological results in individuals account for at least five
different situations: (i) ‘patent’, overt disease with symptoms;
(ii) ‘latent’, non-apparent disease; (iii) calcified dead lesions in
the liver; (iv) hydatid cyst in the lung or other organs and excep-
tional cases of isolated extrahepatic AE; and (v) no parasitic
lesions at all [12,13,36,40,43,45]. Negative serology with patent
CE or AE lesions has been found in all mass screenings and is the
rule in all published hospital case series [13,40,43]. Serology
should thus never be used as a ‘first intent’ test for mass screen-
ing; it should always be combined with ultrasound imaging, and
used to confirm a diagnosis suspected on the basis of imaging
techniques.

The predominant antibody response consists mainly of the
IgG1 and IgG4 subclasses. Elevated total IgE and specific IgE
against Echinococcus antigens, which may be found in the serum
of CE patients, are significantly more elevated when a rupture or
a fissuration of the cyst occurs; an increased eosinophil count
may also be observed in these situations. Specific IgE antibodies
against E. multilocularis antigens may be found in AE patients,
and histamine release from circulating basophils stimulated
with Echinococcus antigens is constant in AE patients [36].

In the post-surgery follow-up, after a temporary increase,
antibody levels progressively decrease for 1–2 years before turn-
ing negative. The persistence of raised levels or a further increase
is suggestive of residual disease or a recurrence; however, the
long-term persistence of antibodies in some patients is not 
evidence against the eradication of the parasite. IgE, IgG4 and
IgG2 antibodies seem to be associated with progressive and
severe cases and are the first to disappear after surgery or
efficient chemotherapy [62]. In AE patients with a recurrence

after LT, antibodies detected using crude antigens (e.g. crude
hydatid fluid) were observed at an early stage in recurrence, 
and more specific antibodies (e.g. against the E. multilocularis
specific Em2 antigen) could only be detected later [63]. Similar
observations have been made at mass screenings: early lesions
were associated with antibodies against crude extracts and could
thus be missed using more specific antigens/recombinant pro-
teins [64].

Molecular tests

Molecular identification of both E. granulosus and E. multilocu-
laris is mostly based on polymerase chain reaction (PCR) using
mitochondrial DNA probes [64]. It may be used on liver needle
aspiration (for CE) and/or liver biopsy (for AE), if echinococ-
cosis is suspected despite negative serology. In addition, it may 
be useful in epidemiological studies to identify the subspecies 
of E. granulosus involved in human contamination from the 
animal cycle: more than 10 subspecies have been described, the
most frequently involved in humans being the G1 (‘sheep’) and
G6 (‘camel’) subspecies. Recent reports have shown that the 
latter is also infectious to humans [65]. E. multilocularis is far 
less heterogeneous, and only minor differences in geographical
isolates may be disclosed.

Medical treatments of echinococcosis

Although no well-designed clinical trials have been performed
for any medical treatment modality in either form of echinococ-
cosis, two benzimidazole compounds have proved efficacious
against both alveolar and cystic echinococcosis: mebendazole
(MBZ) (4.5 g/day) and albendazole (ABZ) (10–15 mg/kg/day).
Because of limited toxicological data, ABZ was originally admin-
istered intermittently. More recent data suggest that continuous
treatment achieves equivalent or improved efficacy with no
increased adverse effects [66].

Benzimidazoles (BZM) in cystic echinococcosis

Three randomized controlled trials showed that ABZ alone had
a better effect on hydatid cysts than placebo [67,68] or MBZ
[69]. One prospective controlled trial compared ABZ in com-
bination with praziquantel (25 mg/kg/day) vs. ABZ alone [70] 
and concluded that the combined treatment was more effective
than ABZ alone. However, complete disappearance of all cysts
was never reached. Therefore, chemotherapy is not the ideal
treatment when used alone. This therapeutic option is indicated
for patients with multiple cysts in two or more organs and for
patients with peritoneal cysts. ABZ is poorly absorbed by the
gastrointestinal tract. To improve absorption, ABZ should be
taken with a fatty meal [71].

Pre- and postintervention chemotherapy with BZM may
reduce the risk of recurrence and intraperitoneal seeding. There
is no optimal scheme, but the current recommendation is to

TTOC10_04  3/8/07  6:44 PM  Page 1054



10.4 HELMINTHIASIS 1055

administer ABZ 3 weeks before and for 1–2 months after the
intervention [18]. PAIR plus chemotherapy is associated with
increased clinical and parasitological efficacy [27]. ABZ is to 
be given the day before and for 1 month after PAIR [72]; ABZ
should not be administered when PAIR is performed during
pregnancy.

Benzimidazoles in alveolar echinococcosis

MBZ and ABZ are the drugs of choice in the treatment of AE.
However, these drugs only have a parasitostatic effect and do not
kill the parasite in most cases. There are no comparative studies,
but ABZ is currently preferred because it is > 40% less expensive,
is easier to take and is now licensed for AE in many countries
[73]. In case of extirpable AE lesions, it is recommended to initi-
ate ABZ before the operation and to maintain ABZ for at least 
2 years to avoid recurrence [17]. In inoperable cases, long-term
chemotherapy may significantly prolong survival (10-year sur-
vival of approximately 80% in treated cases, compared with less
than 25% in historical untreated control subjects) [74]. Recent
reports emphasize the possibility of parasite death under long-
term BZM therapy [74–76]. By assessing parasite viability, the
combination of sequential PET-CT and new serological markers
offers the prospect of a more personalized medical treatment 
of inoperable AE patients: discontinuation of BZM after many
years of treatment could be feasible in selected cases using these
new tools [51,74]. If LT is indicated, ABZ must be initiated
before the operation and maintained after LT for at least 2 years
(lifelong in case of metacestode remnants or new AE foci dis-
covered during post-LT follow-up) [17].

Side-effects of BZM

Adverse events of BZM were reported in 5.8–20% of the patients
treated. General complaints include headache, nausea, anorexia,
vomiting, abdominal pain and itching. In the first weeks of treat-
ment, a transient increase in liver enzymes may be observed; 
it usually appears to be the result of drug efficacy rather than 
evidence of drug toxicity [77]. Idiosyncratic reactions have been
observed in a few cases [78]. Regular monitoring is therefore
recommended: if aminotransferase levels rise to 200–300 IU/L,
discontinuation of therapy should be considered. A significant
but usually reversible alopecia occurs in about 5% of cases. In
AE, this effect has been observed particularly in patients with
portal hypertension and/or severe cholestasis. The risk, albeit
small, of bone marrow depression (neutropenia or even rarely
aplastic anaemia) should prompt regular checking of blood cell
count [79]. ABZ has been shown to be teratogenic in rats and
rabbits and, therefore, should be avoided, if possible, during
pregnancy (in particular during the first trimester) and lactation
[8]. Although they are closely related drugs, MBZ may be better
tolerated by patients with ABZ side-effects and vice versa; a
switch to the other drug can thus be tried before withdrawing
chemotherapy definitively [43].

Future prospects in the treatment of
echinococcosis of the liver

Research is in progress to increase the serum concentrations of
ABZ. Studies with liposome-entrapped ABZ have given promis-
ing results [80,81]. Amphotericin B has been used as salvage
treatment for AE patients with intolerance or resistance to 
BZM; although the drug is only parasitocidal [82], it effectively
halted parasite progression in a small series of patients [83].
Nitazoxanide (NTX), a broad-spectrum antihelminthic agent,
also used for enteric bacteria treatment, seems to be promising
for AE treatment: a parasitocidal effect was demonstrated in
vitro [84,85]. Immunomodulatory treatment with interferon-α
might be a future treatment goal for AE [86,87]. Radiothermal
ablation by radiofrequency is currently under investigation for
cystic echinococcosis [88]. However, the best strategy to direct
therapeutic options is to design controlled studies aimed at
more clearly defining the respective place of surgery (and what
type of surgery) and of PAIR [89,90].

References
1 Amman RW, Eckert J (1996) Cestodes. Echinococcus. In: Parasitic

Diseases of the Liver and Intestines. Gastroenterol Clin North Am 25,

655–689.

2 Eckert JP, Deplazes PS, Craig M et al. (2001) Echinococcosis in animals:

clinical aspects, diagnosis and treatment. In: Eckert J, Gemmell MA,

Meslin F-X et al. (eds) WHO/OIE Manual on Echinococcosis in

Humans and Animals: a Public Health Problem of Global Concern.

Paris: World Organisation for Animal Health (OIE), pp. 72–99.

3 Jenkins DJ, Macpherson CN (2003) Transmission ecology of

Echinococcus in wild-life in Australia and Africa. Parasitology 127,

S63–72.

4 Torgerson PR, Budke C (2003) Echinococcosis – an international

public health challenge. Res Vet Sci 74, 191–202.

5 Ito A, Urbani C, Jiamin Q et al. (2003) Control of echinococcosis and

cysticercosis: a public health challenge to international cooperation 

in China. Acta Trop 86, 3–17.

6 Torgerson PR, Heath DD (2003) Transmission dynamics and control

options for cystic echinococcosis. Parasitology 127, S143–S158.

7 Lightowlers MW, Heath DD (2004) Immunity and vaccine control 

of Echinococcus granulosus infection in animal intermediate hosts.

Parasitologia 46, 27–31.

8 Kern P (2003) Echinococcus granulosus infection : clinical presentation,

medical treatment and outcome. Langenbecks Arch Surg 388, 413–420.

9 Frider B, Larrieu E, Odriozola M (1999) Long-term outcome of

asymptomatic liver hydatidosis. J Hepatol 30, 228–231.

10 Gharbi HA, Hassine W, Brauner MW et al. (1981) Ultrasound exam-

ination of the hydatic liver. Radiology 139, 459–463.

11 WHO Informal Working Group on Echinococcosis (2003) Inter-

national classification of ultrasound images in cystic echinococcosis

for application in clinical and field epidemiological settings. Acta Trop

85, 253–261

12 Macpherson CN, Bartholomot B, Frider B. (2003) Application of

ultrasound in diagnosis, treatment, epidemiology, public health and

control of Echinococcus granulosus and E. multilocularis. Parasitology

127, S21–35.

TTOC10_04  3/8/07  6:44 PM  Page 1055



1056 10 OTHER INFECTIONS OF THE LIVER

13 Larrieu EJ, Frider B (2001) Human cystic echinococcosis: contribu-

tions to the natural history of the disease. Ann Trop Med Parasitol 95,

679–687.

14 Wang Y, Zhang X, Bartholomot B et al. (2003) Classification, follow-

up and recurrence of hepatic cystic echinococcosis using ultrasound

images. Trans R Soc Trop Med Hyg 97, 203–211.

15 Hira PR, Lindberg LG, Francis I et al. (1988) Diagnosis of cystic

hydatid disease: role of aspiration cytology. Lancet 2, 655–657.

16 WHO-Informal Working Group on Echinococcosis (2003) PAIR: 

a New Option for the Treatment of Cystic Echinococcosis. Geneva:

WHO.

17 WHO-Informal Working Group on Echinococcosis (1996) Guidelines

for treatment of cystic and alveolar echinococcosis in humans. Bull

World Health Org 74, 231–242.

18 Dziri C, Haouet K, Fingerhut A (2004) Treatment of hydatid cyst of

the liver: where is the evidence? World J Surg 28, 731–736.

19 Smego RA Jr, Sebanego P (2005) Treatment options for hepatic cystic

echinococcosis. Int J Infect Dis 9, 69–76.

20 Sayek I, Tirnaksiz MB, Dogan R (2004) Cystic hydatid disease: current

trends in diagnosis and management. Surg Today 34, 987–996.

21 Chautems R, Buhler LH, Gold B et al. (2005) Surgical management

and long-term outcome of complicated liver hydatid cysts caused by

Echinococcus granulosus. Surgery 137, 312–316.

22 Cooney RM, Flanagan KP, Zehyle E (2004) Review of surgical 

management of cystic hydatid disease in a resource limited setting:

Turkana, Kenya. Eur J Gastroenterol Hepatol 16, 1233–1236.

23 Wu XW, Peng XY, Zhang SJ et al. (2004) Formation mechanisms of

the fibrous capsule around hepatic and splenic hydatid cyst. Zhongguo

Ji Sheng Chong Xue Yu Ji Sheng Chong Bing Za Zhi 22, 1–4 (in Chinese).

24 Moreno-Gonzalez E, Loinaz Segurola C, Garcia Urena MA et al.

(1994) Liver transplantation for Echinococcus granulosus hydatid 

disease. Transplantation 58, 797–800.

25 Ben Amor N, Gargouri M, Gharbi HA et al. (1986) Trial therapy of

inoperable abdominal hydatid cysts by puncture. Ann Parasitol Hum

Comp 61, 689–692 (in French).

26 Akhan O, Ozmen MN, Dinçer A et al. (1996) Liver hydatid 

disease: long term results of percutaneous treatment. Radiology 198,

259–264.

27 Smego RA Jr, Bhatti S, Khaliq AA et al. (2003) Percutaneous aspiration-

injection-reaspiration drainage plus albendazole or mebendazole for

hepatic cystic echinococcosis: a meta-analysis. Clin Infect Dis 37,

1073–1083.

28 Felice C, Pirola F, Brunetti E et al. (1990) A new therapeutic approach

for hydatid liver cysts. Gastroenterology 98, 1366–1368.

29 Wang XZ, Yongshou L, Sheng F et al. (1994) Clinical treatment of 

hepatic and abdominal hydatidosis with percutaneous puncture

drainage and curettage (report of 869 cases). Chin J Parasitol Parasitic

Dis 12, 285–287.

30 Schipper HG, Laméris JS, van Delden OM et al. (2002) Percutaneous

evacuation (PEVAC) of multivesicular echinococcal cysts with or

without cystobiliary fistulas which contain non-drainable material:

first results of a modified PAIR method. Gut 50, 718–723.

31 Avtan L (2005) A new ‘Perforator Grinder-Aspirator Apparatus

(PGAA)’ for the minimal access surgery of cystic liver hydatidosis.

Hepatogastroenterology 52, 339–342.

32 Baskaran V, Patnaik PK (2004) Feasibility and safety of laparoscopic

management of hydatid disease of the liver. J Soc Laparoendosc

Surgeons 8, 359–363.

33 Craig P (2003) Echinococcus multilocularis. Curr Opin Infect Dis 16,

437–444.

34 Vuitton DA, Zhou H, Bresson-Hadni S et al. (2003) Epidemiology 

of alveolar echinococcosis with particular reference to China and

Europe. Parasitology 127, S87–107.

35 Giraudoux P, Craig PS, Delattre P et al. (2003) Interactions between

landscape changes and host communities can regulate Echinococcus

multilocularis transmission. Parasitology 127, S121–131.

36 Vuitton DA (2003) The ambiguous role of immunity in echinococcosis:

protection of the host or of the parasite? Acta Trop 85, 119–132.

37 Kern P, Bardonnet K, Renner E et al.; European Echinococcosis

Registry (2003) European echinococcosis registry: human alveolar

echinococcosis, Europe, 1982–2000. Emerg Infect Dis 9, 343–349.

38 Deplazes P, Hegglin D, Gloor S et al. (2004) Wilderness in the city: 

the urbanization of Echinococcus multilocularis. Trends Parasitol 20,

77–84.

39 Smith GC, Gangadharan B, Taylor Z et al. (2003) Prevalence of

zoonotic important parasites in the red fox (Vulpes vulpes) in Great

Britain. Vet Parasitol 118, 133–142.

40 Bartholomot B, Vuitton DA, Harraga S et al. (2002) Combined ultra-

sound and serologic screening for hepatic alveolar echinococcosis in

central China. Am J Trop Med Hyg 66, 23–29.

41 Bresson-Hadni S, Laplante JJ, Lenys D et al. (1994) Seroepidemiologic

screening of Echinococcus multilocularis in a European area endemic

for alveolar echinococcosis. Am J Trop Med Hyg 5, 837–846.

42 Ito A, Romig T, Takahashi K (2003) Perspective on control options 

for Echinococcus multilocularis with particular reference to Japan.

Parasitology 127, S159–172.

43 Bresson-Hadni S, Vuitton DA, Bartholomot B et al. (2000) A twenty-

year history of alveolar echinococcosis: analysis of a series of 117

patients from eastern France. Eur J Gastroenterol Hepatol 12, 327–

336.

44 Kasai Y, Koshino I, Kawanishi N et al. (1980) Alveolar echinococcosis

of the liver. Studies on 60 operated cases. Ann Surg 191, 145–152.

45 Vuitton DA, Zhang SL, Yang YR et al. (2006) Survival strategy of

Echinococcus multilocularis in the human host. Parasitol Int 55(Suppl.),

551–555.

46 Bresson-Hadni S, Vuitton D, Didier D et al. (1989) Metastases pul-

monaires de l’echinococcose alveolaire. Frequence et mecanismes de

survenue. Presse Med 18, 83.

47 Bresson-Hadni S, Humbert P, Paintaud G et al. (1986) Skin localiza-

tion of alveolar echinococcosis of the liver. J Am Acad Dermatol 34,

873–877.

48 Bresson-Hadni S, Delabrousse E, Blagosklonov O et al. (2006)

Imaging aspects and non-surgical interventional treatment in human

alveolar echinococcosis. Parasitol Int 55(Suppl.), 5267–5272.

49 Craig PS, Giraudoux P, Shi D et al. (2000) An epidemiological and

ecological study of human alveolar echinococcosis transmission in

south Gansu, China. Acta Trop 77, 167–177.

50 Reuter S, Schirmeister H, Kratzer W et al. (1999) Pericystic metabolic

activity in alveolar echinococcosis: assessment and follow-up by

positron emission tomography. Clin Infect Dis 29, 1157–1163.

51 Reuter S, Buck A, Manfras S et al. (2004) Structured treatment 

interruption in patients with alveolar echinococcosis. Hepatology 39,

509–517.

52 Kadry Z, Renner EC, Bachmann LM et al. (2005) Evaluation of 

treatment and long-term follow-up in patients with hepatic alveolar

echinococcosis. Br J Surg 92, 1110–1116.

TTOC10_04  3/8/07  6:44 PM  Page 1056



10.4 HELMINTHIASIS 1057

53 Kern P, Gruener B, Sato N et al. (2006) WHO classification of alveolar

echinococcosis: principles and application. Parasitol Int 55(Suppl.),

5283–5287.

54 Miguet JP, Bresson-Hadni S (1989) Alveolar echinococcosis of the

liver. J Hepatol 8, 373–379.

55 Wilson JF, Rausch RL, Wilson FR (1995) Alveolar hydatid disease.

Review of the surgical experience in 42 cases of active disease among

Alaskan eskimos. Ann Surg 221, 315–323.

56 Gillet M, Bresson-Hadni S (1991) L’échinococcose alvéolaire hépa-

tique. Rev Prat 41, 1805–1811.

57 Mosimann F (1980) Is alveolar hydatid disease of the liver incurable?

Ann Surg 192, 118–123.

58 Bret PM, Paliard P, Partensky C et al. (1984) Le traitement de la

cholestase par stenose des voies biliaires intrahepatiques au cours de

l’echinococcose alveolaire. Essai de drainage biliaire par voie percu-

tanée transhepatique. Gastroenterol Clin Biol 8, 308–313.

59 Bresson-Hadni S, Mantion GA, Vuitton DA et al. (2004)

Echinococcose alvéolaire en région parisienne. Gastroenterol Clin Biol

28, 1147–2251.

60 Koch S, Bresson-Hadni S, Miguet JP et al. (2003) Experience of 

liver transplantation for incurable alveolar echinococcosis: a 45 case

European collaborative report. Transplantation 75, 856–863.

61 Bresson-Hadni S, Koch S, Beurton I et al. (1999) Primary disease

recurrence after liver transplantation for alveolar echinococcosis: long

term evaluation in 15 patients. Hepatology 30, 857–864.

62 Craig PS, Rogan MT, Campos-Ponce M (2003) Echinococcosis: dis-

ease, detection and transmission. Parasitology 127, S5–20.

63 Bresson-Hadni S, Franza A, Miguet JP et al. (1991) Orthotopic liver

transplantation for incurable alveolar echinococcosis of the liver:

report of 17 cases. Hepatology 13, 1061–1070.

64 Ito A, Craig PS (2003) Immunodiagnostic and molecular approaches

for the detection of taeniid cestode infections. Trends Parasitol 19,

377–381.

65 Bardonnet K, Piarroux R, Dia L et al. (2002) Combined eco-epidemio-

logical and molecular biology approaches to assess Echinococcus 

granulosus transmission to humans in Mauritania: occurrence of the

‘camel’ strain and human cystic echinococcosis. Trans R Soc Trop Med

Hyg 96, 383–386.

66 McManus D, Zhang W, Li J et al. (2003) Echinococcosis. Lancet 362,

1295–1304.

67 Gil-Grande LA, Rodriguez-Caabeiro F, Prieto JG et al. (1993)

Randomized controlled trial of efficacy of albendazole in intra-

abdominal hydatid disease. Lancet 342, 1269–1272.

68 Keshmiri M, Baharvahdat F, Fattahi SH et al. (2001) Albendazole 

versus placebo in the treatment of echinococcosis. Trans R Soc Trop

Med Hyg 95, 190–191.

69 Franchi C, Di Vico B, Teggi A (1999) Long-term evaluation of patients

with hydatidosis treated with benzimidazole. Clin Infect Dis 29, 304–

309.

70 Mohamed AE, Yasawy MI, Al Karawi MA (1998) Combined albenda-

zole and praziquantel versus albendazole alone in the treatment of

hydatid disease. Hepatogastroenterology 45, 1690–1694.

71 Schipper HG, Kager PA (2004) Diagnosis and treatment of hepatic

echinococcosis: an overview. Scand J Gastroenterol 39 (Suppl. 241),

50–55.

72 Vuitton DA, Bresson-Hadni S, Delabrousse E et al. (2004) Foie et 

maladies parasitaires. Gastroenterol Clin Biol 28, 1122–1137.

73 Reuter S, Jensen B, Buttenschoen K et al. (2000) Benzimidazoles in the

treatment of alveolar echinococcosis: a comparative study and review

of the literature. J Antimicrob Chemother 46, 451–456.

74 Ammann RW, Renner EC, Gottstein B et al. (2004) Immuno-

surveillance of alveolar echinococcosis by specific humoral and 

cellular immune tests: long-term analysis of the Swiss chemotherapy

trial (1976–2001). J Hepatol 41, 551–559.

75 Ammann RW, Fleiner-Hoffmann A, Grimm F et al. (1998) Long-term

mebendazole therapy may be parasitocidal in alveolar echinococcosis.

J Hepatol 29, 994–998.

76 Ammann RW, Ilitsch N, Marincek B et al. (1994) Effect of chemo-

therapy on the larval mass and the long-term course of alveolar

echinococcosis. Hepatology 19, 735–742.

77 Horton RJ (1997) Albendazole in treatment of human cystic

echinococcosis: 12 years of experience. Acta Trop 6, 79–93.

78 Horton J (2003) Albendazole for the treatment of echinococcosis.

Fund Clin Pharmacol 17, 205–212.

79 Opatrny L, Prichard R, Snell L et al. (2005) Death related to 

albendazole-induced pancytopenia: case report and review. Am J Trop

Med Hyg 72, 291–294.

80 Wen H, New RRC, Muhmut M et al. (1996) Pharmacology and efficacy

of liposome-entrapped albendazole in experimental secondary alveo-

lar echinococcosis and effect of co-administration with cimetidine.

Parasitology 113: 111–121.

81 Chai J, Menghebat T, Wei J et al. (2004) Observations on clinical

efficacy of albendazole emulsion in 264 cases of hepatic cystic

echinococcosis. Parasit Int 53, 3–10.

82 Reuter S, Merkle M, Brehm K et al. (2003) Effect of amphotericin B 

on larval growth of Echinococcus multilocularis. Antimicrob Agents

Chemother 47, 620–625.

83 Reuter S, Buck A, Grebe O et al. (2003) Salvage treatment with ampho-

tericin B in progressive human alveolar echinococcosis. Antimicrob

Agents Chemother 47, 3586–3591.

84 Stettler M, Fink R, Walker M et al. (2003) In vitro parasiticidal effect 

of nitazoxanide against Echinococcus multilocularis metacestodes.

Antimicrob Agents Chemother 47, 467–474.

85 Stettler M, Rossignol JF, Fink R et al. (2004) Secondary and primary

murine alveolar echinococcosis: combined albendazole/nitazoxanide

chemotherapy exhibits profound anti-parasitic activity. Int J Parasitol

34, 615–624.

86 Harraga S, Godot V, Bresson-Hadni S et al. (1999) Clinical efficacy of

and switch from T helper 2 to T helper 1 cytokine profile after inter-

feron alpha2a monotherapy for human echinococcosis. Clin Infect Dis

29, 205–206.

87 Godot V, Harraga S, Podoprigora G et al. (2003) IFN alpha-2a protects

mice against a helminth infection of the liver and modulates immune

responses. Gastroenterology 124, 1441–1450.

88 Brunetti E, Filice C (2001) Radiofrequency thermal ablation of

echinococcal liver cysts. Lancet 358, 1464.

89 Buttenschoen K, Carli Buttenschoen D (2003) Echinococcus granulosus

infection: the challenge of surgical treatment. Langenbecks Arch Surg

388, 218–230.

90 Kjossev KT, Losanoff JE (2005) Classification of hydatid liver cysts. 

J Gastroenterol Hepatol 20, 352–359.

TTOC10_04  3/8/07  6:44 PM  Page 1057



1058 10 OTHER INFECTIONS OF THE LIVER

10.4.3 Ascariasis, visceral larva
migrans, strongyloidiasis, capillariasis
and pentastomiasis
Marcelo Simão Ferreira and Edna Strauss

Introduction

Parasitic diseases of the liver and the biliary system are frequent
in tropical and subtropical regions of the world and cause
important morbidity and mortality. In general, the clinical and
laboratory findings are not specific enough to lead to suspicion
of hepatobiliary parasitosis and, in most cases, the presence of
infection can only be confirmed with modern imaging methods
and parasitological tests. In this section, we describe infections
caused by Ascaris lumbricoides including the visceral larva
migrans, by strongyloidiasis and by two other relatively rare 
parasitoses, namely capillariasis and pentastomiasis.

Ascariasis

Introduction

Infection by A. lumbricoides is widespread throughout the
world, and is particularly prevalent in developing countries. The
worm has been known to be a parasite of man since Ancient
Greek times. The adults are yellowish-pink, round helminths,
ranging from 15 to 35 cm in size and occasionally reaching 
50 cm in length; the females are generally larger than the males,
and the latter have a characteristic curved posterior end. They
live in the small intestine of humans and feed on its contents.
The nematode is extremely mobile and does not attach itself 
permanently to the mucosa. The number of parasites that an
individual can host varies and can reach as many as 500–600
adult worms in some cases. The females release about 200 000
eggs a day, and their uterus can contain as many as 27 million
eggs. These are round or oval shaped and yellowish-brown 
in colour, measuring 60 µm in length. They are covered with 
a wrinkled or mammilliform albuminous layer, which has a
brown colour as a result of the biliary pigments absorbed from
the faeces. The eggs are eliminated before embryonation and are
highly resistant to environmental factors [1,2].

Epidemiology

Ascariasis is the most widespread intestinal parasitosis in the
world, and recent figures from the World Health Organization
show that one billion people are infected by this helminth. The
high temperature and humidity in tropical parts of the world
favour maturation of the eggs. Children, particularly those in
rural areas, appear to be most affected. Populations living in
poor hygienic conditions where potable water is not readily
available are highly susceptible. Eggs present in the soil can 

survive for long periods (45–55 days) even at low temperatures
(16–18°C), most notably in clay soils, which retain water and
prevent the eggs becoming desiccated. Under favourable condi-
tions, the eggs become infective in around 2 weeks, embryonate
with third-stage larvae and can be found in different environ-
ments, including objects for personal use, furniture, swimming
pools, fruit, vegetables, coins, notes and also drinking water
[1,3].

Life cycle

After being ingested and reaching the duodenum, the infective
eggs release the third-stage larvae, which migrate to the caecum,
where they penetrate the wall and enter the bloodstream or the
lymphatic system, through which they reach the liver and right
heart, and then the lungs. They remain in the lungs for several
days, undergoing two moults. They then pass through the bron-
chioles, bronchi and trachea to reach the epiglottis, where they
are eliminated by the saliva or swallowed. After being swallowed,
and on reaching the stomach and small intestine, they undergo
the fourth moult and, at this stage, they are 10 times larger than
their original size (about 2 mm). Approximately 60 days after
being ingested, the parasites become adults and start oviposi-
tion. Many third-stage larvae are destroyed in the liver during
the beginning of the life cycle, and only a small percentage reach
the right heart.

The swine ascarid, Ascaris suum, although morphologically
similar to the human one, is unable to complete its life cycle in 
a human host. Its larvae, however, can produce symptoms of 
visceral larva migrans when migrating erratically through the
liver and lungs.

Pathogenesis and pathology

The migratory larvae do not normally produce an inflammatory
reaction in the liver in individuals with a primary infection, but
an inflammatory process rich in neutrophils and eosinophils
does occur in individuals who are re-exposed to infection. If the
larvae die, as is very often the case, their fragments can elicit 
a granulomatous reaction. Helminths can obstruct the chole-
dochum and other intrahepatic biliary branches, leading to
acute periductal inflammation (Fig. 1). The walls of the chole-
dochum thicken and its diameter increases; many ducts are
amputated; the damage can be observed at cholangiography
(Fig. 2). The hepatic parenchyma may be invaded, and many
helminths perforate the Glisson’s capsule and enter the subdi-
aphragmatic space. The papilla of Vater, which is the helminth’s
point of entry into the biliary system, may show signs of papilli-
tis. In cases of massive infection, all the intra- and extrahepatic
ducts are ectasic, and there is periductal fibrosis, oedema, 
degenerative change in the biliary epithelium, ulcerated areas,
epithelial hyperplasia and, less commonly, intraductal papillomas
(Fig. 3). When the helminths die in the hepatobiliary system, 
the body of the parasite disintegrates, a large number of eggs 
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are released, and suppurative cholangitis is produced. This very
often involves the hepatic veins and circumadjacent hepato-
cytes. Multiple hepatic abscesses can be produced, and remnants
of the parasites and their eggs are commonly found in the pus
within the necrotic areas; in addition, enterobacteria and anaer-
obes may also be isolated from this material. Granulomas may
occasionally be seen throughout the hepatic parenchyma and
around the small intrahepatic biliary ducts, especially in areas
where eggs and fragments of the worms are deposited and some-
times phagocytosed by large giant cells (Fig. 4). The presence of
this material from degenerated nematodes appears to be essen-
tial for the formation of intrahepatic calculi (hepatolithiasis).
This formation is facilitated by the high level of glycuronidase
activity present in these helminths, which deconjugates bilirubin
and contributes to the formation of pigmented calculi. The 
prolonged presence of A. lumbricoides in the biliary tree may
cause ductal stenosis, chronic cholangitis, hepatolithiasis and
secondary biliary cirrhosis [4–7].

Fig. 1 Biliary ascariasis at autopsy. The bodies of adult worms are seen in
the gallbladder and in the common bile duct (courtesy of Dr Luiz Carlos C.
Gayotto).

Fig. 2 Endoscopic retrograde cholangiopancreatography in a case of biliary ascariasis showing filling defects corresponding to adult worms in a dilated
common bile duct. There is amputation of several branches of the biliary tree (courtesy of Dr Ernesto Damerau). (a) Endoscopic retrograde
cholangiopancreatography in a case of biliary ascariasis. (b) In a markedly dilated common bile duct, filling defects show many bodies of adult worms. 
Seventy-six worms were removed from the biliary tree (courtesy of Dr Marcel C. Machado).

(a) (b)
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Clinical picture: hepatobiliary involvement

In the initial phase of ascariasis, the larvae may produce symp-
toms of asthmatiform bronchitis and pneumonitis as they pass
through the lungs; symptoms are more severe during reinfec-
tions and massive infections. Blood eosinophilia is very often
present during this phase. This set of symptoms is known as
Loeffler syndrome; it can also be seen in infections caused by
other nematodes with a pulmonary cycle (ancillostomides and
Strongyloides stercoralis) [2,8].

The presence of adult worms in the small intestine may 
be asymptomatic, especially when few helminths are present.
Some individuals, however, may complain of abdominal pain
and intermittent cramps accompanied by nausea. The most
common complication of the disease is obstruction of the 
intestine by an ‘Ascaris’ bolus. This is particularly common 
in undernourished children with a low standard of living, and
can evolve in some cases to ischaemic necrosis of the intestinal
wall, perforation and peritonitis [2,8].

Penetration of the biliary system may initially be asymp-
tomatic. However, depending on the number of worms in the
biliary system, abdominal pain in the upper right quadrant, 

nausea and vomiting are present in most cases; fever with shiver-
ing and jaundice are present in up to 20–30% of patients and
reflect concomitant acute suppurative cholangitis. At physical
examination, hepatomegaly is the most important finding after
jaundice [2]. Laboratory data show leucocytosis and eosinophilia,
which can be very conspicuous in some cases (> 40%). It is not
unusual in such cases for Ascaris to be eliminated orally or anally.
Some authors recognize five clinical forms of hepatobiliary
ascariasis: acute cholecystitis (sometimes with acute hepatitis),
acute cholangitis, biliary colic, acute pancreatitis and hepatic
abscess [2,5,8]. Another rare form of this liver parasitosis is 
the formation of a pseudotumour as a result of granulomas that
coalesce around A. lumbricoides eggs [4,6]. The hepatic mass,
simulating a malign tumour, can be detected with ultrasono-
graphy or computerized tomography (CT). The actual nature 
of the process can only be disclosed by histopathological exam-
ination [4,5,9,10].

Ascariasis-associated hepatolithiasis is very common in 
Asian countries and can lead to recurrent pyogenic cholangitis,
multiple hepatic abscesses, secondary biliary cirrhosis and
cholangiocarcinoma. The calculi are usually located in the intra-
hepatic biliary ducts close to the junction of the right and left

Fig. 3 Remnants of a dead worm mixed with cellular debris are tightly
adherent to the hyperplastic epithelial lining of a bile duct. The portal tract
shows fibrosis, inflammation and erosion of the limiting plate (Masson’s
trichrome) (courtesy of Dr Luiz Carlos C. Gayotto).

Fig. 4 An egg of A. lumbricoides is phagocytosed by a foreign body giant
cell around which there is an eosinophilic infiltrate (haematoxylin and eosin)
(courtesy of Dr Luiz Carlos C. Gayotto).

TTOC10_04  3/8/07  6:44 PM  Page 1060



10.4 HELMINTHIASIS 1061

liver. The clinical picture results from biliary stasis and bacterial
infections which ascend from the intestinal lumen [5–7,9–11].

Diagnosis

Intestinal ascariasis is easily diagnosed by detecting the parasite’s
eggs in faeces [12], using suitable methods such as those of Lutz
(Hoffman, Pons and Janner) and of Kato–Katz. Coproscopic
examinations can be negative if infection is sustained by a single
parasite or by males alone, or if carried out in the preoviposition
period (60 days after infection). The haemogram may show
eosinophilia, particularly in the larval phase of the disease
[5,9,10].

Helminths in the biliary system can be detected by ultra-
sonography; with this technique, it is possible to observe their
movements in the gallbladder or in the larger ducts. The parasites
appear as long, linear or curved, strongly echogenic structures,
very often with an acoustic shadow. The imaging can also show
dilatation of the biliary system, and can confirm the presence 
of gallbladder oedema, single or multiple hepatic abscesses or
oedematous pancreatitis [5,13].

CT and retrogade endoscopic cholangiography are also useful
in diagnosing hepatobiliary ascariasis. Liver histology can occa-
sionally reveal granulomas around the helminth’s eggs.

Treatment

Intestinal ascariasis can be treated with various anthelminthic
drugs:
1 Mebendazole – oral dose of 100 mg twice daily for 3 days or a
single dose of 600 mg orally, independently of body weight.
2 Albendazole – single oral dose of 400 mg for adults and a 
10 mg/kg dose for children.
3 Levamisole (or tetramisole) – single oral dose of 150 mg for
adults and 80 mg for children.

Any treatment results in a high cure rate, generally above
90%. In cases of intestinal obstruction, piperazine salts (50–100
mg/kg/day) delivered by nasogastric probe should be used; 
they act on the myoneural junction of the helminths, producing
paralysis and facilitating elimination of the bolus by peristaltic
movements. Treatment of the hepatolithiasis associated with
biliary ascariasis involves the endoscopic extraction of the
helminths and the calculi from the larger biliary ducts with or
without sphincterotomy. A partial hepatectomy is sometimes
required in cases with serious complications. Of note, in hyper-
endemic regions, sphincterotomy has the disadvantage that it
allows the helminths to reach the biliary system more easily 
in future reinfections. Anthelminthic therapy over a prolonged
period (with albendazole, for example) is needed in most cases
of hepatobiliary ascariasis.

Prevention and control

Measures for controlling ascariasis are primarily aimed at 

reducing the prevalence and severity of infection by means of
basic sanitation, health education, disinfection and treatment 
of carriers, which is essential to eliminate sources of infection in
the population. The last procedure appears to be the simplest
and most efficient for interrupting the epidemiological chain of
the parasitosis. Campaigns against the parasite endemia should
promote treatment on a widespread scale, primarily in small
communities. It is important to administer the anthelminthic
agent in a single dose every 1 or 2 months for at least 1 year in
order to reduce the prevalence of the disease to reasonably
acceptable levels.

Visceral larva migrans

Introduction

The ‘larva migrans’ syndrome was first identified and proposed
as a term in 1952 by Beaver et al. when they described the clinical
picture in American children of hepatomegaly, pulmonary
manifestations, severe eosinophilia and ascarid larvae at liver
biopsy. This syndrome is caused by the erratic migration of
nematode larvae across the organs of non-natural (paratenic)
hosts such as man, where the parasite’s normal cycle is not 
completed and is blocked at the larval stage. Various helminths
may be responsible for this syndrome. The most common 
are ascarid parasites of dogs and cats that belong to the 
genera Toxocara (T. canis, T. cati) and Toxascaris. In addi-
tion, Gnathostoma spinigerum, Ancylostoma caninum and
Angyostrongylus costaricencis can cause the ‘larva migrans’ 
syndrome by erratic migration in man. T. canis is the most
important agent of this disease in Latin American countries, and
the term toxocariasis has become synonymous with visceral
‘larva migrans’ in the literature [14].

Epidemiology

T. canis infects a large percentage of canids throughout the
world, particularly in tropical and subtropical regions. The
transmission to man is by ingestion of the nematode’s eggs 
containing third-stage larvae. Development of disease in
humans depends on a high concentration of T. canis eggs in 
the soil, a situation commonly found in areas with large 
numbers of dogs. Public places frequented by large numbers 
of people and animals favour transmission of the disease, with
children being particularly at risk as they have frequent contact
with the soil while playing games. The eggs must remain in the
soil for 2–5 weeks to become infective. Habits such as geophagia
and onychophagia increase the risk of contracting the disease.
The incidence of anti-Toxocara antibodies is higher in individu-
als who keep dogs at home. Population studies using serology
(ELISA) have shown a prevalence of 1–5% in the general popu-
lation, with a distinctly higher prevalence among children and
adolescents. The ingestion of raw or poorly cooked meat and/or
offal from animals that are paratenic hosts to T. canis (poultry

TTOC10_04  3/8/07  6:44 PM  Page 1061



1062 10 OTHER INFECTIONS OF THE LIVER

and rabbits) has been suspected as a means of transmission of
the parasitosis to man [14].

Life cycle

The normal life cycle of the helminth is not completed in man.
After ingestion, the larvae are released in the small intestine,
penetrate the mucosa, enter the portal circulation, reach the
liver and, from there, the lungs, heart, central nervous system
and ocular globe. The eggs and larvae are not detectable in faeces
[14,15].

Pathogenesis and pathology

The presence of the larvae causes local reactions of an
immunoallergic nature in the different human organs,
attributable mainly to their death. The parasites also stimulate 
a humoral and cellular immune response. The Toxocara anti-
bodies appear at an early stage and belong to the IgM, IgG 
and IgE classes. Their appearance is accompanied by marked
peripheral eosinophilia, reflecting a type Th2 immunocellular
response. Pathological changes are most common in the liver,
although other organs can show significant changes as well.
Macroscopically, the organ increases in volume, with sinuous
lesions about 2–5 cm in size on the surface. Small nodules,
spread throughout the liver, can sometimes be observed (Fig. 5).
Microscopically, there is an extensive inflammatory process,
with areas of necrosis and cellular infiltrate composed of

eosinophils and Charcot–Leyden crystals; sometimes, real
eosinophilic abscesses are formed.

An important inflammatory reaction also develops around
the larvae, consisting of granulomas made up of histocytes, giant
cells, lymphocytes, plasmocytes and eosinophils (Fig. 6). These
lesions may occasionally progress to become fibrous nodules 
or even simulate neoplastic processes. Biliary ductopenia and
cholestasis may be observed on rare occasions. The larvae (or
their remnants) cannot easily be seen in ordinary histological
preparations, and a large number of histological sections may 
be needed to detect their presence [11,14,16,17]. However,
immunohistological techniques can reveal the presence of para-
site antigens in liver cuts and can confirm the diagnosis.

Clinical picture: hepatobiliary involvement

The clinical picture of visceral ‘larva migrans’ varies depending
on the parasitic load, length of infection and location of the 
larvae in the tissues. Most infections are asymptomatic and
probably occur in all age groups. The symptomatology consists
of fever, fatigue, pruriginous skin rash, abdominal pain, nausea,
vomiting, diarrhoea, weight loss and hepatosplenomegaly 
[17]. Pulmonary symptoms such as coughing, dyspnoea and

Fig. 5 Laparoscopic view of the liver surface in a case of visceral larva
migrans. Typical serpiginous lesions (courtesy of Dr Raimundo Llanio).

Fig. 6 Liver biopsy in a case of visceral larva migrans. Florid reaction made
up of extensive necrosis of the liver parenchyma, an eosinophilic infiltrate
and many fragments of larval bodies, some phagocytosed by foreign body
giant cells (haematoxylin and eosin) (courtesy of Dr Luiz Carlos C. Gayotto).
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expectoration are common and probably reflect migration of the
larvae to the lungs. A picture of progressive cholestatic jaundice
has been reported [16,18]. Less common manifestations include
cardiac dysfunction, nephrotic syndrome and neurological
manifestations (epilepsy, paresia and transverse myelitis). The
association between visceral ‘larva migrans’ and deep abscesses
has been confirmed in recent years in experimental and clin-
ical studies. Hepatic, renal and muscular abscesses (tropical
pyomyositis) have been attributed to toxocariasis in tropical
areas where the parasitosis is common [16,19]. The lesions
induced by the larvae can predispose to the appearance of
staphylococcal infections. Larvae in the ocular globe can lead 
to loss of sight [11,14,17].

Laboratory findings include occasional anaemia, leucocytosis
with intense eosinophilia, hypergammaglobulinaemia and an
increase in hepatic enzymes, in particular alkaline phosphatase
and γ-glutamyl-transferase [16]. Imaging methods can be used
to demonstrate hepatic involvement [20]; ultrasonography
shows single or multiple hypoechoic lesions in one or both 
lobes that can progress to hyperechoic lesions. On CT, these
hepatic lesions appear as hypodense nodules and, in nuclear
magnetic resonance, as lesions with a low-intensity signal on 
T1 and a high-intensity signal on T2. The differential diagnosis
should include primary or secondary neoplastic lesions of the
liver; other granulomatous diseases, such as tuberculosis and
sarcoidosis, should also be considered [19,20].

Diagnosis

Visceral ‘larva migrans’ is not easy to diagnose. The larvae can be
found in hepatic tissue obtained by biopsy, but it is often difficult
to identify them. Immunohistochemical techniques applied to
the tissue are extremely helpful in confirming the diagnosis [21].

Serological diagnosis is important, and enzyme-linked
immunosorbent assay (ELISA) techniques using Toxocara
larvae secretor/excretor antigens are widely used in clinical 
practice. In regions where ascariasis is endemic, sera must be
treated with Ascaris antigens beforehand to increase the reac-
tion’s specificity [22,23].

Indirect haemagglutination and agar gel double diffusion
have also been used to diagnose visceral ‘larva migrans’, but 
they have low sensitivity. Alternatively, the assay for Toxocara
larva-specific IgE has good sensitivity. A Western blot technique
has been developed and is a possible diagnostic option in daily
clinical practice [22].

Treatment

One 50-mg/kg/day dose of thiabendazole taken orally for 
10 days is the treatment of choice for visceral ‘larva migrans’.
This drug inhibits migration of the larvae through the tissues
and contributes to an inflammatory reaction against the parasite.
Symptomatic patients should be treated. There is controversy as
to whether treatment should be given to patients with few or no

symptoms. Other drugs such as diethylcarbamazine, albenda-
zole, levamisole and ivermectin can also be used to kill or 
immobilize the helminth in the tissues [22]. Corticosteroids can
be useful in serious cases involving the lungs, central nervous
system or ocular globe. The signs and symptoms of disease 
usually disappear within a few weeks, but eosinophilia may 
persist for months after treatment. Deaths are rare and, in most
patients, the course of the disease is benign [17].

Prevention and control

Prevention of visceral ‘larva migrans’ depends on the control of
canine infection and contamination of the soil by T. canis eggs.
Treatment of dogs and cats with imidazolic derivatives is very
efficient; it should be carried out regularly in order to eradicate
the adult parasites from animals. Puppies and kittens should
also be treated from 3 weeks of age on. Various countries now
adopt legislation which makes dog and cat owners responsible
for removing and cleaning up pet wastes in public places. This
step has been efficacious in reducing contamination of the soil
with T. canis eggs. It is also important to eliminate stray dogs and
cats from city streets and squares. Health education with infor-
mation to the population of the risks of owning a dog carrying
the nematodes in the house is fundamental in controlling this
helminthiasis [17].

Strongyloidiasis

Introduction

Strongyloidiasis is a helminthiasis prevalent in some tropical
areas of the world. Its importance, as an intestinal parasitosis, is
related to the severity of its lesions and dissemination in multi-
ple organs. Severe forms of the infection occur primarily in
immunodepressed individuals.

Epidemiology

Strongyloidiasis is endemic in tropical areas of Africa, Asia and
the Americas, in particular in populations from poor socioeco-
nomic backgrounds. Strongyloidiasis is also endemic in some
European countries and central areas of the United States,
although the prevalence in these regions is low. Countries with
the highest rates of parasitism in the Americas are Peru, Brazil,
Chile and Colombia. Suitable environmental conditions, a 
temperature between 25°C and 30°C and sandy soil are essential
for the development of the two different phases (free-living and
parasitic stage) of the parasite life cycle.

Man plays an important role in transmitting the infection as
he is the only host of S. stercoralis. Animals do not function as
reservoirs of the human disease. Lack of sanitary facilities, defae-
cation in the peridomicile area, ingestion of contaminated food
and water and the habit of not wearing shoes are essential factors
in the transmission of this parasitosis [15].
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Life cycle

The life cycle of this helminth has two different patterns. In the
direct cycle, the filariform larvae, which are eliminated in the
faeces of the carrier, penetrate the skin or mucosa, enter the 
circulatory system and cross the lungs, where they rupture into
the pulmonary alveoli. They then ascend to the pharynx through
the bronchi, are swallowed and subsequently mature into adult
parthenogenetic females in the small intestine. Oviposition
starts and rhabditoid larvae hatch from the eggs while in the
intestinal lumen. The larvae are then eliminated in the faeces.
They may sometimes transform into filariform larvae in the
lumen of the small intestine, subsequently penetrating the
mucosa and completing the pulmonary cycle. This type of life
cycle is called internal autoinfection. In most cases, however, 
the rhabditoid larvae eliminated by the faeces to the soil develop
into free-living males and females, which in turn produce rhab-
ditoid larvae again. After two moults, rhabditoid larvae trans-
form into filariform larvae which can infect man (indirect cycle).
Filariform larvae that reach the perianal region when faeces are
passed can cause autoinfection by penetrating the skin in this
area [24].

Pathology

Autoinfection allows the parasitosis to persist for decades in the
human body. Immunodepression can accelerate the life cycle 
of the parasite, increasing the parasitic load and disseminating
filariform larvae to many organs. This ‘hyperinfection’ was
reported in patients with severe malnutrition, those who use
corticosteroids in large doses, transplant recipients, lymphoma
and acquired immune deficiency syndrome (AIDS) patients.
The presence of eggs and helminths in the mucosa and submu-
cosa of the small intestine results in a significant inflammatory
reaction, which may lead to extensive, usually superficial ulcera-
tions. In massive infections, the stomach and colon can also be
involved. Intestinal microorganisms may superinfect mucosal
ulcerations and cause bacteraemia and remote infections.

In the liver, the larvae are found in the portal tracts, in the
periportal areas and even inside the intrahepatic veins. They 
are generally surrounded by an eosinophilic infiltrate or by a
granulomatous reaction rich in eosinophils. Miliary granulomas
without the larva can also be found (Fig. 7). Although necrosis 
of hepatocytes is rare, areas of steatosis and discrete cholestasis
are common. The larvae have a characteristic appearance, with
double lateral alae, which is easily recognized at histology [24–26].

Clinical picture: hepatobiliary involvement

Most individuals infected by S. stercoralis are asymptomatic or
oligosymptomatic. Passage of the larvae through the lungs may
result in pneumonitis, with asthmatiform manifestations and
peripheral eosinophilia. The duodenum and proximal jejunum
are the segments of the small intestine preferred by the parasite;

it may also be found, sometimes in large numbers, in the ter-
minal ileum and colon. Symptomatic patients complain of epi-
gastric pain, anorexia, nausea, vomiting, abdominal distension 
and prolonged diarrhoea. In patients with a high parasitic load, 
diarrhoea may be intense, voluminous and malabsorptive in
nature, with steatorrhoea and enteric protein loss. In the dissem-
inated form of the disease (‘hyperinfection syndrome’), bron-
chopulmonary symptoms and fever, the latter arising from 
the presence of larvae in multiple organs, can be observed in
addition to gastrointestinal symptoms. Hepatobiliary manifes-
tations include hepatomegaly and cholestatic jaundice. The 
latter can be the result of biliary obstruction due to papillary
stenosis, which can resolve with specific treatment [25]. Usually,
many larvae can be found in the bile. Laboratory tests demon-
strate increases in alkaline phosphatase, γ-glutamyl-transferase
and aminotransferases. Cross-infective hepatitis of bacterial 
origin and pyogenic hepatic abscesses can develop during dis-
seminated strongyloidiasis because, on leaving the intestine, the
larvae carry Gram-negative bacteria in their tegument that cause
bacteraemia and severe sepsis [25,26].

Fig. 7 Miliary granulomas in the liver of a patient with the disseminated
form of strongyloidiasis: a giant cell, a few epithelioid cells, a dense
eosinophilic infiltrate and fragments of the larva in a loose arrangement.
There is fatty change in the parenchyma (haematoxylin and eosin) 
(courtesy of Dr Maria de Fatima Araujo).
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Diagnosis

Strongyloidiasis can be diagnosed [27] by detecting the hel-
minth larvae in the faeces using suitable methods such as the
Baerman–Moraes or modified Rugai techniques. These tech-
niques are very sensitive and are based on the thermotropism
and hydrotropism of the parasite larvae. At least three samples of
faeces are needed to achieve maximum sensitivity. Coproculture
techniques are more sensitive and can be used to detect differ-
ent phases of the helminth’s life cycle. The best known are the
Harada–Mori and agar plate techniques. Larvae can also be
detected in other organic fluids such as the duodenal contents,
obtained by endoscopy, and respiratory secretions collected
during bronchoscopy procedures. Serology is rarely used and is
useful only in epidemiological studies in endemic areas [23].

Treatment

Few drugs are available to treat strongyloidiasis. The most often
used are:
1 thiabendazole – 50 mg/kg/day (maximum 3 g/day) for 3 days;
2 cambendazole – 5 mg/kg/single dose;
3 albendazole – 400 mg twice daily for 3–5 days;
4 ivermectin – 200 µg/kg/single dose.

These drugs have variable cure rates of between 85% and 
95%. Patients with the disseminated form should take thiabend-
azole or albendazole for an extended period (up to 10 days). A
200 µg/kg dose of ivermectin on days 1, 2, 15 and 16 is recom-
mended for patients with AIDS. Clinical and parasitological
cure has been reported with this dosage in most cases. The thera-
peutic efficacy can be evaluated by parasitological examination
on the 7th, 14th and 21st days after treatment.

In the systemic forms of the disease, broad-spectrum antibiotics
(cephalosporins and quinolones) must be used in conjunction
with anthelminthic agents to fight associated bacterial infections.

Capillariasis

Introduction

Hepatic capillariasis is caused by the nematode Capillaria 
hepatica. Another species of the genus, Capillaria philippinensis,
is found in the small intestine of humans and can cause chronic
and malabsorptive diarrhoea. The hepatic form of the disease is
rare in humans, and few cases have been reported. The parasite
can be found in the liver of rats, squirrels, dogs, beavers and
some primates. Man is probably an accidental host.

Epidemiology

By the end of the twentieth century, only 32 cases of this disease
had been published. This is somewhat surprising in view of the
high prevalence of infection among domestic rodents, which 
are in close contact with human populations living in poor con-

ditions. Many cases go undetected. Sometimes, the infection is
discovered only at necropsy or biopsy of suspected cases. Cases
of human infection have been described in different parts of the
world, including Brazil [10].

Life cycle

The non-embryonated eggs of C. hepatica are released from 
the carcasses of infected animals; they may also be eliminated 
in the faeces of rodents or humans. The eggs embryonate in the
environment and become infective to humans approximately
2–6 weeks later. Infection occurs mainly in small children, 
who occasionally practise geophagia. When the eggs reach the
caecum, they release the larvae, which cross the intestinal
mucosa, enter the portal system and lodge in the liver. They
mature in this organ, become adults in around 3 weeks and start
oviposition. When they die, they release a large number of eggs
in the parenchyma [28–30].

Pathology

The liver is enlarged and its surface shows small 0.1–0.2 cm 
yellowish granulomatous nodules surrounded by an area of
induration up to 3 cm in diameter. Granulomas made up of
epithelioid and giant cells can be found surrounding the eggs
and necrotic remains of the parasite [28]. Experimental studies
in rodents indicate that the nematode can induce the formation
of a long, thin, septal fibrosis in acinar zone III of the liver, 
starting about 30 days after the oral contamination with the
embryonated eggs. The fibrosis increases progressively and can
lead to cirrhosis. The presence of sequestered parasitic antigens,
which are probably released slowly in the liver, appears to be 
the most important factor in the pathogenesis of septal fibrosis
[29–31].

Clinical picture

Commonly observed clinical symptoms in hepatic capillariasis
are persistent fever, hepatosplenomegaly and hypereosinophilia.
Visceral larva migrans, acute schistosomiasis and the larval
phase of some intestinal parasitoses (ascariasis, ancylostomiasis
and strongyloidiasis) should be considered in the differential
diagnosis. In most cases, liver function tests are altered, with
pronounced increases in cholestatic enzymes (alkaline phos-
phatase and GGT) and aminotransferases [3,29,30].

Diagnosis and treatment

In exceptional cases, the diagnosis may be based on the
identification of operculated and striated eggs of C. hepatica
in faeces, but the vast majority are based on histopathology, 
on a liver biopsy. Granulomas surrounding the eggs and the
remnants of the helminth, associated with extensive septal 
fibrosis, confirm the diagnosis [3,29–31].
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There is no consensus regarding treatment because of the
small number of cases published. Good results were described 
in Brazil and Germany with thiabendazole, albendazole and 
ivermectin. Adding corticosteroids can help to reduce the
inflammatory reaction in the liver [3,29].

Pentastomiasis

Introduction

Pentastomiasis (or porocephalosis) is induced by hae-
matophagous endoparasites of vermiform appearance that
belong to the phylum Arthropoda. Two families are of medical
interest: Linguatulidae, with the species Linguatula serrata, and
Porocephalidae, with the species Armillifer (or Porocephalus)
armillatus [32,33].

Epidemiology

The adult parasites live in the respiratory tract of carnivorous
animals and snakes. The larval stage can occasionally be found in
man. Human infection has been described in various countries.
Cases have been confirmed in the Americas (the United States,
Canada, Panama, Brazil, etc.), Europe (Switzerland and Germany),
Southeast Asia and Africa (Zaire and Nigeria). Infestation can be
found in up to 2.2% of autopsies in some areas of Malaysia and
Africa [30–33].

Life cycle

Adult parasites attach with their hooks to the respiratory tract 
of the final host and feed on epithelial cells, blood, lymph and
mucous. They are of different sex; males are smaller. The fertil-
ized eggs are eliminated in the nasal secretions, saliva and faeces
of carnivores and snakes, and may be ingested by various inter-
mediate hosts, including man. The eggs release first-stage larvae
in the intestine, which penetrate the bowel wall and reach the
liver. There they undergo nine moults in 6 months and form
third-stage larvae or infective nymphs which then become
encysted. The larva grows progressively and can behave like a
space-occupying lesion inside the parenchyma of the liver. The
larva usually dies with time; occasionally, it can escape from the
cyst and invade the peritoneal cavity [30,32,34].

Pathogenesis and pathology

The death of the larva may result in a prominent inflammatory
reaction that subsequently undergoes calcification. The infection
is usually discovered by chance during radiological investiga-
tions, surgery or autopsy. Nymphs may cause disease depending
on their location, the number of parasites and where they have
migrated to. The encysted nymph in the liver is surrounded by a
dense fibrous tissue and is often calcified. Granulomas develop
around the remnants of the disintegrated parasite and are 

generally necrotic. Pyogenic abscesses may occasionally form
around the larvae [30,32,34].

Clinical picture

The clinical picture varies from subclinical to a serious 
illness presenting as pneumonitis, intestinal obstruction, biliary
obstruction with cholestasis, hepatic abscess, meningitis and
pericarditis. Calcifications are typically 5 mm in diameter, elon-
gate or rounded; they may be found in several organs. Humans
are highly tolerant to this infection. Peripheral eosinophilia is
almost always present in all the clinical forms of the disease
[33,34].

Diagnosis and treatment

Diagnosis of pentastomiasis is based on the detection of parasite
nymphs in tissue during autopsy or surgery, or at biopsy. A sero-
logical test has been developed in France, but its role in diagnosis
has yet to be determined [34,35].

Pentastomiasis does not need to be treated. Curative surgery
can be carried out in cases where the lesions take up space in
organ parenchymas. Antibiotics may be required for secondary
pyogenic complications [32,35].
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11.1 Primary biliary cirrhosis
E. Jenny Heathcote and Piotr Milkiewicz

Definition of primary biliary cirrhosis

Small intrahepatic bile ducts are progressively destroyed, prob-
ably by an immunological process. This results in progressive
cholestasis, the rate of which varies between patients.

Introduction

The first descriptions were in 1851 by Addison and Gull [1] and
in 1892 by Hanot [2]. In 1949, the association with high levels 
of serum cholesterol and skin xanthomas led to MacMahon 
and Thannhauser [3] coining the term ‘xanthomatous biliary
cirrhosis’.

In 1950, Ahrens and the group from the Rockefeller Institute
in New York gave the first clear description of the condition,
which they termed primary biliary cirrhosis (PBC) [4]. This we
now recognize was a misnomer as not all patients are cirrhotic,
at least on initial presentation. In 1964, Rubin et al. [5] from 
the Mount Sinai Hospital in New York described the disease 
as ‘chronic non-suppurative destructive cholangitis’. This is 
a better term, although too cumbersome to replace the easier
name ‘primary biliary cirrhosis’.

The last decade of the twentieth and first decade of the twenty-
first century have been witness to a major change in our under-
standing of PBC – it is now apparent that this disease affects all
races worldwide. Today, it is most common for the diagnosis 
to be made when individuals are asymptomatic. The natural 
history of both symptomatic and asymptomatic patients is well
described. Treatment has altered the course of the disease, and
the enhanced availability of liver transplantation has meant that
endstage PBC is rarely witnessed.

Epidemiology

The disease usually affects middle-aged women of all races
between 40 and 59 years of age (range 15–80+ years) [6–8].
Reports on the prevalence of PBC suggest figures ranging from
51 to 400 cases per million [9–11]; the disease appears to be more
common in temperate climates in the northern hemisphere. It

has been estimated in Britain that approximately 1 in 900
women over 40 years of age [9] have PBC, with a 9:1 ratio 
of women to men affected. There are no particular distin-
guishing features when the disease affects men, except that men
report less pruritus [12] and may be more at risk of hepato-
cellular carcinoma. Several factors may influence prevalence
rates, the most obvious being the methods used for tracing cases
and the criteria required to make a diagnosis. Thus, in Australia,
when cases of PBC were traced only by mailing physicians, a
prevalence of 19 per million was reported in 1995 [13]. When
the same group repeated their epidemiological study in 2004
[11], a figure of 51 cases per million was reported, but their 
case-finding methods changed to include the methods used 
by investigators in Newcastle, i.e. tracing all individuals whose
sera tested positive for antimitochondrial antibodies (AMA), the
serological hallmark for PBC (this latter technique uncovered
127 of the total number of 249 cases identified in this series). 
The prevalence of PBC in Newcastle using these same tracing
techniques was reported to be 334 per million [9]. As more
sophisticated testing for AMA is developed, more cases may be
identified. Cases of PBC recruited by identifying individuals
tested for AMA for another reason appear to be older by 10 years
than those cases of PBC recruited from the office of gastroenter-
ologists. In a study in which the methodology for AMA testing
remained the same, i.e. immunofluorescence, and in which cases
were not recruited from laboratories screening for AMA, the incid-
ence of PBC appeared to remain the same in a stable community
in Olmsted County in the US [10]. Similarly, the incidence has
not changed in Newcastle in the north of England, only the
prevalence [9]. At this time, it is not clear whether the rising
prevalence rates of PBC are due to the methods used for case
recruitment of affected individuals and/or affected individuals
living longer. Geographical clustering is described, and the
reported rates of this disease cannot be explained only by close-
ness to an interested academic centre [14]. Extremely high rates
of AMA positivity are reported in surviving individuals who
have lived in close proximity to the Nagasaki atomic bomb
explosion in Japan (8.3% AMA positive) [15]. Other geograph-
ical clusters have been described in related individuals, as in one
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large First Nations family on Vancouver Island [16]. With our
current state of knowledge of the genetics of PBC, it is imposs-
ible to separate the effect of environment and the host. A report
from Australia suggests that migration influences the prevalence
of PBC, as individuals of English extraction had significantly 
less PBC than that reported in the UK using the same methods of
case collection [11]. The role of the environment in the develop-
ment of PBC was first suggested by the development of the 
disease in a daughter, her mother and a close unrelated friend
who nursed the daughter through her terminal illness [17].

There are a few published studies on the prevalence of AMA 
in healthy populations [18–20], all conducted in the northern
hemisphere. The results are similar; about 0.5% test AMA posit-
ive, which suggests that only 1–10% of AMA-positive indivi-
duals are subsequently discovered to have PBC; this observation
supports the notion that there may be several factors needed for
the complete phenotype.

No cases of children with PBC have been described but,
recently, two postpubertal girls of 15 have been reported to have
PBC, one of whom’s mother also had PBC [21]. The risk of PBC
is highest in the daughters of index cases [22]. The rate of AMA
positivity in family members of index cases of PBC is much dis-
puted, perhaps because different methods are used for AMA
testing; this will be ascertained in the future with much larger
family studies. To date, any human leukocyte antigen (HLA)
associations with PBC have been weak [23], and reports of gene-
specific mutations altering immune responsiveness have not
clearly shown any disease-specific associations; however, all
genetic studies to date have been small.

Pathogenesis (Table 1)

PBC is almost universally associated with the presence of AMA.
These antibodies react with the M2 family of mitochondrial
antigens, which include components of three mitochondrial
enzymes: pyruvate dehydrogenase complex (PDC), 2-oxoglutarate
dehydrogenase complex (OGDC) and branched-chain 2-oxo-
acid dehydrogenase complex (BCOADC) [24]. As shown in
immunoblotting or enzyme-linked immunosorbent assay
(ELISA) studies, serum autoantibodies from 95% of patients
with PBC react with the E2 subunit of PDC, and sera from
50–70% of patients react with the E2 subunit of OGDC or

BCOADC. Thus, if antibodies to all three antigens are checked,
AMA can be detected in the sera of at least 95% of affected indi-
viduals and have been shown to be highly specific and sensitive
for PBC [25–26] when present in individuals with liver disease.

As the initial tissue damage is focused almost entirely on 
biliary epithelial cells (BEC), PBC can be included in the group
of organ-specific autoimmune conditions. Inflammatory responses
most probably result from a breakdown of immunological toler-
ance and recognition of aberrant expression of mitochondrial
self-antigen, leading to the generation of specific T and B 
lymphocytes with subsequent production of proinflammatory
cytokines [27].

It remains to be established how PDC-E2 and other epitopes,
localized to the inner membrane of mitochondrium, become the
subject of an autoimmune reaction in such a highly selective
population of cells confined to the interlobular bile ducts and
salivary duct cells. It has been suggested that apoptosis can
increase the exposure of PDC-E2 to the immune system, leading
to an autoimmune attack [28,29]. It has been demonstrated that
a predominant epitope against which AMA is directed is local-
ized to the lysine-lipoyl domain of PDC, with prefered recogni-
tion of reduced sulphydryl groups [30]. Unlike other apoptotic
cells in which PDC-E2 is not recognized by AMA, in apoptotic
rat cholangiocytes and human salivary gland epithelial cells,
recognition of PDC-E2 by AMA remains [29]. This immuno-
reactivity is decreased by gluthathionylation and sustained by
inhibition of glutathionylation [28]. These findings suggest that
masking of sulphydryl groups with glutathionylation reduces
the immunogenicity of PDC-E2, and it has been postulated 
that this process may be specifically impaired in cells primarily
involved in the pathogenesis of PBC. Competition for the lysine
residue between glutathionylation and ubiquitinylation has also
been suggested as a potential source of impaired glutathionyla-
tion in BEC [29]. Studies in experimental models suggests 
that AMA belonging to the IgA but not the IgG subclass can
enter cholangiocytes (via the pIgR transporter) and interact 
with intracellular PDC-E2, leading to activation of caspase and
subsequent induction of apoptosis [31]. This observation may
be relevant to the pathogenesis of PBC. Other authors have
reported that apoptosis itself can cause aberrant expression of
PDC-E2 on the cell surface [32].

The pathogenesis of PBC may be an example of ‘molecular
mimicry’, a phenomenon in which ‘self ’-like immunogenic
determinants from an exogenous factor (bacterium, virus, xeno-
biotic, etc.) may induce the production of antibodies or effector
T cells that then erroneously interact with similar epitopes on a
host cell or protein. A number of bacteria, including Escherichia
coli, Pseudomonas aeruginosa, Helicobacter pylori, Chlamydia
pneumoniae and Haemophilus influenzae, have been linked with
triggering PBC via ‘molecular mimicry’. The most convincing
data so far are related to Novosphingobium aromaticivorans, 
a ubiquitous bacterium whose own PDC-E2 contains 12 of 
13 contiguous amino acids of the core sequence identical 
to the human PDC-E2 sequence [33]. Furthermore, the N. 

Table 1 Possible aetiological factors in primary biliary cirrhosis.

Breakdown of immunological tolerance leading to recognition of

mitochondrial self-antigens

‘Molecular mimicry’ of mitochondrial antigens by infectious particles

(bacteria, viruses). Possibly impaired glutathionylation within interlobular

bile ducts and salivary epithelial cells facilitates immunogenicity

Involvement of innate immune response to infection – induction of IgM,

cytokines and chemokines

Genetic profile of a ‘complex disease’
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aromaticivorans PDC-E2 sequence resembles motifs crucial for
T-cell recognition [34], and this microbe is detected more 
frequently in stools from individuals with PBC compared with
healthy subjects [33]. However, stool-positive control subjects
have undetectable serum autoantibodies to this microorganism,
suggesting that intestinal permeability may be altered in PBC, as
has been reported [35]. N. aromaticivorans is able to metabolize
17β-estradiol, the metabolites of which may interact with and/or
modify lipoyl residues of PDC-E2 and trigger an autoimmune
reaction. This may be relevant, considering the female 
preponderance of PBC. Chlamydia pneumoniae RNA has been
identified in all of 25 explant liver tissues from patients with
advanced PBC and in all 14 biopsy specimens from patients with
early PBC analysed in one study, but in only 8.5% (9/105) of
liver tissue specimens from patients with other liver diseases
[36]. Whether these findings are aetiologically relevant and/or
reflect molecular mimicry remains to be determined. The
potential role of microorganisms in triggering PBC via their
interaction with the innate immune system has also been postu-
lated. IgM secretion is a vital part of innate immunity, being a
first-line host defence against infectious agents. Bacterial DNA
sequences containing CpG motifs can induce polyclonal B-cell
activation associated with the production of IgM. Kikuchi et al.
[37] found that bacterial CpG was able to induce increased pro-
duction of IgM by CD27(+) memory B cells originating from
patients with PBC but not in control subjects with other liver
diseases. CpG motifs are recognized by cells via toll-like receptor
9 (TLR9) and play a pivotal role in innate immune mechanisms,
which promote cellular proliferation and induction of IgM,
interferons and proinflammatory cytokines and chemokines.
This observation potentially implies an important role for
innate immune mechanisms in the generation of immune
responses in PBC.

Involvement of viruses in the pathogenesis of PBC, either
directly or via molecular mimicry, has also been invoked. Viral
particles, closely related to the mouse mammary tumour virus
(MMTV), were detected in cholangiocytes and lymph nodes
obtained from patients with PBC. Viral particles were also
identified in ‘normal’ BEC once incubated with lymph node
homogenates from patients with PBC. Induction of pheno-
typical features of PBC in these BEC, including membrane
expression of PDC-E2, was also observed [38,39]. The role of
MMTV in the pathogenesis of PBC has been questioned [40].
The authors of the reports suggesting that a betaretrovirus may
play a role in the pathogenesis of PBC have also conducted a
small pilot study which showed that oral administration of an
antiretroviral agent, combivir, may induce an improvement 
in liver biochemistry and liver histology in patients with PBC
[41]. Recurrence of PBC following liver transplantation occurs
significantly earlier and more severely in overimmunosup-
pressed patients and happens more commonly in patients
treated with tacrolimus rather than ciclosporin A (CyA)-based
immunosuppression [42]. These findings may be relevant in the
context of the potential role of viruses in the pathogenesis of

PBC, as it has been shown recently that CyA may possess innate
antiviral properties both in vivo and in vitro [43].

An immune response against liver cells can be triggered by
changes in the molecular structure of self proteins induced 
by xenobiotics. Rabbits immunized with 6-bromohexanoate–
bovine serum albumin conjugate not only produce antibodies
directed against this xenobiotic but they also make self-reactive
AMA [44]. Halothane may induce the production of antibodies
against both its metabolite, called TFA, and also PDC-E2 [45].
The possible role of xenobiotics excreted in the biliary system 
is an attractive hypothesis, as it may provide an explanation 
as to why cholangiocytes are the cells that are preferentially 
damaged in PBC. However, recent work on genetic polymor-
phisms of proteins involved in the metabolism of xenobiotics,
including CYP2E1, MDR1 or PXP, did not show a difference
between patients with PBC and matched control subjects,
although the CYP2E1 c1/c2 genotype was linked with more
severe disease [46].

Epidemiological data strongly support an important role for
genetics in the aetiology of PBC, which is considered to be a
‘complex disease’. This expression has replaced previous terms
used, such as ‘polygenic’, i.e. involving more than one gene, 
or ‘multifactorial’, i.e. alluding to interactions between host
genome and environmental factor(s) [47]. Clusters of PBC
within families are reported [16], and the prevalence of this dis-
ease in close relatives of affected subjects has been reported to 
be as high as 6.4% in one study [48]. Prevalence of PBC in first-
degree relatives of propositi has been estimated at 0.72% and in
the offspring of affected individuals at 1.2%. Notably, the sibling
relative risk for PBC (λs or ratio of disease prevalence in siblings
of affected subjects to the population prevalence of the disease)
has been calculated to be 10.5 [22], which is higher than that
observed in rheumatoid arthritis (λs = 8), ulcerative colitis (λs =
8) and many other diseases with a proven genetic predisposition.
The highest relative risk is seen in daughters of affected females.
Although familial clustering may, to some extent, reflect ascer-
tainment bias (increased probability of relatives seeking medical
attention) and some shared environmental factors, these relative
risk data provide unquestionable support for an important
genetic component in PBC [49].

Twin concordance data showed PBC concordance to be 0.63
in monozygotic and 0.00 in dizygotic twins [50] (numbers sim-
ilar to those seen in Crohn’s and coeliac disease), again indicat-
ing an important role for genetic susceptibility in PBC. Similarly,
overlap with other autoimmune conditions, also thought to
have a genetic aetiology, supports a genetic basis for PBC. Like
some other genetic diseases, PBC may show genetic anticipation,
the disease usually presenting earlier and more aggressively in
daughters than in their affected mothers [48]. It is unclear, how-
ever, whether this observation reflects a genetic phenomenon or
merely increased familial awareness of the classical symptoms.
Unlike autoimmune hepatitis or other conditions with an
autoimmune aetiology, PBC does not show a strong association
with HLA molecules, and only a weak link with DR8 has been
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established [23]. DRB1*0801 was found to be a susceptible allele
in white patients [51,52], whereas it was found to be DRB1*0803
in Japanese subjects [53].

Diagnosis (Table 2)

Diagnostic features

The patient is usually a middle-aged woman, but initial presen-
tation may be as young as 15 years and older than 80 years. In the
twenty-first century, the diagnosis tends to be made early, and
the patient is usually asymptomatic. But asymptomatic disease 
is not synonymous with early disease on liver histology. The
individual is most commonly found to have a raised level of
serum alkaline phosphatase with or without an elevation in total
serum cholesterol, discovered at a routine check. Alternatively,
the diagnosis may be made in patients undergoing investigation 
for a condition known to be associated with PBC, such as 
scleroderma. Abnormal physical signs are often absent whereas
serum AMA are generally present. Most laboratories still use
immunofluorescence as the initial screening test; a diagnostic
titre is > 1:40. In some instances, AMA-positive subjects
detected as part of a rheumatological workup may have no 
elevation in liver biochemistries. Measurement of serum
immunoglobulins generally reveals an elevated IgM value. At
initial diagnosis, the serum bilirubin is most often normal.
Similarly, serum aminotransferases may be normal but are 
often mildly (× 2–3 ULN) elevated.

Liver biopsy has been reported to be abnormal in 26 of 29
individuals whose liver biochemistry was normal, their sole
marker being AMA positivity [25]. Long-term (mean 10-year)
follow-up of these individuals showed that most developed both
biochemical abnormalities and typical symptoms of PBC,
although often not until many years later [54].

It has been argued that AMA positivity in an individual with
an elevated serum alkaline phosphatase (ALP) value is sufficient
to make a diagnosis of ‘probable’ PBC, i.e. liver biopsy is not
required [55]. But without a liver biopsy, the severity of the liver
disease remains unknown. This may be irrelevant if the initial
diagnosis is being made in an elderly person with other sig-
nificant comorbidities. For a younger individual, it is important
to know the severity of hepatic fibrosis [56], and recent data 
suggest that the degree of interface hepatitis seen on liver biopsy
is helpful in predicting the future likelihood of progression to
cirrhosis [57].

AMA-negative PBC
In the case where the patient is thought on history, physical 
and laboratory investigation to have PBC but AMA in serum 
are undetectable, a liver biopsy is essential, particularly if the
highly sensitive and specific test using a triple-epitope ELISA 
is not available [26]. If the AMA test is persistently negative and
the serum alkaline phosphatase remains elevated, other causes
of cholestasis (or infiltrative liver disease) also need to be
excluded on the liver biopsy, and radiological examination of
the biliary tree should probably be performed. The introduction
of reliable visualization of the biliary tree using magnetic 
resonance imaging (MRI) has almost eliminated the need for
invasive, risky tests such as endoscopic retrograde cholangio-
graphy as an investigative tool. Whereas some individuals given
a diagnosis of AMA-negative PBC may have AMA detected 
subsequently [58], most do not, but their natural history is 
otherwise no different [59].

Symptoms associated with PBC

Fatigue

Some individuals with PBC can almost give the exact date when
they first developed fatigue; in others, the onset is more gradual
– fatigue has generally been present long before the diagnosis is
made, i.e. not due to ‘labelling’. Fatigue affects up to one-third 
of the general population, has many aetiologies and its lack of
specificity makes it hard to evaluate and easy to ignore (but not
by the affected individual!). The only clear association of fatigue
is with depression, but all depression scores include fatigue as an
item so this ‘overlap’ is expected. The prevalence of fatigue in
individuals given a diagnosis of PBC varies from 40% to 80%
and does not correlate with the severity of liver disease or with
age [60,61]. One study suggests that, in those with fatigue, there
is an abnormality of manganese homeostasis in the brain and
elevated manganese levels in the blood of subjects with PBC
when compared with healthy control subjects [62], and another
study suggests that there is an association of fatigue in PBC 
with elevated serum levels of tyrosine and phenylalanine and
decreased tryptophan [63]. Although experimental studies in
bile duct ligated animals suggested that ‘fatigue’ induced by this
form of acute cholestasis was effectively inhibited by a serotonin

Table 2 Diagnosis of primary biliary cirrhosis.

Clinical features
Female (15–80+ years)

Asymptomatic (60%)

Symptoms if present: fatigue and/or pruritus, right upper quadrant discomfort

Hepatomegaly ± splenomegaly

Jaundice (rare)

Sjögren syndrome

Xanthelasma

Biochemical features
Elevated alkaline phosphatase

Aminotransferase levels normal or mildly elevated

Bilirubin often normal

Elevated total cholesterol

Serological features
Elevated IgM

Positive for antimitochondrial antibody (immunofluorescence/ELISA)
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agonist, a recent trial of ondansetron, which alters serotonergic
transmission, did not ameliorate fatigue in patients with PBC
[64].

Pruritus

Pruritus is much easier to define than fatigue but just as difficult
to measure. It is a very specific symptom of cholestatic liver 
disease. As partial biliary diversion eliminates the pruritus of
cholestasis, clearly a component of bile is responsible for this
symptom [65]. Likewise, the anion exchange resin cholestyra-
mine, which binds bile in the gut, relieves the pruritus of
cholestasis. However, the exact component of bile that causes
pruritus is uncertain; both bile acids and endogenous opioids
have been incriminated.

Pruritus is better in the sun and worse at night. It is usually
generalized and not associated with any rash (unless caused 
by trauma to the skin secondary to scratching). Long-term
cholestasis (even if anicteric) and pruritus gradually lead to both
thickening and darkening of the skin, more marked in pru-
ritic areas. Severe pruritus (whether acute or chronic) causes
marked sleep disturbance and distress, sometimes leading to
suicidal ideation. Despite the distress induced by this symp-
tom, it is often inadequately managed by physicians. Patients
may present de novo to dermatologists, who need to check 
AMA and liver biochemistry. Pruritus can start during preg-
nancy, and a few cases of PBC are first diagnosed during 
pregnancy when the pruritus usually fails to recede in the post-
partum period.

Jaundice

As more cases of PBC are diagnosed and treated earlier, so 
fewer jaundiced cases are observed. Whereas in the past PBC 
was considered rare in some parts of the world, it is now being
increasingly recognized, e.g. in India [66], as diagnostic tests for
AMA become more accessible and physicians are more aware of
the condition in both icteric and anicteric subjects. Jaundiced
cases of PBC may still present where access to healthcare facilities
is either not available or not affordable or in individual patients
misdiagnosed or failing to seek medical help despite obvious
jaundice. Otherwise, marked jaundice is only seen in individuals
with PBC who, because of comorbidities, are not candidates for
a liver transplant. Curiously, pruritus often lessens as jaundice
progresses, as does xanthelasma.

There are many causes of hyperbilirubinaemia in PBC in
addition to endstage disease; they include Gilbert syndrome,
common duct stones, hyperthyroidism, sepsis, drug-induced
liver disease and the wrong diagnosis such as PBC/autoimmune
hepatitis (AIH) overlap.

Marked jaundice is associated with steatorrhoea and weight
loss caused by malabsorption of fat. Overt fat-soluble vitamin
deficiency is rarely noted nowadays but, if ignored, may cause
osteomalacia, a coagulopathy and night blindness.

Other clinical features

Abdominal discomfort
Primarily located in the right quadrant, this is not unusual in
PBC [67]. This may prompt more extensive investigations of the
biliary tree. Gallstones are common in all patients with chronic
liver disease, and it may be hard to distinguish symptoms of 
gallstones from those of PBC alone. In patients with an elevated
bilirubin, it is particularly important to distinguish progressive
liver disease from common duct stones (or superimposed
Gilbert syndrome). The presence of fever clearly indicates that
the cause of pain is not PBC.

Hepatocellular carcinoma
This is associated with severe PBC (stages III and IV) and is the
only malignant tumour that is preferentially seen in individuals
with PBC [68]. It is more common in the elderly and in men
[69]. Some studies suggest that it is as common as in patients
with severe chronic viral hepatitis [70].

Xanthelasma/xanthoma
These are now rarely seen in PBC – why is not clear, as their pres-
ence is not associated with disease severity. In most instances,
high levels of serum cholesterol were seen in association with
xanthomata, but this was not always the case.

Associated conditions

Osteoporosis

The issue of whether osteoporosis is or is not more common 
in patients with PBC is very controversial – in a large study of
predominantly elderly individuals with early PBC, osteoporosis
was no more common than in age- and gender-matched control
subjects [71]. In another study published in the same year, the
authors suggest that osteoporosis is a feature of PBC, particu-
larly in those who are older, thinner and with more advanced
liver disease [72]. One study suggests that menopausal status is
not a risk factor for osteoporosis in PBC [73], but an earlier
study claimed that the postmenopausal state was an independent
factor in its development! [74]. Certainly, osteoporosis is not
unusual in the population affected by PBC and needs attention
in terms of appropriate preventive and therapeutic strategies.

Autoimmune associations

As patients with PBC are universally found to test positive for
one autoantibody or another, it is not unexpected to observe the
presence of other autoimmune diseases. Only recently has there
been a detailed survey of patients with PBC from a single geo-
graphical area, and these authors employed very well-defined
criteria for the diagnosis of specific autoimmune diseases when
they examined their cases of PBC and healthy control subjects.
This report from the north of England centred on a cohort of
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160 patients – 108 with definite, i.e. AMA-positive and liver
biopsy-proven PBC and 52 with ‘probable’ PBC, 19 of whom
were AMA negative. The authors reported that 53% had one or
more probable or definite autoimmune conditions and 20% had
two or more. Other autoimmune disease was more common 
in those who tested positive for antinuclear antibodies (ANA)
(75% vs. 50% in ANA negative) and more frequently observed
in AMA-positive PBC (79% vs. 49%) [75]. This study suggested
that both primary and secondary Sjögren syndrome is associated
with PBC – together affecting 25%. Sicca symptoms can be
elicited from up to 70% of patients with PBC [76]. Coeliac dis-
ease in association with PBC was not observed in the Newcastle
study; only Sjögren syndrome (7.5%), Raynaud’s phenomenon
(2.4%), pernicious anaemia (4%) and systemic lupus erythe-
matosus (SLE) (1.5%) were significantly higher than expected
when compared with local control subjects [75]. Of note was that
other autoimmune diseases such as rheumatoid arthritis (17%)
and autoimmune thyroid disease (23%), although common, were
no more common than in the local control population.

Renal associations

Renal complications reported in patients with PBC include 
IgM-associated membranous glomerulonephritis [77] and 
renal tubular acidosis attributed to copper deposits in the distal
renal tubule [78]. Bacteriuria develops in 35% and is often
asymptomatic [79]; it is unexplained, but it has been postulated
that these urinary tract organisms might be involved in the
pathogenesis of PBC.

Non-hepatic malignancy in PBC

There is controversy as to whether there is an increase in 
other malignancies. There are reports of an increased rate of
breast cancer [80,81], but this has not been confirmed by others
[68,82].

Investigations

Serum bilirubin values are very rarely elevated at the time of
diagnosis (unless there is superimposed Gilbert syndrome) in
asymptomatic patients, who account for 60% of new cases of
PBC, as most, but not all, have early liver disease. Elevated levels
of serum alkaline phosphatase (ALP) and γ-glutamyl-trans-
peptidase (GGT) are the usual biochemical abnormalities, 
often detected at a routine checkup and sometimes elevated to
very high levels. The serum aminotransferase levels may or may
not be elevated. The total serum cholesterol is often elevated (if
facilities are available, it will be found that the cholesterol is 
predominantly lipoprotein X and thus quite harmless [83]).
There appears to be no increased risk of atherosclerotic vascular
disease in PBC [84]. The serum albumin level is nearly always
normal at presentation, and the total serum globulin only 
moderately increased, but the serum IgM fraction is usually

raised. As in all patients with a cholestatic profile (even if 
asymptomatic), ultrasound examination of the biliary tree is
recommended as part of the baseline diagnostic workup. Only 
in individuals who test negative for AMA would magnetic 
resonance cholangiography be recommended (especially in men
in whom primary sclerosing cholangitis is a more likely cause of
chronic cholestasis).

Serum AMA tests

The standard immunofluorescence method for detection of
AMA employs rat stomach or kidney and was the initial test used
and remains that frequently used for the detection of AMA [85].
On occasions, immunostaining results seen in patients who have
anti-LKM-positive autoimmune hepatitis are falsely reported 
as being AMA, as microsomes may be confused on the slide 
with mitochondria. ELISA testing for AMA is more specific and
reliable, particularly if a hybrid recombinant molecule contain-
ing the three key epitopes of M2 is used [26]. Immunoblotting
techniques for the detection of AMA are predominantly used 
for research purposes as this method is time consuming.
Historically, approximately 5–10% of patients with elevated
ALP and/or GGT and classical findings on liver biopsy for 
PBC have tested AMA negative, particularly if checked only by
immunofluorescence. Many such sera subsequently test positive
by ELISA, but still a small proportion of patients remain AMA
negative. AMA can be detected in asymptomatic subjects with
completely normal liver biochemistry, who may yet have the
hepatic histological features compatible with PBC [25,54]. Titres
of AMA do not correlate with either clinical presentation or pro-
gression of the disease [86]. Patients with PBC may test positive
for ANA, particularly those antibodies belonging to the group
that recognize nuclear pore antigens. These include anti-Sp100
and anti-gp210. They are considered to be highly specific for
PBC and, when present, may potentially be associated with more
rapid progression of the disease and worse outcome [87–89].

Liver histology (Table 3 and Plate 11.1, facing p. 1268)

As the diagnosis of PBC may be reliably established on the
grounds of a positive AMA test and elevated ALP [55], liver
biopsy is performed predominantly to assess disease severity
rather than to confirm the diagnosis. Histologically, the disease
begins with damage to the epithelium of just the interlobular
bile ducts. Histometric examinations show that only bile ducts
less than 70–80 Å in diameter are destroyed [90].

As the bile ducts become destroyed, their sites are marked by
aggregates of lymphoid cells and bile ductular proliferation.
Visualization of the damaged ducts may be facilitated using a
cytokeratin stain, which shows the abnormal proliferating bile
ducts very clearly [91]. Granulomas are present in a proportion
of patients, particularly in those with early-stage disease. Unlike
the granulomas of sarcoidosis, they are nearly always confined to
the portal tracts in PBC and may just appear as small collections
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of histiocytoid cells. Absence of granulomas does not exclude
PBC. Hepatic arterial branches can be easily identified in the
portal zones, but accompanying bile ducts may be missing;
unless specifically looked for, their absence may go unnoticed.
Portal venous radicles may also be involved in the inflammatory
process and become destroyed, and nodular regenerative hyper-
plasia (best depicted with a reticulin stain) is a consequence [92].
Hepatic fibrosis is induced by the retention of hydrophobic bile
acids, caused by bile duct loss, and proinflammatory cytokines,
secreted as part of the inflammatory response, and is seen extend-
ing from the portal tracts through the limiting cell plate (interface
hepatitis). The severity of lymphoplasmacytic interface hepatitis
may be an independent predictive factor for progression of early
PBC to cirrhosis, even in patients treated with ursodeoxycholic
acid (UDCA) [57]. As in any chronic cholestatic disease, sub-
stantial amounts of copper and copper-associated protein may
be demonstrated histochemically in periportal zones. Fibrous
septa gradually come to distort the architecture of the liver and
regenerative nodules develop. These are often irregular in distri-
bution, and cirrhosis may be seen in one part of a biopsy but not
in another; this may be described as a ‘jigsaw’ pattern of cirrho-
sis. In some areas, zonal architecture may be preserved for some
time. Hepatocellular hyaline deposits, similar to those of alco-
holic liver disease, are found in hepatocytes in about 25% of
cases of PBC.

The histological appearance has been divided into four stages:
stage I, florid bile duct lesions; stage II, ductular proliferation;
stage III, scarring (septal fibrosis and bridging); and stage IV,
cirrhosis [93]. Such staging is of limited value as the changes in
the liver are often focal and evolve at different speeds in different
parts of the liver. Stages overlap, and it is particularly difficult to
separate stages II and III. Thus, it is probably more or at least as
important to examine the degree of bile duct loss and interface
hepatitis, as these are the two major factors that seem to govern
disease progression.

The disease has a very variable and often silent course, and
advanced stage III lesions or even stage IV PBC may be seen in
the asymptomatic patient; thus, asymptomatic PBC does not
always mean early PBC.

Differential diagnosis (Table 4)

Initial clinical presentation of individuals subsequently given a
diagnosis of PBC has changed dramatically over the last 40 years.
The majority of patients diagnosed four decades ago were jaun-
diced, whereas jaundiced subjects comprise only about 4% of
patients with PBC diagnosed today [94].

The presence of AMA is virtually diagnostic for PBC [when
AMA are detected in patients with typical AIH (< 5%), this 
may represent an ‘overlap syndrome’]. A small proportion of
patients with typical clinical, biochemical and histological fea-
tures of PBC do not have detectable AMA, even when the most
sophisticated methods are employed [59]. They have AMA-
negative PBC. It is currently accepted that the natural history,
clinical presentation and prognosis are not different from those
of classical AMA-positive PBC.

Primary sclerosing cholangitis (PSC) may pose a diagnostic
difficulty, but the AMA test is almost always negative, and
cholangiography by either endoscopy (ERCP) or magnetic 
resonance cholangiography (MRC) demonstrates the typical
bile duct irregularities. In early PSC, or in those who may have
only small duct PSC [95], these typical cholangiographic
findings may not be present. Other less common causes of 
‘vanishing bile ducts’ are uncommon, and other clinical features
will usually point to their aetiology. Idiopathic ductopenia may
show histological features of bile duct damage that may be
difficult to differentiate from PBC, although infiltration of the
portal tract with chronic inflammatory cells is generally minimal
in adult idiopathic ductopenia [96].

The cholestatic form of sarcoidosis can be indistinguishable
from PBC; moreover, the coexistence of PBC and sarcoidosis is
well established [97]. Lymphadenopathy seen on chest radio-
graphy tends to be present in sarcoidosis, whereas granulomas 
in PBC are rarely found outside the abdomen. In sarcoidosis,
although granuloma are often present in the liver, they are
mostly in the parenchyma and, unlike PBC granuloma, those 
in sarcoid become fibrotic with time. Increased levels of serum
angiotensin-converting enzyme may be found in any person
with significant liver disease and, therefore, its measurement is
not helpful in this situation. Granulomatous disease of the lung
can be observed in both PBC and sarcoid; bronchoalveolar
lavage findings are similar [98]. The presence of AMA in serum
is not a feature of sarcoidosis.

Drug-induced cholestasis, for example after chlorpromazine
or antibiotics such as flucloxacillin or amoxicillin–clavulinic
acid, can become chronic and produce a picture resembling PBC
[99]. Serum ALP tests may remain abnormal for many years
even though the jaundice fades. However, there is a history of
taking the drug, and the initial presentation is with jaundice,
whereas in PBC, once jaundice is present, it does not spontane-
ously resolve (unless caused by a superimposed condition such
as choledocholithiasis, haemolysis or Gilbert syndrome).

Herbal remedies and products such as pyrrolizidine alkaloids,
germander, chaparral leaf or Jin Bu Huan may give clinical and

Table 3 Liver histology of primary biliary cirrhosis.

Portal tracts Lymphocytes invading bile ducts

Plasma cells, eosinophils also found

Granulomas/histiocytes

Bile duct loss/proliferation (CK7 stain)

Loss of portal venous radicles

Limiting plate Lymphocytic ‘hepatitis’

Biliary ‘hepatitis’

Parenchyma Variable lymphocytic infiltrate

No liver cell injury unless associated AIH

Nodular regenerative hyperplasia

‘Jigsaw’ pattern of fibrosis

THV Venulitis
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biochemical symptoms of acute cholestasis and features of bile
duct damage on histology. As in many cases of drug-induced
cholestasis, the onset of herbal-induced cholestasis is usually
rapid, associated with elevated transaminases but, in the major-
ity of patients, symptoms resolve after withdrawal of the caus-
ative agent, although cholestatic drug reactions may take several
months to resolve. Concomitant estrogen use will enhance
cholestasis with any liver injury.

Chronic cholestasis is an increasingly recognized problem in
women with Turner syndrome. As many as 80% of patients with
Turner syndrome who are older than 35 years present with 
features of chronic, anicteric cholestasis [100]. Although cases 
of PBC in patients with Turner syndrome have been described
[101,102], chronic cholestasis in these patients requires further
investigation.

Patients with AIH may have biochemical cholestasis and some
are AMA positive. Bile duct lesions are occasionally found on
liver biopsy in AIH [103]. Overlaps of PBC and AIH are dis-
cussed in detail in Chapter 11.5.

Complications

Bone changes

Chronic cholestasis is associated with an increased risk of
osteopenia and osteoporosis. It can be reliably diagnosed and

monitored with serial measurements of bone mineral density
(BMD) using non-invasive, dual-energy X-ray absorptiometry
(DEXA scan). Osteoporosis is usually classified as ‘low-
turnover’ with normal resorption but reduced synthesis and
slow mineralization of matrix and ‘high-turnover’ with
increased resorption secondary to increased activity of
osteoblasts. It seems that both mechanisms play a role in the
development of osteoporosis in PBC. Contributing factors 
may include inherited predisposition associated with particular
genetic polymorphisms [104,105], deficiency of vitamin K
[106], impaired osteoblastic function as well as increased bone
resorption. In patients with PBC, who are mostly post-
menopausal females, this process may additionally be exacer-
bated by hormonal deficiency and low body mass index (BMI).
In addition, malabsorption (coexistent coeliac disease and/or
jaundice) may also play a role. Environmental factors such as
excessive smoking, alcohol intake, lack of exercise and low cal-
cium intake may exacerbate osteopenia. Newton and colleagues
[71] suggested that osteoporosis in patients with PBC could
merely be a consequence of postmenopausal changes and older
age; however, these findings were not confirmed by other stud-
ies, which clearly demonstrated an increased risk of osteoporosis
in patients with advanced PBC [72]. The explanation for these
differences may be in the method of patient recruitment – many
patients in the Newton study were individuals identified by
screening blood work with only mild liver disease, whereas other

Table 4 Differential diagnosis of primary biliary cirrhosis.

Disease

Primary biliary cirrhosis

Primary sclerosing 

cholangitis

Cholestatic sarcoidosis

Cholestatic drug reaction

Autoimmune hepatitis

Other vanishing bile duct 

syndromes

Turner syndrome

Features

Female; pruritus; high serum alkaline

phosphatase

Males predominant; associated with

ulcerative colitis; pruritus;

cholangiography is diagnostic

Equal sexes; high alkaline phosphatase;

pruritus; chest radiographic abnormalities

History of drug use, acute onset

Female; high serum aminotransferases

and gammaglobulin; positive serum

anti-smooth muscle and antinuclear

antibodies or anti-liver–kidney

microsomal antibodies – overlap with

PSC or PBC possible

Pruritus; high serum alkaline phosphatase

Persistently elevated alkaline phosphatase

± bilirubin

Serum antimitochondrial 
antibody

Positive (5% negative)

Negative

Negative

Negative

Negative or low titre

Negative

No reports

Liver biopsy

Bile duct lesions, lymphoid aggregates; intact

lobules; periseptal cholestasis

Zone 1 ductular proliferation, fibrosis and

cellularity; ‘onion skin’ duct fibrosis

Many granulomas all zones/often fibrotic;

modest bile duct changes

Mononuclear zone 1 reaction, sometimes with

eosinophils and granulomas; modest piecemeal

necrosis may be followed by duct paucity

Zone 1 mononucleosis and fibrosis; marked

piecemeal necrosis; bridging necrosis; rosettes

of liver cells; plasma cell infiltrates; rare bile

duct loss

Ductopenia rather than inflammatory cell

invasion of ducts

No reports
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cohorts were from patients referred to liver clinics. Menon et al.
[72] studied 176 patients with PBC and found that the pre-
valence of osteoporosis was 20%, representing a 30-fold increase
in the relative risk of having osteoporosis when compared with a
well-matched control group. The authors found that age above
57 years, BMI less than 24, features of advanced disease on liver
histology and past history of bone fractures were independent
predictors for osteoporosis. Guanabens et al. [73] studied a
group of 142 female patients with PBC and found that the 
prevalence of osteoporosis was 32% compared with 11% in 
well-matched control subjects. Risk factors for the development
of osteoporosis identified by regression analysis were as follows:
older age, higher Mayo risk score, lower BMI and features of
advanced histological disease. Menopause in itself was not
found to be an independent risk factor in this group of patients.
Both the above-mentioned studies emphasize the role of the
severity of cholestasis (both clinical and histological) as the 
main contributory factor in the development of osteoporosis in
PBC. In patients who undergo liver transplantation for PBC,
significant bone mass loss is usually observed within 3 months
after surgery, although improvement in BMD is described once
the new liver has been in place for more than 6 months. The
overall risk of skeletal fractures in these patients is estimated 
to be between 17% and 65% [107]. Whereas in the past, osteo-
malacia was a recognized complication of PBC, the introduction
of liver transplantation for endstage PBC means that this form 
of metabolic bone disease is only seen in patients unsuitable 
for transplantation, who have marked jaundice causing steator-
rhoea with vitamin D and calcium malabsorption.

Malabsorption

Overt malabsorption of fat and fat-soluble vitamins is a conse-
quence of chronic, icteric cholestasis when the delivery of bile
salts to the intestine is markedly reduced. Phillips et al. [108]
have recently studied vitamin deficiency in 180 patients with
PBC and found that as many as 33.5% showed some degree of
vitamin A deficiency. With regard to other vitamins, abnormally
low levels of vitamin D were found in 13.2%, vitamin E in 1.9%
and vitamin K in 7.8% of patients in this study. By univariate
analysis, high Mayo risk score, older age, lower triglycerides, low
albumin, elevated bilirubin and aspartate aminotransferase
(AST) levels were associated with vitamin A deficiency. High
Mayo risk score, elevated bilirubin and low albumin were associ-
ated with vitamin D and K deficiency (vitamin K was not mea-
sured directly and prothrombin time was used as a surrogate
marker). No risk factors for vitamin E deficiency were identified
in this study. A Mayo risk score ≥ 5 was found to have the highest
sensitivity and specificity in recognizing patients at increased
risk for vitamin A deficiency. Kowdley et al. [109] studied a
cohort of 77 patients with PBC and found that 22% of them 
had vitamin A deficiency. This is the only study so far in which
vitamin K was measured directly and low levels were seen in
23%.

Portal hypertension

Portal hypertension may be associated with complications when
the pressure in the portal venous system exceeds 8 mmHg. With
increasing pressure, splenomegaly, the formation of ascites
and/or oesophageal/gastric varices develop. Bleeding oeso-
phageal varices may be a presenting feature in patients with
PBC, even in the absence of cirrhosis. This is most probably
related to the portal tract inflammation, which causes localized
vascular injury and the subsequent formation of venous
microthrombi in the portal venous radicles. This cascade of
events may lead to the development of nodular regenerative
hyperplasia (NRH), giving rise to presinusoidal portal hyperten-
sion. Thus, variceal haemorrhage in a patient with PBC is not
necessarily a sign of endstage liver disease and should not auto-
matically provoke workup for a liver transplant. The disappear-
ance of oesophageal varices in non-cirrhotic patients with PBC,
correlating with improvement in histology, has been reported
after treatment with UDCA [110]. Before the introduction of
UDCA therapy for PBC, Gores et al. [111] studied 265 patients
with PBC who had no oesophageal varices at baseline. During a
mean follow-up of 5.6 years, 31% developed varices and almost
half had at least one episode of variceal bleeding. However, these
patients with PBC had a significantly better survival rate than
patients with a variceal bleed resulting from other liver dis-
orders. Laboratory parameters can be used for predicting the
detection of oesophageal varices in patients with PBC. Bressler
et al. [112] demonstrated that oesophageal varices are present 
in 85% of patients with PBC who have a platelet count ≤ 200 ×
109/L, low albumin and elevated bilirubin. On the other hand,
varices were present in only 7% of patients in whom these three
parameters were normal and the platelet count was ≥ 200 × 109/L.

Natural history

When PBC was first formally recognized in the 1950s, patients
were most often diagnosed only once they presented with jaun-
dice, although a few anicteric asymptomatic cases were recog-
nized by Sherlock [113] in the first case series she described in
1959. Since that time, the number of asymptomatic and gener-
ally early cases of PBC, often identified as a result of routine
screening tests for liver biochemistries and/or AMA either at 
a routine medical checkup or as part of a workup for another 
disease, has continued to increase. Asymptomatic PBC now
accounts for up to 60% of newly diagnosed cases.

Thus, the natural history of PBC very much depends on the
starting point and the method of initial detection. In a case series
of 29 individuals who, as part of a screening workup, were found
to test AMA positive [25] but with consistently normal liver bio-
chemistry, liver biopsy revealed that all but a few had either dia-
gnostic features of PBC or features compatible with a diagnosis
of PBC. Of the five with no features of PBC on biopsy, four had
undetectable AMA when rechecked by ELISA. Of these initial 
29 cases, five died of non-hepatic causes, the remaining 24 all
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developed abnormal liver tests (16, raised ALP; seven, raised
aminotransferase levels; and one with low serum albumin), and
22 of these 24 became symptomatic. On average, it took 5 years
from initial recognition of AMA positivity to the development of
a raised ALP. On repeat liver biopsy 10 years later in 10 individuals
– all but one of whom had originally had a diagnostic liver
biopsy – only four showed evidence of histological progression
(median 11.4 years), from stage I to II in two and from stage I to
III in another two [54]. The median age of these individuals was
67 years, a decade older than the usual age of presentation of
overt PBC. These are the only data available that describe the
very early phase of PBC in the absence of any therapeutic inter-
vention. Also, this study is the only reported follow-up with
serial liver histology of individuals who only had detectable
AMA at baseline and would suggest that all who test positive for
AMA have PBC but, if this is the case, PBC is much more com-
mon than currently appreciated, as the prevalence of AMA in
healthy individuals is about 0.5% [18–20].

Asymptomatic PBC

As outlined above, the natural history of asymptomatic PBC is
also very dependent on the case finding method. Case series have
been retrieved from such diverse routes as referral of cases to ter-
tiary centres, letter writing campaigns to specialist offices and
sometimes retrieval from immunology laboratories testing for
AMA.

The largest series reported to date are from the north of
England (Newcastle) and include cases recruited by all the above
methods. The first description of their 770 cases of PBC [14]
reported that 61% were asymptomatic at their presentation/
diagnosis; however, 10 years later, only 17% remained asymp-
tomatic, and symptoms became evident within 5 years in 50%.
The mean age of this entire cohort was almost a decade older
than in most other case series, probably a reflection of their case
finding methods. This observation explains in part why, in a
subsequent report of the same patient population [114], the sur-
vival of their asymptomatic cases was no different from that of
the symptomatic cases. This is contrary to most other studies
and is likely to be a reflection of the older age at initial diagnosis
of their patient population. These authors also noted that the
standardized mortality ratio (SMR), which was 2.87 for the
entire cohort, was still greater than expected when the deaths
from liver disease were excluded (1.73). Of the 469 initially
asymptomatic cases, 31% died a liver death (compared with
57% of those with initially symptomatic disease). The SMR for
asymptomatic PBC was 2.64 and, in those who did not die a liver
death, it was still elevated at 1.86.

There have been several other case series of asymptomatic
PBC; all but the series from Newcastle are small (the largest
reported comprised 91 cases) [115–120]. In these smaller studies,
in which the cases were mostly collected from tertiary centres,
both median and mean survival were considerably longer than

that reported by the Newcastle group. Most series indicate that,
as long as the individual remains asymptomatic, patient survival
is no different from that of an age- and sex-matched control
population. The 50% survival ranged from 12.5 to 16 years in
these series, whereas it was 9.6 for the Newcastle series, probably
because their patient population was older than is typical for
PBC reported from elsewhere.

Symptomatic PBC

Data on the expected outcome in patients with symptomatic dis-
ease who have not received any treatment can only be gleaned
from case series published more than 20 years ago. An extended
follow-up of the Yale series indicates that the median survival is
only 6.8 years [119]. Unless liver transplantation is contraindi-
cated, it is unusual nowadays to witness liver failure in PBC. The
Mayo model, which was developed from data obtained from
patients with PBC prior to the routine availability of liver trans-
plantation, remains a valid prognostic marker for survival even
for PBC patients being treated with UDCA [121]. Although not
initially developed for asymptomatic PBC, the Mayo model has
also been reported to be reliable in the asymptomatic popula-
tion. The Mayo model requires age, prothrombin time, albumin
and the presence or absence of oedema ± diuretics for calcula-
tion. Because this score does not require information from a
liver biopsy, it can be used with greater ease than the other 
prognostic scores developed (Table 5).

It has become clear that the course of PBC is very hetero-
geneous. Thus, cases of liver failure developing prior to the onset
of cirrhosis are reported; such individuals have been shown to
have marked ductopenia causing severe cholestasis [122]. There
are now several reports suggesting that the presence of sub-
species of ANA – Sp100 and, more recently, gp210 – are markers
for more rapidly progressive disease. A recent study suggests that
those with a high titre have the worst outcome [89].

To date, there have been few genetic studies of a ‘respectable’
size in PBC. Donaldson et al. [123] suggested in one study of 164
cases that those with non-progressive PBC were unlikely to be
DRB1*0801 positive or DQB1*0401 positive, whereas 24% and
23%, respectively, were positive for these HLA patterns if they
had progressive disease (88 cases).

In a study from France, the authors identified that the E4 allele
of the apolipoprotein E gene, when present, was found sig-
nificantly more often in patients with PBC who were younger
and had a higher bilirubin and IgG and lower prothrombin
index than E2 or E3 homozygous carriers [124]. The same
authors have extensively examined serially collected liver tissue
from individuals with PBC and have shown that the rate of 
progression to cirrhosis is dependent on the degree of interface
hepatitis. When there is minimal inflammation, progression 
to cirrhosis within the next 5 years is very unlikely, whereas the
risk is 50% at 5 years of follow-up in those with severe interface
hepatitis at baseline [57].
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Liver failure

Decompensated liver disease occurs late in the course of PBC. It
is marked by increasing jaundice and may be associated with the
disappearance of both xanthomata and pruritus. The levels of
serum albumin and total cholesterol usually fall, and features of
advanced portal hypertension with oedema and ascites develop.
Occasionally, ascites may appear prior to the onset of jaundice,
particularly now when most patients are treated with UDCA,
which reduces bilirubin levels. Terminal events include episodes
of hepatic encephalopathy and uncontrollable bleeding, usually
from oesophageal varices. An intercurrent infection leading to
septicaemia is often the terminal event.

The issue of liver transplantation should be discussed with
patients who are observed to have a steady increase in serum
bilirubin, certainly by the time it has reached 6 mg/dL (100
µmol/L) [125]. It is important to know the length of the local
waiting list for liver transplantation to calculate the optimal 
time to refer patients for this procedure unless the patient has a
willing living donor. Indications for liver transplantation are
discussed in another section of this chapter.

Treatment (Table 6)

Several aspects of therapy for PBC should be considered: symp-
tomatic, preventative and therapeutic.

Symptomatic treatment

The most common symptom of PBC is fatigue, and this is 
associated with considerable impairment of quality of life
[60,61,126]. It has not been determined whether fatigue is
caused by the associated depression leading to sleep dysfunction
or vice versa. Fatigue not infrequently accompanies other
chronic inflammatory diseases. Therapies evaluated but not
found to be effective include the antioxidant Q210 [127], the
5HT3 serotonin receptor subtype antagonist ondansetron [64]
and the antidepressant fluvoxamine [128]. A reported series of
five cases suggests that modafinil, a central nervous system stim-
ulant, may be of benefit [129].

Pruritus is a common complaint of patients with PBC. The
cause of the pruritus is uncertain. It has been thought that pruri-
tus is related to elevated bile acids, as cholestyramine, which

Yale European Mayo Oslo Glasgow Australian

Age Age Age Variceal bleed Age Age

Bilirubin Bilirubin Bilirubin Bilirubin Bilirubin Bilirubin

Hepatomegaly Albumin Albumin Ascites Albumin

Fibrosis/cirrhosis Cirrhosis Prothrombin time Fibrosis

Cholestasis Oedema Cholestasis

Mallory bodies

From Wiesner et al., Hepatology 1992; 16, 1290.

Table 5 Independent clinical variables
predictive of survival in primary biliary cirrhosis
from several prognostic models.

Table 6 Management of PBC.

Symptomatic Therapy Preventive Therapy Specific therapy Therapy

Fatigue None known Fat-soluble vitamin deficiency Supplements Immunomodulators Budesonide

Pruritus Cholestyramine Osteoporosis Calcium Choleretics UDCA

Rifampin Vitamin D Surgery Liver transplantation

Opioid antagonists Bisphosphonates

Sicca syndrome Artificial tears ± HRT

Regular dental checks ? Vitamin K
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binds bile acid in the gut, often relieves this symptom.
Cholestyramine is most effective when taken at the time of gall-
bladder emptying; thus, it is best given just before and just after
breakfast, but 4 h from any other medication (to avoid their
binding). It may cause abdominal bloating and constipation.
Doses from 4–12 g/day are generally sufficient to control the
pruritus. It should be used long term in those in whom it is effec-
tive to prevent ongoing pruritus (not to be taken only at the time
of pruritus).

When cholestyramine fails, rifampin is a second-line thera-
peutic option, starting at 150 mg twice daily. For the 50% of
patients in whom rifampin is effective, the benefit is felt within
the first month of treatment [130]. Increasing the dose rarely
helps further. As this drug is an enzyme inducer, care must be
taken with regard to potential drug interactions. Patients taking
rifampin need to be monitored closely as this drug may induce
hepatitis, a haemolytic anaemia and impaired renal function. It
stains the urine yellowish brown.

Pruritus is often worse in the winter, which may explain the
observed seasonal variation in presentation. Although dry skin,
not unusual in cold weather, may accentuate itching, it is also
likely that the diminished amount of ultraviolet light leads to the
worsening of this symptom. Treatment with very short bursts of
ultraviolet light in the dermatologist’s office (without sunblock)
may be beneficial. The pruritus of PBC may also be precipitated
by pregnancy. Exogenous hormone therapy such as the use of
the oral contraceptive pill or hormone replacement therapy may
also provoke pruritus. Not surprisingly, men with PBC com-
plain less commonly of pruritus than women [12].

Others have suggested that circulating endogenous opioids,
elevated in PBC, are the cause of pruritus [131] and may act 
centrally causing the sensation of pruritus. Indeed, the opioid
antagonists naloxone and naltrexone have been used success-
fully to treat the pruritus of cholestasis [132,133]. Some patients
develop ‘withdrawal’ symptoms typical of narcotic withdrawal
and thus the introduction of this treatment should start at very
low doses and build up slowly [134]. The chronic pain syndrome
has been described with long-term use of opioid antagonists [135].

The dry eyes of the sicca syndrome may be relieved by
artificial tears. The dry mouth is reduced by stimulants of sali-
vary flow such as lemon juice or sour candy. Regular dental care
to check for caries should be emphasized, and patients should be
advised to take all medications in the upright position with
plenty of fluid to avoid the development of drug-induced
oesophageal ulcers.

Raynaud’s syndrome is treated along conventional lines by
avoiding immersion in cold water and the wearing of gloves.
Although calcium channel blockers may help Raynaud’s 
syndrome, they may make concurrent scleroderma of the
oesophagus symptomatic by promoting reflux. Neuropathy 
and bone pain (from fractures or the more rare condition of
periostitis) may be treated by analgesics, but non-steroidal anti-
inflammatory drugs and aspirin should be avoided when
oesophageal varices are present.

Preventive treatment

In the jaundiced patient, the associated steatorrhoea due to
intestinal bile salt deficiency leads to malabsorption of vitamins
A, D, E and K, and these should be supplied parenterally or in
the water-soluble oral form if available.

Jaundiced patients with PBC may develop osteomalacia but,
more importantly, all patients with PBC are at risk of osteopo-
rosis, and their BMD should be regularly evaluated via DEXA
rather than waiting for fractures to develop! Osteoporosis is
difficult to treat, but calcium supplements and vitamin D (1500
mg/day and 400–1000 IU/day respectively) are recommended
in all patients with PBC, who should also be encouraged to 
exercise regularly. Exposure to sunlight is also encouraged.
Hormone replacement therapy (HRT) for postmenopausal
patients taken either orally or using transdermal therapy may
slightly worsen cholestasis [136] but probably prevents at least
the postmenopausal component of osteoporosis [137]. Recent
studies indicate that alendronate may be the most effective of the
bisphosphonates for the treatment of osteoporosis associated
with PBC [138]. A small study of vitamin K suggests that this too
may delay osteoporosis [106].

If the patient has endoscopically proven large oesophageal varices,
or has bled from them, non-selective beta-blockers such as pro-
pranolol or nadolol should be considered. However, if fatigue is
a significant issue, endoscopic band ligation may be preferable.

Specific medical treatment

At present, no curative medical treatment can be recommended
for PBC. Most reported trials have usually been too short, too
small and poorly controlled. Statistically significant long-term
benefits are difficult to establish in a disease with such a long sur-
vival and with the varied timing of liver transplant. Nevertheless,
new therapeutic measures should continue to be evaluated in
the context of large randomized controlled trials (RCTs). Three
groups of drugs have been evaluated in the past. The im-
munomodulators would be expected to be most effective in 
the early stages of the disease, whereas the antifibrotics and anti-
cholestatics may be helpful at all stages of disease in delaying
progression to cirrhosis and liver failure. Fortunately, most indi-
viduals do have early disease when first given a diagnosis.

Immunomodulators
Azathioprine (Imuran) was of marginal benefit in improving
survival [139] and occasionally led to serious side-effects. Pre-
dnisolone improves well-being and may relieve pruritus. Serum
alkaline phosphatase, aminotransferases and procollagen III 
fall with this treatment. Liver histology also improves and in the
first RCT of prednisolone, progression to cirrhosis was only seen
in one of 12 patients in 3 years compared with four out of seven
given placebo [140]. The observation that severe interface hep-
atitis in PBC is associated with faster progression to cirrhosis has
prompted the suggestion that early corticosteroid therapy may
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be appropriate in patients with this histological lesion. As 
the only trial employing prednisolone was associated with a
significant reduction in BMD in the treated group, it has been
suggested that budesonide may be a wiser steroid alternative.
Pharmacokinetic data indicate that, when given to patients with
established cirrhosis, adrenal suppression occurs because com-
plete first-pass metabolism by the liver is lost in cirrhotics [141].
Two reports of small randomized studies of budesonide plus
UDCA vs. UDCA monotherapy suggest that this combination
therapy may be beneficial and safe in those patients with stage 
I and II PBC. One study was of budesonide 9 mg/day + UDCA 
15 mg/day in stage I and II PBC [142], and a more recent 3-year
RCT of 77 patients with early-stage PBC demonstrated a
20–25% reduction in inflammation and hepatic fibrosis in those
who received budesonide (6 mg/day) and UDCA compared
with a 70% increase in fibrosis in those on UDCA monotherapy
[143]. This high rate of fibrosis progression in those on UDCA
monotherapy is in stark contrast to the much larger studies of
UDCA monotherapy discussed later in this chapter. One patient
out of 37 who received budesonide developed glucocorticoid
side-effects and was withdrawn.

Ciclosporin A reduces pruritus and fatigue, serum bilirubin
and ALP, and hepatic histology improves, but it has no effect on
survival [144]. The beneficial effects are achieved at the expense
of complications, particularly impaired renal function and sys-
temic hypertension. The use of ciclosporin in PBC has been
abandoned because of the risks of administering a toxic drug
over many years.

For the same reason, chlorambucil, shown in one small study
to have a beneficial effect on liver chemistry in PBC, is not 
advocated; 25% of patients in this study needed to be withdrawn
because of side-effects [145].

Methotrexate (MTX), given by mouth in a dose of 15 mg/
week, has been reported to improve pruritus and fatigue and
cause a fall in serum levels of ALP and bilirubin [146]. Liver
biopsies showed a reduction in portal inflammation, but the
Mayo prognostic score was unchanged. Subsequently, two 
RCTs have been conducted, one that employed low-dose MTX
monotherapy [147] and the other that compared MTX plus
UDCA with UDCA monotherapy [148], neither show a survival
advantage.

Antifibrotics
Colchicine is an inexpensive, antifibrotic drug with few side-
effects. Controlled trials showed that biochemical results and
symptoms improved, but a long-term benefit was not shown
[149]. Combination therapy (colchicine plus UDCA) appears 
to offer little more than UDCA monotherapy [150]; d-
penicillamine, another antifibrotic, was also shown to be of no
value in treating patients with PBC.

Choleretics
UDCA is a non-toxic, hydrophilic, choleretic bile acid, which
may decrease the toxicity of retained bile acids in patients with

cholestasis (in vitro studies indicate that it reduces bile acid-
induced apoptosis of hepatocytes) [151]. It may stabilize hepa-
tocyte membranes and does increase bile acid transport across
the liver cell and canaliculus [152]. In PBC, UDCA modifies the
bile acid pool so that it becomes the predominant bile acid.
There have been many trials of therapy involving the use of
UDCA (Table 6). The combined analysis of three placebo-
controlled trials, all of which employed the same formulation 
of UDCA at a dose of 13–15 mg/kg/day, indicated that UDCA
prolongs life by increasing the time to transplantation [153].
However, a meta-analysis of 15 studies reporting the effect of
UDCA in varying doses, prescribed for periods that ranged from
6 months to 4 years, showed no survival benefit but did confirm
that UDCA therapy was associated with a fall in serum bilirubin
and a reduction in hepatic failure, namely ascites [154]. As
UDCA is the current standard of care, no more randomized
placebo-controlled trials can be performed [155].

The decision to treat the early, asymptomatic patient with
UDCA is a difficult one, and a decision must be made in the indi-
vidual patient, bearing in mind the cost and other comorbid-
ities. However, a 5-year study of patients with predominantly
early disease did show a significant reduction in the rate of dis-
ease progression on liver histology when treated with UDCA
[156]; this was confirmed by Poupon et al. [157]. However, this
beneficial effect of UDCA on liver histology was not observed in
the Finnish study [143].

For successful treatment of PBC, it is likely that the therapy is
best started early at the stage of acute bile duct inflammation.
Even though AMA is a specific marker for this disease, not all
those who test AMA positive are destined to develop PBC and,
even if PBC is present, rate of progression of disease is highly
variable. Further work is needed to identify reliable ways of 
predicting disease progression. In those patients who appear to
have very early disease, it could be that they would benefit 
from immunosuppressive therapy given perhaps in addition 
to UDCA. However, much larger trials of combination therapy
with UDCA and an immunosuppressive agent are needed to
determine the ideal patient and timing for such an intervention.
Once patients with PBC have an elevated bilirubin, progression
to endstage liver disease is inevitable. In patients with a serum
bilirubin > 35 mmol/L (2 mg/L), the 4-year transplantation-free
survival is < 30% and for those with a bilirubin > 60 mmol/L 
(3.5 mg/L), it is < 10% [153]. There is no evidence that addi-
tional immunosuppressive therapy will help such patients and it
may indeed be harmful.

Medical therapies to be considered

Cholesterol-lowering agents
There have been a number of pilot studies on the use of
bezafibrate 400 mg/day in PBC. This drug, although best known
for its lipid lowering effects, also induces the expression of
MDR3, the canalicular transporter for phosphatidylcholine;
therefore, it may act via promoting the formation of biliary
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micelles. Treatment is associated with a fall in biliary enzymes
and IgM. As a peroxisome proliferator-activated receptor (PPAR)
activator, it may also reduce inflammation [158,159].

Simvastatin, another cholesterol lowering drug that inhibits
HMG-CoA reductase, has been used successfully to treat hyper-
lipidaemia in patients with PBC who may also demonstrate a fall
in ALP, GGT and IgM [160,161].

There are no randomized controlled data on the potential
long-term benefit of these drugs in PBC.

Liver transplantation

PBC used to be one of the most common indications for liver
transplantation in adults. Now, the proportion of subjects with
this condition who undergo liver transplantation has decreased
dramatically. This is related in part to a significant increase in the
number of liver transplants performed for cirrhosis secondary to
viral hepatitis. Despite the rising prevalence of PBC, a stable
number of patients with this disease are referred for transplanta-
tion. This may suggest an improvement in the prognosis of PBC
related either to earlier diagnosis or possibly to wide use of
UDCA [162]. Indications for liver transplantation in PBC are
comparable to indications in other chronic liver diseases and
include endstage liver failure when anticipated survival is less
than 1 year. The Mayo risk score (http://www.mayoclinic.org/
gi-rst/mayomodel1.html) is useful to estimate the short-term
(2-year) prognosis. The following symptoms suggest the 
necessity for liver transplant assessment: ascites, episodes of
spontaneous bacterial peritonitis, recurrent episodes of variceal
bleeding and/or encephalopathy not responding to appropriate
treatment. The Mayo risk score remains a valid predictor of out-
come when patients are treated with UDCA. The MELD (model
for endstage liver disease) score, which includes bilirubin, crea-
tinine and international normalized ratio (INR), has been found
helpful in organ allocation for patients already on the trans-
plant list. Serum bilirubin level is probably the most important
single prognostic indicator in patients with PBC [163]. It has
been shown convincingly that patients should be referred for
liver transplant assessment once their bilirubin level reaches 
100 µmol/L (5.9 mg/dL). If they are transplanted when serum
bilirubin levels are around 170 µmol/L (10 mg/dL) or higher, the
probability of survival after transplantation is greater than the
probability of survival without transplantation [164].

Currently, the 5-year survival after liver transplantation for
PBC ranges between 83% and 86%, indicating that PBC is one of
the best indications for this procedure. Prior use of UDCA in
PBC does not impair post-transplant outcome, despite patients
being older [165].

Early mortality after surgery is caused mostly by multiorgan
failure and sepsis [162]. Acute rejection occurs more commonly
in patients with PBC than in those transplanted for other indica-
tions, but it has been postulated that acute rejection may in fact
improve outcome as it may increase tolerance [166]. PBC may
recur after liver transplantation in 17% of patients who manifest

typical histological, serological and biochemical features of PBC
[162]. This phenomenon is considered to be of little clinical
significance, as only a very small proportion of patients with
recurrent PBC post transplantation become symptomatic, and
fewer still develop liver failure and require regrafting. Recurr-
ence of PBC has been linked recently with tacrolimus- rather
than ciclosporin-based immunosuppression.

Sometimes, it is appropriate to refer individuals with PBC 
for a liver transplant before they have evidence of liver failure
because their quality of life as a result of uncontrollable pruritus
is significantly impaired; less often patients are referred for 
liver transplant for severe fatigue – the effect of liver transplanta-
tion on fatigue is not well studied. Severe osteoporosis and 
primary liver cell cancer are two other reasons for referring a
patient with PBC for a liver transplant even in the absence of
liver failure.

Conclusions

There have been no significant breakthroughs in the treatment
of PBC, and it remains an incurable condition. Ursodeoxycholic
acid, as an anticholestatic agent, only delays the development of
hepatic failure. Its early use in combination with an immuno-
modulating agent might give rise to more satisfactory results;
early data need to be validated in larger trials. Hepatic transplan-
tation gives excellent results in the well-chosen patient treated in
a centre with a good proven track record [167].
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11.2 Autoimmune hepatitis
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Introduction/definition

Autoimmune hepatitis (AIH) is an inflammatory liver disease,
affecting mainly females, characterized by elevated transaminase
levels, positive organ- and non-organ-specific autoantibodies,
elevated immunoglobulin G (IgG) and a histological picture 
of interface hepatitis. Immune reactions against host liver anti-
gens are believed to be the major pathogenic mechanism. AIH
responds to immunosuppressive treatment in most cases. The
diagnosis should be made as soon as possible because symp-
tomatic AIH, if left untreated, progresses to liver failure requir-
ing transplantation. The development of a panel of marker
autoantibodies has allowed the subdivision of AIH into distinct
types that have clinical and prognostic peculiarities [1–6].

Historical background

Reports of a non-viral chronic hepatitis affecting children or
young adults with a female preponderance and associated with
high serum proteins date back to the 1930s and 1940s [7,8]. The
full description of AIH, however, was given at the first meeting
after World War II of the German Society for Digestive and
Metabolic Disorders at Bad Kissingen in September 1950 [9].
The report was by the Swedish physician Jan Gösta Waldeström
who described six patients, five of whom were female, with a
‘hepatitis sui generis’, characterized by a substantial elevation of
gammaglobulins. While investigating the amenorrhoea of these
patients through the administration of adenocorticotrophic
hormone (ACTH), Waldeström noted that this intervention was
followed by a striking subjective improvement and by a dra-
matic fall in the sedimentation rate. He went on to predict that
these ‘patients may benefit from ACTH treatment in the future’.
Female preponderance, hyperimmunoglobulinaemia G and
response to corticosteroids, key characteristics of AIH, were
defined in this early report. In 1951, Henry George Kunkel
confirmed Waldeström’s observation [8] and noted that some
patients had additional clinical features such as fever, arthralgia
and arthritis. In 1955, Joske and King [10] from the Clinical
Research Unit of the Walter and Eliza Hall Institute of Medical

Research in Melbourne, Australia, reported the finding of lupus
erythematosus (LE) cells in the blood of two patients with hyper-
gammaglobulinaemic active chronic hepatitis. Interestingly, a
year earlier, Leoni had reported the ‘fenomeno LE’ in the ascites
of a patient with cirrhosis [11]. In a landmark article, Mackay
et al. [12] described five additional hypergammaglobulinaemic
chronic hepatitis patients recruited in the same unit as the two
reported earlier by Joske and King. Because of the presence of LE
cells, they provisionally designated the liver disorder in these
seven patients as ‘lupoid hepatitis’. Ten years later, when it 
was apparent that ‘lupoid hepatitis’ was a different entity from
systemic lupus erythematosus, a condition in which liver disease
is rare, and that LE cells reflect the presence of antinuclear 
antibody (ANA), Mackay suggested the alternative name of
‘autoimmune hepatitis’ [13]. This term, however, was finally
accepted only in the 1990s, after several different labels had 
been given to this condition over the years. In addition to sero-
positivity for ANA, reports from the early 1960s showed that 
antismooth muscle antibodies could also act as markers of what
is known today as AIH type 1 (AIH-1) [7,8]. Thirty years after
the first description of ‘lupoid hepatitis’, AIH type 2 (AIH-2),
characterized by the presence in the serum of liver/kidney
microsomal antibody type 1, was described [14].

Epidemiological features

The prevalence of AIH is unknown. Most of the information
available was collected before the introduction of the International
Autoimmune Hepatitis Group (IAIHG) scoring system [15,16]
and, therefore, no standardized way of evaluating patients was
used. Moreover, early studies did not exclude hepatitis C. A
study in a Norwegian population reports a mean annual incid-
ence of 1.9 cases of AIH per 100 000 and a point prevalence 
of 16.9 cases per 100 000 population [17]. The rates of AIH
found in this study are about twice those found in studies of
idiopathic chronic active hepatitis in Iceland and of AIH within
patients with chronic active hepatitis in Sweden and England
[18]. Other reported prevalences range from 1 per 200 000 in 
the US general population [19] to 20 per 100 000 in females over
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14 years of age in Spain [20], although both figures are probably
underestimates.

The prevalence of AIH-2, which affects mainly children and
young adults, is unknown, also owing to the fact that the 
diagnosis is often overlooked. At the King’s College Hospital 
tertiary paediatric hepatology referral centre, there has been a
sevenfold increase in the incidence of AIH over the last decade.
AIH represents approximately 10% of some 400 new referrals
per year, two-thirds of the cases being AIH-1 and one-third
AIH-2.

Diagnosis and clinical features

The diagnosis of AIH is based on the presence of positive
autoantibodies, elevated transaminase and IgG levels, and inter-
face hepatitis on liver biopsy. The last item is required to confirm
the diagnosis and to evaluate the severity of liver damage. The
levels of transaminases and IgG do not reflect the extent of the
histological inflammatory activity, nor do they indicate the pres-
ence or absence of cirrhosis. Other hepatic disorders that may
share some of the above features need to be considered in the
differential diagnosis. These include viral hepatitides (in par-
ticular B and C), Wilson disease and drug-induced liver disease
(minocycline, nitrofurantoin, isoniazid, propylthiouracil, diclo-
fenac, pemoline, atovastatin and alpha-methyldopa). Female
patients outnumber male patients 3:1. A family history of
autoimmune diseases is present in some 40% of the patients.
Associated autoimmune disorders are present at diagnosis or
develop during follow-up in at least one-fifth of the patients 
and include thyroiditis, ulcerative colitis, insulin-dependent
diabetes, vitiligo, nephrotic syndrome, hypoparathyroidism 
and Addison’s disease, the last two being observed in particular
in liver/kidney microsomal type 1 (LKM-1) antibody-positive
patients or in patients with autoimmune polyendocrinopathy–
candidiasis–ectodermal dystrophy (APECED), a monogenic
disorder with a variable phenotype that includes AIH in about
20% of the cases. Typically, AIH responds to immunosuppressive
treatment, which should be instituted as soon as the diagnosis 

is made. The onset of AIH is often ill-defined, and it frequently
mimics acute hepatitis, particularly in young patients. Two 
main types of AIH are recognized, according to the presence of
smooth muscle antibody (SMA) and/or ANA or LKM-1 anti-
body (Fig. 1). Major targets of SMA are the microfilaments of
smooth muscle, whereas the molecular target of anti-LKM-1 is
cytochrome P4502D6 (CYP2D6). The distinction between type
1 and type 2 AIH is particularly relevant in paediatrics, as anti-
LKM-1-positive disease is quite rare, but not absent, in adults. 
In paediatrics, anti-LKM-1-positive AIH represents one-third of
all cases and has a clinical course similar to ANA/SMA-positive
AIH, although anti-LKM-1-positive children present at a younger
age, more often with an acute onset, including fulminant hepatitis,
and have associated IgA deficiency [21]. There are three main
patterns of disease presentation: an acute onset, characterized by
non-specific symptoms of malaise, nausea/vomiting, anorexia
and abdominal pain, followed by jaundice, dark urine and 
pale stools; an insidious onset, with an illness characterized by
progressive fatigue, relapsing jaundice, headache, anorexia and
weight loss; and, finally, presentation with complications of 
portal hypertension, such as haematemesis from oesophageal
varices, bleeding diathesis, chronic diarrhoea, weight loss and
vomiting. The mode of presentation of AIH is therefore variable,
and the disease should be suspected and excluded in all patients
presenting with symptoms and signs of prolonged or severe liver
disease. Some patients, however, are completely asymptomatic
and are diagnosed after incidental discovery of abnormal liver
function tests.

The criteria for the diagnosis of AIH have been defined and
revised by the IAIHG. This diagnostic system, which includes
positive and negative scores, was devised mainly for comparative
and research purposes [15,16] (Table 1) because, in most
instances, clinical, laboratory and histological features allow the
diagnosis of AIH to be made without the need for the scoring
system. In the IAIHG scoring system, differences between a
definite and probable diagnosis of AIH relate mainly to the
degree of serum gammaglobulin or IgG elevation, levels of ANA,
SMA or anti-LKM-1 and exposures to alcohol, medications or

(a) (b) (c)

Fig. 1 Immunofluorescence pattern of 
smooth muscle (SMA), antinuclear (ANA) and
anti-liver/kidney microsomal type 1 (LKM-1)
autoantibodies on renal and liver rodent
sections. SMA (a) stains the small artery and 
the glomeruli in the renal section, ANA (b) the
nuclei in the liver section and LKM-1 (c) the
cytoplasm of hepatocytes and proximal renal
tubules.
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infections that can cause liver injury. Cholestatic laboratory 
and histological changes carry a negative score. In rare cases, 
the presence of non-standard autoantibodies, such as those to
asialoglycoprotein receptor (anti-ASGPR), liver-specific cytosol
antigen type 1 (anti-LC1), soluble liver antigen/liver–pancreas
(anti-SLA/LP) and perinuclear antineutrophil cytoplasmic 
antibodies (pANCA) (see below for all), supports a probable
diagnosis in the absence of conventional autoantibodies.
Response to steroids weights strongly towards the diagnosis of
AIH and has been incorporated into the scoring system, because
this condition typically enters remission during corticosteroid
therapy and frequently relapses after drug withdrawal. A definite
diagnosis before steroid treatment requires a score greater than
15, while a definite diagnosis after steroid treatment requires a
score greater than 17 (Table 1). The diagnostic criteria for chil-
dren are slightly different from those of adults. In view of the fact
that autoantibodies are very rarely positive in healthy children,
the presence of autoantibody titres as low as 1:20 for ANA and
SMA and 1:10 for anti-LKM-1 is compatible with the diagnoses
of type 1 and type 2 AIH respectively. Also, in adults, autoanti-
bodies are present at times at low titre or even absent, the titre
rising or becoming detectable during follow-up. Seronegative
individuals, therefore, classified at presentation as having cryp-
togenic chronic hepatitis, may later be firmly diagnosed when
conventional markers appear or when autoantibodies that are
not generally available are tested.

Autoantibodies (see Table 2)

A key component of the criteria developed by the IAIHG
[15,16,22] is detection by indirect immunofluorescence of
autoantibodies to constituents of the nuclei (ANA), smooth
muscle (SMA) and liver/kidney microsome type 1 (anti-LKM-1).
Autoantibody detection not only assists in the diagnosis but 
also allows differentiation of AIH into type 1 and type 2. ANA
and SMA, which characterize AIH-1, and anti-LKM-1, which
defines AIH-2, are practically mutually exclusive; in those rare
instances when they are present simultaneously, the clinical
course is similar to that of AIH-2. Recognition and interpreta-
tion of the immunofluorescence patterns is not always straight-
forward. The operator dependency of the technique and the
relative rarity of AIH explain the not infrequent occurrence of
errors in reporting, particularly of less frequent specificities such
as anti-LKM-1. Problems do exist between laboratory reporting
and clinical interpretation of the results that are partly depend-
ent on insufficient standardization of the tests, but also partly
dependent on a degree of unfamiliarity of some clinicians with
the disease spectrum of AIH. With regard to standardization, 
a lead has been taken by the IAIHG, which has established an
internationally representative committee to define guidelines
and develop procedures and reference standards for more 
reliable testing [22].

The basic technique for the routine testing of autoantibodies
relevant to AIH is indirect immunofluorescence on a freshly

Table 1 IAIHG scoring system for the diagnosis of autoimmune hepatitis.

Parameter Score

Principal parameters
Sex Female +2

ALP:AST (or ALT) ratio > 3 –2

1.5–3 0

< 1.5 +2

Serum globulins or IgG > 2.0 +3

(times above normal) 1.5–2.0 +2

1.0–1.5 +1

< 1.0 0

ANA, SMA or anti-LKM-1 titres >1:80 +3

1:80 +2

1:40 +1

< 1:40 0

AMA Positive −4

Viral markers of active infection Positive –3

Negative +3

Hepatotoxic drug history Yes −4

No +1

Average alcohol < 25 g/day +2

> 60 g/day −2

Histological features Interface hepatitis +3

Plasma cells +1

Rosettes +1

None of above −5

Biliary changes* −3

Atypical changes† −3

Optional additional parameters
Seropositivity for other defined Anti-SLA/LP, actin, +2

autoantibodies LC1, ASGPR, pANCA

HLA DR3 or DR4 +1

Response to therapy Remission +2

Relapse +3

Interpretation of aggregate scores
Pretreatment
Definite AIH > 15

Probable AIH 10–15

Post treatment
Definite AIH > 17

Probable AIH 12–17

IAIHG, International Autoimmune Hepatitis Group; ALP, alkaline

phosphatase; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; IgG, immunoglobulin G; ANA, antinuclear antibody;

SMA, smooth muscle antibody; LKM-1, liver/kidney microsomal antibody

type 1; AMA, antimitochondrial antibody; SLA/LP, soluble liver

antigen/liver–pancreas; LC1, liver cytosol type 1; ASGPR, asialoglycoprotein

receptor; pANCA, perinuclear antineutrophil cytoplasmic antibody; 

HLA, human leukocyte antigen; AIH, autoimmune hepatitis.

*Including granulomatous cholangitis, concentric periductal fibrosis,

ductopenia, marginal bile duct proliferation with cholangiolitis.

†Any other prominent feature suggesting a different aetiology.

Modified from ref. 16.
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Table 2 Methods, associations and reactants for autoantibodies in liver diseases.

Conventional method Molecularly
Autoantibodya of detection† based assaysb Disease association Molecular target(s)

ANA IIF NA AIH-1; overlap syndromes Multiple targets, particularly chromatin

SMA IIF NA AIH-1; overlap syndromes Microfilaments (actin?), intermediate 

filaments (vimentin, etc.)

Anti-LKM-1 IIFc ELISA, IB, RIA AIH-2; HCV infection (5%) Cytochrome P4502D6

Anti-LC1 IIF, DID, CIE ELISA, RIA AIH-2 Formiminotransferase cyclodeaminase

SLA/LP Inhibition ELISA ELISA, IB, RIA AIH-1; AIH-2 and AIH-negative tRNP(Ser)Sec (see text)

for other reactivities

Atypical pANCA IIF NA AIH-1; sclerosing cholangitis Unidentified antigen(s) at nuclear periphery

(pANNA)

AMA IIF ELISA, IB, RIA Primary biliary cirrhosis E2 subunits of 2-oxoacid dehydrogenase 

complexes, particularly PDC-E2

aANA, antinuclear antibody; SMA, antismooth muscle antibody; LKM-1, anti-liver/kidney microsomal antibody type 1; LC1, anti-liver cytosol type 1 antibody;

SLA/LP, anti-soluble liver antigen/liver–pancreas antibody; pANCA, perinuclear antineutrophil cytoplasmic antibody; pANNA, perinuclear antineutrophil

antibody; AMA, antimitochondrial antibody. 
bIIF, indirect immunofluorescence (recommended cutoff titre for positivity is 1:40 except in children; see text); DID, double dimension immunodiffusion; CIE,

counterimmunoelectrophoresis; ELISA, enzyme-linked immunosorbent assay; IB, immunoblot; RIA, radioimmunoprecipitation assay. 
cAnti-LKM-1 and AMA both stain renal tubules and are frequently confused (see text).

NA, not available.

prepared rodent substrate that should include kidney, liver and
stomach to allow the detection of ANA, SMA, anti-LKM-1 as
well as anti-LC1, but also of antimitochondrial antibody (AMA),
the serological hallmark of primary biliary cirrhosis (PBC).
Positive sera should be titrated to extinction, while the pattern of
nuclear staining for those who are ANA positive may be charac-
terized further using HEp2 cells. Of particular importance is the
plan of section and orientation of the kidney because both anti-
LKM-1 and AMA stain renal tubules, but with different patterns
distinguishable only in the presence of both proximal and distal
tubules. Thus, AMA preferentially stains the distal tubules, which
are smaller in size, whereas anti-LKM-1 characteristically stains
the third portion of the proximal tubules. The sections of liver,
kidney and stomach should be dried in air and used without 
further fixation. Commercially available sections are of variable
quality because, to lengthen shelf-life, they are treated with
fixatives (acetone, ethanol or methanol), which readily result in
enhanced background staining that may hinder the recognition
of diagnostic autoantibodies, especially when these are present
at low titre.

As healthy adults may show reactivity at the conventional
starting serum dilution of 1:10, the arbitrary dilution of 1:40 has
been considered clinically significant by the IAIHG. In contrast,
in healthy children, autoantibody reactivity is infrequent, so that
titres of 1:20 for ANA and SMA and 1:10 for anti-LKM-1 are
clinically relevant. Hence, the laboratory should report any level
of positivity from 1:10, and the attending physician should
interpret the result within the clinical context and the age of the
patient.

Antinuclear antibody

ANA is readily detectable as a nuclear staining in kidney, stom-
ach and liver. In the last organ in particular, the ANA pattern
may be detected as homogeneous or coarsely or finely speckled.
In most cases of AIH, but not all, the pattern is homogeneous.
To obtain a much clearer and easier definition of the nuclear
pattern, HEp2 cells that have prominent nuclei should be used.
HEp2 cells, however, should not be used for screening purposes
because nuclear reactivity to these cells is frequent at low serum
dilution (1:40) in the normal adult population. For ANA, likely
molecular targets include nuclear chromatin and histones, 
akin to lupus, but there are probably several others. The advent
of new techniques using recombinant nuclear antigens and
immunoassays will enable a better definition of ANA target anti-
gens and an assessment of their specificity for diagnosis and their
possible role in the pathogenesis of AIH-1.

Smooth muscle antibody

SMA is detected on kidney, stomach and liver, where it stains the
walls of the arteries. In the stomach, it also stains the muscularis
mucosa and the lamina propria. On the renal substrate, it is pos-
sible to visualize the V, G and T patterns; V refers to vessels, G to
glomeruli and T to tubules [22]. The V pattern is also present in
non-autoimmune inflammatory liver disease, in autoimmune
diseases not affecting the liver and in viral infections, but the VG
and VGT patterns are more specific for AIH. The VGT pattern
corresponds to the so called ‘F-actin’ or microfilament (MF)
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pattern observed using cultured fibroblasts as substrate. Neither
the VGT nor the anti-MF patterns are, however, entirely specific
for the diagnosis of AIH-1. Although the VGT-MF pattern has
been suggested to result from a specific antibody uniquely found
in AIH-1, it may just reflect high-titre SMA. The molecular target
of the microfilament reactivity that is observed in AIH-1 remains
to be identified. Although ‘anti-actin’ reactivity is strongly asso-
ciated with AIH-1, some 20% of SMA-positive AIH-1 patients
do not have the F-actin/VGT pattern. Therefore, the absence of
anti-actin SMA does not exclude the diagnosis of AIH.

Anti-liver/kidney microsomal antibody

Anti-LKM-1 brightly stains the liver cell cytoplasm and the P3
portion of the renal tubules, but does not stain gastric parietal
cells. Anti-LKM-1 is often confused with AMA, as both auto-
antibodies stain liver and kidney. Compared with LKM-1, AMA
stains the liver more faintly and the renal tubules more diffusely
with an accentuation of the small distal ones. In contrast to 
anti-LKM-1, AMA also stains the gastric parietal cells. In the
context of AIH, there can be positivity for AMA in a small subset
of patients (3–5%) in whom there are overlapping features 
with PBC. The identification of the molecular targets of anti-
LKM-1, i.e. cytochrome P4502D6 (CYP2D6), and of AMA, i.e.
enzymes of the 2-oxo-acid dehydrogenase complexes, has led 
to the establishment of immunoassays based on the use of 
the recombinant or purified antigens. Commercially available
enzyme-linked immunosorbent assays (ELISAs) are accurate for
the detection of anti-LKM-1, at least in the context of AIH-2,
and reasonably accurate for the detection of AMA. Therefore, if
a doubt remains after examination by immunofluorescence, this
can be resolved by the use of molecularly based immunoassays.

Variant liver microsomal antibodies: 
anti-LM, anti-LKM-2 and -3

These antibodies are mostly directed against P450 cytochrome
isoforms that are different from 2D6. Anti-LM antibodies stain
only the liver cytoplasm, react with liver-specific cytochrome
P4501A2 and occur in dihydralazine-induced hepatitis and in
hepatitis associated with APECED. An anti-LKM-1-like pattern
of immunofluorescence is given by autoantibodies to P4502A6
that occur in APECED and occasionally in hepatitis C. The term
anti-LKM-2 was originally applied to LKM-1-like microsomal
antibodies produced during hepatitis, induced by the no-longer
marketed antihypertensive tienilic acid and directed against
cytochrome P4502C9. Anti-LKM-3, which target members of
the family 1 UDP glucuronosyltransferases (UGT), also gives an
immunofluorescent pattern similar to anti-LKM-1, but mainly
occurs in hepatitis D (delta).

Anti-liver cytosol type 1 (LC1)

This antibody was originally described either in association with
anti-LKM-1 or in isolation, in both instances defining a clinical

entity resembling AIH-2. Later, anti-LC1 was also found occa-
sionally in association with the serological markers of AIH-1 and
in patients with chronic hepatitis C virus infection. Anti-LC1
can be detected by indirect immunofluorescence using the stan-
dard tissue panel composed of rodent liver, kidney and stomach.
It stains the cytoplasm of liver cells with relative sparing of the
centrilobular area, but is usually obscured by the concurrent
presence of anti-LKM-1. In the presence of anti-LKM-1, 
anti-LC1 can be detected by the use of liver cytosol in double-
dimension immunodiffusion or counterimmunoelectrophoresis,
and a positive reference serum. In Western blotting, anti-LC1
reacts with a 58 to 60-kDa protein when human liver cytosolic
fraction is used as substrate. The molecular target has been
identified as formiminotransferase cyclodeaminase (FTCD).
The clinical relevance of anti-LC1 is currently being assessed
using molecularly based immunoassays. The presence of anti-
LC1 in isolation scores positively towards a diagnosis of AIH-2,
allowing prompt initiation of treatment.

Anti-soluble liver antigen/liver–pancreas
antigen (anti-SLA/LP)

Anti-SLA and anti-LP, previously described separately in AIH,
target the same antigen and are therefore the same autoantibody. 
Anti-SLA was thought to identify a third type of AIH in which
tests for conventional autoantibodies were negative. However,
early reports predated the publication of the IAIHG recommen-
dations and used a cutoff point for conventional autoantibody
levels higher than that currently used for the diagnosis of AIH.
Several patients considered to have AIH-3 were probably posit-
ive for conventional autoantibodies, and therefore had type 1 or
2 AIH. Screening of cDNA expression libraries using high-titre
anti-SLA serum has allowed the identification of the molecular
target antigen as UGA tRNA suppressor-associated antigenic
protein (tRNP(Ser)Sec). Molecularly based diagnostic assays
have become available, but their full evaluation is still under
way. Although anti-SLA/LP is found occasionally in patients
with AIH who are negative for ANA, SMA and anti-LKM-1, it is
also frequently present in typical cases of AIH-1 and AIH-2, and
also in AIH/sclerosing cholangitis overlap syndrome. Anti-SLA
appears to be highly specific for the diagnosis of AIH. Its detec-
tion at the time of diagnosis identifies patients with more severe
disease and worse outcome [23].

Antibodies to liver-specific lipoprotein
complex and its components [4]

In the mid-1970s, it was reported that antibodies to the liver-
specific lipoprotein (LSP) – a macromolecular complex present
on the hepatocyte membrane and originally described by Meyer
zum Büschenfelde and collaborators – are not only present in
AIH but that their titre correlates with the biochemical and his-
tological severity of the disease. A similar relationship to disease
severity was later observed for the titres of an antibody to a 
well-characterized component of LSP, the asialoglycoprotein
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receptor (ASGPR). More recently, antibodies to alcohol dehy-
drogenase (ADH), a second well-defined component of LSP,
have been described in patients with AIH [24]. The measure-
ment of these autoantibodies, however, is confined to research
laboratories, in view of the difficulties in setting up and stand-
ardizing their detection assays.

Antineutrophil cytoplasmic antibodies (ANCA)

These autoantibodies are directed at cytoplasmic components 
of neutrophils and give either a perinuclear (pANCA) or a 
cytoplasmic (cANCA) pattern. cANCA mainly reacts with pro-
teinase 3 and is found in Wegener’s granulomatosis; pANCA
reacts with myeloperoxidase and is frequently detected in
microscopic polyangiitis. In AIH-1, akin to primary sclerosing
cholangitis and inflammatory bowel disease, pANCA are fre-
quently detected, but they are atypical as they reportedly react
with peripheral nuclear membrane components (perinuclear
antinuclear neutrophil antibodies; pANNA) [22]. In contrast 
to AIH-1, pANNA are virtually absent in AIH-2. Detection of
atypical pANCA can act as an additional pointer towards the
diagnosis of AIH, particularly in the absence of other autoanti-
bodies [16].

Histology

Interface hepatitis (hepatitis at the portal–parenchymal inter-
face) is characteristic of, but not exclusive to, AIH [25]. Other
lesions typically present in AIH are periportal lymphocytic or
lymphoplasmacytic infiltration, hepatocyte swelling and/or pyc-
notic necrosis (Plate 11.2.1a, facing p. 1268). Lymphocytes, plasma
cells and histiocytes surround individual dying hepatocytes at
the portal–parenchymal interface and in the lobule. Although
plasma cells are usually abundant at the interface and through-
out the lobule, their presence in low number does not preclude
the diagnosis. In AIH presenting acutely or relapsing, panlobu-
lar hepatitis is often present, associated with bridging necrosis
(Plate 11.2.1b, facing p. 1268) and, in the case of a fulminant 
presentation, with massive necrosis. Although sampling varia-
tion may occur in needle biopsy specimens, especially in the
presence of cirrhosis, the severity of the histological appearance
is usually of prognostic value. However, it is important to
remember that even patients with cirrhosis at presentation
respond well to immunosuppressive treatment. Rare histologi-
cal manifestations of AIH include perivenular necrosis and
multinucleated giant hepatocytes, which are, however, more
commonly found in viral hepatitis and drug-induced liver 
disease.

Granulomatous cholangitis and changes such as granulomas,
siderosis, heavy copper deposits and steatosis hinder the diagno-
sis of AIH. Inflammatory changes surrounding the bile ducts,
which may be present in a small proportion of patients with
AIH, suggest an overlap with sclerosing cholangitis, as reported
more frequently in the paediatric setting [26].

Genetics

AIH is a ‘complex trait’ disease, i.e. a condition not inherited 
in a Mendelian autosomal dominant, autosomal recessive or
sex-linked fashion. The mode of inheritance of a complex trait
disorder is unknown and involves one or more genes, operating
alone or in concert, to increase or reduce the risk of the trait, and
interacting with environmental factors.

Susceptibility to AIH is imparted by genes within the histo-
compatibility lymphocyte antigen (HLA) region on the short
arm of chromosome 6, especially those encoding DRB1 alleles.
These class II major histocompatibility complex (MHC) mole-
cules are involved in peptide antigen presentation to CD4 T
cells, suggesting the involvement of MHC class II antigen pre-
sentation and T-cell activation in the pathogenesis of AIH.

In Europe and North America, susceptibility to AIH-1 is con-
ferred by the possession of HLA DR3 (DRB1*0301) and DR4
(DRB1*0401), both heterodimers containing a lysine residue at
position 71 of the DRB1 polypeptide and the hexameric amino
acid sequence LLEQKR at positions 67–72 [27,28]. In Japan,
Argentina and Mexico, susceptibility is linked to DRB1*0405
and DRB1*0404, alleles encoding arginine rather than lysine at
position 71, but sharing the motif LLEQ-R with DRB1*0401 and
DRB1*0301 [29]. Thus, K or R at position 71 in the context 
of LLEQ-R may be critical for susceptibility to AIH, favouring
the binding of autoantigenic peptides complementary to this
hexameric sequence. However, an alternative model based on
valine/glycine dimorphism at position 86 of the DR-beta
polypeptide has been proposed, better representing the key HLA
associations in patients from Argentina and Brazil [27,28]. In a
study from Japan, patients with AIH-1 were found to have DRB1
alleles that encode histidine at position 13 [27,28]. There appear
therefore to be at least three different models, suggesting that
different genetic associations are present in different popula-
tions and that the peptides presented by HLA class II molecules
to the T-cell receptors are different and may derive from differ-
ent antigens. Thus, these HLA associations may be the molecular
footprints of the prevailing environmental triggers that pre-
cipitate AIH-1 in different environments. In this context, it 
is of interest that, in South America, possession of the HLA
DRB1*1301 allele, which predisposes to paediatric AIH-1 in that
population, is also associated with persistent infection with the
endemic hepatitis A virus.

The lysine-71 and other models for AIH-1 cannot completely
explain the disease as, for example, in European and North
American patients, the presence of lysine-71 is associated with a
severe, mainly juvenile, disease in those who are DRB1*0301
positive, but with a mild, late-onset disease in those who are
DRB1*0401 positive. Other genes within and/or without the
MHC are, therefore, likely to be involved in determining the
phenotype. Possible candidates are the MHC-encoded com-
plement and tumour necrosis factor (TNF)α genes, mapping to
the class III MHC region, and the MHC class I chain-related A
and B genes.
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Susceptibility to AIH-2 is conferred by the possession of HLA
DR7 (DRB1*0307) and DR3 (DRB1*0301), patients positive 
for DRB1*0307 having a more aggressive disease and severe
prognosis [30].

A form of AIH resembling AIH-2 affects some 20% of patients
with APECED, a condition also known as autoimmune polyen-
docrine syndrome 1. APECED is a monogenic autosomal reces-
sive disorder caused by homozygous mutations in the AIRE1
gene and characterized by a variety of organ-specific autoim-
mune diseases, the most common of which are hypoparathy-
roidism and primary adrenocortical failure, accompanied by
chronic mucocutaneous candidiasis [31,32]. The AIRE1 gene
sequence consists of 14 exons containing 45 different mutations,
with a 13-bp deletion at nucleotide 964 in exon 8 accounting 
for more than 70% of APECED alleles in the UK [31]. The 
protein predicted to be encoded by AIRE1 is a transcription 
factor. AIRE1 is highly expressed in medullary epithelial cells
and other stromal cells in the thymus involved in the clonal 
deletion of self-reactive T cells. Studies in a murine model 
indicate that the gene inhibits organ-specific autoimmunity 
by inducing thymic expression of peripheral antigens in the
medulla, leading to central deletion of autoreactive T cells.
Interestingly, APECED has a high level of variability in symp-
toms, especially between populations. As various gene muta-
tions have the same effect on thymic transcription of ectopic
genes in animal models, it is likely that the clinical variability
across human populations relates to environmental or genetic
modifiers. Of the various genetic modifiers, perhaps the most
likely to synergize with AIRE mutations are polymorphisms 
in the HLA region. HLA molecules are not only highly variable
and strongly associated with multiple autoimmune diseases,
they are also able to affect thymic repertoire selection of 
autoreactive T-cell clones. Carriers of a single AIRE mutation 
do not develop APECED. However, although the inheritance
pattern of APECED indicates a strictly recessive disorder, there
are anecdotal data of mutations in a single copy of AIRE being
associated with human autoimmunity of a less severe form 
than classically defined APECED [31,32]. The role of the AIRE1
heterozygote state in the development of AIH remains to be
established.

Animal models

Research on the pathogenesis of AIH has been hampered by 
the lack of animal models faithfully reproducing the human
condition. Findings in animal models of AIH have been author-
itatively reviewed by Jaeckel [33] and Peters [34].

As early as 1908, Jean-Noël Fiessinger, while studying the
pathogenesis of cirrhosis for his doctorate thesis, described 
cirrhotic lesions in rabbits injected up to eight times intraperi-
toneally with nuclear extracts. However, when a liver antigen
was injected in guinea pigs, no histological lesions were induced.
Some 40 years later, Casals and Olitsky were able to induce liver
cellular inflammation, focal necrosis and fibrosis by 10 consecu-

tive intraperitoneal injections of allogeneic liver homogenate in
mice. Although mild to moderate hepatic damage was achieved
in these experiments, probably because of the allogeneic nature
of the antigen used, more severe lesions were obtained by com-
bining allogeneic liver antigen with complete Freund’s adjuvant
(CFA) (a mycobacterial extract emulsified in oil). The first
researchers who attempted to characterize the nature of the liver
antigens responsible for the formation of hepatic mononuclear
cell infiltrates were Scheiffarth and collaborators. They induced
liver cell necrosis and periportal infiltration, reminiscent of 
the histological changes seen in human chronic hepatitis, by
multiple immunization of rabbits over a period of several
months with allogeneic liver extracts in CFA, and showed that
the cytosolic fraction of the liver homogenate was much more
potent than the microsomal fraction, whereas the nuclear frac-
tion was unable to induce pathological changes. Further studies
aimed at defining the nature of the liver autoantigen in AIH 
were performed by Meyer zum Büschenfelde and collaborators,
who identified two hepatocyte antigens, one located in the
plasma membrane and the other in the cytosolic fraction, using
autoantibody-containing sera from rabbits with experimental
hepatitis, induced by repeated immunizations with xenogeneic
(human) liver antigen over several months. The membrane-
associated antigen, which was found to be a lipoprotein, was
called liver-specific protein (LSP) and was later also identified in
human liver. The fact that liver autoantibodies present in serum
and on hepatocytes in this model did not correlate with histolo-
gical liver damage and the previously reported inability to trans-
fer the disease with antibodies questioned their pathogenic 
relevance, indirectly implying a role for cell-mediated immune
damage. Subsequent in vitro studies in the rabbit model did find
lymphocyte proliferative responses against liver antigen. In vivo
evidence of cell-mediated liver damage was provided in a
murine model in which experimental hepatitis could be induced
through immunization with syngeneic liver antigen and adop-
tively transferred to naive mice with nylon wool-adherent lym-
phocytes (mainly T cells) [35]. Interestingly, this study showed
that the susceptibility to liver damage was strain dependent,
implying a genetic influence. The same group also reported that
splenocytes from the animals with experimental hepatitis were
able to suppress liver-specific and non-liver-specific immune
responses [36]. The balance between effector and regulatory
cells may explain the chronic relapsing course of AIH in
humans. Kohda and collaborators went on to show that cyto-
toxic CD8+ T lymphocytes are central to the induction of the
histological lesion. Neither the antigen nor the inflammatory
cell infiltrate was characterized in these early studies of cellular
immunity [33,34]. Other published murine models, aimed at
breaking the immune homeostasis by overexpression of the
proinflammatory cytokine interferon (IFN)γ, or by underex-
pression of the immunomodulatory cytokine tissue growth 
factor β-1, did obtain liver inflammatory histological lesions. A
widely studied model of experimental hepatitis is that induced
by concanavalin A. Although this model does not accurately
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reflect the pathological entity of AIH in humans, it has pro-
vided evidence that liver damage mainly occurs within a type 1
T-helper cell (Th1) scenario, with the involvement of activated
CD4+ T cells and release of the proinflammatory cytokines IFNγ
and TNFα against a specific genetic background. Interleukin
(IL)-4, a cytokine with mainly regulatory activity, is also required
for the establishment of concanavalin A-induced hepatitis. This
finding and those of Takeda and collaborators, who have shown
that natural killer T cells, which secrete both IL-4 and IFNγ, are
critical to the development of concanavalin A-induced hepatitis
in C57/B6 mice, suggest that both adaptive and innate immunity
are involved [33,34].

All the models described above, although informative regard-
ing single steps leading to liver inflammation and damage, did
not mimic the chronic relapsing course of human AIH. In fact,
they demonstrate the difficulty in breaking tolerance towards
liver antigens, and the involvement of regulatory mechanisms 
in maintaining it. The ideal model for AIH should have a well-
defined initiating event followed by chronic inflammation 
leading to fibrosis. More recently, researchers have focused on
animal models of AIH-2 because, in this condition, the autoanti-
gens are well defined. The model produced by the group led 
by Alvarez [37] is based on immunizing C57BL/6 female mice
three times every 2 weeks with a plasmid containing the anti-
genic region of human CYP2D6, the target of anti-LKM-1, and
FTCD, the target of anti-LC-1, together with the murine end-
terminal region of cytotoxic T-lymphocyte antigen 4 (CTLA-4).
The latter was added to facilitate antigen uptake by antigen-
presenting cells (APC). In a parallel set of experiments, a 
plasmid containing the DNA encoding IL-12, a Th1 skewing
proinflammatory cytokine, was also used. When autoantigens
and IL-12 were used to break tolerance, antigen-specific autoan-
tibodies were produced, a relatively modest elevation in
transaminase levels at 4 and 7 months was observed, and a portal
and periportal inflammatory infiltrate composed of CD4 and
CD8 T cells and, to a lesser extent, B cells was demonstrated 8–10
months after the third immunization. When the same immun-
ization protocol was used in different mouse strains, either mild
hepatitis or no inflammatory changes were observed, indicating
the importance of a specific genetic background. Another model
of AIH-2 uses CYP2D6 transgenic mice and aims at breaking
tolerance with an adenovirus – CYP2D6 vector [38]. While focal
hepatocyte necrosis was seen in both mice treated with the 
adenovirus – CYP2D6 vector and control mice treated with 
adenovirus alone, only the former developed chronic his-
tological changes, including fibrosis, reminiscent of AIH. The
hepatic lesion was associated with a specific immune response 
to an immunodominant region of CYP2D6, and a cytotoxic 
T-cell response to adenovirus – CYP2D6 vector-infected target
cells. Although these two experimental approaches provide 
useful information on the possible pathogenic mechanisms
leading to AIH-2, a model closely mimicking AIH in humans is
still missing.

Pathogenic mechanisms

The liver is regarded as a lymphoid organ with unique immuno-
logical properties [39]. Because of its location and function, 
the liver is continuously exposed to a large antigenic load that
includes pathogens, toxins, tumour cells, and dietary and self-
antigens. The liver contains large numbers of phagocytic cells,
APC and lymphocytes, and is a site for the production of
cytokines, complement components and acute-phase proteins.
The intrinsic lymphocyte population mainly resides in the portal
tracts, but is also scattered throughout the parenchyma, consist-
ing of cells of both the innate (natural killer T cells, natural killer
cells and macrophages) and the adaptive (T and B cells) arms of
the immune system. The blood entering the liver from the gut 
is rich in bacterial and dietary antigens that intermingle with
lymphocytes. Immunoregulatory mechanisms are required to
determine whether an antigen encounter will result in immuno-
logical unresponsiveness (tolerance) or reactivity. Liver auto-
immunity implies loss of self-tolerance. Programmed cell death
(apoptosis), which is responsible for the normal turnover of
hepatocytes and the elimination of liver cells in inflammatory
pathologies, is also relevant to the breakdown and/or mainte-
nance of liver tolerance. First, death by apoptosis allows for 
non-inflammatory elimination of cell components in contrast
to necrosis, which is proinflammatory and potentially autoanti-
genic. Second, apoptosis is a mechanism used by the immune
system for the removal of autoreactive T and B lymphocytes.

Various mechanisms have been proposed to account for the
onset of an autoimmune liver response, with no single initiating
event being able to explain all instances of autoimmunity.
However, two general conditions should prevail: self-reactive B
and T lymphocytes must exist in the immunological repertoire,
and autoantigens must be presented in conjunction with MHC
class II molecules by APC.

Humoral autoimmunity

Titres of antibodies to LSP, a macromolecular complex present
on the hepatocyte membrane, and to its well-characterized 
components ASGPR and ADH correlate with the biochemical
and histological severity of AIH [40]. Immunofluorescence
studies on monodispersed suspensions of liver cells obtained
from patients with AIH show that these cells are coated with
antibodies in vivo. A pathogenic role for these autoantibodies
has been indicated by cytotoxicity assays, demonstrating that
autoantibody-coated hepatocytes from patients with AIH are
killed when incubated with autologous or allogeneic lympho-
cytes. The effector cell was identified as an Fc receptor-positive
mononuclear cell [40].

In AIH-2, the target of the disease-defining antibody, anti-
LKM-1, is CYP2D6, a member of the hepatic P450 cytochrome
family. As CYP2D6 is expressed on the membrane of the hepato-
cytes and is readily accessible [41], anti-LKM-1 antibodies are
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likely to play a pathogenic role. In AIH-2, anti-LKM-1 antibod-
ies recognize linear regions of CYP2D6 in a hierarchical manner.
The principal linear B-cell epitope, CYP2D6193–212 is recognized
by 93% of patients, CYP2D6257–269 by 85%, CYP2D6321–351 by
53%, and two additional minor epitopes, CYP2D6373–389 and
CYP2D6410–429, are recognised by 7% and 13% respectively [42].
Intriguingly, anti-LKM-1 antibodies are also found in up to 10%
of patients with hepatitis C virus (HCV) infection, in whom they
appear to correlate with increased disease severity and adverse
reactions to IFNα treatment. The major CYP2D6 epitope recog-
nized by patients with AIH-2, CYP2D6193–212, is also recognized
by 50% of patients with anti-LKM-1-positive HCV infection.
Interestingly, these patients have antibodies that cross-react
with homologous regions of HCV (NS5B HCV2985–2990) and
CYP2D6 (CYP2D6204–209), and also of cytomegalovirus (exon
CMV130–135) [42]. Cross-reactive mechanisms to explain the
emergence of CYP2D6-specific autoimmunity have also been
suggested for other sequences of CYP2D6 that share homologies
with HCV and Herpes simplex virus (HSV), such as the
sequence spanning amino acids 310–324 of E1 HCV and amino
acids 156–170 of IE175 HSV1, which share homology with the
CYP2D6 region comprising amino acids 254–271. As anti-
LKM-1 antibodies cross-react with homologous regions of
CYP2D6, HCV, HSV and CMV, a ‘multihit’ mechanism for the
generation of these antibodies, and possibly of AIH-2, may be
envisaged. In this model, multiple exposures to CMV or HSV,
common viral pathogens, may establish permissive immunolo-
gical conditions by priming a cross-reactive subset of T cells in 
a genetically predisposed host. Depending on the degree of
immunological priming, the degree of genetic susceptibility
(particularly at the HLA locus and coding regions for ‘innate’
components of immunity) and the antigenic dose of the infect-
ing pathogens, a minority of individuals may progress to
autoimmune disease. It is therefore conceivable that infection
with an as yet unknown virus may be at the origin of the auto-
immune attack in AIH, in agreement with the concept expressed
by Rolf Zinkernagel that an autoimmune disease is a viral disease
in which the virus is unknown [43].

Molecular mimicry

The central function of the adaptive immune system is to gener-
ate T and B lymphocytes that can specifically recognize a poten-
tially infinite number of non-self-antigens without any prior
information as to their structure. This is achieved by randomly
generating a large number of T- and B-cell specificities (via their
respective antigen receptors – the T-cell receptor and the anti-
body) that are then able to clonally expand and recruit effector
mechanisms on recognition of their specific antigen. It is, how-
ever, becoming clear that even this system cannot cope with the
extent of non-self-antigenic diversity and, in the past decade,
convincing evidence for cross-reactivity as an inherent property
of immune ontogeny has emerged [40]. This has been studied

primarily in the context of T lymphocytes, where it is clear that
altered peptide ligands (APLs) – peptides similar in structure to
the peptide antigen which are initially encountered – are able 
to induce both stimulatory and inhibitory T-cell responses 
and, indeed, endogenous APLs operate in selecting the T-cell
repertoire in the thymus. This implies that a single T cell, rather
than responding to a single antigen specificity, is able to cross-
reactively respond to a number of antigens, thus expanding the
antigenic specificities of the immune system to a level that
reflects the antigenic diversity of the external environment.

This inherent potential for cross-reactivity, while allowing
efficient responses to a vast array of pathogens, also provides the
immune system with the potential to cross-react with self, lead-
ing to autoimmunity. This concept has been termed ‘molecular
mimicry’, in which immune responses to external pathogens
become directed towards structurally similar self components.
Molecular mimicry has been demonstrated to be a dominant
mechanism in the pathogenesis of autoimmune disease both in
experimental models and in the human setting at the level of
both T and B cells [40].

Cellular autoimmunity

The histological picture of interface hepatitis, with its striking
infiltrate of lymphocytes, plasma cells and macrophages, was the
first to suggest an autoaggressive cellular immune attack in the
pathogenesis of AIH. Whatever is the initial trigger, this massive
recruitment of activated inflammatory cells is likely to cause
damage. Immunohistochemical studies have identified a pre-
dominance of T lymphocytes mounting the alpha/beta T-cell
receptor [44]. Among the T cells, a majority are positive for the
CD4 helper/inducer phenotype, and a sizeable minority for the
CD8 cytotoxic phenotype. Lymphocytes of non-T-cell lineage
are fewer and include (in decreasing order of frequency) natural
killer cells (CD16/CD56 positive), macrophages and B cells. 
The involvement of natural killer T cells is the focus of ongoing
studies.

There are different possible pathways that an immune attack
can follow to inflict damage on hepatocytes (Fig. 2), which are
discussed below.

Impairment of T-regulatory cells

An impairment of immunoregulatory mechanisms, which
would enable the autoimmune response to develop, has been
reported repeatedly. Thus, in early studies, it was shown that
patients with AIH have low levels of circulating T cells express-
ing the CD8 marker and impaired suppressor cell function,
which segregates with the possession of the disease-predisposing
HLA haplotype B8/DR3 and is correctable by therapeutic doses
of corticosteroids [4]. Furthermore, patients with AIH have
been reported to have a defect in a subpopulation of T cells 
controlling the immune response to liver-specific membrane
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antigens. Recent experimental evidence confirms an impairment
of the immunoregulatory function in AIH. Among recently
defined T-cell subsets with potential immunosuppressive func-
tion, CD4+ T cells constitutively expressing the IL-2 receptor
alpha chain (CD25) (T-regulatory cells; T-regs) have emerged 
as the dominant immunoregulatory lymphocytes. These cells,
which represent 5–10% of the total population of peripheral
CD4+ T cells in health, control the innate and the adaptive
immune responses by preventing the proliferation and effector
function of autoreactive T cells. Their mechanism of action
mainly involves a direct contact with the target cells and, to 
a lesser extent, the release of immunoregulatory cytokines, 
such as IL-10 and tissue growth factor β-1. In addition to 
CD25, which is also present on T cells undergoing activation, 
T-regs express a number of additional markers such as the 
glucocorticoid-induced TNF receptor, CD62L, the cytotoxic T
lymphocyte-associated protein-4 and the forkhead/winged helix
transcription factor FOXP3, whose expression has been asso-
ciated with the acquisition of regulatory properties. In patients
with AIH, T-regs are defective in number compared with 
normal control subjects, and this numerical reduction relates to
the stage of disease, being more evident at diagnosis than during
drug-induced remission [45]. The percentage of T-regs corre-
lates inversely with markers of disease severity, such as anti-SLA
and anti-LKM-1 autoantibody titres, suggesting that a reduction
in regulatory T cells favours the serological manifestations of
autoimmune liver disease. If loss of immunoregulation is central
to the pathogenesis of autoimmune liver disease, treatment
should concentrate on restoring the ability of T-regs to expand,

with consequent increase in their number and function. This is
at least partially achieved by standard immunosuppression, as
numbers of T-regs increase during remission.

CD4 autoreactive T cells

To trigger an autoimmune response, a peptide must be
embraced by an HLA class II molecule and presented to uncom-
mitted T-helper (Th0) cells by professional APC, with the co-
stimulation of ligand–ligand (CD28 on Th0, CD80 on APC)
interaction between the cells (Fig. 2). Once the autoimmune
response has been initiated and in the absence of effective
immunosuppressive treatment, tissue damage ensues and per-
sists. Hepatocytes from patients with AIH, in contrast to normal
hepatocytes, express HLA class II molecules [4]. Although lack-
ing the antigen-processing machinery typical of APC, these hep-
atocytes may present peptides through a bystander mechanism.
In the presence of impaired immunoregulation and inappro-
priate expression of HLA class II antigens on the hepatocytes, an
autoantigenic peptide could be presented to the helper/inducer
cells leading to their activation. Although no direct evidence exists
as yet that an autoantigenic peptide is presented by hepatocytes
and recognized by CD4 T-helper cells, activation of these cells
has been documented in AIH [4]. Liver autoantigen-specific 
T-cell precursors are also found in normal subjects, but their 
frequency is at least 10-fold higher in AIH. This finding suggests
that the pool of liver-autoreactive T cells undergoes a significant
expansion in patients with AIH and may be involved in the 
initiation and perpetuation of the immune attack to the liver.
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Fig. 2 Autoimmune attack to the liver cell. A
specific autoantigenic peptide is presented to
an uncommitted T-helper (Th0) lymphocyte
within the HLA class II molecule of an antigen-
presenting cell (APC). Th0 cells become
activated and, according to the presence in the
microenvironment of interleukin (IL)-12 or -4
and the nature of the antigen, differentiate 
into Th1 or Th2 and initiate a series of immune
reactions determined by the cytokines they
produce: Th2 secrete mainly IL-4 and IL-10 
and direct autoantibody production by B
lymphocytes; Th1 secrete IL-2 and interferon-
gamma (IFNg), which stimulate T-cytotoxic 
(Tc) lymphocytes, enhance expression of class I
and induce expression of class II HLA molecules
on hepatocytes and activate macrophages;
activated macrophages release IL-1 and tumour
necrosis factor alpha (TNFa). If regulatory 
T cells (Tr) do not oppose, a variety of effector
mechanisms are triggered: liver cell destruction
could derive from the action of Tc lymphocytes;
cytokines released by Th1 and recruited macro-
phages; complement activation or engagement
of Fc receptor-bearing cells such as natural
killer (NK) lymphocytes by the autoantibody
bound to the hepatocyte surface. The role of
natural killer T cells is under investigation.

TTOC11_02  3/10/07  8:50 AM  Page 1098



11.2 AUTOIMMUNE HEPATITIS 1099

Given that T cells recognize antigens in a precise fashion,
studies were conducted in the early 1990s at a single T-cell level
in order to characterize antigen-specific T-cell recognition. 
T-cell clones generated from the peripheral blood were mainly
CD4+ alpha/beta T cells, while a large proportion of liver-
derived clones were either CD4–CD8– gamma/delta or CD8+
alpha/beta T cells. Both alpha/beta and gamma/delta T-cell
clones proliferated in the presence of liver membrane antigens,
alpha/beta being more reactive than gamma/delta clones. Some
of the liver membrane-reactive clones also proliferated in the
presence of LSP and/or ASGPR, responded in an HLA class 
II-restricted fashion and helped autologous B cells to produce
immunoglobulins, and in particular autoantibodies to LSP and
ASGPR [44].

T-cell ligands are best studied in AIH-2, as the target of 
anti-LKM-1 has been characterized as CYP2D6. CYP2D6262–285-
specific T-cell clones generated from liver tissue and peripheral
blood express a Th1 CD4+ phenotype [46,47]. In contrast to 
the latter study that focused on a short antigenic sequence of
CYP2D6, a systematic approach based on the construction of
overlapping peptides covering the whole CYP2D6 molecule was
recently adopted to define the specificity of ex vivo CYP2D6-
reactive T cells in patients with AIH-2 [30]. This study has
shown that T cells from patients positive for the predisposing
HLA allele DRB1*0701 recognize seven regions of CYP2D6 in a
proliferation assay, four of which are also partially recognized by
T cells of DRB1*0701-negative patients. While distinct peptides
induce production of IFNγ, IL-4 or IL-10, peptides inducing
IFNγ and proliferation overlap. There is also an overlap between
sequences inducing T- and B-cell responses. The number of 
epitopes recognized and the quantity of cytokine produced by 
T cells are directly correlated to biochemical and histological
markers of disease activity. These results indicate that the T-cell
response to CYP2D6 in AIH-2 is polyclonal, involves multiple
effector types targeting different epitopes and is associated with
hepatocyte damage [30].

CD8 autoreactive T cells

In addition to the unfolding role of CYP2D6-specific CD4 T
cells in AIH-2, there is growing evidence implicating an HLA
class I-restricted CD8 response in the pathogenesis of autoim-
mune liver damage. In the early 1990s, CD8 T-cell clones specific
for ASGPR were described in patients with AIH [44]. Studies
currently in progress have identified CYP2D6-specific CD8 T
cells capable of secreting IFNγ and of exerting cytotoxicity after
recognition of CYP2D6 epitopic sequences in an HLA class 
I-restricted fashion.

Taken together, the data presented above suggest that a 
failure of immune homeostatic processes, normally keeping 
the response against self-antigens under control, is involved in
the pathogenesis of AIH. The prime mechanism for tolerance
breakdown remains to be elucidated. There is some experi-
mental evidence that molecular mimicry mechanisms between

viral and self-mimicking sequences may be involved, and such
mechanisms are the focus of ongoing studies.

Treatment and outcome

Three small controlled clinical trials in the early 1970s have 
provided the basis for the current immunosuppressive regi-
mens, collectively suggesting that treatment with prednisolone
improves liver function tests, ameliorates symptoms and pro-
longs survival [48,49]. Although azathioprine was not able to
induce remission when used on its own, it did allow the main-
tenance of remission in association with a significantly reduced
dose of steroids. The suggestion in these reports that steroids
should be given for the shortest possible time to control symp-
toms and then withdrawn has been rapidly superseded. In the
1980s and 1990s, a number of studies addressed two important
questions: whether immunosuppression could safely be with-
drawn after obtaining remission and whether steroid-free main-
tenance could be achieved [48,49]. It was shown that the great
majority of cases relapse rapidly upon immunosuppression
withdrawal, but that steroid-free maintenance could be achieved
with azathioprine alone provided that its dose is increased to 
2 mg/kg/day.

There is no doubt that immunosuppressive treatment is
beneficial in patients with severe symptomatic disease, and it
should be started as soon as possible, without waiting for 
6 months as suggested in early studies. Most patients, including
those with cirrhosis [49], will achieve remission on 30 mg of
prednisolone daily for 1 month, after which azathioprine can 
be introduced at 1 mg/kg/day and the dose of prednisolone
reduced to 5–15 mg/day to maintain the aminotransferase 
activity within the normal range. Although some authors define
remission as transaminase levels up to twice the upper limit of
normal, a better outcome has been reported when normal
transaminase levels are attained and maintained [50]. If the
patient develops steroid side-effects, the dose of azathioprine
can be increased to 2 mg/kg/day and a complete withdrawal 
of steroids considered. The optimal duration of treatment is
unknown. It is prudent not to attempt withdrawal of immuno-
suppression within 2 years of diagnosis. During withdrawal
attempts, it is essential to monitor the liver function tests closely
as relapse may be severe and even fatal. Patients who have suc-
cessfully stopped immunosuppression should be followed up
long term, as relapse may occur even 10 years later.

A question frequently asked is whether treatment can be 
continued safely during pregnancy. Although the experience 
is limited, there do not appear to be adverse events for mother
and baby [51]. In particular, no teratogenic effects have been
described with azathioprine in humans, although for women
concerned about its use, treatment with steroids alone can be
considered.

It is now clear that there are patients with a milder form of 
the disease who may be asymptomatic or paucisymptomatic 
and who are detected incidentally, during routine checkups. For
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these patients, the approach to treatment is less clear. The
benefit of therapy is undefined, and it may be so low that the risk
of corticosteroid side-effects is unjustified. This is particularly
relevant to postmenopausal women and elderly patients.

The most common side-effect of steroid treatment is cushin-
goid changes, which affect most patients after prolonged treat-
ment. Less common but severe side-effects include osteoporosis,
vertebral collapse, diabetes, cataract, hypertension and psy-
chosis. Only 13% of treated patients develop complications that
necessitate dose reduction or premature drug withdrawal, the
most common reasons for treatment withdrawal being cosmetic
changes or obesity, osteopenia with vertebral collapse and brittle
diabetes [49].

Side-effects of azathioprine are uncommon, affecting less
than 10% of patients, and include cholestatic hepatitis, veno-
occlusive disease, pancreatitis, nausea and vomiting, rash and
bone marrow suppression. Usually, these complications subside
upon drug withdrawal [49]. A theoretical long-term complica-
tion of continuous immunosuppressive therapy is the develop-
ment of malignancies. The risk of extrahepatic cancer in AIH 
has been reported to be 1.4-fold higher than that of an age- and
sex-matched normal population [52]. Akin to other chronic
liver diseases, the risk of primary hepatocellular cancer is related
mainly to the presence of cirrhosis and is generally reported to
be uncommon.

When the standard treatment fails, other drugs that have been
tried include ciclosporin, ursodeoxycholic acid, budesonide 
and mycophenolate mofetil. Although encouraging results are
described, these reports are anecdotal.

Liver transplantation is the ultimate treatment for most
patients who present with fulminant hepatic failure and those
who reach endstage chronic liver disease. Transplantation in
AIH has an excellent prognosis, with a 5-year patient and graft
survival between 80% and 90%. Before transplantation is 
considered, however, it is important to remember that even
patients presenting with decompensated cirrhosis can respond
to immunosuppressive treatment and avoid surgery for a long
time [49]. AIH may recur after transplant (see below).

Treatment in children

Treatment of AIH in children is similar to that in adults [3]. The
starting dose of prednisolone is usually 2 mg/kg/day (maximum
60 mg/day), which should be gradually but rapidly decreased
over a period of 4–8 weeks in parallel with normalization 
of transaminase levels. The patient is then maintained on the
minimal dose able to sustain normal transaminase levels, usually
2.5–5 mg/day. If progressive normalization of the liver func-
tion tests is not obtained or too high a dose of prednisolone 
is required to maintain normal transaminases, azathioprine is
added at a starting dose of 0.5 mg/kg/day, which, in the absence
of signs of toxicity, is increased up to a maximum of 2 mg/kg/day
until biochemical control is achieved. Although an 80% decrease
in initial transaminase levels is obtained within 6 weeks of start-

ing treatment in most patients, complete normalization of liver
function may take several months. Relapse while on treatment
occurs in some 40% of patients, requiring a temporary increase
in the steroid dose, especially if steroids are administered on an
alternate-day schedule, often instituted in the belief that it has a
less negative effect on the child’s growth. It has been suggested
that small daily doses should be used because they are more
effective in maintaining disease control and minimize the need
for high-dose steroid pulses during relapses, with attendant,
more severe, side-effects [3]. In the King’s experience, after 
5 years of daily treatment, 56% of patients maintained the base-
line centile for height or went up across a centile line, while only
6% dropped across two centile lines.

Cessation of treatment can be considered if a liver biopsy
shows minimal or no inflammatory changes after 1 year of 
normal liver function tests, but should not be attempted during
puberty, when relapses are more common. Successful long-term
cessation of treatment is achieved in about 20% of children with
AIH-1, but is very rare in those with AIH-2. Remission has been
reported in a paediatric series of AIH using ciclosporin A alone
for 6 months followed by combined low-dose prednisone and
azathioprine for 1 month, after which ciclosporin A was stopped
and the other two drugs were continued [53]. This therapeutic
approach, however, does not appear to offer any real advantage
over the standard corticosteroid/azathioprine treatment, apart
from a decrease in early steroid side-effects. On the other hand,
it is more expensive and potentially nephrotoxic.

Children with AIH/sclerosing cholangitis overlap syndrome
respond to the same immunosuppressive treatment of typical
AIH [26]. Ursodeoxycholic acid, which is used in adult primary
sclerosing cholangitis, is often added empirically at a dose of
20–30 mg/kg/day.

The quality of life for both adult and paediatric patients, even
for those with severe AIH at presentation, is excellent on low
doses of azathioprine and prednisolone, or azathioprine alone.
Most patients are asymptomatic with normal liver function tests
and have a good prognosis.

Recurrence of AIH after transplant

Recurrence of AIH after liver transplant has been shown in 
several studies [54,55]. The diagnosis is based on the reappear-
ance of clinical symptoms and signs, histological features of
periportal hepatitis, and elevation of transaminases, circulating
autoantibodies and elevated IgG, associated with response to
steroids and azathioprine. Possession of the HLA DR3 allele
appears to confer predisposition to disease recurrence, as it does
to the original AIH, although this has not been universally
confirmed. Recurrence has been noted in both adult and paedi-
atric series and, although the rate of this complication increases
with the post-transplant interval, it may appear as early as 
1 month post surgery. Most transplant recipients with recurrent
AIH respond to an increase in the dose of corticosteroids and
azathioprine but, in a few, recurrence can lead to graft failure
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and to the need for retransplantation. Caution should be taken
in weaning immunosuppression in patients who undergo trans-
plantation for AIH as discontinuation of corticosteroid therapy
may increase the risk of recurrent disease.

De novo AIH after transplant

Tissue autoantibodies after liver transplantation, in particular
ANA and SMA, are also common in patients transplanted 
for non-autoimmune liver disease [54]. Anti-LKM-1 is the third
most frequently reported antibody, but its fluorescence pattern
is at times atypical, preferentially staining the renal tubules and
sparing the liver. The described prevalence of postliver trans-
plant autoantibodies is variable, probably reflecting different
techniques used for their detection, the cutoff point above which
the autoantibodies are considered positive, the time after trans-
plant at which they are tested, the nature of the clinical condition
leading to transplantation and the presence or absence of post-
transplant complications. In the late 1990s, it was observed that
AIH can arise de novo after liver transplantation in patients who
had not been transplanted for autoimmune liver disease [56].
After the original report in children, de novo AIH after liver
transplant has been confirmed by several studies in both adult
and paediatric patients [55]. Importantly, treatment with pred-
nisolone and azathioprine, using the same schedule as for clas-
sical AIH, is also effective in de novo AIH leading to excellent
graft and patient survival. It is of interest that these patients do
not respond satisfactorily to standard antirejection treatment,
making it essential to reach an early diagnosis to avoid graft loss.

Recurrence of AIH after transplant can be readily explained.
The recipient’s immune system is sensitized to species-specific
antigens and has a pool of memory cells, which are restimulated
and re-expanded when the target antigens, ‘autoantigens’, are
presented to the recipient’s immune system by either the recipi-
ent’s APC repopulating the grafted liver or by the donor’s APC
sharing histocompatibility antigens with the recipient. In con-
trast, akin to autoimmune liver disease outside transplantation,
the pathogenesis of post-transplant de novo AIH remains to be
defined. There are several non-mutually exclusive explanations:
in addition to release of autoantigens from damaged tissue, a
possible mechanism is molecular mimicry, whereby exposure to
viruses sharing amino acid sequences with autoantigens leads 
to cross-reactive immunity [54]. Viral infections, which are fre-
quent post transplant, may also lead to autoimmunity through
other mechanisms, including polyclonal stimulation, enhance-
ment and induction of membrane expression of MHC class I
and II antigens, and interference with immunoregulatory cells
and/or with idiotype anti-idiotype network. Another possible
mechanism is suggested by animal experiments showing that the
use of calcineurin inhibitors predisposes to autoimmunity and
autoimmune disease, possibly by interfering with the matura-
tion of T lymphocytes or with the function of regulatory T cells,
with consequent emergence and activation of autoaggressive 
T-cell clones. Lastly, it has been reported that an antibody dir-

ected to glutathione-S-transferase T1 is present in patients who
develop de novo immune-mediated hepatitis [57]. As the gene
encoding this protein is defective in a fifth of caucasoid subjects
and the encoded enzyme is absent in some of the reported
patients, it is possible to speculate that graft dysfunction results
from recognition as foreign of glutathione-S-transferase T1
acquired with the graft.

Concluding remarks – future prospects

Before its recognition as a disorder associated with autoimmun-
ity and therefore responsive to immunosuppression, AIH had 
a very poor prognosis. Today, prognosis is excellent, with 
symptom-free long-term survival in the majority of patients.
Over the past five decades, several pathogenic aspects have been
elucidated, including predisposing genetic factors and disease-
specific humoral and cellular immune responses. Identification
of the associated autoantibodies has led to the subdivision of
AIH into two distinct types, with different age distribution and
clinical course. Tasks for the future include a better understand-
ing of its pathogenesis, possibly through the development of 
animal models faithfully reproducing the human disease, and
the establishment of novel treatments aimed specifically at
arresting liver autoaggression or, ideally, at reinstating tolerance
to liver antigens.
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11.3 Sclerosing cholangitis
Konstantinos N. Lazaridis and Nicholas F. LaRusso

Introduction – definitions

Sclerosing cholangitis may be primary or secondary to choledo-
cholithiasis, congenital abnormalities of the bile ducts, infection,
drugs, chemicals or iatrogenic trauma of bile ducts including
postoperative strictures (Table 1). This chapter will focus
entirely on the primary variety. The term ‘primary’ is used to
indicate that this form of sclerosing cholangitis has an unknown
aetiology. The term ‘sclerosing’ indicates induration of the 
biliary tree as a result of deposition of connective tissue, while
‘cholangitis’ describes the inflammation of the bile ducts.
Although a strong association exists between primary sclerosing
cholangitis (PSC) and inflammatory bowel disease (IBD), there
is no evidence that the former is caused by the latter.

PSC is a disease that is characterized by chronic cholestasis
due to diffuse inflammation and fibrosis of the biliary system. 
It is a progressive and often fatal illness. The pathological process
leads to narrowing and obliteration of bile ducts and ultimately
to biliary cirrhosis. PSC can be further defined in terms of
involvement of the biliary system and findings on cholangiogra-
phy. Global PSC involves the bile ducts both inside (i.e. intra-
hepatic) and outside (i.e. extrahepatic) the liver. Large duct PSC
involves principally the extrahepatic ducts and those parts of the
intrahepatic biliary ductal system that can be visualized cholan-
giographically. Small duct PSC involves only the intrahepatic
ducts at the microscopic level and is characterized by findings on
liver biopsy; however, in this condition, cholangiography shows
ducts of normal appearance. Small duct PSC accounts for ~ 5%
of patients with PSC.

Epidemiology and natural history

PSC was once considered a rare disease. In fact, before 1980,
fewer than 100 cases were reported in the English language 
literature. Following the introduction of endoscopic retrograde
cholangiopancreatography (ERCP) in clinical practice (mid-
1970s), PSC was recognized earlier, usually in the asymptomatic
stage. To this end, studies reported increased frequency of 
diagnosis of PSC. However, these observations did not rep-
resent a true increase in the disease incidence but, more likely
they did reflect the increased clinical awareness and availability
of diagnostic procedures such as ERCP or magnetic resonance
cholangiopancreatography (MRCP).

In the USA, the age-adjusted estimated incidence of PSC is 
0.9 per 100 000 persons, whereas the calculated prevalence is
13.6 per 100 000 individuals [1]. PSC is predominantly a disease
of young men. Approximately 70% of patients are male, and the
average age at the time of diagnosis is 40 years [1]. The reason for
this sex and age distribution is not apparent. Moreover, there
appear to be no major differences between male and female PSC
patients with regard to frequency of associated IBD or complica-
tions of cirrhosis.

The clinical course of PSC is variable but, generally, there is
slow advance to portal hypertension and, eventually, premature
death from liver failure or adenocarcinoma of the bile ducts (i.e.
cholangiocarcinoma) [2]. PSC is associated in more than 70% of
cases with IBD, commonly CUC [3]. Recent data from a retro-
spective study suggest that secondary sclerosing cholangitis has a
worse prognosis than PSC [4].

Pathophysiology

At present, the cause of PSC is unknown. A plausible hypothesis
proposes that the pathogenesis of PSC depends on the interplay
of acquired toxic or infectious agents with certain inherited 
factors. Several observations are consistent with an import-
ant role for genetic factors. First, familial PSC cases have been
reported [5]. Second, a recent report indicated increased pre-
valence of PSC in first-degree relatives of affected patients [6].
These authors calculated an almost 100-fold increased risk of

1103

Table 1 Causes of secondary sclerosing cholangitis.

Choledocholithiasis (in the absence of PSC)

Biliary trauma/ischaemia

Chemicals/drugs (i.e. 5-fluorouracil)

AIDS-associated cholangiopathy

Congenital bile duct abnormalities (i.e. Caroli’s disease)

Idiopathic adulthood ductopenia
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developing PSC in families with an affected member, supporting
the familial contribution to disease pathogenesis. In addition,
case–control studies have demonstrated genetic predisposition
to PSC development. For example, the frequency of human 
leukocyte antigen (HLA)-B8 was reported to be significantly
higher in patients with PSC (60%) compared with control sub-
jects (25%) [7]. Another study revealed an association of PSC
with the HLA-A1, -B8, -DR3 haplotype [8]. In the past 5 years,
genetic polymorphisms in the tumour necrosis factor (TNF)α
receptor [9], stromelysin (i.e. matrix metalloproteinase 3) [10],
MICA (i.e. major histocompatibility complex class I-related
MIC gene family) gene [11] and CCR5-delta 32 mutation [12]
have been associated with susceptibility to PSC.

In addition to inherited factors, potential acquired exposures
including toxins, infectious agents or altered immunity are pos-
tulated to contribute to PSC pathogenesis. Although elevated
hepatic copper levels were initially thought to be potentially
important in the development of the disease, the accumulation
of copper in liver was found to be a nearly universal finding of
chronic cholestasis and not specific for PSC. Moreover, negative
results from a controlled trial with d-penicillamine (copper-
chelating agent) make it unlikely that increased hepatic copper
levels are pathogenetically important (see below) [13].

Limited evidence is available concerning the possible role of
infectious agents in the aetiopathogenesis of PSC. Viruses have
been proposed to cause PSC, but the data were never conclusive.
Studies have excluded hepatitis B or C viruses as a causative
agent. Cytomegalovirus may cause damage to intrahepatic bile
ducts, but the histological picture appears to differ from that
seen in PSC. Another hypothesis postulated portal bacteraemia,
particularly in patients with associated IBD, as a cause of 
PSC [14]. However, this scenario seems an unlikely aetiology
because: first, approximately 20% of patients have PSC without
evidence of IBD; second, no striking differences are present in
liver biopsy specimens from patients with PSC, with and with-
out IBD; and third, portal phlebitis is mild and uncommon in
liver biopsy specimens from patients with PSC [15].

Evidence supports an immunological basis for developing
PSC including the presence of circulating immune complexes,
decreased clearance of immune complexes, elevated serum IgM
levels and increased complement metabolism. Moreover, the
cells involved in the destruction of bile ducts in PSC have been
shown to be T lymphocytes, and abnormalities in peripheral
blood lymphocyte subpopulations have also been demonstrated
[16]. These studies support the fact that the immune system is
related to the development and/or the perpetuation of PSC,
although a pathogenetic causation is not established and the
exact mechanism(s) are still not understood.

Clinical features and diagnosis

Symptoms and signs

PSC usually begins insidiously; therefore, it is difficult to deter-
mine the time of disease onset with accuracy. The gradual onset

of progressive fatigue and pruritus followed by jaundice is the
most frequent symptom complex leading to the diagnosis of
PSC. This complex is present in about two-thirds of patients.
Clinical evidence of bacterial cholangitis, such as recurrent
abdominal pain in the right upper quadrant, fever and jaundice,
is uncommon unless biliary strictures, choledocholithiasis or
cholancarcinoma are present.

Although some patients with PSC may have a normal physical
examination, up to 75% of affected individuals usually have
hepatomegaly, jaundice or splenomegaly. Hyperpigmentation
and xanthelasma may also be seen, but these findings occur less
often compared with primary biliary cirrhosis (PBC).

Associated diseases

A variety of diseases are proposed to be associated with PSC
(Table 2). Thorpe et al. first described the strong correlation of
PSC with IBD [17]. Early studies suggested a 25–30% prevalence
of IBD in patients with PSC; however, later studies reported this
fraction to be as high as 75–85%. Among the two types of IBD,
CUC is more common in PSC. Although many patients have
symptoms of intestinal disease before developing symptoms of
PSC, the latter has been reported to occur before the intestinal
disease becomes clinically apparent. Patients with coexisting
PSC and IBD are clinically, biochemically, radiologically and
histologically comparable to PSC patients without IBD. Of
interest, patients with PSC and CUC have a higher risk of
colonic dysplasia and colon cancer than those with CUC alone
[18]. This may be related to a very long preclinical stage of 
IBD in patients with PSC. A small percentage of patients with
PSC present with an overlap syndrome of PSC along with auto-
immune hepatitis [19]. Several other diseases in addition to CUC
and autoimmune hepatitis are also proposed to be associated
with PSC (Table 2). Radiographical evidence of chronic pan-
creatitis by ERCP has been seen in ~ 10% of patients with PSC.
However, clinical evidence of chronic pancreatitis is much less
common. Finally, there have been case reports regarding the
concurrence of rare diseases in patients with PSC, such as

Table 2 Diseases associated with PSC.

Chronic ulcerative colitis

Crohn’s disease

Autoimmune hepatitis

Chronic pancreatitis

Sicca syndrome

Eosinophilia

Thyroiditis

Coeliac disease

Autoimmune haemolytic anaemia

Sarcoidosis

Glomerulonephritis

Retroperitoneal fibrosis

Mediastinal fibrosis

Systemic sclerosis
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retroperitoneal and mediastinal fibrosis, histiocytosis X and
pseudotumour of the orbit.

Diagnostic criteria

The diagnosis of PSC is based on a combination of clinical, bio-
chemical, radiological and liver histology criteria. The major
biochemical abnormality in serum is an elevated level of alkaline
phosphatase. The main radiological anomaly and disease crite-
rion is cholangiographic demonstration of diffusely distributed
multifocal strictures of the bile ducts (Fig. 1). The strictures are
characterized by irregularity of both intrahepatic and extrahep-
atic ducts. Histological findings of the liver are often categorized
as shown in Table 3. In general, if a specific cause can be
identified for the underlying sclerosing cholangitis (Table 1), the
disease cannot be confidently classified as primary. For instance,
PSC should not be diagnosed if the patient has had previous bile
duct surgery (other than simple cholecystectomy) or documented
choledocholithiasis, or if there is congenital disease of the biliary
tract. In addition, PSC cannot be diagnosed confidently in a
patient with biopsy-proven adenocarcinoma of the bile duct
unless the carcinoma is a complication of PSC.

Investigations and other diagnostic
considerations

Laboratory tests

Virtually all patients with PSC have biochemical cholestasis. The
serum alkaline phosphatase is usually abnormal, although it

may fluctuate occasionally within the normal range. Several
patients have a mild increase in the levels of serum aspartate
aminotransferase and alanine aminotransferase. Perhaps 50% 
of patients with PSC have a modest increase in serum total
bilirubin at the time of initial diagnosis. However, in an indi-
vidual patient, the serum bilirubin can fluctuate markedly over
time. Hepatic copper levels are elevated in approximately 90%
of patients, while urine levels are increased in up to two-thirds;
both these tests are increased to levels seen in patients with 
PBC and Wilson’s disease [20]. Nevertheless, serum copper and
ceruloplasmin levels are usually increased in patients with PSC,
but are low in those with Wilson’s disease. Other non-specific
laboratory abnormalities noted in patients with PSC include
increased levels of serum IgM (~ 40% of patients) and eosino-
philia of a mild degree. Antimitochondrial antibodies (AMA)
are rare; however, antineutrophil cytoplasmic antibodies and
anticardiolipin antibodies have been identified in ~ 80% and 
~ 60% of patients respectively [21].

Cholangiographic features

Cholangiographic abnormalities may be seen in the intrahepatic
and extrahepatic biliary ductal system. Usually, the abnormal-
ities include diffusely distributed strictures that are short and
annular with intervening segments of apparently normal or
slightly dilated ducts producing the characteristic beaded appear-
ance (Fig. 1). Short band-like strictures and diverticulum-like
outpouchings are also found in ~ 25% of patients.

Although focal dilatation of bile ducts is often seen between
strictures, diffuse non-segmental dilatation is unusual. In ~ 50%
of PSC patients, coarse or fine irregularities are present which,
when severe, produce a characteristic shaggy appearance.
Cholangiographic abnormalities of the cystic duct and gallblad-
der are also seen in a smaller number of patients. Recently,
MRCP is emerging as a new method of evaluating patients with
PSC. Indeed, the diagnostic accuracy of MRCP is comparable to
that of ERCP and less costly compared with the latter [22]. In
one study, MRCP was better than ERCP in the evaluation of
peripheral bile ducts for strictures [23].

Fig. 1 Characteristic ERCP findings of PSC include multifocal stricturing
and dilatation of intra- and extrahepatic bile ducts.

Table 3 PSC staging.

Portal stage (stage 1) Portal oedema, inflammation, ductal

proliferation; abnormalities do not

extend beyond the limiting plate

Periportal stage (stage 2) Periportal fibrosis, inflammation with or

without ductular proliferation; piecemeal

necrosis may be present

Septal stage (stage 3) Septal fibrosis or bridging necrosis can be

identified

Cirrhotic stage (stage 4) Biliary cirrhosis
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Hepatic histology

Almost every patient with PSC has histological abnormalities 
in liver biopsy. The characteristic features range from bile 
duct proliferation in the early stages to periductal fibrosis and
inflammation, ductal obliteration and loss of bile ducts as the
disease progresses (Table 3). The disease usually begins with
enlargement of portal tracts characterized by oedema, deposi-
tion of connective tissue and proliferation of interlobular bile
ducts. Inflammatory infiltrates are not usually prominent.
Histologically, this is stage 1 disease. With disease progression,
extensions of connective tissue grow into the periportal
parenchyma, again with only mild cellular inflammation (stage
2 disease). If the disease process results in the formation of
fibrous septa, the disease is categorized histologically as stage 3.
Ultimately, biliary cirrhosis develops (stage 4 disease). The
pathognomonic histological changes (i.e. ‘onion skin lesions’)
can be found in wedge liver excisions and only occasionally in
hepatic needle biopsy specimens. These lesions are characterized
by fibrous obliterative cholangitis, leading to the replacement 
of ductal segments by solid cords of connective tissue. In many
instances of advanced PSC, complete loss of intrahepatic bile
ducts may be observed.

From a histological viewpoint, the differential diagnosis of the
abnormalities seen in PSC liver biopsy specimens includes: (i)
PBC; (ii) prolonged extrahepatic biliary obstruction; and (iii)
idiopathic adulthood ductopenia [24]. PBC has several histolo-
gical features that overlap with those of PSC, including periportal
cholestasis, copper deposition and granulomas. However, ‘florid
duct lesions’ are not seen in PSC and are almost pathognomonic
of PBC. In contrast, fibrous obliterative cholangitis, a hallmark
of PSC, has not been observed in PBC.

Differential diagnosis

The diagnosis of PSC is usually straightforward, assuming that
the clinician is aware of the disease and thus considers it in the
differential diagnosis of conditions causing chronic cholestasis.
PSC should be the major working diagnosis in a young male
with IBD who develops chronic cholestasis. In a middle-aged
woman with evidence of chronic cholestasis, PBC should be
excluded. Although considerable overlap exists in the clinical,
biochemical and hepatic histological features between PSC 
and PBC, it is not difficult to differentiate these diseases with
confidence. The most useful diagnostic test in distinguishing
these two clinical entities is cholangiographic visualization of 
the bile ducts. Although the intrahepatic bile ducts are radio-
graphically abnormal in essentially all cases of large duct PSC,
and rarely in patients with PBC, the extrahepatic ducts are
always normal in the latter and eventually become anomalous 
in most patients with PSC. Therefore, in a patient suspected of
having large duct PSC, a cholangiogram is all that is necessary
for diagnosis. A liver biopsy may also be appropriate to provide
confirmatory diagnostic information, accurate histological

classification and prognosis. Nevertheless, in a patient with
chronic cholestasis, if the cholangiogram is normal, liver biopsy
is required to evaluate for small duct PSC.

Other conditions that need to be considered in the differen-
tial diagnosis include secondary sclerosing cholangitis, ‘overlap 
syndrome’ and idiopathic adulthood ductopenia. Secondary
sclerosing cholangitis should be the diagnosis when biochem-
ical cholestasis and radiological changes can be attributed
confidently to an identifiable cause (Table 1). An ‘overlap 
syndrome’ has been described between autoimmune hepatitis
and PSC [19]. These patients fulfil the criteria for autoimmune
hepatitis and concurrently have cholangiographic changes 
typical of PSC. To this extent, patients with both autoimmune
hepatitis and IBD should have a cholangiogram to exclude PSC.
Idiopathic adulthood ductopenia is a very rare disease charac-
terized by unexplained absence of interlobular bile ducts and
cholestasis [24]. Patients with this disorder can be distinguished
from patients with PSC because they have an essentially normal
cholangiogram and no history of IBD.

Complications

Complications can be separated into two general categories:
those common to any form of chronic liver disease and those 
to PSC.

In the first category, complications include portal hyper-
tension, ascites, portosystemic encephalopathy, steatorrhoea,
deficiencies in fat-soluble vitamins, liver failure and metabolic
bone disease. One or more of such problems probably occurs in
over 75% of patients with PSC.

Complications of the second category include recurrent 
biliary strictures and/or stones, gallbladder disease and adeno-
carcinoma of the bile duct. Dominant biliary stricture(s) occur
in approximately one-third of patients with PSC during the
course of the disease. The affected patients present with jaundice,
pruritus and, at times, bacterial cholangitis. ERCP is required 
to evaluate the stricture(s) (i.e. location, extent, exclusion of
cholangiocarcinoma) and perform biliary dilatation along with
stenting. Nevertheless, it remains uncertain whether dominant
biliary strictures alone are the cause of cholestasis in PSC
patients [25].

Stones in the bile ducts may also complicate PSC. However,
the diagnosis of choledocholithiasis in a patient with PSC can be
difficult, because symptoms of bacterial cholangitis can occur in
the absence of biliary stone disease. ERCP should be considered
in the patient with PSC who has clinical and laboratory evidence
of choledocholithiasis in order to identify and remove the bile
duct stones.

Nearly one-third of PSC patients will have undergone chole-
cystectomy at some time during their illness. Nevertheless, only
about 20% of such patients will actually have gallstones. These
gallstones are often asymptomatic, and the original indication
for surgery is often obscure jaundice rather than biliary colic.
Indeed, abdominal ultrasound screening of patients with PSC
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and intact gallbladders demonstrates that ~ 30% of subjects 
have gallstones. Recent evidence draws special attention to PSC
patients with incidental gallbladder polyps seen during ultra-
sonography. Indeed, the presence of detectable gallbladder
polyps by imaging is an indication for cholecystectomy because
the chance of these polyps being malignant is substantial [26].

PSC predisposes to the development of carcinoma of the bile
duct (i.e. cholangiocarcinoma). It is estimated that 8–15% of
patients develop clinically detectable cholangiocarcinoma [27].
This percentage is even higher for PSC patients at autopsy.
Patients whose disease is complicated by superimposed cholan-
giocarcinoma usually have liver cirrhosis, portal hypertension
and longstanding IBD. In patients with PSC, cholangiocarcinoma
usually involves the extrahepatic bile ducts. Patients with PSC
and cholangiocarcinoma have poor survival rates, because 
many have local spread of the malignant disease at the time of
diagnosis. Cholangiocarcinoma is difficult to detect because its
growth pattern and clinical presentation are similar to those 
of PSC. The prognosis of cholangiocarcinoma remains poor, 
in part because of the low sensitivity and specificity of standard
biliary cytology and biopsies [27]. CA19-9 is a serum tumour
marker that has been used for diagnosis of cholangiocarcinoma
in patients with PSC. Studies have reported a serum CA19-9
level > 100 U/mL to be ~ 80% specific and sensitive for cholan-
giocarcinoma [28,29]. Recently, the introduction of biliary
fluorescence in situ hybridization (FISH) and digitized imaging
analysis (DIA) have been shown to improve cholangiocarcinoma
detection [30,31].

In some PSC patients, an incapacitating complication is
recurrent episodes of bacteraemia, secondary to bacterial blood-
stream seeding from a chronically infected biliary tract. Such
episodes occur in PSC patients with or without IBD, may lead to
the formation of hepatic abscesses and are unpredictable with
regard to frequency and severity.

Therapy

General guidelines

Management of PSC is a challenge to the clinician, given the 
array of symptoms and complications that can develop and 
the absence of an effective specific therapy for the underlying
disease. In the asymptomatic patient with mild liver test abnor-
malities and early-stage disease on liver biopsy, no specific ther-
apy is available and, thus, observation is reasonable with annual
follow-up. In such a case, medical therapy might be considered
in the context of a randomized controlled trial. If a decision is
made to treat symptoms or complications, the goals of therapy
should be clearly identified.

Therapy for symptoms/complications

Pruritus and fat-soluble vitamin deficiencies are frequent 
problems in patients with PSC. When complications of liver 

cirrhosis develop, such as portal hypertension, portosystemic
encephalopathy and variceal bleeding, appropriate intervention
with conventional approaches to manage these problems is 
recommended but will not be reviewed here. However, compli-
cations specific for PSC, including dominant biliary stricture(s),
bacterial cholangitis and cholangiocarcinoma, are discussed
below.

Patients who develop dominant biliary stricture(s) present
with rapid increases in serum bilirubin levels, recurrent episodes
of bacterial cholangitis and aggravation of pruritus. Balloon
dilatation of dominant biliary stricture(s) may be beneficial to
relieve jaundice and bacterial cholangitis but does not affect the
natural history of the underlying disease. Biliary obstruction is
undoubtedly a cause of hepatic fibrosis; however, there have
been no comparable studies of patients with PSC to test the
results of balloon dilatation in terms of the development of
fibrosis. Nonetheless, dilatation of biliary strictures in the symp-
tomatic patient is required, particularly for patients with non-
cirrhotic PSC. Depending upon their location, a percutaneous
transhepatic versus endoscopic approach to the bile ducts along 
with temporary biliary stenting placement is recommended.
Patients with recurrent episodes of bacterial cholangitis without
dominant bile duct stricture(s) should be treated with broad-
spectrum antibiotics (i.e. ciprofloxacin) as needed. Prophylactic
antibiotics are favoured by some for PSC patients with frequent
episodes of bacterial cholangitis, but the efficacy of this
approach has not been firmly established.

The management of suspected or detected cholangio-
carcinoma superimposed on PSC is complicated. If the cholan-
giocarcinoma is localized, liver transplantation in selected liver
transplant centres should be considered [32,33].

Therapy for PSC

At present, there is no specific or effective treatment for the
underlying hepatobiliary disease in patients with PSC. This
reflects, in part, our lack of knowledge about the pathogenesis of
this malady. Therapeutic approaches for the underlying hepato-
biliary disease can be classified as medical and surgical.

Medical approaches
Medical therapies for the direct treatment of PSC have included 
the use of cupriuretic, immunosuppressive, antifibrogenic and
choleretic agents. To date, no medical therapy has been shown
to induce complete clinical, biochemical, radiological and his-
tological remission in PSC.

The finding of elevated hepatic copper levels in PSC, and early
reports showing apparent biochemical improvement induced
by d-penicillamine (a copper-chelating agent), led to a random-
ized, prospective, double-blind trial. Although a predictable
decrease in levels of hepatic copper was achieved in patients 
taking penicillamine, there was no beneficial effect on disease
progression or on overall survival [13]. Moreover, the develop-
ment of major side-effects led to the permanent discontinuation
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of penicillamine in 21% of the patients taking the drug. A vari-
ety of pilot uncontrolled studies on small numbers of patients 
have assessed the effect of immunosuppressive agents, including
prednisone, azathioprine and ciclosporin, and have found no
apparent beneficial effect on the disease. The use of antifibro-
genic agents, specifically colchicine, was not favourable either.

Considerable interest has been directed towards the poten-
tial benefit of ursodeoxycholic acid (UDCA) in the treatment 
of chronic cholestatic liver diseases. Several small uncontrolled 
trials suggested that this agent is beneficial in PSC. However, a
randomized, double-blind controlled study of UDCA (13–
15 mg/kg body weight/day) did not reveal any benefit in the
treatment group [34]. Despite these findings, two small pilot
studies reported a significant effect of high-dose UCDA (25–
30 mg/kg body weight/day) on liver biochemistries, liver fibrosis
and the PSC risk score in the treatment group compared with
control group [35,36]. To this end, a multicentre randomized,
placebo-controlled trial of high-dose UDCA is under way in the
USA. UDCA may also have a protective effect on colonic dysplasia
or cancer in patients with PSC and CUC [37]. Nevertheless,
prospective studies are needed to address these issues.

Surgical approaches
Three surgical procedures have been used to treat or ameliorate
the natural history of PSC, namely biliary tract reconstructive
procedures, proctocolectomy in a patient with PSC and CUC
and orthotopic liver transplantation (OLT).

Biliary reconstructive surgery
Some surgeons have encouraged an aggressive surgical approach
in the treatment of PSC itself, using a variety of imaginative 
procedures for internal or external biliary drainage [38,39].
However, no controlled trials have been performed. Such pro-
cedures might provide transient and symptomatic benefit in the
occasional patient with jaundice and pruritus secondary to a
dominant stricture of the common bile or common hepatic
ducts. However, it seems unlikely that these procedures will alter
the natural history of PSC because, in most if not all cases, the
disease involves the entire biliary ductal system, including the
intrahepatic ducts. Moreover, many possible candidates already
have liver cirrhosis at the time of operation, and this will not be
improved by biliary drainage alone. It is reasonable to consider
biliary tract reconstructive procedures in the same category as
balloon dilatation, that is, as a palliative procedure to alleviate
symptoms but one that is unlikely to affect the natural history 
of the disease. Finally, it is important to point out that biliary
tract reconstructive procedures may make subsequent liver
transplantation more difficult because of the fibrosis and scar
tissue that often develops in the right upper quadrant.

Proctocolectomy
In the past it has been suggested that proctocolectomy in a
patient with PSC and CUC may have a favourable effect on the
hepatobiliary disease. This was an important consideration, not

only because beneficial treatment for PSC was needed, but 
also because a proctocolectomy in a patient with PSC and CUC
may be associated with considerable morbidity. For example,
proctocolectomy with a conventional or continent ileostomy
results in the development of varices around the stoma in at least
25% of patients with PSC [40]. In nearly 50% of these patients,
major and often life-threatening bleeding occurs from varices.
To this end, a study of patients with concurrent PSC and CUC
demonstrated that proctocolectomy did not affect the onset 
of new complications, serial changes in biochemical tests, his-
tological progression on liver biopsy and survival [41]. Thus, 
proctocolectomy was deemed not beneficial to PSC in patients
with CUC. Indications for proctocolectomy in PSC patients
should be guided only by the status and complications of colitis.
When proctocolectomy is recommended, an ileal pouch-anal
anastomosis (IPAA) is the procedure of choice because there is
no evidence of this operation causing anastomotic or perineal
bleeding [40] and the risk of postoperative pouchitis is less 
compared with Brook iseostomy [42].

Orthotopic liver transplantation (OLT)
OLT is the definitive therapeutic option for patients with PSC. 
The survival rate of patients with PSC following OLT is com-
parable to that of patients with other forms of non-infectious 
non-malignant chronic liver disease. The current 5-year survival
rate is ~ 80%. Nonetheless, special problems are encountered 
in patients with PSC who undergo liver transplantation. First, 
primary duct-to-duct anastomosis is always difficult and often
impossible, because of disease affecting the common bile duct.
Therefore, the donor’s bile duct is usually anastomosed to a 
limb of the recipient’s jejunum. Such an anastomosis may create
a greater number of postoperative problems than a direct duct-
to-duct anastomosis. Second patients with PSC may have
undergone previous abdominal surgical procedures (i.e. procto-
colectomy or cholecystectomy), which may challenge technical
aspects of liver transplantation. Third, not surprisingly, the risk
of colon cancer in patients with CUC who undergo OLT for PSC
actually increases following transplantation, probably because
of chronic immunosuppression [43]. To this end, annual
screening by colonoscopy is recommended following OLT for
PSC. Finally, it is important to emphasize that PSC may recur
after successful OLT [44].

Conclusion

PSC is an idiopathic, chronic cholestatic liver disease. The dis-
order is characterized by gradual fibrotic obliteration of bile
ducts leading to biliary cirrhosis in many. Management of the
primary disease and complications is challenging and requires a
team approach. At present, liver transplantation is the definitive
treatment, although disease recurrence in the allograph is not
uncommon. More basic and clinical research studies are needed
to shed light on the pathogenesis of this elusive liver disease.
Emphasis should also be given to improving the early detection
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of dreaded PSC complications such as cholangiocarcinoma and
colon cancer.
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11.4 Vanishing bile duct syndrome
Frank Grünhage and Tilman Sauerbruch

Introduction

The term vanishing bile duct syndrome comprises heterogeneous
disorders that are characterized by loss of bile ducts leading to
the histological finding of ductopenia and, clinically, to the
sequelae of acute and/or chronic cholestasis. Some of these
patients present with endstage liver disease, making it difficult 
to dissect the underlying pathophysiological mechanism. Often,
therapy is symptomatic rather than causal. Hepatotoxic offend-
ing drugs must always be considered and stopped, and immuno-
logical disorders must be treated appropriately and in a timely
manner.

Definition and epidemiology

The vanishing bile duct syndrome is a clinical and pathological
entity with heterogeneous aetiology. It comprises a number of
acute and chronic cholestatic liver diseases caused by an altered
architecture of the biliary tree, histologically apparent as ducto-
penia. Probably because of the heterogeneity of the syndrome,
no exact data on its overall prevalence exist. However, we know
that 10–20% of all adult patients and up to 80% of children
referred for liver transplantation suffer from any one kind of
cholestatic liver disease which fulfils the definition of vanishing
bile duct syndrome. The incidence of the most common causes
of vanishing bile duct syndrome varies from 1:10 000 live births
in biliary atresia to 6:100 000 in PSC patients [1].

Anatomy and function of the biliary 
tree

The biliary tree is a three-dimensional network of intercon-
nected ducts. Primary bile is secreted into the canal of Hering.
The first structure entirely lined by cholangiocytes is the inter-
lobular ductule followed by the intraportal ductule, each less
than 15 µm in diameter. The bile then flows into the interlobular
ducts (15–100 µm), which merge into the septal ducts (100–300
µm). In contrast to these small ducts, area ducts (300–400 µm),
segmental ducts (400–800 µm) and hepatic ducts (> 800 µm) are

called large bile ducts. Branches of the hepatic artery form a
periductular plexus, which braids the entire biliary tree [2,3].

The concept of passive bile flow from the hepatocytes into the
biliary tree has changed to the understanding that the primary
bile is secreted by hepatocytes and modified along its way to the
papilla of Vater.

The biliary epithelium actively takes part in absorptive and
secretory processes. Whereas the plasticity (e.g. proliferation) of
the biliary tree is confined to the cholangiocytes lining smaller
bile ducts, secretory functions are predominantly properties of
the cholangiocytes lining interlobular and major bile ducts.
Factors that are modified by the biliary epithelium include bile
flow, volume, pH, bicarbonate content and bile salt constitution
[1–6]. The factors influencing bile secretion and content may be
subdivided into nerve stimulation (parasympathetic), gastroin-
testinal hormones (e.g. secretin, glucagon, vasoactive intestinal
peptide, bombesin), other peptides (endothelin-1) and a vari-
ety of other substances, including bile salts, glutathione and
purinergic nucleotides [5,7].

Intracellular cyclic adenosine monophosphate (cAMP) levels
are critical regulators of bile flow and pH. Prosecretory signals
(e.g. secretin) increase cAMP levels by stimulation of the trans-
membrane adenyl cyclase. Increased cAMP levels induce a rise
in protein kinase A activity, which in turn opens the cystic 
fibrosis transmembrane conductance regulator (CFTR), a
cAMP-dependent Cl– channel [8]. The increase in intraluminal
chloride concentration drives the chloride/bicarbonate exchanger
that exports HCO3

– into the lumen, thereby alkalizing the bile.
Rising intraluminal salt concentrations stimulate water efflux
through water channels (aquaporins). On the other hand, secre-
tion is inhibited at low cAMP concentrations, which can be
mediated by gastrin and other substances [8].

Active uptake of substances from the bile is also influenced 
by transporters. The main components absorbed by the biliary
epithelium are bile salts, glucose and glutathione. Reabsorbed
bile acids may modify mucin and bicarbonate secretion of the
cholangiocellular epithelium [6].

Both proliferation and apoptosis occur simultaneously dur-
ing the development of the biliary tree [9–12]. In young patients,
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disturbance of the balance between proliferation and apoptosis
may cause vanishing bile duct syndromes. Apoptosis and pro-
liferation are also part of normal cell turnover in adult life.
However, at some point in the development of ductopenic liver
disease, apoptosis overrides proliferation and hence leads to
ductopenia [11,12]. Experimental models of cholestatic liver
disease demonstrate that bile acids accumulating in chronic
cholestasis (e.g. taurolithocholate) may influence proliferative
activity via a phosphatidylinositol 3-kinase-dependent pathway
[9,13]. On the other hand, certain bile acids, e.g. ursodeoxy-
cholic acid (UDCA), can ameliorate this affect [14].

Pathophysiology

Owing to the large variety of vanishing bile duct syndromes, it is
difficult to develop a comprehensive pathophysiological model.
In the model proposed by Lazaridis et al. [15], cholangiopathies
develop as a consequence of failure in cholangiocyte function
(congenital or acquired), as a reaction of the cholangiocyte to
acute or chronic liver damage or as a result of immune-mediated
cell damage. Early changes in ductular appearance and function
may be reversible, whereas persistent damage to the epithelium
may lead to ductopenic liver disease with progressive fibrosis
and endstage liver disease [15]. Table 1 summarizes the main
syndromes associated with vanishing bile ducts.

Injuries

Typical injuries to the biliary tree include toxic cholangiocyte
destruction, hypovascularization and inflammatory processes.
The last may be caused by exogenous factors or autoimmunity.

Response to injuries

Our knowledge about the response mechanisms of cholangio-
cytes to injury largely depends on animal models. The biliary
epithelium induces choleresis, inflammation and proliferation
in response to injury [16,17]. In addition, the otherwise silent
cholangiocyte begins to communicate with mesenchymal cells,
hepatic stellate cells and fibroblasts, as well as immunologic-
ally active cells. In this situation, cholangiocytes are targets 
as well as active participants in the interchange of cytokines,
chemokines and inflammatory factors, as well as growth factors
[i.e. tumour necrosis factor (TNF)α, interleukins, human growth
factor and many others]. Under the influence of these factors,
cholangiocytes may change their phenotypical appearance and
express surface antigens normally found during ontogenesis, 
or they turn on antiapoptotic genes (Bcl-2). The induction of
proliferation can be recognized in liver specimens as ‘ductular
reaction’ with proliferation of the smallest biliary structures. 
On the other hand, cholangiocytes may influence the com-
position of the extracellular matrix and proliferation of the
fibroblasts – one reason for naming them ‘pacemakers of portal
fibrosis’ [18].

Causes

Congenital errors

A number of inherited conditions may also share some charac-
teristics of the vanishing bile duct syndrome. Cholestasis may be
a feature of autosomal dominant and recessive polycystic kidney
and liver disease. However, in most cases, cholestasis is due to
cysts rather than true ductopenia. Congenital hepatic fibrosis
may also present with cholestasis, but the disease is rare and
cholestasis is most commonly caused by microhamartomas 
surrounded by a dense fibrous stroma. True ductopenia is 
more common in Alagille’s syndrome and cystic fibrosis. Of
note, inherited alpha-1-antitrypsin defects may also present as
vanishing bile ducts and should be considered if cholestasis
occurs [19,20].

Fibropolycystic liver disease
The term fibropolycystic liver disease itself encompasses a num-
ber of inherited lesions (Caroli’s disease, autosominal domin-
ant polycystic disease, biliary hamartomas, congenital hepatic 
fibrosis and choledochal cysts) that result from ductal plate 
malformations. Biliary ducts develop from the ductal plate as 
a consequence of remodelling processes. Disturbance of the
remodelling process may lead to disrupted development of small
interlobular ducts (congenital hepatic fibrosis, bile duct hamar-
tomas), medium-sized intrahepatic ducts (autosomal dominant
polycystic disease) and large intrahepatic ducts (Caroli’s disease).
Although ductopenic liver disease is not a primary feature of the
different malformation syndromes, progressive loss of bile ducts
may result from the complications of the malformations, e.g.
recurrent liver abscesses, intrahepatic gallstones and recurrent
cholangitis [1,18].

Cystic fibrosis
Cystic fibrosis is caused by an autosomal recessive inherited
defect in the CFTR gene, resulting in a diminished chloride per-
meability of plasma membranes in secretory epithelial cells.
Defective chloride transport leads to thick, tenacious secretions,
which obstruct the ducts of all excretory glands. Airway obstruc-
tion is the main manifestation. The obstruction of bile canaliculi
may lead to chronic cholestasis, recurrent infection and hence
loss of the normal biliary architecture [21].

Alagille syndrome (AGS)
AGS is one of the major forms of progressive liver disease in
childhood with severe morbidity and a mortality of 10–20%.
The syndrome was described more than three decades ago as a
genetic entity characterized by five major features: chronic
cholestasis owing to paucity of interlobular bile ducts; posterior
embryotoxin; peripheral pulmonary stenosis; butterfly-like ver-
tebral arch defect; and peculiar facies. Complex congenital heart
disease and hepatic disease with or without liver transplantation
contribute significantly to mortality. Children with AGS usually
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11.4 VANISHING BILE DUCT SYNDROME 1115

show a progressive loss of the intrahepatic bile ducts over the
first year of life and narrowing of the bile ducts outside the liver.
Autosomal dominant inherited mutations in the Jagged-1 gene
can be identified in about 70% of AGS patients [22].

Ductopenia of the child

Extrahepatic biliary atresia is non-syndromic and usually with-
out family history. Although aberration of the extrahepatic bile
duct is the main feature of the disease, paucity of the intrahepatic
bile ducts develops within 4–5 months in response to chronic
cholestasis. Another form of biliary atresia predominantly
affects the intrahepatic structures of the biliary tree and appears
to be an intrinsic malformation of the intrahepatic biliary tree. 
It does not exactly fulfil the dynamic characteristic of the
definition of the vanishing bile duct syndrome as it is an a priori
developmental defect of the ductal plate [18,23].

Drugs

The list of drugs that can cause damage to the biliary epithelium
is constantly growing. Drugs that are repeatedly reported to
induce ductopenia are in common use (e.g. ampicillin, non-
steroidal anti-inflammatory drugs, terbinafine, carbamazepin
and others) (Fig. 1). However, considering the large numbers of
patients treated with these drugs, the frequency of toxic damage
and subsequent vanishing bile ducts is rare [24]. Little is known
about the pathomechanism of cholangiocyte toxicity. What is

known is that the capability to metabolize drugs is differentially
distributed throughout the biliary tract. Principally, cholangio-
cytes are able to metabolize not only via phase I but also via
phase II metabolic pathways, which renders them vulnerable to
different types of drugs [25,26]. Recirculation of toxic drugs via
the cholehepatic circulation may increase the toxicity of certain
drugs [27].

Ischaemia

In most cases, ischaemia of the biliary epithelium occurs after
interventions. About 1–3% of all patients who underwent
orthotopic liver transplantation suffered from stenosis or occlu-
sion of the donor hepatic artery, resulting in an acute or 
chronic perfusion deficiency [1]. Other iatrogenic vanishing bile
duct syndromes include hepatic artery catheterization with or
without perfusion with chemotherapy. Of note, patients who
suffered severe shock may also develop ischaemic ductopenia
(Plate 11.4.1, facing p. 1268). Their overall prognosis seems to be
poor, and they benefit from early listing for liver transplantation
[28]. Obliterative arteriopathy may be present in allograft rejec-
tion and graft-vs.-host disease and represents another variant of
ischaemic damage to the biliary epithelium with subsequent
ductopenia.

Infections

Bacterial, viral and parasitic infections have been associated with
ductopenic liver disease. Chronic ascending bacterial infections
predominantly occur in chronic obstructive biliary disease 
or after surgical or endoscopic manipulation (biliodigestive
anastomosis). Infectious bile duct destruction is also common
in immunosuppression. In particular, cytomegalovirus (CMV)-
induced bile duct loss in the transplanted liver has been 
extensively examined, but the pathogenetic role of the virus is
still under debate [29–31]. Other viruses, such as Epstein–Barr
virus (EBV) and hepatitis C virus (HCV), have also been asso-
ciated with ductopenia after liver transplantation [32–35]. In
acquired immune deficiency syndrome (AIDS), the most com-
monly isolated microorganism causing cholangiopathy with
eventual ductopenic liver disease is Cryptosporidium parvum
[36]. However, with effective antiviral therapy, cryptosporidio-
sis with progressive cholangitis is rarely seen.

Autoimmunity

Autoimmune liver diseases are frequent causes of ductopenia.
Primary biliary cirrhosis (PBC) and primary sclerosing cholan-
gitis (PSC) are the most common ones found in adults. PBC pre-
dominantly affects the small bile ducts with subsequent biliary
fibrosis and eventual cirrhosis.

In contrast, PSC affects intrahepatic and extrahepatic bile
ducts. Inflammation and obliterative fibrosis of the biliary tree
are characteristics of the disease. As the major bile ducts are

Fig. 1 Endoscopic retrograde cholangiogram of a patient after severe
shock who developed diffuse microabscesses along the smaller branches of
the biliary tree. Later on, chronic cholestatic liver disease consistent with
vanishing bile duct syndrome developed, and the patient was referred for
liver transplantation.
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1116 11 IMMUNE DISORDERS OF THE LIVER

more notable sites of injury, examination of liver specimens by 
a pathologist may not clarify a clinical situation definitively.
Here, the clinical and laboratory findings as well as typical mor-
phology in endoscopic retrograde cholangiopancreatography
(ERCP) or magnetic resonance cholangiopancreatography
(MRCP) will result in the correct diagnosis. In patients with a
normal cholangiogram but histological features of fibrosing
cholangitis, small duct PSC may be present. Patients with small
duct PSC have better long-term survival than patients with pre-
dominantly large duct damage [41]. Overlap phenomena with
characteristics of autoimmune hepatitis, PBS and PBC may also
present as vanishing bile duct syndrome. Pathogenesis, clinical
presentation and natural history, as well as discussion of the
immunological background of these diseases, will be discussed
in detail in Chapters 11.1 and 11.3.

Sarcoidosis is another cause of vanishing bile ducts which
shares features of autoimmunity. A minority of patients (2–6%)
may be affected [42].

Liver transplantation

Vanishing bile ducts after liver transplantation may be due to
direct attack by host cells against the biliary structures (T cell-
mediated cytotoxicity, cellular rejection) or obliteration of the
blood supply of the biliary tree caused by vascular rejection. 
In acute rejection, mixed inflammatory cells infiltrate the liver
parenchyme as well as bile ducts and blood vessels. This
archetype of cellular rejection may be reversible under appro-
priate treatment. In contrast, severe acute rejections may cause
irreversible loss of bile ducts with progressive cholestasis de-
spite preservation of intact hepatocytes. Some patients develop
ductopenia shortly after transplantation but, in the majority of
patients, chronic rejection occurs within months or years after
surgery with a peak incidence after 3 months [43]. Reversibility
of vanishing bile duct syndrome in transplant rejection is pos-
sible, but may be confined to the early stages of graft rejection.

In addition, the recurrence of the primary disease (e.g. PSC,
HCV) may lead to reoccurrence of the vanishing bile duct syn-
drome in the transplanted liver [44].

Others

Vanishing bile duct syndrome in malignancies
Infiltration of hepatic tissue and biliary structures by lymphatic
tumour cells may also cause loss of biliary structures. Histology
in these cases may be mistaken as an inflammatory process, but
the monomorphic appearance of the tumour cells could indicate
a malignancy. Vanishing bile duct syndrome may resolve once
the tumour is controlled [45–47].

Vanishing bile duct syndrome in graft-vs.-host
disease
Graft-vs.-host disease may present as acute hepatitis, but usually
shows an indolent cholestatic disease [48,49]. Biliary structures

are one of the main targets for acute and chronic graft-vs.-host
reaction. Although reported predominantly after bone marrow
transplantation, it also occurs after transplantation of grafts 
harbouring a large number of lymphatic cells (i.e. small bowel
transplantation) [50].

Diagnosis

Symptoms and signs

Although considerably different in origin, the clinical presenta-
tion of all causes of vanishing bile ducts shares specific charac-
teristics, especially in advanced disease. Jaundice and pruritus
are almost always present. Fatigue and signs of portal hyperten-
sion are frequent. Hepatosplenomegaly may be present in the
early stages. Later on, the liver can be small and hard, while
splenomegaly persists. As the disease progresses, symptoms of
chronic liver failure may appear. Frequently, ductopenic liver
disease is just a bystander of a systemic disorder (e.g. cystic fibro-
sis). The clinical assessment should therefore always take into
account symptoms and signs of the underlying conditions and
must also include a thorough medical history with special
emphasis on drug exposure.

Laboratory features

Laboratory findings in vanishing bile duct syndrome are
unspecific. However, in the majority of patients, serum analysis
shows elevated cholestasis parameters with or without elevated
liver transaminases. Owing to the fact that the underlying condi-
tions are so heterogeneous, it is not possible to give a general 
recommendation for a standard laboratory panel. Therefore,
investigations should include appropriate parameters to charac-
terize further the condition suspected according to the medical
history (e.g. autoantibodies in autoimmune-mediated cholan-
giopathies or PSC). Laboratory results may reasonably be 
completed by selective diagnostic imaging (i.e. cholangiogram,
ultrasound, arteriogram, etc.). Endoscopic retrograde cholan-
giography or magnetic resonance imaging of the biliary tree
should be implemented early in the diagnostic work in order to
identify macroscopic alterations of the biliary tree (e.g. in PSC).

Histology

To correctly diagnose the vanishing bile duct syndrome, the
clinician largely depends on the histopathological findings.
Conversely, for the interpretation of the biopsies, the patholo-
gist needs detailed clinical information (e.g. age, presence of
autoimmune markers, macromorphology of bile duct system).

Ideally, a minimum number of 20 portal tracts should be
examined in the specimen. Ductopenic liver disease is apparent
if more than 50% of hepatic artery branches lack an accompany-
ing bile duct [19,20]. However, in most circumstances, only 
needle biopsy specimens are available, and only a few portal
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11.4 VANISHING BILE DUCT SYNDROME 1117

tracts may be present in the sample. In this case, additional 
features secondary to ductopenia (e.g. periportal cholestasis, 
biliary piecemeal necrosis, copper retention, presence of Mallory
bodies) will help the experienced pathologist to establish the
diagnosis. In obstructive cholestasis, portal tract expansion, bile
duct dilatation and early-stage fibrosis, as well as bile ductular
proliferation and ductopenia of the larger bile ducts, may be 
present simultaneously. Some histopathological characteristics
are of diagnostic value. Granulomatous cholangitis for instance
helps to distinguish PBC from other ductopenic liver diseases.
However, this finding is not specific as it also occurs in sarcoido-
sis. Furthermore, a variant of PBC with ductopenia but without
evident bile duct destruction might complicate the diagnosis.
Infiltration of the bile ducts with lymphocytes is unspecific 
and seen on many occasions, but the predominance of certain
subpopulations of inflammatory cells is characteristic of certain
situations (e.g. infiltration with eosinophils in cystic fibrosis and
acute rejection). In chronic graft rejection, ductopenia may
result from ischaemic bile duct destruction through obliterative
arteriopathy or ineffective regeneration of the bile duct epithelium.

Bile duct loss secondary to obliterative arteriopathy, chronic
infections of the biliary tract, inflammatory infiltration of biliary
structures and neoplastic duct destruction are often obvious 
in histopathology. On the other hand, ductopenia in slow de-
generative processes may be missed because of the absence of
inflammatory infiltrates as a bystander lesion.

If alpha-1-antitrypsin deficiency is suspected, immune stain-
ing of the retained protein may be helpful. Of note, in early
infancy, staining of the defective protein will not contrast against
a background of other granules that are present at an early age.
In this case, genetic investigation may be of greater value [19,20].

Sequelae of vanishing bile duct
syndrome

In some patients, vanishing bile duct syndrome resolves com-
pletely once the triggering factor subsides. However, in most
instances, presentation is late and bile duct destruction is already
advanced. If the underlying process cannot be controlled,
destruction of the bile ducts may proceed and eventually lead 
to liver fibrosis. In fact, the reactive cholangiocytes actively
influence fibrogenesis [51]. Liver cirrhosis and liver failure are
endstages of the vanishing bile duct syndrome.

Therapy

Therapy of the vanishing bile duct syndrome must always
address the underlying condition. The immunologically mediated
bile duct destruction – whether autoimmune or in graft-vs.-host
disease – is targeted with immunosuppression. If infections of
bile ducts are the cause, the causative agent should be isolated, if
at all possible, and treated. In cases where anatomical problems
support chronic infections (e.g. stenosis of bile ducts, biliodig-
estive anastomosis), surgical or endoscopic interventions are

beneficial. Ischaemia due to stenosis after transplantation or
arteriosclerosis should be treated surgically or by interventional
radiology. Toxic drugs should be stopped. In genetically deter-
mined conditions (e.g. cystic fibrosis) or developmental malfor-
mation of the biliary tree (e.g. non-syndromic paucity of bile
ducts), treatment often has only a supportive role in retarding
manifestation of the disease. Control of symptoms includes
treatment of pruritus. Here, UDCA may relieve the symptoms.
UDCA is used clinically in a variety of vanishing bile duct mani-
festations, and anecdotal reports of improvements under UDCA
are increasing. However, it is not approved for most applica-
tions. Putative mechanisms of action of UDCA are protection of
cholangiocytes against cytotoxicity of hydrophobic bile acids,
stimulation of hepatobiliary secretion and protection of hepato-
cytes against bile acid-induced apoptosis [52].

Other symptomatic therapies include cholestyramine to bind
bile acids. Rifampicin and naltrexone may also have some effect
on severe pruritus. A number of cases have been published in
which albumin dialysis was beneficial in patients with severe
pruritus [53–59]. Patients with late-stage ductopenic liver dis-
ease must be considered for liver transplantation.

Outlook

Understanding the normal function of the biliary epithelium
and elucidating the pathophysiology of cholangiopathies may be
the beginning of the development of new therapeutic concepts.
As the dogma of irreversibility of cirrhosis has recently been
eroded, new ways of influencing the potential in function and
plasticity of the biliary epithelium may also help to augment or
reverse the changes seen in the vanishing bile duct syndrome in
future.
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11.5 Overlap syndromes
Ulrich Beuers

Introduction

In hepatology, the term ‘overlap syndrome’ describes variant
forms of autoimmune hepatitis (AIH) and autoimmune 
cholangiopathies. Hepatic overlap syndromes present with
characteristics of AIH and primary biliary cirrhosis (PBC), 
primary sclerosing cholangitis (PSC) or autoimmune cho-
langitis [AIC; synonym antimitochondrial antibody (AMA)-
negative PBC]. It remains unclear whether additional overlap
between PBC and PSC exists. It is also a matter of discus-
sion whether these overlap syndromes form distinct entities 
or are only variants of the major autoimmune hepatopathies
[1–5].

Variant forms of AIH form a considerable fraction of auto-
immune liver diseases [1]. Sequential syndromes characterized
by transition from one to another autoimmune hepatopathy,
e.g. from PBC to AIH [6,7] or from AIH to PSC [8,9], have also
been reported. Diagnostic criteria for overlap syndromes have
not been standardized so far, and misuse of the term ‘overlap
syndrome’ is common in clinical practice. Thus, the term ‘over-
lap syndrome’ appears to be inadequate when characteristic 
features of an autoimmune hepatopathy are detected together
with those of a second liver disease, e.g. chronic hepatitis C. 
This chapter summarizes current views [2–5] on hepatic overlap
syndromes.

Characteristics of major autoimmune
hepatopathies

A diagnosis of AIH, PBC or PSC always requires careful exclu-
sion of other causes of liver damage, including alcohol, viral,
drug- and toxin-induced, hereditary metabolic and non-
alcoholic fatty liver disease, as outlined in detail in other 
chapters. The diagnosis of AIH, PBC and PSC is then based on a
pattern of characteristic clinical, biochemical, histopathological
and cholangiographic findings. None of these findings alone is
diagnostic, and most criteria are of limited sensitivity and
specificity for the diseases under discussion (Table 1).

Autoimmune hepatitis (AIH)

The International Autoimmune Hepatitis Group (IAIHG) 
provided a descriptive set of criteria for the diagnosis of AIH 
in routine clinical practice and established a scoring system 
for research purposes, which is also used increasingly, although
not yet adequately validated, in clinical practice; it comprises 
characteristic clinical, biochemical and histological criteria of
AIH [10]. These include gender distribution (female > male),
the pattern of elevated serum liver tests (serum transaminases >
serum alkaline phosphatase), elevated serum immunoglobulin
(Ig)G or γ-globulins, the presence of antinuclear (ANA), anti-
smooth muscle (ASMA) and type 1 antiliver/kidney microsomal
(LKM1) serum autoantibodies, the absence of AMA and viral
markers, lack of evidence for drug- or alcohol-induced liver 
disease, histological criteria such as interface hepatitis with
piecemeal necrosis and lobular necroinflammatory changes, the
presence of extrahepatic autoimmune diseases, other defined
autoantibodies or histocompatibility leukocyte antigen (HLA)
associations (B8, DR3, DR4) and a positive treatment response
to corticosteroids [10]. The diagnostic value of antisoluble liver
antigen (SLA) antibodies [11] and atypical perinuclear antineu-
trophil cytoplasmic (pANCA) antibodies [12] may be taken into
consideration in a future version of the AIH scoring system.

Primary biliary cirrhosis (PBC)

Criteria for the diagnosis of PBC include: (i) a cholestatic serum
enzyme pattern; (ii) elevated serum IgM; (iii) the presence of
AMA detected by immunofluorescence (> 1:40) or PBC-specific
AMA-M2 directed against the E2 subunit of the pyruvate 
dehydrogenase complex and detected by enzyme-linked
immunosorbent assay (ELISA) or immunoblotting; and (iv) a
‘florid bile duct lesion’ of middle-sized intrahepatic bile ducts
and bile duct paucity [13–15]. The cholestatic serum enzyme
pattern, serum AMA and a compatible histology (Table 1) are
regarded as mandatory for the diagnosis of PBC. A granulo-
matous cholangitis is not specific for PBC and is observed in 

1120

TTOC11_05  3/10/07  8:50 AM  Page 1120



11.5 OVERLAP SYNDROMES 1121

less than one-third of biopsies from PBC patients [16,17]. PBC 
is frequently associated with other autoimmune disorders such
as Sjögren’s syndrome, Hashimoto thyroiditis and coeliac disease.

Primary sclerosing cholangitis (PSC)

Criteria for the diagnosis of PSC include: (i) a cholestatic serum
enzyme pattern; (ii) typical cholangiographic findings of bile
duct stenoses and dilatations without prior bile duct surgery 
or other underlying causes of secondary sclerosing cholangitis;
(iii) histological findings compatible with PSC showing mild to
moderate portal infiltration with mainly lymphocytes, but also
neutrophils and eosinophils, and in small biopsy samples, only
exceptionally the typical onion skin portal fibrosis around bile
ductules; (iv) concomitant inflammatory bowel disease in
70–90% of patients (ulcerative colitis four- to fivefold more 
frequent than Crohn’s colitis in PSC); and (v) the presence of
atypical pANCA in more than 70% of patients [18] (Table 1).
The cholestatic serum enzyme pattern, typical cholangiographic
findings and a compatible histology are regarded as mandatory
for the diagnosis of PSC. PSC is not regarded as a classical
autoimmune disease because gender distribution (male > female)
and lack of adequate response to corticosteroid treatment are
not compatible with classical autoimmune disorders [14].

Autoimmune cholangitis (AIC)

AIC (synonym AMA-negative PBC) shares many features with
PBC including the female preponderance, symptoms such as
fatigue and pruritus, a cholestatic serum enzyme pattern, ‘florid
bile duct lesions’, ductopenia and a slowly progressive course
leading to fibrosis and cirrhosis of the liver [19]. Patients with
AIC are, by definition, AMA negative and often present with
serum ANA and/or ASMA (Table 1). In 1987, AIC was first
reported as ‘immunocholangitis’ in three women who presented
with signs and symptoms of PBC, but were AMA negative and
ANA positive and responded to immunosuppressive therapy
[20]. AIC was discussed as a variant of AIH [1,21], a hybrid of
PBC and AIH [22], a result of sequential occurrence of PBC and
AIH [6] or a heterogeneous jumble of rare cholangiopathies
including atypical PBC, small duct PSC, idiopathic adulthood
ductopenia and transitional stages of the classic diseases [23].
AIC and PBC were discussed as separate entities [24,25] or vari-
ants of one single disease, only differing in serum autoantibody
pattern [3,26–30]. The latter view was supported by more recent
studies: 22 of 30 patients with AIC (AMA-negative PBC) but 
0 of 316 control subjects tested positive for a new AMA-M2
recombinant assay, which detected autoantibodies directed
against human E2 members of the 2-oxoacid dehydrogenase

Table 1 Clinical, biochemical, histological and cholangiographic criteria of autoimmune liver diseases. ‘Overlap syndromes’ show characteristics of
autoimmune hepatitis (AIH) and primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC) or autoimmune cholangitis (AIC) (adapted from ref. 5).

Female:male

Signs and symptoms

Predominant serum 

liver test elevation

Serum Ig elevation

Autoantibodies

HLA association

Histology

Diagnosis

First-line medical 

therapy

AIH, autoimmune hepatitis; AIC, autoimmune cholangitis; ALT, alanine aminotransferase; aP, alkaline phosphatase; AST, aspartate aminotransferase; 

AMA, antimitochondrial antibodies; ANA, antinuclear antibodies; ASMA, antismooth muscle antigen antibodies; g-GT, g-glutamyl transferase; LKM1, 

antiliver/kidney microsomal autoantibodies, type 1; pANCA, perinuclear antineutrophil cytoplasmic antibodies; PBC, primary biliary cirrhosis; PSC, primary

sclerosing cholangitis; SLA, antisoluble liver antigen autoantibodies; UDCA, ursodeoxycholic acid.

AIC

9:1

Fatigue, pruritus

aP, g -GT

IgM

ANA, ASMA

B8, DR3, DR4

Florid bile duct lesion

Cholestatic serum enzyme

pattern, AMA negative,

ANA or ASMA positive,

histology compatible with

PBC

UDCA

PSC

1:2

Fatigue, pruritus

aP, g -GT

IgG, IgM

pANCA

DR52

Fibrosing bile duct lesion

Bile duct stenoses/dilatations

(cholangiography), cholestatic

serum enzyme pattern,

inflammatory bowel disease,

pANCA

UDCA

PBC

9:1

Fatigue, pruritus

aP, g -GT

IgM

AMA, AMA-M2

DR8

Florid bile duct lesion

AMA-M2, cholestatic

serum enzyme

pattern, compatible

histology

UDCA

AIH

4:1

Fatigue, jaundice, arthropathy

ALT, AST

IgG

ANA, ASMA, LKM1, SLA, pANCA

A3, B8, DR3, DR4

Lymphocytic interface hepatitis 

(moderate/severe)

AIH score > 15

Corticosteroids + azathioprine
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complex family [31]. In addition, immunohistochemical studies
showed that PDC-E2 (E2 subunit of the mitochondrial pyruvate
dehydrogenase complex) immunoreactivity was expressed on
apical membranes of biliary epithelial cells not only in patients
with PBC but also in seven of nine patients with AIC [32].
Similar autoimmune targeting directed towards PDC-E2 was
observed in PBC and AIC when antibody expression was com-
pared using phage display [33]. Autoantibodies to carbonic
anhydrase [34] and antilactoferrin [35], which were first pro-
posed as specific markers of AIC, were disclosed as non-specific
[36,37]. In addition, treatment response to ursodeoxycholic 
acid (UDCA; 13–15 mg/kg daily) [38,39] and outcome of liver
transplantation in endstage disease in AIC were similar to those
in PBC [39]. Thus, a majority of AIC patients, when defined as
AMA-negative PBC, apparently suffer from ‘true’ PBC.

Overlap syndromes (Fig. 1)

AIH–PBC overlap syndrome

PBC and AIH represent the major autoimmune hepatopathies
with a prevalence of 33–40/100 000 [40,41] and 17/100 000 [42],
respectively, in recent epidemiological studies from northern
Europe and the United States. Female gender predominates in
both AIH (80%) and PBC (90–95%). Pruritus is reported during
the course of PBC by a majority of patients, whereas it is usually
not observed in AIH. Serum liver tests typically show a hepatitic
pattern in AIH and a cholestatic pattern with predominant ele-
vation of alkaline phosphatase and γ-glutamyl transferase and
only mild elevation of serum transaminases in PBC. Serum IgG
is the predominant immunoglobulin elevated in AIH, whereas
serum IgM is elevated in most patients with PBC.

AIH–PBC overlap syndromes were first reported in the 
1970s [43,44]. Two extended analyses provided evidence of
AIH–PBC overlap in 8% of 199 patients with AIH (n = 162) or
PBC (n = 37) [1] and in 9% of 130 patients with PBC [7]. A
recent analysis of a smaller cohort of 82 consecutive patients
with definite or probable AIH based on the revised AIH score 
of the IAIHG [10] still found overlap with PBC in 13% of
patients [45].

The term ‘overlap syndrome’ was not used uniformly in these
studies. In the French study, an AIH–PBC overlap syndrome
was accepted when two or three criteria of PBC [(i) alkaline
phosphatase > 2 × N or γ-glutamyl transferase > 5 × N; (ii) AMA
positive; (iii) florid bile duct lesions] as well as AIH [(i) ALT > 5
× N; (ii) IgG > 2 × N or ASMA positive; (iii) portal and periportal
lymphocytic inflammation and moderate or severe periportal
lymphocytic piecemeal necrosis equal to interface hepatitis] were
fulfilled [7]. Characteristic features of patients with AIH–PBC
overlap syndrome include elevation of serum transaminases,
markers of cholestasis and immunoglobulins M and G, the 
presence of AMA-M2 and ANA, ASMA or SLA and histological
findings compatible with AIH, including moderate to severe
interface hepatitis (Table 2).

A group of German patients with AIH–PBC overlap syn-
drome presented with typical features of PBC (AMA-M2; florid
bile duct lesions), but a more hepatitic picture than PBC
patients. As patients with AIH–PBC overlap syndrome showed 
a predominant HLA type B8, DR3 or DR4, similar to patients
with AIH, and a good response to corticosteroid treatment, they
were diagnosed with a hepatitic form of PBC [46].

A diagnostic score might help to differentiate PBC from
PBC–AIH overlap syndrome and other autoimmune hepato-
cholangiopathies [47], but prospective evaluation is needed
before the introduction of this score into the clinic.

Autoantibodies are generally believed to present a hallmark
for the diagnosis of AIH, but up to 20% of patients with AIH
present without ANA, ASMA or LKM1 [10]. ANA represent the
least specific serum autoantibodies for the diagnosis of chronic
liver diseases and are also found in up to 30% of elderly healthy
control subjects, up to 10% of pregnant women and up to 30%
of patients with malignancies [48]. ANA in the serum of patients
with PBC are not a marker of AIH–PBC overlap syndrome, 
but are found at considerable rates in PBC patients without 
any further signs of AIH. In contrast, ANA with a specific
immunofluorescence pattern of multiple nuclear dots directed
against Sp100 (5–10 dots) or Coilin p80 (2–6 dots) are rather
specific for AIH–PBC, although less sensitive for PBC [48]. In a
small subgroup (3.9%) of 233 patients with PBC, the presence of
SLA autoantibodies was a marker of AIH–PBC overlap syndrome,
with a good response to immunosuppressive therapy [49].

At present, it remains unclear whether AIH–PBC overlap 
syndromes represent: (i) a ‘hepatitic form of PBC’ determined
by the genetic susceptibility of the patient; (ii) the middle of a
continuous spectrum of two autoimmune disorders, AIH and
PBC, with florid bile duct lesions and bile duct paucity on 

AIH

8–9%
6–8%

PBC PSC

Fig. 1 Overlap syndromes of autoimmune hepatitis (AIH) and primary
biliary cirrhosis (PBC) or primary sclerosing cholangitis (PSC) were reported
at rates of nearly 10% in different studies [1,7,59,76]. Whether overlap
between PBC and PSC exists remains elusive (adapted from ref. 5).
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one hand, and lymphocytic piecemeal necrosis and lobular
necroinflammatory changes on the other hand; or (iii) a coin-
cidence of two autoimmune diseases, AIH and PBC, considering
that autoimmune diseases are associated with one another in
5–10% of cases [4] and that both diseases may be observed
sequentially in the same patient [6,7].

Therapy
The low prevalence of AIH–PBC overlap syndrome has made
controlled therapeutic trials in these patients impossible so far.
Thus, therapeutic recommendations rely on experience in the
treatment of either AIH or PBC. The premise ‘at least do not
harm’ [2] should be considered, and commencement with
UDCA treatment (13–15 mg/kg/day) is recommended. If this
therapy does not induce an adequate biochemical response, the
addition of a glucocorticosteroid at tolerable doses (e.g. pred-
niso(lo)ne, 10–15 mg/kg daily; budesonide, 6–9 mg/kg daily, in
non-cirrhotic patients with AIH or PBC under evaluation in
controlled trials) [2,50] is advisable. The role of other immuno-
suppressants, e.g. azathioprine (1–1.5 mg/kg daily), in the long-
term management of patients with AIH–PBC overlap syndrome
is unclear, but its successful use in AIH makes azathioprine an
attractive alternative to corticosteroids for long-term immuno-
suppressive therapy [50]. For corticosteroid-resistant patients
with AIH–PBC overlap syndrome, intermediate treatment with
other immunosuppressants, such as ciclosporin A, has been
considered [51]. Liver transplantation is regarded as the treat-
ment of choice for endstage disease.

AIH–PSC overlap syndrome

AIH–PSC overlap syndromes have mainly been described in
children, adolescents and young adults [52–59]. A literature
review revealed an overlap between AIH and PSC, based on his-
tological evaluation, in 6% of patients with AIH [1]. Use of the
modified AIH score [10] led to the diagnosis of an overlap syn-
drome in 8% of 113 PSC patients [59] and 7% of 82 consecutive
patients with definite or probable AIH [45]. In contrast, one ret-
rospective analysis of 211 PSC patients disclosed only 1.4% of
patients as fulfilling the criteria of an overlap syndrome [60].
This analysis differed in (i) patient age, (ii) the range of autoanti-
bodies taken into consideration and (iii) the degree of complete-
ness of analysed data from other studies.

Colleagues from the UK provided a meticulous prospective
follow-up over up to 16 years of the largest case series of
AIH–PSC overlap syndromes in children and adolescents [8]. A
group of 55 children was studied who showed clinical, biochem-
ical and histological signs of AIH. In 27 of the 55 children,
cholangiographic findings were typical of sclerosing cholangitis,
whereas other signs and symptoms were characteristic of AIH.
Therefore, the term ‘autoimmune sclerosing cholangitis’ (ASC)
was proposed for this AIH–PSC overlap syndrome. Patients
with ASC more commonly suffered from inflammatory bowel
disease and were more often positive for ANCA in serum than
those with AIH. Serum transaminases tended to be higher in
AIH, but serum alkaline phosphatase, although mostly elevated
in PSC, was normal on several occasions in both diseases. Thus,

Table 2 Clinical, biochemical, histological and cholangiographic findings of ‘overlap syndromes’ (mandatory characteristics are marked*).

Signs and symptoms

Predominant serum 

liver test elevation

Serum Ig elevation

Autoantibodies

Histology

Additional features

First-line medical therapy

AIH, autoimmune hepatitis; AIC, autoimmune cholangitis; ALT, alanine aminotransferase; aP, alkaline phosphatase; AST, aspartate aminotransferase; 

AMA, antimitochondrial antibodies; ANA, antinuclear antibodies; ASMA, antismooth muscle antigen antibodies; g-GT, g-glutamyl transferase; 

pANCA, perinuclear antineutrophil cytoplasmic antibodies; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; SLA, antisoluble liver antigen

autoantibodies; UDCA, ursodeoxycholic acid.

AIH–AIC

Fatigue, jaundice, pruritus

ALT, AST, aP, g -GT

IgG, IgM

ANA, ASMA, SLA, pANCA

(i) Lymphocytic interface hepatitis*

(moderate/severe) 

(ii) Florid bile duct lesion*

(i) UDCA 

(ii) Corticosteroids/azathioprine

AIH–PSC

Fatigue, jaundice, pruritus

ALT, AST, aP, g -GT

IgG, IgM

ANA, ASMA, pANCA

(i) Lymphocytic interface hepatitis*

(moderate/severe) 

(ii) Fibrosing bile duct lesion*

Bile duct stenoses/dilatations*

(cholangiography), inflammatory

bowel disease

(i) UDCA 

(ii) Corticosteroids/azathioprine

AIH–PBC

Fatigue, jaundice, arthralgia, pruritus

ALT, AST, aP, g -GT

IgG, IgM

(i) ANA, ASMA, SLA, pANCA 

(ii) AMA-M2*

(i) Lymphocytic interface hepatitis*

(moderate/severe) 

(ii) Florid bile duct lesion*

(i) UDCA 

(ii) Corticosteroids/azathioprine
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AIH and ASC may belong to the same disease process and may
overlap with PSC.

Increasing awareness of the AIH–PSC overlap syndrome has
led to the observation that AIH and PSC may be sequential in
their occurrence, as first described in children [8]. More recently,
similar observations have been reported in a small case series of
six adults (mean age 31 years; four men; three with ulcerative
colitis) who developed biochemical and cholangiographic fea-
tures of PSC an average of 4.6 years after a diagnosis of AIH 
and became resistant to immunosuppressive therapy. Thus, in
patients with AIH who become cholestatic and/or resistant to
immunosuppression, PSC should be ruled out [9].

Therapy
UDCA is widely administered in PSC because of its beneficial
effects on serum liver tests, histological features, prognostic sur-
rogate markers and development of colonic dysplasia associated
with accompanying ulcerative colitis, although the long-term
efficacy of UDCA still remains unproven [61–64]. UDCA has
been used in combination with immunosuppressive drugs in
ASC, and the long-term course was reported as favourable 
[8]. Thus, UDCA in combination with an immunosuppressive
regimen (azathioprine ± corticosteroid) may be an adequate
medical treatment for most patients with ASC, although data
from controlled trials are lacking. Liver transplantation should
be considered in late-stage disease.

AIH–AIC overlap syndrome

Concomitant features of AIH and AIC have been reported.
Histological specimens of 84 AMA-negative patients with
‘definite’ AIH (AIH score > 15) were studied for the presence of
bile duct injury regarded as atypical of AIH [10]. Some 24% of
patients showed features of bile duct injury, including destruc-
tive cholangitis and ductopenia, although they otherwise
fulfilled all the criteria for the diagnosis of AIH [65]. Thus, the
diagnosis of an AIH–AIC overlap syndrome cannot be based
only on the presence of bile duct injury when other features are
compatible with the diagnosis of AIH. An exception may be
granulomatous portal lesions, which are described in PBC, AIC,
drug-induced cholestasis, chronic hepatitis C, sarcoidosis and
even PSC but not in AIH [17]. Features of an AIH–AIC overlap
syndrome including hepatic and cholestatic biochemical
changes, interface hepatitis and bile duct lesions with portal
granulomata and bile duct proliferation have been described in
an AMA-negative woman who responded to combined treat-
ment with UDCA, prednisone and azathioprine [66].

Coexistence of liver diseases

Coexistence of PBC and PSC

Different from AIH–PBC and AIH–PSC overlap syndromes,
evidence for an overlap of PBC and PSC is limited at best.

Combined features of both PBC and PSC have been reported
[67,68]. In one case, careful documentation and discussion 
of clinical, biochemical, histological and cholangiographic
findings as well as follow-up clearly showed that features charac-
teristic of PBC and PSC may be identified in a single patient 
[68]. However, the exceptional rarity of this scenario when com-
pared with the frequency of AIH–PBC and AIH–PSC overlaps 
in patients with major autoimmune hepatobiliary diseases
(6–10%, see above) may lead to the conclusion that pure coexis-
tence of PBC and PSC, rather than an overlap syndrome, was
documented in this single case.

Coexistence of AIH and chronic hepatitis C

The term ‘overlap syndrome’ for coexistence of AIH and chronic
hepatitis C appears to be inappropriate. Autoantibodies are
commonly detected in hepatitis C. In particular, ANA, ASMA
and antithyroid antibodies, mainly at low titres, have been docu-
mented in up to 65% of patients with hepatitis C. LKM1 anti-
bodies are the hallmark of AIH type 2. They are homogeneous,
found at considerable titres and are directed against four small
and linear epitopes on cytochrome P450 2D6 [69–71]. LKM1
antibodies were also observed in up to 7% of patients with
chronic hepatitis C. Interestingly, hepatitis C virus (HCV)-
associated LKM1 antibodies were found at lower titres, were
more heterogeneous and directed against multiple epitopes [72].

In patients with AIH and hypergammaglobulinaemia, 
anti-HCV tests turned out to be false positive in many cases,
with negative HCV RNA, as determined by recombinant
immunoblot assay (RIBA) or polymerase chain reaction (PCR)
[73–75]. Thus, it appears mandatory that anti-HCV-positive
patients with signs of AIH are tested for the presence of HCV
RNA by PCR before a diagnosis of hepatitis C can be made.

Therapy
When coexistence of AIH and chronic hepatitis C is assumed,
treatment should be adapted to three groups of patients: (i)
patients with true AIH and a false-positive anti-HCV test should
be treated with immunosuppressive drugs; (ii) patients with true
chronic hepatitis C and autoantibodies at low titres, but no other
signs of AIH, should undergo antiviral treatment (e.g. pegylated
interferon and ribavirin); and (iii) patients with true chronic
hepatitis C and clear signs of AIH including young age, female
gender, high autoantibody titres (ANA, SMA, LKM1) ≥ 1:320,
hypergammaglobulinaemia and a history of extrahepatic
autoimmune disorders should first be treated with an immuno-
suppressive regimen under careful control of clinical and bio-
chemical features [50,75].
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The relationship between excessive alcohol consumption and
the development of diseases, particularly hepatic lesions, has
been recognized since early times, although these lesions had 
not been related to the direct toxic effect of alcohol until 50 
years ago. Alcoholic hepatic cirrhosis is one of the most fre-
quent liver diseases after those caused by the hepatitis virus 
and non-alcoholic steatohepatitis. Likewise, alcoholic hepatic
cirrhosis is the second most common cause of liver transplanta-
tion in most healthcare centres. The prevalence and mortality 
of alcoholic cirrhosis are directly related to alcohol intake in 
a determined population [1,2]. This chapter will review the 
evolution of alcohol intake in different countries, the rela-
tionship between alcohol consumption and cirrhosis and 
other factors that may influence the toxic effect of alcohol on 
the liver.

Alcohol consumption

The consumption of alcohol rose progressively in most coun-
tries from the 1950s until the 1980s, with stabilization in alcohol
intake or with even a slight increase being seen thereafter in
many countries. According to the latest report by the World
Health Organization, the consumption of alcohol in the adult
population around the world in the last 5 years has stabilized at
5.1 L of pure alcohol per inhabitant per year, with 1.9 L corres-
ponding to beer, 1.3 L to wine and 1.7 L to distilled beverages.
These quantities obviously vary considerably according to the
country and region analysed [3] (Table 1).

Countries in southern Europe such as France, Spain, Portugal
and Italy are the greatest wine producers and, although the con-
sumption of alcohol in these countries has declined, it remains
high at around 12 L per inhabitant per year. A similar pattern
may be observed in western European countries, where the
decrease in alcohol intake is not as notable. However, the con-
trary may be seen in the northern European countries, and 
especially in eastern Europe, where the consumption of alcohol
has risen, thereby reducing the differences among the different
regions [4]. In the United States and Canada, the evolution of
alcohol intake has been similar to that in Europe, with consump-

tion being from 8.5 to 9 L per inhabitant and with a slight, albeit
persistent, increasing trend [5].

The most worrisome situation may be seen in the developing
countries where an important increase in the consumption of
alcohol, particularly of spirits, has been reported. This increase
has been observed in all the Asian countries and, although it is

12.1 Epidemiological aspects of 
alcoholic liver disease
Juan Caballeria

Table 1 Estimated per capita alcohol consumption in representative
countries from different worldwide regions in 2001 (population aged 
15 years and older).

Country Total (L/year) Beer Wine Spirits

Argentina 8.55 2.30 5.63 0.42

Australia 9.19 5.20 2.98 1.49

Brazil 5.32 2.74 0.33 2.26

Canada 8.26 3.88 1.52 2.48

Chile 6.02 1.59 3.25 1.18

China 4.45 1.21 0.35 2.89

Czech Rep. 16.21 9.43 2.36 4.41

Denmark 11.93 6.02 4.57 1.34

Finland 10.43 4.89 2.94 2.61

France 13.54 2.20 8.38 2.96

Germany 12.89 7.26 3.38 2.24

Hungary 11.92 3.84 4.47 3.60

Ireland 14.45 9.24 2.05 3.07

Italy 9.14 1.68 6.99 0.47

Japan 7.38 2.20 1.15 4.02

Mexico 4.62 3.74 0.03 0.88

Netherlands 9.74 4.91 2.76 2.07

Poland 8.68 3.73 0.89 4.07

Portugal 12.49 3.66 7.16 1.67

Russia 10.58 1.82 1.12 7.64

Spain 12.25 4.38 5.07 2.80

Sweden 6.86 3.37 2.27 1.22

Thailand 8.47 1.31 0.04 7.13

UK 10.39 5.97 2.58 1.84

USA 8.51 4.76 1.15 2.44

Data from World Health Organization reports.
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still markedly lower than that of western countries, it has 
doubled in only a relatively short period of time [6].

The preferences for the type of beverage consumed also vary
from region to region, Beer consumption predominates in many
European countries, wine is more often consumed in wine-
producing countries, and spirits are more frequently consumed
in northern Europe and in Asian countries. These preferences
have changed in recent years, with the consumption of beer hav-
ing risen considerably in Europe, while that of wine and spirits
has remained stable. However, the consumption of wine has
diminished in wine-producing countries and has increased in
those that do not produce wine. As will be discussed later, the
importance that the pattern of alcohol consumption has in the
development of hepatic lesions is still not clear.

Alcohol consumption in a population, in general, is evaluated
by taking into account the registry of production and alcohol
sales. Therefore, consumption may be underestimated by not
considering the illegal production of alcohol and the production
of alcoholic beverages from the fermentation of different agri-
cultural products. These aspects are important, especially in
developing countries.

Furthermore, the average amount of alcohol consumed in a
determined population should take into account other impor-
tant aspects such as the percentage of people who drink regularly
and the percentage of drinkers who consume a potentially 
dangerous amount of alcohol. In the United States, 67.3% of 
the adult population occasionally consume alcohol while 7.4%
of the population (11% males and 4% females) fulfil the criteria
of alcohol abuse or alcoholism. Likewise, 20% of the population
consumes 80% of the alcohol [7]. Studies carried out in Spain
have reported that 30% of the adult population is abstemious
while 7.3% may be considered to be at risk of presenting an 
alcohol dependence syndrome or severe hepatic lesions [8].

Relationship between alcohol
consumption and mortality from
cirrhosis

Hepatic cirrhosis is one of the leading causes of death in all west-
ern countries with it having been estimated that approximately
150 000 people around the world die from cirrhosis every year.
The real figure for the number of deaths by cirrhosis is probably
greater as, in many cases, when this disease is compensated, it is
not diagnosed. Alcohol is the primary cause of cirrhosis and is
considered to be responsible for around 50% of the deaths from
cirrhosis [9,10]. There is a clear parallel between alcohol intake
in a determined population and the rate of death from cirrhosis,
and these data are therefore considered to be an index of alcohol
consumption in some countries (Fig. 1). Numerous epidemio-
logical studies have demonstrated a relationship between the
consumption of alcohol and death from cirrhosis, and studies
performed in the United States during the time of prohibition
and in France during the Second World War are considered
classical.

From 1950 to 1973, the mortality from cirrhosis in the United
States increased from 8.5 to 14.9 cases per 100 000 inhabitants in 
parallel with the increase in alcohol intake from 7.57 to 10.45 L
per adult per year. A slow decline in both parameters has been
observed since, with alcohol intake being 8.36 L per inhabit-
ant per year and the mortality from cirrhosis being 7.9 cases per
100 000 inhabitants in 1993 (Fig. 2). In France, the mortality
from cirrhosis decreased from 36 cases per 100 000 inhabitants
in 1967 to 16 cases in 1992, coinciding with a 50% decrease in
wine consumption.

One interesting fact is that, in these studies, there is no 
exact relationship between the time at which alcohol intake
diminishes and when the mortality from cirrhosis decreases in a

16 

14 

12 

10 

8 

6 

4 

2 

0
Northern

Alcohol consumption (L/year)

Southern Central Eastern

Cirrhosis mortality/100 000

Fig. 1 Per capita total alcohol consumption 
and mortality from cirrhosis in different
European regions, 2002 (WHO Regional Office
for Europe Reports).
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determined population. In the study cited from the United
States, mortality from cirrhosis was at its highest in 1973, but
alcohol consumption did not begin to fall until 1980. Several
factors may explain this discordance [11]. First, the alcohol
intake per inhabitant did not take into account the percentage of
excessive drinkers, and the increase in alcohol consumption
from one year to another may have been due to the increase in
the total number of consumers, with the number of drinkers at
risk of developing cirrhosis remaining constant. Secondly,
changes in the treatment of alcohol dependence or cirrhosis and
its complications may also influence mortality. Finally, a long
period of excessive alcohol intake is required before the appear-
ance of cirrhosis is observed and, thus, many years may go 
by before changes in the habits of alcohol consumption are
reflected in the mortality from cirrhosis.

The close relationship between the variations in alcohol con-
sumption and the mortality from cirrhosis has been demon-
strated in two recent studies analysing the evolution of both
parameters in Canada and in 14 European countries from 
1950 to 1995 [12,13]. In the two studies, the curves of alcohol
intake and mortality from cirrhosis followed a parallel course in
both men and women. In the Canadian population, Ramstedt
observed that an increase in alcohol consumption of 1 L per
inhabitant per year was translated into an increase in mortality
from cirrhosis of 17% in males and 13% in females, which is a
30% increase when only analysing the mortality from alcoholic
cirrhosis. This increase in the rate of mortality from cirrhosis 
per litre of alcohol observed in Canada was greater than in 
the countries of southern (10%) and central (8%) Europe and
lower than in countries of northern Europe (27%). Ramstedt
suggested that, apart from the total amount of alcohol, the 
frequency of episodes of high consumption might raise the risk
of cirrhosis. However, this aspect remains controversial.

Another aspect that could influence the mortality from 
cirrhosis is the type of alcoholic beverage consumed. In a study
published in 1967 on alcohol consumption in the United States,
Canada and the United Kingdom, Terris [14] suggested that 
the consumption of beer had little influence on mortality from
cirrhosis and that the changes in the consumption of spirits were
responsible for the variations in the mortality from cirrhosis.
Similar results were obtained 30 years later, also analysing the
variations in alcohol consumption and mortality from cirrhosis
in several countries in which mainly beer is consumed. In their
study, Kerr et al. [15] concluded that the consumption of spirits,
more than that of beer or wine, was associated with mortality
from cirrhosis. Finally, in a recent study, Roizen et al. [5] also
observed that the curves of alcohol consumption and mortality
from cirrhosis in the United States from 1949 to 1994 were more
closely related to the curve of spirits consumption than the total
curve of alcohol consumption or the curves of wine or beer
intake (Fig. 3).

The relationship between alcohol consumption and the devel-
opment of hepatic cirrhosis is also very evident in countries in
which alcohol intake has become important in recent years, such
as in Asian countries, especially Japan, Korea or Taiwan. In these
countries, the consumption of alcohol per inhabitant per year
was around 1 L 40 years ago and had risen to 7 L in 1980. This
increase is even more important when only males or subjects
with aldehyde dehydrogenase type 2 are considered. During this
period of time, liver diseases of alcoholic aetiology have risen from
5.1% to 14.1% in Japan [16] and from 1.55% to 24% in Korea [17].

It is generally agreed that the development of cirrhosis is 
correlated with the magnitude and length of alcohol intake,
although there are some discrepancies with regard to the dose 
of alcohol at which the risk of cirrhosis increases. In Germany,
Lelbach [18] observed a clear relationship between the quantity
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Fig. 2 Per capita total alcohol consumption
and mortality from cirrhosis in the United
States, 1940–2000 [2,3,5].
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and length of alcohol intake and the development and intensity
of hepatic lesions. More recently, Anderson [19] analysed the
results of four case–control studies demonstrating a relationship
between the intensity of alcohol intake and the development 
of cirrhosis in all. There is evidence suggesting that the risk
increases with the consumption of 60–80 g/day in males and 
20 g/day in females, although according to the different studies,
only between 6% and 41% of the subjects consuming these
quantities developed cirrhosis. In the Dionysos study, only
13.5% of the subjects with an alcohol intake of > 120 g/day
developed alcoholic liver disease. This study suggested that a
minimum of 100 kg of alcohol over a lifetime is required to
develop cirrhosis [10].

More recently, it has been suggested that above a relatively
low, albeit not well-determined, level of alcohol consumption,
the risk of developing cirrhosis is not influenced by the dose of
alcohol consumed. Thus, alcohol could have a permissive and
not dose-dependent role in the development of hepatic lesions.
In a series of autopsies, a greater incidence of cirrhosis was
observed with alcohol intake of > 80 g/day, but there was no 
relationship between alcohol consumption and the develop-
ment of cirrhosis above this value [20]. In a prospective study
carried out in Denmark, it was found that the mortality from
alcoholic cirrhosis among alcoholics compared with the general
population was 27-fold greater in males and 35-fold greater in
women, but the risk of cirrhosis was not associated with the
magnitude of consumption as no progressive increase in risk
was observed above a consumption of 60 g/day [21].

Other factors that may influence
mortality from alcoholic cirrhosis

Different studies have reported that only 15–30% of chronic
alcoholics developed cirrhosis, suggesting that other factors may

influence the development of this disease. Among these factors,
the pattern of consumption, the type of beverage, lifestyle, gen-
der, ethnicity and hepatitis virus infection, especially hepatitis 
C virus (HCV), have been mentioned.

As indicated previously, some studies have suggested that the
pattern of alcohol intake or the type of beverage may influence
the development of and mortality from cirrhosis. Therefore,
important episodes of ingestion or the consumption of spirits
preferentially may be more harmful than continued but moder-
ate intake or the consumption of wine or beer [1,22]. It has also
been suggested that individuals who drink daily have a greater
risk of developing liver disease than weekend drinkers. However,
all these aspects remain open to debate.

It has also been suggested that diet and lifestyle may influence
the development of cirrhosis in alcoholics. Among the factors
mentioned are the ingestion of pork products, smoking, socio-
economic levels and obesity [2]. Among these factors, the most
frequently considered has possibly been obesity. Several studies
have demonstrated that excess weight, defined by a body mass
index of > 25 in males and > 27 in females, over at least 10 years 
is an independent risk factor for the development of alcoholic
hepatitis and cirrhosis in subjects with excessive alcohol con-
sumption [23,24]. Iturriaga et al. [25] also showed that over-
weight alcoholics had more frequent and more severe hepatic
lesions. In contrast, the Dionysos study suggested that the devel-
opment of cirrhosis in alcoholics was not dependent on weight
and body mass index.

Women have a greater susceptibility to the harmful effects of
alcohol and develop liver diseases that are equally as severe or
more severe than those of males with a lower amount of daily
alcohol intake and over a shorter period of time [26]. Thus, the
amount of alcohol considered excessive in women is lower and,
according to different authors, is between 20 and 60 g/day.
Different factors have been proposed to explain the greater 
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susceptibility of women to developing hepatic lesions, including
differences in the first-pass metabolism of alcohol and in the
activity of enzymes related to its metabolism [27], greater blood
and hepatic levels resulting from differences in the volume of
distribution [28] and an effect related to estrogens [29].

There are marked differences in the incidence of and the 
mortality from cirrhosis among different ethnic groups. These
differences are very evident in countries such as the United
States where the mortality from cirrhosis is greater in Hispanic
subjects followed by Afro-Americans, while the mortality from
cirrhosis among Caucasians is lower [9]. Although there are no
differences in the global consumption of alcohol among these
populations, the number of excessive drinkers and the episodes
of elevated alcohol consumption are greater in Hispanics and, to
a lesser degree, in Afro-Americans [30]. However, it remains
unclear whether these differences are due to genetic factors, dif-
ferences in the pattern of consumption or in the type of beverage
consumed or whether socioeconomic factors may play a role.

Excessive alcohol consumption and infection with HCV 
are the two main causes of chronic liver disease. On the other
hand, both factors frequently coexist, and there is a great deal of
evidence pointing to a synergic effect. The prevalence of HCV
infection is greater in alcoholics than in the general population
and is even greater in alcoholics with liver involvement [31].
Moreover, individuals with HCV infection and excessive alcohol
intake have more severe liver lesions, a more rapid progres-
sion of the disease and more frequently develop cirrhosis and
hepatocellular carcinoma [32,33]. Alcohol consumption also
reduces the response to treatment with interferon. The mecha-
nisms responsible for the interaction between alcohol abuse and
HCV infection remain unknown. Neither is it known whether
moderate alcohol intake also has a harmful effect on the evolu-
tion of chronic hepatitis by HCV. There is no clear evidence as to
the influence of alcohol intake on infection by the hepatitis B
virus.

Conclusions

Alcoholism currently continues to be a healthcare problem of
first priority, and alcoholic hepatic cirrhosis is one of the leading
causes of mortality in most countries. Despite a fall in both
parameters in the last decades, there are worrisome data which
foresee a stabilization or even an increase in mortality from 
cirrhosis. Among these factors, an increase in alcohol intake 
in developing countries, a greater consumption among youths
and women, changes in drinking patterns, with an increase 
in episodes of sporadic and very high consumption of spirits,
instead of regular consumption, and a predominance of wine
and beer have to be considered. Likewise, the interaction
between alcohol consumption and the rise in the prevalence 
of liver diseases such as chronic hepatitis C and non-alcoholic
steatohepatitis foresee an increase in mortality from cirrhosis.
All these aspects, as well as the identification of the populations
at risk, should be the focus of future studies.
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Introduction

In spite of intense research efforts there is still much debate
about the main pathogenetic mechanisms through which
ethanol causes liver injury. Several mechanisms have been pro-
posed, and more than one is likely to be important (Table 1).
These include the direct effect of ethanol metabolism on liver
biochemistry, the release of cytokines as a result of portal endo-
toxinaemia and the liver-directed adaptive immune responses
generated towards new antigens formed through these first 
two mechanisms. Before describing how these mechanisms 
may interact there is a brief description of the absorption, 
distribution, metabolism and elimination of alcohol. Alcohol
metabolism will be discussed in terms of the fate of a unit of
alcohol following ingestion. One unit is equivalent to 10 g or
12.5 mL of absolute alcohol, which is present in approximately
half a pint (284 mL) of beer and one standard measure of wine
(114 mL) or spirits (24 mL).

Absorption, distribution and excretion

After ingestion of one unit, peak blood alcohol concentration
occurs after approximately 20 min and reaches between 10 and
15 mg/100 mL. The rate of rise and height of peak is a function of
alcohol absorption and tissue distribution. Alcohol is absorbed
from the gastrointestinal tract by simple diffusion [1] with
50–80% of absorption occurring in the duodenum and upper
jejunum. The rate of absorption is delayed following a meal and
increases in proportion to the alcohol concentration of the drink
consumed.

Following absorption, the tissue distribution of alcohol is
determined principally by blood flow and water content. The

low lipid solubility of alcohol also explains why, following the
ingestion of the same amount of alcohol per unit weight, an
obese person attains a higher level of blood alcohol than a thin
person, and a woman a higher level than a man [2]. Over 90% of
circulating alcohol is oxidatively metabolized, primarily in the
liver, and excreted as carbon dioxide and water. The remainder
is eliminated unchanged in the urine (<1%) and breath (1–5%).

The rate of alcohol metabolism does not vary widely in the
population, and above a concentration of 10 mg/100mL occurs 
at a constant rate of approximately 100 mg/kg body weight per
hour – so-called ‘zero-order’ kinetics. A 70-kg man, therefore,
eliminates one unit of alcohol in about 90 min. While there 
is therefore no rapid feedback mechanism to increase the rate 
of alcohol oxidation, heavy, repeated alcohol consumption can
increase the rate of elimination by up to 100%. 

Alcohol metabolism

Site of alcohol oxidation

Alcohol metabolism is performed almost entirely by the liver,
which contains several different high-affinity (low Km) enzyme
systems capable of oxidizing alcohol. The only other organ with
potentially significant alcohol dehydrogenase (ADH) activity is
the stomach, where the very high levels of alcohol following
ingestion have led to the suggestion that there is a significant
first-pass metabolism [3]. A study showing that gastritis results
in a reduction in gastric ADH activity without affecting ethanol
bioavailability casts doubt on the clinical role of this gastric first-
pass effect [4].

Oxidation of alcohol to acetaldehyde

Alcohol oxidation in the liver takes place via three steps. First
alcohol is oxidized, principally within the cytosol, to acetalde-
hyde. Then acetaldehyde is further oxidized to acetate, primarily
within the mitochondria and, finally, acetate is released into the
blood and oxidized to carbon dioxide and water in peripheral
tissues. At least three enzyme systems with the capacity to 

12.2 Ethanol metabolism and pathogenesis
of alcoholic liver injury
Stephen F. Stewart and Chris P. Day 

Table 1 Main mechanisms through which ethanol may lead to liver injury.

Ethanol metabolism and oxidative stress

Endotoxin-mediated cytokine release

Immune-mediated
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oxidize alcohol to acetaldehyde are present within the liver,
although in normal individuals only the alcohol dehydrogenase
enzymes are important.

The alcohol dehydrogenase (ADH) pathway 
ADHs catalyse the oxidation of a variety of alcohols to aldehydes
and ketones. This includes catalysing the oxidation of ethanol 
to acetaldehyde and transferring hydrogen to the cofactor
nicotinamide adenine dinucleotide (NAD), which is converted
to its reduced form NADH. The resulting increase in the ratio of
NADH/NAD, which is further increased by acetaldehyde oxida-
tion, is partly responsible for the metabolic imbalances that
occur following alcohol ingestion and has been considered to
play a major role in the initial pathogenesis of alcohol-induced
fatty liver. The overall Km of liver ADH activity is in the order 
of 1 mmol (4 mg/100 mL), which explains why alcohol follows
zero-order kinetics at anything above very low blood levels.

The microsomal ethanol-oxidizing system (MEOS)
pathway 
In addition to ADH, alcohol is metabolized by the MEOS; an
accessory pathway that principally involves a specific alcohol-
inducible form of cytochrome P450 designated CYP2E1 [5]. The
enzyme is located on the endoplasmic reticulum, is present in
greater amounts in perivenular than periportal hepatocytes and
requires oxygen and NADPH. The CYP2E1 protein has been
purified and the human gene cloned, sequenced and localized 
to chromosome 10 [6]. The overall contribution of MEOS to
alcohol oxidation in vivo is not yet fully clear. Its Km for alcohol
is in the order of 50–80 mg/100 mL, so it appears to play an
important role at high blood alcohol levels or following chronic
alcohol abuse, in view of its inducibility.

The catalase pathway
The third pathway for alcohol oxidation is catalysed by the
enzyme catalase. This enzyme is located in the peroxisomes of
most tissues and the pathway accounts for less than 2% of over-
all in vivo alcohol oxidation [7]. 

Oxidation of acetaldehyde to acetate

Over 90% of the acetaldehyde formed is further oxidized in the
liver to acetate by aldehyde dehydrogenases (ALDHs). ALDH,
like ADH, uses NAD as a cofactor and further increases the
NADH/NAD ratio. Of the human ALDHs, ALDH2 is respons-
ible for the majority of acetaldehyde oxidation [8]. The ALDH2
gene exists in at least two allelic forms, ALDH2*1 and ALDH2*2
[9] with the gene product of the ALDH2*2 allele having little or
no catalytic activity [10]. This inactive form of ALDH2 is present
in about 50% of Orientals but has not been found in Caucasian
populations. Increased levels of acetaldehyde are thought to be
the mechanism through which homozygotes for the ALDH2*2
allele develop the ‘flushing’ reaction after alcohol. Interestingly,
heterozygotes for the allele appear to develop advanced liver 

disease with lower levels of ethanol consumption [11], adding to
the evidence that acetaldehyde is centrally involved in the patho-
genesis of ALD. ALDH inhibitors such as disulfuram (Antabuse)
have been used in the treatment of alcoholism to sensitize alco-
holics to the unpleasant effects of alcohol intake secondary to
high levels of acetaldehyde.

Alterations in alcohol metabolism following
chronic consumption

Many studies have shown that chronic alcohol consumption
increases the rate of alcohol elimination except in the presence
of severe liver damage. This increase is due to induction of the
MEOS and to adaptive changes in the ADH pathway. Increased
ethanol metabolism coupled with a reduction in acetaldehyde
metabolism [12] results in higher levels of acetaldehyde in both
the blood and tissues of heavy drinkers [13,14]. This may have
important implications for disease pathogenesis. 

Alcohol metabolism and the
pathogenesis of alcoholic liver 
disease (ALD)

There are several mechanisms through which ethanol metabolism
may result in the generation of fatty liver (steatosis), oxidative
stress/lipid peroxidation and acetaldehyde, all of which are
thought to be important in disease pathogenesis.

The pathogenesis of fatty liver

The accumulation of triacylglycerol (TAG), synthesized via the
sequential esterification of glycerol-3-phosphate within the
liver, is an early and reversible effect of alcohol consumption in
humans and animal models of ALD. It is the consequence of
increased substrate supply – glycerol and free fatty acids (FFA) –
increased esterification and decreased export of TAG from the
liver [15]. The precise molecular mechanisms that lead to these
three main effects have recently been elucidated.

The role of dietary fat
Rat models of ALD have shown that the rate of development 
of fatty liver is proportional to the fat content of the diet [16].
Alcohol intake also increases availability of FFA through the
lipolysis of adipose tissue. The high concentrations of FFA fur-
ther promote the synthesis of TAG by increasing the activity 
of the enzyme phosphatidate phosphohydrolase (PAP), which is
the rate-limiting step for TAG synthesis, catalysing the dephos-
phorylation of phosphatidic acid to diacylglycerol [15,17].

Altered redox state
Both the ADH pathway and the MEOS pathway result in an
increased NADH/NAD ratio, which has profound effects on 
the metabolism of carbohydrates and lipids. Gluconeogenesis 
is impaired and substrate flow through the citric acid cycle is
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diminished, with acetyl CoA diverted towards ketogenesis and
fatty acid synthesis. In addition to increased fatty acid synthesis,
the altered redox state also directly inhibits fatty acid oxida-
tion, increasing substrate supply. The altered NADH/NAD ratio
also increases the production of the other key component of
TAG, glycerol-3-phosphate, again promoting TAG synthesis
(Fig. 1).

The role of PPAR-a inhibition
Recent evidence suggests that ethanol also has an effect on fatty
acid oxidation through the transcriptional factor peroxisome
proliferator-activated receptor alpha (PPARα). This ligand-
activated receptor/transcription factor is a critical component in
the regulation of mitochondrial, microsomal and peroxisomal
fatty acid oxidation systems in the liver [18]. Ethanol feeding
results in a decrease in transcription and activity of many of
these enzymes due to an inhibition of the transcriptional and
DNA-binding activity of PPARα [19]. This effect was repli-
cated with acetaldehyde, and inhibited by inhibiting ethanol
metabolism, implicating acetaldehyde as the factor leading to
PPARα inhibition [19]. Treatment with the PPARα agonists
WY14,643 and clofibrate reversed the effects of ethanol feeding

and the resulting abnormalities in hepatic lipid metabolism 
in rodent models [20,21], while alcohol-fed PPARα-null mice
develop more steatosis, hepatocyte injury and fibrosis than 
their wild-type littermates [22]. The precise mechanism of
acetaldehyde-induced PPARα inhibition is still unclear.

Mechanisms of altered triglyceride export
The ethanol-induced decrease in export of TAG from the liver
appears to be primarily due to ethanol-induced downregulation
of microsomal triglyceride transfer protein (MTP) [23]. MTP 
is the principal enzyme responsible for packaging TAG and
apolipoprotein B (apoB) into VLDL (very-low-density lipopro-
tein) particles.

Role of tumour necrosis factor a in the
pathogenesis of steatosis
The putative role of tumour necrosis factor α (TNFα) in the
pathogenesis of necroinflammation in ALD is described in the
section ‘Endotoxin’ below. Only recently, however, has this
cytokine been linked to the development of hepatic steatosis.
Interest in this area stemmed from a study showing that TNFα
receptor 1 (TNFR1)-deficient mice developed considerably less

b-oxidation
(PPARa inhibition)

Increased by alcohol

Inhibited by alcohol

Dietary fat intake

Substrate supply

Esterification

Export from the liver

NADH/NAD

Free fatty acids Glycerol-3-phosphate

Triglyceride

VLDL

Lipolysis of
adipose fat

Phosphatidate
Phosphohydrolase

Fatty acid
synthesis
(SREBP-1c
induction)

Fig. 1 The multiple mechanisms through which ethanol metabolism can lead to fatty liver. Ethanol causes fatty liver by increasing substrate supply, increasing
fat esterification to triglyceride and reducing the export of very-low-density lipoprotein (VLDL) from the liver. PPARa, peroxisome proliferator-activated
receptor a; SREBP-1c, sterol response element binding protein 1c.
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steatosis than their wild-type littermates when fed ethanol [24].
Recently, the mechanisms for this TNFα-induced steatosis 
have been better elucidated. They include the downregulation 
of MTP (discussed above), the increased expression of sterol
response element binding protein 1c (SREBP-1c) [25], a tran-
scription factor crucial in controlling de novo hepatic lipogenesis,
and inhibition of adiponectin, an antisteatotic adipocytokine
[26]. Because one of adiponectin’s antisteatotic effects is via
PPARα, the inhibition of adiponectin by TNFα provides a
potential mechanism for ethanol’s inhibition of PPARα activity
discussed above. 

Inhibition of the methionine cycle and endoplasmic
reticular stress
Studies predominantly in micropigs have demonstrated that the
inhibition of transmethylation reactions by ethanol is the major
mechanism leading to the well-established abnormal methion-
ine metabolism associated with ethanol consumption [27]. The
principal enzyme inhibited by ethanol is methionine synthase
(MS) [28], and a significant effect of this appears to be the devel-
opment of hyperhomocysteinaemia.

Hyperhomocysteinaemia increases expression of the gene for
SREBP-1c [29]. Previous studies have shown that ethanol
induces SREBP-1c in rat hepatoma cell lines and mouse liver
with a concomitant increase in the expression of lipogenic genes
[30], and that this induction may be related to inhibition 
of adenosine monophosphate (AMP)-activated protein kinase
(AMPK) [31]. Furthermore, feeding betaine, a methyl donor
converting homocysteine to methionine, significantly inhibits
the development of steatosis, implying that it is the inhibition 
of methylation and resulting hyperhomocysteinaemia that is
responsible [32]. It has recently been shown that the effect of
ethanol on the development of hyperhomocysteinaemia is 
independent of TNFα, and that these two mechanisms induce
steatosis independently and in parallel [33].

The role of steatosis in the pathogenesis of
advanced ALD
A growing body of evidence suggests that, rather than being an
epiphenomenon of excessive alcohol intake, steatosis may play 
a direct role in progression to more advanced disease [34]. In
several prospective studies of heavy drinkers, the severity and
pattern of steatosis on index biopsy predicts the subsequent 
risk of fibrosis and cirrhosis [35,36]. These and other studies
have led to steatosis being considered as the ‘first hit’, increasing
the sensitivity of the liver to a variety of ‘second hits’, which
could be gut-derived endotoxin, oxidative stress or immune
mechanisms. In support, studies in animal models have shown
that steatosis increases endotoxin-mediated necroinflammation
[37] and the degree of lipid peroxidation in ethanol- and other
drug-induced steatosis [38]. Furthermore, genetically obese
mice with steatosis have altered proportions of intrahepatic 
lymphocyte subpopulations, raising questions whether steatosis
itself may alter the intrahepatic immune milieu [39].

Oxidative stress and lipid peroxidation

One of the most important consequences of cellular oxidative
stress is the peroxidation of the polyunsaturated fatty acid
(PUFA) constituents of membrane and lipoprotein lipids. This
can lead directly to cell death [40] or to the release of reactive
aldehydes with potent proinflammatory, profibrotic and pro-
immune properties [41]. An accumulating body of evidence
now supports a role for oxidative stress and lipid peroxidation 
in the pathogenesis of ethanol-induced liver injury.

Sources of oxidative stress in ALD 
Considerable controversy remains over the most important
source of reactive oxygen species (ROS) in ALD but the most
likely candidates are microsomal CYP2E1 (the only source 
of hydroxyethyl radicals [42,43]), the mitochondrial electron
transport chain [44], inducible nitric oxide synthase and
Kupffer cells (Table 2).

Depletion of antioxidant defences in ALD
Consumption of glutathione (GSH) during oxidative stress 
and inhibition of two enzymes – MS and methionine adenosyl-
transferase (MAT) – involved in the synthesis of its precursor, 
S-adenosylmethionine (SAMe), contribute to the decreased 
levels of hepatic SAMe and GSH observed in patients with ALD
[45]. Depletion of mitochondrial GSH precedes and promotes the
progression of alcoholic liver injury in animal models [46], with
one mechanism of action being an increased sensitivity of hepa-
tocytes to TNFα-induced cytotoxicity [47]. Heavy drinkers,
including those with ALD, are deficient in the antioxidant trace
element selenium [48], which is required for the activity of 
the antioxidant enzyme GSH peroxidase, the antioxidant vita-
mins A, C and E [49,50] and coenzyme Q [51]. Whether these
deficiencies are a cause or an effect of ALD remains unclear,
although the fact that antioxidant supplementation appears to
be of no benefit in patients with ALD is perhaps more in favour
of the latter explanation [52].

Manipulating oxidative stress in animal models
influences disease severity
Diets that promote oxidative stress increase the severity of ALD
in animal models. Rats fed diets high in corn oil [53], linoleic

Table 2 Sources of oxidative stress in ALD.

Source Main evidence

CYP2E1 Inhibition with diallyl sulphide reduces lipid peroxidation

Mitochondria Gross ultrastructural changes in human and animal ALD

iNOS Ethanol-fed iNOS–/– mice have reduced levels of lipid 

peroxidation

Kupffer cells Inhibition with gadolinium chloride reduces lipid 

peroxidation

CYP2E1, cytochrome P4502E1; iNOS, inducible nitric oxide synthase.
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acid [54] or fish oil [55] develop the most severe disease imply-
ing that polyunsaturated fats, which are much more vulnerable
to attack from ROS, have a role in promoting liver injury.
Dietary iron supplementation also leads to an increase in the
concentration of the aldehyde endproducts of lipid peroxidation
within the liver, exacerbates hepatocyte damage and promotes
liver fibrogenesis [56]. Studies employing genetic manipulation
to increase the degree of oxidative stress provide further support
for its role as an important disease mechanism in ALD. Cytosolic
superoxide dismutase (SOD-1) knockout mice develop more
significant liver injury compared with wild-type littermates fol-
lowing ethanol feeding [57], while MAT knockout mice have
reduced hepatic GSH levels and develop spontaneous steatohep-
atitis even without alcohol [58].

Further evidence supporting the role of oxidative stress in
ALD comes from studies aimed at reducing its levels during
ethanol feeding. Reduction of oxidative stress by supplementa-
tion with the GSH precursor and methyl donor SAMe reduced
cell and mitochondrial injury in the baboon model of ALD [59]
and led to the pilot study in humans discussed below. Inhibit-
ing the pro-oxidant effect of iron with the oral chelator 
1,2-dimethyl-3-hydroxypyrid-4-one reduced hepatic free iron
(non-haem iron), lipid peroxidation and fat accumulation in
chronically ethanol-fed rats [60], and inhibiting the induction 
of CYP2E1 with diallyl sulphide (DAS) and phenylethyl isothio-
cyanate (PIC) resulted in the production of fewer free radicals
and endproducts of lipid peroxidation and ameliorated liver
injury in the same model [61,62]. Amelioration of liver injury
could also be achieved using an adenovirus to deliver the 
mitochondrial manganese-dependent superoxide dismutase-2
(SOD2) to rats fed ethanol [63], and mice deficient in NADPH
oxidase have also been used to show the importance of this
source of oxidants in the development of early alcohol-induced
hepatitis [64].

Acetaldehyde

It has been known for some time that acetaldehyde can form
Schiff bases with the valine, lysine and tyrosine residues on cellu-
lar proteins [65] resulting in both stable and unstable adduct
formation. This may disrupt protein function and can result in
the production of immunodominant antigenic determinants
(discussed below) (Table 3).

More recently, a further and more complex role for acetalde-
hyde has been suggested. Hepatocytes are resistant to TNFα-
induced cytotoxicity unless they have been previously exposed
to ethanol [66]. As discussed above, selective depletion of mito-
chondrial GSH can induce this sensitization, and is postulated 
to be the mechanism through which it happens in vivo. When
HepG2 cells are exposed to acetaldehyde, there is a selective
reduction in mitochondrial GSH and increased sensitization to
TNFα [47]. This has been shown to occur even when further
metabolism of acetaldehyde is inhibited, and recent evidence
suggests it is due to an inhibition of GSH transport into the

mitochondria secondary to an increased proportion of choles-
terol in the mitochondrial membrane and a resulting increase 
in viscosity [67]. It is postulated that acetaldehyde induces 
this increase in cholesterol through SREBP-1c upregulating the
transcription of cholesterol-synthesizing enzymes. This effect
on GSH transport will exacerbate the GSH depletion resulting
from decreased SAMe synthesis and consumption during oxida-
tive stress. In this way, the induction of SREBP-1c by TNFα
and by acetaldehyde and hyperhomocysteinaemia can induce a
vicious cycle resulting not only in steatosis, but also in sensitiza-
tion to the cytotoxic effects of TNFα. This is particularly
significant in view of the role of endotoxin in ALD, which acts
predominantly as a stimulus to the release of TNFα from hepatic
Kupffer cells.

The innate immune system and the
pathogenesis of ALD

A considerable body of evidence supports a role for the innate
immune system activated by gut-derived endotoxin in the
pathogenesis of ALD.

Endotoxin

Endotoxin, which refers collectively to the lipopolysaccharide
(LPS) components of the cell wall of all Gram-negative bacteria,
appears to play a central role in the development of ALD.
Ethanol ingestion increases the translocation of endotoxin from
the gut lumen [68] to the portal circulation where it is normally
recognized by cells of the innate immune system – intrahepatic
macrophages (Kupffer cells). Endotoxinaemia has been found
in drinkers with varying degrees of liver disease [69], and in the
ethanol-fed rat the level of plasma endotoxin correlated with 
the degree of liver injury [70]. When Kupffer cells encounter the
LPS component of endotoxin in conjunction with lipopolysac-
charide binding protein (LBP) [71], they respond by releasing
cytokines and ROS. CD14 and the Toll-like receptor 4 (TLR4)
are important signalling receptors [72], and current data suggest
that LPS signalling occurs through activation clusters of these
two receptors along with other membrane proteins. The im-
portance of TLRs has been further highlighted recently by the 

Table 3 Mechanisms through which acetaldehyde may lead to liver injury.

Induction of steatosis through increasing the NADH/NAD ratio and

inhibiting PPARa
Increasing sensitization to TNFa cytotoxicity by depleting mitochondrial

glutathione

Forming Schiff bases with host proteins and affecting function and

producing neoantigens

NAD, nicotinamide adenine dinucleotide; NADH, reduced NAD; 

PPARa, peroxisome proliferator-activated receptor a; TNFa, tumour 

necrosis factor a.
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discovery that they control activation of adaptive immune
responses as well as innate responses. This occurs through an
interleukin 6 (IL-6) dependent pathway, resulting in suppres-
sion of CD4+CD25+ T-regulatory cells that normally specifically
inhibit adaptive immune responses [73].

The role of endotoxin and Kupffer cells in the pathogenesis 
of ALD has been suggested largely by studies in the rodent model
of continuous intragastric feeding developed by Tsukamoto 
et al. [74]. These animals develop lesions similar to human 
alcoholic hepatitis when fed a diet high in ethanol and fat. 
The eradication of Gram-negative faecal flora with antibiotics
reduces endotoxin levels to those of controls not fed alcohol,
and prevents liver injury [75]. Recent data reveal that this injury
is also attenuated in CD14 and TLR4 knockout mice [76,77].
Alcohol can also affect Kupffer cell function directly. Rodents
fed alcohol initially become more tolerant of endotoxin; 
however, with time, this response converts to one of sensitiza-
tion [78]. An early suppressive effect of alcohol on Kupffer cell 
function and a later induction of CD14, both attributed to
increased levels of endotoxin, may explain the time course of
this response. Interestingly, when Kupffer cells are inactivated in
the ethanol-fed rat model using gadolinium chloride, disease is
ameliorated and the steatosis is diminished. This highlights the
fact that these cells also have a role in the TAG accumulation,
most likely through TNFα production, as discussed above.

Sinusoidal endothelial cells are also actively involved in the
response to endotoxin. These cells constitutively express all the
surface molecules necessary for antigen presentation, and may
induce tolerance or immunity depending on the local micro-
environment. This environment may be dictated by Kupffer cell
release of immunomodulatory cytokines in response to varying
doses of portal endotoxin, with high-dose endotoxin resulting 
in potentially harmful immunity, and low-dose endotoxin
resulting in tolerance through the secretion of interleukin 10
(IL-10) [79].

The role of TNFa

Kupffer cells are the primary intrahepatic source of TNFα, a
cytokine believed to be central to the pathogenesis of ALD.
Peripheral blood mononuclear cells produce more basal and
LPS-induced TNFα than controls [80], and plasma levels are
higher in patients with more severe disease [81]. Furthermore,
mice lacking TNFR1 develop less severe liver injury in the
Tsukamoto–French model [24,33]. It has recently been shown
that the mechanism of TNFα-induced cell death, necrosis or
apoptosis, depends on the degree and site of GSH depletion [82].
Mitochondrial depletion leads to necrosis due to profound loss
of mitochondrial function [47], whereas less severe, predomi-
nantly cytosolic depletion of GSH leads to apoptosis due to 
inhibition of the NFκB-induced transactivation of survival
genes that normally follows binding of TNFα to its receptor.
Recent studies showing a correlation between the degree of
apoptosis and clinical indices of severity in patients with 

alcoholic hepatitis suggest that apoptosis plays an important role
in this form of ALD [83,84].

Natural killer cells

A further, less well-understood, arm of the innate immune 
system that appears to be involved in the pathogenesis of ALD 
is the natural killer (NK) and natural killer T (NKT) cell popula-
tion. These cells are abundant in the liver [85] and both popula-
tions have been reported to increase in the peripheral blood 
of heavy drinkers [86]. Recent evidence points to an increase 
in the number of NKT cells in the livers of mice after alcohol
consumption, and augmenting their activation using a marine
sphingolipid during ethanol feeding results in fatal hepatotoxi-
city [87]. The relevance of this to clinical liver disease is still
unclear.

The adaptive immune system and the
pathogenesis of ALD 

Several clinical features imply that adaptive immune mechanisms
may have a role in disease pathogenesis. Abstinent patients who
return to drinking have a rapid and aggressive recurrence of
their disease, which might imply an immunological anamnestic
response. There is a partial response to immunosuppressive
steroids in selected groups with severe disease [88]. It has been
reported that patients receiving interferon therapy for hepatitis
C, which can trigger autoimmune thyroid disease, can rapidly
develop alcoholic hepatitis with no increase in their daily alcohol
intake [89]. Patients with ALD also often display hypergamma-
globulinaemia, and lymphocyte infiltration is a well-recognized
histological feature of advanced disease [90]. These features
have led researchers to look at how antigen-specific immune
responses may lead to liver injury.

Humoral immune responses in ALD

Although nonspecific liver cell membrane antibodies have been
implicated in ALD pathogenesis for some time [91,92], recent
studies have focused on determining the antigen specificity of
this humoral response.

Antibodies to acetaldehyde adducts
Adduction of acetaldehyde to host proteins can result in the for-
mation of immunogenic epitopes [93]. Acetaldehyde-modified
proteins have been found in the liver cytosol, membranes and
mitochondria of rats chronically fed ethanol, and their decline
over several weeks after ethanol withdrawal has been invest-
igated [94]. They accumulate particularly in hepatocytes in the
perivenular region, which is also the main area of distribution of
the ethanol-metabolizing enzyme CYP2E1, the main site of lipid
peroxidation and the first area to develop disease in ALD [95].
Interestingly, extracellular and not intracellular acetaldehyde-
adduct staining correlates with fibrosis progression in humans
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regardless of whether the patients abstained from alcohol or 
not [96].

Anti-acetaldehyde adduct (anti-AcA) antibodies have been
found in the sera of heavy drinkers by several groups [96–98];
however, their relationship to the presence and severity of liver
disease is controversial.

Antibodies to the other products of ethanol
metabolism
Other targets for the humoral immune response in ALD include
the hydroxyethyl radical (HER – a reactive intermediate formed
by the action of CYP2E1 during ethanol metabolism [99]) and
aldehydes generated as a result of prolonged oxidative stress,
such as malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE)
[100]. Anti-HER antibodies have been found in significantly
higher titre in patients with alcohol-induced cirrhosis than in
non-alcohol-induced cirrhosis or normal controls [101]. The
third, and final, antigen that has been studied in detail is a 
combination of acetaldehyde and malondialdehyde called 
malondialdehyde–acetaldehyde adducts (MAA). Antibodies to
these hybrid conjugates have now been detected in sera from
patients with alcohol-induced liver cirrhosis and alcoholic hep-
atitis but not in heavy drinkers with no liver disease or in healthy
controls [102].

Autoantibodies
When ethanol is metabolized by CYP2E1, HER is produced [101],
which can form immunogenic adducts with the cytochrome. 
It has now been demonstrated that a significant proportion of
patients with ALD have antibodies reactive with the HER com-
plexed with CYP2E1 [103]. Furthermore, both patients with
ALD and rats fed ethanol have been shown to develop anti-
CYP2E1-specific autoantibodies [104]. Interestingly, in humans
with ALD, the presence of these autoantibodies is predicted 
by the presence of antibodies to HER suggesting a potential
mechanism for tolerance breakdown [105].

Whether the humoral immune response is a cause or a 
consequence of liver disease remains an important question.
Antibody-dependent cell cytotoxicity (ADCC) has been observed
when sera from patients with ALD positive for anti-HER anti-
bodies were cocultured with ethanol-treated rat hepatocytes 
and peripheral blood mononuclear cells from healthy controls
[106]. Further studies are required to provide evidence for the
role of this mechanism of disease in vivo.

Cellular immune responses in ALD

Both murine and human livers have significant numbers of T
cells and some B cells, which recirculate from the peripheral
pool; however, in contrast to peripheral blood, there are more
CD8+ cells than CD4+ cells [85]. In addition, there are high 
frequencies of what appear to be resident liver lymphocytes that 
are found in very low frequencies in peripheral blood. These are
NK cells, recognized by CD56 in humans and NK1.1 in mice,

and NKT cells that express these cell surface proteins along 
with the T-cell receptor. In normal liver, these cell types are 
distributed throughout the parenchyma. In liver disease, this 
situation changes and, in alcoholic cirrhosis, expanded portal
tracts contain large numbers of classical CD4+ and CD8+
lymphocytes [90]. No work has been done to determine the 
antigen-specificity of these intrahepatic lymphocyte populations;
however, peripheral blood mononuclear cell responses to MDA
have been detected in a significant proportion of patients [107].
Further work is required to determine whether antigen-specific
cellular immune responses are an important part of disease 
progression in ALD.

Mechanisms of alcohol-induced fibrosis

In ALD, fibrosis starts in the perivenular area and progresses to
bridging fibrosis and ultimately cirrhosis. As discussed, this early
fibrosis occurs at the site of maximal alcohol-induced hepato-
cyte injury. The principal cell types involved in the activation 
of hepatic stellate cells (HSC) in ALD are Kupffer cells and 
hepatocytes. Kupffer cells are stimulated to release cytokines by
endotoxin in ALD and, in turn, these cells can lead to the activa-
tion and proliferation of stellate cells through the production 
of transforming growth factor β (TGF-β), TNFα and ROS.
During alcohol-induced injury, hepatocytes are rich sources 
of ROS, lipid peroxidation products and acetaldehyde, all of
which have been shown to enhance collagen production by 
HSC [41,108,109]. CYP2E1 may be particularly important in
this regard given its inducibility by alcohol and a high-fat diet
and its perivenular distribution. HSC grown in the presence of
hepatocyte cell lines that overexpress CYP2E1 increase their
production of collagen, an effect that is prevented by antioxid-
ants or a CYP2E1 inhibitor [110]. Hepatocyte apoptosis is a
notable feature of alcoholic hepatitis [83], and apoptosing hepa-
tocytes express Fas, which can promote stellate cell initiation
through the TNF-related apoptosis-inducing ligand (TRAIL)
[111]. Furthermore, apoptosing hepatocytes may also be ingested
by Kupffer cells and HSC, which subsequently release TGF-β
capable of activating HSC [112,113] (Table 4).

Mechanisms of hepatocellular cancer

Epidemiological studies reveal that alcohol plays a major con-
tributory role in the development of hepatocellular cancer
(HCC); however, the primary mechanisms through which this
occurs are not clearly defined. Cirrhosis itself is a precancerous
condition, and alcohol-related HCC without pre-existing cir-
rhosis is rare. Nevertheless, three features indicate that alcohol
may be a cocarcinogen. The first is that heavy alcohol consump-
tion is associated with several extrahepatic cancers. The second
is that when the incidence of incidental HCCs in liver explants
from patients with alcoholic cirrhosis is compared with that
from other aetiologies, it lies between that of immune-mediated
liver disease and viral hepatitis [114]. It appears, therefore, that
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the incidence of HCC is above that of the ‘baseline’ expected 
due to pure cirrhotic risk. The third is that there are several 
plausible mechanisms through which alcohol could promote
carcinogenesis (Table 4). These include hypomethylation of
oncogenes, aldehyde-induced DNA mutagenesis, the CYP2E1-
mediated activation of xenobiotics, the antiapoptotic effect of
TNFα, and immunosuppresion.

Susceptibility to alcoholic liver disease

Although the majority of heavy drinkers will develop some
degree of steatosis (fatty liver), only around a third go on to
develop alcoholic hepatitis and less progress to cirrhosis [115].
This leads to the obvious question – what factors determine
whether or not a heavy drinker develops advanced ALD? 

Dose of ethanol

Although the risk of ALD increases in proportion to the dura-
tion of intake, an initial study suggested that only 20% of con-
sumers of more than 200 g of ethanol (around 20 standard
‘drinks’) per day developed cirrhosis after 13 years and less than
50% after 20 years [116]. Recent detailed studies have further
examined the precise dose–response relationship between alcohol
intake and risk of ALD, the gender effect and the risk threshold.

A large cohort study from Italy reported that the risk of devel-
oping ALD begins at 30 g/day of ethanol [115]. However, only
5.5% of the individuals drinking this much showed signs of liver
disease. The risk increased according to daily dose, reaching 10%
at 60 g per day. The study also reported that risk is higher among
the over 50s if alcohol is drunk outside mealtimes or consumed
in a variety of different beverages rather than one ‘tipple of
choice’. Interestingly, this study showed no gender effect. A 
further, even larger, study from Copenhagen [117] revealed a
dose-dependent increase in risk, with women having a sig-
nificant risk above 7–13 units per week, and men above 14–27
units per week. This group updated their data analysis recently

by looking at type of alcohol consumed [118]. Their results sug-
gest that the highest risk is seen in drinkers who do not include
wine in their drinking repertoire. Furthermore, the relative risk
of cirrhosis fell as the proportion of wine increased. This associ-
ation between wine intake and ALD risk may be confounded 
by other factors associated with wine drinking such as a lower
prevalence of obesity compared with beer and spirit drinkers.

Together, these studies reveal that no dose of alcohol confers a
guarantee of developing cirrhosis regardless of the period it is
consumed for, and that relatively low doses can cause problems.

Diet

The data from ethanol-fed rats linking a diet high in polyun-
saturated fats with an increased risk of alcoholic liver injury, 
discussed above, are supplemented by an epidemiological study
linking cirrhosis mortality with pork (high in linoleic acid) con-
sumption and dietary intake of unsaturated fats [119]. A further
case–control study has reported that the risk of cirrhosis is
increased by diets high in fat and low in carbohydrate [120]. A
more obvious role for diet in ALD risk has been suggested by two
studies showing that obesity and associated hyperglycaemia
increase the incidence of all stages of ALD in heavy drinkers
[121,122]. Although these studies have provided evidence that
dose, pattern and type of alcohol consumption and dietary (and
presumably exercise-related) factors play a role in determining
ALD risk, they have also demonstrated that ‘endogenous’ factors
are likely to be equally, if not more, important. 

Gender and risk of ALD

It has long been appreciated that women develop ALD at a lower
intake of alcohol than men. The traditional explanation has been
that women develop higher blood alcohol concentrations per
unit of alcohol consumed due to their lower body mass index
and because fat constitutes a higher percentage of their body
mass than in men. More recent evidence suggests that estrogen
increases gut permeability to endotoxin and upregulates endo-
toxin receptors on Kupffer cells leading to an increased produc-
tion of TNF in response to endotoxin [123].

Non-gender-linked genetic factors and 
risk of ALD

Evidence for the importance of genetic factors comes from a
study showing that concordance rates for alcoholic cirrhosis are
three times higher in monozygotic than in dizygotic twin pairs
[124]. This is not entirely explained by the difference in concord-
ance rates for alcoholism per se. In addition, the death rate from
ALD is subject to wide interethnic variation that is not entirely
explained by variations in the prevalence of alcohol abuse
[125,126]. Hispanics appear to be at particularly high risk, for
example. Difficulties in performing family linkage studies in
ALD have resulted in almost all of the relevant information thus
far coming from classical case–control, candidate gene, allele

Table 4 The primary mechanisms thought to be involved in 
ethanol-induced hepatic fibrosis and hepatocellular carcinoma.

Fibrosis
Kupffer cell production of profibrotic cytokines

Kupffer cell production of profibrotic reactive oxygen species

Hepatocyte production of profibrotic reactive oxygen species

Hepatocyte production of acetaldehyde

Kupffer cell and hepatic stellate cell production of TGF-β after ingestion of

apoptotic hepatocytes

Hepatocellular carcinoma
Lipid peroxidation and DNA mutagenesis

Activation of carcinogenic xenobiotics

Antiapoptotic effect of TNFα
DNA hypomethylation

Immunosuppression
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association studies. Accordingly, these studies are subject to all
the common pitfalls of this type of study design and must be
interpreted with caution [127]. Given that the most likely mech-
anisms of hepatocyte injury in excessive drinkers are related to
fat accumulation, oxidative stress, endotoxin-mediated release
of proinflammatory cytokines and immunological damage, the
majority of studies reported thus far have focused on genes
encoding proteins involved in these various pathways.

Genes influencing the severity of steatosis
Factors determining the severity of steatosis may play a key role
in determining the risk of cirrhosis [34]. These could include
genetic factors determining the degree of obesity or functional
polymorphisms of genes encoding enzymes involved in hepatic
lipid metabolism. There is a preliminary report that a ‘low activ-
ity’ promoter polymorphism in the gene encoding microsomal
triglyceride transfer protein (MTP), the principal protein re-
sponsible for the export of fat from the liver, is associated with
an increased risk of advanced ALD [128].

Genes influencing oxidative stress and risk of ALD
The principal classes of genes that influence the oxidant load 
in heavy drinkers are those encoding metabolic or antioxidant
enzymes. Polymorphisms have been identified in two of the
seven genes encoding alcohol dehydrogenases (ADH2 and
ADH3), in the promoter region of the CYP2E1 gene and in the
coding region of the gene encoding the mitochondrial form of
aldehyde dehydrogenase (ALDH2). The genes encoding ADH2
and ALDH2 undoubtedly play a role in determining the risk of
alcoholism and, to a lesser extent, ALD in Oriental populations
[129–131]. Previously reported associations with ADH3 prob-
ably reflect linkage disequilibrium with ADH2 [132]. In
Caucasians, results from studies reported to date support a role
for the ADH2 polymorphism in determining the risk of alco-
holism but not ALD [133]. Several studies have looked for an
association between the c2 promoter (RsaI) polymorphism of
the CYP2E1 gene and ALD with no consistent results emerging
in any population, although one study did report that the cumu-
lative lifetime alcohol intake of patients with ALD heterozygous
for the c2 (more transcriptionally active) allele was almost half
that of patients with ALD homozygous for the c1, wild-type,
allele [134].

Manganese-dependent SOD2 is the most important mito-
chondrial antioxidant enzyme, and a polymorphism altering its
mitochondrial targeting sequence has been associated with ALD
in a small French study [135], although not confirmed in a larger
study from the UK [136]. This and other polymorphisms affect-
ing the function of antioxidant defence systems are clearly worth
further study.

Endotoxin receptor and cytokine genes and 
risk of ALD
With regard to endotoxin receptors, a study from Finland has
recently reported an association between possession of the TT
CD14 genotype, which results in increased levels of soluble and

membrane CD14 [137] and advanced ALD [77]. This has not
been observed in a larger study in northeast England [138]. This
latter study also showed no association between ALD and pos-
session of the Asp299Gly polymorphism in the TLR4 gene, previ-
ously reported to be linked to hyporesponsiveness to LPS [139]. 

With respect to polymorphisms in the cytokine genes, the first
such association was reported between alcoholic hepatitis and a
polymorphism at position –238 in the TNFα promoter region
[140]. The functional significance of this polymorphism is, 
however, unclear. An association with ALD has also been re-
ported for a promoter polymorphism in interleukin-10 (IL-10).
This immunoregulatory cytokine inhibits antigen presentation
and the activation of classical CD4+ and CD8+ T cells and is
antifibrotic. A variant C→A substitution at position –627 in the
IL-10 promoter has been associated with decreased reporter
gene transcription and decreased IL-10 secretion by peripheral
blood monocytes. The association of the A allele with advanced
ALD [141] is consistent with low IL-10 favouring inflammatory
and immune-mediated mechanisms of disease as well as hepatic
stellate cell collagen production. 

Immune response genes and risk of ALD
In view of the immunoregulatory functions of IL-10, the associ-
ation between ALD and a low-activity promoter polymorphism
in IL-10 may be considered as evidence that immune mechan-
isms are involved in the pathogenesis of ALD. Further evidence
supporting this comes from the association of an A→G poly-
morphism in cytotoxic T lymphocyte antigen 4 (CTLA-4) with
advanced ALD. CTLA-4 is a T-cell surface molecule that sup-
presses immune responses by competing with CD28 on the 
surface of CD4+ T-helper (Th) cells for the antigen-presenting
cell co-stimulatory molecule B7 or, indirectly, by activating T
regulatory cells that act to inhibit CD4+ Th cell function [142].
Furthermore, the mutation has recently been associated with
autoimmune liver diseases, insulin-dependent diabetes and
autoimmune thyroid disease. Although the A→G exon 1 poly-
morphism has been associated with the titre of anti-CYP2E1
antibodies in one study [105] and with ALD in another [143], it
has yet to be confirmed as an ALD susceptibility allele in large
studies examining the full CTLA-4 gene haplotype.
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Introduction

Alcoholic liver disease is characterized by a wide spectrum of
pathological changes ranging from steatosis to steatohepatitis,
cirrhosis and even hepatocellular carcinoma [1]. Lesions show
individual variation and overlap, and may be found in different
combinations on pathological material.

Some particular histological patterns of alcoholic liver disease
as well as the relationship and the differential diagnosis with
other conditions will be emphasized, and the role of liver biopsy
in patients’ management will also be addressed.

Alcoholic fatty liver

Hepatocellular steatosis is the most common histological lesion
in patients with chronic alcoholism [2,3]. It usually predom-
inates around terminal hepatic veins, but may be observed 
in all lobular zones and can be diffuse, especially in severely
involved livers [1]. Steatosis, which may appear within 2 days 
of alcohol ingestion [4], can disappear from the hepatocytes
within 2–4 weeks of abstinence [3]. Two morphological types 
of steatosis are observed: macrovesicular steatosis, which is 
the most prevalent, and microvesicular steatosis, which is 
usually associated with the macrovesicular form and rarely 
predominates.

Macrovesicular steatosis

Hepatocellular steatosis consists of large intracytoplasmic lipid
vacuoles displacing the nucleus to the cell periphery (Fig. 1).
When they exist, necroinflammatory changes are minimal at
this stage of alcoholic liver disease. Rupture of hepatocytes 
distended by large vacuoles of fat may lead to lipogranulomas
consisting of small intralobular aggregates mainly made of
macrophages and lymphocytes surrounding a lipid vacuole;
neutrophils, epithelioid and multinucleated cells are rare. Mild
pericellular fibrosis may be seen in association with lipogranulo-
mas, but its prognostic significance with special reference to
progressive fibrosis is not determined.

Steatosis may be responsible for anicteric cholestasis, and the
clinical manifestations range from asymptomatic hepatomegaly
to, very rarely, liver failure [3].

Microvesicular steatosis (alcoholic foamy
degeneration)

A very rare variant of acute alcoholic liver injury is histologically
characterized by predominant hepatocellular microvesicular
steatosis, which consists of small intracytoplasmic lipid droplets
leaving the nucleus at the center of the hepatocytes (Fig. 2). It 
has been described in less than 5% of patients with a history of
chronic alcoholism, and may clinically mimic biliary obstruc-
tion [5,6]. Jaundice and hepatomegaly are usually present, and
there is marked elevation of serum aminotransferases, alkaline
phosphatase and γ-glutamyl-transpeptidase activities, as well as
of the bilirubin level. Leucocytosis is absent. Liver biopsy shows
normal lobular architecture with microvesicular steatosis giving
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Fig. 1 Hepatocellular macrovesicular steatosis comprises large
intracytoplasmic lipid vacuoles displacing the nucleus to the cell periphery;
the lipid vacuoles appear empty because of tissue processing for paraffin
embedding.
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the swollen hepatocytes a foamy appearance. Microvesicular
steatosis predominates around terminal hepatic veins, coexists
with macrovesicular fatty change of various degrees, and may be 
associated with canalicular bile pigment accumulation; there is
neither inflammatory infiltration nor Mallory body formation,
but giant mitochondria and minimal perisinusoidal fibrosis can
be seen. Recovery is rapid after alcohol withdrawal [5].

Prognosis of alcoholic fatty liver

Alcoholic fatty liver without evidence of necroinflammatory
changes or fibrosis is generally assumed to have a very low risk of
progression to cirrhosis. However, a study of alcoholic patients
with steatosis on initial biopsy, without perivenular or pericellu-
lar fibrosis or any feature of alcoholic hepatitis, and who were
followed up for a median of 10.5 years, showed that nine of 
88 developed cirrhosis (eight of the nine having continued to
drink alcohol) and a further seven developed fibrosis; mixed
macrovesicular and microvesicular pattern of steatosis was an
independent histological predictor of progression [7].

Alcoholic hepatitis (steatohepatitis)

Alcoholic hepatitis occurs in approximately 20% of chronic
alcoholic patients and is associated with an increased risk of 
progression to cirrhosis [8]. It is an ill-defined syndrome with
clinical presentation varying from absence of symptoms to pseu-
doangiocholitis or to hepatic failure [1,8]. Histological lesions 
of the liver are not always well correlated with clinical findings
and produce a wide spectrum of changes, ranging from minimal
damage to a marked necroinflammatory process [1].

Morphological abnormalities predominate around terminal
hepatic veins. The main features of alcoholic hepatitis are:
• hepatocyte injury, with ballooning, apoptosis and, frequently,
but not necessarily, Mallory bodies or steatosis;
• inflammatory infiltration essentially consisting of neutrophils;
• pericellular fibrosis.
Other histological lesions include giant mitochondria, induced
and oncocytic hepatocytes, occlusive lesions of the terminal
hepatic veins, bile pigment accumulation, cholangitis and cho-
langiolar proliferation.

Hepatocellular lesions

Ballooned hepatocytes are characterized by swelling of their 
cytoplasm, which is clarified and finely granular, with an arach-
noid appearance (Fig. 3). This change is attributed to cytoskele-
tal dysfunction leading to impaired protein secretion and fluid
retention [1].

Apoptosis (i.e. acidophilic bodies) mediated by death recep-
tors is another feature of alcoholic hepatitis [9]. Increased apop-
tosis (Fig. 4) correlates with active NFκB expression and disease
severity, and potentially constitutes a target for therapeutic
intervention [9].

Mallory bodies are intracytoplasmic eosinophilic inclusions
most often seen in ballooned hepatocytes (Fig. 5). Their mor-
phological appearance varies from small irregular aggregates to
perinuclear ribbons. They have a filamentous structure on elec-
tron microscopy and are composed of covalently cross-linked
cytokeratins, essentially cytokeratin 8, as well as non-cytokeratin
components such as ubiquitin, heat-shock proteins and 
Mm 120–1, SMI 31 and MPM-2 reactive antigens [10]. Hep-
atocellular expression of many of these proteins is triggered by

Fig. 2 Microvesicular steatosis consists of small intracytoplasmic lipid
vacuoles leaving the nucleus at the centre of the hepatocytes. An induced
hepatocyte is also seen at the top of the field.

Fig. 3 Ballooned hepatocytes have a swollen and clarified cytoplasm, with
an arachnoid appearance.
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the intracellular accumulation of proteins altered by a variety 
of stresses, including those produced by reactive oxygen species
[10]. This expression also implies that proteasome degradation
of misfolded proteins is impaired, probably by oxidative stress,
as experimentally suggested in rats after alcohol administration
[11,12]. Abnormal proteins thus accumulate in the cytoplasm of
the hepatocytes and form Mallory bodies [10]. These inclusions
are characteristic, though not pathognomonic, of alcoholic liver
disease. They are observed in nonalcoholic fatty liver disease
[13], in chronic cholestasis, as well as in various other disorders
(e.g. Wilson’s disease, Indian childhood cirrhosis) [1]. They may
disappear from the hepatocytes within 6 weeks to 8 months of

alcohol withdrawal [3]. In alcoholic hepatitis, neutrophils are
often seen intimately surrounding hepatocytes containing
Mallory bodies.

Steatosis is most often observed in alcoholic hepatitis, but is
not necessary for the histological diagnosis. Its presence and
degree of severity depend on the existence or not of a history 
of recent alcohol intake.

Giant mitochondria form round or needlelike intracyto-
plasmic eosinophilic inclusions (Fig. 6), which are not stained
with periodic acid–Schiff. They are seen in a minority of cases, at
any stage of alcohol-induced liver disease [14]. Ultrastructurally,
mitochondria are enlarged and distorted, with loss of cristae;
they sometimes contain crystalline inclusions in their matrix
[14]. Such changes are probably the morphological counterpart
of the mitochondrial dysfunction, which is implicated in 
hepatocyte apoptosis and necrosis, and which may contribute to
progression of the disease [15]. Hepatocytes are occasionally
oncocytic, with a uniform eosinophilic cytoplasm, due to the
presence of numerous mitochondria [1].

Induced hepatocytes are cells in which smooth endoplasmic
reticulum is hyperplastic, giving a uniform appearance to the
cytoplasm (Fig. 2). Cells resemble ground-glass hepatocytes of
hepatitis B infection, but are not stained with modified orcein or
anti-HBs (hepatitis B surface antigen) antibody [1,3]. Prolifera-
tion of smooth endoplasmic reticulum is an adaptative response
corresponding to ethanol induction of CYP2E1 that increases
acetaldehyde formation [16].

Inflammatory infiltration

The inflammatory reaction is predominantly composed of 
neutrophils located in the portal areas, in the sinusoids and, char-
acteristically, around damaged hepatocytes, especially those

Fig. 4 An apoptotic hepatocyte is surrounded by several neutrophils. Fig. 6 Round inclusions corresponding to giant mitochondria can be seen
in the cytoplasm of the hepatocytes.

Fig. 5 Mallory bodies are irregular intracytoplasmic inclusions that are most
often observed in ballooned hepatocytes. Inflammatory cells, including
lymphocytes and neutrophils, can be noted near hepatocytes containing
Mallory bodies.
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containing Mallory bodies (Fig. 7). Lymphocytes and macro-
phages are also present and Kupffer cells are enlarged. Numerous
cytokines, chemokines and adhesion molecules play a major role
in the recruitment of these inflammatory cells [17,18].

Sometimes, inflammatory infiltration is predominantly lym-
phocytic in alcoholic liver disease. Indeed, it has been shown in a
series of 200 patients without serological markers of B and C
viral hepatitis or evidence of autoimmune hepatitis that 40% of
them had essentially lymphocytic inflammation and that such
inflammatory infiltration was significantly associated with the
portal and septal fibrosis index, after adjustment for age [19].
Such a high prevalence might be an overestimate and should 
be confirmed by other studies.

Pericellular fibrosis

Extracellular matrix proteins, including interstitial collagens
and fibronectin, accumulate in a perisinusoidal distribution and
surround individual hepatocytes or groups of hepatocytes. This
pericellular fibrosis produces a lattice-like pattern (Fig. 8) and
predominates in areas surrounding terminal hepatic veins.

Centrolobular pericellular fibrosis, frequently associated with
fibrous thickening of terminal hepatic veins, is an early feature of
alcoholic hepatitis. It is usually considered to be the result of
necrosis and inflammation, which could thus be responsible for
fibrosis progression towards cirrhosis. However, it has been
shown that fibrosis with possible development of cirrhosis may
occur in the absence of necroinflammatory changes [16,20]. This
suggests that alcohol may directly affect stellate cells of the liver,
activating them into collagen-producing myofibroblasts [16].

Other changes in alcoholic hepatitis

Occlusive venous lesions of three types have been recognized in
patients with alcoholic liver disease [21]. Lymphocytic phlebitis,

consisting of chronic inflammatory infiltration of terminal hep-
atic vein walls, was noted in 16.7% of 200 patients with non-
cirrhotic alcoholic hepatitis and in 4.3% of patients with cirrhosis;
perivenous scarring with gradual obliteration of the lumen of
terminal hepatic veins was found to some degree in all patients
with alcoholic hepatitis or cirrhosis; veno-occlusive lesions of
terminal hepatic veins (Fig. 9) and occasionally of portal veins,
with intimal proliferation, fibrosis and lumen narrowing, were
observed in half of the patients with non-cirrhotic alcoholic 
hepatitis [21]. Such venous lesions could explain many cases of
non-cirrhotic portal hypertension [21]. They are frequently seen
in so-called sclerosing hyaline necrosis, a severe form of alco-
holic hepatitis with extensive perivenous hepatocellular necrosis
[22]. The relationship between the degree of veno-occlusive

Fig. 7 The inflammatory infiltration is polymorphous, with numerous
neutrophils.

Fig. 8 Pericellular fibrosis producing a lattice-like pattern.

Fig. 9 Partial veno-occlusive lesion of a terminal hepatic vein, with
eccentric lumen narrowing and mild intimal fibrous thickening containing
inflammatory cells.
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lesions and the severity of alcoholic hepatitis has more recently
been confirmed [23].

Bile pigment accumulation within canaliculi (Fig. 10) and
cholangiolar lumens may be striking in severe forms of alcoholic
hepatitis. It is sometimes associated with neutrophilic cholangitis,
thus mimicking biliary tract obstruction [24].

Cholangiolar proliferation usually accompanies portal and
periportal fibrosis. Cholangiolar proliferation probably corres-
ponds to an increase in the number of hepatic progenitor cells 
in reaction to the combination of oxidative stress and inhibition
of hepatocellular replication secondary to alcohol exposure, as
experimentally demonstrated in mice [25]. It has recently been
demonstrated in patients with chronic viral hepatitis C that 
hepatic progenitor cell expansion was related to portal and 
periportal fibrosis and promoted by steatosis [26]. Such a poten-
tial role of steatosis in cholangiolar proliferation and fibrosis
remains to be investigated in alcoholic liver disease.

Histological spectrum of alcoholic hepatitis

The intensity and the combination of the above described 
histological lesions vary considerably from case to case. Three
histological patterns (i.e. minimal alcoholic hepatitis, moder-
ately active alcoholic hepatitis, and markedly active alcoholic
hepatitis) can be distinguished on the basis of the intensity of
necroinflammatory activity and extension of fibrosis.

In minimal alcoholic hepatitis, necroinflammatory activity is
mild. There are occasional ballooned or apoptotic hepatocytes,
possibly a few Mallory bodies and a few neutrophils. The lesions
are focal and tend to predominate in centrolobular areas in
which perisinusoidal and venular fibrosis is minimal.

In moderately active alcoholic hepatitis, necroinflammatory
activity is moderate, with more hepatocellular lesions and

inflammatory infiltration. Perisinusoidal fibrosis is more 
extensive in centrolobular areas, is associated with portal and
periportal fibrosis, and may form occasional central-to-central
or central-to-portal fibrous bridges.

In markedly active alcoholic hepatitis, necroinflammatory
activity is marked and perisinusoidal fibrosis surrounding indi-
vidual hepatocytes or small groups of hepatocytes is extensive
with formation of numerous fibrous bridges. Cholangiolar pro-
liferation is usual and accumulation of bile may be striking.
Terminal hepatic vein lesions and sclerosing hyaline necrosis 
are more prevalent in this severe type of alcoholic hepatitis.
Hepatocellular regenerative activity is mild, particularly if 
alcohol intake is continued.

The histological features that may indicate a risk of progress-
sion to cirrhosis are the following:
• degree of perisinusoidal and terminal hepatic vein fibrosis,
and extent of fibrous bridges with architectural distortion;
• severity of hepatocyte apoptosis and diffuse parenchymal 
disease;
• widespread obliteration of terminal hepatic veins;
• presence of numerous Mallory bodies [1,3].

Alcoholic cirrhosis

When liver injury progresses, the development of fibrous bridges
leads to cirrhosis, defined as a diffuse process characterized by
fibrosis and conversion of normal liver architecture into struc-
turally abnormal nodules [27].

Alcoholic cirrhosis usually is micronodular, with hepatocellu-
lar nodules 3 mm or less in diameter (Fig. 11). Regenerative
activity in the hepatocellular nodules, recognized by the pres-
ence of liver cell plates more than one cell thick, may be very
mild because of the presumed inhibitory effect of alcohol on
hepatic regeneration. Hepatic vein branches are difficult to 

Fig. 10 Bile pigment accumulation is observed in a dilated canaliculus.

Fig. 11 Micronodular cirrhosis is characterized by hepatocellular nodules
measuring 3 mm or less in diameter.
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identify within fibrosis. However, the presence of numerous
newly formed small vessels within the fibrous bands might be
explained by the action of several growth factors (e.g. vascu-
lar endothelial growth factor, inducible nitric oxide synthase)
produced in reaction to local hypoxia secondary to alcohol 
consumption and involved in angiogenesis [28].

If alcohol intoxication ceases, proliferative activity of the 
hepatocytes increases and cirrhosis may become macronodular
(Fig. 12) with possible development of large hyperplastic nod-
ules [29]. The regenerative nodules vary greatly in size, some of
them reaching several centimetres in diameter. They contain
portal tracts and terminal hepatic veins that are abnormally
related to each other. A mixed micronodular and macronodular
pattern of cirrhosis is frequently noted.

Steatosis and alcoholic hepatitis may be superimposed on
liver cirrhosis, thus indicating persistence of alcohol abuse. 
The grading of the activity of cirrhosis depends on the degree 
of necroinflammatory lesions. Major changes in portal flow 
are observed in cirrhosis with severe alcoholic hepatitis. Such
changes, as well as steatosis involving less than 20% of the 
hepatocytes, have recently been shown to be independently
associated with poor survival [30].

Impairment of bile secretion in cirrhosis could explain the
minimal accumulation of copper-associated protein, stained by
modified orcein, and of copper, stained by rhodanine, which is
noted in occasional hepatocytes along fibrous bands [31].

Round intracytoplasmic eosinophilic periodic acid–Schiff
diastase-positive globules of alpha-1-antitrypsin may be seen in
the hepatocytes at the periphery of cirrhotic nodules: this accu-
mulation has been considered the consequence of an abnormal
excretion of the protein [32], but the possibility that hereditary
alpha-1-antitrypsin deficiency might potentiate other liver dis-
eases including alcoholic liver disease has also been raised [33].

It is traditional to state that cirrhosis is an irreversible process,
even when alcohol is stopped. This dogma is now being debated
because it has been suggested that fibrosis, and even cirrhosis,
could regress, for instance in hepatitis C virus-infected patients
under antiviral treatment [34]. If this is true for alcoholic cirrhosis,
it is probably a rare event and one should be very cautious before
asserting that cirrhosis has regressed, because micronodular cir-
rhosis can become macronodular after alcohol withdrawal and a
needle biopsy may then fail to detect cirrhosis. The histological
diagnosis of macronodular cirrhosis may indeed be difficult on
the basis of a needle biopsy, and replacement of biopsy by non-
invasive methods (e.g. blood markers, liver stiffness) has been
proposed [35,36].

Hepatocellular carcinoma

Hepatocellular carcinoma arises in 5–15% of patients with 
alcoholic cirrhosis, usually when cirrhosis is macronodular 
[37]. There is no definite evidence that alcohol is a direct 
carcinogen, but it may enhance activation of various chemical
procarcinogens by inducing microsomal CYP2E1 and it 
could act as a cocarcinogen for hepatitis B or hepatitis C virus
[3,38].

The presence of small-cell or large-cell hepatocellular dysplasia
in cirrhotic nodules must be clearly indicated in pathological
reports. Indeed, small-cell hepatocellular dysplasia, particularly
within macronodules, may be the precursor lesion to hepatocel-
lular carcinoma. In a study of 34 radiologically detected hepato-
cellular nodules diagnosed by needle biopsy and followed up 
for more than 6 months, nuclear crowding, clear-cell change,
small-cell dysplasia and fatty change indicated a high risk for
evolution to hepatocellular carcinoma; the first two features
were independent prognostic factors for malignant transforma-
tion [39]. Large-cell hepatocellular dysplasia is generally not
thought to be a direct precursor of hepatocellular carcinoma,
but it could be associated with an increased risk of tumour
occurrence [40].

Alcoholic liver disease and other
conditions

Alcoholic liver disease and non-alcoholic fatty
liver disease

The spectrum of pathological lesions observed in non-alcoholic
fatty liver disease is hardly distinguishable from that of alcoholic
liver disease [13]. Differences between the two conditions 
are essentially based on clinical and biochemical arguments.
Patients with alcoholic steatohepatitis are usually sicker, have
higher serum bilirubin levels and an aspartate aminotransferase
to alanine aminotransferase ratio greater than one; histologic-
ally, necroinflammatory activity and fibrosis are more severe,
Mallory bodies more numerous, and the prevalence of cirrhosis
is higher [41].

Fig. 12 Macronodular cirrhosis with hepatocellular hyperplastic nodules
larger than those of micronodular cirrhosis.
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Table 1 Conditions associated with non-alcoholic fatty liver disease and
responsible for histological lesions mimicking alcoholic liver disease.

Insulin resistance

Obesity

Diabetes

Disorders of lipid metabolism

Hypertriglyceridaemia

Abetalipoproteinaemia

Hypobetalipoproteinaemia

Lipodystrophy

Weber–Christian syndrome

Severe weight loss

Jejunoileal or gastric bypass

Starvation

Total parenteral nutrition

Iatrogenic agents

Drugs: amiodarone, tamoxifen, diltiazem

Toxic exposure: industrial solvents
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Non-alcoholic fatty liver disease essentially represents the 
hepatic component of the metabolic syndrome, characterized 
by obesity, hyperinsulinaemia, peripheral insulin resistance,
diabetes, hypertriglyceridaemia and hypertension [42]. Other
conditions (Table 1) associated with non-alcoholic fatty liver dis-
ease are abnormalities of lipid metabolism, nutritional disorders
(i.e. severe weight loss, jejunoileal or gastric bypass, starvation,
total parenteral nutrition) and liver diseases induced by some
drugs (e.g. amiodarone, tamoxifen, antiretroviral nucleoside
analogues) and environmental factors (e.g. industrial solvents)
[13]. It is of interest that many of these conditions have in com-
mon with alcoholic liver disease either abnormal fat metabolism
or mitochondrial dysfunction [13]. Because non-alcoholic fatty
liver disease does not occur in every patient with one of the
above-mentioned disorders, it is reasonable to postulate that
this liver disease results from the conjunction or the potentia-
tion of the deleterious effects of several of these factors; alcohol
could be an additional one.

Chronic hepatitis

It was mentioned above that predominantly lymphocytic portal
and periportal inflammation and interface hepatitis could be
observed in alcoholic liver disease, all other causes of chronic
hepatitis (e.g. viral infections, drugs, autoimmunity) being
excluded on strict clinical and biological criteria [19]. The pre-
valence of such features is not clearly determined.

However, it is noteworthy that steatosis and fibrosis are two 
of the histological hallmarks of chronic viral hepatitis C [43].
Steatosis is probably due to a direct cytopathic effect of genotype
3 hepatitis C virus, whereas associated metabolic factors explain
the lesion in non-genotype 3 strains [44]. Alcohol can also 
interfere with chronic viral hepatitis, and it is known, for

instance, that alcohol consumption, even in a moderate amount,
aggravates necroinflammatory activity and fibrosis in patients
with chronic hepatitis C [45].

Iron overload

Stainable iron deposits are often seen in both hepatocytes and
Kupffer cells in patients with alcoholic liver disease, particularly
when cirrhosis is established. Iron overload has been attributed
to iron content of alcoholic beverages, increased intestinal
absorption, hepatocellular necrosis, haemolytic episodes, or
portocaval shunting [1,3]. It is usually mild or moderate, 
randomly distributed within the hepatic lobule, and can be
explained by alcohol-induced upregulation of transferrin recep-
tor expression in hepatocytes [46]. When iron overload is marked
and predominates in periportal hepatocytes, an association with
genetic haemochromatosis should be considered [1,3]. Heavy
alcohol intake accentuates the clinical expression of haemochro-
matosis [47] and, conversely, iron overload seems to potentiate
alcohol-induced liver injury [48]. A reasonable hypothesis
would be that iron and alcohol act as cofactors in enhancing
oxidative stress, stellate cell activation and fibrogenesis [47].

Role of liver biopsy in the management
of patients with alcoholic liver disease

Liver biopsy is important in the clinical management of alco-
holic patients. It is helpful to confirm or refute the diagnosis 
of alcoholic liver disease and possibly to reveal coexisting patho-
logical conditions. It is useful to suggest the diagnosis in patients
who deny alcohol abuse and in whom no other cause of liver 
disease is found. It may also be indicated in cirrhotic alcoholic
patients in whom liver transplantation is proposed, in order 
to preclude histological lesions suggesting ongoing alcoholic
hepatitis.

Because the prognosis of alcoholic liver disease partly depends
on the severity of pathological findings, grading and staging the
lesions observed on liver biopsy is necessary. There is no recog-
nized system correlating histological features with long-term
prognosis. Nonetheless, it might be proposed, as is done in other
liver diseases (e.g. chronic viral hepatitis, non-alcoholic fatty
liver disease), that grading of necroinflammatory activity and
staging of fibrosis with description of architectural remodelling
should be mentioned in the pathological report.

Finally, liver biopsy has an increasing role in evaluating sur-
vival and prognostic factors in patients with severe alcoholic
liver disease treated by various agents such as corticosteroids,
pentoxifylline, antibodies against tumour necrosis factor-α, or
interleukin 10 [8].
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Introduction

In alcoholic liver disease (ALD), perhaps the oldest field in hepa-
tology, profound changes have occurred since the last edition 
of this textbook. Besides classical descriptions of ALD, which
will be reviewed briefly, this chapter will expand a little more 
on recent concepts.

First, although a ‘unified theory’ of steatohepatitis has not
been reached, recent progress in non-alcoholic steatohepatitis
(NASH) obviously has some relevance when considering the
natural history of ALD [1]. The classical concept is that alcohol
can cause liver steatosis, which may subside within weeks of
abstinence. Steatosis, in turn, may be complicated by alcoholic
steatohepatitis (ASH), and eventually cause progressive fibrosis.
Alcohol used to stand as the principal aetiology of steatohepatitis,
the others often being referred to as causing ‘pseudo-alcoholic
hepatitis’ [2]. The rapid emergence of new concepts in NASH in
the 1990s revolutionized our view of all aspects of steatohepatitis,
including ALD. For the sake of clarity, the definition of NASH
had to rule out significant alcohol consumption, arbitrarily set 
at 20 g/day [3]. However, it has become obvious that ASH and
NASH share a number of risk factors, mechanisms and elemen-
tary histological lesions [4,5]. Per capita alcohol consumption
correlates with cirrhosis-related mortality rate (see Chapter 12.1).
It is difficult, however, to set a toxicity threshold for the develop-
ment of serious alcoholic liver injury [6]. Thus, in addition to
net alcohol intake, sex, body mass index, insulin resistance, iron
load and oxidant status also contribute to the risk of ALD in a
given individual and have to be evaluated for their contribution
to steatohepatitis in subjects who drink alcohol.

Secondly, advances in the medical therapy of ASH have 
been slow, probably because of the multifactorial, multifaceted
nature of the disease, difficult access to histology to confirm 
the diagnosis and the relative scarcity of randomized trials.
However, things have changed, largely as a result of access to
transvenous liver biopsy to rule out confounding diagnoses and
of the systematic use of severity criteria. Data derived from

recent trials and meta-analyses no longer allow sceptical thera-
peutic abstention in severe cases of confirmed ASH. And, here
again, many concepts derived from what has been learned
recently in NASH probably have some relevance in the manage-
ment of patients with ALD.

Thirdly, the role of liver transplantation, now a stable,
efficient tool in most endstage liver diseases, is still debated in
many centres when it comes to providing liver grafts to patients
with ALD. While issues of efficacy, in a disease often cured by
abstinence alone, and justice of distribution of scarce resources,
in a so-called self-inflicted disease, have been discussed eagerly,
data gathered in most centres and registries now provide a stable
basis to delineate the use of liver transplantation in ALD [7].

Although elementary histological lesions do not correlate
clearly with the clinical manifestations of ALD, we will attempt
to single out the features of alcoholic steatosis, ASH and alco-
holic cirrhosis, seen as paradigms. In real life, most patients
coming to the attention of a hepatologist usually present with
different degrees (or grades) of each of three groups of lesions.
Each of the three ‘dimensions’ of ALD, namely fat accumula-
tion, inflammation and fibrosis, best delineated by liver biopsy,
should be taken into account in the patient’s management.

The natural history of alcoholic liver
disease

Patients with ALD represent a very heterogeneous population.
Clinical presentation ranges from asymptomatic alcoholic
steatosis to decompensated cirrhosis, with or without ASH. We
have chosen to describe alcoholic steatosis, ASH and cirrhosis as
separate entities. In fact, these three main groups of alcohol-
induced liver lesions usually coexist in the same individual.

The spectrum of ALD may be characterized in a static, cross-
sectional manner according to the proportion of patients with
each lesion or combination of lesions at liver pathology (Fig. 1).
For obvious reasons, liver biopsy is not available in large 
population-based studies. Thus, the true prevalence of alcohol-

12.4 Alcoholic liver disease: 
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induced liver lesions in subjects who drink alcohol is unknown.
Similarly, the results of transversal studies are expected to vary
according to the population examined (see Chapter 12.1). For
example, cirrhosis was present in 37% of alcoholic patients 
hospitalized in a French hepatogastroenterology department
[8], but in only 8% in a German general hospital [9]. In one
recent study of 256 heavy drinkers (i.e. > 80 g/day) admitted to
an internal medicine ward in Spain for non-liver-related dis-
eases, some degree of ALD was present on liver biopsy in all
cases, steatosis in 45%, ASH in 34%, ASH with superimposed
cirrhosis in 10% and isolated cirrhosis in another 10% [10].

The spectrum of histological lesions induced by alcohol may
be seen as a dynamic process (Fig. 2). Alcoholic steatosis may 
be the earliest histological lesion associated with alcohol abuse
and may completely disappear within weeks of abstinence. ASH,
which probably develops in only a minority of excessive drinkers
with steatosis, is a fibrogenic process and may eventually induce
cirrhosis [11]. Although ASH is recognized as being reversible
within weeks of alcohol cessation, some degree of fibrosis 
usually persists. In wine-producing countries and patients with
regular, daily alcohol consumption, cirrhosis is already present
in the majority of cases at the time of diagnosis of ASH. Patients

Steatosis

Reversible
Suggests ongoing alcohol
abuse and/or associated
metabolic syndrome

Steatohepatitis

Reversible
Suggests ongoing alcohol
abuse and/or associated
metabolic syndrome

Cirrhosis

When isolated, suggests
abstinence has been
reached

Fig. 1 The spectrum of ALD. Note that
patients with steatohepatitis, by definition,
have steatosis.

Fibrosis

Factors that alter the natural
history of ALD

Drinking habits
Gender
Genetic polymorphism
Obesity
Iron stores
Hepatitis B, C

Steatohepatitis

Steatosis

Time

Normal

Cirrhosis

Fibrosis
(portal,

perisinusoidal)

Fig. 2 A dynamic view of the natural history of
ALD and factors associated with its progression
over time (for details, see text).
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with ASH but without cirrhosis, more frequently binge drinkers,
are at substantial risk of developing cirrhosis over time [12].
Alcoholic cirrhosis is considered as the final stage of alcohol-
induced liver injury. It has been considered as an irreversible
process with regard to the amount of fibrous tissue that typically
surrounds the sinusoids, but recent data suggest that, in some
cases, fibrosis may undergo regression with resorption of septa
[13]. As already mentioned, cirrhosis is often associated with
ASH, to the point that steatohepatitis is one of the most frequent
causes of decompensation in patients with alcoholic cirrhosis.

Factors that influence the natural history of
alcoholic liver disease

The incidence of cirrhosis correlates with overall alcohol 
consumption, but does not increase linearly with mean alcohol
consumption [14,15]. However, additional factors contribute 
to the risk of chronic liver disease, and only 15–20% of heavy
alcohol consumers will develop cirrhosis over time [11] (see 
also Chapters 12.1 and 12.2).

Gender
At any given level of alcohol intake [15,16], women seem to be
more susceptible than men to advanced ALD. Both the course 
of the disease and the prognosis seem to be worse in women
[15,17]. This may be related to gut permeability changes and
cytokine production in relation to sex hormones [15,18], and
probably not to low levels of alcohol-metabolizing enzymes [19].

Ethnicity and genetic factors
In a population of regular drinkers from the United States, after
adjustment for body mass index and viral hepatitis, Mexicans
[odds ratio (OR) 9.1] and African Americans (OR 3.1) were
more likely to have a twofold increase in liver transaminases
compared with white non-Hispanic Americans [20]. It has been
proposed that polymorphisms in alcohol-metabolizing genes
[21], inflammatory regulator genes [22] and genes involved in
drinking behaviour [23] may influence the predisposition to
develop ALD.

Polymorphisms in alcohol metabolism
Some alleles of the inducible CYP2E1 gene may result in
increased activity and reactive oxygen species (ROS) produc-
tion. Studies linking CYP2E1 polymorphism to ALD among
excessive drinkers were significant in Japanese [24], but negative
in Chinese [25] and Caucasian [21] populations. Genetic
dimorphism in superoxide dismutase, key to detoxifying ROS,
was reported to be associated with ALD in only one of two recent
studies [26,27].

Polymorphism in inflammatory response
The TNF G→A allele at position –238 in the promoter 
region of tumour necrosis factor (TNF)α, a key mediator in
ASH (see below), is associated with increased TNFα levels and

was observed more frequently in British patients with ASH 
compared with healthy volunteers [22]. This was not confirmed 
in Spanish alcoholics [28] (the majority of whom had no liver
biopsy). Polymorphism in CD14 genes involved in endotoxin
signalling has been explored in Finnish drinkers [29]. The 
prevalence of the T allele, which increases CD14 expression, was
associated with ASH (OR 2.48) and cirrhosis (OR 3.45), but not
with steatosis.

Genetic polymorphism in interleukin (IL)-10, an anti-
inflammatory cytokine, was more frequent in English patients
with advanced ALD compared with healthy subjects (50% vs.
33%, P < 0.01) [30]. Similar findings were reported in a Spanish
population [28].

Taken together, several distinct lines of evidence suggest that
polymorphism in either proinflammatory or anti-inflammatory
cytokine genes may result in exaggerated susceptibility to ALD.
This evidence, however, cannot be applied today in routine 
clinical practice.

Drinking behaviour
The pattern of alcohol consumption, which may also be
influenced by genetic polymorphisms, also plays a role in ALD.
For example, alcohol dependence is associated with genetic
polymorphisms in the GABA receptor [31] and neuropeptide 
Y [32], both molecules being involved in anxiety-related beha-
viour and control of alcohol consumption.

In the Dionysos study from northern Italy, consuming 
alcohol outside meals, as well as drinking more than one type 
of alcoholic beverage, was associated with an increased risk of
cirrhosis [14]. Binge drinking mostly affects young adult males in
northern and central Europe [33], and results in a higher incid-
ence of death [34] and a more than fivefold risk of developing
ASH [10]. Whether the type of alcohol consumed (wine, beer or
spirits) might affect the risk of developing cirrhosis has been
studied in Denmark [6]. For each level of pure alcohol con-
sumption, a higher proportion of wine was associated with a
lower risk of cirrhosis, with a relative risk of 0.3 when more 
than 50% of all alcohol was consumed as wine [6]. Concerns
have been raised that hepatitis C virus (HCV) was not evaluated
in this study and that wine consumption may also be a marker
for drinking during meals and eating more fruit and vegetables
[35].

The role of iron, viral hepatitis and obesity will be reviewed 
in the section on ‘Interaction between alcohol and other liver
diseases’ below.

Alcoholic steatosis

Macrovesicular steatosis
Macrovesicular steatosis is characterized by the presence of one
or more fat droplets that displace the nucleus at the periphery of
the hepatocyte. Typically centrolobular, it may in severe cases
extend to the entire lobule. Macrovesicular steatosis is thought
to be the initial lesion associated with alcohol abuse. It is
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observed at ultrasonography in more than 90% of patients with
alcohol intake > 30 g/day [14], and at histology in all individuals
who reported a median consumption of 63 drinks per week 
[36]. It should be kept in mind that ultrasonography can miss
macrovesicular steatosis and is operator dependent. In addition,
steatosis is not specific to alcohol abuse and may obviously be
observed in other situations such as obesity, diabetes, chronic
hepatitis C, starvation and drug abuse [37]. In a cross-sectional
study from northern Italy [38], the prevalence of steatosis was
46% in individuals drinking more than 30 g of alcohol per day,
76% in obese non-drinking persons and 94% in obese individuals
consuming more than 30 g of alcohol daily.

Pathogenesis
The intracytoplasmic accumulation of triglycerides seen as
steatosis droplets may result from increased fatty acid synthesis
and fat mobilization or defective fat export or breakdown in 
the liver (see Chapter 12.2). Lipid trafficking is altered by alcohol
together with mitochondrial fatty acid metabolism [39].

Clinical manifestations and diagnosis
Alcoholic macrovesicular steatosis (unlike microvesicular stea-
tosis) is usually asymptomatic. In a minority of cases, epigastric
pain and/or right upper quadrant discomfort may be present.
Hepatomegaly resulting from fat accumulation can be spectacu-
lar and may subside within weeks following alcohol abstinence.

Laboratory values
Biological abnormalities associated with steatosis should be 
distinguished from the laboratory markers used to detect 
alcoholism (see Chapters 5.2 and 12.5). For example, mean 
corpuscular volume of red blood cells and carbohydrate-
deficient transferrin are influenced by heavy drinking [40] and
are not considered as reliable indicators of steatosis.

Gamma-glutamyltransferase (γ-GT) is frequently elevated
during regular alcohol abuse [41] and may be abnormal in the
presence of hepatocellular damage. However, γ -GT is not liver
specific, may be abnormal in obesity, correlates modestly with
alcohol consumption and is not always elevated in alcohol
drinkers [42]. The induction of serum γ-GT by chronic alcohol
intake may be subject to genetic polymorphism [43]. Recent
data suggested that high γ-GT levels may be a marker of 
oxidative stress [44] and associated with more rapid progression
of liver disease [43].

Serum transaminases are not inducible by alcohol consump-
tion. Thus, they may be regarded as sensitive indicators of liver
cell injury in excessive drinkers. In these patients, transaminase
levels can be normal or modestly elevated, less than 5 to 10 times
the upper limit of normal (ULN) [37,45]. In 319 patients with
biopsy-proven alcoholic steatosis, the mean aspartate amino-
transferase (AST) increase was 3 ULN, but AST remained normal 
in 14% of the patients [46]. In addition, the coexistence of
metabolic abnormalities in patients with ALD may influence
transaminase levels [47]. In one study of subjects consuming

more than 30 g of alcohol per day, obesity increased twofold the
risk of elevated alanine aminotransferase (ALT) levels [38].

In the absence of cirrhosis, an AST level greater than the ALT
level has been considered suggestive of an alcoholic aetiology
[37]. An increased AST/ALT ratio may also be associated with
NASH or denutrition, or cirrhosis, whatever its cause. For 
example, an AST/ALT ratio > 1 was observed in 92% of patients
with ALD, but also in 70% of patients with viral cirrhosis [48].

Imaging studies
Imaging by ultrasonography (US), computerized tomography
(CT) and magnetic resonance imaging (MRI) can demonstrate
the presence of fat in the liver. US can detect liver steatosis with 
a 60–94% [49] sensitivity and is limited to the detection of
macrovesicular steatosis [50]. Thirty-three per cent or more 
fat on liver biopsy is considered as an optimal threshold for 
the detection of steatosis on US [51]. US is relatively specific
(88–95% [49]), but a ‘bright’ hyperechoic liver has also been
described in other clinical situations, such as cystic fibrosis or
schistosomiasis [52,53].

On CT (without intravenous contrast), the steatotic liver
demonstrates a reduced density. The liver/spleen density ratio
correlates inversely with the degree of fat infiltration at histology
[54]. Similar to US, CT had a sensitivity and specificity of 93% 
or 100% in detecting hepatic steatosis of 33% or more [51] in a
small group of patients with non-alcoholic fatty liver disease.

MRI may offer a better correlation with the presence of fat 
in the liver. In a study of 38 patients who had MRI performed
within 2 weeks of a liver biopsy, a positive correlation was
observed with both macrovesicular (r = 0.92) and microvesicu-
lar (r = 0.6) fat [55].

The natural history of steatosis
Alcoholic steatosis, similar to non-alcoholic steatosis, was con-
sidered a benign condition. In fact, steatosis should be seen as
the first step to steatohepatitis, and may be a surrogate marker for
increased mortality from both liver-related and non-liver-related
causes. Dam-Larsen et al. [36] recently followed 417 patients
with alcoholic or non-alcoholic fatty liver at biopsy. The risk 
of developing cirrhosis was 22% over 12 years in drinkers 
(> 30 g/day in men, 20 g/day in women) with steatosis, and 
mortality increased with the degree of steatosis. In contrast, in
non-drinkers, the incidence of cirrhosis was 0.6% over 19.9 years,
and survival was not related to the degree of steatosis.

Treatment
Alcoholic steatosis is reversible within weeks of discontinuation
of alcohol consumption [11,16], meaning that specific medical
therapy is not usually needed. Nevertheless, a 3-month course 
of metadoxine (a combination of pyridoxine and pyrrolidone
described as improving intracellular alcoholic oxidative changes)
was associated with a more rapid normalization of liver function
tests and echographic alterations compared with placebo in
patients with alcoholic steatosis [56].
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When steatosis (as evidenced by US) and abnormal trans-
aminases persists despite abstinence, the question of associated 
non-alcoholic fatty liver disease should be raised [47].

Microvesicular steatosis

Definition and natural history
On haematoxylin/eosin-stained material, microvesicular stea-
tosis consists of small fat droplets evenly distributed throughout
the cytoplasm and leaving the nucleus in its central position.
Microvesicular steatosis, also named foamy degeneration, can
be missed on standard staining and may require specific oil red-
O lipid staining [57]. When induced by alcohol, microvesicular
steatosis often predominates in the centrolobular area [58].
Associated lesions may include hepatocyte swelling, cholestasis
and macrovesicular fat [57]. Because the microvesicular com-
ponent may disappear within days of abstinence from alcohol,
microvesicular fat is often featured on liver biopsies performed
early, i.e. less than 5 days after cessation of alcohol intoxication
[59], but may be missed thereafter. Acute, often symptomatic,
microvesicular steatosis usually subsides within days. How-
ever, the presence of microvesicular steatosis on liver biopsy 
(or a mixed pattern with macrovesicular steatosis) probably
identifies a subgroup of patients at risk of rapid fibrosis progres-
sion [38].

Pathogenesis
Microvesicular steatosis due to alcohol as well as other causes
(Chapter 2.3.4) results from impaired mitochondrial function
thought to be involved in the development of steatohepatitis
[60,61].

Clinical presentation
When massive, often triggered by acute alcohol intoxication,
microvesicular steatosis may present as an acute liver disease
with abdominal pain, jaundice or hepatic encephalopathy.
Typically, high levels of transaminases (up to 15 times the 
normal value) may be seen at hospital admission and subside
together with clinical symptoms within days of alcohol abstin-
ence [57,59]. Hyperbilirubinaemia may correspond to haemo-
lysis and last longer [57]. Other serious clinical manifestations
have been described including hypoglycaemia, metabolic acid-
osis, altered level of consciousness and sudden death [62]. We
believe that the syndrome described by Zieve in 1958 [63]
(abdominal pain, jaundice, hyperlipidaemia and haemolysis)
may in fact correspond to microvesicular steatosis and haemo-
lysis following heavy alcohol intake.

Alcoholic steatohepatitis

ASH occurs in only a minority of patients who report heavy
alcohol intake. In the study by Barrio et al. [10] already men-
tioned, ASH was present in only a third of heavy drinkers. Above
a threshold of 80–150 g of alcohol per day, ASH does not seem to

correlate with alcohol intake, but appears to be more frequent in
irregular, for example weekend, drinkers [10].

Definition and pathology
Steatohepatitis is defined by the coexistence of three histological
criteria, namely ballooning degeneration of hepatocytes, stea-
tosis (macro- and/or microvesicular) and lobular inflammation
with mononuclear cells and polynuclear neutrophils [64] (see
Chapter 12.3). Other lesions that may be present and suggestive,
but should not be regarded as necessary for diagnosis, include
Mallory’s hyaline bodies, megamitochondria, perisinudoidal
fibrosis and granular iron staining in hepatocytes or sinusoidal
lining cells [3]. These lesions predominate in the perivenular
region. Whether ASH and NASH can be distinguished on the
basis of histology has been a matter of debate [65]. It has been
suggested recently that steatosis was more extensive in NASH
compared with ASH, as a result of obesity and hyperlipidaemia
[66]. In our experience, marked cholestasis with bile plugs and
neoductular proliferation is frequent in severe ASH, but unusual
in NASH. In contrast, large glycogenic nuclei and gross hepato-
cyte ballooning contrasting with minimal inflammation are often
seen in NASH (Laura Rubbia-Brandt, personal communication).

Pathogenesis
The pathogenesis of ASH is reviewed in Chapter 12.2. Oxidative
stress, elevated endotoxin levels, stimulation of the expression
and release of inflammatory mediators such as TNFα, apoptosis
and immune reactions are particularly relevant for clinicians.
Oxidative stress results from both overproduction of free rad-
icals due to alcohol metabolism and poor hepatic reserve of
antioxidants [67], which may be linked to the poor nutritional
status of chronic alcoholics. Endotoxinaemia is facilitated by the
effect of alcohol on gut permeability [68] and may trigger oxid-
ative stress and the production of proinflammatory cytokines 
by Kupffer cells. These cytokines, mainly TNFα, IL-1, IL-6 and
IL-8, mediate many aspects of ASH [69]. IL-8 facilitates the 
neutrophilic infiltration of the liver lobule, a feature that char-
acterizes alcoholic ASH [70]. Inflammation is associated with 
stellate cell activation and fibrogenesis.

Clinical features
Patients with ASH may come to medical attention at the time of
liver-related complications such as jaundice, ascites, variceal
bleeding or hepatic encephalopathy. A minority of patients may
present with frank abdominal pain, fever, nausea or vomiting.
Clinical presentation may be limited to non-specific complaints
such as fatigue, anorexia or vague abdominal discomfort. How-
ever, ASH may be asymptomatic and may be diagnosed at the
time of hospitalization for alcohol withdrawal syndrome [10].

At clinical examination, it is usually difficult to sort out signs
of decompensated cirrhosis from the features suggestive of ASH
itself, which may indeed be the cause of decompensation. ASH
may cause a rapid increase in portal pressure, with a bounding
pulse and tachycardia, in line with systemic arterial vasodilation
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and hyperkinetism. Spider angiomas and palmar erythema are
often numerous and prominent, suggesting liver failure and
angiogenesis. An audible bruit over the liver may be present,
corresponding to intense vasodilation of the hepatic artery. The
liver may be enlarged and tender. However, owing to the under-
lying cirrhosis, a dysmorphic liver or even liver atrophy is often
present. Although fever, sometimes as high as 39°C, may be
associated with ASH, infection should be sought systematically.
Spontaneous bacterial peritonitis, urinary tract infection and
pneumonia are among the most frequent causes of infection in
patients with ASH. Cholangitis and biliary obstruction may be
particularly difficult to exclude in patients with jaundice and
fever. Other complications of portal hypertension, including
ascites, variceal bleeding and hepatic encephalopathy, may be
present. Additional features such as peripheral polyneuropathy,
skeletal muscle wasting, Dupuytren’s contracture, poor nutri-
tional status at physical examination and lipodystrophy [71]
may suggest alcohol as the aetiology (see Table 1).

Overall, it is important to realize that the performance of 
an experienced clinician is relatively poor in the diagnosis 
of ASH. It is often overdiagnosed when other causes, includ-
ing gastrointestinal bleeding or infection, are responsible for 
the decompensation of cirrhosis. It is often underdiagnosed
when asymptomatic. For example, when patients with a clinical
diagnosis of severe ASH were included in a large randomized

multicentre trial [72], diagnosis was confirmed at histology,
obtained by transvenous liver biopsy, in only 85% of the cases,
meaning that 15% of the patients could have been treated
improperly if liver biopsy had not been available.

Laboratory values
Transaminases are usually moderately elevated, typically by 
less than five times ULN in patients with ASH. Higher values
may suggest associated conditions, including prominent micro-
vesicular steatosis, bile stone migration, drug-induced or other
liver disease. Normal transaminase values do not rule out a dia-
gnosis of ASH. The AST is often greater than the ALT level. How-
ever, as stated above, an AST/ALT ratio > 1 may be observed 
in the course of advanced liver disease whatever the cause.

Total bilirubin is elevated in the vast majority of severe forms
of ASH. Conjugated bilirubin usually represents more than 50%
of total bilirubin, reflecting preserved glucuronoconjugation.
When more than 50% of total bilirubin is unconjugated,
haemolysis should be suspected, typically related to acanthocy-
tosis [73]. In keeping with the prognostic value of both bilirubin
and creatinine plasma values, altered renal function may con-
tribute to high total bilirubin levels.

γ-GT is of little diagnostic use in ASH. Alkaline phosphatase 
is usually mildly elevated. Whenever its value exceeds two to
three times ULN, particular attention should be paid to the 

Complication Features

Nervous system
Korsakoff’s syndrome Retrograde/anterograde amnesia

Alcohol withdrawal syndrome Agitation, tremor, hyperadrenergic signs

Wernicke’s encephalopathy Confusion, ataxia, ophthalmoplegia

Peripheral neuropathy Pain, cramps, decreased sensitivity

Alcoholic dementia Progressive loss of cerebral functions

Hepatic encephalopathy Altered consciousness, personality changes

Heart
Atrial fibrillation Palpitations

Arterial hypertension May coexist with alcohol withdrawal syndrome

Dilated cardiomyopathy Signs of cardiac insufficiency

Gastrointestinal
Acute and chronic pancreatitis Abdominal pain, diabetes, chronic diarrhoea

Gastritis, oesophagitis Heartburn, haematemesis

Parotid gland enlargement

Cancer (aerodigestive region, liver) Dysphagia, weight loss

Skin, skeletal muscle, bone, adipose tissue
Spider angioma

Dupuytren’s contracture

Alcoholic myopathy Muscle tenderness, wasting

Aseptic hip necrosis Localized pain, walking disability

Alcoholic lipodystrophy Aberrant body fat redistribution

Haematopoietic system
Thrombocytopenia Bleeding diathesis (may be transient due to alcohol myelotoxicity)

Table 1 Extrahepatic manifestations of
alcohol abuse.
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possibility of biliary obstruction, drug-induced liver lesions or
granulomatosis.

A high white blood cell (WBC) count is a classical feature 
in ASH [40]. A leukaemoid reaction, with WBC counts  as high
as 40–50 g/L is not exceptional and can be misleading [74].
However, WBC counts may be normal or low, particularly when
cirrhosis is present [75].

Prolonged prothrombin time is the most accessible marker of
liver failure in ASH. In patients with poor nutritional status
and/or prolonged jaundice, gross vitamin K deficiency should 
be ruled out before using prothrombin as a criteria for clinical
decisions. Factor V measurement, when it can be reliably
obtained, probably helps in this regard, although its use has not
been validated in studies on ASH.

Low serum albumin in ASH may be due to low synthetic liver
function, but changes in distribution as well as inflammation
can alter serum concentration [76].

Iron studies are expected to be grossly abnormal at the time of
ASH because of hepatocyte necrosis and inflammation. Thus,
the iron status should be evaluated on liver biopsy or invest-
igated later in time.

Proinflammatory cytokines, dominated by TNFα [69,77], 
but also including IL-6 [78,79], IL-8 [70], IL-18 [80] and inter-
cellular adhesion molecule (ICAM)-1 [75], are high in the
serum of patients with ASH. Although these markers are not
used in routine clinical practice, they convey prognostic infor-
mation. Cytokines may explain some of the clinical symptoms,
such as anorexia, muscle wasting or fever [69]. Cytokines may
trigger apoptosis [81,82] and promote neutrophilic adhesion
[75].

Imaging and haemodynamic studies
Abdominal imaging (US, CT or MRI), although not useful 
for the diagnosis of ASH, will be performed to exclude liver
tumours, biliary tract disease, splanchnic vein thrombosis or
intra-abdominal infectious processes. Features suggestive of
hepatic steatosis and portal hypertension may be present.

Pseudotumoral nodules can be found incidentally in patients
with ASH [83]. It may prove difficult to distinguish a regener-
ative nodule with increased arterial flow with prominent angio-
genesis [84] from hepatocellular carcinoma [85]. In addition, 
α-fetoprotein plasma values can be found to be elevated during
the course of ASH, in relation to intense regenerative processes.
Further characterization of the nodule(s) usually has to be
delayed until liver function has improved.

Usually measured at the time of a transvenous liver biopsy,
the hepatic venous pressure gradient (HVPG) is elevated in
ASH, indicative of sinusoidal portal hypertension. The HVPG
may decrease within weeks when liver function improves.
Similarly, reverse hepatofugal portal blood flow can be observed
in patients hospitalized with ASH and cirrhosis [86], and can be
corrected after a few weeks.

Monoclonal chimeric anti-TNFα antibody administration
has been associated with an early (40% at 24 h) and sustained

reduction in HVPG in patients with severe ASH [87], suggesting
that TNFα contributes to portal hypertension in ASH.

Clinical diagnosis of ASH and the role of liver
biopsy
When a severe form of ASH is suspected (severity is defined in
the section on prognosis), a confirmatory liver biopsy should 
be performed. It has to be pointed out that decompensated 
alcoholic cirrhosis is a clinical feature of ASH. In most patients
with severe ASH, because of low prothrombin, low platelets or
large-volume ascites, the liver biopsy should be performed
transvenously. According to data from French [72] and Swiss
[88] tertiary centres, a clinical diagnosis of ASH is confirmed at
histology in 85% and 83% of cases respectively. The diagnosis of
ASH can be ascertained when the histological criteria defined
above are present together with a history of recent excessive
alcohol intake.

When alcohol abuse is denied, the differential diagnosis 
of steatohepatitis, including NASH, should be considered (see
Chapter 13.2). Looking for extrahepatic manifestations of alco-
hol abuse (see Table 1) may be helpful. It is still debated whether
liver biopsy is of any use in distinguishing ASH from NASH (see
the section on Pathogenesis above).

In non-severe forms of ASH, liver biopsy can be used to 
provide prognostic information on the risk of developing 
cirrhosis [38] and to evaluate the participation of factors such as
iron overload [89], hepatitis C [90,91] or other associated causes
of liver disease.

Prognosis
Short-term mortality in patients with ASH not treated by
steroids is usually assessed by the score introduced by Maddrey
et al. in 1978 [92] that combines serum bilirubin and prothrom-
bin time and is usually referred to as Maddrey’s discriminant
function (DF). Maddrey’s DF = bilirubin (mg/mL or
µmol/L/17) + 4.6 times (patient prothrombin time–control
prothrombin time). When Maddrey’s DF is ≥ 32, a 50% mortal-
ity rate is expected at 2 months [93,94]. Although it is used 
routinely in clinical practice, some concerns have been raised
regarding the conversion of prothrombin in the formula [95].
First, prothrombin time is poorly standardized across laborat-
ories due to variations in thromboplastin used. One might 
suggest using the international normalized ratio (INR) instead
of the prothrombin time in the formula, although this would
need prospective validation. Secondly, the prognostic value of
Maddrey’s DF has not been re-evaluated for more than 20 years.
Thirdly, in patients with a DF below 32, the risk of death still
approaches 15% [88,93], suggesting a need for better ‘discrim-
ination’. The model for endstage liver disease (MELD), which
combines INR, bilirubin and serum creatinine (a variable that
carries independent information to predict short-term mortality
[93]), was evaluated recently in two retrospective studies of
patients with ASH not treated with steroids [96,97]. MELD
score measured at admission [97] or during follow-up [96] was
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comparable or even superior to Maddrey’s DF in predicting
short-term mortality. Using a cutoff value of 21 for MELD and
37 for Maddrey’s DF, 90-day mortality was predicted by MELD
with a sensitivity and specificity of 75%, and by the DF with a
sensitivity of 88% and a specificity of 65%, making the c-statistic
similar between the two scores [97]. Prospective validation of
these data is awaited.

In patients with severe ASH (DF ≥ 32) treated with steroids,
Mathurin et al. [98] used the bilirubin level at 7 days of therapy
as a single criterion to predict 6-month survival. Early change in
bilirubin level (ECBL) defined as bilirubin at day 7 lower than
bilirubin at day 1, observed in 73% of patients, predicted an 
83% 6-month survival rate, compared with 23% in patients
without ECBL.

In the majority of patients with non-severe ASH (DF ≤ 32)
who become abstinent from alcohol, improvement in both 
clinical and biological parameters is progressive over a number
of months. The 1-year mortality rate in a group of 217 patients
with cirrhosis was 26.5% and 7% in those with or without ASH
respectively [99]. In another study of 122 alcoholic patients with
cirrhosis followed over a 5-year period, persistent alcohol intake
was an independent predictor of mortality, together with age
and the Child–Pugh score [100].

Additional prognostic information can be derived from the
measurement at hospital admission of plasma TNFα [101] or,
better, the soluble form of the receptor 1 of TNFα [88], in line
with the pathogenic role of TNFα in ASH. Some markers that
may be used to assess short-term prognosis in ASH are listed in
Table 2.

Treatment
The management of patients with ASH includes durable absti-
nence from alcohol and the treatment of associated liver-related
complications including malnutrition. Specific therapies are aimed
at controlling the inflammatory process, oxidative stress, hyper-
metabolism and fibrogenesis and allowing liver regeneration.

Corticosteroids downregulate the transcriptional factor NFκB
[102], and decrease the expression of proinflammatory cytokines
and the activation status of polymorphonuclear neutrophils
[103]. The many studies on steroids in ASH in the last 30 years
have generated conflicting data. Most studies included patients

without a liver biopsy, probably mixing true severe ASH with
cases of endstage cirrhosis, in whom steroids can trigger infec-
tion and be deleterious. Other studies included patients with
non-severe forms of ASH, in whom no clear benefit could be
expected. The recent meta-analysis of the individual data from
all 215 patients with a severe form of ASH from three random-
ized controlled trials showed that a 4-week course of prednisone
was associated with an increase in 1-month survival (65.1 ± 4.8%
vs. 84.6 ± 3.4%, P = 0.001) [93]. Obviously, spontaneous bac-
terial peritonitis and nosocomial and opportunistic infections
are the main drawbacks of steroids [104]. Appropriate invest-
igations and cultures, including ascitic fluid analysis, should 
be performed before starting therapy and whenever appropriate
thereafter. Although the efficacy of steroids is still disputed by
some, most centres use steroids in biopsy-proven severe ASH as
the standard of care.

Malnutrition is frequent in patients with ASH. Poor nutri-
tional status increases the risk of infection, correlates with the
degree of liver failure and influences the outcome [105,106]. 
A small randomized study did not show any survival benefit 
of a high caloric diet associated with the anabolic steroid 
oxandrolone compared with placebo [107]. More recently,
Cabré et al. [108] reported similar 1-year mortality rates in a
group of 71 patients with ASH randomized to either enteral
feeding (2000 kcal /day) or prednisone 40 mg daily for 28 days,
with early deaths being more frequent in the tube feeding group 
and infections more frequent in the steroid-treated group. 
The combination therapy with steroids and enteral feeding is
promising but should be tested in a randomized controlled trial.

Anti-TNFα agents have been tested in patients with ASH. The
first pilot trial included 20 patients who received either standard
steroid therapy plus infliximab (an anti-TNFα monoclonal 
antibody), 5 mg/kg body weight as a single infusion, or placebo
[78]. The drug was well tolerated and associated with an early
decrease in IL-6 and IL-8, an improved Maddrey’s score at day
28, but no changes in histology or short-term survival. Two
other pilot studies [79,87] confirmed the beneficial effects of
infliximab on biological parameters. However, a recent French
multicentre randomized controlled study [109] reported higher
mortality in infliximab-treated patients, related to a high fre-
quency of infection (15 vs. 5 episodes). In this trial, 36 patients

Table 2 Some markers of short-term prognosis in alcoholic steatohepatitis.

Marker Comments [refs]

Hepatic encephalopathy ≥ 50% 3-month mortality in early studies [92,259,260]

Maddrey discriminant function (DF) ≥ 35% 2-month mortality when DF ≥ 32 (untreated patients) [72,94]

MELD score 50% 3-month mortality when > 25 (retrospective study, untreated patients) [97]

Soluble TNFa receptor 1 If > 4835 pg/mL at admission, independent predictor of 3-month mortality [88]

Early biological response to bilirubin (EBR) Bilirubin at day 7 lower than value at day 0 of steroid therapy predicts 83% survival at 6 months

(vs. 23% in those without EBR) [98]
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with severe ASH received methylprednisolone 32 mg daily and
either infliximab 10 mg/kg at weeks 0, 2 and 4 or placebo.
Conceivably, this very high dose of infliximab (six times that of
pilot studies) contributed to infections and blunted the liver’s
ability to regenerate. Etanercept, a soluble receptor that binds to
circulating TNFα, brought no evident clinical benefit in a small
pilot study [110].

Pentoxyfilline, a phosphodiesterase inhibitor with anti-TNFα
activity, has been tested in a randomized, double-blind con-
trolled trial at a dose of 1200 mg daily for 4 weeks vs. placebo 
in 101 patients diagnosed with ASH on clinical and biological
grounds [111]. The mortality rate was decreased by 40%, mainly
because of reduced incidence of renal failure. Surprisingly, how-
ever, the evolution of the Maddrey’s score during the study
period was similar in the placebo and the treated group. Clinical
benefit from pentoxyfilline in patients with severe ASH who did
not reach an early biological response on steroids [98] was not
confirmed in a recent trial [112].

In one study [113], albumin dialysis induced a sustained and
significant (more than 20%) reduction in HVPG independent of
systemic haemodynamic changes.

Other therapies for ASH, including supplemental amino acid
infusion [114], promoters of hepatic regeneration [115–117],
the metabolic ‘regulator’ propylthiouracil [118], colchicine
[119,120], agents aimed at preventing alcoholic liver fibrosis
[121] and hepatoprotective agents [122,123] failed to show a
clinical benefit.

Alcoholic cirrhosis

Pathogenesis
Alcoholic cirrhosis develops in a minority of alcohol abusers.
The factors thought to be associated with an increased risk of 
cirrhosis are reviewed in the section on factors influencing the
natural history of the disease in this chapter. It is widely accepted
that cirrhosis results from repeated bouts of ASH that may, or
may not be, clinically apparent [11].

Definition and natural history
Alcoholic cirrhosis is typically micronodular, with small regen-
erative nodules surrounded by fibrous bands (see Chapter 12.3).
All the histological features classically thought to be characteristic
of alcoholic cirrhosis may in fact be observed in other condi-
tions. First, both the micronodular aspect of the liver and the
perisinusoidal distribution of fibrosis are features of steatohep-
atitis, either alcoholic or non-alcoholic. Secondly, steatosis may
suggest persistent alcohol consumption, but can also be observed
in cirrhosis of viral origin and in NASH. Thirdly, mild iron
deposition in both Kupffer cells and hepatocytes is commonly
observed in advanced cirrhosis whatever the cause [124,125].
Finally, over time and particularly when patients stop drinking
[126], a transition from a micro- to a macronodular cirrhosis
may be observed [13,127].

It has long been accepted that cirrhosis is a non-reversible
condition. This classical view may be reconsidered in view 
of recent data. Thorough examination of nine explants from
patients with alcoholic cirrhosis but prolonged abstinence showed
significant resorption of both fibrous septa and perisinusoidal
fibrosis [13].

Clinical presentation
Although often overlooked, physical examination may be of
great value. For example, the presence of a firm liver with a thin
lower edge in the epigastric region is a reliable sign of advanced
fibrosis or cirrhosis. In a cohort of 138 patients undergoing liver
biopsy, 25% of whom had ALD, the palpation of a firm liver 
in the epigastrium had a sensitivity of 86% and a specificity of
67% for the diagnosis of cirrhosis [128].

When compensated, alcoholic cirrhosis may be completely
asymptomatic. Only in the decompensated phase may patients
present with asthenia, weight loss, ascites, variceal bleeding,
jaundice, hepatic encephalopathy or hepatocellular carcinoma
(HCC).

The clinical aspects of cirrhosis in general are reviewed in
Chapter 6.3. When present, extrahepatic manifestations of alco-
hol abuse, listed in Table 1, may point to alcohol as the cause of
cirrhosis. Dupuytren’s contracture is more frequently observed
in alcoholics compared with non-alcoholics (30% vs. 6%) [129].
Parotid gland enlargement in alcoholics is associated with a
decreased saliva flow rate as well as structural alterations of the
glands [130]. Florid spider angiomas and gynaecomastia, both
associated with high estrogen levels, may be suggestive of an
alcoholic aetiology of cirrhosis.

Malnutrition in alcoholic cirrhosis
A large proportion of patients with ALD are malnourished
[131]. Alcohol may provide up to 50% of daily calorie intake in
these patients, but protein and/or vitamin spontaneous intake
may be extremely low. Malnutrition, in turn, has deleterious
immune consequences, blunts the absorption of nutriments
[132], decreases muscle strength [133] and may contribute to
poor survival. However, whether malnutrition, best assessed 
by anthropometric measures [134], is an independent predictor
of mortality or a surrogate marker of liver failure remains 
a controversial issue. In a study of 212 hospitalized patients 
with cirrhosis, 121 of alcoholic aetiology, moderate to severe
malnutrition was reported in 54% of patients and was an inde-
pendent predictor of 2-year survival [134]. Low calorie intake 
(< 30 kcal /kg body weight) and protein malnutrition have 
been associated with an increased risk of septic complications
and hospital mortality [135]. Malnutrition, especially when
associated with refractory ascites, predicts poor survival and
complications following surgery [136].

The pathogenesis of protein caloric malnutrition in alcoholic
cirrhosis is multifactorial (see Chapter 23.2). Insufficient calorie
intake due to the presence of ascites [135], increased protein
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catabolism [136], unjustified protein restriction diet in
encephalopathy, poor palatability of the low-sodium diet 
and increased cytokine production in ASH all contribute to 
malnutrition in these patients. In addition, hyperinsulinaemia 
is frequent in cirrhosis and may contribute to a preference for a
carbohydrate-rich diet, which in turn induces early satiety [137].
Leptin levels are elevated in the early stages of ALD and cirrhosis
[138,139]. However, at later stages, low leptin concentrations
may be associated with denutrition and low fat mass [138].

Zinc deficiency is common during the course of alcoholic cir-
rhosis [140], due to a combination of malnutrition, decreased
intestinal absorption and increased urinary excretion [141,142].
In animal studies, zinc deficiency alters zinc-dependent alcohol
dehydrogenase activity [142]. This results in an increase in
CYP2E1 alcohol metabolism, together with excessive oxidative
stress. Thus, it has been postulated that zinc supplementation,
associated with beneficial effects in animals [142], could
improve liver function in patients with ALD. In 16 patients 
with alcoholic cirrhosis, administration of zinc sulphate 0.6 g
daily, but not placebo, was associated with a decrease in serum
bilirubin and in the prothrombin time [143]. However, no
effects could be seen on microsomal function, as assessed by
antipyrine clearance [144]. In our practice, patients with low
zinc plasma levels are considered for zinc supplementation.

Laboratory values
No single biological test is specific for alcoholic cirrhosis.
Elevation in transaminases above five times normal levels is
unusual during the course of alcoholic cirrhosis per se and
should prompt the search for an additional cause, including
microvesicular steatosis, drug-induced toxicity or biliary tract
disease. Again, an AST/ALT ratio > 1 may be seen in advanced
liver disease whatever the cause, and this has poor specificity 
for alcoholic cirrhosis. Particular attention should be paid to
laboratory values that typically improve with abstinence, such as
high γ-GT (half-life 2–3 weeks), hypertriglyceridaemia, hyper-
uricaemia and others. Hypergammaglobulinaemia is a common
feature of cirrhosis. High serum IgA levels, which are associated
with IgA deposits in liver sinusoids, are thought to be a feature of
ALD (for a review, see reference [145]). High IgA reverses after
liver transplantation [146].

Macrocytic anaemia in alcoholic cirrhosis may result both
from cirrhosis per se and from alcohol intoxication (for more
details, see Chapter 6.3 and reference [147]). Similarly, low
platelet count may be due to cirrhosis, a direct myelotoxic effect
of alcohol or both. In this situation, thrombocytopenia may
reverse within days of abstinence.

Direct measurement of alcohol in blood or urine remains a
useful, incontestable method for determining recent alcohol
consumption. Carbohydrate-deficient transferrin (half-life 
15 days) has been claimed to be as sensitive as γ-GT but more
specific. However, false-positive results can be observed in
patients with all causes of advanced liver disease, related to
altered transferrin metabolism. Sequential γ-GT measurements

with direct measurement of alcohol is often used in outpatient
liver clinics.

Imaging and haemodynamic studies
Standard evaluation of alcoholic cirrhosis includes abdominal
US and Doppler studies of the portal and hepatic veins, as well as
portal systemic collaterals (see Chapter 5.5). In a group of 493
patients with cirrhosis, the prevalence of a patent paraumbilical
vein was higher in alcoholic cirrhosis (OR = 3.88; 95% CI
1.34–8.55) compared with cirrhosis of viral origin [148]. CT
and MRI scans may be used to characterize focal lesions.

Haemodynamic studies are usually performed at the time 
of transjugular liver biopsy. The measurement of the HVPG 
is a reliable indicator of portal pressure in alcoholic liver 
disease [149]. The HVPG has an independent predictive value in
patients with recent variceal bleeding [150]. The HVPG, which
may evolve over time, is higher at the time of variceal bleeding
[151] and may peak at the time of ASH and subside thereafter.

Both ethanol per se and alcohol-induced liver injury may
influence hepatic haemodynamics. In 16 patients with alcoholic
cirrhosis, oral administration of an alcoholic drink (0.5 g/kg
ethanol) was associated with an increase in HVPG and azygous
blood flow [152]. The HVPG correlates with the histological 
features of ASH [153]. In patients with ALD, HVPG changes
over 10 months were independent predictors of bleeding and
survival [154].

Diagnosis
Patients may present at either a compensated or a decompens-
ated stage. The diagnosis of compensated cirrhosis may be
difficult, because alcohol abuse may be denied, and physical
findings and laboratory evidence for ALD may be subtle or
absent (see section on ‘Clinical presentation’).

Liver biopsy (see Chapters 5.5 and 12.3) remains a gold 
standard for the diagnosis of cirrhosis. Liver biopsy should 
be obtained whenever a definite diagnosis of cirrhosis can
influence patient management. In addition, liver biopsy may
help to exclude other causes of liver disease, such as iron 
overload, metabolic disorders, drug-induced lesions or biliary
tract alterations.

Alcoholic liver disease is a diffuse disease, and thus it is
assumed that a random sample reflects damage to the organ as a
whole. The interobserver variation for the assessment of liver
biopsies in ALD demonstrates a good concordance for alcoholic
cirrhosis (κ = 0.75) [155]. However, liver biopsy may be difficult
to interpret if the specimen is fragmented, small in size or when
micronodular alcoholic cirrhosis has evolved into macro-
nodules [127].

Prognosis
Beyond the prognostic scores commonly used in cirrhosis in
general (Child–Pugh score, MELD and others, reviewed in
Chapter 6.3), the single most important factor that predicts 
progression or improvement of liver function in patients with
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alcoholic liver disease is abstinence. Bell et al. [156] studied 
100 patients with alcoholic cirrhosis for a 15-year period and
reported a cumulative mortality of 49% at 12 months. Alcohol
consumption of less than 10 g daily and an age below 58 years
were associated with increased survival [156].

In patients with alcoholic cirrhosis who stop drinking, liver
function usually improves over a few weeks or months. In those
who fail to improve, alcohol relapse, persistent NASH or associ-
ated causes of liver disease should be considered. Prognostic 
factors in alcoholic cirrhosis are listed in Table 2.

Treatment
Standard care for patients with alcoholic cirrhosis includes
abstinence reinforcement, treating malnutrition, preventing
variceal bleeding and screening for HCC. The treatment of 
complications in decompensated patients and the role of liver
transplantation are discussed in Sections 7 and 25.

In addition, we will discuss the disputed benefit from anti-
oxidant and antifibrotic agents.

Abstinence from alcohol
Abstinence is a challenge in patients with alcohol dependence.
Hepatologists should be aware that 50–70% of patients return 
to drinking within a year after an initial period of abstinence
[157,158] (see Chapter 12.5). After abstinence has been achieved,
alcohol relapses should be considered whenever decompensa-
tion and/or variceal bleeding occurs.

Management options for such patients include psychological
support (also termed brief intervention) and pharmacotherapy.
A 10-min brief intervention focused on dependence, somatic
risk and potential for behavioural changes has proven efficacy
[159]. Pharmacological agents aimed at supporting abstinence
should, when possible, be initiated after cirrhosis has been recom-
pensated. Both acamprosate and naltrexone improve abstin-
ence rates [160], are well tolerated and are effective as adjuvant
therapies for alcohol dependence [157]. Most hepatologists 
prefer to avoid disulfiram, which has been associated with severe
hepatitis [161].

Nutrition
Simple dietary supplementation has been tested in several 
randomized trials involving a limited number of patients. The
results showed no measurable effect [162], improvement 
in biological parameters [163,164] or clinically significant
improvements [165,166]. Continuous enteral supplementation
improved the markers of nutritional status in patients with 
cirrhosis and midarm circumference below the 25th percentile
awaiting liver transplantation. However, owing to the limited
power of the study (40 patients per arm), the effect on survival
did not reach statistical significance (P = 0.075) [167]. Based 
on these results, we believe that nutritional support should be
considered in patients with alcoholic cirrhosis and malnutrition
as assessed by anthropometry [134,143]. Oral and enteral feed-
ing should be preferred. Practically, patients with compensated

cirrhosis should receive 25–30 kcal/kg/day + 1 g protein/kg/day.
In cases of associated malnutrition, the nutritional intake should
be increased to 35 kcal /kg/day + 1.5 g protein/kg/day [136]. On
account of the increased risk of inhalation pneumonia, enteral
feeding may prove difficult in patients with fluctuating hepatic
encephalopathy.

Perspectives in antioxidant and antifibrotic 
therapy
Because oxidative stress and fibrogenesis are key players in 
the development of alcoholic cirrhosis, antioxidants (silymarin, 
S-adenosylmethionine, vitamin E) and antifibrotics (colchicine
and polyenylphosphatidylcholine) have been tested with the 
aim of attenuating liver injury and improving long-term 
prognosis.

In a randomized, double-blind, multicentre trial involving
200 patients with alcoholic cirrhosis, silymarin at a dose of 
450 mg daily was not associated with a better 2-year survival rate
compared with placebo [168]. Similarly, the effect of daily sup-
plementation with vitamin E 500 mg for 1 year in 33 outpatients
with cirrhosis was not different from placebo [169].

The rationale for administering S-adenosylmethionine, a pre-
cursor of glutathione, is to enhance the antioxidant capacity of
hepatocytes. In a randomized, double-blind, controlled trial, 123
patients with cirrhosis received either S-adenosylmethionine
(1200 mg daily) or placebo for 2 years with no benefit in over-
all survival [170]. Subgroup analysis suggested some benefit 
in Child A and B patients, which should be tested in future 
studies.

As polyenylphosphatidylcholine has the ability to decrease
stellate cell activation and cytochrome P450 activity, a huge ran-
domized, double-blind, placebo-controlled trial was initiated 
in patients with ALD (but without cirrhosis) [121]. After 2 years
of treatment, no effect on fibrosis was demonstrated on repeat
liver biopsy.

Colchicine, an inhibitor of collagen synthesis, had been asso-
ciated with improved survival compared with placebo (median
survival 11 vs. 3.5 years) in a study of 100 patients with cirrhosis
treated for an average of 4.7 years [171]. However, analysis of
liver-related mortality did not confirm the beneficial effect of
colchicine. These negative results have been confirmed recently
in a large cohort [172].

Non-invasive markers of fibrosis in
alcoholic liver disease

Fibrosis is essential to the development of complications from
ALD. Liver biopsy is the reference method for assessing the stage
of fibrosis as well as the activity of the liver disease. However, its
use is limited by the risk associated with the procedure, inter-
observer variability and the sampling error when the specimen is
less than 20 mm in length [173]. In a study of more than 68 000
percutaneous liver biopsies, 0.5% morbidity and 0.01% mortal-
ity [174] were reported.

TTOC12_04  3/10/07  8:51 AM  Page 1167



1168 12 ALCOHOLIC LIVER DISEASE

The ideal marker of fibrosis should measure the stage of 
fibrosis and the degree of extracellular matrix remodelling, be
specific to the liver without being influenced by extrahepatic
changes, and be cheap and easy to perform repeatedly. In real
life, most markers are influenced by age, postprandial state [175],
renal function, extrahepatic inflammatory disorders [176] and
active alcohol intoxication [176,177], and wide overlapping 
of values is observed, especially for the intermediate stages of
fibrosis. Thus, no single marker may be used to determine the
fibrosis stage with sufficient accuracy. The interpretation must
take into account the clinical context.

Imaging studies

Doppler ultrasonography performs well in the diagnosis of
advanced hepatic fibrosis or cirrhosis. When combining the
spleen size and portal vein velocity, the diagnostic accuracy was
84% in a group of 243 patients [178]. This performance was
improved to 89% when analysing hepatic vein spectrum of 
flow [179]. However, the operator-dependent character of the
technique as well as the poor performance for intermediate
stages of hepatic fibrosis have limited its use. Preliminary data
on diffusion-weighted MRI suggested that it may potentially be
useful for the evaluation of fibrosis stage [180].

Transient elastography is a novel non-invasive tool for 
measuring liver stiffness, based on the analysis of shear wave
velocity transmitted to the liver by a transducer. The faster the
shear wave, the harder the liver tissue. A positive correlation was
reported between liver stiffness and fibrosis stages in patients
with hepatitis C [181]. In a group of 380 individuals followed in
an outpatient clinic for alcoholism, transient elastography was
well accepted and had a high positive predictive value (97%) for
the diagnosis of cirrhosis using a cutoff value of 13 kPa [182].
The performance of the technique may be limited by the pres-
ence of ascites or obesity.

Serum markers of fibrosis

The values of these biological tests become abnormal only in
advanced stages of fibrosis or in cirrhosis. Thus, their use in 
the assessment of intermediate stages of fibrosis appears to be
limited.

The AST/ALT ratio has been shown to be an independent 
predictor of fibrosis in NASH [183] and in chronic hepatitis C
[184], but is a poor predictor of cirrhosis in alcoholics (diagnostic
accuracy 65%) [185].

A low platelet count is a good indicator of portal hyper-
tension, irrespective of the cause of liver injury. However, the 
diagnostic accuracy for the presence of compensated alcoholic
cirrhosis is lower compared with the prothrombin time (56% vs.
85%).

The prothrombin index showed a statistically significant 
correlation with the fibrosis score (r = 0.7) in 193 patients with
chronic liver diseases [186]. A value below 80% was predictive of

severe fibrosis or cirrhosis [185], while a prothrombin index of
100% excluded this diagnosis.

Markers involved in the synthesis or remodelling of liver
matrix include hyaluronic acid [187] and others [188–190] that
will not be discussed here. Severe fibrosis on liver biopsies from
146 heavy drinkers was predicted with a similar diagnostic accu-
racy using serum hyaluronic acid (91.1%) or prothrombin index
(89.7%) [191]. In 87 patients with different stages of alcoholic
liver disease, Stickel et al. [192] showed that serum hyaluronic
acid levels paralleled the severity of fibrosis. Using a cutoff value
of 55.5 µg/L, the sensitivity and specificity of serum hyaluronic
acid for the detection of mild fibrosis were 83% and 69% respec-
tively. With a cutoff of 250 µg/L, the sensitivity for detecting 
cirrhosis was 100%. Thus, the greatest clinical utility of this
marker may be its ability to exclude the presence of extensive
fibrosis or cirrhosis when the serum hyaluronate value is below
60 µg/L.

Scores of fibrosis

Algorithms that combine serum markers to predict fibrosis have
been generated by many centres and applied to different popu-
lations of patients with ALD. Tests originally designed to 
predict the METAVIR stage in chronic hepatitis C [193] have 
not been validated in ALD. Poynard et al. [194] reported that 
the PGA index (a combination of prothrombin time, gamma-
glutamyltranspeptidase and apolipoprotein AI) could exclude
or confirm the presence of cirrhosis in a group of 291 alcoholic
patients with 100% and 86% accuracy respectively. The ‘Fibro-
meter’, combining α2-macroglobulin, platelets, prothrombin
index, AST, hyaluronic acid, urea and age to determine the 
presence of clinically significant fibrosis, defined as F2–F4
according to METAVIR and area of fibrosis assessed on liver
biopsy [195], had better sensitivity (91.8% vs. 80.5%), specificity
(92.6% vs. 84.1%) and diagnostic accuracy (92 vs. 82.1%) for
alcoholic (n = 95) than for viral-induced liver disease (n = 383).
Obviously, none of these scores performed well enough to single
out the intermediate stages of fibrosis.

Any new fibrosis score, either based on serum markers 
alone or combined with elastography, should overcome the 
limitations of the score due to the analytical variability among
laboratories and be confirmed independently on a separate
cohort of patients with ALD.

Interaction between alcohol and other
liver diseases

Iron

Independent from hereditary haemochromatosis, chronic liver
disease may lead to iron accumulation in the liver [196]. In
patients with endstage ALD, increased deposition of iron may
also be seen in other organs [197]. On histochemical staining,
iron accumulation is usually restricted to hepatocytes and
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Kupffer cells. The putative mechanisms of iron overload in 
alcoholic cirrhosis may include increased intestinal iron absorp-
tion in relation to spur cell haemolytic anaemia [198], increased
transferrin receptor expression in hepatocytes [199] in regular
drinkers and altered hepcidin expression in relation to chronic
inflammation or hypoxia [200,201].

Both alcohol and iron are thought to increase oxidative 
stress during the course of steatohepatitis. Oxidative stress, in
turn, may activate hepatic stellate cells, accelerate fibrogenesis
[89] and participate in the production of proinflammatory
cytokines. Thus, we believe that excess iron may be a significant
cofactor in steatohepatitis in general, including ASH. Consistent
with this view, stainable iron on liver biopsies was a strong 
predictor of mortality in 71 patients with alcoholic cirrhosis 
followed-up for 57 months [125]. Although iron depletion has
been associated with improvement in liver function tests in 
non-alcoholic fatty liver disease (NAFLD) [202], no study has
addressed the question of the possible beneficial effects of iron
depletion in patients with ALD.

In hereditary haemochromatosis, alcohol abuse increases the
prevalence of cirrhosis [203,204]. Patients homozygous for the
C282Y mutation with excess (> 60 g/day) alcohol intake had a
high risk of cirrhosis (relative risk of 9) and were diagnosed with
cirrhosis at a younger age (46 vs. 54 years) than non- or mild
drinkers [204]. Because heterozygosity for HFE (both C282Y
and H63D) is not associated with an increased risk of advanced
ALD [205], genetic testing is not routinely performed in patients
with ALD. However, evaluation of iron status is clinically relev-
ant. As interpretation of serum iron and ferritin is hampered in
the acute phase of ASH or decompensated cirrhosis, clinicians
often rely on imaging studies and/or liver biopsy.

Hepatitis B

Does chronic exposure to alcohol render the liver more suscept-
ible to viral infections? Among 137 chronic alcoholic patients 
in Denmark, antibody to hepatitis B surface (HBs) antigen (Ag)
or hepatitis B core (HBc) Ag, or both, was more frequently
observed than in an age-matched population (26% vs. 4%)
[206]. HBsAg was detected in 2% and anti-HBs with or without
anti-HBc in 19% of 285 alcoholic patients from the UK [207]. 
In this study, hepatitis B virus (HBV) markers were related to
former residence in a country with a high prevalence of hepatitis
B and a history of blood transfusions or injections, but not to
social status or marital state.

It has been suggested that prior HBV infection, whether
occult or overt, might increase the risk of HCC in ALD. In
northern Italy [208], both hepatitis B and C markers were twice
as prevalent in patients with HCC and > 60 g of alcohol con-
sumption compared with control subjects. In patients with
HBsAg and chronic alcohol intake for more than 10 years, the
age at diagnosis of HCC was 10 years younger than in those
patients without a history of alcohol consumption [209]. In a
recent prospective study of Japanese patients with alcoholic 

cirrhosis but negative for HBsAg, the presence of HBcAb (HBV
core antibody) was associated with an increased risk of HCC
(15% vs. 3% at 5 years) [210]. Integrated and episomal HBV
DNA has been detected in the tumours of several patients with
HCC who were negative for all HBV and HCV serum markers
[211,212]. Taken together, these results do not support a major
role for HBV in the development of cirrhosis in alcoholics.
However, a role for HBV in the development of HCC in patients
with alcoholic cirrhosis is highly probable.

Hepatitis C

Anti-HCV antibodies are found in 8–43% of patients with ALD
[90,213]. Risk factors are probably similar in alcoholics and
non-alcoholics [214], but are also possibly related to low socioe-
conomic status. Whether alcohol increases HCV RNA levels 
is debated [215,216]. Alcohol may contribute to HCV quasi-
species pressure selection as well as host immunity [90]. Both
hepatitis C and alcohol cause hepatic oxidative stress [217].
Thus, alcohol consumption has been recognized as a major risk
factor, together with older age and male gender [91,218], for
progression to cirrhosis in patients with chronic hepatitis C. An
increased risk of compensated or decompensated cirrhosis has
been reported in HCV-positive patients who consumed alcohol
in excess (women > 40 g daily; men > 60 g daily) for more than 
5 years [91]. Alcohol consumption may reduce the virological
sustained response rate under interferon [219]. Finally, the risk 
of HCC is increased approximately twofold in patients with
chronic hepatitis C and alcohol intake > 60 g daily [208].
Overall, patients infected with hepatitis C should be strongly
encouraged to avoid alcohol to limit both the progression to 
cirrhosis and the development of HCC.

Non-alcoholic fatty liver disease

Steatohepatitis, whether alcoholic or non-alcoholic associated
with the metabolic syndrome, is characterized by the associa-
tion of steatosis, hepatocellular ballooning and necrosis, and
inflammatory infiltration with polymorphonuclear cells. Both
diseases can hardly be distinguished on histological features
[220] (see Section 13). Pathogenic mechanisms at large are 
common to both ASH and NASH [5]. A recent study [221] 
has identified the production by adipose tissue of TNFα, a key
inflammatory mediator involved in the pathophysiology of ALD
(see also reference [1] for review). Insulin resistance, which is
closely associated with NASH [222,223], has not been directly
investigated in ASH. Although it may also be secondary to the
associated cirrhosis and liver failure [224], insulin resistance, 
in our clinical experience, is also featured in ASH. Indeed,
metabolic factors contributed to elevated ALT levels and insulin
resistance in a large cohort of patients with chronic liver diseases
dominated by ALD [47]. Thus, alcohol consumption may be
one of the few elements that discriminate alcoholic from non-
alcoholic steatohepatitis. The cutoff level above which the liver
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disease is accepted as alcohol related is debatable, and the 
20 g/day [220] threshold can only be seen as a compromise.
Consistent with this view, being overweight (body mass index 
> 25 in women, > 27 in men) increases the risk of fibrosis in
excessive drinkers [225]. In addition to obesity, older age, dia-
betes and increased iron stores (assessed using Perl’s staining 
on liver biopsy) also predict fibrosis in patients with excessive
alcohol consumption [17].

Realizing that the risk factors, mechanisms and histology of
ASH and NASH are largely similar has clinical implications. 
To this day, no prospective study has addressed the benefit of
correcting metabolic cofactors in ASH. Because of the weight of
the above circumstantial evidence, we believe that patients with
ALD should benefit from reducing body weight, progressive
clinical exercise and depletion of iron stores. Implementation 
of these measures may be difficult and has to be delayed in the
setting of ASH and poor liver function. Because of the lack of
clinical studies in ASH, as well as potential liver toxic effects
[226], pharmacological studies in NASH, including antidiabetic
agents [227], cannot be transposed to ASH.

Alpha-antitrypsin deficiency

Homozygous PiZZ alpha-1-antitrypsin deficiency, an autosomal
recessive endoplasmic reticulum storage disease (see Chapter
16.3), may be associated with chronic hepatitis, especially in the
paediatric population. Cirrhosis, portal hypertension and HCC
seem to be influenced by age. In a Swedish cohort of 246 PiZZ
homozygous patients, cirrhosis was observed in 2% of individuals
aged 20–50 years, but in 19% of those older than 50 years [228].
More recently, a case–control study confirmed that the risk of
cirrhosis was higher in PiZZ patients over 50 years, but failed to
show a role for alcoholism or viral hepatitis in the development
of cirrhosis [229].

The assumption that PiMZ heterozygotes usually do not
develop liver disease unless there is some other additional factor
(such as alcohol or viral hepatitis) is supported by some but 
not all studies. In patients referred for liver transplantation, the
heterozygous PiMZ phenotype was four times more frequent in
patients with chronic viral hepatitis or alcoholic cirrhosis than in
those with autoimmune liver diseases [230]. In another study
[231], the PiMZ phenotype was more frequent in cryptogenic
cirrhosis, a condition known to be associated with NASH [232],
compared with cirrhosis of other causes. Thus, the hypothesis
that PiMZ heterozygosity may potentiate both alcoholic and
non-alcoholic steatohepatitis [231] and precipitates endstage
liver disease of other causes is still debated.

Drug-induced hepatitis

Drug-induced steatohepatitis
Amiodarone-induced steatohepatitis, originally reported as
‘pseudoalcoholic’ hepatitis [233], has been reported in approxi-
mately 1% of patients receiving long-term amiodarone therapy
[2]. On haematoxylin/eosin staining, histological liver lesions

are similar in ASH and in amiodarone-associated steatohepatitis.
Phospholipidosis after amiodarone exposure [2] reflects accu-
mulation of the drug and is not directly related to the develop-
ment of steatohepatitis. Thus, special caution is recommended
with amiodarone therapy in patients with ALD. The same holds
true for other drugs such as nifedipine, diltiazem and tamoxifen,
more recently reported to induce steatohepatitis [2].

Methotrexate
Methotrexate can induce steatohepatitis and fibrosis [234,235]
that correlates with the cumulative dose of the drug. The role of
alcohol as a cofactor in methotrexate-associated fibrogenesis has
been questioned. In an early series [235], the evolution of liver
histology was studied retrospectively among 69 patients with
psoriasis under methotrexate followed for a mean of 6.5 years.
Three patients, all heavy drinkers, developed advanced fibrosis.
More recent data [234] suggested that the risk of methotrexate-
induced fibrosis was negligible in non-drinkers with a cumul-
ative dose of less than 5 g of methotrexate. We believe that 
liver biopsy before initiating methotrexate therapy should be
restricted to excess drinkers, patients with the metabolic syn-
drome or those with abnormal liver function tests.

Paracetamol
The cytochrome CYP2E1 oxidizes alcohol and also converts
paracetamol into a toxic metabolite that may be scavenged by
the antioxidant glutathione. When toxic metabolite production
exceeds the reserve of cellular glutathione, liver injury may
ensue.

Excess drinkers, when in poor nutritional condition and
because of alcohol-induced CYP2E1 induction, are thought to
be vulnerable to paracetamol toxicity. In fact, whether therapeu-
tic doses of paracetamol may induce hepatitis in alcoholics
remains a controversial issue, as no prospective controlled study
has been conducted so far. Numerous case reports are often
imprecise regarding alcohol consumption, exact dose of para-
cetamol and timing of alcohol intake. This information may 
be crucial, as alcohol may also compete with paracetamol for
CYP2E1 degradation and the production of toxic metabolites
[236]. Marginal increases in such toxic metabolites have been
measured in alcoholics given paracetamol [237–240]. Before
more precise or prospective information becomes available,
paracetamol dosage should be kept below 4 g/day in excess
drinkers. Even at this dose, paracetamol toxicity should be 
suspected in patients with an increase in transaminases and 
N-acetylcysteine therapy considered.

Alcoholic liver disease and surgery

Excessive alcohol consumption is frequent in patients who
undergo a surgical procedure. In head and neck surgery and
traumas, the prevalence of alcohol misuse approaches 50%
[241], and alcohol consumption that exceeds 60 g/day has 
been associated with an increased risk of complications after sur-
gery [242,243]. Compared with patients who do not consume
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alcohol, alcohol misusers have an increased risk of alcohol with-
drawal syndrome (see Chapter 12.5), infection, haemorrhage,
cardiorespiratory failure and liver failure [244].

The hepatologist’s task is to predict the risk of liver decom-
pensation, according to what he believes the liver lesions may be.
Liver biopsy may contribute to delineating these lesions, may be
warranted before major surgery or when ASH is suspected, and
may predict reversibility. The efficacy of alcohol abstinence
prior to surgery should be emphasized at this stage. In 42 
alcoholic patients scheduled for elective colorectal surgery,
abstinence from alcohol for 1 month was associated with fewer
postoperative complications compared with patients who con-
tinued to drink (31% vs. 74%, P = 0.02) [245].

Alcoholic steatosis

Alcoholic steatosis is not usually considered a contraindication
to surgery. This general rule does not hold true for liver resec-
tion, where steatosis is associated with an increased mortality
[246]. Similarly, in cases of microvesicular steatosis (see section
on Microvesicular steatosis above), surgery should be con-
sidered with caution.

Alcoholic steatohepatitis

Whenever possible, surgery should be delayed in patients with
ASH [247]. This recommendation comes from mortality rates
exceeding 50% in patients with ASH who underwent liver
surgery [248] or portosystemic shunt procedures in the 1970s
[249]. Although these data are ancient and limited to open
abdominal surgery, most hepatologists tend to avoid all types 
of surgery in patients with histologically proven ASH. Again, as
little as 1 month of alcohol abstinence is demonstrated to limit
postoperative morbidity in alcoholics [245].

Alcoholic cirrhosis

Surgery in patients with cirrhosis is discussed in Chapter 6.3. For
example, patients with alcoholic cirrhosis have an 11-fold higher
risk of postoperative mortality after open cholecystectomy [250].
In addition, alcoholic cirrhosis may be asymptomatic and pre-
sent with normal liver function tests, especially when abstinence
has been reached. Specific to alcoholic cirrhosis is the potential
for reversibility after abstinence of both hepatic and extrahepatic
complications of alcohol. In addition, malnutrition may be 
pronounced in alcoholics, affects the outcome of surgery and
should be corrected.

Cancer screening in patients with
alcoholic liver disease

Extrahepatic cancer

Independent of the presence of cirrhosis, alcohol increases the
risk of both hepatic and extrahepatic cancer. In a large cohort

study from Denmark, patients with alcoholic steatosis (but not
cirrhosis) had 1.7 times more cancers than the general popula-
tion [251]. Both HCC and other cancers were reported. A 
meta-analysis [252] confirmed an increased risk for squamous
cell carcinoma of the aerodigestive tract. In our unit, screening
patients with ALD for head and neck cancers has become a 
standard of care, especially in smokers [253] and after ortho-
topic liver transplantation (OLT) [254].

Hepatocellular carcinoma

Although HCC typically develops in a cirrhotic liver, a small
proportion of HCC may arise in the absence of cirrhosis. In a
retrospective surgical study, 84 out of 203 patients resected for
HCC were non-cirrhotic, with 40% of them reporting chronic
alcoholism as the only risk factor [255]. In this and other studies,
HCC arising in a non-cirrhotic liver is often associated with some
degree of portal and/or perisinusoidal fibrosis. The dose–effect
relationship between alcohol consumption and HCC was inves-
tigated in a large case–control study from northern Italy [208],
in which the incidence of HCC increased linearly with alcohol
consumption. Consistent with the unified steatohepatitis con-
cept, obesity is an independent predictor for HCC at the time 
of OLT for alcoholic cirrhosis (OR 3.2; 95% CI 1.5–6.6) but not
viral-associated cirrhosis [256]. Despite this increased risk, the
incidence of HCC in ALD remains well under 1%. Therefore, no
screening policy is warranted in patients with ALD but without
cirrhosis.

In patients with alcoholic cirrhosis, the yearly incidence of
HCC is estimated to be 1–4% [257]. Hepatitis B or C coinfec-
tions, obesity, advanced age and male sex increase this risk. 
In a large Italian cross-sectional study, the prevalence of HCC 
in alcoholic cirrhosis was 10.1%, almost identical to the 10.3%
incidence in HCV-related cirrhosis [258]. Patients with cirrhosis
who stop drinking remain at risk of HCC for 10 years of 
abstinence [208].
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12.5 Management of the alcoholic patient,
including alcoholism and extrahepatic
manifestations
Georges-Philippe Pageaux and Pascal Perney 

Obviously, alcoholic liver disease (ALD) occurs in a context of
alcoholism. Therefore, besides management of liver disease and
its complications, many other treatment issues arise in patients
with ALD. Within global management are included specific
measures for alcohol withdrawal and continued abstinence, and
the management of extrahepatic alcohol injury.

Alcohol withdrawal and continued
abstinence

Benefits of drinking control in the
management of ALD 

ALD prognosis is strikingly related to abstinence. Abstinence
alone allows alcoholic fatty liver to regress [1]. Sobriety
decreases mortality in patients with alcoholic hepatitis and 
cirrhosis, with or without portal hypertension [2]. In cirrhotic
patients with an excessive alcohol intake, multivariate analyses
have demonstrated that persistent alcohol intake is associated
with a significant increase in mortality [3]. Although alcohol
provides 7.1 kcal/g, malnutrition is a frequent accompaniment
of chronic alcoholism, and is always present to various degrees
when ALD develops. Malnutrition enhances liver damage and
increases mortality in patients with alcoholic liver disease [4].
Alcohol withdrawal allows for restoration of a good nutritional
status, which has a beneficial effect on liver function [5]. Alcohol 
withdrawal decreases morbid and mortality independently from
liver injury [6] and, thus, decreases health costs [7]. Therefore,
abstinence from alcohol should be considered as a starting point
in the management of ALD. However, as chronic alcoholism is a
complex bio–psycho–social disease, alcohol withdrawal should
be followed by reinforcement and rehabilitation phases.

Abstinence or controlled drinking 

Addiction specialists tend to consider that control of drinking
behaviour is a more realistic goal than complete abstinence.
However, the impact of structured protocols designed to limit
alcohol intake on liver injury has not been evaluated. In fact,

complete abstinence is proposed to most patients with ALD,
either because they are alcohol-dependent or because they have
severe ALD.

Alcohol dependence has been defined as a maladaptative 
pattern of alcohol use, leading to clinically significant impair-
ment [8]. Diagnosis of dependence is based on the presence of
three or more of the following nine features occurring at any
time in a 12-month period (Diagnostic and Statistical Manual of
Mental Disorders (DSM) IV):
1 Tolerance, as defined by either of the following: 
a A need for markedly increased amounts of the substance to
achieve intoxication or desired effect. 
b Markedly diminished effect with continued use of the same
amount of the substance.
2 Withdrawal, as manifested by either of the following: 
a The characteristic withdrawal syndrome for the substance
b The same (or a closely related) substance is taken to relieve or
avoid withdrawal symptoms.
3 The substance is often taken in larger amounts or over a
longer period than was intended (loss of control).
4 There is a persistent desire or unsuccessful efforts to cut down
or control substance use (loss of control).
5 A great deal of time is spent in activities necessary to obtain
the substance, use the substance or recover from its effects 
(preoccupation).
6 Important social, occupational or recreational activities are
given up or reduced because of substance use (continuation
despite adverse consequences).
7 The substance use is continued despite knowledge of having 
a persistent or recurrent physical or psychological problem that
is likely to have been caused or exacerbated by the substance
(adverse consequences).

Alcohol dependence should be recognized early in the man-
agement of patients with ALD, because heavy drinkers who 
will develop the most severe forms of the disease require total
abstinence – although this may prove difficult to obtain.

According to the World Health Organization (WHO), moder-
ate alcohol consumption corresponds to three or fewer standard
glasses of alcoholic beverage containing 10–12 g of ethanol for a
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man, and two or fewer for a woman. This consumption can be
proposed as a realistic aim only to patients who are not alcohol
dependent and who have a mild form of ALD. These levels of
consumption have been shown to decrease global mortality or
mortality from heart disease, not from cirrhosis. Actually, alcohol
consumption increases mortality from cirrhosis proportionally
to the amount ingested, a significant effect being discernible 
at a level as low as one to two standard glasses per day [9]. As 
discussed in Chapters 12.2 and 12.4 the risk of developing severe
ALD depends on many factors unrelated to the level of alcohol
consumption, including age, body mass index, female gender,
liver iron overload and blood glucose levels [10]. At present,
therefore, it is impossible to establish a standard limit below
which an individual patient with mild ALD would not be at risk
of developing cirrhosis. 

The patient should be given all information in a clear and
objective manner. A therapeutic programme should be dis-
cussed, considering not only ALD control but also quality of life
improvement. Positive goals are more efficient motivation than
a list of do-nots. Once the patient agrees with the therapeutic
programme, weaning off alcohol can be undertaken.

Alcohol withdrawal

This step in management aims to relieve discomfort, to prevent
withdrawal-related complications, and to prepare for rehabilita-
tion. At present, there is no indication that progressive with-
drawal is superior to abrupt withdrawal. Alcohol withdrawal
syndrome occurs in heavy drinkers with physical dependence.
The early phase components of the syndrome include neuroveg-
etative hyperactivity (sweating, tachycardia), tremor, nausea or
vomiting, insomnia, anxiety and generalized agitation. Without
administration of a specific treatment, delirium tremens and
seizures may occur. Careful differential diagnosis must be made
with subdural haematoma, hypoglycaemia and, in cirrhotic
patients, with hepatic encephalopathy.

Benzodiazepines stand as a reference among the numerous
agents assessed for prevention of alcohol withdrawal syndrome.
Chlordiazepoxide, diazepam, oxazepam and lorazepam are the
most commonly used benzodiazepines [11–13]. A meta-analysis
has shown that benzodiazepines significantly reduce withdrawal
syndrome severity, incidence of delirium, and risk of seizures.
Diazepam and chlordiazepoxide, having long half-lives, are the
agents of choice to prevent delirium tremens and seizures. How-
ever, their plasma half-lives increase in patients with significant
liver dysfunction. Furthermore, the proportion of free drug may
increase in the presence of hypoalbuminaemia, causing hepatic
encephalopathy [14]. Therefore, in patients with significant liver
dysfunction, benzodiazepines with short half-lives (oxazepam or
lorazepam) are preferred. Benzodiazepines are usually given at
high doses for the first 3 days, and then tapered off over the next
4 days according to the patient’s condition. In patients with
severe agitation, neuroleptics (e.g. tiapride) can be carefully used
in association with benzodiazepines [15]. 

Thiamine should always be administered concurrently
although it is without effect on alcohol withdrawal. Thiamine
deficiency results from poor diet and reduced intestinal absorp-
tion. Nutritional rehabilitation and/or intravenous (i.v.) glucose
infusion during the withdrawal phase may exhaust thiamine
stores, causing Wernicke–Korsakoff syndrome. Optimal dose
and duration of thiamine administration have not been estab-
lished. A dose of 500–1000 mg/day for 10–15 days can be recom-
mended. Oral or intravenous fluids amounting to 2–3 L/day
should be provided. In patients with ascites, fluid intake might
be kept to 1 L/day. 

Alcohol withdrawal can be performed in institutional or
ambulatory settings. An institutional seetting is indicated in
patients with severe ALD or other organic disorders requiring
specific management, and in patients with psychiatric symp-
toms, signs of physical dependence, previous alcohol withdrawal
syndrome, or after failure of a well-designed ambulatory rehab-
ilitation. By contrast, ambulatory withdrawal is preferred for
patients with no physical dependence, and a good social and
familial environment. Studies comparing inpatient and out-
patient management have generally failed to show significant
differences in effectiveness [16,17].

Maintaining long-term abstinence

Successful management of the alcohol withdrawal phase enables
subsequent efforts at rehabilitation. However, 40–70% of
patients return to drinking within the year following the 
initial treatment. Rehabilitation management includes a variety
of treatments, often combined. Cognitive and behavioural ther-
apies, group therapy, family treatment and pharmacological
approaches have been proposed. The cornerstone of rehabilita-
tion therapies appears to be the involvement of the physician in
charge of somatic disease. Special attention should be paid to the
management of associated addictions.

Cognitive-behavioural treatments (CBTs) for
maintaining abstinence
These are based on the hypothesis that cognitive and
behavioural coping skills have a central role in alcohol disease.
Deficits in the ability to cope with life stress in general and 
alcohol cues in particular serve to maintain excessive drinking
[18]. All CBTs involve, first, recognition of emotions and circum-
stances that may favour alcohol consumption and, second,
behavioural methods for promoting behavioural changes. Several
behavioural methods have proved effective in alcohol-dependent
patients [19,20]. 

The alcoholic patient may have conditioned reactions to 
stimuli (so-called cues) associated with substance use. These
reactions increase the probability of drinking, through still
poorly understood mechanisms [21,22]. Exposure to these cues,
with the aim of modifying the patient’s reactions, delays relapse
to heavy drinking and decreases total alcohol consumption [23].
This effect persists over time [24]. A derived method aiming for
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moderation in drinking could train nondependent drinkers to
stop drinking after two to three drinks [25]. 

With community reinforcement methods, patients have (i) to
determine the advantages and drawbacks they get from alcoholic
behaviour and from abstinence; (ii) to identify the situations
leading to alcohol consumption and be able to recognize positive
attitudes towards alcohol in these risk situations; and (iii) to
undertake changes in their lifestyle in order to increase the 
satisfaction found in activities done without alcohol, be they
professional or personal. The patient’s spouse can participate by
encouraging the patient’s efforts, even helping self-management
with disulfiram. This type of global treatment has shown its
efficacy, particularly in the long term [26,27]. 

Alcohol dependence is regarded as a maladaptive way of 
coping with problems or meeting needs. Coping skills training 
is aimed at improving patients’ cognitive and behaviourial 
skills to change their drinking behaviour [28,29]. Skills training
addresses coping deficits, reduces factors that may inhibit cop-
ing, and provides adequate practice so that skills will be readily
available whenever needed. 

With behavioural marital therapy, the alcohol user and his 
or her partner are simultaneously treated in order to facilitate
communication and positive reinforcement within the couple.
Long-term decrease in the frequency of alcoholic relapse as well
as improved family-unit functioning have been demonstrated
[30,31]. 

Self-help groups are nonprofessional, peer-operated organiza-
tions devoted to helping individuals having addiction-related,
and particularly alcohol-related, problems [32]. Alcoholics
Anonymous (AA) emphasizes accepting addiction as a disease
that can be arrested but never eliminated. AA employs a 12-step
approach to recovery. These steps aim to understand the charac-
teristics of alcoholism and its consequences for the patients’ and
their families’ lives (lack of power towards alcohol and damage
caused to others). Many other self-help groups exist, with differ-
ent approaches. All generally regard alcoholism as a chronic
health problem that needs long-term treatment, just as does 
diabetes or high blood pressure [33]. Self-help groups are best
viewed as a form of continuing care rather than as a substitute
for acute treatment services [34]. Physicians’ conviction in
advising patients to participate in self-help groups appears 
crucial. The 12-step AA therapy has beeen shown to be as
efficient as other forms of CBT and motivational enhancement
therapy after a 12-month period, with continued long-term 
positive results (MATCH project). Some types of self-help treat-
ment may carry a spiritual aspect that appeals less to atheist 
and agnostic patients, who would therefore be less motivated to
initiate and follow through in AA attendance [35]. It is likely that
other types of self-help groups achieve similar positive results
with similar patients. 

Pharmacological agents for maintaining abstinence
There are two types of agents specifically given to encourage
abstinence: those with an antabuse effect that make absorption

of alcohol impossible and those that diminish craving for alco-
hol. In clinical trials, endpoints consist of cumulative abstinence
duration, continuous abstinence, time to first relapse, or per-
centage of abstinent patients. 

Among agents with an antabuse effect, disulfiram provokes
the most violent reactions and has been the best studied. It
inhibits acetaldehyde dehydrogenase, the enzyme metabolizing
acetaldehyde (the toxic metabolite of alcohol) into acetate (a
nontoxic metabolite). In a patient treated with disulfiram, 
alcohol consumption is followed by increased blood levels 
of acetaldehyde, which results in flushes, dizziness, headache, 
vomiting, hypotension, tachycardia and palpitation. 

When 128 alcoholic men were randomly assigned to unblinded
administration of 250 mg of disulfiram, a pharmacologically
inactive dose of disulfiram (1 mg), or no disulfiram, 21% of
patients receiving regular doses of disulfiram and 25% of those
who received the pharmacologically inactive dose remained
abstinent versus only 12% in the control group, a nonsignificant
difference [36]. These results suggest that fear of the disulfiram–
ethanol reaction is the basis of the therapeutic effect. After 1 year
of treatment, among patients who drank, those with the full
doses of disulfiram reported significantly fewer drinking days.
When 126 patients were randomized to receive 200 mg/day of
disulfiram or 100 mg/day of vitamin C for 6 months, total alco-
hol consumption was reduced by 2572 units in the disulfiram
group compared with 1448 units in the vitamin C group [37].
Serum γ-glutamyltransferase (γ-GT) fell in the disulfiram group
and rose in the vitamin C group. Two-thirds of the disulfiram-
treated patients wished to continue the treatment at the end of
the study. As treatment relies on the patient’s willingness and
obedience [36], a ‘supervised administration’ of disulfiram by
clinical staff or family members has been proposed to improve
efficacy [38]. A review of 24 outcome studies of oral disulfiram
confirmed the efficacy of this agent [39]. However, the use of
disulfiram appears to be relatively limited, which may be related
to a fear of its untoward effects. Disulfiram should not be con-
sidered a primary treatment [40], and should be proposed only
to motivated patients with no suicidal ideas, with supervised
ingestion. 

Nausea, dyspepsia and drowsiness may occur with disulfiram
apart from alcohol ingestion. These untoward effects disappear
rapidly, spontaneously or when the drug is taken in the evening.
Complaints of a metallic taste in the mouth depends on dose.
Hepatitis accounts for up to 34% of the untoward effects [41],
and the hepatitis-related mortality rate is estimated at 1 per 
25 000 patients treated per year. Hepatotoxicity generally occurs
after the second month of treatment so that liver function tests
should be obtained before treatment, at 2-week intervals for 
2 months and every 3 months thereafter [42]. Disulfiram is 
contraindicated in patients with markedly increased serum
transaminases, or severe hepatic dysfunction, but not in patients
with well-compensated cirrhosis. Likewise, disulfiram is con-
traindicated in patients with underlying cardiovascular disease –
myocardial infarction, arrhythmia, hypotension and congestive
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heart failure have been reported in such patients on disulfiram.
Disulfiram is also contraindicated for pregnant women. The 
recommended dose of disulfiram is 250 mg/day initially. In
patients who do not experience a disulfiram–ethanol reaction,
dosage must be increased to 500 mg/day as a single morning
dose [40]. 

Dependence on alcohol is accompanied by alterations in 
several neurotransmitter systems: gamma-aminobutyric acid
(GABA), glutamate, dopamine, serotonin, adenosine, nore-
pinephrine (noradrenaline), cannabinoids and opioids [43,44].
Acamprosate stimulates GABAergic transmission, and interacts
with N-methyl-d-aspartate (NMDA) receptors and calcium
channels. It is supposed to decrease central nervous system
hyperexcitability induced by alcohol withdrawal [45]. A 
meta-analysis has shown that acamprosate administration
significantly increases the proportion of abstinent patients, as
well as the cumulative number of abstinent days (doubled in
most studies) [46]. A pooled analysis of 1485 alcohol-dependent
patients confirmed acamprosate is a useful agent for all patients
with alcohol dependence [47]. A significant decrease in serum 
γ-GT values occurs during the period of treatment [48–51].
Administering acamprosate from the beginning of the alcohol
withdrawal period appears to provide a neuroprotector effect
[51].

Acamprosate is well tolerated. Side effects include diarrhoea,
headaches and itching. No serious side effect has yet been
reported. The recommended dose is 1.3 g/day (four tablets: two
in the morning, one at lunchtime and one in the evening) for
subjects weighing less than 60 kg, and 2 g/day (two tablets three
times a day) for others. Recommended duration of treatment 
is 1 year. 

Naltrexone is a purely antagonistic opioid whose effect on the
consumption of alcohol was initially shown in animals [52,53].
Naltrexone blocks the release of dopamine and diminishes the
craving for alcohol. Clinical trials have given contrasting results.
In some trials, 3-month treatment with naltrexone was found to
be superior to placebo in terms of abstinence rates, number of
drinking days, relapse, severity of alcohol-related problems or
craving [54–58]. However, these effects were more apparent in a
‘per protocol’ than an ‘intention-to-treat’ analysis. At the end of
a 14-week lead-on period without treatment, the naltrexone
group did no better than the placebo group [58]. Interestingly,
after a standard treatment of naltrexone for 12 weeks, patients
were only taking this drug when craving for alcohol, and this
appeared to be effective in maintaining the reduction in heavy
drinking [59]. No benefit of naltrexone over placebo could be
shown in other large trials testing a 3-month or shorter duration
[60–62]. Naltrexone seemed to reduce the relapse rate to heavy
drinking, but not the other measures of alcohol consumption
[63]. A large double-blind trial was recently reported on three
groups of patients: 12-month naltrexone 50 mg daily; 3-month
naltrexone followed by 9-month placebo; and 12-month
placebo. At the end of the 1-year study, there were no differences
among the three groups in the proportion of drinking days 

or the number of drinks per drinking day [64]. A recent meta-
analysis of randomized controlled trials showed that 3-month
treatment with naltrexone did not decrease the long-term risk of
returning to drinking [65]. Thus, the results of this meta-analysis
suggest that short-term (3 months) naltrexone administration
may be insufficient, and that longer administration could
improve drug efficacy [65]. A high-dose long-acting intramus-
cular formulation of naltrexone resulted in a 25% decrease in the
event rate of heavy drinking days [66]. However, evidence for
the long-term efficacy of this new formulation is still lacking
[67]. The currently recommended oral dose of naltrexone is 
50 mg daily for 3 months, although this duration might be 
too short. Naltrexone is well tolerated. The most common side
effects are nausea and headache. Evening administration might
improve acceptability. 

A review including all reported double-blind, placebo-
controlled trials of acamprosate and naltrexone concluded that
both agents are useful. Nevertheless, there appear to be more
consistent treatment effects and better tolerability with acam-
prosate than with naltrexone [67].

Combination of all three pharmacological agents – disulfiram,
naltrexone and acamprosate – is attractive because they act
through different mechanisms, but few studies of their com-
bined use are available. In a trial including 110 patients, cumula-
tive abstinence was 14% of the 360-day study period on placebo,
28% on acamprosate, 31% on disulfiram, and 55% on disulfiram
plus acamprosate [68]. From a review of acamprosate plus 
naltrexone combination, it was concluded that combination was
superior to acamprosate alone [69]. Of note, a synergistic effect
of the combined treatment persisted for 12 weeks off therapy.
Thus, this association could be of particular benefit to depen-
dent patients who responded poorly to monotherapy. 

Supportive psychotherapy achieved higher abstinence rates
when associated with naltrexone [54], but not with acamprosate
[70]. 

Whether there could be specific indications for each type 
of pharmacological treatment has been little studied. By com-
paring the rate of abstinence obtained with acamprosate and
naltrexone according to characteristics of alcohol disease, it was
suggested that acamprosate was mainly effective in patients with
low baseline somatic distress, whereas naltrexone was more
effective in patients with most severe baseline depression [71]. 

Prevention of alcoholic liver disease

Prevention can be targeted to subjects who have a harmful con-
sumption. Ideally such preventive measures should take place
early in a patient’s drinking history and be instituted by a family
practitioner. So-called brief interventions correspond to a com-
bination of quantifying the consumption and informing the
patient; explaining alcohol-associated risks; showing the benefit
of reducing consumption; explaining the methods available for
reducing consumption; reinforcing the patient’s motivation;
proposing realistic aims; and proposing a second consultation. 
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The efficacy of brief intervention has been shown by several
meta-analyses [72,73]. However, the 1-year beneficial effect
tends to decrease with time [73]. Brief intervention should thus
be repeated. Moreover, short-term treatment is efficient mainly
in patients who are not alcohol dependent and whose main 
aim is controlled consumption rather than total abstinence.
Therefore, brief intervention is well suited to patients without
ALD or with mild ALD, not for patients with cirrhosis.

Other addictive habits

Alcoholism is commonly associated with other addictive habits,
whose consequences on the liver can be harmful, and which
require simultaneous control. In fact, the addictive pattern is
usually similar with all substances in an individual patient. 
The patient frequently goes from one product to another, some-
times consuming several products at the same time. Intravenous
injection of drugs should obviously be proscribed, because of
the risk of viral infections. Information about the recreational
drug ecstasy is of importance as this product is generally con-
sidered ‘safe’ whereas it is potentially hepatotoxic [74,75]. Whether
ecstasy toxicity on the liver is enhanced by alcohol is not known.

There is a close epidemiological link between alcohol drink-
ing and tobacco smoking. In patients with chronic hepatitis C
virus infection, smoking is associated with increased fibrosis
progression [76]. Smoking is associated with an increased risk of
cirrhosis in chronic alcohol consumers [3,77,78]. The risk of
death due to hepatocellular carcinoma is related to the amount
of tobacco smoking in the general population [79] and in the
population of cirrhotic patients [80]. Furthermore, a synergistic
effect between alcohol drinking and tobacco smoking has been
suggested [76,80,81]. Recent studies have shown an increased
death rate between 5 and 7 years after liver transplantation in the
group of cirrhotic alcoholics [82]. This increased risk is related
to resumption of alcohol and tobacco consumption. These data
emphasize the need for specific treatment of tobacco addiction
in patients suffering from ALD.

The proportion of people having ever used cannabis may be
up to 30% in some western population groups [83]. The impact
of cannabis consumption on ALD is not known. However, there
is some concern about liver toxicity as cannabis is an indepen-
dent predictor of a rapid fibrosis progression rate in patients
with chronic hepatitis C [84]. 

In alcoholic patients, a high body mass index (BMI) is a risk
factor for fibrosis progression [10]. Alcohol abstinence frequently
increases the appetite for high sugar intake. High sugar intake
can in turn increase the risk for intolerance to carbohydrates,
and thus fibrosis progression. Therefore, adequate counselling
about diet should also be provided to the alcoholic patient.

In summary, in patients with ALD, control of alcohol intake 
is better achieved through complete abstinence. Alcohol with-
drawal is an important step that has been well clarified. For long-
term control of alcohol consumption, CBT is an indispensable
part of the management. Three pharmacological agents have a

proven efficacy, acamprosate being the best validated of them.
Other addictive behaviour should be treated simultaneously as
all may induce progression of liver disease in alcoholic patients.

Management of alcoholism in the
context of liver transplantation

Optimal timing for liver transplantation (LT) in alcoholic
patients should be based on a balance between outcome with
non-transplant management alone – including alcohol with-
drawal – and outcome with transplantation and maintained
abstinence [85].

Prior to transplantation

Numerous clinical guidelines have been proposed about indica-
tions for referral and assessment for LT, including ALD. A con-
sensus conference held in 1993 stated that the indications for LT
in alcoholic cirrhotic patients were limited to ‘patients whose
liver disease remains serious despite alcohol withdrawal, with-
out any consensus on the ideal period of abstinence, 3 to 6
months or more’ [86]. Most programmes require 6 months of
abstinence before transplantation. Virtually all programmes
consider active alcohol use as a contraindication to LT, and 
62% would remove a relapsing patient from the transplant list
permanently or for at least 6 months [87]. Indeed, most studies
found that the length of abstinence before transplantation was
the main predictor of subsequent behaviour. However, there are
studies where the duration of pretransplant abstinence was poorly
predictive for resumption of alcoholism [88–92]. Moreover, 
the 6-month delay might not be predictive for survival [93].
Furthermore, this arbitrary time limit would be detrimental to
many patients with limited life expectancy [94]. However, this
6-month delay allows for an improvement in hepatic function
following alcohol withdrawal, to a point where LT may no
longer be indicated. In our experience, denial of alcoholism as 
a cause for liver disease is associated with a high rate of post-
transplantation relapse. 

The 6-month rule leads to an almost complete exclusion of
patients with acute alcoholic hepatitis from access to LT [95].
However, early identification of patients with alcoholic hepatitis
at risk of death within 6 months of abstinence has become 
feasible based on various criteria: absence of early change in
bilirubin levels under corticosteroid therapy [96]; severe alco-
holic hepatitis complicated by renal failure [97]; and absence 
of clinical improvement after 3 months’ abstinence [98]. In a
retrospective cohort study of 73 patients with alcoholic hepatitis,
the MELD (Model for End-stage Liver Disease) score was found
to be the only independent predictor of 90-day mortality: a score
of 21 had a sensitivity of 75% and a specificity of 75% [99]. 

There are few data on the benefit of transplantation in
patients with acute alcoholic hepatitis. In a study of nine liver
transplant recipients in whom severe alcoholic hepatitis was 
retrospectively diagnosed, the long-term survival rate was 
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similar to that of patients transplanted for alcoholic cirrhosis
[100]. In another retrospective study, the presence of alcoholic
hepatitis in the explanted liver was associated with increased
alcoholic relapse and progressive alcohol-related liver injury
[101]. In alcoholic liver transplant recipients with and without
alcoholic hepatitis, other studies found that survival [95,102]
and alcoholic relapse rates [95] were similar. Several issues
remain to be addressed regarding the role of liver transplanta-
tion in the management of severe acute alcoholic hepatitis,
including optimal timing, level of priority and risk of alcoholic
relapse. 

After Starzl et al. reported that survival of patients with 
alcoholic cirrhosis was similar to that of patients with cirrhosis
attributable to other causes [103], increasing numbers of
patients with alcoholic cirrhosis have been referred for trans-
plantation. In 1997, a US conference on liver transplantation in
alcoholic patients recommended that only candidates belonging
to Child–Pugh (CP) class B be placed on the waiting list [104].
However, recent data suggest that transplantation should be
restricted to CP class C patients. Indeed, 1-year survival is
50–85% in class C patients compared with 75–95% in class B
patients [105]. In a study using matched and simulated controls,
a significant suvival benefit was shown only among class C
patients, not among class B patients [106]. In a French random-
ized trial including 120 class B patients comparing transplanta-
tion with standard treatment, 2-year survival was no better in
liver transplant recipients [107]. Moreover, transplantation was
associated with a higher occurrence of extrahepatic malignant
tumour. 

Recently, the MELD score has been adopted by the United
Network for Organ Allocation (UNOS) to determine priority
among patients awaiting liver transplantation in the USA [108].
MELD predicts liver disease severity on the basis of serum 
creatinine, serum total bilirubin and international normalized
ratio (INR). In a study cohort of 3437 liver transplant candi-
dates, of whom 27.6% were alcoholic paitients, the waiting list
mortality increased directly in proportion to the listing MELD
score [109]. Patients having a MELD score < 9 experienced a
1.9% 3-month mortality rate, whereas patients having a MELD
score ≥ 40 had a mortality rate of 71.3%. Using the c-statistic
with 3-month mortality as the endpoint, the area under the
receiver operating characteristic (ROC) curve for the MELD
score was 0.83 compared with 0.76 for the Child–Pugh
classification. Based on these data, transplantation might be
considered in any alcoholic patient with cirrhosis and a MELD
score greater than 13. 

After liver transplantation

The main issue is the likelihood of relapse and its influence on
outcome. Most studies have shown that mortality after trans-
plantation for alcoholic cirrhosis does not differ from that for
nonalcoholic liver disease after adjustment for liver disease

severity [88,89,94,110–117]. However, patients with ALD have,
on average, higher CP scores than nonalcoholic patients [118].
Rejection-related graft failure is less frequent among patients
transplanted for ALD, perhaps reflecting diminished immuno-
logical function in this group of recipients [119]. Although
recurrence of disease was rarely considered a reason for graft
failure among recipients with ALD, by 4 years, 5% of patients
treated for ALD have lost their liver graft because of alcohol-
related complications [120]. Overall, taking into account patient
and graft survival, rejection rate and infection rate, ALD appears
to be a good indication for LT.

Maintenance of abstinence represents a central therapeutic
goal for alcoholic patients after LT. Although relapse is defined
as lack of abstinence, relapse to drinking is not the same as
relapse to alcoholism itself [121]. A variety of terms have 
been used to describe post-transplantation drinking behaviour,
including recidivism, treatment failure, relapse, pathological
drinking, abstinence and sobriety. The absence of a common
nomenclature makes these studies difficult to analyse and com-
pare. Relapse rates reported in the literature range from 11.5%
to 49%. Using a drastic definition of relapse – the report of 
any alcohol use after LT – we observed a high risk of relapse post-
transplant at year 1 (27%) and year 3 (32%) [117]. However, 
at a mean follow-up of 54 months after LT, the rate of heavy
drinking was 21% [122].

In addition to abstinence duration pretransplant, the main
predictive factors for alcoholic relapse thus far identified include
associated psychiatric problems before LT [123,124], social con-
ditions [92,116,125], associated drug addiction [115] and young
age [115,126]. However, results have often been inconsistent,
which can be explained by several factors.
• First, regarding the level of risk and prognostic factors for
relapse, alcoholic transplant recipients constitute a heteroge-
neous population, including alcohol-dependent patients, 
alcohol abusers and patients with associated psychiatric dis-
orders [90,127,128]. Moreover, pretransplant assessment is
based on clinical history taking into account previous drinking
behaviour, attempts at therapy and rehabilitation, family 
and social life [129]. However, at this pretransplant stage,
patients’ assertions are unreliable, often because of hepatic
encephalopathy [125].
• Second, the assessment of alcohol relapse after LT has varied
from the report of any alcohol use after LT, to ALD recurrence
(i.e. alcohol consumption and histological features of ALD on
liver biopsy) [130].
• Third, methods for detecting relapse have varied from 
patient’s self-report, or reports from family members, friends,
or employers, to results of breath alcohol tests to confirm ab-
stinence or detect the lack of abstinence. Patients’ or families’
reports were collected using diverse means that may influence
their validity. In a British study, the rate of relapse rose from
30% to 95% when drinking behaviour and psychiatric outcome
were assessed by an independent investigator who did not
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belong to the transplant team [131]. When alcohol relapse after
LT was examined by measuring alcohol in urine, 7% of patients
admitted alcohol use, whereas alcohol in urine was detected in
18% [128]. Therefore the true relapse rate could be higher than
self-reported. Carbohydrate-deficient transferrin (CDT) mon-
itoring could be useful because a prospective study disclosed 
a sensitivity of 92% and a specificity of 98% for the detection 
of relapse [132].
• Fourth, extended follow-up periods are required to define
ultimate relapse rates because the frequency of relapse appears
to increase with duration of follow-up [113,128].

An important issue is to what extent alcohol relapse after LT
matters. From the patient’s and society’s point of view, the most
important outcome might be being alive and active 5 years after
LT, rejection free, with low doses of toxic immunosuppressive
drugs, rather than being completely abstinent. In our experi-
ence, analysis of biopsy specimens in long-term survivors after
transplantation for alcoholic cirrhosis showed no difference
between abstinent and user patients, except for one patient with
acute alcoholic hepatitis [129]. In that study, neither fibrosis nor
cirrhosis were observed although duration of follow-up was
longer than the reported delay for recurrence of cirrhosis [133].
However, alcohol use may impact on extrahepatic health status
[89]. Furthermore, return to alcohol consumption after LT has
been associated with a rapid development of histological liver
injury [90]. Actually, the consequences of alcohol relapse after
LT may have greater impact on organ donation at a society level,
than on the relapsing patient. 

In conclusion, in terms of outcome after LT for ALD, survival
endpoints are much better improved than endpoints related to
drinking. Abstinence after transplantation should remain the
goal, although resumption of drinking following transplanta-
tion does not necessarily mean a poor liver graft or patient out-
come. Indeed, it is still impossible to predict a priori who will slip
and who will relapse when an alcoholic begins drinking [121].
[Note that slip is different from relapse: a slip is the consump-
tion of a limited amount of alcohol, followed by immediate pro-
cedures to re-establish abstinence.] After LT, most patients have
recovered from their severe liver disease, but some need con-
tinuous management of their alcoholic disease. Lastly, the good
results obtained with LT for ALD should be publicized to the
general population in order to prevent stigmatization of the
alcoholic patient and its possible consequences for liver graft
donation. 

Management of extrahepatic
complications (Tables 1 and 2)

This very broad field will not be discussed in detail. Rather, it will
focus on (i) the management of selected conditions that are of
major concern in the context of LT for ALD, and (ii) manifesta-
tions of alcohol abuse that could be erroneously interpreted as
being related to alcoholic cirrhosis.

Table 1 Extrahepatic manifestations of alcoholism (clinical).

Gastrointestinal tract

Oesophageal motor dysfunction

Acute and chronic gastritis

Delayed gastric emptying

Changes in motor activity of small intestine

Malabsorption

Changes in colonic motility

Acute and chronic pancreatitis

Nervous system

Wernicke’s encephalopathy

Korsakoff syndrome

Alcoholic cerebellar degeneration

Central pontine myelinolysis

Marchiafava–Bignani syndrome

Alcoholic dementia

Alcoholic polyneuropathy

Acute and chronic myopathy

Cardiomyopathy

Renal disease: Berger’s disease

Osteoporosis

Endocrinological consequences

Hypogonadism

Hyperestrogenism 

Pseudo-Cushing syndrome

Skin manifestations

Telangiectasias

Plethoric facies

Oral changes

Porphyria cutanea tarda

Dupuytren’s contracture

Madelung’s disease

Exacerbation of skin diseases

Cancers

Oesophagus 

Mouth

Larynx

Skin

Table 2 Extrahepatic manifestations of alcoholism (laboratory).

Haematological complications

Direct effect on erythropoiesis

Folate deficiency

Impairment of iron metabolism

Abnormal red cell membranes

Impairment of adherence and haemotaxis of leukocytes

Impairment of macrophage function

Impairment of lymphocyte function

Abnormal platelet function

Hyperuricaemia

Hypoglycaemia

Ketoacidosis
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Conditions relevant to LT for ALD

Alcohol consumption is a well-known risk factor for pancreatitis
[134]. In the setting of liver transplantation, attention should 
be paid to possible sequelae of previous pancreatic disease:
abscess, splanchnic vein thromboses, adhesions, all of which
could make the surgical transplant procedure more difficult.
Moreover, the occurrence of pancreatic adenocarcinoma may
be increased in alcoholic patients, although it correlates better
with cigarette smoking than with alcohol consumption [135].
The exclusion of pancreatic carcinoma in a patient with chronic
alcoholic pancreatitis may be difficult. Thus, high-quality imag-
ing procedures are needed for the pretransplant evaluation.

Wernicke’s encephalopathy and Korsakoff syndrome are
nutritional disorders caused by thiamine deficiency. Chronic
alcohol consumption can result in thiamine deficiency by caus-
ing inadequate nutritional thiamine intake, decreased absorp-
tion of thiamine from the gastrointestinal tract, and impaired
thiamine utilization in the cells. Mental confusion, the main
characteristic of these diseases, can be difficult to distinguish
from chronic hepatic encephalopathy. Treatment consists of
parenteral thiamine. In the majority of patients with Korsakoff
syndrome, complete recovery is unlikely [136]. This condition
represents a contraindication for LT.

Alcoholism is also responsible for dose-related injury to the
peripheral nervous system. Direct cumulative neurotoxicity
from alcohol, and nutritional and vitamin deficiencies, as well 
as cirrhosis per se, all contribute to this peripheral neuropathy
[137]. Resolution of alcoholic neuropathy following LT has been
reported [138]. Thus, this condition should not be considered a
contraindication to LT. However, it must be emphasized that all
calcineurin inhibitors used after transplantation induce a dose-
related peripheral neurotoxicity that can worsen pretransplant
alcoholic neuropathy.

Chronic alcohol consumption can lead to progressive cardiac
dysfunction, resulting in congestive cardiomyopathy. Alcoholic
cardiomyopathy is characterized by an increase in myocardial
mass, dilation of the ventricles, and wall thinning. Changes in
ventricular function may depend on the stage: the asymptomatic
stage is associated with diastolic dysfunction, whereas systolic
dysfunction is a common finding in symptomatic patients, lead-
ing to heart failure in the latter stages [139]. Moreover, cirrhosis
per se is associated with impaired cardiac contractility, so-called
cirrhotic cardiomyopathy [140]. The emergence of LT as an
effective treatment for alcoholic cirrhosis has led to the recogni-
tion that previously subclinical cardiomyopathy and congestive
heart failure account for significant mortality and morbidity
after this procedure. Coronary heart disease that is associated
with excessive alcohol consumption needs to be extensively
examined in the setting of transplantation [141].

Numerous clinical and experimental studies have demon-
strated that excessive alcohol consumption has deleterious
effects on the kidney [142]. A variety of tubular defects have
been described in these patients. They may be reversible with

abstinence. By contrast, IgA nephropathy occurring in alcoholic
patients is reponsible for irreversible glomerular lesions. These
data suggest that alcoholic cirrhosis itself and the attendant
abnormalities in renal function may predispose the liver trans-
plant patient to permanent renal damage when treated with 
calcineurin inhibitors [143].

The progression of ALD to decompensated cirrhosis has 
profound effects on hepatic metabolism and, ultimately, on
body composition and weight. This results in profound nutri-
tional changes that include weight loss and evidence for protein
caloric malnutrition [144]. Moreover, malnutrition is an addi-
tional factor superimposed on functional and structural muscle
damage induced by chronic ethanol consumption. Poor preop-
erative nutritional status is associated with a longer stay in the
intensive care unit and increased likelihood of post-transplant
infections (see Chapter 23.2).

There is a clear association of heavy alcohol consumption
with cancers of the mouth, larynx, pharynx, lung and oesopha-
gus [145]. Moreover, alcoholics are also often heavy smokers. 
It is crucial to rule out any neoplastic disease or preneoplastic
conditions during the pretransplant evaluation, because alco-
holic cirrhotic patients have a higher incidence of malignancies 
after LT, especially oropharyngeal carcinomas [146].

Non-hepatic signs of alcohol abuse

Beside the skin abnormalities reported in association with
advanced liver disease, namely spider naevi, palmar erythema
and nail changes, alcohol consumption and abuse can have a
variety of cutaneous manifestations [147]. Vascular changes
from long-term alcohol abuse range from pinpoint telangiec-
tasias to ecchymoses. Urticarial reactions have been reported to
occur quickly after alcohol intake. Pruritus, local and general-
ized urticaria, as well as angioedema may be seen [148]. Alcohol
consumption is a risk factor for certain types of mucocutaneous
cancer, notably squamous cell carcinoma of the oral cavity and
aggressive basal cell carcinoma [149]. Various changes are seen
in the oral cavity of alcoholic patients, none of which are specific
to alcohol abuse. Oral hygiene may be poor. Patients may
demonstrate a black hairy tongue, which is due to hyperplasia 
of the filiform papillae. Alternatively, an atrophic tongue has 
been described, which may represent glossitis due to vitamin B
deficiency. Other oral cavity findings include leucoplakia,
chronic gingival inflammation, and chronic swelling of the
parotid glands [147]. 

Porphyria cutanea tarda is the most common type of por-
phyria, and alcohol is the single most important aetiological 
factor causing sporadic porphyria cutanea tarda, with up to 90%
of patients having a history of alcohol abuse [150]. Alcoholic
patients have been found to have an increased prevalence of
Dupuytren’s contracture, which is a fibroproliferative disorder
of the palmar aponeurosis [151]. Madelung’s disease, or benign
symmetric lipomatosis, is characterized by deforming fatty
deposits located symmetrically around the neck and shoulder
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girdle. Alcoholic patients are at greatest risk for this disease
[152]. At least, alcohol abuse has been recognized as an exacer-
bating factor for certain skin disorders: psoriasis, rosacea, discoid
eczema and seborrhoeic dermatitis.

Many endocrine changes are seen in the patient with chronic
alcoholism. It is sometimes difficult to discriminate between the
direct effect of ethanol on endocrine function and the endocrine
consequences of advanced liver disease. Specifically, signs of
hypogonadism and hyperestrogenism are seen in male patients
with alcoholism. Hypogonadism is manifested by loss of libido
and potency, testicular atrophy and reduced fertility. There is a
direct inhibitory effect of alcohol on testicular testosterone pro-
duction. Alcoholics exhibit an increase of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH), a decrease of
testosterone levels, and a reduced count and motility of sper-
matozoa [153]. These abnormalities are reversed after ethanol
withdrawal [154]. Hyperestrogenism is manifested by gyn-
aecomastia, loss of body hair and change of pubic hair to a 
female distribution. It results from an increased secretion of
estrone and estradiol. Hyperestrogenism without liver disease 
is unusual in alcoholic male patients [155]. Alcoholic female
patients may demonstrate breast atrophy or menstrual abnor-
malities [155]. There is a probable association between alcohol
consumption and breast cancer incidence [156]. A pseudo-
Cushing syndrome may be observed in alcoholic patients, due 
to increased plasma cortisol resulting from chronic alcohol con-
sumption [147]. A direct effect of alcohol on the adrenal cortex
is involved.

Haematological manifestations are observed in alcoholics
with or without liver disease. Independently of liver status, 
most alcoholics have enlarged erythrocytes, impairment of leuco-
cyte functions, and thrombocytopenia. There are no signific-
ant changes in coagulation without advanced liver disease.
Macrocytosis usually disappears after alcohol withdrawal.
Several mechanisms are involved: simple macrocytosis is a 
consequence of a direct toxic effect of alcohol on erythroblasts
or megaloblastic anaemia with folate deficiency [157].
Neutropenia, impairment of neutrophil adherence and chemo-
taxis, and impairment of macrophage and lymphocyte functions
are observed in alcoholics and may explain in part the increased
rate of infections [158]. Thrombocytopenia usually disappears
after alcohol withdrawal. It seems to be due to a direct effect 
of alcohol on thrombocytopoiesis. Platelet function is also
altered by alcohol [159]. Thus, alcoholic patients have prolonged
bleeding times.
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Summary

Metabolic disorders are strongly associated with, and likely to
cause, fatty liver diseases; they can also alter the progression of
hepatitis C and alcoholic liver disease. In the absence of toxic or
infective disorders, steatosis associated with metabolic disorders
is referred to as non-alcoholic fatty liver disease (NAFLD).
NAFLD covers a wide spectrum of liver pathology – from steato-
sis alone, through the necroinflammatory disorder of non-
alcoholic steatohepatitis (NASH) to cirrhosis and liver cancer.
Pathogenic concepts about NAFLD/NASH must account for 
the strong links with overnutrition and underactivity, insulin
resistance (IR) and genetic factors. These interact to greatly
expand hepatic lipid storage and cause hepatocellular injury
with inflammatory recruitment by lipotoxicity, oxidative stress
and/or release of cytokines and other proinflammatory medi-
ators. While details of the disordered hepatic turnover of fatty
acids that gives rise to steatosis are currently under investigation,
it has become clear that steatosis, once present, can cause hepatic
IR. Most probably for this reason, NAFLD/NASH is closely
related to the burgeoning pandemic of visceral adiposity, obesity,
type 2 diabetes mellitus (T2DM) and metabolic syndrome. The
prevalence of NAFLD has been estimated to be 17–33% in some
countries; NASH may be present in about one-third of such
cases (prevalence ~ 5%), while 20–25% of NASH cases could
progress to cirrhosis. Personal risk factors for NAFLD/NASH
reflect its relationship to metabolic disorders, and provide insight
into prevention, treatment and prognosis. NAFLD/NASH is
often detected in asymptomatic persons and, when symptoms
occur (particularly fatigue), they are usually non-specific.
NAFLD is an important diagnosis to consider in anyone with
abnormal liver tests (whether or not another possible cause is
present), liver enlargement or an echogenic (‘bright’) liver ultra-
sonogram (USG). This chapter will provide a practical approach
to diagnosis, including the role of anthropometrics, metabolic
tests, hepatic imaging and liver biopsy. Natural history will 
be discussed, as well as early intervention, the importance of
lifestyle modification as a public health measure and evidence
about the effects of weight reduction and pharmacological 

therapies. Some special issues that will be touched on briefly
include secondary causes of steatohepatitis, NASH in children,
hepatocellular carcinoma, liver transplantation and interactive
pathogenesis of metabolic factors in hepatitis C and alcoholic
liver disease.

Definitions and pathology

Associations between obesity, T2DM and fatty liver (steatosis)
have long been recognized, as has the high prevalence of cirrhosis
in diabetes. Cases of fatty liver disease that resembled alcoholic
steatohepatitis (ASH) but occurred in non-drinkers were
described at least 25 years ago [1,2], when the term non-
alcoholic steatohepatitis (NASH) was coined by Ludwig. In 
the last few years, the more embracing term NAFLD has 
been introduced to cover the full spectrum of metabolic fatty
liver disorders [3–8]. The author’s preference is to use the 
overlapping abbreviation NAFLD/NASH when pathological
characterization is unclear and such uncharacterized cases seem
clinically important [e.g. those with raised serum aminotrans-
ferase (AT) levels]. The terms steatosis, NASH and cirrhosis will
be confined to cases defined by liver pathology. Other causes of
steatohepatitis, sometimes referred to as secondary NASH, are
best linked semantically to the known aetiology, for example
‘drug-induced steatohepatitis’ (Table 1).

Earlier classifications attempted to differentiate benign
steatosis, with or without minor liver inflammation, from
lesions shown to be harbingers of poor clinical outcomes; 
the latter included ballooning degeneration of hepatocytes,
Mallory bodies and fibrosis [10–14]. A move to reach consensus
at pathological classification has come from the Pathology
Committee of the NASH Clinical Research Network of the US
National Institutes of Health (NIH). They proposed a scoring
system comprising 14 histological features [11]. Among these,
four components – steatosis, lobular inflammation, hepatocel-
lular ballooning (a marker of injury) and fibrosis – proved easier
to semi-quantify, and were also more robust and reproducible
than 10 others [11]. Although substantial sampling error can
occur with needle biopsy of NAFLD [15], inter-rater variability

13 Non-alcoholic fatty liver and 
non-alcoholic steatohepatitis
Geoffrey C. Farrell
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between expert pathologists in the NASH Clinical Research
Network Pathology Committee was highest for fibrosis (kappa
score 0.84) and steatosis (0.79) and lower for injury (0.56) and
lobular inflammation (0.45). On the basis of the unweighted
sum of scores for steatosis, lobular inflammation and hepato-
cellular ballooning, a new NAFLD activity score (NAS) was 
constructed. NAS can be used to classify cases into ‘NASH’, 
‘borderline’ and ‘not NASH’; however, agreement on diagnostic
category was only moderate at 0.61. Other aspects of the patho-
logy of NASH [11–14,16], such as Mallory bodies and portal 
vs. pericellular fibrosis, are not considered in this new system
because they are difficult to quantify or lack reproducibility
between observers [11,14,15]. However, Gramlich and colleagues
[16] have emphasized the relationships between ballooning
degeneration and/or Mallory bodies and the presence of perisi-
nusoidal and perivenular fibrosis (Table 2).

Aside from pathology and excluding other causes of fatty liver
disease (see Diagnosis), a key definitional issue is the threshold
of alcohol consumption that allows reliable distinction between
‘ASH’ and ‘NASH’. Authors have differed on this, from requir-
ing total abstinence to allowing up to 20–40 g ethanol/day
[2,17–19]; the latter approaches the threshold of alcohol intake
that is associated with an increased risk of cirrhosis in women

[20]. It now seems highly unlikely that regular small amounts 
of alcohol intake (one or two standard drinks or 10–20 g
ethanol/day) worsen liver disease in hepatitis C [21], and like-
wise NAFLD, but the latter is harder to prove. Lifetime total
alcohol intake may be more important [22]. Importantly, this
level of regular alcohol intake lowers cardiovascular risk and
improves insulin sensitivity in persons with T2DM – persons
with metabolic syndrome would therefore benefit from these
changes [6]. With these considerations in mind, the US NIH 
collaborative clinical network on NAFLD/NASH has agreed 
on the allowable level of alcohol intake for NAFLD to be two
standard drinks a day (140 g ethanol/week) for men and one
standard drink a day (70 g ethanol/week) for women; similar
levels were adopted by the first book published on NAFLD/
NASH [8,13,17].

General importance and epidemiology

As summarized in Table 3, NAFLD/NASH is important for 
several reasons. The most obvious is the high prevalence in
many populations – North and South America, much of Asia
and the western Pacific (including Australia), the Middle 
East and Europe. NASH has been referred to as a disease of the
‘west’, but altered socioeconomic circumstances and the related
changes in food intake, food choices and levels of physical activ-
ity may each play a role; together, these are referred to in this
chapter as ‘lifestyle’. As discussed below, NASH is a hepatic
manifestation of the metabolic syndrome (or IR syndrome), and
so the link between high prevalence of NAFLD and obesity,
T2DM and cardiovascular disease probably represents shared
pathogenic factors.

While NAFLD is now the leading cause of referral to hepato-
logy clinics in most regions (possible exceptions are alcoholic
liver disease in some urban subpopulations and hepatitis B 
in some Asian-Pacific populations), accurate estimates of its
incidence, prevalence and natural history are lacking [17]. The
major difficulty with epidemiological studies of NAFLD and
NASH is case definition; available data are based on tests that
lack sensitivity and specificity, particularly unexplained AT ele-
vations and abnormal hepatic USG. Conversely, studies based

Table 1 Some specific causes of steatohepatitis (secondary NASH).

Alcohol (alcoholic hepatitis)

Drugs (drug-induced steatohepatitis, e.g. tamoxifen, amiodarone,

methotrexate)

Copper toxicity (Wilson’s disease, Indian childhood cirrhosis)

Jejunoileal bypass

Other causes of rapid, profound weight loss (massive intestinal resection,

cachexia, bulimia, starvation)

Hypernutrition in adults (parenteral nutrition, intravenous glucose)

Abetalipoproteinaemia

Jejunal diverticulosis (contaminated bowel syndrome)

Familial and acquired lipodystrophiesa,b

Polycystic ovary syndromea

aCause insulin resistance.
bCorrected by leptin therapy [9] .

Table 2 Some categories of non-alcoholic fatty liver disease (NAFLD).

Category Pathology Clinicopathological correlations and outcomes

Type 1 Simple steatosis Non-progressive (several studies)

Type 2 Steatosis plus lobular inflammation Probably benign (should not be regarded as NASH)

Type 3 Steatosis, ballooning degeneration, lobular inflammation NASH without fibrosis – possibly good prognosis (few studies)

Type 4 Steatosis, ballooning degeneration (and Mallory bodies), NASH with fibrosis – may progress to cirrhosis and liver failure 

lobular inflammation, fibrosis (several studies)

Modified from Matteoni et al. [10]. Note that recent studies have de-emphasized the importance of Mallory bodies and further emphasize the importance of

hepatic fibrosis [11,14].
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on histologically documented liver clinic cohorts are likely to be
influenced by referral bias. It is therefore unclear whether the
proportion of NAFLD cases associated with NASH or cirrhosis 
is ~ 20–25% (as reported from biopsy studies) or less than this
(by analogy with hepatitis C, in which there are differences in 
the spectrum of liver pathology between patients in liver clinics
and those in the community). Similar considerations apply to
the natural history and clinical outcomes, discussed below.

Some data bearing on the prevalence of NAFLD/NASH are
summarized in Table 4. Based on the third National Health and
Nutritional Examination Survey (NHANES III), which deter-
mined AT levels and excluded known causes of liver disease, 
the likely prevalence of NAFLD in North America and similar
regions is between 3% and 23% [5,17]. Population surveys using
hepatic USG indicate a similar prevalence (~ 22%), from 16% in
lean to 76% in obese individuals [23–25] (Table 4), but a recent
study using proton magnetic resonance spectrometry found 
~ 30% of the population to have increased hepatic triglyceride
content [26]. An extrapolation of data from liver biopsy or
autopsy studies is that 20–25% of such individuals, or 4–5% 
of the population, may have NASH and fibrosis or cirrhosis.
Twenty-year-old autopsy studies found the frequency of stea-
tosis among those who died suddenly (motor vehicle accident,
plane crash) was 16–24%, and NASH was present in 2.1–2.4%
[28,29]. Likewise, steatosis is found in 20% of liver donors with
normal AT [31,32]. More than 60% of men and 45% of women
in Australia and the USA are overweight, about one-third of
whom are obese; autopsy and biopsy studies show that ~ 20% of
obese subjects have NASH [30,33–37]. Thus, despite uncertain-
ties about the precise prevalence of NAFLD and the proportion
of community cases that are progressive [17], it is clear that
NASH is now an important cause of cirrhosis in the community.
Further, commensurate with the rapid increase in the preval-
ence of obesity and T2DM in North America and around the

world, it is highly likely that NAFLD/NASH prevalence has
increased appreciably in the decade since NHANES III was 
conducted. Coupled with the increasing frequency with which
NASH is diagnosed in childhood [38–40], NASH is likely to 
contribute substantially to the burden of chronic liver disease in
the coming decades.

Clinical features

Risk factors

These are summarized in Table 5. Obesity, T2DM and hyper-
triglyceridaemia are the best known [24–26,41–48]. There 
has been controversy about ‘NASH in lean men’ [41]. Earlier
impressions that NAFLD/NASH was a female-predominant
condition have now been dispelled [26,41–48], but there is 
no doubt that the prevalence and severity of NAFLD/NASH
increase with age. The strongest association of NASH is with
central (or visceral) rather than overall obesity [42,46–48].
Thus, many individuals labelled as ‘non-obese’ NAFLD [on the
basis of body mass index(BMI)] have central obesity, and cen-
tral obesity has strong correlations with IR and is a key feature of

Table 3 Some reasons why NAFLD/NASH is important.

High prevalence in urbanized communities throughout the world

Commonest cause of abnormal liver tests; 17–33% of population may have

NAFLD

More common than alcoholic liver disease and chronic hepatitis C among

referrals to liver clinics and physicians’ offices

A cause of cirrhosis that may be ‘cryptogenic’ and lead to endstage liver

disease

Liver failure is the commonest cause of death in patients with cirrhosis due

to NASH

In type 2 diabetes (T2DM), the increase in standardized mortality for liver

disease exceeds that for vascular disease

NASH recurs after liver transplantation

Steatosis predisposes to primary graft non-function after liver

transplantation

Metabolic determinants influence the pathogenesis of hepatitis C and

alcoholic liver disease

T2DM and possibly steatosis may accelerate hepatocarcinogenesis

Table 4 Some data that bear on the prevalence of NAFLD and NASHa.

Type of study Prevalence NAFLD (%)

General population studies

Ultrasound [25–25] ~ 22

Bellanti et al. [24]

Lean 16

Obese 76

PMRS Browning et al. [26] 24–45b

Liver enzymes (AT level)

Patt et al. [27] 14–21

NHANES III [5,17] 3–23

Liver histology on selected groups

Liver biopsy

Seven studies – see McCullough [17] 15–84

Autopsy – random deaths

Hilden et al. [28] 24

Ground [29] 16 (NASH = 2.1)

Hospitalized deaths

Wanless and Lentz [30]

Lean 3

Obese 19

Surgical patients

Adult living liver donors [31,32] 20

Bariatric surgery [17,33–37] 56–86

NHANES III, Third (US) National Health and Nutritional Examination Survey.

PMRS, proton magnetic resonance spectrometry.
aModified from McCullough [17].
bDepending on ethnicity and gender, as follows: 45% Hispanic, 33% white,

24% black; 42% white males, 24% white females. 
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the metabolic syndrome [42,49]. This has implications for clin-
ical assessment and management, as well as for understanding
pathogenesis. There are undoubted genetic factors that predis-
pose to NAFLD/NASH; for example, kindreds with more than
one family member affected have been reported [50]. Further, 
a family history of T2DM in one or more first-degree relatives
was found in two-thirds of NASH cases [42], while the preval-
ence of steatosis is higher in Hispanics than in white or black
people [26].

The association of NASH with increasing age may be partly
related to the increased prevalence of IR in older people, irre-
spective of body mass [51]. In addition, chronic liver disease
appears to progress more rapidly to cirrhosis and its complica-
tions after the age of 50 years [52]. Thus, most patients with 
portal hypertension, hepatic decompensation or hepatocellular
carcinoma (HCC) attributable to NASH are in the sixth to
eighth decades of life. On the other hand, there is concern about

the increasing frequency with which NAFLD is being diagnosed
in childhood, occasionally with established fibrosis [38–40].
While most of the risk factors for NAFLD are readily explained
in terms of the likely causal metabolic factors, an exception is
rapid weight loss, which appears to have precipitated the dia-
gnosis of NASH in some reports [53,54]. While the explanation
for this is unclear (impaired glutathione synthesis is one possib-
ility), it has implications for optimal rates of weight reduction
during therapy (see later).

In addition to those factors associated with an increased
prevalence of NAFLD, a subset of factors has been linked to 
disease severity. These are collated in Table 6. Some are likely 
to reflect the presence of established cirrhosis rather than 
reasons for its development. The most powerful determinants 
of disease severity appear to be T2DM, evidence of metabolic
syndrome (e.g. arterial hypertension), obesity and age (Table 6).
Employing these determinants and associates of disease severity,
investigators have started to construct predictive scores to iden-
tify individuals with the most significant or least severe forms 
of NAFLD (Table 6); the hope is that these scores can be used 
to avoid (or select for) liver biopsy (see Diagnosis).

Presentation and clinical assessment

Common modes of presentation include:
1 detection of abnormal liver (function) tests (LFT) during
routine screening;
2 abnormal hepatic USG performed for another purpose, e.g.
suspicion of gallstones;
3 detection of hepatomegaly during physical examination of
the abdomen (liver tests may be normal [26,58]).

Most patients have few if any symptoms at the time of dia-
gnosis and, when present, symptoms are usually non-specific.
Some fatigue is very common; it may be profound in physically
inactive, overweight or obese individuals with NAFLD, but 
there is no apparent relationship with disease severity. The basis

Table 5 ’Risk factors’ and metabolic associations of NASH.

Type 2 diabetes mellitus

Family history of type 2 diabetes

Ethnicity (see Table 4)

Gender: male > female for prevalence of NAFLD (see [26] )

Insulin resistance, with or without glucose intolerance

Central obesity (waist:hip ≥ 0.85 in women, ≥ 0.90 in men; waist > 85 cm in

women, > 97 cm in mena)

Obesity (BMI ≥ 30 kg/m2 in Caucasians, ≥ 27 kg/m2 in Asians)

Hypertriglyceridaemia

Other features of metabolic (insulin resistance) syndrome, e.g. hypertension

(see [42,44,49] and Table 6)

Rapid and massive weight loss in overweight subjects

BMI, body mass index.
aValues vary between countries – 90 cm for women and 102 cm for men is

often used in the USA; Asian criteria are > 80 cm for women and > 90 cm

for men. 

Table 6 ‘Predictors’ (risk factors and laboratory test associations) for fibrotic severity in NASH.

Indices BARD [55] BARG [56] BAAT [57] HAIR [33] Angulo et al. (2007)a

BMI Yes Yes Yes – Yes

Age Yes – Yes – Yes

AST:ALT Yes Yes – – Yes

ALT (any elevation) – – Yes Yes –

Albumin – – – – Yes

Platelets – – – – Yes

Diabetes Yes – – – (yes)b

HgbA1c (or hyperglycaemia) – Yes – – Yes

Insulin resistance index – – – Yes –

Triglycerides – – Yes – –

Hypertension – – – Yes –

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HgbA1c, haemoglobin A1c.
aHepatology (2007) in press.
bFasting blood glucose level.
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for metabolic complications can be revealed by a well-taken 
personal and lifestyle history – events such as marriage, unem-
ployment, change to a more sedentary lifestyle or a recent 
vacation may be linked to recent weight gain and/or gain in
abdominal girth (‘has your underwear or belt size changed
recently?’). This history forms the basis for later discussions on
lifestyle intervention as the first measure to correct the meta-
bolic perturbations that cause NAFLD/NASH (Table 7).

Among other symptoms, abdominal discomfort is relatively
common, but pain or substantial liver tenderness is rare. In cases
with cirrhosis, the patient may complain of symptoms indicative
of gastrointestinal bleeding (from portal hypertension), muscle
weakness, ascites, jaundice or hepatic encephalopathy.

Diagnosis and investigations

Practical clinical diagnosis, anthropometrics

Other causes of liver disease need to be excluded, particularly
alcohol (see earlier defined ‘safe limits’), but also drugs and
other secondary causes of steatohepatitis (Table 1). Apart from
excluding common conditions such as hepatitis B or C, and
rarer metabolic, toxic or autoimmune disorders, it is important
to appreciate when NAFLD is the most likely cause of AT eleva-
tion in a person with another possible cause of liver disease [59].
Contemporary examples include raised alanine aminotrans-
ferase (ALT) in patients with non-replicative chronic hepatitis B
virus (HBV) infection (HBV DNA not detectable) or after sus-
tained antiviral response to peginterferon/ribavirin in chronic
hepatitis C (when rapid weight gain is common), and patients
with metabolic syndrome induced by corticosteroid therapy for
autoimmune hepatitis or as immunosuppressive therapy after
liver transplantation. In such cases, management should include
attempts to correct the metabolic imbalance but, sometimes,
hepatic imaging and even liver biopsy is required to clarify
whether NAFLD/NASH rather than the underlying liver disease
is the basis for these changes.

Practical clinical diagnosis can be made on the presence of 
risk factors, physical examination (usually normal, apart from
minor rubbery hepatomegaly) and exclusion of other disorders.
In addition to seeking signs of portal hypertension (e.g.

splenomegaly) or cirrhosis (hard liver edge, spider naevi, muscle
wasting, ascites, encephalopathy), physical examination should
include simple anthropometric measurements. These are BMI
[body weight (in kg) divided by height (in m2)] and determina-
tion of abdominal girth (waist circumference with patient stand-
ing, halfway between lower ribcage and iliac crest, or waist to hip
ratio – see Table 5 for normal values).

Liver and metabolic tests

Liver tests usually show minor non-specific abnormalities. ALT
and gamma-glutamyl transpeptidase values are raised in most
cases, but may be normal at the time of diagnosis despite the
presence of histologically significant disease [26,58]. More sig-
nificant abnormalities, such as a fall in serum albumin, rise in
aspartate aminotransferase (AST):ALT ratio and lowered platelet
count, are associated with cirrhosis (Table 6).

Metabolic tests should include fasting serum lipids (triglyc-
eride, cholesterol) and lipoprotein levels (high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol), fasting
blood glucose and a test of insulin sensitivity. For the last, a
dynamic test is preferred, such as a shortened 75-g glucose toler-
ance test with fasting and 2-h serum insulin levels. Earlier studies
used static measurements of fasting serum insulin and glucose to
calculate IR by the homeostatic model assessment (HOMA)
method [42–44], but a limitation is that results should be refer-
enced to an appropriate local control population. Further,
HOMA is unreliable in the presence of established diabetes
when serum insulin levels start to decline, and in older patients
[60]. It is of interest that most cases of NASH at diagnosis appear
to be associated with high serum insulin levels [42–44,61].
Further, serum C-peptide levels are also raised [42], reflecting
increased pancreatic secretion of insulin.

Tests of inflammation and iron studies

While NASH is an inflammatory disorder, serum markers 
of inflammation that reliably discriminate NASH from bland
steatosis have not yet been defined. In particular, an earlier sug-
gestion that highly specific C-reactive protein may be valuable 
in this respect has not been confirmed [62,63]. Likewise, while
studies of cytokines and adipokines are of pathogenic interest 
in NASH [53,64–67], these do not yet have diagnostic utility.
One commonly performed test that probably reflects hepatic
inflammation is serum ferritin; values are elevated in ~ 60% 
of patients with NASH, but do not usually indicate an increase 
in hepatic iron stores because serum transferrin saturation or
stainable iron in liver biopsy is not increased [18,19,68–70]. 
The finding of raised serum ferritin often gives rise to an errone-
ous assumption of iron storage disorder. However, while the
role of iron in exacerbating NAFLD has been much debated
[18,68–70], the weight of evidence is now against this, despite
the fact that some studies have shown a weak association with
mutations (C282Y) in the common haemochromatosis gene,
HFE [19,70].

Table 7 Components of ‘lifestyle change’ in diabetes intervention studiesa.

Attempt modest weight reduction by modulating energy intake and the

other measures listed below

Reduce total fat intake to < 30% energy intake

Replace saturated with unsaturated fats

Replace fat with complex carbohydrates containing at least 15 g fibre/day

Diet rich in fruit and vegetables

Minimum of 140 min exercise/week – fast walking as standard

Use of case manager to advise, encourage, monitor progress

aFrom refs 123,124.
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Hepatic imaging

Hepatic imaging provides supportive evidence of steatosis by
showing increased echogenicity (‘bright’ scan) with USG or
increased radiolucency with computerized tomography (CT). 
In the presence of moderate–severe steatosis (more than 33%
hepatocytes show stainable fat), the sensitivity of both tests
approximates 75–80% [71]. Ultrasound is cheaper than CT and
magnetic resonance imaging (MRI), but it is also more operator
dependent and less specific; hepatic fibrosis or cirrhosis may give
rise to similar appearances. No imaging modality can distin-
guish NASH from the benign end of the NAFLD spectrum.
Likewise, detection of cirrhosis is likely to have low sensitivity,
but evidence should be sought for portal hypertension (portal
vein dilatation, retroperitoneal varices, splenomegaly), which
would indicate this. Body compositional studies, such as with
dual-energy X-ray absorptiometry (DEXA), as used routinely to
determine bone density, can reliably estimate the proportion of
body weight as fat as well as its distribution (visceral vs. subcuta-
neous) [48], while proton magnetic resonance spectroscopy can
also be used to estimate hepatic triglyceride content [26]. In the
future, it is possible that this may be applied to monitor the
effectiveness of measures to counter central obesity and reverse
hepatic steatosis.

Liver biopsy

Liver biopsy is the only way to confirm the presence or absence
of NASH in a person with features of NAFLD, and histology
remains the only criterion for fibrotic severity [13]. The issue is

whether liver biopsy is indicated [15,72], given that it is unlikely
to change management other than to reinforce the need for
weight reduction or other lifestyle changes. While this matter
has not been resolved, several paradigms have been developed
that allow identification of a high proportion of cases with no or
minimal fibrosis with a high level of diagnostic accuracy; these
are summarized in Table 6. If validated for local experience,
application of these ‘predictive indices’ could avoid the need for
biopsy in many cases. Their application makes the reasonable
assumption that it is not important to know that someone has
steatosis attributable to NAFLD without fibrosis, except to
appreciate the need to correct those risk factors for metabolic
disease that can be assessed by other means (see Prevention and
management).

At the other end of the spectrum, it can be argued that the
presence of ‘warning signs’ of cirrhosis is a stronger indication
for liver biopsy in order to document with higher certainty the
cause of liver disease – occasionally, an unsuspected alternative
cause of liver disease may be present [13]. For cases that do not
clearly fall into either end of the pathological spectrum of
NAFLD, opinion is divided between those who believe that
knowledge of fibrotic severity of NASH is important for pro-
gnosis, if not as an indication for choice of treatment modalities
(discussed later), and others who reason that, while there is not
yet specific treatment for NASH, liver biopsy with its inconveni-
ence, risks and expense is not justified. The author’s approach 
is summarized in Figure 1; it incorporates an initial attempt 
to normalize AT elevations by ‘lifestyle intervention’ (Table 7),
followed by biopsy in informed patients in whom this is not
achieved, and especially if there is reason to suspect relatively

Raised ALT; IR tests +
imaging suggests steatosis

Risk factors
for NASH

YES

Warning signs of cirrhosis:
hard edge; AST>ALT,

low platelets, albumin
High risk of complications?
obesity, diabetes, >45 years

Abnormal ALT
after 3–6 months

Other treatments

Diet/exercise/control
hyperglycaemia, lipids

Liver
biopsy
NASH

Fig. 1 An algorithm for considering whether and when to biopsy someone with abnormal liver tests considered likely to result from NAFLD.

TTOC13_01  3/10/07  8:53 AM  Page 1200



13 NON-ALCOHOLIC FATTY LIVER AND NON-ALCOHOLIC STEATOHEPATITIS 1201

severe disease or the diagnosis is not clear. However, a limitation
of this approach is that many patients with NAFLD have normal
ALT levels [26], even though histologically significant liver dis-
ease may be present [58].

Natural history and clinical outcome

Steatosis with or without minor inflammation appears to be
non-progressive in most individuals (Table 2) [3–7,17]. How-
ever, initial assessment of NASH as benign is no longer sup-
ported by evidence [10,17,56,73–76]. Studies with progressive
liver biopsy have shown histological progression of fibrosis in
32%, albeit regression in 18% [56]. Possible sampling error makes
it difficult to be confident about rates of fibrotic progression
[15], and larger and longer studies are required to determine
these rates and the factors that influence them.

Long-term (more than 5 years) follow-up data on clinical out-
comes are now available from several studies [10,17,56,73–76].
The estimated rate of cirrhosis development is 20% and of liver-
related death is 12% over 10 years [17,74,76]. It is therefore
apparent that patients with cirrhosis or advanced-stage fibrosis
from NASH are at risk of developing complications of liver 
disease within the next 7 years – the projected rate is ~ 30%. 
In one study [76], this risk was very similar to that for chronic
hepatitis C with cirrhosis and/or non-response to antiviral 
therapy.

Because most patients with cirrhosis due to NASH have
T2DM and/or obesity and metabolic syndrome, a related issue is
whether morbidity and mortality from liver disease is important
compared with the other major health risks for such individuals
(cardiovascular disease, stroke, cancer). In the Verona diabetes
study [77], the age-adjusted mortality rate was high for cirrhosis,
second only to cancer, and outstripped that for cardiovascular
disease. It is therefore reasonable to assume that the age-adjusted
mortality of patients with significant (fibrotic) NAFLD/NASH 
is increased because of liver disease, albeit that the absolute risk
of someone with NAFLD developing major liver complications
remains relatively low. While more definitive long-term studies
are needed, the implications for individual patients with
NAFLD/NASH is that they should consider interventions that
could interrupt the progressive course of liver disease, as well as
offering the other health benefits of correcting IR. Rare cases 
of NASH appear to have terminated in subacute liver failure
[75], particularly after prolonged fasting or repeated cycles of
rapid weight gain followed by precipitant weight loss [54]. The 
possibility that NASH may predispose to hepatocellular car-
cinoma is discussed later.

Pathogenesis of NAFLD/NASH

Metabolic studies in humans and animals show an almost 
inextricable intertwining of visceral adiposity (central obesity),
steatosis and hepatic IR [23,24,26,33–35,42–48,53,60,65,66,
78–82]. Genetic factors may be important, as indicated by 

the strong family history of T2DM in first-degree relatives [42],
the occurrence of NAFLD in multiple family members [50] 
and the apparent proclivity of some ethnic groups to NAFLD 
and metabolic syndrome [26]. Recent attention has focused on
mitochondrial defects in the face of environmental factors
[51,78,83,84]. Community studies of NAFLD that lack histolo-
gical definition have all found strong associations with obesity,
central obesity [23–26,45–48], T2DM, hyperlipidaemia and
other features of the metabolic (or IR) syndrome. It remains
unclear whether all such patients have hepatic IR secondary to
steatosis, or whether the steatosis occurs as a response to periph-
eral IR and the resulting high serum insulin levels in the presence
of fasting hyperglycaemia and hyperlipidaemia. The sequence 
of events in which steatosis comes before hepatic IR has 
been demonstrated with short-term high-fat feeding in rats
[60,81,82,85] and in liver-specific lipoprotein lipase transgenic
mice [80].

On the other hand, the near universal association of histolo-
gically defined NASH with IR, and usually with two or more 
features of the metabolic syndrome, is consistent with an
aetiopathogenic role for IR in this disorder. The recurrence of
NASH after liver transplantation (see later section) is also con-
sistent with NASH arising secondary to a disordered metabolic
milieu, rather than as a primary disorder within the liver. There
is mounting evidence that NASH may actually be the hepatic
manifestation of the metabolic syndrome; thus, two large stud-
ies have found that > 85% of patients with NASH have the IR or
metabolic syndrome [42,44,49]. Further, Dixon and colleagues
[33] and others (see Table 6) found that the more features of
metabolic syndrome that are present, the higher the probability
of steatohepatitis in a patient with NAFLD.

A key issue in NASH pathogenesis is how hepatic IR could
give rise to hepatocellular injury and hepatic inflammation as
well as the more readily explicable (or preceding) steatosis. 
It now seems that this could be attributable to the combined
effects of severe IR and relative failure of humoral and cell 
signalling mediators that combat the effects of hepatic IR on
lipid turnover by the liver, and particularly on mitochondrial 
β-oxidation of fatty acids and triglyceride secretion as very 
low-density lipoprotein (VLDL). Some (but not all) studies 
have characterized low serum levels of adiponectin as a factor
distinguishing NASH from less severe forms of NAFLD [65,66].
Adiponectin is an adipocytokine that facilitates transport of fatty
acids into mitochondria for β-oxidation and suppresses hepatic
fatty acid synthesis, thereby countering the effects of high serum
insulin levels and IR. Interestingly, serum levels of adiponectin
fall before the onset of other complications of the metabolic 
syndrome, such as T2DM and cardiovascular disease. Experi-
mental studies have shown that adiponectin can reverse steato-
hepatitis [86,87].

In animal models of metabolic steatohepatitis, there is
increasing evidence that hepatocytes undergo adipogenesis, a
phenotypical change similar to the maturation of adipocytes.
Adipogenic transformation is under the regulatory control of
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transcription factors such as peroxisome proliferator-activated
receptor-gamma (PPARγ), liver X receptor (LXR) and sterol
regulatory binding protein (SREBP)-1c [82]. It is possible that
cell injury occurs when the capacity of hepatocytes with adi-
pogenic characteristics to store fat safely is overwhelmed by 
continued uptake, local synthesis or impaired egress of fatty
acids; these fatty acids then become toxic to the cell in a patho-
biological process termed lipotoxicity. Lipotoxicity can cause
cell death by the direct effects of lipid mediators on apoptosis.
Alternatively, liberation of oxidized lipids and their peroxida-
tion products (chemotactic aldehydes and organic acids) might
be instrumental in recruiting and perpetuating the inflam-
matory response that characterizes NASH.

An older concept of NASH pathogenesis was that it is a two-
tiered process [88]. Based on the reproducible observation that
the fatty liver is predisposed to forms of injury that involve 
oxidant stress, it was conceptualized that steatosis provided 
the setting (or ‘first hit’) for NASH, but a second, injury- or
inflammation-producing process (or ‘second hit’) was needed
for development of necroinflammatory change and, ultimately,
fibrogenesis. The ‘two-hit’ model of NASH pathogenesis was
proposed in response to the experimental observations that:
1 endotoxin causes focal cytolysis and inflammation with 
exaggerated release of tumour necrosis factor-alpha (TNF) in
rodent models of steatosis [64,67]; and
2 the livers of patients with NASH [89,90], as well as animal
models of metabolic steatohepatitis, overexpress CYP2E1
[91,92], a microsomal fatty acid oxidase that generates reactive
oxygen species (ROS). Irrespective of T2DM which, like alcohol,
induces hepatic CYP2E1 expression, all patients with NASH
have increased CYP2E1 activity in vivo [89,90].

Oxidative stress, TNF, and other cytokines and chemokines
are all present in NASH [4,6,7,53,64,67], but the ways in which
they initiate or perpetuate steatohepatitis and associated hepatic
fibrosis and chronic liver disease remain uncertain. Recent 
data indicate that TNF may not be essential [93,94], and that
oxidative stress may recruit inflammation via activation of 
the proinflammatory transcription factor, nuclear factor-kappa
B (NFκB) [94]. Further, other factors that could mediate,
amplify or reflect the operation of pathogenic processes include
mitochondrial injury [83,84], stellate cell activation [95] and
microvascular injury [61,96]. It seems likely that many of these
processes reflect interactions between host genes and the en-
vironment in complex, interactive pathogenic networks rather
than a simple two-hit process. For example, feeding obese (fa/fa)
rats a high-fat diet was sufficient to cause oxidative stress associ-
ated with steatohepatitis and periportal fibrosis [85]. Further,
while the importance of individual molecules or processes
(adiponectin, oxidative stress, TNF) could have implications for
the design of therapies to interrupt the progression of steatosis
to fibrosing steatohepatitis, the results of interventions that
reverse steatosis (discussed later) clearly indicate that stopping
disease pathogenesis ‘at source’ is sufficient to obliterate all 
consequences of NAFLD on the liver.

Special contexts of NAFLD

Children

While epidemiologic studies of NAFLD in childhood are lack-
ing, an increasing number of cases are being recognized from
North America and Australia [38–40]. Some cases of advanced
fibrotic NASH have been described in children, indicating the
need to counter obesity and inactivity in children in order to
prevent metabolic liver disease as well as T2DM. It has been 
suggested that there are subtle differences in the histological 
pattern of NAFLD in children compared with adults. In parti-
cular, a reproducible finding has been of portal and periportal
fibrosis with less conspicuous lobular inflammatory change
[13,38,39]. Recently, the pattern of periportal fibrosis with
steatosis in the absence of other features of NASH has been
described in adults [14]. Further studies are required to under-
stand how common this is and whether there are any implica-
tions for natural history and clinical outcomes. Among the few
studies of NASH treatment in children, vitamin E appeared to
have some protective efficacy (Table 8) [97], but further studies
are needed.

Liver transplantation

NASH is not a common indication for liver transplantation
[98]. This may be partly attributable to the older age distribution
of patients with hepatic decompensation due to NASH cirrhosis,
and also because of the high prevalence of comorbidity (dia-
betes, vascular disease) related to the metabolic syndrome. It
now seems possible that many cases of ‘cryptogenic cirrhosis’ 
are actually the endstage of NAFLD/NASH [57,99–101]. With the
associated risk factors of T2DM, obesity, older age and cardio-
vascular disease, the risk of postoperative complications after liver
transplantation and immunosuppression is high. Recurrence of
NASH in the grafted liver is also a relatively frequent complica-
tion [98].

Hepatocellular carcinoma

Cases of hepatocellular carcinoma (HCC) have been described
in patients with NASH; most, but not all, had HCC at initial
diagnosis rather than during long-term follow-up [57,102,103].
In one small study, there were no cases of HCC at follow-up of
patients with cirrhosis attributable to NASH [76], a striking con-
trast with the relatively high incidence (1–5% per annum) seen
with hepatitis C-related cirrhosis. However, diabetes appears to
be an independent risk factor for HCC irrespective of the presence
of hepatitis B, hepatitis C or other liver disease [104,105]. A
French study noted a relatively high incidence of HCC in obese
patients with cirrhosis [57], but other known aetiological factors 
(previous HBV, alcohol) could have played an interactive role.
Others have suggested that steatosis could increase the risk of
HCC associated with other aetiologies [101,102]. In practical
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terms, it does not seem as though patients with NASH have the
same high risk of HCC as those with chronic hepatitis B or C,
haemochromatosis or alcoholic cirrhosis. Screening for HCC
should therefore only be considered in relation to other health
issues and determinants of survival in such individuals.

Role of metabolic determinants in other liver
diseases

Steatosis is present in 40–50% of liver biopsies from patients
with hepatitis C [106–112]; other features of NASH (pericellu-
lar fibrosis, neutrophils) are found much less commonly 
[112]. While HCV genotype 3 is itself responsible for steatosis
[108,113], and concomitant alcohol toxicity can play a role
[109], most patients with steatosis and HCV genotype 1 infec-
tions have IR [108–113]. There is increasing evidence that HCV
itself mediates these effects by interfering with insulin receptor
signalling or through other effects, such as mitochondrial 
toxicity [114,115]. Thus, the incidence of T2DM is increased 
~ 11-fold in patients with longstanding chronic HCV infection
after having accounted for all other risk factors (family history,
obesity, etc.) [116]. In addition to the role of HCV in worsening
IR and causing steatosis, obesity, steatosis and IR have all been
associated with fibrotic severity in chronic hepatitis C [106,112],
while obesity [117], steatosis [113,118] and IR [119] are negative
predictors of antiviral treatment response (see also Chapter
9.1.3.v). As for NASH, a programme of gradual weight reduc-
tion in association with increased physical activity can 

improve liver histology in hepatitis C [120,121]. Hence, the
aetiopathogenic interactions between NASH and hepatitis C
have management implications for people with hepatitis C;
appropriate lifestyle adjustments (Table 7) have the potential to
reduce the severity of liver disease and improve responsiveness
to interferon-based antiviral therapy [112].

One epidemiological study has noted that obesity is a risk 
factor for severity of alcoholic liver disease [122]. If substanti-
ated by further studies, this also has implications for optimal
management.

Prevention and management of patients
with NAFLD/NASH

Public health measures

As for obesity, T2DM, cardiovascular disease and several cancers,
public health measures are indicated to reverse overnutrition
and underactivity, the factors that lead to central obesity, IR 
and NAFLD/NASH. The efficacy and cost-effectiveness of such
measures, as well as details about the special roles of physical
activity, energy intake and food composition (glycaemic index,
dietary fibre, lipid content, type of lipids, micronutrients) have
not been clarified. However, it may be reasonable to apply simi-
lar principles of diabetes prevention/early intervention to NASH
prevention [123,124], and to suppose that ‘heart healthy’ would
also confer similar ‘liver healthy’ characteristics. Likewise, the
logistics need to be worked out for professional advice and 

Table 8 Drugs used to treat NASH.

Class of drug; agents Type of study Effects Comments/adverse effect
[refs]

Insulin-sensitizing
Metformin [135] Open label Improved AT Short-term studies (4–6 months), no histology

Pioglitazone (PPARγ agonist) [134] Open label Improved AT and liver n = 18; loss of steatohepatitis; weight gain average 4%

histology

Pioglitazone + vitamin E [136] Randomized (open label) Improved AT and liver n = 21; both groups improved, but greater histological

histology improvement in combination group

Rosiglitazone (PPARγ agonist) [133] Open label Improved AT and liver n = 30; 10% withdrew, weight gain in 67%, median 7.3%

histology of body weight; relapse post treatment

Antioxidant
Vitamin E [97] Open label Improved AT Children, n = 11, treated 4–10 months; no histology

Vitamin E [137] Open label Improved AT n = 22; no histology

Vitamins E + C [138] RCT vs. placebo Improved histology n = 45, but only nine biopsied post treatment; AT changes 

not mentioned

Betaine [139] RCT vs. placebo Improved AT n = 191; no histology

Betaine [140] Open label Improved AT n = 8; improved histology 

Other hepatoprotectant
Ursodeoxycholic acid [141] RCT vs. placebo AT improved in both groups n = 100; no difference between groups; no histology

(no difference)

AT, aminotransferase; RCT, randomized controlled trial.
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supportive programmes of ‘lifestyle intervention’ (Table 7), how
to pay for them and the roles of primary care physicians, special-
ist physicians, dieticians, personal trainers or case managers.
Obesity prevention now seems likely to become the next major
‘public health battleground’ after the anti-smoking campaigns;
the benefits in reducing long-term health costs are likely to be
very substantial.

Early intervention

Available evidence, incomplete though it is, favours early inter-
vention by increasing physical activity and dietary or other anti-
obesity measures. The author applies the principles of reversing
IR that have been adopted in very large T2DM intervention
studies (Table 7) [123,124]. The emphasis needs to be on 
slow and modest reduction in body mass, not exceeding 1 kg 
(2 lbs)/week. This should be coupled with increasing physical
activity (which may have beneficial effects on IR without weight
loss) and with an emphasis on reducing abdominal girth rather
than dramatically lowering body weight. What is ultimately
required is the maintenance of beneficial changes as a lifelong
commitment to better health. While patients with NAFLD can
have raised AT without NASH, or NASH without raised AT, it
seems pragmatic to use normalization of AT levels to indicate
satisfactory improvement in liver disease after implementation
of these lifestyle measures. Alternatively, USG could be used in a
patient known to have normal ALT levels.

Effects of weight reduction

There is an extensive literature to document the beneficial effects
of slow weight loss on AT levels in patients with likely or proven
NAFLD [121–126]; this has been reviewed elsewhere [127].
Precipitant and profound weight loss (> 1 kg/week) has been
associated with increased liver test abnormalities and worsening
of hepatic fibrosis, or liver failure in some cases, particularly
during repeated cycles of rapid weight gain and weight loss
[54,75]. Thus, ‘crash dieting’ or other approaches to weight
reduction equivalent to fasting must be avoided in persons with
suspected NAFLD. Conversely, there is now increasing evidence
that modest and sustained weight reduction, particularly in
association with exercise, is associated not only with AT
improvement and reduction in hepatic steatosis but also with
resolution of steatohepatitis and reversal of hepatic fibrosis
[121,126,128,129]. The concept that reversal of hepatic steatosis
can ‘unwind’ NASH receives strong support experimentally
from studies with the potent peroxisome proliferator-activated
receptor-alpha (PPARα) agonist, Wy-14,643, in mice fed a
methionine- and choline-deficient diet [130]; the PPARα
agonist reversed all elements of fibrosing steatohepatitis in this
model within 12 days. Just as impressively, in humans with 
morbid obesity subjected to bariatric surgery (gastric banding)
to effect gradual and sustained weight reduction, follow-up
biopsies performed 1–2 years later showed impressive resolution

of NASH in most cases, including reduction in the severity of
hepatic fibrosis [128,129].

In the absence of definitive controlled trials, it seems reason-
able to conclude that attempts to treat obesity are important
first-line therapy in patients with NASH. Specific measures, such
as lipase inhibitors or safe forms of bariatric surgery, should be
considered, especially in the morbidly obese (BMI > 35 kg/m2).
In most cases (those with established cirrhosis and evidence of
impaired hepatocellular function may be exceptions), successful
treatment, even with only modest weight loss (2–10 kg), may
arrest or reverse fibrotic progression in NASH.

There has been considerable interest in pharmacological 
therapy of NASH [127]. Further, the paradigm established with
PPARα agonists in mice indicates the possible utility of agents
that alter hepatic lipid storage and turnover [130]. There is little
published experience of PPARα agonists used for NAFLD/
NASH in humans. In one preliminary study, clofibrate appeared
to modify ALT levels [131], whereas another observation study
found that bezafibrate corrected NAFLD in women taking
tamoxifen [132]. There are species differences between humans
and rodents concerning the relative importance of PPARα and
PPARγ in the liver, and there has been considerable interest 
in the use of PPARγ agonists, such as the thiazolidinediones
(‘glitazones’), against NASH. In preliminary studies, troglita-
zone (now withdrawn because of hepatotoxicity), rosiglitazone
and pioglitazone all improved AT levels (Table 8). Further, small
controlled or open studies have demonstrated that the last two
agents substantially improve liver histology after 1 year of ther-
apy [133,134]. In addition to beneficial effects on IR, steatosis,
necroinflammatory change and fibrosis were all substantially
improved.

PPARγ agonists probably act principally on adipocytes to
facilitate their differentiation and enhance their storage capacity
for triglycerides, thereby effectively ‘siphoning fat’ out of the
liver into subcutaneous deposits. As a result, weight gain is an
unwanted effect; this occurred in at least two-thirds of patients
in the rosiglitazone and pioglitazone NASH treatment trials
[133,134]. Together with a relatively high frequency of other
adverse effects and the high cost of these agents, this unwanted
effect is likely to countermand the routine use of glitazones 
in patients with NAFLD/NASH. An exception might be for
those with T2DM, in whom the additional beneficial effects 
of improved serum lipid and glycaemic control may warrant
prescription of a glitazone.

Among other agents studied for efficacy in NASH (Table 8), 
a randomized controlled trial has now shown that ursodeoxy-
cholic acid is ineffective [141], but vitamin E has shown 
some promise, particularly in combination with other agents
[97,136–138]. Further trials are continuing. In conclusion, there
is not as yet any accepted drug treatment of NASH; thus, 
application of any pharmacological therapy should be regarded
as experimental and best conducted within the constraints of 
a randomized, controlled clinical trial. At present, the ‘gold 
standard’ for treatment of NAFLD/NASH is weight reduction,
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preferably achieved by improving diet and levels of physical
activity.
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Introduction

Drug-induced liver injury is a major challenge for the pharma-
ceutical industry because it is a frequent cause of drug recall and,
for physicians, who can cure their patients by establishing the
diagnosis and withdrawing the drug, whereas failure to recog-
nize the liver disease and/or its drug aetiology may lead either 
to the worsening of the acute liver lesions or to the progressive
development of chronic liver disease. Drug-induced clinical
hepatitis is not uncommon. Its estimated incidence rate is 14 per
100 000 inhabitants per year [1], and drug-induced injury may
be a frequent cause of hepatitis in elderly subjects receiving
many drugs [2]. Early recognition of hepatic drug reactions is
therefore a major concern for physicians.

Acquiring some knowledge of drug-induced liver lesions may
seem a formidable task, however. More than a thousand drugs
may be hepatotoxic [3], and this list is ever increasing as new
molecules are released on the market. Furthermore, drugs may
damage the liver through different mechanisms, and hepatic
drug reactions may mimic almost any kind of liver disease [4].
Clearly, the human mind cannot memorize all these data, nor
can they be fitted into the frame of a single chapter. It is neces-
sary, however, to have some direct knowledge of the several
types of drug-induced liver lesions, the main mechanisms of
hepatotoxicity and the main drugs producing such effects. This
chapter is an attempt to summarize this basic knowledge.
Readers may find more exhaustive descriptions of the type of
hepatitis produced by each individual drug in books that are
entirely devoted to this topic [3–6]. The present chapter does
not include environmental toxins, physical agents and herbal
remedies, which are considered in Chapters 14.2, 14.3 and 14.4
respectively.

General considerations

Marketing of hepatotoxic drugs

Each year, several drugs are marketed that are hepatotoxic. In
some instances, the hepatotoxic risk was already known at the

time of marketing, but this risk is accepted knowingly, because
the drug is highly effective against a serious disease, and there are
no better or safer treatments.

However, in most instances, the hepatotoxic risk was initially
thought to be absent or minimal, but is then recognized after 
the drug has been marketed. Animal trials may have shown no
hepatic lesion, or they may have disclosed lesions at very high
doses that were thought to be meaningless for the much lower
doses employed in humans. Studies in cultured human hepato-
cytes may have concluded that there was no toxicity at clinically
relevant concentrations, although hepatitis eventually occurs in
humans as a result of immune reactions or idiosyncratic toxicity
in a few metabolically susceptible patients. However, the main
reason for the steady release of hepatotoxic drugs is that clinical
trials are extremely expensive, thus limiting the size of the popu-
lation that can be exposed to the drug in clinical trials to a few
thousand patients. In general, drug-induced hepatocellular liver
injury tends to cause a relatively high incidence of liver test
abnormalities (e.g. 1–5/100), but infrequent cases of jaundice
(1/1000 or less) and exceptional cases of deaths from liver failure
(1/10 000 or less). Although clinical trials can easily disclose
patients with slightly impaired liver function tests, these mild
biological effects do not necessarily predict severe hepatotoxic-
ity. For example, unfractionated heparins very frequently cause
transaminitis, but exceptionally trigger clinical hepatitis.

Much more predictive are cases of cytolytic hepatitis that are
severe enough to cause clinical jaundice. As shown by the late
Hyman Zimmerman, the fatality rate in such patients may be
around 10% [4]. However, if the frequency of severe hepatitis is
low (e.g. 1/10 000 or 1/100 000), it can go undetected in clinical
trials limited to a few thousand patients. Conversely, however, if
clinical trials have disclosed many patients with both an increase
in alanine aminotransferase (ALT) to more than 10 times the
upper limit of normal (ULN) and a concomitant increase in bil-
irubin to more than 3.5 times the ULN, while no such cases – or
only a few such cases – occur in the comparator group, then it can
be safely concluded that the drug can cause severe liver injury 
in some patients. Should the drug be approved (due to a never-
theless favourable risk/benefit ratio), fatalities from liver injury

14.1 Drug-induced liver injury
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are expected to occur with a frequency of about 1/10th the fre-
quency of patients exhibiting these severe liver test abnormalities.

Additional factors may also contribute to the inefficiency of
clinical trials in the detection of hepatotoxicity. Some drugs may
be intended for short use (e.g. antibiotics), and clinical trials
may be devised accordingly. However, when the drug is released
on the market, some patients take it for much longer periods.
This leaves more time for immunization to occur, for example,
and cases of immunoallergic hepatitis may then appear. Release
of the drug on the market may also expose patients who had
been excluded, or included in small numbers, during the clinical
trials, but who subsequently turn out to display particular sus-
ceptibility (e.g. very young children for valproate hepatotoxicity;
elderly subjects for benoxaprofen hepatotoxicity; patients with
renal insufficiency for several drugs eliminated by the kidney).

It therefore seems inescapable that hepatotoxic molecules will
continue to be marketed each year. Progress in pharmacovigil-
ance should ensure that their hepatotoxic potential can then be
recognized quickly. The responsibility of physicians in repor-
ting all adverse events encountered with newly marketed drugs
should be emphasized.

Frequency of adverse drug reactions among
recipients

Once a drug is recognized as being hepatotoxic, it is import-
ant to try to know the frequency of this adverse effect. This can 
be determined accurately when the drug produces relatively 
frequent (e.g. 1/100 or 1/1000) clinical manifestations. Large
cohort studies can then gather a sufficient number of clinical
cases to estimate this frequency reliably. However, for drugs that
produce clinical hepatotoxicity in 1/10 000 recipients or less,
cohort studies would require a staggering number of patients
and are therefore rarely conducted.

Theoretically, one should be able to estimate this frequency
from the number of prescriptions and the spontaneous reports
of adverse drug reactions. Although this reporting is supposed 
to be mandatory in several countries, there are many reasons
why it tends to be neglected. In addition to the time spent in
gathering the data and filling out the form, this report may lead
to subsequent harassment by request(s) for more information
made by the national drug agency, the drug company or both.
Furthermore, there are plenty of convenient excuses to soothe
one’s guilt for not doing so: ‘the hepatotoxicity of the drug is
already known’; ‘its responsibility in the present case is far from
certain’; ‘this is a minor adverse reaction’; ‘I shall report it later,
once I have ascertained that there is sustained normalization 
of liver function tests’. Although none of these excuses should 
be considered as valid, it is clear that frequencies estimated 
from the spontaneous reporting of adverse events by physicians
represent underestimates of the real frequencies. A French 
population-based study in non-hospitalized patients has sug-
gested that the number of hepatic adverse drug reactions may 
be 16 times greater than that reported to the French regulatory

authorities [1]. Even in hospitalized patients, 13 times more
patients had drug-induced liver injury than was reported to the
French pharmacovigilance agency [7].

Prevalence of adverse drug reactions among
various causes of liver disease

One would like also to know what is the proportion of patients
with drug-induced hepatic injury among all patients affected
with liver disease at a given time. Surveys conducted among
patients admitted to liver units have given proportions ranging
from 2% to 5% of cases of jaundice and about 10% of cases 
of hepatitis [2]. Similarly, in a study performed in patients hos-
pitalized in the diverse medical departments of a large French
hospital, drug-induced liver injury accounted for about 9% of
patients with ALT > 2 ULN and/or alkaline phosphatase > 1.5
ULN [7]. However, data in hospitalized patients may give a
biased view because only patients with difficult management
problems may be referred to the hospital. General practitioners
are now well trained in suspecting adverse hepatic reactions 
and quickly withdraw potentially hepatotoxic drugs. Patients
improve without ever seeing hepatologists or without being
referred to the hospital.

An estimate is possible, however, in cases that are necessarily
sent to the hospital, such as cases of fulminant hepatitis. In a
large survey of causes of fulminant hepatitis in France, 10–15%
of cases were probably drug induced [8]. A much higher propor-
tion (about 50%) is observed in England or the United States,
due to the popularity of paracetamol as a means of attempting
suicide in these countries [9]. In the USA, 40% of cases of acute
liver failure are due to paracetamol, and approximately 12% to
diverse other drugs [9].

Sex, age, infections, comorbidity and other
susceptibility factors

A female predominance of drug-induced hepatitis is observed
with several drugs (e.g. alpha-methyldopa, halothane or nitro-
furantoin). This is not an obligatory rule, however. Instead,
chronic liver injury due to azathioprine seems to occur mostly in
men. Overall, the risk of developing ‘toxic hepatitis’ was similar
in Danish men and women. In a French population-based study,
the incidence rates of adverse hepatic reactions were similar in
males and females until age 49 years, but then became twice as
high in women as in men after this age [1].

The number of cases of drug-induced hepatitis per million
person–years increases progressively with age, rising from a few
cases during the first and second decades of life to about 45 cases
during the eighth decade. Most of this increase is probably 
due to the progressive increase in drug consumption with age.
However, at least with several dugs, the incidence of hepatitis 
in treated subjects also increases during old age. For example,
the risks of halothane- and isoniazid-induced hepatitis increase
several fold in patients over 40 years of age [5]. Not only the 
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frequency, but also the severity of drug-induced hepatitis 
can increase during old age. A notorious example is the anti-
inflammatory drug, benoxaprofen, which caused several deaths
in very old subjects.

In contrast, hepatic drug reactions tend to be uncommon in
children. For example, halothane or erythromycin rarely cause
hepatitis in children [5]. Notable exceptions, however, include
the hepatotoxicity of some drugs that interfere with mitochon-
drial function. Whereas valproate rarely causes severe liver
injury after 20 years of age, it frequently causes liver injury in
children less than 3 years old, and should be avoided at this
young age [5]. Whereas aspirin rarely causes severe liver injury
in adults, it can occasionally trigger Reye syndrome after a viral
infection in children [5].

Mild viral infections have been shown to increase the hepato-
toxicity of several drugs. Although lethal overdoses of aspirin
cause severe microvesicular steatosis in children, therapeutic
doses do not, unless aspirin is administered during viral infec-
tions. In tuberculous patients treated with isoniazid, rifampin
and/or pyrazinamide, the risk of drug-induced hepatitis was
increased fivefold in patients infected with the hepatitis C virus
(HCV), fourfold in patients with the human immunodeficiency
virus (HIV) and 14-fold in patients coinfected with both viruses.
In another study, the risk of antituberculous drug-induced 
hepatitis was increased threefold in hepatitis B virus (HBV) sur-
face antigen carriers. Azathioprine-induced liver injury seemed
to be increased by concomitant infections with HCV, HBV or
cytomegalovirus. In HIV-infected patients receiving highly
active antiretroviral therapy (HAART), the risk of developing
severe hepatotoxicity was increased several fold by HCV or 
HBV coinfections. Finally, the hepatotoxicity of paracetamol is
increased in patients with infectious mononucleosis, measles or
acute hepatitis A or B. Although the mechanism of this increased
toxicity is unknown, it has been suggested that the subliminal
stimulation of death receptors by cytokines liberated during
mild viral infections may aggravate the hepatotoxicity of drugs
transformed into glutathione-depleting reactive metabolites
and/or may cause additive mitochondrial toxicity with drugs
that impair mitochondrial function [10].

Conceivably, the same mechanisms could be involved in the
increased susceptibility of patients with inflammatory rheumatic
diseases to some drugs. Salicylate-induced liver injury is more
frequent in children with the juvenile form of rheumatoid
arthritis and in patients with systemic lupus erythematosus [5].
Likewise, the risk of sulphasalazine-induced hepatitis may be
higher in patients with rheumatoid arthritis [5].

Renal insufficiency may increase the risk of hepatotoxicity
when the parent compound itself is the toxic species and this
toxic compound is eliminated by the kidney. A well-known
example is tetracycline. Fatal cases of microvesicular steatosis
occurred more frequently in women with renal insufficiency [4].

Obesity- and/or diabetes-mediated steatohepatitis impairs
mitochondrial function [11] and may sensitize patients to the
hepatotoxic effects of drugs that impair mitochondrial function.

Methotrexate, which targets mitochondrial DNA and mito-
chondrial function, can cause hepatic steatosis and fibrosis 
in humans [5]. The hepatotoxicity of methotrexate is enhanced
by several other causes of mitochondrial dysfunction, includ-
ing alcohol abuse, diabetes and obesity. Likewise, tamoxifen-
associated steatohepatitis occurs mainly in obese women.

In contrast, there is no evidence that cirrhosis can increase the
incidence of drug-induced hepatitis. Instead, cirrhosis decreases
drug metabolism by cytochrome P-450 [12], which might
decrease the formation of toxic or immunogenic metabolites.
However, although cirrhosis may not increase the incidence 
of drug-induced hepatitis, it can obviously affect its clinical 
outcome. Whereas the acute destruction of 25% of hepatocytes
may be well tolerated in a subject with an initially normal 
liver, the same destruction may trigger decompensation and
death in a cirrhotic patient with already compromised liver
function.

Genetic factors also play a major role in individual suscept-
ibility to drug-induced liver injury. These genetic factors differ
with the mechanisms of liver injury, and will be considered in
subsequent sections.

Diversity of drug-induced liver diseases

Drugs may produce diverse liver lesions (Table 1) correspond-
ing to different mechanisms of hepatotoxicity (Table 2).

Duration of the liver injury required to
produce these lesions

The time interval between the onset of the treatment and the
recognition of the liver disease corresponds to the sum of two
periods: an initial period during which the drug is well tolerated
and a second period of incipient, and then variably progressing,
liver injury. Unless liver tests have been monitored, we do not
know the actual duration of the liver injury that has led to a given
liver lesion. A corollary is that terms such as ‘subacute’ or
‘chronic’ hepatitis, for example, should be understood as mean-
ing the presence of histological lesions classified as such, rather
than meaning any precise time definition.

Albeit hypothetical, Table 3 gives some tentative estimates of
the probable duration of the liver injury required to produce
various hepatocellular liver lesions.

Multiplicity of hepatotoxic drugs

Any list of hepatotoxic drugs represents a soon outdated snap-
shot, as new drugs are constantly released on the market, and
many of those that cause frequent liver injury are either recalled
or fall into disrepute. Furthermore, space limitation does not
allow tabulation of the thousands of drugs that may cause liver
injury [3]. The reader is referred to a constantly updated website
maintained by Dr M. Biour: http://www.e-drugnews.com/
index.cfm.
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Diagnosis of drug-induced 
liver injury

Diagnosis of drug-induced liver injury can be obvious in some
cases, but is often difficult. A useful rule is to consider systemat-
ically the possibility of an adverse drug reaction when faced 
with almost any kind of liver disease.

The first step in the diagnosis relies on establishing the list of
medications. This may be time consuming in elderly patients
who may have faltering memories and often suffer from several
ailments, for which they consult various specialists. As each 
specialist often prescribes several drugs, elderly patients may end

up with a dozen drugs that are frequently changed. Insistent
questioning, and a look at the medical prescriptions, may 
disclose treatments that were not mentioned initially. In all
patients, specific enquiries should be made of treatments that
may not be considered as drugs by the patient (herbal remedies,
over-the-counter analgesics, oral contraceptives), and of com-
pounds that tend to be forgotten or concealed because of the
patient’s uneasiness in admitting their use or abuse (hypnotics,
antidepressants, neuroleptics, anabolics, ecstasy, cocaine, mor-
phinic drugs).

Once the list of ingested drugs has been established, the
chronology of each treatment should be compared with that of

Table 1 Diversity and proposed classification of drug-induced liver disease.

Classification

Acute hepatitis

Cytolytic hepatitis

Cholestatic hepatitis

Cholestatic hepatitis with cholangiolitis and cholangitis

Mixed hepatitis

Granulomatous hepatitisa

Bland cholestasis

Lipid storage liver disease

Macrovacuolar steatosis

Microvesicular steatosis

Phospholipidosis

Steatohepatitis

Stellate cell lipidosis

Subacute hepatitis, chronic hepatitis and cirrhosis

Subacute hepatitis

Chronic hepatitis

Cirrhosis

Prolonged cholestasis

Vanishing bile duct syndrome

Sclerosing cholangitis

Vascular and related lesions

Portal veins

Hepatic artery

Sinusoidal dilation

Peliosis

Veno-occlusive disease

Budd–Chiari syndrome

Periportal fibrosis

Nodular regenerative hyperplasia

Tumours

Hepatocellular adenoma

Focal nodular hyperplasia

Hepatocellular carcinoma

Angiosarcoma

aThe term should be restricted to cases in which granulomas are the outstanding liver lesion.

Main lesions

Lobular hepatocyte necrosis + lobular and portal inflammation

Cholestasis + portal inflammation

Cholestasis + portal inflammation + acute lesions of intrahepatic bile ducts

Necrosis + cholestasis + lobular and portal inflammation

Hepatic granulomas inflammation

Cholestasis without other liver lesions

Single large vacuole of fat

Multiple small lipid vesicles

Enlarged lysosomes with myelinic figures

Steatosis, necrosis, inflammatory infiltrate, Mallory bodies, fibrosis

Hyperplasia of vitamin A-laden stellate cells ± perisinusoidal fibrosis

Acute hepatitis with bridging necrosis + fibrosis

Periportal necrosis + portal inflammation + portal fibrosis

Disorganized architecture + extensive fibrosis + regenerative nodules

Rarefaction of intrahepatic bile ducts

Strictures on large bile ducts

Thrombosis

Intimal hyperplasia or angiitis

Dilation of sinusoids

Haphazardly distributed blood-filled cavities

Non-thrombotic obstruction of centrolobular veins

Thrombosis of large subhepatic veins

Portal fibrosis without cirrhosis

Nodules without fibrosis

Benign tumour without central fibrous scar

Benign tumour with central fibrous scar

Malignant tumour derived from parenchymal cells

Malignant tumour derived from endothelial cells
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the liver disease. As a general rule, the drugs that have been
introduced during the last few months in the patient’s treatment
should be most suspected. Nevertheless, several pitfalls must be
avoided.
1 The first would be to incriminate drugs that have been pre-
scribed recently but for symptoms that actually heralded an
incipient liver injury.
2 The second would be to neglect drugs that have been taken 
for many months without adverse effects. In an individual
patient, even acute liver lesions can still occur under such 
circumstances.
3 The third pitfall would be to exclude all drugs that have 
been withdrawn before the onset of the liver injury. With some
drugs, for example iproniazid or the amoxicillin/clavulanic acid
combination, jaundice may not occur until a fortnight after
interruption of the treatment. Similarly, drugs that are retained
for a long time in the liver (amiodarone, perhexiline, vitamin A)
may continue to damage the liver and may lead to chronic 
liver lesions several months after their administration has been
interrupted.
4 A last pitfall would be to exclude recently marketed drugs
because they are not known to be hepatotoxic. Instead, newly
marketed drugs should always be suspected of being potentially

hepatotoxic, because recognition of their hepatotoxic potential
(if any) often requires several years of widespread utilization.

The second step in the diagnosis relies on the gathering of
information that may either strengthen the case for an iatrogenic
reaction (previous adverse effects with the drug or with struc-
turally related analogues and/or the presence of immunoallergic
manifestations, such as rash) or may instead favour another
diagnosis (alcohol intake, blood transfusions, intravenous drug
abuse, arrhythmia, cardiac failure, biliary colic).

The third step in the diagnosis relies on a comparison of 
the patient’s disease with the type of liver disease produced 
by the potentially hepatotoxic drugs ingested by the patient.
Indeed, the pattern of hepatotoxicity often differs with differ-
ent drugs, with considerable differences in frequencies, times 
of onset, types of liver disease, associated extrahepatic features
and outcome. Close concordance between the patient’s presen-
tation and the typical picture of hepatitis triggered by a given
drug is added evidence of its possible involvement.

Once a drug or several drugs are suspected, they should usu-
ally be withdrawn immediately. As a general rule, they are not
unique and therefore are not strictly necessary. In the rare
instance when these treatments are really needed, alternative
drugs are often available. If possible, drugs with a different

Table 2 Main mechanisms of diverse liver lesions.

Liver lesion 

Acute cytolytic hepatitis

Acute cholestatic /mixed hepatitis

Acute bland cholestasis

Macrovacuolar steatosis

Microvesicular steatosis

Phospholipidosis

Steatohepatitis

Subacute and chronic hepatitis

Vanishing bile duct syndrome

Sclerosing cholangitis

Perisinusoidal fibrosis

Vascular lesions

Adenomas

Carcinomas

Main mechanism

Metabolite-mediated toxicity

Metabolite-mediated immunoallergy

Metabolite-mediated autoimmunity

Impaired mitochondrial energy production

Metabolite-mediated immunoallergy (?)

Interference with bile secretion

Decreased lipid secretion and other mechanisms

Impaired fatty acid b-oxidation

Inhibition of lysosomal phospholipases

Oxidative stress, increased cytokines

Prolonged immune reaction (?)

Autoimmune (?) destruction of small bile ducts

Toxicity to, or ischaemia of, large bile ducts

Hyperplasia and activation of stellate cells

Endothelial injury (?)

Growth-promoting effects (?)

Growth-promoting and genotoxic effects (?)

Examples

Paracetamol

Halothane, sulphonamides

Dihydralazine, tienilic acid

Tacrine (?)

Macrolides, phenothazines

Estrogens

Methotrexate

Tetracycline, valproate

Amiodarone

Amiodarone, tamoxifen

Iproniazid, methyldopa

Ajmaline, chlorpromazine

Formaldehyde, floxuridine

Methotrexate, vitamin A

Chemotherapeutic agents

Oral contraceptives

Anabolic steroids, estrogens

Table 3 Probable duration of liver injury before the appearance of some liver lesions.

Initial lesion Days or weeks Weeks or months Months or years

Necrosis Acute hepatitis Subacute or chronic hepatitis Cirrhosis

Cholestasis Acute cholestatic hepatitis Prolonged cholestasis

Steatosis Acute steatosis Chronic steatosis Steatohepatitis
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chemical structure and a different mechanism of action must be
preferred, as cross-sensitivity can occur between closely related
molecules (e.g. diverse erythromycin derivatives or diverse 
phenothiazines).

At the same time, investigations are started to rule out other
diagnoses (viral serologies and, in cholestatic cases, ultrasono-
graphy) or strengthen the case for drug-induced liver injury. 
A differential white count may show eosinophilia. Non-specific
autoantibodies (antinuclear, antismooth muscle), at relatively
low titres that regress after interruption of the treatment, may
strengthen a diagnosis of drug-induced acute or chronic hepatitis.
In contrast, high titres persisting long after drug withdrawal 
suggest idiopathic autoimmune hepatitis. Specific serological
markers are available with only a few drugs: antitrifluoracety-
lated proteins in halothane hepatitis; antimitochondrial type 6
(anti-M6) autoantibody in iproniazid hepatitis; antiliver/kidney
microsome type 2 (anti-LKM2) autoantibody in tienilic acid
hepatitis; antiliver microsomes autoantibody in dihydralazine
hepatitis [13,14]. Lymphocyte proliferation assays performed in
the presence of an inhibitor of prostaglandin synthesis (because
prostaglandins inhibit immune reactions) and using either 
the parent compound itself or the patient’s sera (to include
metabolites) have been reported to be frequently positive in
immunoallergic drug-induced hepatitis [15,16].

A liver biopsy can be dispensed with in most cases of acute
liver injury. Withdrawal of the offending drug will quickly cure
these patients. In very difficult or severe cases, however, a liver
biopsy is justified and may, at times, be very helpful for the dia-
gnosis (e.g. centrolobular necrosis in paracetamol- or halothane-
induced hepatitis; eosinophilic infiltration of the liver or the
presence of hepatic granulomas in several cases of drug-induced
allergic hepatitis; destructive bile duct lesions in some cases 
of cholestatic hepatitis; microvesicular steatosis with valproic
acid). Suspected chronic liver lesions (chronic hepatitis, cirr-
hosis, many vascular lesions) usually require a liver biopsy, as
this is the only way of establishing the diagnosis.

The last step in the diagnosis is based on the outcome of the
liver disease. In most cases of ‘cytolytic’ (‘hepatocellular’) liver
injury, serum transaminases start to improve within the first
weeks following the interruption of treatment. However, in
some severe forms of cytolytic liver injury, liver tests may initi-
ally continue to deteriorate for a few weeks, finally to improve
later. In cholestatic reactions, the improvement may take more
time, and a 50% reduction in alkaline phosphatase or bilirubin
within 6 months is still suggestive of drug-mediated cholestasis.
The improvement in the liver disease after drug removal may 
permit a probable diagnosis.

Although readministration of the suspected drug would
afford a certain diagnosis, this is usually unethical. Rechallenge
is particularly dangerous when the initial drug reaction was
already severe, and when an immunoallergic mechanism is
likely [5]. Fatal hepatic necrosis has occurred in patients rechal-
lenged with halothane or sulphonamides [5]. However, there are
a few circumstances in which a rechallenge may be proposed to

the patient. When several drugs have been withdrawn but only
one is reasonably suspected, readministration of these other,
non-suspected drugs may be less unethical and may permit a
definite diagnosis. This is important because an uncertain diag-
nosis may entice the patient into taking the offending drug again.
Even a suspected drug may sometimes be reintroduced in thera-
peutically difficult cases. For example, when the likely mechanism
is dose-related direct toxicity, and the drug is extremely import-
ant for the treatment of a severe disease, reintroduction of the
drug at a lower dose (or in the absence of microsomal enzyme
inducers) may be attempted with frequent liver test monitoring.

Differential diagnoses may include essentially all other causes
of liver diseases, as drugs may produce the whole spectrum of
liver pathology. However, these differential diagnoses are more
restricted (and will be considered below) in the context of each
particular drug-induced liver lesion.

Acute hepatitis

Liver lesions and terminology

Acute hepatitis is by far the most common drug-induced liver
lesion. The gold standard for the classification of drug-induced
hepatitis is liver histology. In all cases of acute hepatitis, there 
is at least some degree of inflammation, without fibrosis.
Inflammation consists mostly of mononuclear cells, but may
also include neutrophils or eosinophils and sometimes gran-
ulomas (‘granulomatous’ hepatitis). Inflammation is present at
least in the portal tracts and often in the lobule also.

This inflammation may be associated with necrosis (or apop-
tosis) of the hepatocytes (‘cytolytic’ hepatitis), with cholestasis
(‘cholestatic’ hepatitis) or with both necrosis and cholestasis
(‘mixed’ hepatitis). In some forms of cholestatic hepatitis, there
are lesions of bile ductules and interlobular bile ducts (‘cholan-
giolitis’ and ‘cholangitis’).

Because a liver biopsy is rarely necessary for the diagnosis, and
therefore is rarely performed, it is useful nevertheless to be able
to classify these cases from the maximal increase in serum ALT, a
marker of hepatocyte damage or ‘cytolysis’, and that of alkaline
phosphatase (AP), a marker of cholestasis, and from the ratio of
ALT/AP, each activity being expressed in multiples of the ULN
(N) [17]:
1 The liver injury is termed ‘cholestatic’ if only AP is increased
(> 2N) or, when both ALT and AP are increased, if the ALT/AP
ratio is 2 or less.
2 The liver injury is designated as ‘mixed’ when both ALT and
AP are increased and the ALT/AP ratio is between 2 and 5.
3 The liver injury is classified as ‘hepatocellular’ if only ALT 
is increased (> 2N) or, when both activities are increased, if 
the ALT/AP ratio is 5 or more [17]. In this case, however, one
cannot equate this ‘hepatocellular’ injury with ‘cytolytic’ hep-
atitis because many other lesions (e.g. microvesicular steatosis,
Budd–Chiari syndrome, veno-occlusive disease, low cardiac
output, etc.) may also give such a liver test profile.
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Mechanisms of drug-induced acute hepatitis

Different mechanisms can cause drug-induced hepatitis.

Toxicity related to the therapeutic effect
In some instances, the therapeutic effect of the drug itself may 
be involved in hepatotoxicity. For example, the inhibitors of
hydroxymethylglutaric coenzyme A reductase inhibit the syn-
thesis of mevalonate. Because mevalonate is a precursor in the
synthesis of cholesterol, these drugs are useful in the treatment
of hypercholesterolaemic patients. However, mevalonate is also
a precursor of other important isoprenoid derivatives, includ-
ing ubiquinone and haem (two fundamental components 
of the mitochondrial respiratory chain), and others that serve 
in the isoprenylation of regulatory proteins (e.g. some low-
molecular-weight G proteins) or structural proteins (e.g.
nuclear lamins). Inhibition of isoprenoid biosynthesis seemed
to be the mechanism for lovastatin-induced apoptosis in an 
in vitro system.

Impairment of mitochondrial energy production
In other instances, cytolytic hepatitis may be due to drug-
induced impairment of mitochondrial energy production [18].
Normally, the transfer of electrons in the mitochondrial respir-
atory chain is coupled with the extrusion of protons from the
mitochondrial matrix into the mitochondrial intermembrane
space, thus creating a large electrochemical gradient across the
inner membrane. When energy is needed, protons re-enter the
matrix through ATP synthase, and the energy that is liberated 
by this re-entry is harnessed in the synthesis of ATP from ADP.

Drugs can impair mitochondrial energy formation through
diverse mechanisms:
• A first mechanism is the uncoupling of mitochondrial 
respiration from ATP generation. Several non-steroidal anti-
inflammatory drugs (NSAIDs) have a carboxylic group. In 
the uncharged acidic form (R-COOH), these carboxylic com-
pounds can cross the lipid bilayer of the inner mitochondrial
membrane, and can then release H+ in the more alkaline matrix,
thus forming the anionic form (RCOO–). This negatively
charged anionic form is then electrophoretically pulled by the
membrane potential back into the intermembrane space. Inside
the acidic intermembrane space, the uncharged acid form
(COOH) is synthesized again, ready for another cycle of proton
translocation. The protonophoric effect of acidic NSAIDs
decreases the membrane potential and ATP formation, and can
also trigger mitochondrial permeability transition and cell death
[19,20].
• Some drugs, such as nilutamide or buprenorphine, may
instead inhibit the transfer of electrons in the respiratory chain,
thus decreasing the initial extrusion of protons [21,22]. This
decreases the re-entry of protons into the matrix through ATP
synthase, and therefore decreases ATP generation [21,22].
• Other drugs, such as tacrine, intercalate between hepatic mito-
chondrial DNA bases and impair mitochondrial DNA synthesis

[23]. This causes a progressive depletion of hepatic mitochon-
drial DNA, which is required for the synthesis of some of the 
respiratory chain polypeptides [23].
• Finally, some drugs, such as betulinic acid or lonidamide, 
can directly trigger mitochondrial permeability transition and
apoptosis [24,25].

Metabolic activation
By far the most frequent mechanism of drug-induced hepatitis is
the formation of reactive metabolites, a process that is usually
referred to as ‘metabolic activation’. Indeed, many drugs that
cause hepatitis are transformed by cytochrome P-450 (and/or,
sometimes, other enzymes) into reactive, potentially hepato-
toxic metabolites (Table 4).

The formation and hepatotoxicity of these reactive meta-
bolites can be viewed as the untoward consequence of two 
xenophobic systems: the cytochrome P-450 system, which has

Table 4 Drugs transformed into reactive metabolites and causing cytolytic,
mixed or cholestatic hepatitis.

Abacavir Isaxonine

Amineptine Isoflurane

Amitriptyline Isoniazid

Amodiaquine Ketoconazole

Benoxaprofen Ketoprofen

Buprenorphine Lomustine

Carbamazepine Methimazole

Carmustine Methoxsalen

Chloramphenicol Metronidazole

Chloroform α-Methyldopa

Chlorpromazine Naproxen

Clozapine Nefazodone

Cocaine Nilutamide

Coumarin Nitrofurantoin

Cyclophosphamide Paracetamol

Cyproterone Phenylbutazone

Dantrolene Phenytoin

Dapsone Procainamide

Diclofenac Propoxyphene

Diflunisal Propylthiouracil

Dihydralazine Sulphamethoxazole

Disulfiram Sulphonamides

Efavirens Taurine

Enflurane Tamoxifen

Erythromycin Terbinafine

Felbamate Tianeptine

Flutamide Tienilic acid

Fluroxene Ticlopidine

Germander Tolbutamide

Halothane Tolcapone

Hydralazine Troleandomycin

Imipramine Trichloroethylene

Indomethacin Troglitazone

Iproniazid Valproic acid
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evolved in animals to eliminate small, alien molecules (‘xenobi-
otics’), and the immune system, which has evolved to eliminate
foreign microorganisms [26,27]. The formation of reactive
metabolites by cytochrome P-450 may lead to direct toxicity,
whereas the combination of cytochrome P-450 and the immune
system may lead to the immune destruction of hepatocytes
[26,27].

The cytochrome P-450 system
For a billion years, animals have been subjected to relentless 
biological warfare mounted by the plants that they ingested, as
these plants have progressively developed new toxins [28]. Many
of these plant toxins were liposoluble and could not be excreted
as such in urine or bile. Clearly, animals that could develop 
systems able to transform these liposoluble xenobiotics into
water-soluble metabolites, which could be excreted in urine 
or bile, benefited from an important survival advantage. This
evolutionary pressure probably accounted for the development
of a wide array of cytochrome P-450s able to metabolize xenobi-
otics in animals [28]. By duplication of an ancestral cytochrome
P-450 gene, divergent evolution of these two genes and so forth,
surviving animals have been endowed with a whole panoply of
cytochrome P-450s able to metabolize and eliminate essentially
all liposoluble xenobiotics in the environment, as well as most
drugs used at present (Fig. 1).

These various cytochrome P-450s share the same oxidizing
centre (the haem moiety) and a similar general architecture, but
differ in their protein moieties (Fig. 1). Each cytochrome P-450
metabolizes partially overlapping, but largely different, sets of
xenobiotics (Fig. 1).

Cytochrome P-450 is first reduced by NADPH-cytochrome
P-450 reductase and may then bind molecular oxygen as a sixth
ligand of the reduced haem iron (Fig. 1). After the introduction
of a second electron, the oxygen molecule is split into its two
atoms. One atom usually inserts into the substrate, while the
other atom reacts with protons to form water. Cytochrome P-
450 mediates an initial functionalization (e.g. a hydroxylation)
of the substrate (‘phase I’ of drug metabolism). This creates 
a ‘handle’ onto which a polar molecule may then be added 
by conjugating enzymes (‘phase II’ of drug metabolism), so that
the resulting hydrosoluble conjugate (e.g. sulpho-conjugate,
glucuronide) can now be excreted in urine or bile (Fig. 2).

The cytochrome P-450s that metabolize xenobiotics are
located in many organs but are particularly abundant in the
liver. This disposition is probably not fortuitous. Indeed, the
liver has the advantage of being both voluminous and richly vas-
cularized and, more importantly, of draining the blood coming
from the intestine. Therefore, after the intestine (which also
contains some cytochrome P-450s), the liver can metabolize
ingested xenobiotics even before they reach the systemic circula-
tion. A further refinement of the system is that the endothelial
cells of the hepatic sinusoids are perforated by fenestrae.
Liposoluble xenobiotics circulate in the plasma thanks to their
binding to plasma proteins. The sinusoidal fenestrae allow 

proteins (and the xenobiotics they carry) to come into direct
contact with the hepatocytes. This facilitates the removal of
these xenobiotics, enabling the liver to totally metabolize some
xenobiotics in a single pass through the hepatic sinusoid.

Formation of reactive metabolites
The development of the hepatic P-450 system as a means of
eliminating xenobiotics had a major drawback. Although several
xenobiotics are transformed by cytochrome P-450s into stable
metabolites, many others are oxidized into unstable, chemically
reactive intermediates (Fig. 2) [29]. These molecular ‘bombs’
can attack hepatic constituents (DNA, unsaturated lipids, pro-
teins, glutathione) and can lead to either cancer or liver cell
demise through direct toxicity or immune reactions.

Reactive metabolites are mainly formed through cytochrome
P-450-mediated oxidative reactions. However, cytochrome 
P-450 in its reduced form (ferrous iron) may also catalyse the
reductive dehalogenation of several haloalkanes (such as carbon
tetrachloride or halothane) to the corresponding free radicals.
Furthermore, NADPH-cytochrome P-450 reductase may
reduce quinones into semiquinone radicals, and may reduce

Different families, subfamilies and isoenzymes of CYPs

Ancestral
CYP gene

Duplication

DNA(a)

(b)

CYP3A4
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Fig. 1 Origin, structure and function of cytochrome P-450s (CYPs). 
(a) Gene duplications and divergences have given rise to different families,
subfamilies and isoenzymes of CYPs. (b) CYPs are composed of a protein
and a molecule of haem. The protein is anchored by its N-terminal part to
the endoplasmic reticulum (ER) membrane. The diverse CYP proteins
accommodate different series of substrates. The haem iron is coordinately
bound to the four nitrogens of haem, and also to the sulphur atom of a
deprotonated cysteine of the CYP protein. After being reduced to the
ferrous state, the haem iron binds oxygen as a sixth coordination ligand.
Upon further reduction of CYP, the oxygen molecule is split into its two
atoms. One atom inserts into the substrate, while the other atom reacts
with protons to form water.
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nitroarenes into nitro anion radicals. These drug radicals may in
turn reduce molecular oxygen to the superoxide anion radical
(O2

·–), leading to other reactive oxygen species (H2O2, ·OH).
Therefore, the cytochrome P-450 system, albeit remarkably

adapted to the elimination of an infinite array of liposoluble
xenobiotics, nevertheless had the serious inconvenience of form-
ing potentially toxic metabolites. Clearly, this system would not
have been viable without the concomitant development of a
variety of protective mechanisms.

Suicidal inactivation of cytochrome P-450. A first protective
mechanism, which is automatically included in the system, is 
the inactivation of cytochrome P-450 by some reactive inter-
mediates. Indeed, a reactive intermediate that has just been
formed inside the hydrophobic active site of cytochrome P-450
may directly attack cytochrome P-450 itself and destroy it. 
This may occur in several ways. Some intermediates (e.g. the
nitrosoalkane metabolites of macrolides) may form stable, inac-
tive complexes with the iron(II) of cytochrome P-450. Other
metabolites may covalently bind to an aminoacyl residue of 
the active site of P-450, or to a nitrogen of the haem molecule.
Free radicals may form an unstable adduct with a vinyl group of
haem that then covalently binds to the cytochrome P-450 pro-
tein. Whatever its molecular mechanism, this ‘suicidal’ inactiva-
tion prevents the further formation of the reactive intermediate.

Glutathione conjugation and other protective mechanisms. The
tripeptide glutathione (l-γ-glutamyl-l-cysteinyl-glycine) is syn-
thesized by the successive action of γ-glutamylcysteine synthase
and glutathione synthetase. The first enzyme functions at less
than the maximal rate because of feedback inhibition by glu-
tathione. Thus, when the consumption of glutathione increases,
and its hepatic concentration tends to decrease, the liver can
markedly increase the synthesis of glutathione. Although 

hepatic glutathione is continuously secreted in both the hepatic
sinusoid (serving as a precursor of cysteine for other organs) 
and bile, its active synthesis normally maintains a 10-mmol 
concentration of glutathione within hepatocytes (with distinct
cytosolic, mitochondrial and nuclear pools). Glutathione exerts
several protective functions within hepatocytes. One of these
functions is to serve as a molecular sink for electrophilic
metabolites. Indeed, electrophilic metabolites react spontane-
ously with the SH group of glutathione, preventing the alkyla-
tion of more critical hepatic constituents. This spontaneous
reaction is greatly accelerated by several cytosolic and micro-
somal glutathione S-transferases. The resulting glutathione 
conjugates are then excreted in bile by a canicular multispecific
organic anion transporter (cMOAT), which is now usually re-
ferred to as MRP2 (multidrug resistance-associated protein 2).

Several other enzymes may catalyse the rearrangement of
reactive metabolites into stable metabolites. For example,
microsomal, cytosolic and nuclear epoxide hydrolases speed up
the hydration of reactive epoxides into diols. Superoxide dismu-
tase, catalase, glutathione peroxidase and glutathione reductase
act in concert to decrease the toxicity that could result from 
the formation of the superoxide anion by free radicals arising
from the metabolism of xenobiotics. Vitamin E, vitamin C, glu-
tathione and glutathione peroxidases limit the initiation and
propagation of lipid peroxidation. Multiple DNA repair systems
allow for the reparation of damaged DNA before a round of
DNA replication can lead to somatic mutations.

Thanks to these protective mechanisms, recourse to the
cytochrome P-450 system as a means of eliminating xenobiotics
became tolerable, inasmuch as both the formation of reactive
metabolites and their reaction with hepatic constituents could
be partly limited. Only massive doses of these foreign substances
and/or the extensive metabolism of a particular xenobiotic may
then lead to direct toxicity.

Conjugation

Urine or bile
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ER membrane
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metabolite

OH

–CH–CH–
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In situ covalent binding

Inactivation
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Fig. 2 Formation of stable or reactive
metabolites by cytochrome P-450. Depending
on the chemical structure of the parent drug,
its oxidation by cytochrome P-450 (CYP) can
generate stable metabolite(s) or reactive,
electrophilic metabolite(s). Stable metabolites
are often conjugated and then eliminated into
urine or bile. Although electrophilic metabolites
can be partly inactivated, they partly react with,
and covalently bind to, hepatic glutathione,
proteins and sometimes DNA.
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In situ reaction of reactive metabolites
Some reactive metabolites (e.g. acetaldehyde or acyl-glucuronides)
react slowly with tissue components and, therefore, can leave
their site of formation and react elsewhere. Most reactive
metabolites, however, are so highly unstable that they react in
situ in the very organ that forms them [30]. The abundance 
of cytochrome P-450s in the liver, and the in situ reaction of
reactive metabolites, explain the major role of these metabolites
in drug-induced hepatitis. The centrolobular location of most
cytochrome P-450s accounts for the frequently pericentral
zonation of these lesions [26].

Molecular and cellular lesions leading to direct 
toxicity
Drugs transformed into free radicals can cause lipid peroxida-
tion [31]. The first step in this process is the formation of lipid
radicals. Either the addition of a reactive drug radical (R·) on the
carbon of an unsaturated lipid or the abstraction by this radical
of an hydrogen atom leads to a lipid radical (lipid·). This radical
quickly adds molecular oxygen to form a peroxyl radical (lipid-
OO·). This peroxyl radical may react with another lipid molecule
(lipid2-H) to form a hydroperoxide and a new lipid radical:
Lipid1-OO· + Lipid2-H → Lipid1-OOH + Lipid2·. Lipid peroxi-
dation may thus extend from one lipid to the other, or along the
same lipid chain. Eventually, unsaturated lipids are oxidized and
cut into small fragments (alkanes, malondialdehyde, alkenals).
The last two compounds are themselves reactive and bind cova-
lently to proteins.

A second type of molecular lesion is observed mainly with
electrophilic metabolites. These metabolites react with, and
covalently bind to, several nucleophilic groups of proteins (e.g.
the SH group of a cysteine residue or the ε-NH2 group of a lysine
residue), on which they remain attached by a covalent bond.
These electrophilic metabolites also react with the SH group of
glutathione, and this is an important protective mechanism,
which prevents reaction with more critical cellular targets.
However, when large amounts of the reactive metabolite are
formed, the extensive formation of glutathione conjugates then
exceeds the capacity of the liver to increase the synthesis of 
glutathione. The resulting depletion of glutathione, together
with the direct covalent binding to protein thiols and/or the
direct oxidation of protein thiols, all tend to decrease protein
thiols (Fig. 3). Depletion of protein thiols has severe toxicologi-
cal consequences (Fig. 3) [26,32].
1 A first consequence is the formation of disulphur bonds
between different molecules of actin, forming inactive actin
aggregates [33]. This destroys the microfilamentous network
that is located beneath the plasma membrane and normally
maintains the shape of this membrane through its attachment 
to integral plasma membrane proteins. Destruction of this net-
work allows the formation of fragile plasma membrane blebs.
2 A second consequence of the oxidation of protein thiols is to
decrease the activity of plasma membrane calcium ATPases,
whose role is constantly to extrude calcium from the hepatocytes

[34]. The resulting increase in cellular Ca2+ activates calcium-
dependent transglutaminases (which form a cross-linked protein
scaffold), calcium-dependent calpains (which further damage
the cytoskeleton) and calcium-dependent endonucleases (which
can cut nuclear DNA between nucleosomes) (Fig. 3) [35].
3 A last consequence of the oxidation of protein thiols is to
cause mitochondrial permeability transition (Fig. 3) [36]. There
exists, at contact sites between the outer and inner mitochon-
drial membranes, a multiprotein structure called the mitochon-
drial permeability transition pore [37]. This pore is normally
closed, but may open after diverse stimuli, including the forma-
tion of disulphide bonds as a consequence of the depletion/
oxidation of glutathione, the induction of proapoptotic proteins
by the increased p53 resulting from DNA damage, the release of
arachidonic acid by calcium-activated phospholipase A2 and,
finally, the entry of calcium into the mitochondria due to the
increased cytosolic concentration of calcium after the extensive
formation of reactive metabolites [35,37]. Closure or opening of
the mitochondrial permeability transition pore modulates cell
survival or death [37]. While pore closure allows for continued
cell life, pore opening triggers cell death through two main effects:
i A first effect is to allow the influx of protons from the inter-
membrane space into the mitochondrial matrix, thus dissipat-
ing the mitochondrial membrane potential and preventing ATP
formation by the affected mitochondrion [38]. If the pore opens
quickly in all mitochondria, major ATP depletion prevents
apoptosis (an energy-requiring process) and instead causes
necrosis [39].
ii A second consequence of pore opening, resulting from the
osmolality of matrix proteins, is to cause the entry of water into
the mitochondrial matrix. This causes matrix swelling and rup-
ture of the circular outer membrane [38,40]. Outer membrane
rupture releases proapoptotic substances (such as cytochrome c)
from the mitochondrial intermembrane space into the cytosol,
where cytochrome c activates caspases. If the pore only opens 
in some mitochondria, then unaffected organelles continue to
generate ATP (thus preventing necrosis), while pore opening 
in other mitochondria releases proapoptotic substances, which
activate caspases, to cause apoptosis [38,40].

Thus, the direct toxicity of reactive metabolites can cause
necrosis, apoptosis or both types of liver lesions in different 
conditions. For example, the direct toxicity of the reactive
metabolites of germander mainly triggered hepatocyte necrosis
in vivo [41] but mainly caused apoptosis in isolated rat hepato-
cytes [35]. Apoptosis, or ‘programmed cell death’, is a complex
physiological process responsible for the ‘natural’ cell death that
occurs in embryogenesis, tissue atrophy, senescent cells, thymus
selection and cell-mediated cytotoxicity. Typically, apoptosis is
characterized by the activation of calcium-dependent transglu-
taminases leading to the formation of a cross-linked protein
scaffold, by the activation of calcium-dependent and/or caspase-
dependent endonucleases leading to internucleosomal DNA
fragmentation and by typical ultrastructural changes including
condensation of the cytoplasm, rim-like or crescent-like 
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condensation of chromatin beneath the nuclear membrane and 
the formation of large cellular blebs that initially contain ultra-
structurally unaltered cellular organelles [42]. This is followed
by segmentation of both the cytoplasm and the nucleus, with 
the formation of apoptotic bodies.

Genetic and acquired factors involved in the direct toxicity 
of reactive metabolites
The direct toxicity of reactive metabolites concerns drugs for
which the formation of the reactive metabolite is low enough to
ensure the absence of hepatitis in most recipients (therefore allow-
ing the marketing of the drug), but still high enough to lead to
toxicity in metabolically susceptible subjects. Both genetic and
acquired factors may explain the susceptibility of these few patients.

Genes may influence both the formation and the inactivation
of reactive metabolites. The cytochrome P-450 isoenzymes are
under genetic control, and the hepatic level of a given isoenzyme
is considerably different in different people. While some reactive
metabolites are formed by several cytochromes P-450s [43],
other reactive metabolites are mainly formed by a particular
isoenzyme [44]. A subject with a high genetic expression of 
this cytochrome P-450 might be at increased risk of developing
hepatitis. In contrast, a deficiency of some cytochrome P-450
isoenzymes is observed in the poor metabolizer phenotypes 
of several polymorphisms of drug oxidation [45,46]. Such 
poor metabolizers should be protected against the toxicity of
reactive metabolites that are normally formed by this deficient
isoenzyme [47].

Genetic factors can also modify the inactivation of reactive
metabolites. However, the effects of a deficiency in glutathione
synthase vary with the experimental model. In an artificial
model, the lymphocytes of subjects with a partial deficit in 
glutathione synthetase were more susceptible to the in vitro
toxicity of paracetamol. However, the in vivo hepatotoxicity 
of paracetamol is critically dependent on the extent of hepatic
glutathione depletion [10]. Even mild differences in the degree
of glutathione depletion can dramatically modify the extent of
paracetamol-induced liver cell necrosis [10]. A deficit in glu-
tathione transferase is expected to attenuate the consumption of
glutathione by the reactive paracetamol metabolite. Indeed, mice
lacking glutathione transferase Pi exhibited a lesser decrease in
hepatic glutathione and were markedly protected against the 
in vivo hepatotoxicity of paracetamol [48].

Physiological, nutritional or therapeutic modifications of drug
metabolism may also explain the susceptibility of some subjects:
1 Pregnancy, for example, may decrease the capacity of the liver
to resynthesize glutathione and markedly increases the hepato-
toxicity of paracetamol in mice [49]. It is not known whether
similar effects also occur in women.
2 Fasting, or protein denutrition, decreases hepatic glutathione
content, and dramatically increases the hepatotoxicity of para-
cetamol in rats [50]. In humans, hepatitis has been observed
after high therapeutic doses of paracetamol in a few subjects
with malnutrition.
3 Microsomal enzyme induction by drugs administered con-
currently may increase the formation of the reactive metabolite,
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and the susceptibility to hepatitis. Thus, rifampicin, a microso-
mal enzyme inducer, apparently increases the hepatotoxicity of
isoniazid [51]. Drugs used for premedication and general anaes-
thesia may induce microsomal enzymes [52], and may aggravate
isoniazid hepatotoxicity [51]. Likewise, the recent introduction
of microsomal enzyme inducers may have triggered fulmin-
ant hepatitis in three patients receiving prolonged treatment 
with iproclozide [53]. Chronic ethanol ingestion increases
cytochrome P-450 2E1, which activates paracetamol. This
aggravates the hepatotoxicity of therapeutic doses of paraceta-
mol in humans [54]. Ethanol also tends to decrease hepatic 
glutathione concentration, an effect that may also contribute to
increased paracetamol toxicity. Indeed, inducers and fasting had
additive effects on the hepatotoxicity of paracetamol in rats [55].

Clinical features of hepatitis due to direct toxicity
Hepatitis caused by direct toxicity is not associated with hyper-
sensitivity manifestations, and an inadvertent rechallenge does
not lead to a prompter recurrence. The liver injury may have 
a relatively high frequency, consistent with direct toxicity. 
As explained above, it may be favoured by either genetic or
acquired metabolic factors. It is important, however, to realize
that metabolic factors will also influence immunologically
mediated hepatitis, as discussed further on.

For many drugs, the formation of reactive metabolites may 
be so low that, even in metabolically susceptible subjects, this
formation may at most cause mild transaminitis, but no major
cell demise. Such drugs will not produce toxic liver cell necrosis.
They may nevertheless produce severe hepatitis in a few subjects
by interacting with the second xenophobic system of animals,
namely the immune system.

The immune system
The necessity of fighting back against bacterial, fungal or viral
infections has led to the development of the macrophagic and
immune systems in animals. The latter is based on the acquisi-
tion, during evolution, of major histocompatibility complex
molecules that can each present different sets of peptides on the
cell surface, and on the development in each individual, by
somatic mutation, of a whole panoply of helper T lymphocytes
able to recognize among these peptides those that are foreign
[56]. The ability of viruses to directly transfect neighbouring
cells has required that one of the effector strategies of the
immune system should be the immunological destruction of 
the infected cells.

The superposition of the cytochrome P-450 and the immune
system created an additional problem for animals. Indeed, the
covalent binding of a reactive metabolite to proteins modifies
the self of the individual. In some subjects, this modification
may ‘mislead’ the immune system into mounting an immune
attack against hepatocytes [26]. This immune attack may 
be directed either against the modified self or against the
unmodified self.

Immune attack directed against the modified self
The best studied example of immunoallergic hepatitis is the
severe form of halothane hepatitis. Halothane is oxidized by
cytochrome P-450 into a reactive acyl chloride (CF3COCl) that
reacts with the ε-NH2 group of the lysine residues of proteins to
form trifluoroacetylated proteins (CF3CO-lysine proteins) [57].
In the serum of patients with severe halothane hepatitis, one
finds antibodies that are directed against the parts of hepatic
proteins that are modified by the covalent attachment of the
trifluoroacetyl group [58,59].

After exposure to halothane, trifluoroacetylated proteins 
are found on the surface of hepatocytes [60]. Similarly, after
exposure to isaxonine (another drug transformed into reactive
metabolites and causing immunoallergic hepatitis), there are
alkylated proteins on the plasma membrane [61]. These 
alkylated plasma membrane proteins can serve as antigenic 
targets for the antibodies directed against alkylated hepatic 
proteins. Indeed, the incubation of hepatocytes from rabbits
exposed to halothane (leading to the trifluoroacetylation of
plasma membrane proteins) with sera from patients with
halothane hepatitis (containing antibodies against trifluroacety-
lated proteins) that had been previously adsorbed to untreated
rabbit hepatocytes (thereby removing any antibody against 
normal rabbit hepatic proteins), followed by the addition 
of peripheral blood mononuclear cells from normal subjects, 
led to the immune destruction of the halothane-treated 
hepatocytes [59]. A similar antibody-dependent, cell-mediated
cytotoxicity was reported with the sera of patients with 
hepatitis due to α-methyldopa [62], tienilic acid [63] or
clometacin [64].

Immune attack directed against the self: anti-cytochrome 
P-450 autoantibodies
With a few drugs, the immune attack is directed, in part, against
normal, unmodified epitopes of proteins. Thus, iproniazid can
give rise to antimitochondrial autoantibodies called ‘anti-M6’,
which are directed against monoamine oxidase B on the outer
membrane of mitochondria [14]. Other autoantigens are the
cytochrome P-450s [13]. Thus, tienilic acid-induced hepatitis is
associated with a particular antiliver/kidney microsome auto-
antibody called the ‘anti-LKM2’ autoantibody [65]. This anti-
body is specifically directed against human cytochrome P-450
2C9, which transforms tienilic acid into a reactive metabolite
that covalently binds to the cytochrome P-450 2C9 protein [65].
Similarly, dihydralazine hepatitis is associated with antiliver
microsome (‘anti-LM’) autoantibodies directed against
cytochrome P-450 1A2 [66]. This cytochrome P-450 isoenzyme
oxidizes dihydralazine into reactive radicals, which covalently
bind to the cytochrome P-450 1A2 protein [67]. These diverse
antibodies exhibit a high affinity for the non-alkylated
cytochrome P-450s of untreated subjects, and are therefore
autoantibodies. Cases of drug-induced hepatitis associated with
these anti-cytochrome P-450 autoantibodies have been classified
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as ‘autoimmune’ hepatitis, although the relationship between
the autoantibodies and the destruction of hepatocytes remains
speculative, as discussed further on.

Presence of cytochrome P-450 on the plasma membrane.
Cytochrome P-450 is synthesized on polyribosomes attached 
to the endoplasmic reticulum membrane, and is cotranslation-
ally inserted in this membrane, where it remains anchored by at
least one transmembrane fragment (Fig. 1). There is an exten-
sive flow of vesicles going from the endoplasmic reticulum to the
Golgi apparatus, and from there to the plasma membrane,
thanks to molecular motors that draw these vesicles along
microtubules. Neosynthesized cytochrome P-450 partly follows
this vesicular route to reach the plasma membrane in rats
[68,69].

When various anti-cytochrome P-450 autoantibodies were
added to uncut, non-permeabilized and fixed rat or human 
hepatocytes (thus, under conditions precluding the entry of the
antibody into the cells), immunofluorescent and immunoper-
oxidase labelling of the plasma membrane was obtained, show-
ing that these autoantibodies recognized cytochrome P-450
epitopes expressed on the surface of hepatocytes [70,71]. It is
thus possible that these autoantibodies may participate, to 
some extent, in the immunological destruction of hepatocytes,
although cytotoxic T lymphocytes probably play a more im-
portant role [27].

Mixed immune reactions
Thus, the presence of the modified self may trigger an immune
attack directed against either the modified self or the
unmodified self. It is therefore not surprising that a single drug
can concomitantly give rise to both types of immune reactions.
For example, in patients with halothane-induced hepatitis, there
are anti-adduct antibodies directed against trifluoroacetylated
proteins [58], and there are also autoantibodies directed against
native cytochrome P-450 2E1 (CYP2E1) [72,73]. Likewise, the
sera of patients with tienilic acid-induced hepatitis contain 
not only anti-cytochrome P-450 2C (CYP2C) autoantibodies
[65], but also anti-adduct antibodies recognizing the tienilic
acid moiety of CYP2C–tienilic acid adducts [74]. Like native
CYP2C, tienilic acid–CYP2C adducts are transported by vesicu-
lar flow to the external surface of the hepatocyte plasma mem-
brane [74].

Because the immune reaction is often directed both against
neoantigens and against the self, the distinction between drug-
induced ‘autoimmune’ hepatitis (reaction against the self) and
drug-induced ‘immunoallergic’ hepatitis (reaction against the
modified self) seems to be largely academic.

Possible mechanism for the appearance of antibodies and
autoantibodies
The mechanism leading to the appearance of (auto)antibodies
remains unknown. However, from present knowledge of the

immune system, the following mechanism may be proposed
(Fig. 4) [27]. Some B lymphocytes are autoreactive, but norm-
ally remain quiescent in the absence of stimulation by helper 
T cells. Let us consider an autoreactive B cell expressing a mem-
brane immunoglobulin on its surface that recognizes a normal,
unalkylated epitope of a hepatic protein. After the death of a
hepatocyte, this autoreactive B cell may capture a molecule of
this hepatic protein (Fig. 4). After internalization and process-
ing of the protein into peptides, the autoreactive B cell will be
able to present peptides derived from the hepatic protein on its 
major histocompatibility complex class II molecules (Fig. 3).
Normally, the hepatic protein is not alkylated, and the B 
lymphocyte only presents normal peptides. As there are no
helper T cells that will recognize these normal peptides, the
autoreactive B cell remains quiescent. However, if the subject
has taken a drug whose reactive metabolite covalently binds to
the hepatic protein, some segments of the hepatic protein may
be modified by the presence of the covalently bound metabolite.
After processing the hepatic protein into small peptides, the B
lymphocyte may therefore present both normal peptides and
also peptides modified by the covalent binding of the metabo-
lite. Some T-helper cells may be able to recognize this ‘modified
self ’ (Fig. 4). This recognition will lead to bidirectional signalling,
involving both the T cell, which is activated to proliferate, and
the B cell, which undergoes clonal expansion and maturation
[27]. The B cell will eventually secrete an autoantibody with the
same specificity as the initial membrane immunoglobulin, that
is an autoantibody directed against the hepatic protein (Fig. 3).
This hypothetical mechanism may explain how the modification
of a cytochrome P-450 by covalent binding (‘modified self ’) may
lead to immunization against the self with the appearance of
autoantibodies [27].

The same mechanism may also result in the formation of 
antibodies recognizing metabolite-altered neoantigens (Fig. 4).
Indeed, if the membrane immunoglobulin of a quiescent B cell is
instead able to recognize the metabolite moiety of metabolite–
protein adducts, this particular B cell will likewise internalize the
hepatic protein, present alkylated peptides and be stimulated by
helper T cells (Fig. 4). It will evolve into plasmocytes that will
secrete the antibody into the plasma, thus explaining the appear-
ance of antibodies directed against metabolite–protein adducts
(Fig. 4).

Respective roles of the humoral and cellular immune
responses
Using sensitive techniques, a mild humoral response has been
detected in many patients receiving a drug but without liver 
test abnormalities. Indeed, antidiclofenac–protein adduct anti-
bodies were found in 60% of patients treated with diclofenac but
without liver test abnormalities [75]. Similarly, anti-cytochrome
P-450 2E1 autoantibodies were found in all of 106 paediatric
anaesthetists occupationally exposed to halothane, although only
one of these anaesthetists exhibited liver disease (of unknown
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cause) [76]. These data indicate, first, that a mild, infrapatholo-
gical humoral immune response occurs much more frequently
than initially anticipated and, second, that the humoral immune
response may only play a limited role, if any, in clinical hepatitis.

In contrast, the lymphocyte proliferation test was reported to
be frequently positive in patients with drug-induced liver injury,
but constantly negative in patients taking the same drugs as
these patients, but without liver injury [16]. It therefore seems
likely that a cellular immune response involving cytotoxic T
lymphocytes plays the major role in the immune destruction of
hepatocytes.

Cytotoxic T lymphocytes
How T lymphocytes are stimulated in drug-induced hepatitis is
not fully known, although Figure 5 shows a possible mechanism.
In order to stimulate CD4+ helper T lymphocytes, immuno-
genic peptides must first be presented on the cell surface by
major histocompatibility complex class II molecules [56]. Major
histocompatibility complex class II molecules are not normally
expressed by hepatocytes [77], but are expressed by Kupffer
cells, sinusoidal endothelial cells and B lymphocytes. It is there-
fore tempting to speculate on the following mechanism [26].
During the turnover of hepatocytes, and particularly if this 
normally slow turnover is accelerated by mild, direct toxicity of
the metabolite, proteins from dying hepatocytes may be phago-
cytosed by antigen-presenting cells, such as macrophages (Fig. 5).
Inside these cells, the protein is degraded into small peptides,
some of which are then presented on the cell surface by major
histocompatibility complex class II molecules (Fig. 5).

If a subject has taken a drug leading to the ‘alkylation’ of hep-
atic proteins (i.e. the covalent binding of a reactive metabolite to
these proteins), degradation of these alkylated proteins will form
not only normal peptides, but also alkylated peptides (Fig. 5).

Normal peptides are not recognized by helper T lymphocytes,
because autoreactive T lymphocytes are normally deleted. In
contrast, alkylated peptides are different from the self of the
individual. In the enormous pool of different helper T cells,
some of them may be able to recognize these modified structures
on the surface of the antigen-presenting cell (Fig. 5).

This recognition may stimulate the helper T lymphocyte,
which will provide local help (through the release of cytokines)
to effector immune cells that are also present because they have
been able to recognize modified structures on hepatocytes.
Effector cells that might be locally present are cytotoxic CD8+ T
lymphocytes (Fig. 5). Indeed, hepatocytes express major his-
tocompatibility complex class I molecules on their surface, and
this expression is further increased as soon as the inflammatory
reaction develops [77]. These major histocompatibility complex
class I molecules may present alkylated peptides that might serve
as molecular anchors for the attachment of CD8+ cytotoxic T
lymphocytes (Fig. 4). Local help provided by the neighbouring
helper T cells may then lead to the clonal expansion of these
cytotoxic T lymphocytes.

Cytotoxic T lymphocytes kill their targets by expressing Fas
ligand and tumour necrosis factor-α (TNFα) on their surface
and by releasing granzyme B (Fig. 6) [37]. All three substances
cut the proapoptotic protein Bid. Truncated Bid causes a con-
formational change in Bax, which translocates to mitochondria
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Fig. 4 Possible mechanism for humoral
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metabolites. The covalent binding of reactive
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membrane immunoglobulin against the normal
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B cells and their maturation into plasmocytes,
which now secrete the immunoglobulin into
the plasma.
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their uptake by antigen-presenting cells (APCs). If this is correct,
any mild toxic effect of the metabolite (leading to the release of
alkylated hepatic proteins) should greatly increase the presenta-
tion of modified peptides by APCs. Furthermore, the inflamma-
tion caused by direct toxicity may switch the immune response
from tolerization (a frequent outcome in the liver) towards
immunization. For these two reasons, it appears extremely likely
that any direct toxicity should increase the likelihood of im-
munization. Indeed, many drugs (including halothane) that
produce immunoallergic hepatitis in a few patients also lead to a
mild increase in serum transaminase activity in a much larger
proportion of recipients. The view might be held, therefore, that
discrete direct toxicity may be a permissive (but not sufficient)
factor for immunization to develop. This might account, in part,
for the role of genetic, metabolic factors in the frequency of
immune hepatitis.

Genetic factors influencing drug-induced immune 
hepatitis
Although all subjects probably form the reactive metabolite 
to some extent, only a few develop immunoallergic and/or
autoimmune hepatitis. At least two types of genetic factors may
explain the particular susceptibility of these few subjects.
1 A first type of genetic factor may affect hepatic drug
metabolism. As explained above, the modification of self as a
result of the covalent binding of the reactive metabolites may be
the initial stimulus leading to immunization. If some subjects
are deficient in a metabolic pathway that normally diverts the
drug away from the formation of reactive metabolites or that
normally inactivates this reactive metabolite, these deficient sub-
jects may undergo extensive alkylation of their hepatic proteins.
Perhaps more importantly, defects in protective mechanisms
might allow the threshold to be crossed between a total lack of
direct toxicity and a discrete form of direct toxicity that will lead
to the release of alkylated hepatic proteins and their uptake by
APCs.

and associates with mitochondrial Bak. Bax and Bak cause 
permeabilization of mitochondrial membranes. Cytochrome c
is released from the mitochondrial intermembrane space into
the cytosol, where cytochrome c activates caspases to trigger
apoptosis [37].

Discrete direct toxicity as a permissive factor for severe
immune hepatitis
Suggested mechanisms for immunization (Figs 4 and 5) presup-
pose the release of alkylated hepatic proteins (modified self) and
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i In rapid acetylators, dihydralazine [67] and sulphonamides[78]
are detoxified by acetylation. In slow acetylators, however, this
protective pathway is deficient, and a greater proportion of the
dose is now transformed by cytochrome P-450s into reactive
metabolites, leading to a higher incidence of immune hepatic
reactions [67,78].
ii Using a lymphocyte cytotoxicity assay, it has been suggested
that some inherited deficit(s) in the inactivation of the reactive
metabolites may favour immune hepatitis due to sulphonamides
[78], anticonvulsants [79], halothane [80] and amineptine [81].
Lymphocytes are very poor in cytochrome P-450, so that the
reactive metabolite has to be formed by an artificial extracellular
system (drug + murine liver microsomes + NADPH). Being
standardized, this system produces a constant amount of 
reactive metabolite. Human lymphocytes are exposed to this
metabolite-generating system. Although poor in cytochrome 
P-450, lymphocytes contain all the protective systems (such 
as epoxide hydrolase, glutathione, glutathione S-transferases,
glutathione peroxidase and vitamin E). If the lymphocytes of
some subjects are deficient in some of these protective mech-
anisms, they will not detoxify the metabolite as well, and will 
suffer increased lethality. The deficiency, being genetic, should
be observed not only in subjects with drug-induced hepatitis,
but also in some of their family members. With this technique, 
it has been reported that immunoallergic hepatitis due to sul-
phonamides, phenytoin, halothane and amineptine may occur
selectively in subjects with a genetic deficiency in a protective
mechanism [78–81]. However, as the deficit has never been
delineated, one may wonder whether the test does indeed reflect
deficits in inactivating mechanisms (as it is supposed to do), or
instead reflects the inherited ability of lymphocytes to present
alkylated peptides and undergo activation-triggered apoptosis.
2 Indeed, a second type of genetic factor that may modify the
susceptibility of subjects to developing immune reactions is the
polymorphism of major histocompatibility complex molecules.
Major histocompatibility complex molecules, also termed human
leukocyte antigen (HLA) molecules in humans, are extremely
polymorphic. Each HLA molecule presents different, largely
non-overlapping sets of peptides [56]. Having one or another
HLA molecule may favour or not favour the presentation of an
alkylated immunogenic peptide. Indeed, drug-induced hepatitis
seemed to occur more frequently in subjects with a particular
HLA molecule: HLA A11 in hepatitis due to halothane, tricyclic
antidepressants or diclofenac; HLA DR6 in hepatitis caused by
chlorpromazine or nitrofurantoin; or HLA B8 in clometacin hep-
atitis [82]. Likewise, cholestatic hepatitis due to the amoxicillin–
clavulanic acid combination mostly occurs in patients with 
the extended DRB1*1501–DRB5*0101–DQB1*0602 HLA hap-
lotype [83,84]. Yet another example is the cholestatic hepatitis due
to tiopronin, which is highly linked to HLA A33, B44 and DR6.

Clinical characteristics of immunoallergic and autoimmune
hepatitis
Whereas a mild, infraclinical humoral immune response may 

be frequent, clinical hepatitis due to immune mechanisms has 
a very low frequency. As in the case of hepatitis due to direct 
toxicity, the frequency of immune-mediated hepatitis may be
influenced by either genetic or acquired metabolic factors, such
as defects in protective mechanisms (see preceding section) or
microsomal enzyme induction.

Immunoallergic hepatitis can be associated with hypersens-
itivity manifestations, such as fever, rash and blood eosino-
philia, and/or with a marked inflammatory cell infiltrate in the 
liver with, sometimes, eosinophils and/or hepatic granulomas.
However, these features are not constant. Their absence in 
an individual patient does not rule out an immunoallergic
mechanism in this patient. In some cases (halothane, tienilic
acid, clometacin, α-methyldopa, diclofenac), the patients’ sera
have been shown to contain antibodies directed against hepatic
neoantigens. A lymphocyte proliferation assay (performed in
the presence of indomethacin to prevent prostaglandin forma-
tion) was reported to be positive in 56% of 95 patients with
drug-induced liver injury, but constantly negative in 106 healthy
control subjects and also negative in 35 patients treated with 
the same drugs as the patients, but without hepatitis [16].
Immunoallergic hepatitis recurs promptly after an inadvertent
drug rechallenge, sometimes after a single tablet.

Cases of ‘autoimmune’ drug-induced hepatitis have related
characteristics. However, hypersensitivity manifestations might
be less frequent, and chronic liver lesions more common, in
autoimmune hepatitis than in immunoallergic hepatitis [26].
Autoantibodies against hepatic proteins are present. Although
corticosteroids have seemed helpful in a few individual cases,
their efficacy remains unproven. First, no controlled trial has
been reported. Second, the mere interruption of the treatment
suppresses the initial stimulus for immunization (i.e. the
modification of self due to the covalent binding of the reactive
metabolite). Withdrawing the treatment is associated with both
a progressive decrease in autoantibody titres and the patient’s
recovery.

Overview of the role of the cytochrome P-450 and
immune systems
Animals are fundamentally xenophobic. They have evolved two
systems to eliminate the xenobiotics contained in the plants 
that they ingest (the hepatic cytochrome P-450 system) and the
microorganisms that attack them (the immune system).

The strategy used by the first system relies on a whole array of
cytochrome P-450s able to metabolize and thereby eliminate
liposoluble xenobiotics (and drugs). Although this system has
the inconvenience of forming reactive metabolites, their adverse
consequences are largely prevented by a host of protective mech-
anisms. Only huge amounts of the xenobiotic, the extensive
metabolism of a particular xenobiotic or genetic or acquired
susceptibility factors will lead to direct toxicity and either apop-
tosis or necrosis. Investigational molecules that would lead to
extensive alkylation of hepatic constituents, and constant hep-
atitis at therapeutic doses, are not marketed. Drugs are released
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for human use only when the alkylation of hepatic constituents
remains below the threshold for liver cell demise, at least in most
recipients. In a few metabolically susceptible patients, however,
this threshold may be exceeded with some drugs, producing
severe hepatitis resulting from direct toxicity.

Most marketed drugs, however, may never reach the thresh-
old for massive liver cell demise, although the threshold for 
mild toxicity may be reached in a few metabolically susceptible
subjects. In most of these subjects, this will just produce a mild,
asymptomatic increase in ALT activity. In a minority of these
few subjects, however, the release of hepatic neoantigens may
interfere with the immune system.

The immune system has evolved to recognize and destroy
microorganisms and/or cells that harbour them. The system is
based on the presentation of peptides on the cell surface and the
recognition of those that are foreign by lymphocytes. A reactive
metabolite that has been formed by cytochrome P-450 and 
has covalently bound to hepatic proteins may be considered as
‘foreign’. The immune system may then apply its programme
for the immunological destruction of the ‘infected’ cells, leading
to drug-induced immunoallergic or autoimmune hepatitis.
These immune reactions may represent the main cause of drug-
induced hepatitis. They may lead to cytolytic, cholestatic or
mixed hepatitis.

Different forms of acute hepatitis

Acute cytolytic hepatitis
Elevated serum transaminase activity is the main hallmark of
acute ‘cytolytic’ hepatitis, reflecting the release of intracellular
enzymes from dying hepatocytes. Other features depend on the
severity of the disease. Indeed, with increasing degrees of liver
cell necrosis, four patterns can be distinguished, each being
characterized by the addition of new symptoms beyond those
already present in milder forms:
1 ‘transaminitis’ (isolated increases in ALT activity, without any
clinical sign);
2 ‘anicteric hepatitis’ (nausea, vomiting, abdominal pain, fever,
anorexia or asthenia, but without jaundice);
3 ‘icteric hepatitis’ (with jaundice, but without encephalopathy);
4 ‘fulminant hepatitis’ (with hepatic encephalopathy). When,
at the same time, the factor V level becomes less than 20% of
normal, the spontaneous prognosis is usually very poor, and
liver transplantation must be considered. This possibility of
severe liver damage is the main concern in this type of drug-
induced liver disease.

Fortunately, these various forms of cytolytic hepatitis do 
not have the same frequency. As a general rule, asymptomatic
increases in ALT activity may be 10 times more frequent than
icteric cases, which may themselves be 10 times more frequent
than fulminant ones. However, the proportion of fulminant cases
may be higher with some drugs (e.g. alpidem or iproniazid).

The clinical features that distinguish cases due to direct toxic-
ity from those involving immune reactions have been described

above in the section dealing with toxic or allergic mechanisms of
acute hepatitis.

A liver biopsy is rarely performed in obvious or mild forms,
but may be useful in difficult, severe cases. The main liver lesion
is hepatocellular necrosis. With some drugs, such as halothane
[5] or paracetamol [85], necrosis is characteristically centro-
lobular. With other agents, such as α-methyldopa [86], however,
liver cell necrosis may have a more diffuse pattern, resembling
that of viral hepatitis. In some cases, macrovacuolar steatosis
may also be present. As in all cases of hepatitis, there is at least
some degree of inflammation. While the inflammatory reaction
may be mild to moderate in hepatitis due to direct toxicity, it
may be extensive in cases due to immune reactions. In the latter 
case, hepatic eosinophils and, sometimes, granulomas may be
present.

The differential diagnosis of acute drug-induced hepatitis
mainly concerns viral hepatitis. The presence of positive IgM
antibodies against the hepatitis A virus (HAV), the hepatitis B
core (HBc) antigen or against the cytomegalovirus (CMV) or
the Epstein–Barr virus (EBV) indicates an acute viral hepatitis.
Because these acute viral infections are limited in time, it is
unlikely that a patient may suffer at the same time from an acute
drug-induced hepatitis. Therefore, the presence of these IgM
antibodies usually suggests that hepatitis is due to HAV, HBV,
CMV or EBV. Hepatitis E should also be considered in patients
returning from a trip to Asia or Africa.

The differential diagnosis can be more difficult in patients
with chronic viral infections, who are not immune to developing
drug-induced liver injury during the very long period of persist-
ing viral presence. The presence of a positive hepatitis B surface
antigen (HBsAg) but negative IgM anti-HBc antibody indicates
either chronic hepatitis B or a carrier state of the HBsAg, and
clearly does not exclude an added episode of drug-induced 
hepatitis. Likewise, in a patient with chronic hepatitis C and
mildly abnormal liver tests at baseline, the sudden deterioration
in liver tests after the introduction of a new treatment and their
improvement after cessation of this treatment indicate drug-
induced liver injury rather than a flare of viral hepatitis.

Another important (and often difficult) differential diagnosis
is the liver ischaemia and centrolobular liver cell necrosis that
may result from a transient decrease in cardiac output and hep-
atic vascular flow. The episode of shock may have been transient
and unrecorded. The diagnosis should be suspected in elderly
patients with cardiac arrhythmias or cardiac failure, particularly
when the liver failure is associated with azotaemia. Careful 
questioning about a possible episode of arrhythmias and/or
shock, and results of the electrocardiogram (ECG), cardiac
ultrasonography and haemodynamic investigations may suggest
the diagnosis, which can be confirmed by a transvenous liver
biopsy. Rapid improvement in liver and kidney function once
the cardiac output is restored is often striking, and represents a
further argument for this diagnosis.

Finally, the passage of a bile duct stone into the intestine may
cause an acute rise in serum transaminase activity during the

TTOC14_01  3/10/07  8:53 AM  Page 1227



1228 14 TOXIC LIVER INJURY

transient episode of acute bile duct obstruction. The possible
occurrence of similar episode(s) in the past, the acute onset of
biliary colic, sometimes with fever and an increased neutrophil
count, and the presence of gallbladder stones on ultrasono-
graphy may suggest the diagnosis. Although dilation of the com-
mon bile duct on ultrasonography would confirm the diagnosis,
the choledochus may no longer be dilated after the stone has
passed into the duodenum.

Acute cholestatic hepatitis
Cholestasis is defined as the failure of bile to reach the duode-
num [87]. In cholestatic hepatitis, the dysfunction is located at
the level of the bile canaliculus (canalicular cholestasis) and/or
small bile ducts (see next section).

Cholestasis often predominates in the centrolobular area
(zone three of the acinus). Histologically, the hepatocytes 
contain brownish bile granules in their cytoplasm, while 
canaliculi are often dilated and also contain brown bile pig-
ment material. In cholestatic hepatitis, there must be some
degree of portal inflammation (hence the term hepatitis), and
liver necrosis should be either absent or very mild. Should
inflammation be absent, the condition should be classified,
instead, as ‘pure (bland) cholestasis’. Should liver necrosis be
more prominent, the liver injury should be referred to as ‘mixed
hepatitis’.

The full-blown clinical picture of cholestasis consists of jaun-
dice and pruritus, with pale stools and dark urine. In mild forms,
however, jaundice and even pruritus are lacking, and only the
biochemical abnormalities are present. A first biochemical con-
sequence of cholestasis is an increased plasma concentration of
bile constituents such as conjugated bilirubin and bile acids.
There is also increased synthesis and transfer into the blood of
canalicular membrane enzymes, such as alkaline phosphatase
and γ-glutamyltransferase [87]. In addition, there may be some
leakage of cellular enzymes, such as aminotransferases, whose
activity may be slightly increased in the serum. Ultrasonography
and radiology show a normal biliary tree in this intrahepatic
form of cholestasis.

Hypersensitivity manifestations such as fever, rash or blood
eosinophilia are often present, consistent with an immune
mechanism for this drug-induced disease. Indeed, several drugs
producing cholestatic hepatitis are known to be transformed
into reactive metabolites (Table 4) that probably lead to immu-
nization. Which antigens may be involved in these cholestatic
cases remain totally unknown, however. Abdominal pain and a
tender liver may also occur in drug-induced cholestatic hepatitis,
and this may confuse the diagnosis.

Indeed, the main differential diagnosis of drug-induced
cholestatic hepatitis is jaundice due to biliary obstruction. In the
past, several patients who presented with abdominal pain and
fever, followed by jaundice and pruritus, have been operated
upon with an erroneous clinical diagnosis of choledocholithiasis.
Nowadays, however, the recourse to ultrasonography in all cases
of cholestasis makes this distinction much easier and avoids

unnecessary surgical exploration. Endoscopic ultrasonography
and/or magnetic resonance cholangiography may also be useful
in difficult cases.

A second differential diagnosis is with the rare, but possible,
cholestatic forms of viral hepatitis, particularly hepatitis A. Viral
hepatitis is detected by the viral serologies. Alcoholic hepatitis
may also present as cholestasis in some rare cases. Questioning
of the patient and his/her family, clinical stigmata of alcoholism,
an increased mean corpuscular volume, a predominance of
aspartate aminotransferase (AST) over ALT elevation and a
markedly enlarged liver will suggest the diagnosis, confirmed by
a liver biopsy.

Acute cholestatic hepatitis with cholangiolitis and
cholangitis
After having been secreted by the hepatocytes into the bile
canaliculus (a space between two adjacent hepatocytes), and
after having flowed through this canalicular network towards
the periphery of the lobule, bile then enters the bile ductules 
(or cholangioles), which are lined by flat epithelial cells. Bile is
then collected by the portal (interlobular) bile ducts lined by
columnar ductal cells [87].

Some cases of cholestatic (or mixed) hepatitis are associated
with acute lesions of bile ducts and ductules. It is probable that,
in the past, these lesions have been neglected in many short
reports of cholestatic hepatitis. These bile duct lesions should 
be explicitly mentioned in case reports, because they may con-
tribute to the pathogenesis of some cholestatic episodes and may
help to explain the subsequent development of the vanishing
bile duct syndrome in a few patients.

‘Cholangiolitis’ refers to inflammation of the ductules and 
is characterized by ductular proliferation, with oedema and
infiltration by polymorphonuclear leukocytes in and around 
the ductules [87]. ‘Cholangitis’ refers to oedema and acute
inflammatory changes in and around the portal bile ducts [87].
Cholangitis is the prominent lesion and is generally associated
with cholangiolitis. In some cases, the lesions are marked. The
bile ducts are dilated, and the epithelial cells are swollen or
necrotic. The inflammatory infiltrate is usually polymorphic and
contains lymphocytes, neutrophils and, sometimes, eosinophils
[87].

The mechanism for acute cholangiolitis and cholangitis is
unknown. However, the presence of eosinophils in the inflam-
matory infiltrate and the association with granulomas in several
patients, as well as the frequent association with hypersensitivity
manifestations, all suggest an immune mechanism [87].

The outcome of drug-induced cholangitis is generally good,
with recovery occurring rapidly after discontinuation of the
causative drug. However, in a few patients, cholestatic hepatitis
may be followed by prolonged cholestasis due to the vanishing
bile duct syndrome, as discussed further on.

Acute cholangiolitis and cholangitis have been observed
mainly after the administration of ajmaline, the amoxicillin–
clavulanic acid combination, flucloxacillin, chlorpromazine,
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carbamazepine and propoxyphene (dextropropoxyphene) [87].
Occasional instances have occurred with other drugs (Table 5).

Mixed hepatitis
Mixed hepatitis is characterized by the presence of both
cholestasis and mild hepatocellular liver injury in the same
patient. When necrosis is extensive, such cases should be
classified as cytolytic hepatitis, even when there is some associ-
ated cholestasis. Accordingly, clinical and biochemical signs of
mixed hepatitis are variable combinations of those of cholestatic
hepatitis and mild hepatocellular damage.

Granulomatous hepatitis
Small rounded foci of epithelioid cells and round cells with, at
times, multinucleated giant cells are present in the liver [88].
These drug-induced hepatic granulomas are always non-caseous.
They may be surrounded by eosinophils. Granulomas may be
located in the portal tract, the lobule or both.

The term granulomatous hepatitis should be reserved for
cases in which hepatic granulomas are the main liver lesion, 
as in some cases of hepatitis due to allopurinol, carbamazepine,
hydralazine, penicillin, phenylbutazone, quinidine or sulpho-
namides. When hepatic granulomas are just an epiphenomenon
in the context of severe liver cell necrosis, as in some cases of
hepatitis due to halothane or α-methyldopa, these cases must 
be classified as cytolytic hepatitis (with hepatic granulomas).
Similarly, when granulomas accompany both liver cell necrosis
and cholestasis, as in some cases of hepatitis due to allopurinol,
phenylbutazone, quinidine or sulphonamides, the liver disease
should be classified as mixed hepatitis (with hepatic granulomas).

Pure granulomatous hepatitis may be silent or sometimes
announced by general symptoms, pruritus, mild icterus and 
an enlarged liver. Serum alkaline phosphatase activity may 
be increased. Drugs causing hepatic granulomas are listed in
Table 6 [88].

Outcome of acute drug-induced hepatitis

Outcome of cytolytic hepatitis
If not already dying (or transplanted) because of fulminant 

hepatitis, patients with drug-induced cytolytic liver injury usu-
ally recover quickly after withdrawal of the offending drug. In
severe cases, however, it is not unusual for serum transminases 
to continue to rise for 1 or 2 weeks before deceleration finally
occurs. Furthermore, some patients with hepatitis due to iproni-
azid or tienilic acid have continued to worsen despite discontin-
uation of the treatment. With these two drugs, there are specific
autoantibodies directed against normal cell constituents [14,65].

Ajmaline Etretinate Gold salts

Amitriptyline Glibenclamide Hydralazine

Amoxicillin–clavulanic acid Chlorothiazide Interleukin-2

Ampicillin Chlorpromazine Methahexamide

Allopurinol Chlorpropamide Methytestosterone

Azathioprine Clometacin d-Penicillamine

Barbiturates Dantrolene Propoxyphene (dextropropoxyphene)

Candesartan cilexetil Diazepam Sulindac

Carbamazepine Difetarsone Troleandomycin

Cefoperazone

aAdapted from Larrey D, Michel H (1993) Drug-induced biliary tract pathology. Gastroenterol Clin Biol 17,

H59–65.

Table 5 Main drugs causing acute
intrahepatic duct lesions.a

Table 6 Main drugs causing hepatic granulomas.a

Allopurinol Enflurane Penicillamine

Amiodarone Estroprogestatives Perhexiline

Amoxicillin–clavulanic acid Feprazone Phenazone

Aprindine Flucloxacillin Phenindione

Aspirin Fluconazole Phenprocoumon

Azathioprine Flumequine Phenylbutazone

Bacillus Calmette–Guérin Glibenclamide Phenytoin

Carbamazepine Glyuride Piroxicam

Carbimazole Gold salts Prajmaline

Carbutamide Halothane Procainamide

Cephalexin Hydralazine Procarbazine

Chlorpromazine Isoniazid Quinidine

Chloroquine Ketoconazole Quinine

Chlorpropamide Lovastatin Ranitidine

Clindamycin Mesalazine Saridon

Clofibrate Methimazole Sulphadiazine

Co-trimoxazole Methotrexate Sulphadimethoxine

Cromoglycic acid Methyldopa Sulphadoxine

Cyclofenil Minocycline Sulphamethoxazole

Dapsone Naproxen Sulphanilamide

Diazepam Nitrofurantoin Sulphathiazole

Diclofenac Nomifensine Sulphasalazine

Dicloxacillin Ofloxacin Tacrine

Difebarbamate Oxacillin Ticlopidine

Diflunisal Oxyphenbutazone Tocainide

Diltiazem Papaverine Tolbutamide

Disopyramide Penicillin Troglitazone

aAdapted from Vial T, Descotes J (1993) Drug-induced granulomatous

hepatitis. Gastroenterol Clin Biol 17, H44–48, and from the ‘Hepatox’

compilation of Michel Biour (www.e-drugnews.com/index.cfm).
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Conceivably, removal of the initiating drug may not stop such
autoimmunity immediately.

When the administration of the offending drug is continued,
the outcome is variable:
• In some patients, particularly those with only mild liver test
abnormalities, a progressive return to normal values can occur
despite continued drug administration, indicating adaptive
changes.
• However, in other patients, cytolytic hepatitis worsens instead,
possibly leading to fulminant or subfulminant hepatitis.
• Finally, the cytolytic liver injury may not worsen in severity,
but may persist for a prolonged period of time, thus possibly
leading to the development of chronic liver disease, as discussed
further on.

Outcome of granulomatous, mixed or cholestatic
hepatitis
Hepatitis usually has a good prognosis. In a few cases of
cholestatic hepatitis, however, cholestasis may persist for several
years after discontinuation of the offending drug (see ‘Prolonged
cholestasis’ below).

Drugs causing acute hepatitis

Many drugs may cause acute hepatitis, but only the most 
commonly involved drugs (either because they are frequently
hepatotoxic or because they are widely used) are discussed indi-
vidually below.

Acebutol
Six cases of hepatitis possibly due to this β-adrenergic receptor
antagonist had been reported to the United States Food and
Drug Administration in 1988. Hepatitis exhibited a hepatocellu-
lar or mixed pattern, and was usually associated with fever. 
Two patients were rechallenged, with recurrence within 2 days,
suggesting an immune mechanism.

Acitretin
This aromatic retinoid is the non-esterified analogue (and 
a metabolite) of etretinate. Like etretinate, it is teratogenic.
Pregnancy must be avoided during and long after its administra-
tion, owing to its prolonged retention in the body. As with 
etretinate, monitoring of liver function tests is advised. Acitretin
may increase ALT activity in 17% of recipients, and a few cases of
clinical hepatitis have been observed [5].

Ajmaline
Jaundice has occurred after 8–16 days of treatment with this
antiarrhythmic agent [89]. Chills, fever and abdominal pain
often preceded icterus, simulating obstructive jaundice [89].
Eosinophilia was frequent, and the presumed mechanism was
immunoallergy. Although jaundice usually subsided within 3
months after cessation of treatment, prolonged cholestasis 
due to rarefaction of bile ducts occurred in some patients, as 

discussed in a subsequent section. The drug has been abandoned
in many countries.

Alpidem
Alpidem has been recalled because of its hepatotoxic potential.
Although cytolytic hepatitis was not frequent, it often had a
severe, subfulminant course leading to liver transplantation or
death. This peripheral benzodiazepine ligand may favour mito-
chondrial permeability transition [90].

Allopurinol
Allopurinol can occasionally cause liver injury, particularly 
in those receiving diuretics or those with compromised renal
function [91]. Hepatitis mostly occurs during the first month of
treatment. The liver injury is predominantly hepatocellular.
Fulminant hepatitis is possible. Hepatic granulomas are observed
in about 50% of cases. These granulomas, and the frequent
occurrence of fever, rash and eosinophilia (both peripheral and
hepatic), suggest an allergic mechanism.

Amineptine
This tricyclic antidepressant caused 80% of the cases of hepatitis
due to tricyclic antidepressants in France, and is no longer mar-
keted. Amineptine produced two types of liver injury: the most
frequent type was mixed or cholestatic hepatitis. The disease was
sometimes associated with fever and blood eosinophilia, and
promptly recurred after a rechallenge, suggesting an immune
mechanism. Amineptine is activated into a reactive metabolite,
which is efficiently detoxified by glutathione and does not lead
to direct toxicity. Presumably, the metabolite caused immuno-
allergic hepatitis in some subjects.

In a few patients receiving amineptine, the liver lesion has
been that of microvesicular steatosis. This may be due to inhibi-
tion of mitochondrial β-oxidation by the heptanoic side-chain
of amineptine, as discussed further on.

Amitriptyline
Like other tricyclic antidepressants, amitriptyline may be trans-
formed into a chemically reactive metabolite. It causes mixed
hepatitis, usually with a marked necrotic component [92].
Hypersensitivity manifestations are seen in some patients 
[92].

Amodiaquine
This antimalarial drug can cause hepatocellular jaundice and
fulminant hepatitis [93]. It is not clear whether hepatitis is due
to direct toxicity, immunoallergy or possibly both (in different
patients). Amodiaquine undergoes auto-oxidation into a reac-
tive quinoneimine.

Amoxicillin–clavulanic acid
Although the risk of developing significant hepatic injury may
be less than 1 in 100 000 patients treated with the amoxicillin–
clavulanic acid combination, this is a frequent cause of
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cholestatic hepatitis, because of the large number of prescrip-
tions. Cholestatic hepatitis affects mainly elderly males [94]
and/or subjects with a particular HLA haplotype [83,84].
Prolonged treatment for 10 days or more is a predisposing 
factor, and symptoms can appear 1–4 weeks after treatment has
been stopped [94]. Some patients have eosinophilia and/or low
titres of antismooth muscle, antinuclear or antimitochondrial
antibodies [94]. Acute cholangiolitis is frequent [95].

Because the readministration of amoxicillin alone has been
well tolerated, it is thought that the drug combination (probably
the clavulanic moiety) is responsible [5]. In performing such
rechallenges, however, one must be aware that amoxicillin given
alone also has the potential to produce cholestasis, including the
vanishing bile duct syndrome.

Aspirin
Hepatitis resulting from aspirin occurs after one to several weeks
of treatment, and is due to the dose-related toxicity of salicylate
[96]. Salicylate levels higher than 25 mg/dL frequently lead 
to hepatic injury, while levels lower than 15 mg/dL rarely do
[96]. Hepatic injury is often silent, or at least anicteric; liver 
histology shows ballooning and focal necrosis. However, a few
severe cases, with hepatic encephalopathy, have been described
[96].

Utilization of aspirin during viral infections favours the 
secondary development of Reye syndrome in children (see
‘Steatosis’) [97].

Azathioprine
During its thiolysis to 6-mercaptopurine, azathioprine depletes
hepatic glutathione, and it causes mitochondrial permeability
transition, ATP depletion and necrosis in cultured rat hepato-
cytes [98]. Azathioprine can cause cholestatic jaundice. Seven
renal transplant recipients developed jaundice 33–88 months
after starting azathioprine, together with low doses of glucocor-
ticoids [99]. Centrolobular cholestasis was associated with fatty
liver in five of these seven patients, and with sinusoidal dilation
in three. Clinical and laboratory manifestations disappeared
within 1 month of stopping azathioprine. Reintroduction of
azathioprine in three patients led to recurrence within 1 month
[99]. The drug also produces a variety of vascular lesions, and
might also trigger cancer, as discussed further on.

Benoxaprofen
This NSAID had to be withdrawn because of its hepatotoxic and
nephrotoxic potential, mainly in elderly females [4]. Hepatitis
was mixed. Benoxaprofen may be transformed into a reactive
metabolite.

Benzarone and benzbromarone
These two structurally related drugs impair mitochondrial func-
tion [100]. Benzarone can cause cytolytic hepatitis, chronic
active hepatitis and cirrhosis [101]. Benzbromarone can also
cause hepatocellular liver injury.

Bromfenac
This NSAID was removed from the market because of its 
potential to cause severe cytolytic hepatitis.

Captopril
In one review, 14 cases of jaundice were reported after the
administration of captopril, an angiotensin-converting enzyme
inhibitor. Fever, rash, and eosinophilia were common. Nine
cases were classified as cholestatic, four as mixed, and one as
hepatocellular. Another report cites nine cases of hepatocellular
injury, including two deaths.

Carbamazepine
This anticonvulsant drug may produce hepatitis within the 
first 6 weeks of treatment. Hepatitis is mixed, and there may 
be acute cholangitis. The possible occurrence of fever, rash,
eosinophilia, pancytopenia, agranulocytosis, thrombocytopenia,
lymphadenopathy and hepatic granulomas, as well as the
prompt recurrence upon rechallenge, all suggest an allergic
mechanism. Carbamazepine is transformed into the stable
10,11-epoxide, but also into several other (probably unstable)
epoxides.

Carbimazole
This antithyroid drug is metabolized into methimazole and pro-
duces mixed, mostly cholestatic, hepatitis, sometimes with bile
duct damage. The liver injury occurs within the first 6 weeks of
treatment. It may be associated with fever and blood eosino-
philia, and may recur immediately upon rechallenge.

Chlordiazepoxide
Hepatitis occurs within the first 6 weeks of treatment with chlor-
diazepoxide. This benzodiazepine mainly causes cholestatic
jaundice, although a few cases of mixed or even cytolytic hepatitis
have also occurred.

Chlorpromazine
Chlorpromazine was one of the first drugs known to cause
cholestatic hepatitis [4]. Jaundice and pruritus usually occur
within the first 5 weeks of therapy [4]. Serum alkaline phos-
phatase values are markedly elevated (more than three- or 
fourfold) in 50–70% of cases, whereas aminotransferases are
moderately increased. Serum cholesterol is frequently augmented.

Prodromal signs, with fever or influenza-like symptoms, 
nausea or vomiting, and abdominal pain occur in 70–80% of
cases. The syndrome may mimic extrahepatic obstruction, and 
a number of patients have been subjected to laparotomy [102].
However, signs of hypersensitivity (fever, eosinophilia) occur 
in up to 70% of patients, and a skin rash is reported in 3–
5%. Antinuclear antibodies are found in 40% of cases [4].
Ultrasonography shows a normal biliary tree. The typical 
histological picture includes cholestasis with relatively little 
hepatocellular injury and a marked portal inflammatory 
infiltrate [102]. Eosinophils are seen in 25–50% of cases.
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Cholangiolitis occurs in approximately 25% of cases, with
infiltration of cholangioles with neutrophils and eosinophils
[102].

Approximately one-third of patients recover within 4 weeks
after cessation of treatment, and another third in 4–8 weeks. The
remainder may have a more prolonged course, and prolonged
cholestasis and even biliary cirrhosis may ensue, as discussed
further on. Treatment is symptomatic. Corticosteroids do not
influence the course.

Chlorpromazine may form reactive metabolites, and this
might lead to metabolite-mediated immunoallergic hepatitis.
Cross-sensitivity between chlorpromazine and several other
phenothiazines has been observed [102].

Chlorpropamide
Chlorpropamide is rarely used nowadays because this long-
acting hypoglycaemic agent sometimes causes severe and pro-
longed hypoglycaemia. It has been responsible in the past for
several cases of mixed (mainly cholestatic) hepatitis, presumably
due to immunoallergy [5].

Cimetidine
Asymptomatic increases in serum transaminase activity have
been observed in a few patients on cimetidine, and a few cases 
of mixed hepatitis have been published. Hypersensitivity mani-
festations (fever, rash) and a prompt recurrence on rechallenge
may suggest an allergic mechanism, at least in some patients.

Ciprofloxacin
Ciprofloxacin administration can cause cholestatic hepatitis,
sometimes with ductopenia. It may also cause cytolytic hepatitis,
which can be severe. Ciprofloxacin may poison mitochondrial
topoisomerase II and cause double-stranded mitochondrial
DNA breaks and mitochondrial DNA depletion in vitro [103].
Ciprofloxacin may also cause permeabilization of lysosomes,
thus triggering conformational changes in Bax and Bak, mito-
chondrial permeability transition and apoptosis [104].

Clofibrate and other fibrates
Mild and often transient increases in serum ALT levels, usually
without any clinical manifestations, can occur in patients on
clofibrate. In some patients, the serum transaminase elevation
may be part of a myalgia syndrome (with elevated serum crea-
tine kinase). Clofibrate causes hepatomegaly and peroxisomal
proliferation in rodents. Hepatomegaly might also occur in
humans but without peroxisomal proliferation. Clofibrate
administration also increases the saturation of bile and the 
incidence of gallstones.

The same types of effects may be observed with bezafibrate,
fenofibrate and gemfibrozil. Although several cases of chronic
liver injury and cirrhosis have been ascribed to the admini-
stration of fenofibrate and ciprofibrate, a difficulty is that the
prescription of these drugs in patients with dyslipidaemia
and/or the metabolic syndrome makes it difficult to distinguish

between drug-induced and steatohepatitis-related chronic liver
disease.

Clometacin
This analgesic was a frequent cause of cytolytic hepatitis in
France, particularly in elderly females [105]. Clometacin also
caused chronic hepatitis and cirrhosis [105]. Occurrence of
fever, rash, eosinophilia, thrombocytopenia, interstitial nephritis,
antismooth muscle and antidouble-stranded DNA autoanti-
bodies, and the frequency of the HLA B8 antigen in affected
patients, all suggested an allergic mechanism [105]. The drug is
no longer used in France.

Clozapine
This neuroleptic has transformed the life of some schizophrenic
patients, and is maintained despite its propensity to produce
agranulocytosis and the need for frequent monitoring of the
haemogram. Clozapine also increases ALT activity in 4–30% 
and can cause severe cytolytic hepatitis [106]. Clozapine is 
transformed into a reactive metabolite by hepatic cytochrome 
P-450 [107].

Cocaine
In 1991, it was estimated that 22 million Americans had used
cocaine at least once, and that 5 million used it regularly. Fifteen
per cent of hospitalized, non-parenteral cocaine users presented
with mild elevations in liver enzymes. Acute cocaine intoxica-
tion may also lead to a severe syndrome that typically associates
hyperpyrexia, hypotension, disseminated intravascular coagu-
lation, acute renal failure, rhabdomyolysis and severe hepatic
dysfunction. In these patients, massive increases in ALT act-
ivity occur within the first 48 h after admission, and liver 
lesions consist of both pericentral coagulative necrosis and 
periportal microvesicular steatosis. Although both hypoten-
sion and hyperthermia may participate in the pathogenesis of
these lesions, a direct toxicity of cocaine has been demon-
strated in several in vitro studies [108]. Cocaine is transformed
by cytochrome P-450 into norcocaine, which is further oxidized
to N-hydroxynorcocaine, norcocaine nitroxide and norcocaine
nitrosonium ion. These metabolites may cause an oxidative
stress and lipid peroxidation in hepatocytes [108]. In animals,
toxicity is enhanced by cytochrome P-450 inducers, such as 
phenobarbital or ethanol, and is prevented by cytochrome 
P-450 inhibitors [108]. Extensive formation of reactive oxygen
species may trigger mitochondrial permeability transition, 
caspase activation and apoptosis in cocaine-treated rat 
hepatocytes.

Co-trimoxazole (trimethoprim and
sulphamethoxazole)
This frequently used antibacterial drug combination can 
cause an immunoallergic, cytolytic hepatitis, sometimes associ-
ated with pancreatitis. In one case, phospholipidosis was also
present.
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Cyproterone acetate
This synthetic steroid, which is used in oral contraceptives and
antiandrogen formulations, may produce minor abnormalit-
ies in liver function tests. However, in several elderly patients
treated for either prostatic or breast cancers, it has instead pro-
duced fulminant hepatitis without clinical or biochemical 
manifestations of hypersensitivity. The drug might also cause
hepatocellular carcinomas.

Dantrolene
Prolonged administration of dantrolene increased serum
transaminase activity in 1–8% of recipients, and produced 
jaundice in 0.6% [109]. The injury was mainly cytolytic, with a
pattern of acute, subacute or chronic hepatitis and a fatality rate
of 28% [109]. Hypersensitivity manifestations were uncommon.

Dapsone
This antileprosy drug is also used in dermatis herpetiformis and
in the treatment of Pneumocystis carinii infections in patients
with the acquired immunodeficiency syndrome (AIDS). Like
other sulphonamides, the drug may be detoxified by acetylation
of its NH2 groups. As there are two such groups in dapsone,
however, both the parent compound and monoacetyldapsone can
be oxidized by cytochrome P-450 to hydroxylamine derivatives
that can cause methaemoglobinaemia. Hyperbilirubinaemia due
to haemolysis may occur. Dapsone may also cause cholestatic 
or hepatocellular jaundice, which may be part of the ‘sulphone
syndrome’ consisting of fever, malaise, hepatic necrosis, exfoli-
ative dermatitis, lymphadenopathy, methaemoglobinaemia and
haemolytic anaemia [110].

Diclofenac
Diclofenac is among the most widely used anti-inflammatory
drugs worldwide. Owing to this enormous use, several hundreds
of cases of hepatitis have been observed, although the frequency
of hepatitis does not appear to be particularly high [111].
Hepatitis due to diclofenac can sometimes be mixed or
cholestatic, but is most usually hepatocellular, with a few cases of
fulminant hepatitis [111]. Hypersensitivity manifestations have
been observed in a few patients, but are relatively uncommon.
Being an acidic compound, diclofenac uncouples mitochondrial
respiration, which can favour mitochondrial permeability tran-
sition [20]. Diclofenac is also transformed by cytochrome P-450
into several reactive metabolites, and its administration elicits
antidiclofenac–protein adduct antibodies [75]. It is suspected
that various combinations of direct toxicity and immune reac-
tions may trigger diclofenac-induced hepatitis in different
patients.

Dihydralazine
Dihydralazine hepatitis occurs a few weeks to several months
after the onset of treatment with this antihypertensive drug
[112]. Slow acetylators are at increased risk of developing 
hepatitis [67]. Hepatitis is hepatocellular. It may be associated,

in a few cases, with fever or blood eosinophilia, and may recur
quickly after an inadvertent drug rechallenge. Dihydralazine-
induced hepatitis is associated with antimicrosomal antibodies
directed against the cytochrome P-450 1A2 isoenzyme, which
transforms dihydralazine into reactive radicals [66,67].
Antismooth muscle, antimitochondrial and antimicrosomal
autoantibodies have also been observed.

Disulfiram
Use of this drug in alcoholics has long delayed recognition of its
hepatotoxicity. However, disulfiram-induced liver injury has
also occurred in non-alcoholic patients and, furthermore, the
role of disulfiram has been proven by rechallenge in alcoholic
patients [3]. Disulfiram is widely used in some countries and 
was the fourth leading cause of drug-induced liver injury in
Denmark. Disulfiram has caused abnormal liver biochemistry in
25% of recipients during the first weeks of treatment [3], sug-
gesting some direct toxicity. However, clinically relevant liver
cell necrosis occurs in only a few subjects. The onset is usually
within the first 2 months of treatment, but may be more delayed.
Disulfiram hepatitis is usually hepatocellular, and more than 15
cases of fulminant hepatitis have been reported [114]. There is a
mixed cell infiltrate, usually including eosinophils. Although
extrahepatic hypersensitivity manifestations are usually absent,
this eosinophilic infiltrate, and the prompt and exaggerated
response after rechallenge, may suggest an immune mechanism,
at least in some patients.

In mitochondria, the disulphide bridge of disulfiram is split
by two reduced glutathione (GSH) molecules, thus forming
GSSG, which in turn consumes NAD(P)H during its secondary
reduction [113]. The oxidation of NAD(P)H and GSH may
favour mitochondrial permeability transition, which triggers
cell death [113]. Disulfiram also covalently binds to proteins. 
As in many other examples, some mild direct toxicity may
favour immunization, which may trigger severe immunoallergic
hepatitis in a few patients.

‘Ecstasy’ (3,4-methylenedioxymethamphetamine)
This illicit, synthetic amphetamine derivative, known as ‘ecstasy’,
is increasingly used as a recreational drug. In vitro, ecstasy can
release mitochondrial cytochrome c and can trigger caspase-3
activation, DNA fragmentation and apoptosis in cultured rat
liver cells. Its recreational use in humans, combined with vigor-
ous exercise at all-night dance sessions, can produce a syndrome
reminiscent of that caused by cocaine intoxication, with hyper-
thermia, hypotension, disseminated intravascular coagulation,
rhabdomyolysis, acute renal failure, acute hepatic failure and
death. Ecstasy-induced liver injury can also present independ-
ently, a few days to 4 weeks after ingestion of the drug, as mixed
hepatitis in young patients. Ecstasy use should be specifically
sought in all young patients with ‘unexplained’ jaundice.

Enalapril
Like captopril, this angiotensin-converting enzyme inhibitor
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infrequently produces mixed hepatitis. One reversible icteric
case was initially associated with ductopenia.

Enflurane
Hepatitis caused by this volatile anaesthetic closely resembles
halothane hepatitis [115]. Like halothane, enflurane is trans-
formed into reactive acyl halide metabolites that can lead to
immunoallergic hepatitis.

Erythromycins
Not only erythromycin estolate [116], but also erythromycin
ethylsuccinate, erythromycin propionate, clarithromycin and
roxithromycin, may all cause hepatitis. Hepatitis occurs mainly
during the first 2 weeks of treatment. The condition is frequently
associated with abdominal pains (80%), fever (60%) and
eosinophilia (45–80%) [117]. Hepatitis is usually cholestatic 
or mixed, and usually has a good prognosis [118]. However, ful-
minant hepatitis is possible, particularly after the administration
of clarithromycin.

The liver injury often recurs within 24–48 h after rechallenge
with the same erythromycin derivative [117]. It may or may not
recur after the administration of another erythromycin derivat-
ive [117]. The erythromycins are demethylated and oxidized by
cytochrome P-450 into nitrosoalkane metabolites in rats and
humans. These unstable, electrophilic intermediates may react
with the SH group of glutathione or cysteine, and may bind
covalently to proteins. This might lead to immunization in some
patients [119]. The antigenic targets remain unknown, however.

Etretinate
Like acitretin, this aromatic retinoid is used in the treatment of
psoriasis. Like acitretin, it is teratogenic, and pregnancy must be
avoided during, and long after, its administration (its half-life is
120 days). It is also hepatotoxic, and liver function tests must be
monitored [3]. The drug produces liver function test abnormal-
ities in up to 10–25% of subjects and has been responsible for
several cases of severe liver cell necrosis. Fever may be present in
some cases, and the inflammatory infiltrate of portal tracts may
contain eosinophils. Positive rechallenges to small doses of
etretinate have been observed. Owing to the drug’s long half-life,
features of hepatitis can appear and/or the patient’s condition
may deteriorate after discontinuation of treatment, with the
possible development of chronic hepatitis and cirrhosis.
Corticosteroids have seemed helpful in some of these deteriorat-
ing cases.

Felbamate
This antiepileptic drug, which is transformed into reactive meta-
bolites, causes rather frequent cytolytic hepatitis in addition to
severe aplastic anaemia [120]. Its use is restricted to patients
whose seizures are not prevented by safer antiepileptic drugs.

Fipexide
This cognition activator is proposed in asthenia and memory

disorders. The drug has produced fulminant hepatitis in three
patients.

Flucloxacillin
The hepatotoxicity of flucloxacillin is reminiscent of that of 
the amoxicillin–clavulanic acid combination. Flucloxacillin is 
a frequent cause of cholestatic hepatitis, not because of a high
frequency of this adverse effect, but because of the wide use of
this antibiotic in some countries. Older patients and those
receiving the drug for longer than 2 weeks are at increased risk.
In a series of 11 cases, symptoms mainly appeared within 10–30
days after starting the drug [121]. Four of these patients had
cholangitis or cholangiolitis [121]. Although the outcome of
flucloxacillin-induced hepatitis is usually favourable, prolonged
cholestasis due to the vanishing bile duct syndrome can occur in
a few patients. In hepatocytes, flucloxacillin may be transformed
by cytochrome P-450 3A into a metabolite toxic to bile duct cells
[122]. A hypothetical mechanism for hepatitis could be that this
metabolite may be eliminated into bile and may then covalently
bind to the proteins of bile duct cells, to trigger both direct toxic-
ity and immune reactions.

Flutamide
This nitroaromatic antiandrogen is used in the treatment of
prostate cancer. It is transformed by cytochrome P-450 into
reactive metabolites [43], and can cause cytolytic hepatitis,
including a few cases of fulminant hepatitis.

Glafenine
This analgesic has produced hepatocellular jaundice in a few
patients [3]. This adverse effect and other allergic manifestations
have led to its recall.

Gold salts
Intrahepatic cholestasis is a rare complication of gold salt 
therapy [123,124]. Jaundice occurs within 5 weeks of the first
administration of the various gold salts used in therapy [123]. 
It may mimic extrahepatic obstruction, and several patients have
had surgery [123]. However, hepatitis may be associated with
proteinuria, rash and eosinophilia, and ultrasonography shows 
a normal biliary tree. Cholestasis is predominantly centrolobu-
lar. Its recovery may take several months. One case associated
with cholangitis and later followed by ductopenia and pro-
longed cholestasis has been reported. Although gold salts mainly
cause cholestatic hepatitis, cases of mixed or cytolytic acute 
hepatitis and chronic hepatitis have also been reported.

Haloperidol
Although mild increases in alkaline phosphatase activity may
occur in 70% of users, symptomatic cases have been infrequent.
Fever, jaundice and sometimes blood eosinophilia appeared
within 5 weeks of starting the treatment [4]. The disease is
mainly cholestatic, although mild necrosis is often associated,
and one case of mainly cytolytic hepatitis has been reported.
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Halothane
Halothane accounted for 25% of the cases of drug-induced 
hepatitis reported to the Danish committee on adverse drug
reactions between 1978 and 1987. Halothane is transformed by
cytochrome P-450 via both an oxidative and a reductive path-
way. Both pathways lead to reactive metabolites. The reductive
pathway produces a reactive radical (CF3·CHCl) which, under
special conditions (usually microsomal enzyme induction 
plus hypoxia), may lead to direct hepatotoxicity in animals.
Conceivably, this toxic mechanism may also explain the silent
increase in transaminase activity seen in a number of human
recipients.

The oxidative pathway forms a reactive acyl chloride
(CF3COCl), which binds covalently to hepatic proteins, includ-
ing plasma membrane proteins. These trifluoroacetylated 
proteins can lead to immunization and to the severe form of
hepatitis seen in exceptional subjects.

This severe form of hepatitis has all the characteristics of an
allergic phenomenon [5]:
1 It is extremely uncommon (1/10 000) after a first anaesthesia
and occurs within 2 weeks of this first procedure.
2 Jaundice is more frequent (7/10 000) after a repeated expo-
sure and occurs sooner. The mean interval between exposure
and onset of jaundice is 12 days after a first exposure, 7 days after
a second and 5 days after a third exposure [5].
3 Jaundice is frequently associated with fever (75%) and
eosinophilia (40%).
4 Sera from patients with severe halothane hepatitis contain
antibodies against trifluoroacetylated plasma membrane pro-
teins [58].

Halothane hepatitis is hepatocellular in type, and may lead to
fulminant hepatitis requiring transplantation. Prevention may
be obtained by using isoflurane (which may cause hepatitis, but
less frequently) or by avoiding repeated exposure to halothane,
particularly at short intervals [125]. These precautions are not
always adhered to, and halothane hepatitis is still a problem in
some countries, including France.

Hydralazine
Hydralazine forms reactive free radicals. This antihypertensive
drug may cause hepatocellular jaundice [126]. Fever, rash,
eosinophilia and, at times, hepatic granulomas may be seen in
some patients.

Imipramine
Administration of imipramine may cause jaundice, usually
within the first 2 months of treatment. Hypersensitivity mani-
festations (fever, rash, eosinophilia) are seen in some patients.
Hepatitis is usually mixed, although either the cholestatic or 
the necrotic component may predominate in some patients [4].
Prolonged cholestasis and progressive hepatic fibrosis have 
been reported following imipramine therapy. Imipramine is
transformed into a reactive metabolite, possibly leading to
immunoallergic hepatitis.

Iprindole
This antidepressant may cause mixed (mostly cholestatic) liver
injury within the first 3 weeks of treatment.

Iproniazid
Although withdrawn from clinical use in the USA, iproniazid is
still used in some countries, including France. The drug may
lead to cytolytic jaundice, which occurs mainly during the first 
3 months of treatment [127]. Interestingly, hepatitis may start 
4 weeks after the discontinuance of iproniazid [127]. Although
interruption of the treatment led to recovery in 80% of affected
patients, in the remainder, however, the disease continued to
progress, eventually leading to death [127]. Iproniazid hepatitis
is usually associated with a particular antimitochondrial auto-
antibody, the anti-M6 autoantibody [128]. Iproniazid is trans-
formed by cytochrome P-450 into the reactive isopropyl 
radical, which binds covalently to hepatic proteins. Iproniazid is
also activated into reactive metabolites by the mitochondrial
monoamine oxidase (MAO), and this may account for the
development of the anti-M6 autoantibodies, which are directed
against MAO B [14]. Whether these autoantibodies have a
pathogenic role remains to be determined. However, an auto-
immune component might explain the possible progression of
the disease despite discontinuance of the treatment [129].

Isoniazid given alone or in combination with
rifampicin
Isoniazid given alone increases serum transaminase activity in
10% of patients, and causes clinical hepatitis in 1% [130]. The
peak incidence of hepatitis occurs during the second month 
of therapy [130]. Hepatitis is cytolytic, most usually without
hypersensitivity manifestations.

Isoniazid is transformed into a reactive metabolite toxic to the
liver. Isoniazid is first acetylated into acetylisoniazid, which is
hydrolysed into acetylhydrazine. Acetylhydrazine may be either
acetylated again, into the non-toxic diacetylhydrazine, or trans-
formed by cytochrome P-450 into the reactive acetyl radical that
binds covalently to hepatic proteins.

The acetylation of isoniazid (and several other drugs) is under
genetic control. About 40% of Caucasians and black Africans,
but 90% of Japanese, are rapid acetylators of isoniazid. The
acetylator phenotype influences both the acetylation of isoniazid
and that of acetylhydrazine. Thus, rapid acetylators form acetyl-
hydrazine at a faster rate but, at the same time, detoxify it to
diacetylhydrazine at a faster rate. This complex situation may
explain why divergent findings have been obtained regarding the
influence of the acetylator phenotype on the hepatotoxicity of
isoniazid. The hepatotoxicity risk has been variously reported to
be higher in rapid acetylators, similar whatever the phenotype or
higher in slow acetylators. The hepatotoxicity of antituberculous
therapy is increased in old age and in patients infected with the
HCV, HBV or HIV viruses.

Rifampicin (rifampin) given alone is not, or is seldom, hepa-
totoxic, and it mainly produces cholestatic liver injury. However,
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in patients receiving both rifampicin and isoniazid, the incidence
of cytolytic hepatitis is higher than with isoniazid alone, reach-
ing 5–8%, and hepatitis occurs sooner, mainly during the first
month of treatment. Fulminant isoniazid–rifampicin hepatitis
develops even earlier, after about 1 week of treatment [51].
Hepatitis due to the combined administration of isoniazid and
rifampicin is not associated with hypersensitivity manifestations
and may be due to direct toxicity [51]. It has been suggested 
that rifampicin, a microsomal enzyme inducer, might increase
the formation of the reactive isoniazid metabolite, and might
thereby potentiate the hepatotoxicity of isoniazid in humans
[51].

We believe that liver function tests should be monitored in
patients receiving these antituberculous drugs, including during
the first days of treatment, then every week during the first
month and every month thereafter. Isoniazid should be with-
drawn, temporarily or definitively, if ALT activities exceed three
times the ULN.

Ketoconazole
The antifungal imidazole derivative, ketoconazole, produces
silent elevations in serum transaminase activity in 6% of recipi-
ents, and may lead to symptomatic hepatic injury in one in 
10 000 or 15 000 recipients [131]. Monitoring of liver function
tests is recommended. Hepatitis is more frequent in females
(ratio 2:1), and occurs after 1.5–26 weeks of treatment. Hepatitis
is usually hepatocellular, with some cases of fulminant hepatitis.
However, mixed or cholestatic hepatitis can also occur [131].
Hypersensitivity manifestations are usually absent, suggesting 
a toxic, idiosyncratic mechanism. The average length of time
required for laboratory values to return to normal after cessation
of treatment was 7 weeks. In several cases, however, liver test
abnormalities have continued to deteriorate, and jaundice has
become more pronounced during the first 1–2 weeks after the
drug was withdrawn, and the final recovery has been long
delayed.

Ketoconazole inhibits bromosulphthalein transport in the
isolated perfused rat liver and decreases the uptake of bile 
acids by isolated rat hepatocytes. Ketoconazole is transformed
into N-deacetyl-ketoconazole, which may be activated by 
flavin-containing monooxygenases, first into N-deacetyl-N-
hydoxyketoconazole and then into diverse reactive metabolites.
In rats, ketoconazole administration decreases hepatic glutathione,
causes covalent binding to rat liver proteins and increases ALT
activity.

Hepatitis can also occur after the administration of fluconazole,
itraconazole or voriconazole.

Labetalol
Eleven cases of hepatitis due to this adrenergic receptor anta-
gonist have been reviewed, nine of which occurred in women,
with two fatalities [132]. Hepatic necrosis was present in the 
five cases with a histopathological assessment [132]. Features of
hypersensitivity were infrequent.

Leflunomide
This immunosuppressant drug, which has antiproliferative
activity, is used in the treatment of rheumatoid arthritis 
[133]. Leflunomide causes moderate to severe cytolytic liver
injury in 9% of treated patients. Several fatal cases have been 
observed. Monitoring of liver function tests is recommended
[133].

Methimazole (thiamazole)
Cases of hepatitis caused by this antithyroid drug have had
mainly cholestatic features, but both a predominantly hepato-
cellular pattern or a granulomatous form can also occur. Rash,
eosinophilia, leucopenia or agranulocytosis may be associated.
Methimazole is transformed into a chemically reactive meta-
bolite, and it causes centrolobular necrosis in mice with depleted
hepatic glutathione stores.

Methyldopa
Administration of methyldopa may increase ALT activity in up
to 6% of recipients. Clinical hepatitis is much less common. It
predominates in females (70%). Hepatitis occurs mainly during
the first 4 weeks of treatment, but a later onset (several years) is
possible [86]. Hepatitis is usually hepatocellular, rarely mixed 
or cholestatic. In one-third of patients, hepatitis is heralded by
fever, but eosinophilia is uncommon. The direct Coombs’ test
may be positive, and there may be antinuclear or antismooth
muscle autoantibodies [86]. Readministration may lead to prompt
recurrence, but there are exceptions.

Methyldopa is transformed into chemically reactive meta-
bolites. It is possible that these metabolites may lead to either
direct toxicity or allergic hepatitis in different patients. Indeed,
50% of sera from patients with α-methyldopa hepatitis con-
tained antibodies against methyldopa-altered rabbit hepatocytes;
these sera became cytotoxic in the presence of normal human
mononuclear cells [62].

Minocycline
Unlike other tetracyclines, which can cause steatosis but rarely
trigger hepatitis, minocycline can cause a severe form of
immunoallergic hepatitis, with frequent eosinophilia and some-
times exfoliative dermatitis, within the first 6 weeks of treat-
ment [134]. After prolonged administration for 1 or 2 years,
minocycline can also cause an autoimmune form of hepatitis
with autoantibodies (mostly antinuclear antibodies, and some-
times perinuclear antineutrophilic cytoplasmic antibodies)
[134]. Autoimmune hepatitis can be associated with pol-
yarthralgias/polyarthritis and lupus erythematosus. These vari-
ous symptoms improve after the withdrawal of minocycline.
Other minocycline-induced immune manifestations include
serum sickness and vasculitis and an infectious mononucleosis-
like syndrome, with lymphadenopathy, splenomegaly and atyp-
ical lymphocytes. Minocycline has been shown to decrease 
apoptosis in many models, including Fas-mediated hepatic
apoptosis [135]. It would be interesting to see whether minocy-
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cline also decreases the Fas-mediated destruction of activated
lymphocytes, which might explain these various autoimmune
manifestations.

Nefazodone
This antidepressant drug seems to have a high potential for 
triggering cytolytic, sometimes fulminant hepatitis, and it is no
longer used in Canada.

Nicotinic acid (niacin)
This lipid-lowering agent causes minor and transient elevations
in serum ALT, sometimes associated with decreased synthesis of
clotting factors. Several cases of clinically overt acute hepatitis
and some cases of mixed or cholestatic hepatitis have also been
reported. With the crystalline form, hepatitis usually occurs
after weeks or months of treatment with daily doses of 3 g or
more. With time-release preparations, hepatitis may occur both
sooner and after lower daily doses.

Nifedipine
Compared with the widespread use of this dihydropyridine 
calcium channel blocker, relatively few cases of drug-induced
hepatitis have been reported. Hepatitis is mainly hepatocellular,
rarely mixed [3]. Fever and blood eosinophilia are frequent, 
and there is rapid recurrence on rechallenge, suggesting an
immunoallergic mechanism.

Nilutamide
Nilutamide is an antiandrogenic drug, which is used in prostate
cancer. It can cause cytolytic hepatitis, including fulminant 
hepatitis. This nitroaromatic drug undergoes redox cycling, thus
forming reactive oxygen species and causing oxidative stress.
Nilutamide also impairs mitochondrial respiration and ATP
formation [21].

Nimesulide
The NSAID, nimesulide, has caused cholestatic or cytolytic liver
injury, including fulminant hepatitis [136]. However, the drug is
widely used, and the hepatotoxic risk does not seem to be much
higher with nimesulide than with some other NSAIDs [137].
Furthermore, the gastrotoxic risk, which is by far the main 
risk with these drugs, may be lower with nimesulide than with
some other non-selective cyclooxygenase (COX) inhibitors.
Although nimesulide inhibits both cyclooxygenase-1 (COX-1)
and COX-2, it is much more active on COX-2 than on COX-1,
which might explain its relatively good gastric tolerance.

Nitrofurantoin
Jaundice resulting from this urinary tract antiseptic affects
mainly middle-aged or elderly females, which may reflect both
high use in this group and higher susceptibility. Acute hepatitis
occurs mainly during the first 5 weeks of treatment, and is asso-
ciated with fever (60%), rash (30%) and blood eosinophilia
(70%); it is mixed in type [3]. Nitrofurantoin may also lead to

chronic hepatitis. Nitrofurantoin is transformed into reactive
metabolites that might lead to immunoallergic hepatitis.

Paracetamol (acetaminophen)
Paracetamol is used extensively worldwide because of its good
analgesic properties, its mild antipyretic effect and its availability
without prescription. Paracetamol is detoxified by conjugation
of its hydroxyl group with sulphate or glucuronic acid. Although
a small fraction of the paracetamol dose is transformed 
by cytochrome P-450s 1A2, 2E1 and 3A4 into N-acetyl-p-
benzoquinoneimine, the formation of this reactive metabolite
remains limited after therapeutic doses and, furthermore, the
metabolite is efficiently detoxified by conjugation with glutat-
hione. Accordingly, paracetamol, taken at recommended doses
(0.5–3 g/day), is usually a safe analgesic. However, taken at
higher doses, paracetamol can produce hepatitis. At these higher
doses, more reactive metabolite is formed. Furthermore, con-
jugating pathways may become partly saturated, so that a 
higher fraction of the dose then undergoes metabolic activation
by cytochrome P-450. Finally, the extensive formation of the
reactive quinoneimine depletes hepatic glutathione stores. Once
this has occurred, the quinoneimine depletes protein thiols,
increases cellular calcium, damages mitochondria, increases
peroxynitrite formation, activates c-Jun N-terminal kinase and
causes mitochondrial permeability transition and liver cell
necrosis.

In humans, the hepatotoxicity of paracetamol can occur in
three circumstances.
1 A frequent circumstance is the intentional ingestion of large
overdoses of paracetamol in a manipulative or suicidal attempt
[85]. Paracetamol ingestion is one of the most popular ways 
of attempting to take one’s life in the United Kingdom or the
United States. Fortunately, even before the use of antidotal treat-
ments, most patients did not absorb enough to cause severe liver
injury, and less than 1% died [85]. With the notable exception 
of alcoholics (discussed later on), death is unlikely unless 20 g 
or more of paracetamol have been ingested [85]. Because the
ingested dose can be wrongly estimated and because vomiting
(or the gastric lavage, which is often made within the first 4 h)
may have decreased the amount actually absorbed, it is useful to
measure paracetamol plasma levels, starting 4 h after the inges-
tion, as earlier measurements may be misleading due to still
incomplete absorption. Those patients whose plasma paraceta-
mol concentrations are above a line joining points of 150 mg/L
at 4 h and 30 mg/L at 12 h after ingestion (on a semi-logarithmic
plot) are at risk of developing severe liver damage and must be
treated with N-acetylcysteine. Because alcoholic patients and
those with eating disorders are more susceptible, a lower ‘treat-
ment line’, joining plots of 100 mg/L at 4 h to 15 mg/L at 15 h, is
recommended in these patients. Both the intravenous [85] and
the oral [138] routes of administration of N-acetylcysteine have
been shown to be remarkably effective when started during the
first 12 h, but also, to some extent, up to 24 h after the ingestion
of paracetamol [85]. Even at the time of overt liver failure, 
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N-acetylcysteine administration may still afford some benefit
and is now recommended [139]. When administered early, N-
acetylcysteine liberates cysteine, allowing resynthesis of hepatic
glutathione, and thus preventing liver injury. Later, it might
accelerate the recovery of protein thiols and improve the out-
come of the liver disease. A few patients, however, really intend
to die, take large overdoses of paracetamol and conceal this
ingestion until it is too late for N-acetylcysteine to be effective
(although this antidote is attempted nevertheless) [85]. After a
period of possible vomiting during the first 12 h, the patient may
be essentially symptom free until the second or third day, when
anorexia, nausea, vomiting and malaise may herald the onset of
the liver disease, followed by dark urine and jaundice. Serum
ALT levels are extremely high. Hypoglycaemia is relatively 
frequent and should be prevented by infusions of glucose. The
haemogram may be normal or may show hyperleucocytosis and
thrombocytopenia. Metabolic acidosis with hyperlactataemia 
is relatively common. Hypophosphataemia with phosphaturia,
oliguria, anuria and high creatinine levels may be due to associ-
ated acute tubular necrosis. Associated myocardial injury may
lead to cardiac arrhythmia and left ventricular failure. If hepatic
encephalopathy develops (in the absence of sedatives) and/or
the factor V level drops below 20% of normal, expert advice
should be sought and emergency liver transplantation should 
be considered.
2 A second circumstance leading to paracetamol-induced hep-
atitis is the ingestion of excessive therapeutic doses (4–10 g/day)
by patients who are rendered susceptible by factors that either
increase the formation of the reactive metabolite and/or
decrease its inactivation by glutathione. Indeed, paracetamol-
induced hepatitis (and renal failure) have been observed in
chronic alcoholics, who display high levels of cytochrome P-450
2E1 and low hepatic glutathione stores [54]. Isoniazid adminis-
tration also induces cytochrome P-450 2E1, and cases of severe
paracetamol-induced hepatotoxicity have been observed in this
setting. High therapeutic doses of paracetamol may also be 
hepatotoxic in patients with anorexia nervosa or starvation,
which may decrease hepatic glutathione stores. The hepatotoxi-
city of therapeutic doses of paracetamol may also be increased 
in patients with infectious mononucleosis, measles or acute 
hepatitis A or B, and it has been suggested that the subliminal
stimulation of death receptors by the cytokines formed during
viral infections may aggravate the hepatotoxicity of paracetamol
[10]. Finally, pregnancy has been shown to aggravate parace-
tamol hepatotoxicity in mice [49], but there is limited clinical 
evidence for a similar effect in women. However, in one woman,
the combination of fatty liver of pregnancy and paracetamol-
induced liver toxicity led to liver failure and postpartum 
transplantation.
3 Finally, in some very rare instances, paracetamol can also
cause immune-mediated liver injury after the administration of
normal daily doses. Indeed, paracetamol has been reported to be
the cause of one case of cholestatic hepatitis associated with rash
and eosinophilia, one case of cholestatic liver reaction and one

case of granulomatous hepatitis, two cases of hepatitis with a
marked recurrence of ALT elevation 1 day after rechallenge with
500 mg of paracetamol and one case of chronic liver injury that
promptly recurred after resuming the intake of 3 g of parace-
tamol daily.

Pemoline
Pemoline is a central nervous system stimulant that is used in
children with attention deficit disorders. It has caused several
cases of severe, cytolytic hepatitis, sometimes associated with
antinuclear autoantibodies. In some patients, a very slow
improvement after interruption of the treatment has suggested
an autoimmune mechanism; prompt recurrence after rechal-
lenge has been observed in a few cases.

Penicillamine
Several cases of cholestatic jaundice have been recorded in
patients taking penicillamine [4]. Jaundice appears after 3–5
weeks of treatment. Some cases have been associated with fever
and rash, suggesting hypersensitivity.

Phenindione
This anticoagulant may produce mixed hepatitis, usually 
associated with a general hypersensitivity syndrome consisting
of fever, rash, eosinophilia, lymphocytosis, renal injury and, at
times, thrombocytopenia [5]. The drug has been largely aban-
doned in favour of the coumarin derivatives.

Phenprocoumon
Unlike other coumarin derivatives, which are rarely hepatotoxic,
phenprocoumon may increase ALT activity in 37% of recipients.
The drug is widely used in Germany and Switzerland, and can
cause clinical hepatitis after 2–6 months of treatment. The type
of injury is mainly hepatocellular, but cholestasis has also been
observed. In one case, cross-sensitivity seemed to exist with ac-
enocoumarol. A recent report included three cases of (sub)acute
liver failure, leading to two transplantations and one death
[140].

Phenylbutazone
Therapeutic doses may lead to hepatitis, usually occurring 
during the first weeks of treatment. Phenylbutazone-induced
hepatitis may be classified as mixed. However, the hepatocellu-
lar component predominates in most patients, while a few have
a mainly cholestatic pattern instead. Hepatitis is frequently 
associated with fever and/or rash, sometimes with eosinophilia
and hepatic granulomas [141]. Intoxication with overdoses of
phenylbutazone may produce a toxic type of hepatitis in the 
following days [141]. Phenylbutazone is transformed by
prostaglandin H synthase into a reactive free radical.

Phenytoin
Administration of phenytoin, a microsomal enzyme inducer,
commonly increases serum γ-glutamyltransferase activity, and
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may lead to minor increases in serum ALT and alkaline phos-
phatase activity in some recipients. Clinical hepatitis is much less
common [5]. It occurs within the first 6 weeks of therapy, and is
usually associated with fever, rash, lymphadenopathy, lympho-
cytosis (sometimes with atypical lymphocytes) and eosinophilia,
suggesting an allergic mechanism. The pattern may resemble
infectious mononucleosis. An autoantibody against a 53-kDa
microsomal protein has been reported. Hep-atitis is predomin-
antly hepatocellular, but sometimes mixed. Granulomas may be
present.

Phenytoin is transformed into a reactive 3,4-epoxide. It has
been suggested (but not proven) that subjects with a deficiency
in a protective mechanism (perhaps in epoxide hydrolase)
might be uniquely susceptible [79]. For as yet unknown reasons,
black people appear to be particularly susceptible.

Pirprofen
Prolonged administration of this NSAID (more than 2 months)
has led to hepatocellular liver injury [142] and even fulminant
hepatitis [143]. Hypersensitivity manifestations were absent,
suggesting an idiosyncratic, toxic mechanism. In some patients
with pirprofen-induced jaundice, microvesicular steatosis accom-
panied liver cell necrosis (see ‘Microvesicular steatosis’). The
drug has been recalled.

Propoxyphene (dextropropoxyphene)
This analgesic has increased γ-glutamyltransferase activity in
14% of recipients in one study. The drug may also cause 
symptomatic hepatic injury. Hepatitis is mixed (mainly
cholestatic), sometimes with cholangitis. The disease is probably
due to hypersensitivity. Fever, rash and blood eosinophilia 
were present in some cases, and rechallenges have led to re-
lapses within 4 days. Propoxyphene is transformed into a 
reactive nitroso derivative and depletes hepatic glutathione in
mice.

Propylthiouracil
Unlike other antithyroid drugs, which produce either cholestatic
or mixed hepatitis, propylthiouracil can produce cytolytic,
sometimes fatal, hepatitis. The reaction is uncommon, however.
Propylthiouracil is transformed into a chemically reactive
metabolite.

Pyrazinamide
Pyrazinamide may produce hepatocellular jaundice, particu-
larly when the drug is continued in excess of the 2 months 
of treatment that are normally recommended [144]. Serum
transaminases should be monitored [144]. The hepatotoxicity 
of pyrazinamide is not associated with hypersensitivity mani-
festations and is probably due to direct toxicity. Its molecular
mechanism remains unknown, however.

A 2-month regimen of rifampicin and pyrazinamide is no
longer recommended for the treatment of patients with latent
tuberculosis infection, because the risk of hepatitis is threefold

higher than with the standard 6-month treatment with isoniazid
alone.

Combined treatments with rifampicin, isoniazid and pyrazi-
namide can lead to fulminant and subfulminant hepatitis [144].
Patients with a time interval greater than 15 days between the
onset of treatment and the onset of fulminant or subfulminant
hepatitis frequently exhibited a poor spontaneous prognosis. 
In contrast, when fulminant hepatitis occurred earlier, patients
exhibited a good spontaneous prognosis [144]. This was remi-
niscent of the good prognosis of fulminant cases seen within the
first 2 weeks of treatments with isoniazid and rifampicin without
pyrazinamide. It has been hypothesized that the late-onset cases
(with a poor prognosis) were actually due to pyrazinamide,
whereas those occurring early (and with a good prognosis) were
actually due to the isoniazid–rifampicin combination [144].

Quinidine
Initiation of treatment with this antiarrhythmic agent may 
produce fever and a mixed type of hepatitis (usually anicteric)
6–12 days later. Hepatic granulomas are frequent [145].
Readministration leads to prompt recurrence of fever and 
elevated transaminase levels. These features suggest an allergic
mechanism.

Ranitidine
Clinical hepatitis due to ranitidine is probably most uncommon.
Hepatitis has occurred 2–45 days after the onset of treatment.
Hepatitis is mixed. In some cases, the presence of fever, chills,
blood eosinophilia and the prompt recurrence on rechallenge
have suggested an allergic mechanism.

Sulindac
Hepatitis due to sulindac occurs mainly in women, usually
within 6 weeks of the initiation of treatment [146]. Fever is 
frequent (70%), but eosinophilia is uncommon. Hepatitis is
mixed, but predominantly cholestatic. Binucleated hepatocytes
may be present. Leucopenia, lymphopenia or thrombocytopenia
may be associated. Rechallenge leads to recurrence within a few
days. These features suggest an allergic mechanism. However,
another effect contributing to the cholestatic effect of sulindac
may be the inhibition of the bile salt export pump (Bsep).

Suloctidil
Suloctidil has caused several cases of cytolytic hepatitis, including
severe cases, as well as cases of chronic hepatitis and cirrhosis.

Sulphonamides
Sulphonamides may be detoxified by N-acetylation or may be
transformed by cytochrome P-450 into the hydroxylamine and
then a highly reactive nitroso metabolite, which covalently
modifies proteins. Administration of sulphonamides may lead
to hepatitis, usually within the first month of therapy [147].
Hepatitis may be heralded by fever and rash. Hepatitis is usually
mixed in type, but either the hepatocellular or the cholestatic
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component may predominate in other patients. Hepatic granu-
lomas may be present. Readministration leads to prompt recur-
rence. The mechanism is most probably allergic.

Only subjects who are slow acetylators appear to be affected
[78]. As discussed above, the enhanced toxicity of reactive
sulphonamide metabolites towards the patients’ lymphocytes
has suggested that these patients may have an additional defect
in some protective mechanism [78]. However, this defect has
never been characterized, and other interpretations are possible
(see section on ‘Mechanisms of acute hepatitis’).

Patients with the immunodeficiency syndrome frequently
receive the trimethoprim–sulphamethoxazole combination for
the treatment of Pneumocystis carinii infections. These patients
appear to be particularly susceptible to sulphonamide reactions,
possibly because of impaired drug acetylation, which might be
due to metabolic dysfunction rather than genetic deficiency.

Tacrine
This reversible cholinesterase inhibitor has been used in the
symptomatic treatment of Alzheimer’s disease. Careful mon-
itoring of serum ALT levels and tolerance-dependent, stepwise
escalation of the doses are recommended, because the drug
increases ALT activity in approximately 50% of recipients [148].
In most patients, the rise in ALT occurs abruptly, usually 
at about 6 weeks of treatment [148]. Most affected subjects 
have mild ALT increases, without clinical manifestations. This
extremely high incidence of liver dysfunction suggests direct
toxicity rather than immunoallergy.

The weak base tacrine is taken up by mitochondria, where it
may cycle back and forth across the mitochondrial inner mem-
brane, uncoupling respiration and wasting energy without ATP
production [149]. First-pass metabolism in the liver may spare
other organs, explaining why the liver is selectively injured
[149]. Tacrine also intercalates between DNA bases; it poisons
topoisomerases and decreases the synthesis of mitochondrial
DNA in mice [23]. This leads to a progressive depletion of 
mitochondrial DNA, eventually followed by the death of a few
hepatocytes by necrosis or apoptosis in mice [23].

Although tacrine-induced liver injury remains mild in most
patients, 2% of recipients develop ALT values greater than 20
times the ULN, and a few liver biopsies have shown liver cell
necrosis [148]. Fever and rash are infrequent, but eosinophilia is
present in 35% of those with ALT more than 20 times the ULN.
Tacrine is transformed by cytochrome P-450 1A2 into reactive
metabolites (Table 4). Through the immunization of some sub-
jects, these metabolites might be involved in this uncommon,
severe form of hepatitis.

Terbinafine
This newly developed antifungal drug has produced several
cases of mixed hepatitis.

Ticlopidine
This antiplatelet agent is used for the prevention of arterial

thrombosis. Ticlopidine can cause neutropenia and other blood
dyscrasias, and has caused many cases of liver injury. Although
ticlopidine mainly causes cholestatic hepatitis, it can occasion-
ally trigger cytolytic, mixed or granulomatous hepatitis, and also
prolonged cholestasis. An immune reaction may be involved.
Ticlopidine is transformed into a reactive metabolite.

Tienilic acid (ticrynafen)
This drug has been withdrawn from clinical use because of its
marked hepatotoxic potential [150]. Hepatitis usually occurred
after 1–3 months of treatment [150]. The main liver lesion 
was liver cell necrosis. Prompt recurrence following rechallenge 
suggested an immune mechanism. Tienilic acid hepatitis was
associated with an antimicrosomal autoantibody (the anti-LKM2
autoantibody) directed against cytochrome P-450 2C9, the
isoenzyme that transforms the drug into a reactive metabolite
[65].

Tolazamide and tolbutamide
These hypoglycaemic sulphonylureas have produced instances
of mixed hepatitis [3,4]. They share this adverse effect with 
several other analogues, including acetohexamide, carbutamide,
chlorpropamide, glibenclamide, glipizide and metahexamide
[3,4].

Tolcapone
This catechol O-methyl transferase inhibitor is still used in
patients with severe Parkinson’s disease, because its therapeutic
benefit in patients who are not, or are no longer, improved by
other drugs seems to outweigh the risk of cytolytic, sometimes
fulminant, hepatitis [151]. The mechanism of hepatitis is
unknown. Although tolcapone uncouples mitochondrial respi-
ration when incubated in the absence of albumin, this effect may
not occur in the presence of albumin, which binds most of the
drug in the plasma. The amine and acetylamine metabolites 
of tolcapone may undergo metabolic activation to reactive
species.

Troglitazone, rosiglitazone and pioglitazone
Troglitazone, a peroxisome proliferator-associated receptor-γ
(PPARγ) agonist, was removed from the market after more 
than 40 cases of acute liver failure had been reported to the
United States Food and Drug Administration [152]. Serum
aminotransferases could continue to rise for many days or weeks
after stopping treatment, and the final resolution of liver injury
could take weeks or months [152]. Although troglitazone also
caused mixed hepatitis in some patients, it mostly triggered 
hepatocellular liver injury, which was sometimes severe enough
to cause jaundice, death or transplantation [153].

Despite extensive efforts, the mechanism for the hepatotoxic-
ity of troglitazone is not clear. One effect of troglitazone is to
inhibit the canalicular bile salt export pump (Bsep) [154]. This
inhibition may contribute to cholestasis in patients with mixed
hepatitis, but cannot account for the severe, life-threatening,
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hepatocellular injury observed in other patients. Troglitazone
also triggers c-Jun N-terminal protein kinase activation, Bid
truncation, mitochondrial permeability transition, mitochon-
drial potential collapse, mitochondrial cytochrome c release,
reactive oxygen species formation and apoptosis in hepatic 
cell lines [155,156]. Finally, troglitazone undergoes metabolic
activation on both its α-tocopherol moiety and its thiazolidine-
dione moiety [157]. Hypothetically, mitochondrial effects
and/or the direct toxicity of reactive metabolites may kill a few
hepatocytes, thus permitting the immunization of some patients
against hepatic proteins modified by the covalent binding of
reactive metabolites. A positive lymphocyte stimulation test 
or the presence of hepatic eosinophils or granulomas have 
been observed in some patients, suggesting an immunoallergic
mechanism at least in these patients [158].

The thiazolidinedione moiety of troglitazone is also present 
in rosiglitazone and pioglitazone, although the α-tocopherol
moiety is absent in these newer PPARγ agonists. Rosiglitazone
and pioglitazone can also trigger hepatocellular liver injury,
albeit less frequently than troglitazone.

Trovafloxacin
Trovafloxacin has caused cytolytic hepatitis more frequently
than other fluoroquinolone antibiotics. The mechanism may
include mitochondrial effects.

Troleandomycin
Administration of this antibiotic for 2 weeks or longer produced
silent hepatic dysfunction in 50% of recipients and jaundice in
4% [159]. While this frequent liver dysfunction was probably
due to direct toxicity, it remains unclear whether clinical hep-
atitis was due to direct toxicity or immunoallergy.

Troleandomycin is transformed by cytochrome P-450 into 
an unstable metabolite [119]. This nitroso derivative may react
with the SH group of glutathione and cysteine [119]. Its covalent
binding to hepatic proteins might lead to hepatitis [119].

Zafirlukast
Zafirlukast is a an oral leukotriene receptor antagonist, which
has been approved for the treatment of chronic asthma in some
countries. After an initial report of three severe cases of
zafirlukast-associated hepatitis [160], 14 cases of liver failure 
had been reported worldwide by May 2004.

Pure hepatocellular cholestasis

In this uncommon entity, cholestasis is due to a specific inter-
ference of the drug with bile secretion, without hepatitis.
Cholestasis is the only liver lesion, without inflammation or
necrosis. In the typical case, there is jaundice and pruritus, 
but either one or both may be absent in milder cases. Typically,
alkaline phosphatase and γ-glutamyltransferase activities are
increased, with normal or slightly increased ALT values. The 
biliary tree is morphologically normal.

Estrogens and oral contraceptives

Estrogens interfere with bile secretion in experimental animals
and man. Several mechanisms may be involved, although their
respective roles need to be clarified:
1 Prolonged administration of estrogens increases the perme-
ability of the paracellular pathway, possibly leading to the back
diffusion of materials from bile canaliculi to blood [161].
2 Prolonged administration of estrogens also increases the
activity of lecithin cholesterol acyltransferase, leading to the
accumulation of cholesterol esters in plasma membranes, which
may decrease membrane fluidity and inhibit Na+,K+-ATPase
activity [162].
3 Estrogen administration also downregulates the expression 
of the mRNAs and proteins of the two sinusoidal bile acid trans-
porters, namely Na-taurocholate-cotransporting polypepide (Ntcp)
and organic anion-transporting polypeptide 1 (Oatp1) [163].
4 Finally, estrogens are quickly transformed into d-ring 
glucuronides that exhibit an immediate and extremely potent
cholestatic effect [164]. These d-ring glucuronides may be
secreted by the canalicular multidrug resistance protein 2
(Mrp2) transporter into the bile canaliculus, where they may
transinhibit the bile salt export pump (Bsep) [165], and they
may also cause a rapid endocytic internalization of both Bsep
and Mrp2 [166,167].

Clinically, cholestasis has occurred in women taking the high-
dosage oral contraceptives that were used in the past. Even at
that time, the overt disease was extremely uncommon. Its pre-
valence was estimated to be approximately 1:10 000 in Europe 
or North America and 1:4000 in Chile or Scandinavia [168]. All
drugs containing estrogens have been incriminated, especially
the 17-ethinyl-substituted derivatives. Clinically overt cholestasis
developed predominantly in women with an exaggerated genetic
susceptibility to the normal cholestatic effects of estrogens [168].
This was suggested by the higher prevalence of cholestasis in
some ethnic groups (Chile and Scandinavia) and by the familial
clustering of both intrahepatic cholestasis of pregnancy (ICP)
and cholestasis resulting from oral contraceptives. An associ-
ation with benign recurrent intrahepatic cholestasis (BRIC) is
also suggested. These conditions may be due to inborn defects 
in diverse transporters (see Chapter 16.10). In addition, the
administration of estrogens may aggravate acquired cholestatic
diseases, such as primary biliary cirrhosis.

Oral contraceptive-mediated cholestasis occurred usually
within the first six cycles, and most commonly during the first or
second [168]. Malaise, anorexia, nausea, vomiting and weight
loss were frequent, but pruritus could be the only sign. Dark
urine and jaundice followed after a few days. There was no fever,
rash or abdominal pain. Jaundice was usually mild, and serum
bilirubin rarely exceeded 170 µmol/L. Serum alkaline phos-
phatase was increased in only one-third of patients, while serum
transaminase activity was moderately elevated in about two-
thirds of patients [168]. When available, the liver histology
showed bile pigment material in the canaliculi and within 
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hepatocytes, with little or no hepatocellular damage or inflam-
mation. Bile ducts were normal. Electron microscopy showed
mitochondrial alterations and dilated bile canaliculi exhibiting
bile pigment deposits and distorted microvilli. Clinical and 
biochemical signs usually resolved 1–3 months after cessation 
of oral contraceptives, without chronic sequelae. However,
worsening for up to 3 months with prolonged cholestasis and
recovery after 6 months has been reported. Recurrence was 
frequent, if the drug was resumed.

This adverse effect is no longer seen nowadays, because of 
the lower estrogen content of present-day oral contraceptives.
Nevertheless, drug interactions can still trigger the syndrome.
An epidemic of bland cholestasis has been observed in women
taking troleandomycin while receiving oral contraceptives
[169]. A troleandomycin metabolite forms an inactive complex
with cytochrome P-450 3A, and decreases the oxidation of estra-
diol to catechol estrogens [170]. It has been suggested that the
decreased oxidative metabolism of estrogens might increase
their conjugation into cholestatic d-ring glucuronides [170].

Anabolic–androgenic steroids

Anabolic–androgenic steroids with a C-17 alkyl substituent also
interfere with bile secretion in experimental animals [171].
Several mechanisms have been proposed [171]. Anabolic–
androgenic steroids may inhibit Na+,K+-ATPase [171]. This
effect might reduce bile acid uptake, which utilizes the Na+

gradient generated by Na+,K+-ATPase for the cotransport of bile
acids. Anabolic–androgenic steroids also act at the canalicular
level, producing a selective interference with the excretion of
conjugated bilirubin into the canaliculi [171]. Finally, these
agents may injure the pericanalicular microfilamentous net-
work. This injury may impair the contractions of bile canaliculi
and contribute to cholestasis.

Cholestasis resulting from anabolic–androgenic steroids has
been extensively reviewed by Ishak and Zimmerman [171]. The
anabolic steroids that can cause jaundice have an alkyl group 
in the C-17 position [171]. These include methyltestosterone,
norethandrolone, oxymetholone, metenolone, metandienone,
danazol and stanozolol [87]. Testosterone and 19-nortestosterone,
which are not alkylated in the C-17 position, have led to rare
instances of hyperbilirubinaemia, but hardly ever to jaundice
[171].

Only a small minority of subjects receiving therapeutic doses
of anabolic steroids become jaundiced, although the majority
develop hepatic dysfunction [171]. Jaundice typically does not
develop until the drug has been taken for at least 1 month, and
often several months. Surprisingly, pruritus is uncommon,
occurring in about 10% of subjects only. Approximately one-
third of patients have normal alkaline phosphatase values, and
50% have values slightly above normal [171]. Liver biopsy shows
bilirubin casts in canaliculi and bile staining of the hepatocytes,
mainly in centrolobular areas. Electron microscopy shows dilated
canaliculi, with blunting and loss of microvilli.

Subsidence of jaundice may require weeks or months. With 
a few exceptions (see the section on ‘Prolonged cholestasis’),
complete recovery occurs.

Ciclosporin A

Ciclosporin administration decreases bile flow in rats, particu-
larly the bile salt-dependent fraction. Ciclosporin A inhibits
both the sinusoidal uptake and the canalicular secretion of 
bile acids [172]. Ciclosporin A inhibits the canalicular bile 
salt export pump (Bsep) [165], and it may also cause Bsep 
internalization. Possibly because of cholestasis, ciclosporin A
administration also decreases the expression of the mRNA for
the canalicular, multidrug resistance protein 2 (Mrp2), and it
decreases the biliary secretion of bromosulphophthalein and
bilirubin in rats [173].

In humans who receive ciclosporin for conditions other than
liver transplantation, the drug clearly interferes, in a dose-related
manner, with the hepatic clearance of bile salts, bilirubin and
bromosulphophthalein [173]. In most patients, however, these
effects lead at most to mild increases in serum bilirubin and/or
bile salts, with absent or mild increases in serum alkaline 
phosphatase and/or ALT activity [173]. These biochemical
abnormalities occur 2 weeks to 3 months after the onset of the
treatment [173]. They usually regress upon reduction of the
dose [173].

With the widespread use of ciclosporin after organ transplan-
tation, some cases of cholestasis have been reported. The small
number of reported cases and the large number of recipients
suggest that the incidence of marked cholestasis is low. How-
ever, another consequence of the effects of ciclosporin on bile
secretion is to increase the incidence of bile stones.

Bosentan, glibenclamide and rifampicin
(rifampin)

Bosentan, an endothelin receptor antagonist, inhibits Bsep and
can cause dose-dependent increases in alkaline phosphatase
activity and serum bile acids in humans [174]. Glibenclamide
and rifampicin also inhibit Bsep and can cause cholestasis [165].

Lipid storage liver diseases

Lipid storage liver diseases are characterized by the deposition of
either triglycerides (‘steatosis’) or both triglycerides and phos-
pholipids (‘steatosis and phospholipidosis’) within hepatocytes
(Table 7). Depending on the size and number of lipid droplets 
in a hepatocyte, steatosis can be further subdivided into
‘macrovacuolar’ and ‘microvesicular’ steatosis, although there
are frequent associations and transitions between these two
forms. Chronic steatosis may, in some patients, trigger several
other alcohol-like liver lesions, described under the term of
‘steatohepatitis’. This steatohepatitis can occur with or without
associated phospholipidosis. Finally, hyperplastic stellate cells
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laden with fat and vitamin A are observed after prolonged
administration of excessive doses of vitamin A, and this stellate
cell lipidosis may lead to perisinusoidal liver fibrosis.

Macrovacuolar and microvesicular steatosis

Macrovacuolar steatosis
The hepatocytes displaying macrovacular steatosis contain a 
single, large droplet of fat, which displaces the nucleus to the
periphery of the cell. In the absence of other liver lesions,
macrovacuolar steatosis by itself is a relatively benign condition,
at least in the short term. There may be slight increases in 

ALT and/or γ-glutamyltransferase activities, without clinical
manifestations. The liver may or may not be slightly enlarged 
on clinical examination, and it is usually hyper-reflective on
ultrasonography.

Macrovacuolar steatosis may result from a combination of
different mechanisms. These may include an increased mobil-
ization of fat from adipose tissue, an increased hepatic synthesis
of fat, a moderate decrease in fat oxidation in the liver (if this
effect is major, it will instead produce microvesicular steatosis)
and an impaired egress of lipids out of the liver [4]. Triglycerides
leave the liver in the form of lipoproteins. Decreased output 
of triglycerides may result from a specific biochemical lesion, as
with methotrexate, which impairs protein synthesis. It may also
occur as a consequence of structural lesions to the endoplasmic
reticulum, Golgi and plasma membrane. This may explain why
macrovacuolar steatosis may be associated, at times, with hep-
atitis produced by many drugs (such as allopurinol, halothane,
isoniazid and α-methyldopa) [4].

Microvesicular steatosis
In this condition, hepatocytes are occupied by numerous, small
lipid vesicles that leave the nucleus in the centre of the cell and
give the hepatocytes a ‘foamy’, ‘spongiocytic’ appearance [175].
When discrete, this lesion may be missed by a non-specialized
pathologist. However, an oil Red O stain clearly shows the small
reddish lipid vesicles that fill out the hepatocytes. Microvesicular
steatosis affecting some hepatocytes may be associated with
macrovacuolar steatosis in other hepatocytes. Patients exhibit-
ing both lesions should be classified as cases of microvesicular
steatosis (with associated macrovacuolar steatosis).

Whatever its aetiology (genetic defects, drugs or other causes),
microvesicular steatosis is constantly related to a severe impair-
ment in the mitochondrial β-oxidation of fatty acids [175]:
• Indeed, microvesicular steatosis occurs in several genetic
defects affecting transporters or enzymes involved in the mito-
chondrial β-oxidation of fatty acids [176]. Microvesicular
steatosis also occurs in the mitochondrial cytopathies, which 
are due to inborn defects in the respiratory chain [177]; these
defects impair the mitochondrial reoxidation of NADH into
NAD+, which is required for the mitochondrial β-oxidation 
of fatty acids [178]. Other possible causes of microvesicular
steatosis are genetic defects in urea cycle enzymes; these defects
increase the levels of ammonium, which may impair fatty acid
oxidation [179].
• The impairment in β-oxidation may also be acquired. Reye
syndrome is the result of an acquired mitochondrial insult, pos-
sibly caused by the adverse effects of nitric oxide or cytokines (or
viruses?) on mitochondrial function [175]. Pregnancy and/or
female sex hormones cause ultrastructural and functional lesions
in mitochondria [180,181]. Together with other genetic or
acquired factors, these hormonal effects may contribute to the
development of acute fatty liver of pregnancy in some women.
• Similarly, all drugs known to produce microvesicular steatosis
impair the mitochondrial β-oxidation of fatty acids [182].

Table 7 Lipid storage liver disease and main causative drugs.

Macrovacuolar steatosis

Alcohol

Glucocorticoids

Methotrexate

Microvesicular steatosis

Alcohol

Amineptine

Amiodarone

Asparaginase

Aspirin

Dideoxynucleosides (NRTIsa)

Ethanol

Fialuridine

Glucocorticoids

Ibuprofen

Ketoprofen

Tetracyclines

Tianeptine

Perhexiline

Pirprofen

Valproate

Steatosis or steatohepatitis associated with phospholipidosis

Amiodarone

Diethylaminoethoxyhexestrol

Perhexiline

Steatohepatitis without phospholipidosis

Alcohol

Didanosine

Diethylstilbestrol

Diltiazem

Glucocorticoids

Hexestrol

Methotrexate

Nifedipine

Tamoxifen

Stellate cell lipidosis and perisinusoidal fibrosis

Vitamin A

aNucleoside reverse transcriptase inhibitors.
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Because non-esterified fatty acids are poorly oxidized by
mitochondria (due to the inhibition of β-oxidation), they
instead undergo increased esterification into triglycerides, which
represent the main form of lipids that are accumulated in these
conditions [182]. Nevertheless, there is a residual increase in
non-esterified fatty acids [182]. It has been suggested that these
amphiphilic compounds may form an emulsifying rim around 
a core of neutral triglycerides [182]. Emulsification might
explain the deposition of microvesicular fat in this condition.
Yet another reason for the microvesicular pattern of fat deposi-
tion may be that the sudden onset or sudden aggravation of 
the impairment of fat oxidation may leave no time for the pro-
gressive coalescence of tiny lipid vesicles into large vacuoles 
[18]. Indeed, whereas the acute impairment of β-oxidation 
usually causes microvesicular steatosis, chronic impairments of
β-oxidation often give rise to diverse combinations of macro-
vacuolar and microvesicular steatosis.

Another pathway removing fat from the liver is hepatic very-
low-density lipoprotein (VLDL) secretion [183]. In the lumen of
the endoplasmic reticulum and the Golgi apparatus, microso-
mal triglyceride transfer protein (MTP) lipidates apolipoprotein
B into triglyceride-rich VLDL, which follows vesicular flow to 
the plasma membrane to be secreted [183]. Several steatogenic
drugs have been shown to inhibit not only mitochondrial 
β-oxidation, but also MTP activity and hepatic VLDL secretion
(Fig. 7) [183]. This added effect on lipoprotein secretion may
prevent an adaptive increase in hepatic VLDL, which might 
otherwise compensate for the decreased oxidation of fat in the
liver.

Depending on the causative drug, liver cell necrosis may be
absent, as with tetracycline, or it may be present, as with valproic

acid, which inhibits not only fatty acid oxidation but also mito-
chondrial ATP formation from pyruvate. However, even in the
absence of liver cell necrosis, extensive microvesicular steatosis
is, by itself, a serious condition. Although serum transaminase
and bilirubin levels are only moderately increased, the pro-
thrombin time may be prolonged. Development of haemor-
rhagic episodes, attacks of syncope, hypotension and shock 
may mark the seriousness of the entity, and may be followed by
profound lethargy and coma [4]. Hypoglycaemia may occur.
Azotaemia and pancreatitis may be associated, contributing to
the poor overall prognosis [4].

Thus, microvesicular steatosis is the morphological hallmark
of a serious metabolic condition. This severity could be related
to a severe energy crisis under fasting conditions [182]:
• Normally, the oxidation of fat becomes the predominant
source of energy in fasting conditions. However, impairment 
of the β-oxidation of fatty acids deprives the cell of this most
important source of energy.
• Not only is lipid oxidation unavailable as a source of energy
during fasting, but the recourse to glucose as an alternative fuel
is also compromised. Normally, the acetyl-coenzyme A (CoA)
formed by β-oxidation is an important allosteric activator of
pyruvate carboxylase, a rate-limiting step in gluconeogenesis
from lactate and pyruvate [182]. Furthermore, fatty acyl-CoAs
inhibit glucose-6-phosphatase, which catalyses the terminal
reaction of gluconeogenesis. When β-oxidation is impaired, the
decreased levels of acetyl-CoA may reduce pyruvate carboxylase,
while the increased levels of acyl-CoAs may impair glucose-6-
phosphatase activity. These effects limit the recourse to glucose 
formation and subsequent oxidation as an alternative source 
of energy in extrahepatic organs.
• Furthermore, the accumulation of non-esterified fatty acids
and their dicarboxylic acid derivatives uncouples oxidative
phosphorylation [182]. Thus, not only are fuels less oxidized
(fats) or less available (carbohydrates), but their oxidation is also
wasted, producing heat instead of ATP.

Phospholipidosis

Hepatic phospholipidosis is characterized by the accumulation
of phospholipids within liver cell lysosomes [184,185]. In
humans, hepatic phospholipidosis has mainly been observed
with three antianginal drugs, namely 4,4´-diethylaminoethoxy-
hexestrol [186,187], perhexiline maleate [188] and amiodarone
[189]. These drugs are cationic amphiphilic compounds with 
a lipophilic moiety and an amine function that can become 
protonated (and thus positively charged) [184,185]. The
uncharged, lipophilic drug easily crosses the lysosomal mem-
brane. Inside the lysosome, the pH is acidic owing to the 
presence, on the lysosomal membrane, of H+-ATPases that
accumulate H+ within the lysosome. Because of this acidic
intralysosomal milieu, the unprotonated drug molecule is 
protonated within lysosomes. The protonated form is more
hydrosoluble and is less able to cross back through the lysosomal

Amineptine, amiodarone,
pirprofen, tetracycline,
tianeptine

  -Oxidation

Fat VLDL secretion

Fat
droplet

Fat
droplet

VLDL VLDL

MITO

ApoB

ER MTP
VLDL

Fig. 7 Dual mechanisms for the microvesicular steatosis induced by several
drugs. In the lumen of the endoplasmic reticulum (ER) and Golgi apparatus,
microsomal triglyceride transfer protein (MTP) lipidates apolipoprotein B
(apoB) into triglyceride-rich very-low-density lipoproteins (VLDL), which
follow vesicular flow to the plasma membrane to be secreted. Several drugs
cause hepatic steatosis by two effects. They inhibit the mitochondrial 
b-oxidation of fatty acids, and they also inhibit MTP activity and hepatic
VLDL secretion.
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membrane, leading to its accumulation at high concentrations
within lysosomes.

Lysosomes are the waste disposal system of the cell. During
the process of autophagy (for example during fasting), evagina-
tions of the hepatic endoplasmic reticulum membrane engulf
and then isolate, in a double-membrane structure, whole parts
of the cytoplasm (including cytosol, endoplasmic reticulum
fragments and mitochondria). These eventually end up in lyso-
somes for final digestion. The phospholipids of these internal
membrane structures are normally degraded by intralysosomal
phospholipases.

The problem is that the protonated form of amiodarone, per-
hexiline or diethylaminoethoxyhexestrol forms non-covalent
but tight complexes with phospholipids. Indeed, the lipophilic
moiety of the protonated drug molecule may form hydrophobic
bonds with the fatty acid moieties of phospholipids, while the
protonated (positively charged) amine group may undergo 
electrostatic interaction with the negatively charged phosphate
group of phospholipids [184,185]. These tight interactions
hamper the action of intralysosomal phospholipases [184,185].
Phospholipids are not degraded, and they progressively accu-
mulate, together with the bound drug molecules, within lyso-
somes. The accumulation of the drug–phospholipid complexes
generates enormous lysosomes filled with pseudomyelinic figures.

The accumulation of phospholipids can be detected by histo-
chemistry [188], but confirmation of the diagnosis requires elec-
tron microscopy. On ultrastructural examination, lysosomes are
both abundant and increased in size, and they contain lamellar,
reticular or pseudomyelinic figures. Phospholipidosis may affect
not only the liver but also many other organs such as skin,
myocardium, lungs and blood cells [184,185].

Phospholipidosis is extremely frequent, perhaps constant,
after the administration of these drugs [190]. However, it may
have no clinical consequence, or limited consequences, as phos-
pholipidosis occurs in many patients who have no clinical symp-
toms and have no, or minor, biochemical disturbances [190].

After withdrawal of the causative drug, phospholipidosis
regresses slowly because of the very slow dissociation of the
drug–phospholipid complexes. Consequently, the drug may still
be detectable in plasma many months after discontinuation of
treatment [191]. This protracted retention influences the out-
come of the second possible liver lesion, namely steatohepatitis.

Steatohepatitis (alcohol-like lesions) and
phospholipidosis

In a few patients receiving these drugs (amiodarone, perhexiline,
diethylaminoethoxyhexestrol) for several months or years, a
more severe form of liver disease, termed ‘alcohol-like liver
lesions’ or ‘steatohepatitis’, may develop. The incidence of these
lesions is related to the duration of treatment and thus the
cumulative dose. Generally, the disease develops insidiously 
and may be revealed by hepatomegaly or a moderate increase 
in serum ALT activity. In severe forms, jaundice, ascites and

encephalopathy may be observed. Histological lesions are 
similar to those observed in alcoholic liver disease and may
include microvesicular and macrovacuolar steatosis, Mallory
bodies, a mixed inflammatory cell infiltrate (containing 
neutrophils), fibrosis and even cirrhosis. Despite the discon-
tinuation of therapy, the disease may worsen, and fatal cirrhosis
may occur [192]. This secondary aggravation may be related to
the protracted persistence of the drug in its lysosomal deposits.

The induction of steatosis and, possibly, the other lesions that
characterize the steatohepatitis syndrome may be related to the
ability of these drugs to interfere with mitochondrial function
[175]. Let us recall that the mitochondrion has two membranes,
and that the transfer of electrons through complexes I, III and 
IV of the respiratory chain (located on the mitochondrial inner
membrane) results in the translocation of protons from the
matrix into the intermembranous compartment [175]. This 
creates an important electrochemical gradient across the 
mitochondrial inner membrane. The potential energy of this
gradient is utilized secondarily to generate ATP. When protons
re-enter the matrix via the F0 moiety of ATP synthase (complex
V), the energy released by this re-entry is harnessed in the 
synthesis of ATP by the F1 portion of complex V. An analogy of
this system would be the pumping up of water by a thermal
engine (the respiratory chain) into a reservoir, followed by 
the harnessing of this energy by hydroelectric turbines (ATP
synthase). Amiodarone [193,194], perhexiline [195] and diethy-
laminoethoxyhexestrol[196] produce similar effects on mito-
chondria, so that a common concept may be proposed [196].
The unprotonated form of these drugs is lipophilic and easily
crosses the mitochondrial outer membrane. In the intermem-
branous space, owing to the abundance of protons, the drug
molecule is protonated. The protonated molecule is positively
charged, and is therefore ‘pushed’ inside the mitochondria by
the high electrochemical potential existing across the mitoch-
ondrial inner membrane (with the outside being positively
charged). In the relatively alkaline matrix, the protonated
molecule dissociates into a proton and the uncharged parent
compound (amiodarone, perhexiline or diethylaminoethoxy-
hexestrol). The re-entry of a proton into the mitochondrial matrix
(bypassing ATP synthase) decreases the membrane potential
and wastes energy, while the accumulation at high concentra-
tion of the lipophilic unprotonated molecule inside the mito-
chondria probably interferes with membranous phospholipids
and polypeptides and inhibits both electron transfer through the
respiratory chain and the β-oxidation of long-, medium- and
short-chain fatty acids, thus explaining steatosis [193–196].

In addition to chronic steatosis, prolonged administration of
these compounds may also cause necrosis, fibrosis, a neutrophil
infiltrate and Mallory bodies. Similar steatohepatitic lesions may
occur in obesity, diabetes, prolonged corticosteroid adminis-
tration, jejunoileal bypass or Wilson’s disease [182]. All these 
conditions are characterized by chronic steatosis. It seems,
therefore, that chronic steatosis may somehow be involved in
the possible development of these other liver lesions.
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Steatosis, whether acute or chronic, leads to lipid peroxida-
tion in mice [197]. With amiodarone, perhexiline and diethy-
laminoethoxyhexoestrol, lipid peroxidation is further increased
as a result of the enhanced formation of reactive oxygen 
species resulting from the inhibition of the respiratory chain
[196]. Chronic lipid peroxidation and an increase in several
cytokines might account for the diverse liver lesions regrouped
under the term of steatohepatitis [198]. In particular, TNFα
and/or the Fas system may cause chronic hepatic apoptosis
[199]. The uptake of apoptotic bodies by macrophages and
Kupffer cells increases transforming growth factor-β (TGF-β)
production by both cell types, and increases collagen produc-
tion by stellate cells, thus leading to progressive liver fibrosis
[200].

Steatohepatitis without phospholipidosis

Steatohepatitis without phospholipidosis has been described
after the administration of alcohol, dideoxynucleoside analogues,
diltiazem, glucocorticoids, hexestrol, methotrexate, nifedipine
and tamoxifen.

Stellate cell lipidosis and perisinusoidal liver
fibrosis

The hyperplasia and hypertrophy of stellate cells filled with 
vitamin A-laden lipid vacuoles can lead to perisinusoidal liver
fibrosis after prolonged excessive intake of vitamin A, as dis-
cussed further on.

Drugs causing lipid storage liver diseases

Alcohol
Ethanol is probably the most widely used anxiolytic agent and 
is the most common cause of macrovacuolar steatosis due to
exogenous agents. Macrovacuolar steatosis due to ethanol abuse
may be related to increased mobilization of peripheral fat and 
a mild decrease in fat oxidation [201]. When the β-oxidation of
fat is severely and suddenly impaired, microvesicular steatosis
may develop instead [182]. Indeed, an uncommon form of 
alcohol-induced liver lesion is alcoholic foamy degeneration, a
severe condition resembling Reye syndrome and characterized
by massive accumulation of both microvesicular and macro-
vacuolar fat [182]. Such patients may present with jaundice 
and hepatomegaly, but no major hepatic failure. Nevertheless,
lethargy, coma and death may occur a few hours or days after
admission [182]. On electron microscopy, mitochondria display
diverse abnormalities such as atrophy, disorganization of the
matrix, loss of cristae or striking enlargement (megamitochon-
dria) [182]. A milder form of microvesicular steatosis is less
exceptional; patients have high serum transaminase activities
compared with those with macrovacuolar steatosis and exhibit
centrolobular foamy hepatocytes, but their short-term prognosis
remains good [182].

Mitochondrial DNA (mtDNA) is 10–16 times more prone to
oxidative damage than nuclear DNA, because of the attachment
of mtDNA to the mitochondrial inner membrane (which is the
main source of reactive oxygen species in the cell), the lack 
of protective histones in mtDNA and incomplete DNA repair
processes in the mitochondria [202]. Oxidative damage to
mtDNA produces single-strand breaks, which may favour slipped
mispairing of repeated sequences during replication, thus lead-
ing to mtDNA deletions [202]. Oxidative damage to DNA may
also cause the formation of 8-hydroxy-deoxyguanosine [202].
This modified base leads to misreading during replication, 
producing point mutations. Because mtDNA lacks introns, any
oxidative damage is likely to involve a functionally important
gene. However, as there are several hundreds of copies of the 
mitochondrial genome in a single cell, cells may accumulate a
limited amount of various mtDNA mutations without initial
detrimental effects. The mtDNA may thus serve as a molecular
clock of the ageing process [202]. Accumulation of 8-hydroxy-
deoxyguanosine, mtDNA deletions and mtDNA point mutations
occur spontaneously in old age, resulting in a slow, progressive
deterioration in mitochondrial function [202].

Ethanol consumption increases the generation of oxygen 
radicals in rat liver mitochondria [203]. Alcoholism might,
therefore, accelerate the oxidative ageing of mtDNA, and this
might in turn impair mitochondrial function and lead to
microvesicular steatosis of the liver [204]. Indeed, various
mtDNA deletions were found in most alcoholic patients with
microvesicular steatosis, whereas deletions were uncommon in
alcoholics with other liver lesions or in non-alcoholic patients of
similar age [204,205].

The metabolism of ethanol to acetate leads to the reduction of
NAD+ into NADH. In subjects with a normal respiratory chain,
NADH is, for the most part, reoxidized back to NAD+, thus
allowing continued activity of 3-hydroxyacyl-CoA dehydro-
genase (an NAD+-dependent enzyme involved in the third 
step in the mitochondrial β-oxidation process) [204]. Subjects 
with multiple mutations in the mtDNA genome might poorly 
reoxidize NADH in mitochondria [204]. This would lead to a
considerable decrease in the NAD+/NADH ratio after alcohol
absorption, marked inhibition of mitochondrial β-oxidation and
the development of alcoholic foamy degeneration. According 
to this view, alcoholic foamy degeneration would represent, at
least in some patients, an acquired form of a mitochondrial
cytopathy [204].

Amineptine
As explained in the section on acute hepatitis, this tricyclic
antidepressant was a frequent cause of immunoallergic, mixed
hepatitis, possibly due to the metabolic activation of its tricyclic
moiety into reactive metabolites. Amineptine, however, is 
peculiar because of the presence of a heptanoic side-chain. 
This 7-carbon side-chain is metabolized in vivo by β-oxidation
into the 5- and 3-carbon derivatives [206]. In the process, these
unnatural fatty acid analogues reversibly inhibit the β-oxidation
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of the medium- and short-chain fatty acids [206]. This may
explain why microvesicular steatosis of the liver has been
observed in a few patients receiving this antidepressant drug.

Amiodarone
Mild increases in serum aminotransferase activity have been
reported in 15–55% of patients receiving this antiarrhythmic
agent [207]. Amiodarone is a cationic amphiphilic drug that
inhibits the lysosomal degradation of phospholipids, thus 
causing phospholipidosis, and also inhibits mitochondrial 
function [193,194], thus causing steatosis or steatohepatitis.
Phospholipidosis appears to be almost constant [190], whereas
overt liver disease with alcohol-like liver lesions is uncommon.
Steatohepatitis occurs after several months or years of treatment
and may continue to worsen after amiodarone withdrawal
because of the persistence of this drug for many months in the
liver [191]. Histological lesions induced by amiodarone tend 
to predominate in periportal areas, whereas those caused by
alcohol are mainly located in centrolobular areas. Liver injury
may be associated with other adverse effects of amiodarone,
including thyroid dysfunction, pulmonary fibrosis, neuropathy,
skin discoloration and corneal deposits. Amiodarone toxicity
appears to be dose related, which may explain its higher incid-
ence and earlier onset in North American countries, where daily
doses have been higher than in Europe (400–600 mg vs. 200 mg).
The morphological expression of phospholipidosis appears 
to correlate with the storage of amiodarone in liver tissue.
Amiodarone accumulation may be assessed either by specific
dosage in the liver or, non-invasively, by computed tomography
scanning, thanks to the high iodine content of the drug [207].

L-Asparaginase
l-Asparaginase decreases the amino acid l-asparagine by
hydrolysing it to l-aspartic acid and ammonia. Unlike normal
cells, leukaemic cells cannot synthesize l-asparagine and are
therefore selectively affected. Escherichia coli l-asparaginase also
has glutaminase activity. It therefore depletes both asparagine
and glutamine. As a consequence, protein synthesis decreases
markedly. Decreased protein synthesis may explain the antineo-
plastic activity of this enzyme preparation, but it also causes 
a decrease in plasma albumin, clotting factors and plasma
lipoproteins, and the development of fatty liver. Steatosis has
been found in 50–90% of patients treated with this agent [4].
Serum transaminase and plasma bilirubin are increased. Blood
levels of ammonia are also increased, at times strikingly.
Associated adverse effects may include pancreatitis, central 
nervous system disturbances, hypersensitivity to this bacterial
product and disseminated intravascular coagulopathy.

Aspirin and Reye syndrome
Reye syndrome is a severe form of microvesicular steatosis that
occurs after viral infections (in particular influenza and vari-
cella), most often, but not exclusively, in children. Cytokines
impair mitochondrial function and may be responsible, in part,

for the disease [182]. Some viruses may also directly impair
mitochondrial function. However, these mitochondrial effects
are, at best, very moderate in liver cells. The vast majority of viral
infections are well tolerated. Other factors are thus probably
required additively to impair mitochondrial function and 
trigger the syndrome in the infected subjects.

A first potentiating factor has been the intake of aspirin in
febrile children. In the past, 93% of cases of Reye syndrome 
had occurred in children receiving aspirin, and the frequency of
aspirin use was higher in those who subsequently developed this
syndrome than in children with similar viral diseases not fol-
lowed by Reye syndrome [97]. Aspirin is quickly hydrolysed 
into salicylic acid. This carboxylic metabolite is actively trans-
formed by mitochondria (probably on their outer membrane)
into the salicylyl-coenzyme A derivative. Extensive formation of
this thioester sequesters extramitochondrial coenzyme A. The
latter is no longer available for the activation of long-chain fatty
acids, whose entry in mitochondria and subsequent β-oxidation
is therefore decreased [208]. The drug-induced impairment in
fatty acid oxidation (added to the effects of infection) probably
helped to trigger the syndrome in children receiving aspirin for
viral infections. Indeed, recommendations for the avoidance of
aspirin in febrile children have led to a parallel decline in the use
of aspirin and the incidence of Reye syndrome in the USA [209].

Nevertheless, a few cases of Reye syndrome are still being
observed. A second factor that helps to trigger Reye syndrome 
is a previously latent defect in mitochondrial β-oxidation
enzymes [210]. Now that the use of aspirin has been curtailed in
febrile children, residual cases of Reye syndrome occur mainly 
in children with a previously latent genetic defect in β-oxidation
[210]. The anorexia, vomiting and fever associated with the
infectious disease, together with the fast imposed by some ill-
advised mothers, may increase peripheral lipolysis. This may
start a vicious circle by increasing the fatty acid burden of the
liver. The liver may be unable to handle this increased load of
fatty acids, because the inborn defect is further aggravated by the
impairment in β-oxidation resulting from the infectious process.

Calcium hopantenate (pantoyl-g-aminobutyrate)
This analogue of pantothenic acid may inhibit mitochondrial 
β-oxidation and has caused Reye-like syndromes in Japan.

Cocaine
As already mentioned, cocaine-induced liver lesions may com-
bine both centrolobular necrosis and periportal microvesicular
steatosis. Cocaine is transformed into reactive metabolites and
triggers reactive oxygen species formation, mitochondrial per-
meability transition, caspase activation and apoptosis in rat 
hepatocytes [211].

Dideoxynucleosides (nucleoside reverse
transcriptase inhibitors, NRTIs)
3´-Azido-2´,3´-dideoxythymidine (zidovudine, azidothymidine
or AZT), 2´,3´-didehydro-3´-deoxythymidine (stavudine), 
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2´,3´-dideoxycytidine (zalcitabine, ddC), 2´,3´-dideoxyinosine
(didanosine, ddI) and the unsaturated drug, abacavir, are all
2´,3´-dideoxynucleosides that are used in patients with HIV
infection. The sugar analogue of these dideoxynucleosides 
possesses the normal 5´-hydroxyl group of deoxyribose. After
activation to the triphosphate derivative, the analogue can 
thus be incorporated (in place of a natural nucleotide) into a
growing chain of DNA. In contrast, the 3´-hydroxyl group 
of deoxyribose is absent in these sugar analogues. Once the
nucleotide analogue has been added at the end of a growing
chain of DNA, the DNA chain now lacks a 3´-hydroxyl end, and
no other nucleotide can be incorporated, thus terminating DNA
replication.

Therefore, the effects of these compounds depend on the 
ability of various polymerases to incorporate them into DNA.
The HIV reverse transcriptase performs this incorporation, 
thus impairing the reverse transcription of the viral RNA into
the HIV DNA [212]. The mammalian DNA polymerases that 
are involved in nuclear DNA replication poorly incorporate 
the dideoxynucleoside triphosphates into the growing chain of
DNA. The replication of nuclear DNA is not impaired, allow-
ing the utilization of these compounds as therapeutic agents
[213].

The problem is that the mammalian DNA polymerase γ,
which acts in mitochondria, can, like the viral reverse trans-
criptase, incorporate the dideoxynucleoside triphosphates into 
the growing chain of mtDNA [213]. This incorporation ter-
minates mtDNA replication, unless the wrongly incorporated
dideoxynucleoside analogue can eventually be removed by the
proofreading 3´→5´-exonuclease activity of polymerase γ. The
consequence therefore is markedly to slow down mtDNA 
replication. Unlike nuclear DNA, mtDNA keeps replicating 
in postmitotic tissues. When mtDNA replication is markedly
impaired, a progressive loss of mtDNA can occur [214].
Furthermore, dideoxynucleoside analogues can increase reac-
tive oxygen species formation, thus causing oxidative damage to
mtDNA [215] and secondary mtDNA deletions [216]. Finally,
the HIV infection itself can deplete mtDNA, at least in periph-
eral blood cells.

mtDNA depletion and/or mtDNA lesions can trigger the
acquired equivalent of a mitochondrial cytopathy [217]. As in
the inborn mitochondrial cytopathies, the clinical manifestations
may be extremely polymorphic. Although each dideoxynucleo-
side analogue may more selectively affect certain organs rather
than others, taken together, the 2´,3´-dideoxynucleoside ana-
logues may lead to bone marrow suppression with anaemia,
neutropenia and thrombocytopenia, pancreatitis, peripheral
neuropathy, myopathy, pancreatitis, lactic acidosis and
microvesicular steatosis of the liver [217].

Hepatic manifestations and lactic acidosis have been observed
with all dideoxynucleosides, but seem to be particularly frequent
with stavudine and high doses of didanosine [218]. The disease
may be heralded by anorexia, vomiting, weight loss, abdominal
pain, abdominal distension and tachycardia. Serum lactate 

can be moderately or severely increased; serum ALT and 
γ-glutamyltransferase are mildly increased, and the liver may 
be hyper-reflective on ultrasonography. The liver disease can 
be associated with facial and limb lipoatrophy due to mtDNA
depletion in peripheral adipocytes, and with increased creatine
kinase activity (due to myopathy) and/or elevated lipase (due to 
pancreatitis) [218]. After interruption of the NRTI treatment 
in symptomatic patients, mild lactataemia without acidosis 
frequently regresses. In contrast, a marked initial increase in
serum lactate associated with a loss of bicarbonate and an acidic
pH attest to the severity of the condition, which can be fatal
despite the interruption of treatment.

Unlike other dideoxynucleoside analogues, abacavir has an
unsaturated 2-cyclopentene-1-methanol moiety. The oxidation
of its methanol group by alcohol dehydrogenase, followed by
double bond migration, may form a reactive α,β-unsaturated
aldehyde, which covalently binds to proteins. In addition to
mild mitochondrial toxicity, abacavir can trigger immune reac-
tions (mostly rash), particularly in patients with the HLA B57
molecule [219].

4,4´-Diethylaminoethoxyhexestrol
This coronary vasodilator has been recalled after being respons-
ible for more than 100 cases of alcoholic-like liver disease asso-
ciated with phospholipidosis in Japan, usually after treatments
lasting 6 months or more [4]. Fatal cirrhosis has occurred 
in some patients [4]. 4,4´-Diethylaminoethoxyhexestrol is a
cationic amphiphilic drug that impairs mitochondrial fatty 
acid β-oxidation, thus causing steatosis, and also partially
impairs mitochondrial respiration, thus increasing mitochon-
drial reactive oxygen species formation and lipid peroxidation
[196].

Fialuridine
Fialuridine (fluoroiodoarauracil, FIAU) has induced several
cases of fatal microvesicular steatosis of the liver, leading to
interruption of clinical trials [220]. A 3´-OH group is present 
in the sugar moiety of this analogue, so that the incorporation 
of one single molecule does not terminate mtDNA replica-
tion. However, the incorporation of several adjacent fialuridine
nucleotides into mtDNA inhibits DNA polymerase γ and
mtDNA replication [221].

Glucocorticoids
Glucocorticoids, particularly in large doses, lead to macro-
vacuolar steatosis of the liver [4]. The disease is clinically silent,
although hepatomegaly may be present. Glucocorticoids may
enhance the mobilization of lipids from adipocytes in high
doses, and may inhibit protein synthesis [4]. Glucocorticoids
also inhibit acyl-CoA dehydrogenases and the mitochondrial 
β-oxidation of fatty acids, and they trigger microvesicular
steatosis of the liver in mice [222]. Prolonged treatments with
high doses of glucocorticoids have led to steatohepatitis lesions
in humans.
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Ibuprofen
Like the other 2-arylpropionate derivatives, this NSAID is 
transformed into slightly reactive acyl-glucuronides that slowly
covalently bind to hepatic proteins and might be responsible for
the few cases of mixed hepatitis that may occur with these com-
pounds. However, ibuprofen can also cause steatosis. Ibuprofen
is a mixture of two enantiomers, both of which inhibit the β-
oxidation of medium- and short-chain fatty acids [223].

Ketoprofen
Also a 2-arylpropionate derivative, this NSAID has produced a
few instances of microvesicular steatosis.

Methotrexate
Methotrexate has been widely used for many years in patients
with severe psoriasis, and is now also indicated in patients with
severe rheumatoid arthritis. This potent inhibitor of dihydrofo-
late reductase impairs the metabolic transfer of 1-carbon units
in a variety of biochemical reactions, leading to decreased DNA,
RNA and protein synthesis. These effects may selectively target
mitochondrial DNA. Methotrexate administration may cause
hepatic steatosis, steatohepatitis, perisinusoidal fibrosis and 
cirrhosis [224,225].

The potential of methotrexate to induce liver lesions is mainly
known from its use in the treatment of psoriasis. Excessive 
alcohol ingestion is relatively common in patients with severe
psoriasis, and is the most important predisposing factor to
methotrexate hepatotoxicity [5]. Obesity and diabetes mellitus,
which also trigger hepatic fat accumulation, may also combine
their effects with methotrexate to cause steatohepatitis [225].
Prolonged administration of methotrexate to psoriatic patients
can induce fibrosis or cirrhosis [226]. The risk of developing
such lesions increases with the time of exposure, being low 
for administrations shorter than 1 year but, in some studies,
exceeding 12.5% and 25% after 2 and 5 years of treatment
respectively. The incidence of liver injury also increases with the
cumulative dose, particularly when it exceeds 2 or 4 g of
methotrexate [226]. For the same cumulative dose, the incid-
ence of liver injury was higher in the patients who had received
methotrexate on a daily rather than on an intermittent schedule
[226].

Fibrosis due to methotrexate (or diverse methotrexate/
ethanol/obesity/diabetes combinations) is associated with
macrovacuolar steatosis, mild portal inflammation, Kupffer cell
proliferation and stellate cell hyperplasia. Electron microscopy
shows fat deposition, abnormalities of lysosomes and mitochon-
dria and hypertrophy of the smooth endoplasmic reticulum in
hepatocytes as well as the deposition of collagen fibres in the
space of Disse (perisinusoidal fibrosis) [5]. The disease develops
insidiously. Although liver tests are usually slightly impaired,
they have remained normal in some instances despite the pres-
ence of fibrosis or cirrhosis.

Prevention is based on avoiding the drug in mild forms of
psoriasis or in patients with pre-existing liver lesions and those

who cannot refrain from drinking alcohol [5]. Monitoring of
liver tests every second month is advocated. Because liver tests
may remain normal even in patients who develop fibrosis, serial
liver biopsies at 2-yearly intervals, or after cumulative doses
exceeding 2–4 g, have been recommended [5]. However, this
recommendation is frequently overlooked in practice. An alter-
native may be to monitor procollagen III aminopeptide and
only to perform biopsies in patients with elevated values. It will
be interesting to see whether other non-invasive methods, such
as the Fibroscan, may obviate the need for liver biopsies.

The hepatotoxicity of methotrexate in rheumatoid arthritis 
is less extensively documented. The general impression is that
hepatotoxicity is less of a problem in rheumatoid arthritis than
in psoriasis, perhaps because of lower frequency of ethanol
abuse. However, fibrosis and cirrhosis can also develop, and
monitoring of liver tests is also recommended [227]. Liver 
biopsies should be performed when liver test abnormalities 
persist or fluctuate over three consecutive years of treatment
[227]. Whether a liver biopsy should also be performed in
patients with normal liver tests but prolonged treatment
remains unsettled.

A hepatocellular carcinoma has been observed in several
patients treated with methotrexate.

Perhexiline maleate
An asymptomatic increase in serum aminotransferases occurs in
30% of patients treated with perhexiline maleate [230]. Clinical
manifestations are much less frequent and are generally observed
after several months or years of treatment. Liver lesions then
associate features of alcohol-like hepatitis and phospholipidosis.
Cirrhosis may occur [188], sometimes despite discontinuation
of treatment [192]. Liver damage is frequently associated with
weight loss, peripheral neuropathy and hypoglycaemia. Like
steatohepatitis, these effects might be explained by the mito-
chondrial effects of this drug [195].

The toxicity of perhexiline maleate is mainly observed in 
subjects with a genetic impairment in drug oxidation capacity
[231]. Perhexiline is oxidized by cytochrome P-450 2D6 [231].
This isoenzyme is deficient in the liver of 3–10% of Caucasians
[232]. In deficient subjects, perhexiline oxidation is impaired,
and the drug accumulates abnormally [231].

Pirprofen
This 2-arylpropionate NSAID had to be recalled because of its
hepatotoxic potential. In some patients, microvesicular steatosis
accompanied liver cell necrosis [143]. Like ibuprofen, this drug
inhibits the mitochondrial β-oxidation of fatty acids and pro-
duces microvesicular steatosis of the liver in mice [233].

Tamoxifen
Tamoxifen is an antiestrogen, which is used in the treatment of
advanced breast cancer. This cationic amphiphilic drug directly
impairs mitochondrial function. Furthermore, it intercalates
between DNA bases, inhibits mtDNA synthesis and depletes

TTOC14_01  3/10/07  8:53 AM  Page 1249



1250 14 TOXIC LIVER INJURY

mtDNA in mice [234]. Tamoxifen can cause steatohepatitis [235],
particularly in overweight women [236]. Phospholipidosis does
not seem to have been reported in human livers, although
tamoxifen has been shown to impair lysosomal acidification and
to cause intralysosomal storage of polar lipids after administra-
tion of high doses to animals.

Tetracycline derivatives
At currently administered oral doses, tetracycline may pro-
duce minor degrees of hepatic steatosis of no clinical concern 
in humans [4]. However, severe microvesicular steatosis has
occurred in the past during the intravenous administration 
of tetracycline, usually in high doses [4]. Predisposing factors
included impaired renal function, which decreased tetracycline
elimination, and also pregnancy [4], which may slightly impair
mitochondrial β-oxidation [180]. The syndrome usually
appeared after 4–10 days of tetracycline infusion [4]. The dis-
ease resembled Reye syndrome. Renal failure and pancreatitis
were frequently associated. Most of the reported cases have died, 
but milder cases may have gone unrecognized or unreported.
Microvesicular steatosis has also been observed after intravenous
administration of several other tetracycline derivatives [4].

Tetracycline itself and several tetracycline derivatives produce
extensive microvesicular steatosis of the liver in experimental
animals [228,229]. This is due to the dual effect of these anti-
biotics, which inhibit both the mitochondrial β-oxidation of
fatty acids [228,229] and also the activity of microsomal trigly-
ceride transfer protein and the hepatic secretion of VLDLs 
[183].

Tianeptine
This analogue of amineptine has a related tricyclic moiety and
an identical heptanoic side-chain. Like amineptine, it is acti-
vated by cytochrome P-450 into reactive metabolites. Like
amineptine, it is metabolized mainly by β-oxidation of its hep-
tanoic side-chain, and it reversibly inhibits the mitochondrial 
β-oxidation of medium- and short-chain fatty acids. Unlike
amineptine, however, tianeptine is used in much lower doses,
and only one case of both hepatitis and microvesicular steatosis
has been reported with this derivative.

Valproate
Administration of this anticonvulsant may produce silent
increases in serum transaminase activity in 16–67% of recipients
[237], and causes a hyper-reflective liver on ultrasonography in
60% of treated patients. Overt liver disease is much less com-
mon. It occurs mainly in young individuals (with the highest
risk in children under 3 years of age) and is favoured by the 
concurrent administration of phenobarbital or phenytoin, two
microsomal enzyme inducers [5]. Valproate toxicity may also be
favoured by inborn defects impairing mitochondrial function,
as discussed further on. The fully developed syndrome is usually
marked by jaundice, sometimes with ascites, and haemorrhagic
phenomena. The disease may result in coma, associated with

azotaemia in 50% of cases [237]. Serum transaminase activity 
is moderately increased. The prothrombin time is prolonged.
Serum ammonia levels are elevated. Hypoglycaemia may occur.
Microvesicular steatosis is often associated with necrosis and, at
times, with cirrhosis and cholestasis [237].

Valproic acid is a branched-chain fatty acid. Like natural 
fatty acids, it forms the acyl-coenzyme A derivative. Extensive
formation of valproyl–coenzyme A inside the mitochondria
depletes the intramitochondrial pool of coenzyme A [238]. The
lack of coenzyme A decreases the oxidation of long-, medium-
and short-chain fatty acids [238] and also blocks pyruvate dehy-
drogenase, which requires coenzyme A as a necessary cofactor,
therefore inhibiting pyruvate-supported mitochondrial respira-
tion. These various effects may explain why valproate adminis-
tration can aggravate inborn β-oxidation defects and inborn
mitochondrial cytopathies.

In addition to the sequestration of coenzyme A, another
mechanism has been suggested. Cytochrome P-450s 2A6, 2B,
2C9 and 4A desaturate the ultimate and penultimate carbons of
valproate, thus forming ∆4-valproate. This metabolite is further
metabolized in mitochondria, where its β-oxidation then pro-
duces the diene derivative: ∆4,∆2-diene-valproyl-coenzyme A.
This is an electrophilic metabolite that reacts with glutathione
and might inactivate β-oxidation enzymes [239]. Although this
inactivation remains to be demonstrated, this scheme would
account for the increased hepatotoxicity of valproate during 
the concomitant administration of cytochrome P-450-inducing
drugs.

Finally, like several other anionic uncouplers, valproic acid
can potentiate calcium-induced mitochondrial permeability
transition in isolated mitochondria [240]. These diverse effects
of valproic acid may explain why this drug can cause not only
steatosis, but also necrosis, fibrosis and cirrhosis.

Prevention of valproate hepatotoxicity relies mainly on the
avoidance of this drug in children under 3 years of age or those
taking other anticonvulsants [5]. These two precautions have led
to a fourfold decline in the frequency of fatal liver injury [5].
Monthly monitoring of liver tests during the first 6 months of
therapy is also recommended, but its efficacy remains unproven
because there is a high incidence of liver enzyme elevations,
which are often transient, and because severe hepatotoxicity
may develop between the tests. Indications to stop the drug 
may include persisting ALT abnormalities (particularly if they
exceed three times the ULN) and, certainly, any abnormality in
coagulation factors, bilirubin or albumin or the appearance of
lethargy, malaise, anorexia, nausea or vomiting [5].

Vitamin A (retinol, all-trans-retinol)
Hypervitaminosis A causes the hyperplasia and hypertrophy 
of stellate cells, which are filled with vitamin A-containing 
lipid vacuoles and compress the hepatic sinusoids [5].
Hypervitaminosis A can trigger perisinusoidal fibrosis
[241–247] as a probable consequence of an increased synthesis
of collagen by activated stellate cells. However, it is not clear 
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how this activation occurs. The supplementation of cultured
hepatic stellate cells with all-trans-retinol or all-trans-retinoic
acid instead prevents the morphological transition towards 
the collagen-secreting myofibroblastic phenotype. However,
retinoids can trigger apoptosis in hepatic cell lines, and polar
metabolites of retinol can trigger apoptosis in primary rat 
hepatocytes. The engulfment of apoptotic bodies has been
shown to activate stellate cells into TGF-β-secreting, collagen-
producing cells [200].

The adverse hepatic effects of vitamin A have occurred after a
wide range of daily doses (20 000–1 200 000 units) and various
lengths of treatment (7 weeks to 30 years) [243,245]. Usually,
however, the disease becomes symptomatic after several years 
of treatment and a cumulative dose exceeding 100 × 106 units
[245]. Skin disorders, in particular alopecia, are frequently
observed [241]. There is moderate elevation in both serum
transaminase activity and alkaline phosphatase activity [247].
Light and electron microscopy show stellate cell hyperplasia,
with vitamin A accumulation in large vesicles [246]. The con-
centration of vitamin A is markedly increased in hepatic tissue.
In contrast, its level in the serum is often normal [245].

Perisinusoidal fibrosis induced by hypervitaminosis A is 
frequently associated with sinusoidal dilation [246]. Portal and
periportal fibrosis and even cirrhosis may develop if vitamin A
administration is continued [244,245].

Withdrawal of vitamin A results in the reduction in ALT
activity, but the increased alkaline phosphatase activity is much
more persistent and, despite the withdrawal of the drug, cir-
rhotic lesions may develop as a result of the long persistence 
of vitamin A in the liver [247]. However, manifestations of 
portal hypertension may eventually improve after vitamin A
withdrawal.

Subacute hepatitis, chronic hepatitis
and postnecrotic cirrhosis

Prolonged destructive damage to hepatocytes, whatever its ini-
tial mechanism, may lead to subacute hepatitis, chronic hepatitis
and cirrhosis. This is well demonstrated in experimental animals,
which develop cirrhosis after repeated administration of many
compounds that produce liver cell necrosis, such as carbon
tetrachloride, dimethylnitrosamine or galactosamine [4]. In
humans, prolonged drug-induced necrosis may also lead to sub-
acute and chronic hepatitis, or even cirrhosis, in four different
circumstances:
1 Most frequently, the liver lesion develops silently over a
period of several months, but is only responsible for mild and
non-specific symptoms such as asthenia. Therefore, the liver
injury remains long unrecognized, and the treatment is con-
tinued. When the disease is eventually detected, chronic lesions
are already present.
2 In some cases, acute hepatitis is diagnosed, but the causative
drug is not recognized and its administration is continued, 
leading to chronic liver lesions.

3 In other patients, the causative drug has been withdrawn 
initially but has then been readministered (or ingested again by
the patient) before complete recovery from the initial episode,
leading to subacute hepatitis.
4 In a few cases, the process leading to the liver injury has con-
tinued despite the withdrawal of the offending drug. This has
been observed with some drugs, such as tienilic acid, that trigger
an autoimmune response directed against normal hepatocyte
constituents [65].

Prolonged liver cell necrosis may lead to three main types 
of liver diseases, namely subacute hepatitis, chronic hepatitis
and postnecrotic cirrhosis. Unless there has been a medical fault
(continued administration despite awareness of the liver dis-
ease), the duration of the liver disease remains unknown. This
precludes using any time-based definition for these drug-
induced liver diseases. Therefore, terms such as drug-induced
‘subacute hepatitis’ or ‘chronic hepatitis’ are employed only to
indicate the presence of particular liver lesions on liver biopsy at
the time of diagnosis, without any time connotation.

Subacute hepatitis

Subacute hepatitis occurs mainly when the administration of 
the causative drug has been continued despite overt liver disease,
or when it has been readministered before complete recovery
from the initial acute episode. Clinical and biochemical manifest-
ations persist, or even worsen, within a few weeks or a few
months following the onset of jaundice. In some cases, ascites,
encephalopathy, hypoalbuminaemia and hypoprothrombinaemia
develop. Histologically, subacute hepatitis is characterized by
the concomitant presence of lesions at three different stages of
evolution:
• Acute lesions consist of the lobular necrosis and the lobular
inflammation seen in acute hepatitis.
• Secondary lesions consist of ‘bridging necrosis’, a term
describing bands of parenchymal collapse (due to necrosis and
subsequent cell dropout) that link either two portal tracts
together or a portal tract and a central vein.
• Late lesions are suggestive of a chronic process, with portal
fibrosis and portal inflammation, with, in some cases, the pres-
ence of nodules of regeneration.

Chronic hepatitis

Generally, clinical symptoms are absent or non-specific over a
long period, sometimes up to the time of the liver biopsy. In
other cases, jaundice and manifestations of hepatic failure may
arise suddenly or progressively. Serum aminotransferase activity
is increased, whereas alkaline phosphatase activity is usually
normal. Serum gammaglobulin level can be increased.

Drug-induced chronic hepatitis is histologically characterized
by peripheral hepatocyte necrosis (piecemeal necrosis) and by
portal inflammation and portal fibrosis, which may both extend
into the peripheral parenchyma.
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Postnecrotic cirrhosis

The clinical manifestations are extremely variable. Cirrhosis
may be recognized fortuitously or may be revealed by jaundice,
ascites, hepatic encephalopathy, hepatomegaly or complications
of portal hypertension. Serum ALT activity is generally moder-
ately increased. Hypoalbuminaemia and hypoprothrombinaemia
are commonly observed.

Histologically, cirrhosis is characterized by a destruction of
lobular architecture, extensive fibrosis and nodules of regenera-
tion. These lesions may be associated with those of subacute
hepatitis or chronic hepatitis.

Autoantibodies

Subacute hepatitis, chronic hepatitis and postnecrotic cirrhosis
are frequently associated with autoantibodies. Some of these
antibodies, such as the antinuclear or antismooth muscle anti-
bodies, have no specificity and are observed with different drugs,
in particular clometacin, methyldopa and papaverine [248].

In contrast, other autoantibodies appear to be more spe-
cifically associated with a particular drug-induced liver injury.
The type 2 antiliver/kidney microsome antibodies (anti-LKM2)
are observed in patients with liver injury caused by tienilic 
acid [65]. Antiliver microsome autoantibodies are found with
dihydralazine [66]. The anti-M6 antimitochondrial antibodies
are found in patients with iproniazid-induced liver injury [128].
As opposed to the autoantibodies that are observed in idiopa-
thic autoimmune hepatitis, these drug-induced autoantibodies
slowly regress with time once the treatment is withdrawn.

Outcome of subacute hepatitis, chronic
hepatitis and postnecrotic cirrhosis

These drug-induced liver lesions generally improve after with-
drawal of the causative drug (with a few exceptions as men-
tioned above). Clinical manifestations disappear quickly, and
serum aminotransferases decrease markedly within the first weeks,
but further improvement may be slower. Similarly, autoanti-
bodies tend to disappear progressively. Complete recovery 
may take several months and is not constant. Mild liver test
abnormalities as well as fibrosis and inactive cirrhosis (without
necrosis or inflammation) may persist as late sequelae.

Drugs causing subacute or chronic hepatitis
and postnecrotic cirrhosis

Only the drugs that cause liver damage through prolonged hep-
atocyte necrosis are considered in this section and in Table 8.
Drugs causing fibrosis or cirrhosis in the context of steatohep-
atitis (e.g. amiodarone and perhexiline) or stellate cell lipidosis
(vitamin A) have been discussed above, while drugs causing 
cirrhosis as a consequence of chronic cholestasis (e.g. chlorpro-
mazine, flucloxacillin) are considered in subsequent sections.

Amodiaquine
Subacute hepatitis has been observed in some patients who had
continued to take the drug for more than 4 weeks after the first
manifestations [93]. Recovery was very slow [93].

Clometacin
This analgesic has been a major cause of drug-induced chronic
liver disease in France [249], but has now been recalled. Liver
injury often developed silently, so that 30% of patients with
clometacin-induced liver injury already had chronic liver dis-
ease when a liver biopsy was performed [249]. Chronic hepatitis
was observed in 25% of these patients and cirrhosis in 5% [249].
Clometacin-induced liver injury was associated with hyper-
sensitivity manifestations (fever, rash, blood eosinophilia) in
70% of patients. Serum autoantibodies were found in 66%; 
these were mainly antismooth muscle or antinuclear antibodies
and, less frequently, antimitochondrial or anti-DNA antibodies
[249]. Giant multinucleated hepatocytes have been observed in
some patients [250].

Dantrolene
Several cases of chronic active hepatitis and cirrhosis have been
observed after the administration of this myorelaxant for more
than 2 years [109].

Diclofenac
Among 21 patients undergoing a liver biopsy for diclofenac-
induced liver injury, six had chronic hepatitis [111].

Table 8 Main drugs causing subacute hepatitis, chronic hepatitis, or
cirrhosis as a result of prolonged hepatocyte necrosis.a

Acetohexamide Halothane

Acitretin Iproniazid

Amodiaquine Isoniazid

Aspirin Metahexamide

Atorvastatin Methyldopa

Benzarone Nicotinic acid

Busulfan Nitrofurantoin

Chlorambucil Oxyphenisatin

Ciprofibrate Papaverine

Clometacin Paracetamol

Cyanamide Phenprocoumon

Cyproterone Phenytoin

Dantrolene Propylthiouracil

Diclofenac Suloctidil

Ebrotidine Tegafur

Etretinate Tienilic acid

Fenofibrate Trazodone

Frentizole Troglitazone

Germander Urethane

Glafenine Valproate

aDrugs causing chronic liver injury or cirrhosis as a consequence of

steatohepatitis, the vanishing bile duct syndrome or chronic vascular injury

are not included in the table.
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Iproniazid
Fibrosis and cirrhosis may develop after the administration 
of this antidepressant [4]. Liver injury may worsen despite the
discontinuation of the drug. Iproniazid liver injury appears to 
be specifically associated with the presence of anti-M6 antimito-
chondrial autoantibodies [128].

Isoniazid
Although isoniazid induces mainly acute hepatitis, chronic 
hepatitis and cirrhosis can also occur [130].

Methyldopa
This antihypertensive compound was one of the most important
causes of subacute hepatic necrosis [251], particularly in patients
who continued to take the drug for several weeks after the onset
of the first symptoms. Chronic active hepatitis or cirrhosis was
also observed. Antismooth muscle and antinuclear antibodies
were frequently present [248]. Liver damage was sometimes asso-
ciated with haemolytic anaemia and a positive Coombs’ direct
antiglobulin test [86]. About 70% of patients with methyldopa-
induced liver injury were female, which suggested some predis-
position. With the availability of the new antihypertensive agents,
the drug is much less used nowadays.

Nitrofurantoin
This anti-infectious agent has been responsible for many cases of
chronic liver injury [252,253]. At the time of the liver biopsy,
33% of patients with hepatic injury exhibited lesions of chronic
hepatitis or cirrhosis [253]. Most cases were in women. In addi-
tion to the more frequent use of urinary antiseptics in this 
gender, sex-related susceptibility was suggested. The duration 
of nitrofurantoin administration before the recognition of the
disease exceeded 6 months in more than 85% of patients with
chronic liver lesions [252,253]. Serum antinuclear and anti-
smooth muscle antibodies were present in most patients. HLA
DR2 and HLA DRw6 antigens were found more frequently 
in patients than in a control population, although statistical
significance was not reached [253].

Oxyphenisatin
Prolonged administration of this laxative, usually for more 
than 6 months, has been a major cause of chronic hepatitis and
cirrhosis in the past. This drug has been abandoned.

Papaverine
Chronic hepatitis or cirrhosis may develop in patients receiving
long-term therapy. Antinuclear and antismooth muscle anti-
bodies may be present.

Tienilic acid (ticrynafen)
Chronic active hepatitis and cirrhosis accounted for about 7%
and 15%, respectively, of cases of liver damage caused by tienilic
acid [150]. Hypersensitivity manifestations were frequently
observed. As already mentioned, tienilic acid-induced liver

injury was associated with specific antimicrosomal autoanti-
bodies. These anti-LKM2 autoantibodies were directed against
the isoenzyme of cytochrome P-450 (the 2C9 isoenzyme) that
transforms tienilic acid into a reactive metabolite [65]. The drug
has been withdrawn.

Other drugs
Other drugs that have caused chronic active hepatitis and/or 
cirrhosis are listed in Table 8. Conceivably, most drugs respons-
ible for acute hepatocellular injury might produce chronic liver
damage under conditions leading to protracted liver cell necrosis.

Prolonged cholestasis

Drug-induced prolonged cholestasis may be divided into two
different entities, depending on the size of the injured bile 
ducts [87]:
• A syndrome resembling primary biliary cirrhosis occurs in
patients with protracted lesions of small interlobular bile ducts.
These bile ducts disappear from the portal tracts, hence the term
‘vanishing bile duct syndrome’ [87].
• A syndrome resembling primary sclerosing cholangitis is due
to sclerosing lesions of the extrahepatic or large intrahepatic bile
ducts [87].

Vanishing bile duct syndrome

The characteristic portal tract lesion is the disappearance of
interlobular bile ducts, with or without moderate polymor-
phous inflammatory infiltration and ductular proliferation.
Cholestasis can be observed and, in severe cases, it can be associ-
ated with ‘pseudoxanthomatous’ degeneration or necrosis of
periportal hepatocytes. A lobular inflammatory infiltration is
mild or absent [4]. The lobular architecture is initially preserved,
and portal fibrosis is usually moderate or absent [254]. How-
ever, secondary biliary cirrhosis can eventually develop in a few
cases. The reversibility of cholestasis may depend upon the
number of affected bile ducts [255].

Clinically, drug-induced prolonged cholestasis due to persist-
ing lesions of small bile ducts has been defined as either the per-
sistence of jaundice for more than 6 months or the persistence 
of high serum alkaline phosphatase and γ-glutamyltransferase
activities for more than 1 year after the acute episode of drug-
induced hepatitis and the withdrawal of the causative drug [87].
Three different clinical forms may be described, of increasing
severity but decreasing frequency:
1 In the most frequent, but minor, form of the disease, the 
jaundice and pruritus that characterize the initial episode of
acute cholestatic hepatitis rapidly disappear after interrup-
tion of treatment. However, high alkaline phosphatase and 
γ-glutamyltransferase activities persist for more than 1 year, 
and a liver biopsy shows partial rarefaction of the interlobular
bile ducts. Liver tests keep improving, albeit very slowly, and
they finally normalize after several years of follow-up.
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2 In an uncommon, major, but eventually improving form,
jaundice persists for more than 6 months despite interruption 
of treatment. Xanthomata and xanthelasmata can develop
[256,257]. Hepatomegaly, splenomegaly and even symptoms
related to malabsorption may appear. Serum alkaline phos-
phatase and γ-glutamyltransferase activities are very high, as 
are serum bilirubin, bile acids and cholesterol. Despite this
impressive clinical presentation and the presence of histological
features resembling severe primary biliary cirrhosis, patients
nevertheless progressively improve. Jaundice eventually sub-
sides, although this can take several years [257]. The high 
alkaline phosphatase and γ-glutamyltransferase activities then
decrease very slowly, although, in one patient, abnormalities still
persisted 14 years after onset of the liver disease.
3 Finally, in an exceptional, unrelenting form, jaundice persists
unabated for many years, until secondary biliary cirrhosis de-
velops, leading to death or liver transplantation.

The features of the initial episode of acute cholangitis are
clearly consistent with an immunoallergic mechanism [87]. What
is less clear is what prevents the restoration of normal bile ducts
once the drug has been withdrawn. The rarefaction of bile ducts
may increase progressively with time [258,259], long after the
drug and its metabolites have been cleared from the body. This
has led to the hypothesis of a drug-triggered, autoimmune attack
against small bile ducts [87,255,258]. Persisting blood eosinophilia,
circulating immune complexes or both [258] were observed in
some cases. However, corticosteroid therapy has been attempted
in a few patients without benefit [257]. Another possibility is
that the few remaining bile ducts may be exposed to a very high
flow rate of detersive bile acids, thus causing sustained toxicity to
bile ducts. Administration of ursodeoxycholic acid may be
worth trying, as this less detersive bile acid has been associated
with clinical and biochemical improvement in some patients.

Drugs causing the vanishing bile duct
syndrome

Chlorpromazine
Chlorpromazine has been involved in more than 30 cases of
jaundice lasting for more than 1 year [4,102,254,256]. Prolonged
cholestasis occurs in about 7% of patients with chlorpromazine-
induced acute hepatitis [4]. Despite an impressive clinical and
histological picture, prolonged cholestasis caused by this drug
often finally improves, with eventual disappearance of jaundice,
sometimes several years after the onset of the disease [4,254].
However, irreversible biliary cirrhosis leading to death can occur
in some patients [4]. The main histological feature is the dis-
appearance of interlobular bile ducts [4].

Ajmaline derivatives
Many cases of prolonged cholestasis have been ascribed to 
the ajmaline derivatives, and these drugs are no longer used
[257,258]. Jaundice eventually subsided except in one patient in
whom irreversible biliary cirrhosis developed [257].

Flucloxacillin
This penicillinase-resistant penicillin is widely used in several
countries and is a frequent cause of the vanishing bile duct 
syndrome [260,261]. Treatment with ursodeoxycholic acid may
be beneficial.

Amoxacillin–clavulanic acid
Focal destructive cholangiopathy is found during acute
cholestatic hepatitis due to the amoxicillin–clavulanic acid 
combination [262], and prolonged cholestasis associated with
ductopenia can occur in a few patients [262].

Other drugs
Single cases or a few cases of prolonged cholestasis have been
reported with several other drugs (Table 9).

Sclerosing cholangitis

In this condition, one or multiple segmental strictures affect the
large intrahepatic and extrahepatic bile ducts. This lesion is seen
either after administration of floxuridine infused in the hepatic
artery or after the intracystic infusion of hypertonic saline 
or formaldehyde in hydatid cysts that communicate with intra-
hepatic bile ducts.

Floxuridine
Jaundice is a frequent complication of the infusion of floxuri-
dine in the hepatic artery for the treatment of hepatic metastases
from colorectal carcinoma [263,264]. Jaundice can be due to
drug-induced acute hepatitis or to sclerosing cholangitis [264].
Sclerosing cholangitis may occur in 5–29% of patients receiving

Table 9 Drugs causing prolonged cholestasis resulting from lesions of
small intrahepatic bile ducts.

Acepromethazine Imipramine

Ajmaline Methyltestosterone

Allopurinol Norandrostenolone

Amitriptylline Phenybutazone

Amoxicillin–clavulanic acid Phenytoin

Barbiturate Prochlorperazine

Carbamazepine Ramipril

Carbutamide Rosiglitazone

Chlorpromazine Terbinafine

Cimetidine Tenoxicam

Ciprofloxacin Tetracycline

Cyamemazine Thiabendazole

Cyproheptadine Ticlopidine

Doxycycline Tiopronin

Erythromycin + chlorpropamide Tolbutamide

Fenofibrate Trimethoprim–sulphamethoxazole

Flucloxacillin Troleandomycin

Gold salts Xenelamine

Haloperidol
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this intra-arterial treatment. It usually develops several months
(often 1 year) after starting this chemotherapy. It has been sug-
gested that sclerosing cholangitis caused by floxuridine might be
treated or prevented by intra-arterial dexamethasone.

Sclerosing cholangitis is characterized by multiple segmental
strictures of varying lengths as shown by cholangiography. 
The strictures taper smoothly both proximally and distally. 
In contrast to those seen in primary sclerosing cholangitis, 
the strictures observed after floxuridine infusion occur almost
exclusively in the region around the confluence of the left and
right hepatic ducts and the proximal common bile duct. Because
this region is selectively vascularized by the hepatic artery, it 
has been suggested that these strictures may be primarily due 
to arterial lesions that would then lead to the fibrosis of the
ischaemic bile ducts [264]. Histological lesions resemble those
found in primary sclerosing cholangitis [264].

The outcome of the sclerosing cholangitis caused by the intra-
arterial infusion of floxuridine is variable. In some patients, bile
duct strictures appear to be reversible. In most patients, how-
ever, they persist despite discontinuation of chemotherapy, and
may require various types of biliary drainage. The condition
may lead to death from progressive hepatic failure.

Other agents
Isolated cases of sclerosing cholangitis have also been observed
after the intra-arterial infusion of 5-fluorouracil, given either
alone or in association with intravenous streptozotocin or mito-
mycin. The lesion has also occurred after the administration of 
a doxorubicin–mitomycin association. Sclerosing cholangitis
may also occur in the months following the intracystic injection
of either 2% formaldehyde or hypertonic saline into hydatid
cysts that happen to communicate with the biliary tree [265].

Vascular lesions

Drugs and chemicals can cause lesions at all levels of the hepatic
vascular system (Table 10). Often, the same drug can cause 
several of these vascular lesions, suggesting some common mech-
anism, perhaps toxicity to endothelial cells [266,267].

Lesions of the portal vein and its branches

Thrombosis of the portal vein or its branches has been observed
in a few women taking oral contraceptives or in patients receiv-
ing arsenical derivatives [267]. Four children suffered both 
portal vein thrombosis and veno-occlusive disease after inten-
sive chemotherapy including busulfan.

Lesions of the hepatic artery and its branches

Arterial intimal hyperplasia of the hepatic artery can occur in
women taking oral contraceptives. It is usually silent, but can
occasionally lead to multifocal haemorrhagic necrosis or spon-
taneous rupture of the liver. Arterial intimal hyperplasia can be

Table 10 Drugs reported to cause vascular lesions of the liver.a

Thrombosis of the portal vein

Arsenical derivatives

Oral contraceptives

Intimal hyperplasia of the hepatic artery

Oral contraceptives

Necrotizing angiitis of the hepatic artery

Methamphetamineb

Sinusoidal dilation

Azathioprine

Chenodeoxycholic acidb

Oral contraceptives

Peliosis hepatis

Anabolic–androgenic steroids

Arsenical derivatives

Azathioprine

Corticosteroidsb

Estrone sulphateb

Medroxyprogesteroneb

Oral contraceptivesb

Tamoxifenb

Thorium dioxide

Veno-occlusive disease

Azathioprine

Busulfan

Carmustine (BCNU)b

Cyclofenilb

Cyclophosphamide

Cysteamineb

Cytarabine

Dacarbazine

Doxorubicin (Adriamycin)b

Gemtuzumab ozogamicin

Indicine N-oxideb

6-Mercaptopurine

Mitomycinb

Progestinsb

Pyrrolizidine alkaloids

Terbinafineb

6-Thioguanine

Urethane

Vincristineb

Vitamin E (intravenous)b

Budd–Chiari syndrome

Cyclosphosphamideb

Dacarbazine

Doxorubicinb

Oral contraceptives

Vincristineb

aAdapted from refs 266 and 267.
bDrugs for which a causal relationship with the vascular disorder remains to

be confirmed.
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Destruction of the vascular endothelium may lead to subintimal
oedema and a loose subintimal network of reticulin fibres.
Subsequent sclerosis of the vein wall may then produce the 
typical non-thrombotic narrowing of the vein lumen. An excep-
tion is the veno-occlusive disease mediated by dacarbazine,
which can involve thrombosis. In other cases, the constrictive
narrowing of the venous lumen blocks the outflow of blood
from the hepatic sinusoids and thereby causes sinusoidal con-
gestion and ischaemic necrosis of centrolobular hepatocytes.
This is followed by centrolobular scarring in chronic forms.

Sinusoidal endothelial cells (SECs) have been documented 
as early targets in the monocrotaline-induced rat model [271].
Depletion of glutathione and depolymerization of actin
microfilaments in SECs, together with the increased expres-
sion of matrix metalloproteinases by these cells, may allow 
the rounding up of SECs [271]. Gaps between SECs may allow 
blood cells to enter the space of Disse and to dissect away the
endothelial lining, which may then obstruct the sinusoidal
lumen, like a valve [271].

In humans, the clinical presentation of veno-occlusive 
disease may be either acute or chronic [272]. The acute form 
is characterized by the prompt onset of jaundice and painful
hepatomegaly, together with ascites and weight gain due to fluid
retention [272]. The diagnosis can be confirmed by histology
after hepatic vein catheterization and a transjugular liver biopsy.
Catheterization also documents the increase in the wedged-
to-free hepatic venous pressure gradient. Although recovery is 
possible, this acute severe form of veno-occlusive disease can
also lead to fatal hepatic failure [267]. In other patients, veno-
occlusive disease develops insidiously, leading to extensive 
central fibrosis and cirrhosis [267].

The irradiation and/or chemotherapy (mostly busulfan and
cyclophosphamide) that are used in the preparation for bone
marrow transplantation (haematopoietic stem cell transplanta-
tion) are major causes of veno-occlusive disease [272]. This
adverse effect may occur in 10–30% of transplanted patients.
The risk of developing this complication is particularly high in
patients with increased serum aminotransferase levels before 
the procedure, in patients undergoing intensive conditioning, in
patients undergoing a single large dose of total body irradiation
rather than fractionated irradiation doses and also in women
receiving norethisterone for contraception [272]. The risk may
also be increased in patients with a complete deficiency in 
glutathione S-transferase M1, which normally helps to detoxify
both busulfan and a toxic metabolite of cyclophosphamide.

Veno-occlusive disease usually occurs from 1 week to 4 weeks
after bone marrow transplantation. This early onset helps in the
differential diagnosis from later complications, such as graft-
vs.-host disease. The clinical course of veno-occlusive disease 
is frequently severe with a mortality rate of up to 50%. Veno-
occlusive disease is the third leading cause of death in bone 
marrow-transplanted patients, with graft-vs.-host disease and
infection as the two primary causes.

Veno-occlusive disease has also been ascribed to various
immunosuppressive and antineoplastic agents in the absence of

associated with the obstruction of large and/or small hepatic
veins [266].

Necrotizing angiitis of the hepatic artery has been observed in
some subjects addicted to methamphetamine.

Sinusoidal dilation

This lesion is characterized by the dilation of hepatic sinusoids
in the absence of any structural (e.g. Budd–Chiari) or haemody-
namic (e.g. cardiac failure) restriction to the outflow of blood
from the liver [266,267]. Although sinusoidal dilation is often
asymptomatic, hepatomegaly, right upper quadrant abdominal
pain, fever and a raised erythrocyte sedimentation rate can 
be occasional features [266,267]. Liver tests are normal or 
minimally disturbed.

The sinusoidal dilation due to oral contraceptives predomin-
ates in periportal areas [268] and can be associated with perisi-
nusoidal fibrosis. Recovery occurs after withdrawal of the oral
contraceptives, whereas their readministration may lead to relapse.

Sinusoidal dilation can also occur in patients receiving 
azathioprine and regresses after its withdrawal.

Peliosis hepatis

Peliosis hepatis is characterized by blood-filled cavities that are
randomly distributed throughout the liver lobule. On electron
microscopy, there are constant alterations in the endothelial 
lining cells. In the most severe forms, the endothelial lining is
completely absent, and the blood cavities are bordered directly by
the hepatocytes. In milder forms, sinusoidal endothelial cells can
still be present, but only in places; the gaps between endothelial
cells allow the entry of red blood cells into the space of Disse.

Most cases of peliosis hepatis are asymptomatic, and liver tests
are either normal or minimally disturbed [266,267]. In some
cases, however, the disease has been revealed by hepatomegaly,
jaundice, portal hypertension, haemoperitoneum and even hep-
atic failure [266,267]. Longstanding peliosis may lead to either
perisinusoidal fibrosis or nodular regenerative hyperplasia.

Numerous cases of peliosis hepatis have been ascribed to
anabolic–androgenic steroids, in particular, but not exclusively,
17-α-alkylated steroids [171]. Mild sinusoidal dilation can be
present concomitantly. Many cases remain asymptomatic.

Other compounds responsible for peliosis hepatis include
azathioprine [269], 6-thioguanine [270], vinyl chloride and
arsenical derivatives. Despite several reports of peliosis hepatis
in users of oral contraceptives, this association might be fortu-
itous, considering the large number of women exposed and the
low number of cases observed [268].

Obstruction of the small hepatic veins 
(veno-occlusive disease)

Veno-occlusive disease, also termed ‘sinusoidal obstruction 
syndrome’, is typically characterized by a non-thrombotic, con-
centric narrowing of the lumen of small centrolobular veins.
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irradiation. Causative drugs include gemtuzumab ozogamicin,
urethane, vincristine, azathioprine, 6-mercaptopurine and 
6-thioguanine (Table 10).

Defibrotide, a natural polydeoxyribonucleic acid that may
have fibrinolytic and antithrombotic activity, seems to be
promising in the treatment of veno-occlusive disease [272], 
and perhaps also in its prevention. The possible role of low-
molecular-weight heparins in prevention also requires further
investigation [272].

Obstruction of large hepatic veins
(Budd–Chiari syndrome)

The Budd–Chiari syndrome is characterized by the obstruction
of large hepatic veins [273]. This lesion results in hepatic con-
gestion, followed by necrosis of the ischaemic centrolobular 
hepatocytes. The spigelian lobe, which is normally spared by the
disease, undergoes compensatory hypertrophy. The severity of
the syndrome varies with the site and the extent of thrombosis.
The clinical presentation may be acute, with abdominal pain,
hepatomegaly and ascites, or chronic, mimicking decompensated
cirrhosis. In most cases, an ultrasound and Doppler imaging
makes the diagnosis by showing the absence of flow in the
thrombosed hepatic veins, as well as the presence of intrahepatic
or subcapsular hepatic venous collaterals [273]. In difficult
cases, the diagnosis may require magnetic resonance imaging
and retrogade cannulation of the hepatic veins for venography
and liver biopsy [273].

The risk of developing a Budd–Chiari syndrome was 2.4-fold
higher in women using oral contraceptives [274]. Thrombosis
has been ascribed to the estrogenic component, which may act
mainly by exacerbating an underlying thrombogenic condition.
Probably because of the lower estrogen content of current pills,
this complication of oral contraceptives is rarely observed 
nowadays.

A Budd–Chiari syndrome has also occurred in patients
receiving some antineoplastic agents. Dacarbazine has been
responsible for several cases. The course of the disease was fatal
in all cases, within a few days of the onset of the first manifesta-
tions. Other suspected agents include doxorubicin, vincristine
and cyclophosphamide. The role of the last compounds is ques-
tionable, however, as they were administered concurrently with
dacarbazine [267].

Treatment is mostly based on anticoagulation, which has
markedly improved the prognosis [273]. In patients who do not
improve, or who develop severe or recurrent complications,
blood derivation techniques and eventually liver transplantation
may be considered [273].

Lesions possibly related to vascular injury

Hepatoportal sclerosis
Hepatoportal sclerosis is characterized by portal and periportal
fibrosis possibly caused by the obstruction of small portal
venules, resulting in portal hypertension.

Hepatoportal sclerosis has been ascribed to various com-
pounds, including vitamin A [241], azathioprine, methotrexate
and arsenical derivatives. It is noteworthy that most of these
compounds may also cause perisinusoidal fibrosis, a lesion 
that might be related to the activation of sinusoidal stellate 
cells.

Nodular hyperplasia of the liver
Nodular hyperplasia of the liver is characterized by small 
nodules made of hepatocytes; these nodules are randomly 
distributed throughout the liver, and are seen in the absence of
any marked fibrosis [275]. The lesion has been ascribed hypo-
thetically to some heterogeneity in liver vascularization [275].
Portal hypertension is its main manifestation. Nodular regener-
ative hyperplasia may be associated with peliosis hepatis [269] or
sinusoidal dilation [267] and may, in some cases, appear as a late
sequel of these lesions. Nodular hyperplasia has been observed
after the administration of azathioprine, anabolic–androgenic
steroids, oral contraceptives and corticosteroids [269,276].

Hepatic tumours

Initiation and promotion

Tumour development is thought to require both initiation and
promotion steps. The initiation stage probably involves some
initial damage to DNA [277]. DNA damage may be due to 
the drug itself when it is transformed into a reactive species,
which produces modified DNA bases that lead to misreadings
during DNA replication, or when it produces free radicals,
including the hydroxyl radical, which can cause DNA breaks,
followed by rearrangements [278]. The initial DNA damage 
may also result from other causes, including viral infections, 
the endogenous production of reactive oxygen radicals by 
mitochondria or the ingestion of environmental carcinogens,
such as the aflatoxin contained in contaminated peanut prod-
ucts, the psoralens present in several comestible plants, the
dimethylnitrosamine contained in beer or the benzopyrene and
other carcinogens that are found in barbecued meat and tobacco
smoke.

Because most DNA damage is repaired quickly, and because
the cellular turnover of hepatocytes is normally slow, the
chances are that these hepatic DNA lesions will be repaired
before a round of cell division occurs. Furthermore, cells possess
mechanisms to prevent the replication of damaged DNA.
Indeed, DNA damage increases the cellular levels of p53. This
cell cycle checkpoint protein transiently blocks the cell cycle,
thus permitting the reparation of DNA lesions before the cell is
allowed to proceed to the S phase of DNA replication. When the
DNA damage is even more extensive, expression of wild-type
p53 may also trigger apoptosis, thus destroying the damaged
DNA together with the cell that harbours it. All these effects
efficiently prevent the replication of damaged DNA.

However, all factors that will tend to stimulate cell division
may lead to the replication of a molecule of DNA that has not yet
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been repaired, leading to somatic mutations. Thus, ‘promoting’
events are mainly those that stimulate cell division [278]. This
mitogenic response may be caused by hepatic regeneration after
liver cell necrosis, by the direct growth effect of a promoting sub-
stance (for example a steroid hormone), by modifications in
endogenous growth factors or by interruption of cell–cell com-
munications [278].

Stepwise tumour development

Tumour development after exposure to chemicals is a long,
stepwise process [277]. The initiated cells often exhibit changes
in phenotype [277]. Transient elevation of serum α-fetoprotein,
accompanied by the appearance of a new cell population with
oval nuclei, the so-called ‘oval cells’, is often observed in the
early stages of chemical hepatocarcinogenesis in the rat. Oval
cells may be derived from a stem cell compartment that has the
potential to differentiate into either hepatocytes or ductal
epithelium. Oval cells have also been described in the regener-
ating nodules and the liver tissue surrounding the tumour in
humans with hepatocellular carcinoma.

At first, the initiated cells may have no autonomy of growth
unless promoting events are continuously applied [277].
However, further steps in proliferation produce increasingly
abnormal progeny [277]. It is likely that there is stepwise acqui-
sition of different mutations that eventually allow the cell totally
to escape apoptosis and growth-controlling mechanisms. These
diverse mutations may involve:
• the overexpression of receptors for growth stimuli, such as 
the hepatocyte growth factor receptor (c-met oncogene), the 
epidermal growth factor receptor (neu oncogene, c-erbB-2) or
the insulin-like growth factor-1 receptor;
• mutations preventing the normal degradation of beta-catenin,
which therefore translocates to the nucleus to stimulate the
expression of c-Myc and cyclin D1;
• mutant ras proteins that have lost the ability to become 
inactivated and will thus stimulate growth autonomously, or
multiplication of the alleles of the c-myc gene;
• a mutation in the gene encoding the cell cycle-blocking gene,
p53, or various mutations affecting the components of the cyclin
system;
• overexpression of telomerase, which avoids the shortening of
telomeres after each mitosis;
• mutations in β2-microglubin that suppress the membrane
expression of HLA class I molecules on the cell surface and thus
enable the cell to escape immune surveillance;
• a variety of mutations involving cell–cell adhesion molecules
(E-cadherin, CD44) that may allow the cell to metastasize.

Tumorigenicity of sex hormones

Together with genotoxic anticancer drugs, sex hormones are 
the chief suspects for drug-induced tumorigenicity in humans
[277]. Accordingly, a vast body of literature has been devoted to

the assessment of the experimental hepatotumorigenic effects 
of sex hormones [279]. It is now well established that sex hor-
mones can have tumour-promoting effects. In animals initially
exposed to a potent carcinogen such as N-nitroso-morpholine
or diethylnitrosamine, the secondary administration of
ethinylestradiol, mestranol and, in some reports, estradiol or
testosterone has increased the incidence of hepatic carcinomas
[279]. The promoting effects of androgens and estrogens are
ascribed to the presence of androgen and estrogen receptors 
on hepatocytes and their stimulating effect on liver cell pro-
liferation [171,279]. Progesterone can also induce liver cell 
proliferation in immature male rats.

Not only do sex hormones promote hepatic carcinomas initi-
ated by experimental carcinogens, but they can also increase the
prevalence of hepatic tumours when given alone [279]. Indeed, a
somewhat higher prevalence of hepatic carcinomas has been
observed in animals after administration of high doses of
diethylstilbestrol, ethinylestradiol, norethisterone, norethin-
odrel and methyltestosterone [279]. These effects do not neces-
sarily imply that sex hormones have initiating, genotoxic effects.
Conceivably, they might act only by promoting the growth of
cells initiated by spontaneous mutations, viruses or food car-
cinogens. Nevertheless, some sex hormones may also be geno-
toxic. Indeed, both stilbene estrogens and steroidal estrogens,
whether natural or synthetic, form electrophilic metabolites,
free radicals and oxygen radicals, all of which can damage DNA.
Cyproterone acetate and also, to some extent, other progestins,
such as chlormadinone acetate and megestrol, are also trans-
formed into chemically reactive metabolites that covalently bind
to DNA.

Drug-induced tumours

Drugs may cause either benign or malignant hepatic tumours
(Table 11).

Hepatocellular adenoma
Hepatocellular adenoma is a benign tumour consisting of nor-
mal, tightly packed hepatocyte plates, often two to three cells
thick, which are separated by compressed, slit-like sinusoids
[277]. In contrast to the normal parenchyma, adenomas contain
no portal tract or centrolobular vein [277]. Hepatic adenomas
often express estrogen and progesterone receptors, and can also
express androgen receptors. Nuclear accumulation of beta-
catenin is observed in some adenomas, sometimes as a con-
sequence of beta-catenin mutations.

Adenomas are frequently asymptomatic and are usually 
discovered incidentally by ultrasonography performed for un-
related complaints. However, large tumours may be revealed 
by right upper quadrant abdominal pain or, uncommonly, by
intraperitoneal bleeding. Tumours greater than 2 cm are easily
detected by ultrasound as hyper- or hypoechogenic nodules
without specific features. Computerized tomography (CT)
characteristically shows nodules of lower attenuation than 
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the surrounding normal parenchyma, with early contrast
enhancement. Magnetic resonance imaging (MRI) provides
similar features by showing a hypervascular, more or less 
homogeneous, tumour. When the diagnosis remains unclear
after these investigations, a liver biopsy guided by ultrasound is
sometimes performed. Hepatic resection is generally proposed,
because large adenomas may be complicated by intratumoral 
or intraperitoneal bleeding, distinction from carcinoma can 
be difficult and adenomas can rarely degenerate into well-
differentiated hepatic carcinomas.

At a time when high-dosage contraceptives were still being
used, or had been used recently, it was shown that oral contra-
ceptives markedly increased the risk of developing a hepatic ade-
noma [280–282]. The relative risk was practically unchanged
during the first year of oral contraception, was slightly increased
from 1 to 3 years, but was 116-fold the normal risk after 5 years
of oral contraception and more than 500-fold after 7 years [281].
It was estimated that the annual incidence rate of hepatic adeno-
mas was only 1 per million in females taking no oral contra-
ceptive, but 34 per million in users of oral contraceptives 
[281]. However, these studies, which were performed in the 1970s,
do not apply to the low-dosage pills used nowadays. There is 
little evidence for an increased risk of hepatic adenoma with the
modern contraceptives. In the past, the discontinuation of oral
contraceptives has occasionally been followed by a slow decrease
in the tumour size and even complete regression. However, as
indicated above, it is now felt that adenomas should be surgically
removed, whenever possible.

The risk of developing a hepatic adenoma is also increased 
by prolonged administration of anabolic/androgenic steroids
[283,284]. These drugs are used in Fanconi anaemia, or abused
by body builders. Most cases have occurred with 17-α-alkylated
steroids [283]. One case, however, has been attributed to 
testosterone enanthate, a non-17-α-alkylated steroid [284], and
several cases have occurred with danazol. Decreases in tumour
size have been observed after stopping the anabolic/androgenic
drugs. However, adenomas caused by anabolic/androgenic
steroids may also evolve into hepatocellular carcinomas [284],
and resection is recommended whenever possible.

Isolated cases of adenoma have also been observed after 
the administration of clomiphene or norethisterone, a 
progestin.

Focal nodular hyperplasia
Focal nodular hyperplasia is a benign hepatic tumour (hamar-
toma) characterized by a central stellate scar surrounded by the
liver cell nodule. The fibrous tissue septa contain blood vessels
and bile ducts. Albeit uncommon, this tumour is now about 10
times more frequent than adenoma. In most cases, focal nodular
hyperplasia is discovered fortuitously by ultrasonography per-
formed for unrelated reasons. However, abdominal pain or the
palpation of a liver mass may reveal the tumour. Ultrasound
examination discloses a hypo-, iso- or hyperechogenic nodule.
CT shows a slightly hypodense nodule, with a very hypodense

Table 11 Drugs reported to possibly cause, or affect the size or outcome
of, hepatic tumours.a

Benign tumours
Hepatocellular adenoma

Anabolic–androgenic steroids

Clofibrateb

Clomipheneb

Oral contraceptives

Nodular focal hyperplasia

Anabolic–androgenic steroidsb

Chorionic gonadotrophinsb

Oral contraceptivesb (may increase size and the risk of complications?)

Benign haemangioma

Oral contraceptivesb (may increase size and the risk of complications?)

Malignant tumours
Hepatocellular carcinoma

Anabolic–androgenic steroids

Azathioprine

Cyclophosphamide

Cyproterone

Danazol

Doxorubicin

6-Mercaptopurine

Methotrexateb

Methyldopab

Nitrofurantoin

Oral hypoglycaemic agentsb

Oral contraceptives

Tamoxifen

Thorium dioxide

Vincristine

Other malignant tumours
Cholangiocarcinoma

Anabolic–androgenic steroidsb

Methyldopab

Oral contraceptivesb

Thorium dioxide

Angiosarcoma

Anabolic–androgenic steroids

Arsenical derivatives

Oral contraceptivesb

Phenelzineb

Thorium dioxide

Epithelioid haemangioendothelioma

Oral contraceptivesb

Hepatoblastoma

Clomipheneb

Oral contraceptivesb

Lymphomas

Immunosuppressive therapy (ciclosporin A, azathioprine and 

corticosteroids)

aAdapted from ref. 277.
bCompounds for which a causal relationship remains to be confirmed.
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central zone corresponding to the artery feeding the tumour,
and the fibrotic scar. CT may also show an early and massive
enhancement of the nodule with a central hypodense area.
However, this central scar, which is characteristic of focal 
nodular hyperplasia, is observed in only 50% of patients. MRI
shows the central scar more easily, and is now the preferred,
non-invasive method of ascertaining the diagnosis. Liver biopsy
may be resorted to in difficult cases. In a few cases, the distinc-
tion from an adenoma or a well-differentiated hepatocellular
carcinoma may not be possible.

A recent case–control study suggests that cigarette smoking
might be an important risk factor for focal nodular hyperplasia
of the liver. Varying views have been held regarding a possible
association of focal nodular hyperplasia with oral contracep-
tives. It was first proposed that, although oral contraceptives
may not promote the de novo formation of focal nodular hyper-
plasia [280], they may increase the size of the tumour and the
risk of developing intratumorous or intraperitoneal haemor-
rhage. This has led some authors to propose the withdrawal of
oral contraceptives in women with this tumour. It was then
reported that neither the size nor the number of focal nodular
hyperplasia lesions was influenced by oral contraceptive use,
and that size changes during follow-up did not seem to correlate
with changes in oral contraceptive use [285]. Finally, a recent
case–control study again suggests an increased risk of focal
nodular hyperplasia disclosure after oral contraceptive use for
more than 3 years [286].

Even though focal nodular hyperplasia is associated with 
several genomic alterations detected by comparative genomic
hybridization, these changes are less abundant than, and tend 
to be of a different type from, those found in hepatocellular 
adenomas and, in much greater numbers, in hepatocellular 
carcinomas. Focal nodular hyperplasia does not evolve into can-
cer, although both lesions can obviously occur coincidentally 
in different sites in the same liver. Furthermore, focal nodular
hyperplasia exceptionally leads to intratumoral or intraperi-
toneal bleeding. Finally, when the hepatic imaging is typical of
focal nodular hyperplasia, there is little risk that the tumour may
actually be a hepatocarcinoma. Therefore, small and asymp-
tomatic forms of focal nodular hyperplasia with typical imaging
features can be left in situ and monitored by periodic ultrasound
scans and α-fetoprotein measurements.

Benign haemangioma
Although this vascular tumour may not be induced by oral con-
traceptives, these drugs may have a role in the enlargement of a
pre-existing haemangioma [287]. There seems to be a specific
association of hepatic haemangiomas with focal nodular hyper-
plasia. One or two hepatic haemangiomas were present in 23%
of 26 women with focal nodular hyperplasia, but in none of 26
women with a hepatocellular adenoma. Interestingly, all women
with both haemangioma and hepatic nodular hyperplasia had
been on oral contraceptives.

Hepatocellular carcinoma
This is a malignant tumour developed from hepatocytes. 
The tumour may be discovered fortuitously or revealed by
cholestasis, abdominal pain, weight loss, asthenia or an enlarged
liver.

A meta-analysis of six individual studies indicates an overall
odds ratio of 2.5 in ever-users vs. never-users of oral contra-
ceptives, with an even greater risk for those with the longest 
duration of use [288]. The risk of developing a hepatocellular
carcinoma also appears to be increased by prolonged adminis-
tration of anabolic–androgenic steroids [171]. A mean delay of
72 months between the beginning of the anabolic–androgenic
steroid therapy and the discovery of the tumour has been
reported [171].

The hepatocellular carcinomas that are associated with
anabolic–androgenic steroids or oral contraceptives exhibit 
several features that distinguish them from the hepatocellular
carcinomas complicating cirrhosis [171,283]. The cancer occurs
in relatively young subjects (frequently less than 35 years old).
There is no evidence of chronic liver disease or cirrhosis in the
non-tumoral liver. The serum α-fetoprotein level is generally
normal or moderately increased. Vascular extensions of the
tumour and metastases are uncommon. Finally, the hepatocel-
lular carcinomas induced by anabolic–androgenic steroids have
sometimes receded after the discontinuation of these drugs
[283].

Three cases of hepatocellular carcinoma have been reported
in children receiving high doses of cyproterone acetate, a syn-
thetic progestogen that suppresses gonadotrophin secretion and
blocks male hormone receptors. A fourth case has been reported
in an elderly male treated for prostate cancer. Tumorigenicity
may be explained by the genotoxic and growth-promoting
effects of this drug.

Hepatocellular carcinomas have also been reported after the
administration of several immunosuppressive and/or anticancer
drugs, such as azathioprine, cyclophosphamide, doxorubicin, 
6-mercaptopurine, methotrexate and vincristine (Table 11).
Finally, hepatocellular carcinomas have been reported after the
administration of drugs known to cause chronic liver injury and
cirrhosis, such as methyldopa, nitrofurantoin and tamoxifen
(Table 11).

Cholangiocarcinoma
Cholangiocarcinoma is a malignant tumour made up of 
cells resembling biliary epithelial cells. The serum level of 
α-fetoprotein is usually normal, whereas that of the carcinoem-
bryonic antigen is frequently increased. This tumour has been
observed in subjects exposed to thorium dioxide [277]. It has
occasionally been reported in patients on long-term anabolic–
androgenic steroid therapy [171], in oral contraceptive users
and also in a patient receiving methyldopa. However, the causal
relationship between these treatments and the tumour remains
to be confirmed.

TTOC14_01  3/10/07  8:53 AM  Page 1260



14.1 DRUG-INDUCED LIVER INJURY 1261

Angiosarcoma
This is an uncommon, malignant tumour developed from 
the endothelial sinusoidal cells. This tumour may occur after
exposure to several chemicals, in particular vinyl chloride and
cupric sulphate, or after the administration of some drugs
including arsenical derivatives and anabolic–androgenic
steroids (Table 11) [287]. Interestingly, several of these com-
pounds are also able to cause sinusoidal dilation, peliosis hepatis
and perisinusoidal fibrosis [287]. This suggests some possible
relationship between the mechanisms leading to these non-
malignant diseases and the possible development of angiosar-
coma [287]. Perhaps the common origin of these various lesions
might be some initial toxic insult to sinusoidal endothelial cells
[287].

Other malignant tumours
A hypothetical link between the occurrence of epithelioid 
haemangioendothelioma and the use of oral contraceptives 
has been suggested. A hepatoblastoma has been observed in 
two infants after maternal exposure to oral contraceptives or
clomiphen [277], but this association may be fortuitous. Finally,
the prolonged administration of immunosuppressive drugs
increases the incidence of lymphomas, which can affect the liver
(Table 11).

Outlook

Looking back over the last three decades, it appears that consid-
erable progress has been made in the field of drug-induced liver
injury. An astonishing variety of drug-induced liver lesions has
been recognized, and a main mechanism has been proposed for
most of them. It is clear, however, that our present understand-
ing represents, at best, a much simplified overview of the reality.
Because there are so many hepatotoxic drugs, only a few mecha-
nistic aspects, if any, have been investigated for any single drug.
The reasons behind the susceptibility of a few patients remain
largely unknown, and the possibility of preventive measures has
been little explored.

Few young hepatologists are devoting themselves to this 
field nowadays, and this seriously limits the chances of quicker
progress. Hopefully, this trend may be reversed in the future.
Recent advances in pharmacogenetics, molecular biology,
immunology and cell biology offer renewed opportunities for
new advances in this important field.

As drug-induced hepatotoxicity is relatively uncommon
(when a single drug is concerned), large collaborative studies
should be encouraged to better define the genetic background,
acquired predisposing factors, frequency, early diagnosis, clin-
ical characteristics and outcome of these iatrogenic diseases.
Improved understanding of the hepatotoxicity of drugs may
hopefully lead to the safer use of current molecules and the
development of safer alternatives in the future.
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Introduction

Toxic liver injury caused by industrial and environmental agents
not only poses a challenge to health professionals but also has a
significant impact on economy, legislation and industry. Many
epidemics involving liver injury caused by industrial and envir-
onmental agents have been reported [1–8], and some industrial
agents have been discontinued from production or restricted
partly because of hepatotoxicity, such as polychlorinated biphenyls
(PCBs) or carbon tetrachloride (CCl4). Diagnosing this type of
liver injury can be challenging as a high index of suspicion and
an understanding about the patient’s occupation or knowledge
about a specific natural toxin common in the patient’s living
area are required. It is, however, paramount to establish a dia-
gnosis of industrial or environmental toxic liver injury to cease
continued exposure and progressive irreparable damage and to
initiate treatment, if possible, as well as to protect others in the
environment.

Types of exposure: industrial and
environmental toxins

Exposure to industrial toxins normally occurs in the workplace,
through either accidents or exposure to agents that were not 
previously considered to be toxins. Moreover, industrial toxin
exposure or intoxication can also occur with food contaminated
with industrial toxins either from a factory or from the environ-
ment in the case of toxins that are hardly degradable, such as
DDT or PCBs. Furthermore, exposure can occur from inten-
tional intoxication in the case of suicides. Environmental toxin
exposure can occur if a person unknowingly ingests a toxin, such
as poisonous mushroom or food contaminated with environ-
mental toxins.

Route of exposure can be through inhalation, ingestion and
skin contact and absorption. Different routes of exposure may
affect the liver differently, e.g. hepatotoxicity has been reported
with ingestion of arsenic but not with inhalation [9]. Duration
of exposure can also affect an agent’s toxicity as a longer 

duration may lead to accumulation of the toxin, leading to more
severe liver injury. Thus, low-level exposure to a specific toxin
may not be harmful if it occurs during a short period of time, but
may produce liver injury if exposure is chronic.

Types of hepatotoxicity

Liver injury can be predictable, which is normally dose depend-
ent, reproducible in an animal model and presents after a short
latency (hours to a few days), or unpredictable, which is not 
usually dose dependent or reproducible in animal models [10].
Unlike drug-induced hepatotoxicity, industrial and environ-
mental toxins almost exclusively produce predictable liver injury.
Certainly, some toxins do produce unpredictable liver injury,
but this type of liver injury caused by industrial and environ-
mental agents is not well reported or studied.

Pattern of liver injury

Industrial and environmental toxins can result in a variety 
of patterns of liver injury, from hepatocellular necrosis to non-
cirrhotic portal fibrosis (Table 1). It may not be possible based
on the pattern of liver injury alone to distinguish industrial 
and environmental toxins from other causes of liver injury as 
the clinicopathological presentation may mimic other causes.
However, obtaining a thorough and complete history, especially
occupational history and chemical exposure, is critical.
Moreover, characterization of the pattern of liver injury may
narrow the list of possible toxins and help to establish causality.
Some industrial and environmental toxins have been reported
to cause more than one pattern of liver injury, such as CCl4
causing hepatocellular necrosis with or without steatosis and
cirrhosis. However, others are associated with a typical liver
injury, such as steatosis caused by hypoglycin or veno-occlusive
disease caused by pyrrolizidine alkaloids.

Below are some typical industrial and environmental toxins
with a short discussion of their clinicopathological presentations
and possible mechanisms of injury.

14.2 Toxic liver injury
Basuki Gunawan and Neil Kaplowitz
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Hepatocellular necrosis

Carbon tetrachloride (CCl4)
CCl4 has been used in the past for a variety of reasons, including
solvent, pesticide and medicinal. As a medicine, it was used as 
an anaesthetic and analgesic agent before being discontinued
because of its toxicity. Nowadays, CCl4 is mostly used as an
experimental hepatotoxin, but it is still used in fire extinguishers
and refrigerants in some countries. Because of the wide avail-
ability of CCl4 in the past, its intoxication has been reported as a
result of occupational exposure, suicidal ingestion or uninten-
tional effect of medicines containing CCl4 [12]. Most intoxica-
tion cases occurred through inhalation of CCl4, but absorption
also occurred through skin tissue. Shortly after inhalation, cen-
tral nervous system effects predominate with symptoms such as
dizziness, headache, confusion and coma. In addition, gastroin-
testinal symptoms, such as nausea, vomiting and diarrhoea, 
may occur. After 1–2 days, toxic hepatitis becomes noticeable,

initially with tender hepatomegaly, jaundice and marked eleva-
tion of transaminases, then possibly followed by acute liver 
failure [12]. Renal failure usually accompanies the liver failure
[12]. Histological liver injury (biopsies or autopsy) associated
with acute CCl4 intoxication is usually marked centrolobular
necrosis and steatosis [13].

Unlike acute intoxication, chronic exposure to low concen-
trations of CCl4 have been reported to cause fibrosis and cirr-
hosis [14], but data have been inconsistent about liver injury in
workers exposed to CCl4 for a long duration [15]. Similar histo-
logical findings have also been reported in animal research in
which CCl4 hepatotoxicity has been studied extensively and used
as a model for many liver injury experiments. Acute exposure to
high-dose CCl4 results in centrolobular necrosis with or without
steatosis, and repeated exposure results in fibrosis and cirrhosis
[15].

Hepatotoxicity of CCl4 occurs after its metabolism. CCl4 

is metabolized in endoplasmic reticulum and mitochondria 

Table 1 Types of liver injury.

Type of liver injury

Hepatocellular necrosis

Steatosis

Cholestasis

Cirrhosis

Veno-occlusive liver disease

Non-cirrhotic portal fibrosis

Hepatocellular carcinoma

Angiosarcoma

Adapted and modified from ref. 11.

Industrial or environmental agents

Carbon tetrachloride

Chloroform

Dimethyl acetamide

Hydrochlorofluorocarbons

Poisonous mushrooms

Tetrachloroethane

Tetrachloroethylene

Yellow phosphorus

Carbon tetrachloride (normally found

coexisting with hepatocellular necrosis)

Dimethylformamide

Hypoglycins

Paraquat

Methylene dianiline

Carbon tetrachloride

Polychlorinated biphenyls

Pyrrolizidine alkaloids

Pyrrolizidine alkaloids

Arsenic

Vinyl chloride

Aflatoxin B1

Arsenic

Vinyl chloride

Main exposure

In developed countries, it is only produced for experimental use;

in developing countries, it is used in fire extinguishers and refrigerants

Inhalation at workplace or ingestion of food or inhalation of air 

contaminated with it

Exposure at workplace, especially plastics and rubber industry

Exposure at workplace

Ingestion of specific mushrooms

Ingestion of food or inhalation of air contaminated with it. Limited production

as chemical intermediates

Inhalation at workplace, especially dry-cleaning industry

Ingestion of rodenticides or fireworks

In developed countries, it is only produced for experimental use;

in developing countries, it is used in fire extinguishers and refrigerants

Inhalation or skin contact at workplace

Ingestion of unripe ackee fruit

Ingestion (either accidental or suicidal) or skin contact of herbicide

Exposed at workplace or ingestion of contaminated food

Chronic exposure

Handling old electrical equipment or ingestion of contaminated food

Chronic exposure

Ingestion of contaminated food, herbal tea or herbal medicine

Ingestion of contaminated food or medicine containing it

Inhalation at workplace, especially plastics industry

Ingestion of contaminated food

Ingestion of contaminated food or medicine containing it (long latency period)

Inhalation at workplace, especially plastics industry (long latency period)

TTOC14_02  3/10/07  8:53 AM  Page 1270



14.2 TOXIC LIVER INJURY 1271

into a trichloromethyl free radical (·CCl3) [15]. This free radical
subsequently reacts with oxygen to form a highly reactive
trichloromethylperoxy free radical (·CCl3O2), which initiates
lipid peroxidation resulting in necrosis or steatosis [15–17]. 
This biotransformation is mediated primarily by CYP2E1, 
but evidence for CYP2B1/2 also exists [16,17]. As centrolobular
hepatocytes have more CYP2E1, this area is primarily affected in
CCl4 toxicity. The free radical ·CCl3 can also bind irreversibly 
to critical macromolecules, such as proteins, lipids and nucleic
acids, resulting in cell impairment or death [15–17]. In fact, the
free radicals can bind covalently to CYP2E1 leading to loss of
CYP2E1 activity [15,16]. In addition, CCl4 can inhibit endoplas-
mic reticulum or microsomal sequestration of calcium, proba-
bly as a result of damage caused by lipid peroxidation, which
leads to increased calcium concentration within cells [15,17].
Increased cell calcium concentration may activate phospholi-
pase A2, contribute to plasma membrane damage and recycle 
to mitochondria causing oxidative stress and promoting mito-
chondrial permeability transition [15,18]. Furthermore, tumour
necrosis factor (TNF)α may also play a role. Initial cell damage
activates macrophages, which then secrete TNFα, resulting in
further inflammation and apoptosis [15,19]. Neutralization 
of TNFα or deletion of TNF receptor 1 (TNFR1) protects mice
from CCl4 [20]. Combination of these toxic effects ultimately
produces substantial hepatotoxicity [17].

With regard to treatment of CCl4 hepatotoxicity, hyperbaric
oxygen has been reported to protect against CCl4 hepatotoxicity
in rats by inhibiting its metabolism [21,22]. However, the use of
hyperbaric oxygen has not been studied extensively in humans.
Therefore, management of CCl4 hepatotoxicity in humans con-
sists mainly of supportive treatment. If liver and kidney recover,
complete recovery can be expected [12].

Chloroform
Chloroform is used as an organic solvent, refrigerant and pro-
pellant or to make other chemicals. In the past, it was used as an
anaesthetic agent but was discontinued on account of its toxic-
ity. Acute poisoning with high concentrations of chloroform is
normally fatal as a result of respiratory paralysis or cardiac
arrest. If a patient survives or is exposed to a lower concentra-
tion, liver injury may develop with liver enzyme abnormalities
and prolonged prothrombin time and liver biopsy showing cen-
trolobular necrosis [23]. Fulminant liver failure may also occur,
as there have been reports of acute liver failure with delirium and
coma in women during childbirth after exposure to chloroform
in the past [24]. Toxic hepatitis has also been reported with
chronic exposure, but data are limited [24].

The hepatotoxicity of chloroform is primarily due to its 
toxic metabolite. Chloroform is metabolized by cytochrome 
P-450 into toxic phosgene (COCl2) before being converted 
into CO2. This toxic intermediate binds covalently to lipids 
and proteins resulting in cell death [24]. However, there has
been some evidence that lipid peroxidation also plays a role
[16,24].

Hydrochlorofluorocarbons (HCFCs)
HCFCs are being used to replace chlorofluorocarbons (CFCs) 
as refrigerants, solvents and in air conditioning as they pose 
a smaller risk of ozone depletion. The chemical structure of
HCFCs is similar to that of halothane, which is known to cause
hepatitis in susceptible individuals [11]. A clinical picture of
acute mixed hepatitis has been reported in workers who were
accidentally exposed to HCFCs, and a liver biopsy from a worker
who had the most severe hepatotoxicity demonstrated hepato-
cellular necrosis in zone 3 with bridging necrosis [25]. The 
hepatotoxicity of HCFCs has also been demonstrated in animal
studies [11]. HCFCs’ toxic mechanism is similar to that of
halothane. They are both metabolized by two different path-
ways: (i) a reductive pathway leading to a free radical derivative
that causes mild toxicity, which occurs frequently; and (ii) an
oxidative pathway leading to acetylating metabolites that cause
the appearance of neoantigens, which elicit severe immune-
mediated toxicity, but only in rare cases involving susceptible
individuals [26].

Poisonous mushrooms/Amanita phalloides
There are approximately 50 poisonous mushrooms of the
Amanita species. Primarily, Amanita phalloides causes the
majority of deadly poisoning [27,28]. Amanita species is a wild
mushroom that can be found mostly in Europe but also in 
the USA, especially in the coastal Pacific north-west, northern
California and the Blue Ridge Mountains of Pennsylvania, New
Jersey and Ohio [27]. The symptoms of Amanita phalloides
poisoning are characterized by three different phases [27].
Initially, there is a latency period which lasts 6–12 h after 
ingestion of the mushroom. In the first phase, which follows the
latency period, patients present with gastrointestinal symptoms,
such as vomiting, watery diarrhoea and abdominal pain. The
second phase typically occurs in 1–2 days, with improvement of
the gastrointestinal symptoms (which can therefore be misdiag-
nosed as viral gastroenteritis). However, in this phase, the liver 
is gradually and silently affected. Blood tests typically reveal 
a hepatitis-type picture with elevation of transaminases and
bilirubin level and abnormal prothrombin time. In the final
phase, patients present with hepatic encephalopathy and sub-
sequently advance into liver failure. Liver biopsy demonstrates
centrolobular necrosis with haemorrhage. It also reveals fatty
degeneration and abnormal concentrations of lipid and carbo-
hydrate in cell nuclei [27,29]. Besides the liver, the kidney is also
affected, and renal failure typically accompanies liver failure.
The mortality rate has been reported to be as high as 50% 
[30] but, once the late stage with hepatic encephalopathy 
has developed, the mortality rate is practically 100% without
liver transplantation [28]. In patients without acute liver failure
who recover, there are rare reports of persistent hepatitis
[28,31].

The toxicity of Amanita species results from two toxins 
present in it, phalloidin and amanitin. Phalloidin causes the 
gastrointestinal symptoms seen in the first phase. However,
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amanitin is more toxic and the reason for liver injury and failure.
It is transported across the cell membrane by the same mechan-
isms as bile salts (accounting for targeting to liver and kidneys)
and subsequently inhibits ribonucleic acid polymerase II [27].
This inhibition interferes with messenger RNA synthesis, thus
preventing structural protein formation and eventually result-
ing in necrosis. Furthermore, it is possible that inhibition of
RNA synthesis (survival gene expression) sensitizes to TNF
cytotoxicity in these patients [32].

Treatment for Amanita species poisoning initially is to prevent
further intestinal absorption, such as with activated charcoal
administration. However, most patients present too late for 
this measure. Once the toxins are absorbed, clearance can be
attempted using haemoperfusion [33] or forced diuresis [34].
However, their efficacy is not clear. Several agents have been
studied as therapy, and penicillin G and silibinin are thought 
to be effective [27,28]. These agents are assumed to prevent
uptake of toxin into hepatocytes. Finally, orthotopic liver trans-
plantation may be required in patients with fulminant liver 
failure.

Steatosis

Hypoglycins
Hypoglycins can be found in ackee (Blighia sapida), which is a
common fruit in West Africa, Jamaica and other countries in
Latin America. Hypoglycin poisoning is also known as Jamaican
vomiting sickness as it was first reported in Jamaica with inges-
tion of unripe ackee resulting in severe vomiting, hypoglycaemia
and convulsions, followed by encephalopathy and coma [35,36].
Liver biopsy demonstrated massive liver steatosis with
microvacuoles and macrovacuoles but no necrosis [3,35]. Death
normally occurs within 2 days, and most fatal cases of hypo-
glycin poisoning occur in children, but adult cases have also
been reported [35]. Early treatment with glucose has been effec-
tive in some, but not all, patients [37]. This clinicopathological
presentation of hypoglycin poisoning resembles Reye syndrome,
but it lacks one distinguishing feature, which is the presence of
prodromal illness, such as viral infection [35]. Since the report
from Jamaica, similar fatal poisonings have been reported 
in other countries, including Haiti and Burkina Faso [3,4]. 
In addition, a different clinical presentation with a chronic
cholestatic picture has also been reported in an adult consuming
ackee [38].

There are two types of hypoglycins found in ackee fruit, 
hypoglycin A, which is more toxic, and hypoglycin B [35].
Hypoglycin A and its major metabolite, methylenecyclopropyl-
acetic acid, inactivates several flavoprotein acyl-CoA dehydroge-
nases, which then inhibit the oxidation of long-chain fatty acids
leading to microvesicular steatosis [37]. Without long-chain
fatty acid oxidation, gluconeogenesis is impaired resulting in
severe hypoglycaemia. Hypoglycin A concentration is especially
high in the unripe ackee fruit, which explains why poisoning
occurs with eating unripe ackee fruit [39].

Cholestasis

Paraquat
Paraquat is a herbicide that is used worldwide mainly as a 
weedkiller and defoliant before crop harvesting. The mode of
exposure is usually through ingestion, either by accident or due
to attempted suicide, but intoxications through skin contact
have also been reported [40]. Once ingested, it causes a burning
sensation in the oropharyngeal area, nausea, vomiting, diar-
rhoea and abdominal pain. Respiratory distress and failure 
may occur. After 2–3 days, liver injury becomes obvious with
jaundice and tender hepatomegaly. Liver tests become abnormal
with a mixed hepatic–cholestatic picture, and liver biopsy reveals
cholestasis, usually localized to the centrolobular zone. This 
histological change is usually associated with cholangiocellular
injury involving the small and medium-sized bile ducts in 
the portal areas [40]. The mortality rate is high and is normally 
associated with severe pulmonary fibrosis at 2–4 weeks after
ingestion [40,41].

The mechanisms of paraquat toxicity are thought to involve
generation of superoxide anion and other toxic reactive oxygen
species (redox cycling of paraquat), oxidation of nicotinamide
adenine dinucleotide phosphate hydrogenase (NADPH), result-
ing in disruption of important biochemical processes that
require NADPH, and lipid peroxidation [41–43].

Methylene dianiline (MDA)
Methylene dianiline is produced as an intermediate chemical 
in the synthesis of isocyanates and polyurethane polymers, and
as an epoxy resin hardener. Therefore, many intoxication cases
have occurred in industrial workers exposed to MDA; however,
one study reported MDA intoxication involving the ingestion 
of bread made with flour contaminated with MDA, so-called
Epping jaundice [44]. Typical presentation of MDA intoxication
includes abdominal pain and jaundice accompanied by elevated
serum alkaline phosphatase and transaminases [45,46]. Liver
biopsy demonstrated intrahepatic cholestasis and necrosis
[46,47]. Fortunately, the prognosis of MDA intoxication is 
good with complete recovery in most patients [44,46]. The
mechanism of its hepatotoxicity is not known and has not been
studied extensively.

Cirrhosis

Polychlorinated biphenyls (PCBs)
PCBs are a group of synthetic organic chemicals that have been
used as coolants and lubricants in electrical equipment as they
do not burn easily and hence make good insulators. However,
PCBs have not been manufactured for more than two decades 
as they build up in the environment because of their resistance 
to biodegradation and can cause harmful health effects [48].
Owing to their stability, an individual can still be exposed to
PCBs by handling old electrical equipment or eating contamin-
ated food, especially fish [48]. PCB intoxication affects many
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organs including the liver. Most of the knowledge about PCB
hepatotoxicity came from two large studies in Asia involving
ingestion of rice oil contaminated with PCBs, known as the
Yusho and Yu-Cheng outbreaks (Japanese and Chinese terms
for oil disease) [1,2]. Many victims of the outbreaks were reported
to have elevated transaminases and γ-glutamyltransferase (GGT),
as well as bilirubin. Follow-up studies from the cohort of victims
found increased mortality from cirrhosis compared with the
local populations [49,50]. In addition, abnormal liver enzymes
have also been reported in workers exposed to PCBs and 
individuals consuming food contaminated with PCBs [48]. How-
ever, the data are not consistent, probably reflecting different
levels of exposure to PCBs.

The toxic mechanism of PCBs is not well understood.
However, it is known that PCBs are potent inducers of cyto-
chrome P-450, which subsequently increases the metabolism of
certain chemicals or drugs including PCBs themselves [12].

Veno-occlusive disease

Pyrrolizidine alkaloids
Pyrrolizidine alkaloids (PA) are plant toxins found on
Boraginaceae (e.g. Heliotropium and Symphytum species),
Asteraceae (e.g. Senecio species) and Leguminosae (e.g.
Crotalaria species) plant families [51]. Intoxication usually
occurred accidentally as epidemics resulting from consumption
of crops contaminated with PA-containing plants [5,52] or 
consumption of herbal tea or herbal medicine containing PA
[53,54].

The typical presentation of PA intoxication is sudden attacks
of severe abdominal pain, vomiting, ascites, jaundice and hep-
atomegaly. Liver tests reveal elevated transaminases, hyper-
bilirubinaemia and prolonged prothrombin time [51,53,55].
There is a characteristic change in the affected liver with occlu-
sion of the central veins and smaller branches of the hepatic 
vein in the absence of large hepatic vein lesions [51,55].
Consequently, these findings are associated with hepatic con-
gestion and necrosis. This clinical presentation and histological
change is referred to as veno-occlusive disease (VOD) of the
liver. It is estimated that, after an acute outbreak, one-fifth of the
patients die, one-half recover completely, and the remainder
develop chronic liver disease [56]. PA intoxication can also 
present insidiously with progressive ascites and/or other signs 
of portal hypertension, and liver biopsy reveals fibrosis and
inflammatory infiltration of the portal tract and eventually 
cirrhosis [51,52]. This type of presentation occurs with chronic
ingestion of PA.

PA’s parent compound is chemically unreactive but is meta-
bolized into toxic pyrrolic metabolites by α-carbon oxidation
(dehydrogenation), which is catalysed by cytochrome P-450
monooxygenases [55,56]. These toxic metabolites may bind
covalently to sulphur-, nitrogen- and oxygen-containing groups
on various macromolecules, including DNA and proteins, caus-
ing cross-linking within DNA and between DNA and nucleo-

proteins and subsequent damage to hepatocytes [56]. However,
experiments have shown that sinusoidal endothelial cells are
more susceptible to PA toxicity than hepatocytes [57]. PA
caused sinusoidal endothelial cells to round up, and gaps formed
between these cells allowing blood to enter into the space of
Disse and dissect off the sinusoidal lining. The sloughed sinu-
soidal lining cells then embolize downstream and obstruct sinu-
soidal flow leading to VOD [57].

Non-cirrhotic portal fibrosis

Vinyl chloride
Vinyl chloride is mostly used in the plastics industry but has
been used as a refrigerant or a propellant as well. It is a gas at
room temperature; hence, most of the exposure occurs with
inhalation and in the industrial setting. Industrial workers
exposed to substantial amounts of vinyl chloride over a long
period of time may develop hepatomegaly, but they initially
have minimally abnormal or even normal liver enzymes [58,59].
Despite subtle initial presentation, a study revealed that, if 
peritoneoscopy was performed on exposed workers, 50% had
granular changes in the liver surface and 86% had capsular
fibrosis [59]. Furthermore, liver histology described in several
studies revealed typical findings: portal tract and perisinusoidal
fibrosis, hyperplasia of sinusoidal lining cells, sinusoidal dilata-
tion and areas of hepatocyte degeneration [58–61]. Eventually,
the symptoms and signs of non-cirrhotic portal hypertension
ensue, such as gastrointestinal bleeding from oesophageal varices
and splenomegaly [59]. In addition, an increased incidence of
hepatic angiosarcoma has been observed in workers exposed to
high levels of vinyl chloride [58,62]. The time period for devel-
opment of angiosarcoma averaged 22 years after initial vinyl
chloride exposure [62]. Prognosis is usually poor with death
occurring within 1 year, and treatment is generally unsuccessful
except perhaps for liver transplantation [62].

The mechanism of liver toxicity of vinyl chloride is due to its
reactive metabolites. Vinyl chloride is metabolized by mixed
function oxidases to 2-chloroethylene oxide and 2-chloro-
acetaldehyde, which then bind covalently to protein and DNA,
resulting in cell death [58]. 2-Chloroethylene oxide also forms
DNA adducts causing basepair substitution mutations and
hence carcinogenesis [58].

Arsenic
Arsenic is ubiquitous, and liver damage from arsenic has been
reported in patients who had chronic exposure to water or 
vegetables contaminated with arsenic [6–8]. Other cases include
patients treated for psoriasis with Fowler’s solution (potassium
arsenite) that contained arsenic [63]. As with liver damage
caused by vinyl chloride, initial presentation may include 
hepatomegaly [6,8] or bleeding from oesophageal varices and
splenomegaly caused by non-cirrhotic portal hypertension
[6,63]. Liver tests are usually normal [6,63], but cases with 
elevated alkaline phosphatase and hyperbilirubinaemia have
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been documented [7]. Non-cirrhotic portal fibrosis was the pre-
dominant lesion in liver biopsies [6,8,63]. As with vinyl chloride,
hepatic angiosarcoma has also been reported to be associated
with chronic exposure [9].

Arsenic’s toxic mechanism seems to involve the production of
reactive oxygen species (ROS) and reactive nitrogen species
(RNS) during its metabolism. The production of ROS and RNS
causes oxidative stress in cells and leads to lipid peroxidation,
protein oxidation, DNA damage and activation of signalling 
cascades associated with tumour promotion [64].

Hepatoma

Aflatoxin B1
Aflatoxin is a naturally occurring mycotoxin produced by two
strains of mould, Aspergillus flavus and Aspergillus parasiticus.
The moulds are widespread in nature, especially in tropical
regions, where humidity and heat favour their growth. There-
fore, aflatoxin can commonly be found in agricultural products
such as peanuts and corns, and populations in Saharan Africa
and east and south-east Asia are especially exposed to it. There
are more than 10 types of aflatoxin, but aflatoxin B1 is con-
sidered to be the most prevalent and the most toxic [65].

Aflatoxin B1 has been reported to be associated with an in-
creased incidence of hepatocellular carcinoma in many studies
from many countries [66–68]. One of the largest studies originated
from China, where 18 000 people in Shanghai were followed 
for 7 years, and subjects who had a positive urinary aflatoxin
biomarker had a relative risk of 3.4 for developing hepatocellular
carcinoma [66]. The relative risk is even higher, around 60, 
in subjects with positive hepatitis B surface antigen (HBsAg),
whereas subjects with positive HbsAg but negative urinary
aflatoxin biomarker had a relative risk of 7.3. These findings also
suggest that there is a synergism between aflatoxin and hepatitis
B virus infection in developing hepatocellular carcinoma.

The carcinogenicity of aflatoxin B1 has been associated with
mutation of p53 tumour suppressor genes, especially G→T
transition at codon 249, as this mutation was identified fre-
quently in areas where there is a high incidence of hepatocellular
carcinoma and high exposure to aflatoxin B1 [69–71]. In vitro
experiments also support the association. Aguillar et al. [72]
found that aflatoxin B1 induced G→T transition at codon 249 
in HepG2 human hepatocarcinoma cells. The mechanism of
aflatoxin B1 inducing this mutation is not clear. However, it may
be due to its toxic metabolite, 8,9-exo-epoxide, which binds to
DNA to form a number of adducts, as associations have been
observed between levels of these adducts and the incidence of
hepatocellular carcinoma [73].

Apart from the risk of developing hepatocellular carcinoma in
the long term, acutely, ingestion of food contaminated with very
high levels of aflatoxin B1 may result in poisoning (aflatoxicosis).
Initial presentation includes vomiting, anorexia and jaundice
followed by portal hypertension and/or liver failure. Liver biopsy
reveals haemorrhagic necrosis, bile duct proliferation, periportal

fibrosis and the presence of giant cells. The cases are mainly
reported in developing countries and have caused high mortality
[66,74,75].

Summary

Liver injury caused by industrial and environmental agents
should be considered especially if no specific aetiology has been
found or a patient reports working with or handling chemicals
or ingesting unusual food. Establishing the diagnosis is im-
portant not only for treatment but also for prevention of further
exposure. As many agents have a long latency period prior 
to developing liver injury or insidious initial clinical presenta-
tion, vigilance and searching for a potentially toxic agent is
paramount.
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Besides trauma, which is the most common cause of physical
injury to the liver (dealt with in Chapter 24.4), other physical
forces, such as radiation and heat, can injure the liver with some-
times life-threatening consequences.

Radiation injury to the liver

Radiation injury to the liver parenchyma occurs secondary to
total body irradiation, by inclusion of portions of the liver 
in radiotherapeutic treatment portals, for example in patients
treated for upper abdominal malignant tumours or for breast
carcinoma, and in patients undergoing targeted treatment of
hepatic malignancies. The incidence of radiation-induced liver
injury has decreased as radiotherapists have become more 
aware of the entity but, as a result of the increased use of three-
dimensional radiotherapy in the treatment of liver tumours,
total body radiation before bone marrow transplantation and
whole abdominal radiation therapy for advanced gynaecological
malignancies, patients with radiation injury to the liver may
again be seen more often.

The risk of radiation-induced liver disease or radiation hep-
atitis depends on the dose of radiation and the irradiated volume
of the liver [1,2]. Irradiation of the entire liver at normal frac-
tionation below 30 Gy carries a low risk of radiation-induced
liver disease. Following doses of more than 30 Gy to the entire
liver, 5–10% of patients will develop radiation hepatitis within 
3 weeks to 3 months following irradiation, and following doses
in excess of 42 Gy, the risk of development of symptoms is
approximately 50% [3]. However, doses higher than whole liver
tolerance may be delivered without clinically significant toxicity,
provided an adequate amount of normal liver parenchyma is
spared [1,4]. With the advent of three-dimensional conformal
radiotherapy, even higher doses can be applied to focal hepatic
malignancies while sparing surrounding normal liver. Up to
one-third of the liver can be radiated to a dose of 72.6 Gy and
two-thirds up to 52.8 Gy without complications [5]. In addition
to dose and volume, pre-existing liver disease is a risk factor.
Thus, patients undergoing radiotherapy for hepatocellular 
carcinoma who are carriers of the hepatitis B virus or who have

Child–Pugh B cirrhosis are more susceptible to radiation-
induced liver disease [6]. Similar to surgical resection, the func-
tional capacity of the non-irradiated volume of a cirrhotic liver 
is an important determinant of radiation tolerance [7].

Histopathologically, acute radiation hepatitis is characterized
by centro- to panlobular sinusoidal congestion, leading to com-
pression of adjacent liver cell plates. This is due to injury to the
central and sublobular veins where focal deposits of fibrin and
thickening of the vessel wall as well as obliteration of the lumen
can be observed consistent with veno-occlusive disease. There is
also an increase in perisinusoidal reticulin deposits, suggesting
that the sinusoidal lining cells are as sensitive to radiation as the
central veins. In the first weeks after stopping radiotherapy, 
hepatic stellate cells become activated in the vicinity of atrophic
cords of hepatocytes in the irradiated and congested areas [8].
The lesions are usually reversible within 3–4 months but, in
some instances, collagen deposition gradually increases, replac-
ing the congestive and destroyed areas and leading to extensive
fibrosis and parenchymal atrophy [9]. Nodular regeneration is
uncommon, possibly because of a decreased regenerative capa-
city following irradiation.

Patients usually present with an asymptomatic increase in
serum transaminases and an elevation of alkaline phosphatase
that is often out of proportion to the increases seen in bilirubin.
Unspecific increases in the activities of these enzymes are com-
mon in the clinical context where radiation injury to the liver
occurs, and the differential diagnosis of abnormal liver tests
tends to be extensive. Diagnostic criteria for radiation-induced
liver injury are not standardized, but over grade 2 hepatic 
toxicity according to the common toxicity criteria of the
National Cancer Institute, i.e. more than five times the upper
limit of normal for transaminases, alkaline phosphatase and 
γ-glutamyltransferase or more than three times the upper limit
of normal for bilirubin, may be considered clinically relevant
acute radiation-induced liver disease. Depending on the irradi-
ated volume of the liver and the extent of injury, the syndrome
includes hepatomegaly and ascites.

Sonographically, the affected liver area has a hypoechogenic
appearance, which is seen more readily in fatty livers. A typical

14.3 Hepatic injury due to physical agents
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computerized tomographic (CT) feature of radiation hepatitis is
a sharply bordered area of hypoattenuation of the liver corres-
ponding to the shape of the radiotherapeutic treatment portal.
Some of these areas exhibit a high attenuation with contrast 
CT [10]. By magnetic resonance imaging (MRI), T2-weighted
images show hyperintensity in the area of hepatic radiation
damage due to increased water content [11–14].

The majority of patients recover in 1–3 months, but a small
percentage do progress to liver failure and death [15]. No 
controlled clinical trials addressing the treatment of radiation-
induced liver injury are available. Case reports suggest a benefit
of corticosteroids and anticoagulation. Experimentally, sily-
marin, melatonin and hepatocyte growth factor gene therapy
appear to be effective.

Symptomatic veno-occlusive disease of the liver is an un-
common adverse effect of primary abdominal irradiation 
[16]. Patients may present with upper right quadrant pain, 
hepatomegaly, ascites and elevation of liver enzymes within 4
months following radiotherapy [17]. If conservative manage-
ment with diuretics and possibly steroids fails, a transjugular
intrahepatic portosystemic shunt has been used success-
fully for the treatment of intractable ascites due to hepatic 
veno-occlusive disease as a result of whole abdominopelvic
radiotherapy [18].

Focal nodular hyperplasia of the liver may be a late complica-
tion of high doses of alkylating agents (e.g. busulfan or melpha-
lan), veno-occlusive disease and liver radiotherapy, probably as
a consequence of injury to the vascular endothelium and sub-
sequent localized circulatory disturbances [19]. Many years after
irradiation, biliary strictures have rarely occurred [20,21], and
the development of cholangiocarcinoma has been described
[22]. The strictures result from a progressive obliterative vas-
culitis with intimal arteriolar thickening, leading to epithelial
atrophy, ulcerations and a dense inflammatory fibrosis replac-
ing the muscular layer and inducing stenosis.

Exposure to alpha-particle radiation, as occurred in patients
who received thorotrast, a colloidal suspension of thorium diox-
ide formerly used as a radiological contrast agent, and Russian
nuclear weapons workers exposed to ingested plutonium, is
associated with the formation of hepatic tumours. There is a
significantly elevated risk of hepatocellular carcinoma, cholan-
giocarcinoma and haemangiosarcoma after thorotrast expos-
ure, whereas haemangiosarcoma was the only liver tumour
significantly associated with the lower alpha-particle doses 
experienced by the Russian workers [23]. The p53 tumour 
suppressor gene is a target for the carcinogenic action of alpha-
particle radiation [24].

Heat stroke

Heat stroke is a potentially life-threatening systemic condition
defined as a core body temperature >40.6oC. The acute-phase
response to heat exposure is similar to the pathophysiological
sequence of events in severe sepsis. Classic heat stroke, usually

occurring in the very young or in elderly persons, and exertional
heat stroke lead to the activation of cytokines, such as inter-
leukin (IL)-1, IL-6 and tumour necrosis factor (TNF)α and,
finally, heat shock proteins [25]. As expected in a systemic
inflammatory response syndrome, every organ in the body can
be injured. A metabolic encephalopathy is a frequent and early
complication, and acute renal failure, hepatocellular injury, 
lactic acidosis, rhabdomyolysis, respiratory failure and intestinal
infarction, among others, follow. Liver injury is asymptomatic
in most cases of heat stroke and manifests itself as a transient ele-
vation of transaminases that peaks at around the third day [26].
However, acute hepatic failure occurs in approximately 5%.

Hepatocytes are probably damaged by the hyperthermia itself.
In addition, heat-induced peripheral vasodilatation results in a
redistribution of blood away from the splanchnic area and may
result in hepatic ischaemia. Disseminated intravascular coagu-
lopathy (DIC) may also contribute to an impaired microcircula-
tion and may be responsible for low fibrinogen and an elevated
international normalized ratio (INR) in the early phase prior 
to hepatic failure. Histologically, there will be necrosis in acinar
zones 3 and/or 2, and microvesicular fatty changes may be 
present [27].

Even extensive liver damage may recover with conservative
management, i.e. cooling and supportive care [28]. The accepted
prognostic criteria used to decide whether a patient in fulminant
hepatic failure should be listed for transplantation may not be
valid in the situation of heat stroke: impaired consciousness is a
hallmark of heat stroke and may thus not represent a clinical
sign of hepatic encephalopathy; the impairment of coagulation
tests may be overestimated because of the endothelial injury and
DIC associated with heat stroke. Several patients have been
transplanted with poor outcome [29–31]. The high mortality in
these patients is not surprising as the severity of multisystem
organ failure at the time of transplantation is an important pre-
dictor of patient survival.

Local heating of the liver, as occurs during microwave coagu-
lation therapy, which is one of the treatment modalities for
patients with hepatocellular carcinoma, will result in focal
necrosis of the liver. As complications of microwave interven-
tions, portal vein thrombosis [32] and necrotic pseudotumours
have been described [33].

Burns

Severe burns elicit a proinflammatory acute-phase response,
which can persist for a prolonged period of time. Cytokines,
such as IL-1, IL-6, IL-8 and IL-10, TNF and insulin-like growth
factor (IGF) binding protein 1, have been reported to be elevated
for over 1 month after thermal injury [34,35]. In addition, the
marked hypermetabolic and catabolic state following burns
increases peripheral lipolysis and free fatty acid concentrations
in the circulation and leads to the development of fatty liver,
which has been associated with immunodepression and increased
mortality [34]. Experimentally, thermal injury is associated with
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vasoconstriction of the hepatic artery. Postburn sepsis may
amplify the impact on blood flow and may result in ischaemia/
reperfusion injury, associated with a critical reduction in hepatic
oxygen delivery and consumption [36]. Burned patients are
exposed to a marked, longlasting oxidant/antioxidant imbal-
ance, i.e. a systemic oxidant stress, in parallel to the severity of
the injury [37].

In nearly all patients with major burns, the transaminases
increase during the second week after injury [38]. There is no
clear correlation between the overall increase in the transami-
nases and the extent of burned surface area. Complications of
severe burns, such as arterial hypotension, shock, absorption of
toxins from the injured area, drugs, malnutrition and sepsis,
may subsequently contribute to liver injury.

Acute acalculous cholecystitis may be an occasional complica-
tion of severe burns [39]. It occurs in approximately 1% of burn
victims. Predisposing factors are extensive burn area, multiple
transfusions, bacteraemia, total parenteral nutrition, narcotic
analgesics and positive pressure ventilation, i.e. very sick patients
are prone to develop acalculous cholecystitis.
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Introduction

Surveys from Europe and the US have demonstrated a sharp 
rise in the use of botanical drugs within the last few years, and 
up to 30–65% of patients with liver disease use herbal prepara-
tions [1–3].

The increasing popularity of herbal medicines is based on
their perceived effectiveness in the treatment and prevention 
of disease, the belief that these treatments are ‘natural’ and
therefore safe, a feeling of better control of the disease and its
management, and a holistic philosophy behind complementary
medicine that pays tribute to the patients’ desire for wellness 
and quality of life, which standard healthcare seemingly fails to
provide. Disappointment over conventional medicine because
of lack of treatment success in many instances, unfavourable
side-effects, lack of time with the doctor and insufficient 
empathy from healthcare providers also contribute to herbal
medicine’s appeal. Also, most countries do not impose prescrip-
tion regulations upon herbal preparations and, therefore, access
is unrestricted and cheap.

Regulatory issues and
pharmacovigilance

Certain herbals have only recently been identified as a cause of
acute and chronic hepatitis, cholestasis, drug-induced auto-
immunity, vascular lesions and even hepatic failure and cirrhosis
(Table 1). The frequency of adverse hepatic reactions to herbal
medicine can only be estimated as the reporting of incidents 
of hepatotoxicity is voluntary and, for most preparations, the
evidence relies on sporadic case reports. A recent retrospective
case series revealed that, among 20 patients who underwent 
liver transplantation for fulminant hepatic failure, 35% were
consumers of herbal supplements and thus constituted the
largest subgroup of patients with liver failure within a period of
10 months in this single centre, exceeding cases attributable to
paracetamol overdose or fulminant viral hepatitis [4].

In the US, herbal products are labelled dietary supplements
and are not expected to meet the standards for drugs specified in

the Federal Food, Drug, and Cosmetic Act. The only require-
ment is that these preparations follow the standards outlined in
the Dietary Supplement and Health Education Act (DSHEA)
issued in 1994, which allows marketing without prior approval
of their efficacy and safety by the Food and Drug Administration
(FDA). DSHEA allows manufacturers to claim that the product
sold affects the body or its function, as long as there is no allega-
tion that it prevents or treats certain diseases. Therefore, this
simplified licensing practice does not guarantee efficacy and
safety in the same strict way as with the approval of conventional
medications and treatments.

In Germany, the Commission E as part of the Federal Institute
for Drugs and Medicinal Devices (BfArM; Bundestinstitut für
Arzneimittel und Medizinprodukte) issues approval for herbals
on the basis of information contained in more than 300 mono-
graphs on herbs with detailed information on terminology,
composition, side-effects, contraindications, interactions and
mode of administration [5]. The Commission E also records
voluntary reports on side-effects that occurred along with 
the intake of herbal preparations. Similarly, the European
Commission has recently drafted a directive on the licensing 
of traditional herbal preparations, which allows premarketing
assessment of the quality and safety of a drug, allowing pharma-
covigilance and product revocations [6,7].

Mechanisms of hepatotoxicity

There is no uniform or predominant mechanism by which
herbals cause liver damage. Theoretically, botanicals may dam-
age the liver in just the same way as any other synthetic product
(see Chapter 14.1). Acute hepatitis is the most frequently
observed herbal drug-related liver lesion, and it occurs as a result
of the toxicity of the either unprocessed herbal compound or 
its toxic metabolites. Another well-known mechanism leading
to acute hepatitis is a metabolite-mediated immunoallergic
reaction or drug-induced autoimmunity. With regard to the 
latter, granulomatous hepatitis may develop too. Likewise, 
acute cholestatic/mixed hepatitis or pure cholestasis has been
described as a result of the intake of certain botanicals, which

14.4 Hepatic toxicity induced by 
herbal medicines
Felix Stickel and Detlef Schuppan

1281

TTOC14_04  3/10/07  8:52 AM  Page 1281



1282 14 TOXIC LIVER INJURY

either induce immunoallergy or interfere with bile acid trans-
porters. Chronic intake of subtoxic doses of certain herbals can
lead to subacute or chronic hepatitis and even cirrhosis. Veno-
occlusive disease (VOD) may occur as a rare but characteristic
liver lesion following the intake of some herbals.

Risk factors for herbal hepatotoxicity are not well identified.
However, a certain risk pattern has become evident, such as the
observation that most affected individuals are females. This gen-
der difference does not reflect a higher likelihood of women

using these preparations, but rather their higher susceptibility
towards herb-induced liver damage [1], as is observed for the
majority of adverse hepatic reactions induced by synthetic
drugs. Early clinical recognition of liver damage is important,
especially as some patients even increase the dosage as symp-
toms of liver disease worsen. Most individuals who take herbals
do not admit their intake, even on repeated questioning, either
because they do not consider herbals as ‘drugs’ or because they
fear not being taken seriously by their doctors for using herbals.

Table 1 Herbs associated with acute and/or chronic liver damage.

Herbal

Atractylis gummifera

Callilepsis laureola (impila)

Camphor

Cascara sagrada

Chaparral

Chinese herbal combinations

Dai saiko-to (TJ-8)

Sho-saiko-to (TJ-9)

Paeonia spp.

Greater celandine

(Chelidonium majus)

Germander

Teucrium chamaedrys

Teucrium polium

Isabgol

Jin Bu Huan

Kava

Ma-Huang

Margosa oil

Oil of cloves

Pennyroyal oil

Pyrrolizidine alkaloids (PA)

Symphytum officinale

Crotalaria

Senecio longilobus

Heliotropium

Sassafras 

Saw palmetto

Shou-Wu-Pian

Valerian

FHF, fulminant hepatic failure.

Application

Antiemetic, diuretic,

chewing gum

Traditional Zulu remedy

Rubefacient

Laxative

Antioxidant, liver and

health tonic, snake

bites

Immunostimulation

Chronic liver diseases

Atopic dermatitis

Dyspepsia,

irritable bowel syndrome

Weight reduction

Anti-inflammatory

Laxative

Sedative

Anxiolytic, sleeping aid

Weight reduction

Health tonic

Dental pain

Abortifacient, pesticide

Herbal tea, contamination

of flour

Herbal tea

Prostatism

Multiple

Sedative

Toxin

Atractylosides

Atractylosides

Cyclic terpenes

Anthracene glycosides

Larrea tridentata

(nordihydroguaiaretic

acid) 

Scutellaria?

Unknown

Unknown

Chelidonin?

Neoclerodane diterpenoids

Unknown

Unknown

Lypocodium seratum

Kava lactones (kavain, 

dihydrokavain)?

Ephedrin

Azadirachza indica

Eugenol

Menthofuran 

Toxic pyrroles

Sassafras albidum

Serrenoa repens

Polygonum multiflorum?

Valeriana officinalis?

Toxic mechanism

Inhibition of gluconeogenesis

through interference with

oxidative phosphorylation 

Like Atractylis gummifera

Unknown

Cholestatic hepatitis through

unknown mechanism

Inhibition of cyclooxygenase

and several cytochrome 

P-450s

Unknown

Unknown

Unknown

Idiosyncratic autoimmunity?

Hepatocyte apoptosis

Unknown

Unknown

Unknown

Idiosyncratic, dose-dependent

toxicity?

Immunoallergic?

Mitochondrial damage

Dose-dependent hepatotoxin

Glutathione depletion through

electrophilic metabolites

Toxification of PA by

cytochrome P-450 3A4

Unknown

Unknown

Unknown

Unknown

Clinical presentation

Acute hepatitis, FHF

Like Atractylis gummifera

Necrolytic hepatitis

Cholestatic hepatitis

Cholestasis, cholangitis, 

chronic hepatitis, cirrhosis

Autoimmune hepatitis

Acute and chronic hepatitis

Acute hepatitis, FHF

Chronic hepatitis, cholestatic

hepatitis, fibrosis

Acute and chronic hepatitis,

fibrosis (subacute forms), 

FHF (acute forms)

Giant cell hepatitis

Acute and chronic cholestatic

hepatitis, fibrosis

Acute and chronic hepatitis,

cholestasis, FHF

Acute hepatitis, autoimmune

hepatitis

Reye syndrome

Hepatic necrosis

FHF

Veno-occlusive disease

Hepatocarcinogenesis 

(animals)

Mild hepatitis

Acute hepatitis

Mild hepatitis
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Furthermore, doctors who recommend herbals or patients who
take them advocate the longstanding use of herbals in traditional
medicine as proof of safety.

Another problem is that herbals are usually mixtures of 
several ingredients or plants harvested during different seasons
and extracted through variable procedures, which makes the
identification of both the pharmacologically active and the 
toxic compounds difficult. Also, contamination of herbals with
microorganisms, fungal toxins such as aflatoxin, pesticides, heavy
metals and synthetic drugs has been described [7].

Active components of herbals may interact with conventional
drugs. For example, St John’s Wort (Hypericum perforatum),
which is promoted for the treatment of depression, interacts
with numerous conventional drugs including ciclosporin, sim-
vastatin, warfarin and digoxin because of its inducing properties
on cytochrome P-450 3A4, 2C9 and the drug transporter MDR1
[8]. Several other herbals, such as Salvia miltiorrhiza, Angelica
sinensis and Papaya (papain), can impair coagulation [5].

Botanicals associated with liver damage

Chinese herbs

In China, the use of herbals dates back as far as 2100 bc, with
comprehensive records of Chinese medical theories dating back
to 221 bc [9]. Most Chinese medicines are blends of four or five
different herbs, of which one or two are the pharmacologically
active ‘King herbs’. The remaining constituents function as
modifiers of toxicity, act synergistically with the King herb,
improve the immune function or strengthen certain aspects of
physical well-being. Hepatotoxicity has been described for both
single herbs and herb combinations.

Jin Bu Huan (Lypocodium serratum), which has been widely
used in the US for mild sedation, causes both acute and chronic
hepatitis [10,11]. Final proof of causality is lacking, but liver 
histology showed focal necrosis and portal fibrosis without
other possible explanations. In all published cases, elevated liver
enzymes normalized after treatment discontinuation.

Ma-Huang (Ephedra sp.) is marketed in the USA to support
weight loss therapies. A woman developed acute hepatitis
together with elevated antinuclear antibodies and smooth 
muscle antibodies after only 3 weeks of intake of Ma-Huang, but
liver abnormalities resolved after it was stopped [12]. Another
report suggested that Ma-Huang hepatotoxicity is associated
with compound heterozygosity for the haemochromatosis gene
mutation, possibly through enhancing oxidative stress [13].

Along with studies that investigated the efficacy of Chinese
herbal preparations in treating atopic dermatitis, several cases of
acute hepatitis and even fulminant hepatic failure were reported
[14,15]. The investigators failed to identify the causative agent,
but all herbal combinations that led to liver abnormalities 
contained Paeonia. Whether Paeonia is the culprit needs
clarification, as it is considered the ‘King herb’ for the treatment
of atopic dermatitis [16].

Shou-Wu Pian, also termed He-Shou-Wu, is a remedy 
formulated from the roots and vines of Polygonum multiflorum
and used as a treatment for dizziness, premature greying of 
hair, constipation and, interestingly, as a ‘liver tonic’. Two 
case reports from Hong Kong and Australia identified Shou-
Wu-Pian as the cause of acute hepatitis [17,18], which settled
completely after cessation of its intake. Toxicity could relate to
anthraquinones which are known constituents of Polygonum
multiflorum. Anthraquinones are metabolized by gut bacteria to
highly reactive anthrones in the colon that, when absorbed and
transported to the liver, may cause hepatic damage [19].

Onshidou-Genbi-Kounou, a herbal marketed for weight loss,
seemed to be the likely cause of a case of severe acute hepatitis 
in a woman who took this preparation for several months 
[20]. Serum levels of liver enzymes were massively elevated to 
> 9000 IU/L, and coagulopathy developed indicating liver fail-
ure. The patient recovered completely without intervention on
cessation of drug intake. Onshidou-Genbi-Kounou combines
several natural compounds (amachazuru, tea leaf, barbaloin,
total saponin and polyphenols) and was found to contain 
N-nitroso-fenfluramine. Fenfluramine belongs to the group 
of amphetamines that are associated with valvular heart dis-
ease rather than with hepatotoxicity. So, it is believed that
Onshidou-Genbi-Kounou contains unknown hepatotoxic
compounds.

Two cases of poisoning with Chi R Yun (Breynia officinalis)
were reported showing acute necrolytic hepatitis in a 43-year-
old woman attempting suicide and a 51-year-old woman who
aimed to treat her contact dermatitis [21]. The applied doses
were markedly different and ingested with alcohol in the latter
case. In daily Chinese medicine practice, Breynia officinalis is
used as a therapy for venereal diseases, heart failure and con-
junctivitis in combination with other traditional remedies. A
detailed assessment of causality was not documented, so it
remains speculative as to whether Breynia officinalis or some
unknown adulterant was responsible for the observed adverse
hepatic reaction.

Pyrrolizidine alkaloids

A dose-dependent hepatotoxicity of plants containing
pyrrolizidine alkaloids is well established [22]. ‘Senecio disease’
was first described in South Africa, followed by reports from
Jamaica about children developing ascites, hepatomegaly and
eventually cirrhosis after the ingestion of ‘bush tea’. Crotalaria
species in tea leaves were identified as the causative herbs. Later,
a series of poisonings occurred in India and Afghanistan, where
‘Gondli’ cereal contaminated with Heliotropium alkaloids was
responsible for numerous cases of VOD, the typical liver injury
evoked by pyrrolizidine alkaloids. VOD from pyrrolizidine alka-
loid intoxication was noticed in Arizona, such as in two infants
exposed to herbal tea containing Senecio longilobus [23,24].
Similar events were also reported from Europe and elsewhere
[25,26]. VOD is a non-thrombotic obliteration of the lumen of
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terminal centrolobular hepatic veins resembling Budd–Chiari
syndrome. The resulting venous outflow obstruction causes
hepatic congestion and centrolobular necrosis, leading to either
acute liver failure or liver fibrosis and cirrhosis [27].

Pyrrolizidine alkaloids extracted from Heliotropium, Senecio,
Symphytum (comfrey) and Crotalaria exert a direct toxic 
effect related to biotransformation of pyrrolizidine alkaloids 
by cytochrome P-450s into pyrrole derivatives, which act as 
alkylating agents [22]. Toxicity of pyrrolizidine alkaloids can 
be increased by phenobarbital, a potent inducer of cytochrome
P-450 3A4, 2B6 and several isoenzymes of the 2C family [28]. A
standard treatment does not exist except for avoiding intake. In
those with liver failure, liver transplantation may be the only
effective therapy. The sale of comfrey is banned in Germany and
Canada, while in the USA, companies have been advised to
remove comfrey products for internal consumption from the
market [29].

Germander

In 1986, germander (Teucrium chamaedrys) was approved as a
drug for the supportive treatment of obesity and mild diarrhoea
in France, although its active ingredients remained unknown
[30]. Its large-scale use precipitated several reports to the French
Pharmacovigilance Authorities in 1992 about germander-
associated acute, chronic and even fulminant hepatitis [31]. The
daily dosage ranged between 600 and 1600 mg/day, and hepatitis
usually developed after 2 months of intake. Histologically, acute
cytolytic hepatitis was found, and some patients with a chronic
course of liver disease revealed patterns of chronic hepatitis with
fibrosis and even cirrhosis. However, all patients recovered after
the discontinuation of treatment except for those with cirrhosis,
but relapsed under accidental re-exposure. Consequently, ger-
mander has been analysed thoroughly and found to contain
saponins, glycosides, flavonoids and several furane-containing
neoclerodane diterpenoids [32]. Animal experiments in mice
demonstrated the formation of toxic metabolites from these
diterpenoids by cytochrome P-450 3A. Their formation is
enhanced by the induction of cytochrome P-450 3A and by 
glutathione depletion, and the toxified diterpenoids are potent
inducers of hepatocyte apoptosis [33–35].

Lately, a case of fulminant hepatic failure after the inges-
tion of Teucrium polium has been described [36]. This plant is
from the same genus as germander and has been used as an 
anti-inflammatory and antimicrobial drug as well as for the
treatment of scars.

Greater celandine

Drugs containing greater celandine (Chelidonium majus) are
frequently used in Europe for their alleged choleretic and 
antispasmodic properties, particularly in biliary disorders and
irritable bowel syndrome. However, its therapeutic efficacy for
these indications has never been tested in controlled trials [37].

Greater celandine contains at least 20 different alkaloids includ-
ing berberine, coptisine, chelerythrine and chelidonine, the 
last of which serves to standardize the extract. Several reports
demonstrated the potential hepatotoxicity of this herbal
[38–41]. Nine out of 12 patients from a single centre [40,41]
revealed cholestatic hepatitis together with low titres of auto-
antibodies, suggesting drug-induced autoimmunity after variable
periods of ingestion. Importantly, patients had taken greater
celandine preparations from different manufacturers, which
strongly suggests that the plant extract has indeed been the cause
of hepatotoxicity, although its mechanism remains unclear.

Kava

Kava (Piper methysticum, ‘intoxicating pepper’) has been 
used for centuries in Pacific island countries as a ceremonial
beverage and for its psychotropic properties. In industrialized
countries, kava-containing preparations were marketed for the
treatment of anxiety disorders. Its sedative activity relates to
kavapyrones, including kavain, dihydrokavain, methysticin and
dihydromethysticin, which are γ-aminobutyric acid receptor
agonists that inhibit activating neurons in the reticular forma-
tion and the limbic system [42]. The therapeutic potential to
relieve stress and anxiety has been demonstrated in several con-
trolled trials [43].

By 2003, eight cases of fulminant hepatic failure had been
reported from Europe, two from the United States and one from
Australia. A clinical diagnostic scale, developed and evaluated
for the confirmation of drug-related liver damage, was applied
to analyse seven of the eight published European cases and a 
further 29 so far unpublished cases [44,45]. Massive cytolytic or
cholestatic hepatitis was noticed after highly variable doses and
latency. Three patients died, two following an unsuccessful liver
transplantation and one without. Individual doses and variable
latency periods, as well as the absence of features of immune
mechanisms, are suggestive of individual metabolic idiosyncrasy.
This assumption is supported by Russmann and colleagues who
have described a poor metabolizer phenotype of cytochrome 
P-450 2D6 in two individuals who experienced kava-induced
hepatitis, pointing to a genetic predisposition for developing
such liver damage [46].

The accumulating evidence of the potentially fatal adverse
hepatic reactions along with the intake of kava preparations has
led to the retraction of kava-containing pharmaceuticals in
many western countries including the United States, Great
Britain, Switzerland, Germany and Australia [47].

Interestingly, relevant liver damage has not been reported
with traditional kava use [48]. A plausible explanation may 
be profound differences in the use of the kava plant parts: in 
traditional use, kava drinks are usually prepared from the
underground parts or lower root stems, while commercial kava
products were often extracted by ethanol or acetone from the
aerial parts. The underground parts of the kava shrub contain
large amounts of pharmacologically active kavalactones, such as
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dihydromethysticin and desmethoxyangonin, while alkaloids,
e.g. pipermethystin, are found mainly in leaves and stem peelings.
Importantly, cell culture studies revealed that pipermethystin is
a potent inducer of apoptosis [49].

Chaparral

Chaparral (Larrea tridentata) – commonly referred to as 
‘creosote bush’ or ‘greasewood’ – grows in deserts and serves as 
a herbal remedy among native Americans to treat a variety of 
ailments such as common cold, bone and muscle pain and 
snake bites. Commercial plant extracts are sold for weight
reduction and for their alleged anti-inflammatory and ‘blood
purifying’ potential because of presumed antioxidant propert-
ies. Furthermore, chaparral is applied in alternative medicine
regimens in the treatment of AIDS [50]. Since 1990, incidents 
of chaparral-related hepatotoxicity were reported to the FDA 
in the USA and reviewed. Thus, 13 out of 18 patients with 
chaparral-associated toxicity revealed liver damage, ranging from
mild hepatitis to cirrhosis and fulminant liver failure [51]. The
predominant pattern of liver damage was cholestatic hepatitis. A
minority of patients presented with cirrhosis, and two patients
required transplantation for fulminant hepatic failure. Some
individuals were administered solely chaparral, while others
took combinations with various other herbs. In all preparations,
Larrea tridentata was found, while biochemical and microbial
contamination could be excluded. A causal relationship was
postulated because of a temporal correlation between intake of
chaparral and the onset of liver disease, a consistent pattern of
hepatic damage and through the observation that re-exposure to
chaparral or an increased dose led to relapse or aggravation of
clinical signs of liver disease. Chaparral toxicity is supposed to be
due to nordihydroguaiaretic acid, which inhibits cyclooxyge-
nase and cytochrome P-450 [52].

Atractylis gummifera and Callilepsis laureola

Atractylis gummifera is a known cause of toxic hepatitis in the
Mediterranean. It is used as an antipyretic, emetic and diuretic.
A bright fluid secreted from the plant is consumed as chewing
gum [53]. The onset of hepatitis is usually acute and commences
a few hours after ingestion with nausea, abdominal pain and
headache. It is associated with a syndrome of neurovegetative
symptoms, hepatorenal failure and pronounced hypoglycaemia.
Death from fulminant hepatic failure is frequent. Consumption
of A. gummifera is particularly dangerous during spring time
when toxins are highly concentrated in roots or when the plant is
confused with wild artichoke.

Numerous reports from South Africa provide clinical evid-
ence of the potentially fatal nephro- and hepatotoxicity of
Callilepsis laureola commonly named impila [54]. C. laureola is 
a traditional herbal remedy used among the Zulu people as a
multipurpose treatment for stomach problems, impotence,
infertility and to deter ‘evil spirits’. Probably, the last is respons-

ible for its continuing and widespread use, especially in chil-
dren. Toxicity from C. laureola presents with a sudden onset,
and mortality is staggeringly high, reaching up to 90% even in
those patients that make it into hospital. Autopsy examinations
consistently show centrolobular zonal necrosis of the liver, 
tubular renal necrosis and haemorrhages in lungs, skin and
intestine. Paradoxically, impila is the Zulu word for ‘health’.
Despite its reputed toxicity, the underlying mechanism that
causes liver damage is only partly understood. Animal studies in
rats indicate that atractyloside and carboxy-atractyloside are
potent inhibitors of oxidative phosphorylation and other mito-
chondrial functions leading to apoptosis [55]. Popat et al. have
shown that impila extracts cause a concentration- and time-
dependent loss of cell viability and mitochondrial glutathione
(GSH) content in HepG2 cells [56]. The latter could be pre-
vented by concomitant and post-treatment of HepG2 cells with
N-acetylcysteine and S-adenosyl-l-methionine, precursors of
GSH. In the same study, HepG2 cells were exposed to purified
atractylosides without significant toxicity, suggesting that other
components within the plant extracts are responsible for the
observed liver damage.

Miscellaneous

Various other botanicals have been associated with toxic liver
damage such as senna (Cassia angustifolia), which was identified
as a cause of a relatively benign hepatitis in a woman taking
approximately 10 times the recommended dose [57]. The causal
relationship was confirmed through a positive rechallenge.
Senna is biotransformed via intestinal bacteria to rhein
anthrone, which shows structural similarities to the laxative
anthrone. Likewise, anthraquinones, including rhein anthrone,
contained in rhubarb have been suspected of causing liver injury
[58]. Nadir et al. have described a man in whom short-term use
of a commercial Cascara sagrada product caused cholestatic
hepatitis with subsequent portal hypertension, prolonged pro-
thrombin time and ascites [59]. Cascara sagrada also contains
anthraquinone glycosides and is recognized as an effective lax-
ative. Other frequent aetiologies were excluded, but the patient
also took amitryptiline, cimetidine and baclofen at recom-
mended doses. Further laboratory tests revealed elevated anti-
nuclear and antismooth muscle antibodies at 1:640 and 1:40,
respectively, and a liver biopsy showed an eosinophilic infiltrate
suggesting drug-induced autoimmunity. Hepatotoxicity is a rel-
atively unusual side-effect of Cascara sagrada, and it remains
speculative which of its numerous constituents precipitated the
liver damage.

Pennyroyal, also referred to as ‘squawmint oil’, is a herb 
containing leaves from either Mentha pulegium or Hedeoma
pulegoides. It has long been applied as an abortifacient or pesti-
cide against fleas. There are several reports on fulminant liver
failure resulting from pennyroyal. Its primary constituents are
pulegone and various other monoterpenes characteristically
encountered in mint species [60]. However, pulegone is found
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in greater concentrations in pennyroyal than in other mints.
Hepatotoxicity appears to be caused by both pulegone pro-
ducing oxidative stress and pulegone’s primary metabolite 
menthofuran [61,62]. Direct depletion of GSH by the formation
of electrophilic metabolites seems to be the crucial step in 
pulegone toxicity.

A combination of herbal ingredients, known as ‘Prostata’, was
suspected to have caused cholestatic hepatitis in a man using this
medication for the treatment of benign prostatic hyperplasia
[63]. The assumed active ingredient is Serrenoa serrulata, which
exerts estrogenic and antiandrogenic effects. Either hormone
may be toxic to the liver under certain circumstances.

Ayurvedic herbal preparations such as Liv.52 have been 
studied for the treatment of chronic liver diseases either experi-
mentally or clinically. Liv.52 contains Capparis spinosa (capers),
Cichorium intibus (wild chicory), Terminalia arjuna (arjuna),
Solanum nigrum (black nightshade), Achillea millefolium
(yarrow) and others. Liv.52 was suggested to be useful for
human alcohol-related liver cirrhosis by lowering acetaldehyde
[64]. This initiated a European randomized controlled clinical
trial in 188 patients with alcoholic liver cirrhosis [65]. While no
effect of Liv.52 on survival was noticed in cirrhotics with Child
class A and B disease increased liver-related mortality among
those with Child class C led to premature termination of the
study. Seven patients experienced acute hepatitis after the intake
of LipoKinetix® (Syntrax, Cape Girardeau, MO, USA), which is
sold as a dietary supplement in the US for augmenting weight
loss [66]. All patients recovered after LipoKinetix® was stopped,
but one female patient developed fulminant hepatic failure with
stage 3 encephalopathy and was listed for liver transplantation,
which fortunately was avoided as the patient recovered with
intensive care. LipoKinetix® contains norephedrine hydrochlo-
ride, sodium usniate, diiodothyronine, yohimbine hydrochlo-
ride and caffeine, which was confirmed by analysing the used
LipoKinetix® lots. None of the ingredients was previously 
associated with liver damage, and product contamination was
excluded. For usnic acid, an uncoupling effect on oxidative
phosphorylation in murine mitochondria has been described
[67]. Both Liv.52 and LipoKinetix emphasize the potential 
hazards of poorly defined and incompletely tested herbal 
medications.

A 13-year-old child from France developed fulminant liver
failure after taking Euphytose, a herbal mixture containing
Valeriana officinalis, Ballota nigra, Crataegus oxyacantha,
Passiflora incarnata and Cola nitida. Liver histology showed
massive hepatocyte necrosis. All other possible explanations for
liver failure were ruled out, and Valeriana was considered the
most likely cause among these medicinal plants [68]. However,
causality remains unproven.

Centella asiatica has been used in Ayurvedic medicine as a
psychophysical regenerator and ‘blood purifier’ and to treat
wounds and leprosy. At present, Centella asiatica has alleged
benefit in the treatment of dementia, diabetic microangiopathy,

skin defects and obesity [69]. Recently, three female patients
who took this herbal for between 1 and 6 months to lose weight
were diagnosed with severe hepatic injury, including granulo-
matous hepatitis and cirrhosis [70]. Unintentional re-exposure
resulted in accelerated recurrence of hepatic lesions in two
patients. Extracts of this herb contain pentacyclic triterpenic
saponosides including asiaticoside, madecassoside and centel-
lasaponins. The mechanism by which liver damage is precip-
itated is uncertain. Treatment with ursodeoxycholic acid at 
10 mg/kg/day led to normalization of altered liver bio-
chemistries in all three patients.

Noni juice (Morinda citrifolia) was the presumed cause of
acute hepatitis in a 45-year-old man who drank a glass of this
tropical fruit over several weeks for ‘prophylactic reasons’ [71].
Other possible aetiologies of acute hepatitis were ruled out, 
and liver tests rapidly returned to normal after the cessation of
noni intake. Active components within noni extracts comprise
flavonoids, glycosides, vitamins, anthraquinones and polyun-
saturated fatty acids, but hepatotoxic components remained
unidentified.

Diagnosis

The uncertainties of confirming causality in herbal drug-
induced liver injury are well known. Often, the diagnosis can
only be made based on clinical evidence. Therefore, numerical
scores that account for clinical circumstances and findings were
suggested for clinical routine use. Among the proposed systems,
a scale developed by the Council for International Organizations
of Medical Sciences (CIOMS) reveals the best discriminative
power and allows satisfactory causality assessments (Table 2)
[72].

Table 2 CIOMS score for causality assessment in drug-related liver injury.

Axis Score

Chronologic criterion 

From drug intake until onset of event +2 to +1

From drug withdrawal until onset of event +1 to 0

Course of the reaction –2 to +3

Risk factors 

Age +1 to 0

Alcohol +1 to 0

Concomitant drug therapy –3 to 0

Exclusion of non-drug-related causes –3 to +2

Bibliographic data 0 to +2

Rechallenge –2 to +3

The CIOMS score is translated into categories of suspicion: definite or highly

probable (score > 8), probable (score 6–8), possible (score 3–5), unlikely

(1–2), excluded (< 1).
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Acute liver failure defines a syndrome resulting from a rapid 
and massive impairment of liver functions in patients without
previously known liver disease. The main causes of acute liver
failure are currently represented by paracetamol overdose, viral
hepatitis and idiosyncratic drug reactions. However, it is a fre-
quent finding that two or more causative factors are associated,
some of them being avoidable [1]. Nonetheless, as many as 20%
of cases remain of unknown origin. Acute liver failure remains 
a life-threatening condition, with brain oedema representing 
the ultimate and most severe complication. Despite significant
improvements in medical support during recent years, the prog-
nosis of acute liver failure is still poor. The advent of emergency
liver transplantation in the early 1980s has transformed the
prognosis even though transplantation remains a demanding
procedure [2].

Definitions

There is no consensus on the definitions of acute liver failure and
related syndromes, particularly for the early stages preceding
encephalopathy.

Originally, fulminant liver failure was defined as an acute liver
disease complicated by encephalopathy within 8 weeks of the
onset of symptoms [3]. This simple definition has several limita-
tions. In particular, first manifestations are frequently difficult
to identify in retrospect. Therefore, two sets of modifications,
detailed in Table 1, have been proposed. Because no general
agreement has been achieved yet, the core terms ‘fulminant 
or subfulminant liver failure’, on the one hand, and ‘acute liver
failure’, on the other hand, continue to be used equally in the lit-
erature. It remains difficult not to qualify patients with massive
liver cell damage and a profound decrease in coagulation factors
as having some degree of ‘liver insufficiency’ even though they
do not have clinical evidence of encephalopathy. This ambi-
guity has resulted in frequent and inappropriate use of the term
‘acute liver failure’ for patients without encephalopathy. Thus, 
it remains controversial whether the definition should include
markers of poor liver function other than encephalopathy.
Furthermore, the issue of which markers should then be in-

cluded (e.g. coagulation factors) remains debated. A consensus is
clearly needed for clinical practice.

In this chapter, a terminology based on ‘early acute liver
insufficiency’ and ‘acute liver failure’ will be used. ‘Early acute
liver insufficiency’ corresponds to a state characterized by a
marked decrease in coagulation factors [prothrombin index
below 50% of normal and/or international normalized ratio
(INR) over 1.7] without encephalopathy. ‘Acute liver failure’
(acute liver failure, corresponding to the sum of either ‘fulmin-
ant and subfulminant’ cases or ‘hyperacute, acute and subacute’
cases) is characterized by the occurrence of encephalopathy.
Patients with an underlying chronic liver disease but with-
out previous manifestations are not excluded from these
definitions.

The related syndrome of early acute
liver insufficiency

As indicated above, the syndrome of ‘early acute liver
insufficiency’ corresponds to the stages of marked deterioration
of liver functions preceding the occurrence of encephalopathy.
Apart from encephalopathy and brain oedema, almost all the
manifestations observed during the acute liver failure syndrome
(see below) can also be observed during the early acute liver
insufficiency syndrome, even though these manifestations tend
to be milder. By definition, coagulation factors are markedly
decreased. Importantly, patients with early acute liver in-
sufficiency have a marked propensity to develop extrahepatic
complications, in particular acute renal insufficiency and bac-
terial infections, which may precipitate the course of the disease
and hasten the occurrence of encephalopathy [1].

Manifestations of acute 
liver failure

The syndrome of acute liver failure includes manifestations
directly related to liver cell damage and manifestations reflecting
the indirect consequences of altered liver functions on other
organs or systems.

15 Acute liver failure and 
related syndromes
François Durand and Jacques Bernuau
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Manifestations of liver cell damage

Jaundice is quite constant. However, serum bilirubin level is
highly variable, depending on the mechanism of liver injury.
Jaundice tends to be less intense (or even absent) in those with
hyperacute liver failure compared with those with more slowly
progressive diseases. In most cases, the inferior margin of the
liver is undetectable at clinical examination, and the liver is not
painful. Moderate ascites can be present, especially in patients
with subacute diseases.

Serum aminotransferase level [alanine aminotransferase
(ALT) and aspartate aminotransferase (AST)] is constantly and
markedly increased. Values over 50 times normal are usually
observed in patients with acute liver failure while values 
below 30 times normal are not uncommon in patients with sub-
acute liver failure. Serum alkaline phosphatase and γ-glutamyl
transpeptidase are normal or moderately raised. Again, coagula-
tion factors are constantly decreased (see below).

Generally, liver imaging is of little help in the diagnosis. The
liver can be decreased, normal or slightly increased in size,
depending on the cause. Ultrasonography can help to detect
subclinical ascites. Prominent signs of portal hypertension are
absent. Some patients with subfulminant liver failure and a pro-
longed interval between jaundice and encephalopathy may pre-
sent with large, tumour-like, regenerative nodules and irregular
margins. These nodules may be hypervascular, thus mimicking
malignant tumours. Hepatic venous pressure gradient usually
exceeds 5 mmHg, reflecting moderate portal hypertension [4].

Metabolic encephalopathy and cerebral oedema

Metabolic encephalopathy
Encephalopathy is a non-specific manifestation of liver failure.
In cirrhotic patients, encephalopathy can result from impaired

liver functions, portosystemic shunts or a combination of both.
During acute liver failure, conversely, the alteration in liver
functions represents the sole mechanism for encephalopathy.

The most commonly used classification of encephalopathy
includes four grades of increasing severity (grades 1 to 4) with
manifestations ranging from asterixis to coma. These grades are
detailed in Chapter 7.8. The Glasgow score can also be used for
further staging in comatose patients. Electroencephalographic
changes are present before the onset of clinical manifestations.
None of them is specific.

As well as in cirrhotic patients, a number of factors other than
liver insufficiency can induce or precipitate encephalopathy.
The administration of sedative agents before referral remains a
frequent finding in clinical practice. Other precipitating factors
include sepsis, renal failure and hypoglycaemia.

Cerebral oedema and increased intracranial
pressure
A feature particular to neurological changes during acute liver
failure is the rapid development of brain oedema and intracra-
nial hypertension when liver insufficiency persists or progresses.
Brain oedema is a life-threatening complication which can be
fatal within a few hours or days. In addition to altered conscious-
ness, brain oedema is characterized by the occurrence of profuse
sweating, fever, a progressive increase in heart rate, haemody-
namic instability, bouts of arterial hypertension, hyperventila-
tion, increased muscle tone and decerebrate posturing with
pronation. The occurrence of pupil asymmetry or poorly respon-
sive mydriasis indicates impending brainstem coning and/or
irreversible brain anoxia. The incidence of generalized or partial
seizures is about 25% [5]. Computerized tomography shows dif-
fuse hypoattenuation of the brain, a loss of distinction between
grey and white matter, swollen gyri and compressed or absent
cisterns.

Table 1 Proposed definitions for acute liver failure and related disorders.

Definitions

Definitions including patients before the onset 

of encephalopathy

Coagulation is used as a marker of impaired 

liver function

Patients with previously asymptomatic chronic 

liver lesions enter the same definitions

Bernuau et al. (1986) [99]

Severe liver failure: any condition including an acute

liver disease with coagulation factors below 50%

of normal without clinical encephalopathy

Fulminant or subfulminant liver failure: patients with

the same coagulopathy and encephalopathy

Fulminant: interval between jaundice and

encephalopathy less than 2 weeks

Subfulminant: interval between jaundice and

encephalopathy from 2 weeks to 3 months

Yes

Yes

Yes

O’Grady et al. (1993) [20]

Hyperacute liver failure: patients who develop

encephalopathy within 7 days of the

appearance of jaundice

Acute liver failure: patients who develop

encephalopathy between 8 and 28 days after

the appearance of jaundice

Subacute liver failure: patients who develop

encephalopathy between 5 and 12 weeks 

after the appearance of jaundice

No

No

Yes
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During the course of liver failure, there is a clear overlap
between the manifestations related to metabolic encephalo-
pathy and those related to brain oedema. While metabolic
encephalopathy is fully reversible, brain oedema may cause 
irreversible damage. However, it is important to keep in mind
that some patients with almost complete disappearance of brain
electrical activity just before transplantation were shown to have
full neurological recovery postoperatively.

Renal disorders

Renal disorders are a common finding. The usual features
resemble those of functional renal insufficiency with oliguria
and low urinary sodium concentration. As liver insufficiency
worsens, renal dysfunction progresses in parallel, leading to
anuria. Extrahepatic precipitating factors are frequently involved,
including sepsis, hypotension, direct toxicity from paracetamol
overdose, non-steroidal anti-inflammatory agents or the recent
infusion of contrast media.

Cardiovascular disorders

Cardiovascular changes correspond to a hyperkinetic state with
tachycardia, systemic vasodilatation and increased cardiac out-
put. Arterial pressure is normal in the early stages but tends to
decrease during more advanced stages. A normal heart rate in
patients with grade 3–4 encephalopathy strongly suggests that
encephalopathy has been precipitated by sedative agents and
that the alteration in liver function is milder than suggested by
the neurological status. Patients with brain oedema frequently
develop a distributive shock resembling septic shock.

Pulmonary disorders

A progressive increase in respiratory rate is almost constant in
patients with grade 3–4 encephalopathy. Hyperventilation is
central in origin. Pulmonary oedema can develop in the absence
of sepsis, overfilling and/or left ventricular failure. However,
bacterial infections represent the main cause of pulmonary
complications. Respiratory distress syndrome may result from
bacterial pneumonia and/or pulmonary aspiration in comatose
patients.

Coagulation disorders

By definition, coagulation factors are constantly decreased dur-
ing acute liver failure because of reduced synthesis by the liver.
However, an accelerated clearance of coagulation factors due to
intravascular coagulation can also be associated.

Almost all patients with an altered level of consciousness have
coagulation factors below 30% of normal and an INR above 
2.5. There is a decrease in prothrombin index, a decrease in fac-
tor V and a prolongation of prothrombin time. Difficulties arise
from the fact that these tests are not used uniformly in different
countries. Prothrombin index and factor V are frequently used

in Europe, while prothrombin time has been the reference in the
UK. INR is increasingly used in the United States. This disparity
makes the comparison between different populations difficult.
In addition, the application of decision criteria based on a given
coagulation marker may be difficult in countries where other
markers are used. Nevertheless, in the very context of acute liver
failure, these markers are strongly correlated one to the other
(although not always linearly).

The decrease in coagulation factors is paralleled by a
decreased level of coagulation inhibitors and regulating 
factors. The practical impact of the balance or imbalance be-
tween coagulation factors and inhibitors has not been clearly
addressed.

Low platelet count is common during acute liver failure.
Thrombopoietin, the primary regulator of platelet produc-
tion, is mainly synthesized by the liver. Paradoxically, most
patients with acute liver failure appear to have a normal or 
even elevated thrombopoietin level [6]. It was shown that the
physiological inverse correlation between thrombopoietin and
platelet count no longer exists during acute liver failure. The
mechanisms of thrombopenia during acute liver failure are still
unclear.

In clinical practice, although coagulation factors and platelets
are simultaneously decreased, the incidence of spontaneous
bleeding is low, unless invasive procedures are undertaken.

Acid–base balance and metabolic disorders

From the early stage of acute liver failure, hyperventilation
results in respiratory alkalosis with low Paco2. A normal or
increased Paco2 suggests respiratory depression secondary to
sedative agents. Metabolic acidosis is a common finding at 
an advanced stage. Acidosis is especially frequent in cases of
‘hyperacute’ liver failure. For example, metabolic acidosis, ele-
vated blood lactate, overt renal failure and distributive shock 
are common in patients with paracetamol overdose and severe
encephalopathy.

Hypoglycaemia only occurs at the latest stage. Hyper-
ammonaemia as well as an increased lactate level are common.
Arterial lactate level is especially high in patients with paraceta-
mol overdose and, whatever the cause of liver injury, in patients
with multiple organ failure [7].

Bacterial and fungal infections

Severe infections are more frequent and appear at an earlier
stage in patients with acute liver failure than in intensive care
patients without liver failure. This observation suggests that 
profound alterations in liver functions, by themselves, impair
defence mechanisms against infectious agents.

The overall incidence of bacterial infections was found to 
be as high as 80%. The main sites are the lungs (especially in
patients under mechanical ventilation), urinary tract, ascites,
catheters and blood. Gram-positive bacteria account for about
65% of early infections, the remaining 35% being represented by
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Gram-negative bacteria [8]. Fever and hyperleucocytosis may be
absent. Fungal infections are frequently disseminated. Candida
albicans and, to a lesser extent, Aspergillus fumigatus are the most
common agents. Interestingly, early infections were shown to
precipitate encephalopathy [8].

Mechanisms

Acute liver failure: an imbalance between
hepatocyte death and regeneration

Hepatocyte death can result from two distinct mechanisms,
necrosis and apoptosis, which may coexist. Indeed, many factors
responsible for apoptosis can also induce hepatocyte necrosis, in
particular when mitochondrial injury is sufficient to exhaust the
adenosine triphosphate (ATP) store [9]. The cellular content of
glutathione, a protective antioxidant compound, is determinant
for modulating the pathways of liver cell death. Complement
also plays a key role in liver cell necrosis by the formation of a
cytolytic membrane attack complex. A depletion of complement
regulatory proteins, as observed during viral hepatitis, seems to
favour the extent of hepatocyte necrosis [10].

Besides necrosis and apoptosis, microvesicular steatosis 
represents a particular lesion specifically associated with certain
causes of acute liver failure. The reasons why the acute develop-
ment of microvesicular steatosis can result in a massive impair-
ment in liver functions remain unclear. Indeed, it is a paradox
that microvesicular steatosis during chronic liver diseases, even
if extensive, is a relatively benign condition. It can be speculated
that the alteration in liver functions during ‘acute’ microvesicu-
lar steatosis results from a marked impairment in mitochondrial
functions as well as other cell functions rather than the 
simple accumulation of lipid droplets within the hepatocytes.
According to this view, steatosis might be better considered an
accompanying than a causative disorder.

The potential for regeneration of the liver is considerable
compared with other organs. The regeneration process occurs
rapidly when liver cell death is extensive. This process is trig-
gered by systemic as well as local factors. Hepatocyte growth 
factor (HGF), a cytokine with potent mitogenic effects, plays 
a pivotal role in the initiation of liver cell division. Other 
important factors include epidermal growth factor and trans-
forming growth factor. It is noteworthy that sepsis inhibits 
hepatocyte regeneration [9]. Underlying fibrosis and advanced
age are other factors limiting regeneration.

Overall, during the course of acute liver diseases, there is com-
petition between liver cell death, on the one hand, and regenera-
tion, on the other hand. Both mechanisms coexist. In most cases,
liver cell damage stops and regeneration is rapid and efficient
enough to prevent the occurrence of liver failure. In some
patients, however, the extent of liver cell damage reaches 
the critical limit over which life-threatening complications
appear. Again, in most cases, regeneration eventually outweighs
liver cell damage, leading to rapid recovery. In only a minority,

regeneration is insufficient and/or liver cell damage is too 
extensive, which leads to the occurrence of encephalopathy and
brain oedema. However, it must be kept in mind that patients
with impending brain oedema still have a potential for ‘last
minute’ regeneration and complete recovery.

Encephalopathy and brain oedema

The precise mechanisms of hepatic encephalopathy are detailed
in Chapter 7.8. Basically, the exposure of the brain to circulating
neurotoxins is the predominant factor. Elevated blood ammo-
nia level plays an important role. Hyperammonaemia results
predominantly from decreased hepatic clearance. However,
insufficient uptake by muscles and decreased elimination by the
kidneys may also be implicated [11]. Other mediators including
lactates and endogenous benzodiazepines are involved. In addi-
tion, brain glucose metabolism is altered.

Brain oedema is a characteristic feature of acute liver failure,
although not absolutely specific. Indeed, some patients with cir-
rhosis and profound encephalopathy were also shown to have
mild brain oedema. Conceptually, brain oedema arises from two
mechanisms: an increase in total brain water content and an
increase in cerebral blood flow. The increase in total brain water
is mainly related to the swelling of astrocytes secondary to acute
osmotic changes [12]. In healthy individuals, there is efficient
hepatic uptake of ammonia leading to the synthesis of urea 
and glutamine. Liver failure results in decreased uptake by the
liver and an increased peripheral load. The brain that lacks a
complete urea cycle becomes an ammonia uptake organ. The
metabolism of ammonia in the brain leads to the accumula-
tion of glutamine within the astrocytes which, as a source 
of increased osmolarity, contributes to cell swelling. There are
short- and long-term adaptive mechanisms for overcoming
changes in astrocyte osmolarity. An increased exit of potassium
from brain cells represents a short-term mechanism. The reduc-
tion in intracellular myoinositol represents a long-term adaptive
mechanism. However, there is no evidence that the accumula-
tion of intracellular myoinositol plays a significant role during
acute liver failure [13]. Astrocytic glial fibrillary acid protein is
the principal component of astrocytic intermediate filaments.
Experimental models have shown that there is decreased expres-
sion of astrocytic glial fibrillary acid protein mRNA, and it seems
likely that this mechanism contributes to astrocytic swelling.

An increased or inappropriate cerebral blood flow also 
contributes to intracranial hypertension. Under normal circum-
stances, adaptive mechanisms make sure that cerebral blood
flow is maintained at a relatively constant level through
significant changes in mean arterial pressure. Acute liver failure
is characterized by a failure in cerebrovascular autoregulation
[14]. Under such circumstances, a significant increase in cardiac
output is associated with a proportional increase in cerebral
blood flow, thus worsening intracranial hypertension.

Normal intracranial pressure ranges from 0 to 10 mmHg. 
In patients with brain oedema, these values may reach 70–
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100 mmHg. Overall, intracranial hypertension compromises
cerebral perfusion by reducing cerebral perfusion pressure, 
and predisposes to brain herniation.

Causes

Although the spectrum of potential causes is especially wide,
acute liver failure remains a rare disorder, which is explained by
a multifactorial aetiology. Indeed, several causes or cofactors are
frequently associated. The different causes and the correspond-
ing liver lesions are shown in Table 2.

Paracetamol (acetaminophen) overdose

Paracetamol overdose has become the predominant cause of
acute liver failure in most western countries [15–17]. However,
only a minority (less than 10%) of patients with paracetamol
overdose eventually develop acute liver failure.

The hepatotoxicity of paracetamol is dose dependent. Liver
cell damage is related to the generation of large amounts of the
reactive metabolite N-acetyl-p-quinoneimine, overcoming the
protective capacities of glutathione within liver cells. Acute liver
failure is almost always observed in patients who ingested single

Table 2 Causes of acute liver failure and corresponding liver lesions. 

Cause Hepatocyte necrosis Inflammatory Microvesicular
and/or apoptosis infiltrates steatosis

Paracetamol (acetaminophen) overdose + – –

Hepatitis viruses

Hepatitis A virus + + –

Hepatitis B virus

Acute HBV infection + + –

Acute exacerbation of chronic HBV infectiona + + –

Hepatitis D virus + + –

Hepatitis E virus + + –

Other viruses

Herpes simplex virus 1 and 2 + – –

Varicella-zoster virus + – –

Epstein–Barr virus + – –

Human herpes virus 6 + ± –

Miscellaneous viruses

Human parvovirus B19b + ± –

Haemorrhagic fever viruses + ± –

Amanita mushroom poisoning + – –

Other toxins

Industrial solvents + – –

Herbal medicines + ± –

Illicit drugs

Ecstasy + ± –

Cocaine + ± –

Intravenous buprenorphine + – +
Drug-induced hepatitis + ± ±
Hypoxic liver cell necrosis + – –

Heat stroke + – –

Wilson’s diseasea + – ±
Malignant infiltration of the liver + – –

Autoimmune hepatitisa + + –

Syncytial giant cell hepatitis + ± –

Acute fatty liver of pregnancy ± – +
HELLP syndrome + – –

Reye syndrome ± – +
Obstruction of the hepatic veinsa + – –

Liver transplantation and liver surgery + ± –

HELLP, haemolysis, elevated liver function and low platelets.
aUnderlying parenchymal fibrosis is frequently associated.
bThe responsibility of this virus is highly uncertain.
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doses superior to 15 g in an attempt at suicide. However, single
doses of 6 g in adults as well as repeated daily doses of 2–6 g for a
few days are sufficient to produce significant liver damage (or
even acute liver failure) when predisposing factors are present
[18]. Predisposing factors include starvation, poor nutritional
status, alcoholism, concomitant ingestion of enzyme inducers
and concomitant ingestion of isoniazid.

Paracetamol hepatotoxicity is characterized by a rapid increase
in serum transaminases, starting approximately 24 h after inges-
tion with a peak 1–3 days later. Transaminase levels can exceed
100 times the upper limit of normal. The level of AST is generally
superior to that of ALT. Jaundice is usually absent at presenta-
tion as bilirubin level peaks later than transaminases. Acute
renal failure is almost constant in patients with grade 3–4
encephalopathy. Lactic acidosis and severe hypoglycaemia are
frequent. Serum paracetamol can be undetectable in patients
who have been referred recently after ingestion.

Almost all patients with grade 3–4 encephalopathy rapidly
develop multiorgan failure (unless encephalopathy results from
sedative drugs). It has been shown that some patients die less
than 4 days after ingestion as a result of circulatory shock in the
absence of overt brain oedema [19]. These patients tend to be
older and have a lower arterial pH at admission than those with a
more slowly progressive disease and who develop brain oedema.
The benefit from emergency transplantation in this particular
group is uncertain. Overall, it is estimated that survival rate
without transplantation is about 35% [20].

The treatment is based on N-acetylcysteine. The administra-
tion of N-acetylcysteine allows the replenishment of glutathione
stores, a key factor in protecting against the toxic effects of 
reactive metabolites. Intravenous administration should be pre-
ferred to the oral route as the latter frequently induces nausea
and vomiting. The standard intravenous protocol consists of
150 mg/kg within 15 min, followed by 50 mg/kg over 4 h, 
followed by 100 mg/kg over 16 h. Additional infusions of 
100 mg/kg/16–24 h can be administered during the following
days, until there is a significant increase in coagulation factors
(over 50% of normal). Self-limited urticaria, pruritus and flush-
ing are frequent at the onset of treatment and should not lead to
discontinuation. N-acetylcysteine is more effective when started
very early after paracetamol ingestion. However, patients who
are referred recently after ingestion should also be given this
compound. Emergency liver transplantation is needed in a small
proportion of patients. The criteria for deciding on transplanta-
tion are discussed below.

Hepatitis viruses

Hepatitis A virus (HAV)
It is estimated that acute liver failure only develops in
0.01–0.05% of patients with symptomatic hepatitis A. In west-
ern countries, most cases are observed in patients who have had
a recent stay in developing countries (see Chapter 9.1.2). The
course of the disease is more often acute than subacute. The

diagnosis is based on the presence of anti-HAV IgM in the serum.
There is no specific treatment. The prognosis is slightly better
than that of hepatitis B virus (HBV)-related acute liver failure.

It has been suggested that patients with chronic hepatitis C
virus (HCV) infection may be at higher risk of acute liver failure
and fatal outcome in the case of superimposed acute hepatitis 
A [21]. These findings have led to proposals for systematic 
vaccination against HAV in patients with chronic hepatitis C not
previously immune to HAV.

Acute infection with hepatitis B virus
HBV can be responsible for acute liver failure in two distinct
ways: (i) recent HBV infection; and (ii) acute exacerbation (or
reactivation) in chronic HBV carriers (see Chapter 9.1.2).

The risk of developing acute liver failure during the course 
of symptomatic acute hepatitis B is about 1%. In western 
countries, the incidence of HBV-related acute liver failure has
decreased in parallel with vaccination programmes. Currently,
fulminant hepatitis B occurs most often in injection drug users
and sexual partners of HBV-infected individuals. The course is
more often acute than subacute. The diagnosis is based on the
presence of anti-HBV IgM in the serum. It is important to keep
in mind that hepatitis B surface antigen (HBsAg) is undetectable
in 15–20% of patients with acute liver failure because of acceler-
ated clearance of this antigen [22]. Serum HBV DNA is usually
undetectable or present at very low levels. Therefore, there is 
no justification for antiviral treatment. Almost all patients who
recover eventually become immune to HBV and do not develop
chronic hepatitis B.

Liver lesions result from the host’s immune response against
HBV-infected cells. According to this mechanism, acute liver
failure may result from a particularly intense immune response
against viral antigens. However, an especially rapid viral clear-
ance, reflected by undetectable HBsAg, could be of better prog-
nosis [22]. It has been suggested that patients infected by variant
HBV strains with precore mutations could be more likely 
to develop acute liver failure [23]. However, the association
between precore variants and the occurrence of acute liver fail-
ure has not been observed in all series [24]. There is no evidence
that chronic HCV infection represents a risk factor for ful-
minant hepatitis B.

Acute reactivation of chronic HBV infection
Acute reactivation of chronic HBV infection usually occurs 
in patients with a recent history of immunosuppression [25].
However, it may occasionally develop in the absence of any
identifiable precipitating factor.

Theoretically, the diagnosis relies on the evidence of a return
to an HBV replicative state in HBV carriers who previously had
undetectable or low replication rates. However, the presentation
of acute reactivation can be indistinguishable from that of acute
HBV infection. First, a past history of chronic HBV infection 
is frequently lacking. Secondly, anti-hepatitis B core (HBc) IgM
are frequently present in the case of reactivation. Thirdly, even
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in the absence of antiviral therapy, a rapid decline in serum HBV
DNA is usual. Therefore, patients with grade 3–4 encephalopathy
frequently present with very low or even undetectable HBV
DNA. In such patients, fibrosis at liver biopsy is an argument for
an underlying chronic disease, and thus for reactivation.

On very rare occasions, some patients who were immune to
HBV can also develop abrupt reactivation after being subjected
to profound immunosuppression, as a result of the persistence
of viral particles in the liver. The same phenomenon explains
why liver grafts from donors negative for HBsAg and positive for
anti-HBc IgG are still infective when transplanted to immuno-
suppressed recipients.

It is generally accepted that urgent administration of lamivu-
dine or adefovir is justified in patients with HBV reactivation.
However, the efficacy of antiviral agents in this context has not
been clearly documented. Patients with a very low viral replica-
tion rate at presentation are unlikely to benefit from antiviral
therapy.

Hepatitis D (delta) virus
Hepatitis delta virus (HDV) can cause acute liver failure in two
distinct ways: concomitant HBV and HDV infection or HDV
superinfection in HBV chronic carriers. In western countries,
HDV infection is essentially observed in intravenous drug users.
Its incidence has become very low (see Chapter 9.1.2).

The presentation of concomitant HBV–HDV infection is
comparable to that of HBV infection alone. The diagnosis is
based on the presence of markers of both acute HBV and HDV
infection (anti-HBc IgM and anti-HDV IgM). Serum HDV
RNA is positive in only 10% of cases [26]. The mortality rate is
comparable to that of HBV-related acute liver failure.

The presentation of HDV superinfection in chronic HBV car-
riers is more often subacute than acute [27]. The diagnosis is also
based on the presence of anti-HDV IgM. Most patients, but not
all, have undetectable serum HBV DNA. Mortality rates are
higher than in patients with concomitant HBV–HDV infection.
Patients who survive frequently develop rapidly progressive
chronic HBV–HDV hepatitis.

Hepatitis C virus
It seems that HCV infection alone never results in acute liver
failure, even in the case of profound immunosuppression.
However, because of similar sources of infection, markers of
HCV infection are found in a sizeable proportion of patients
with acute liver failure resulting from HBV (see Chapter 9.1.2).

Hepatitis E virus
Hepatitis E predominates in south-eastern Asia, southern India
and some areas in Africa. In India, hepatitis E virus (HEV) is
responsible for about 75% of all cases of acute liver failure. In
western countries, it is mostly, but not exclusively, observed in
patients returning from endemic areas. The risk of acute liver
failure seems to be especially high during the third trimester of
pregnancy [28]. The manifestations are comparable to those of

HAV-related acute liver failure. Serological markers (anti-HEV
IgM and/or the appearance of anti-HEV IgG) are of uncertain
diagnostic value. The diagnosis would be better based on the pre-
sence of HEV RNA in the serum or the stools (see Chapter 9.1.2).

Hepatitis G virus
Several studies have failed to demonstrate the role of this
Flaviviridae as a cause of acute liver failure or even as a cofactor
in patients with other causes.

Other viruses

Herpes simplex viruses 1 and 2
Herpes simplex viruses (HSV) have a high cytopathic potential.
Liver cell damage is essentially due to the virus and not (or only
modestly) to the immune response against infected cells. Herpes
simplex-related acute liver failure generally develops in patients
with immunosuppression [29]. However, it may occasionally
occur in apparently healthy individuals. Some manifestations,
although non-specific, are highly suggestive, including high-
grade fever (39–41°C), leucopenia, an abrupt rise in serum
transaminases over 100 times the upper limit of normal and a
relatively low bilirubin level. Cutaneous or mucosal herpetic
eruption is frequently absent. The progression of the disease is
especially rapid with the occurrence, within a few hours or days,
of a massive decrease in coagulation factors, encephalopathy
and eventually multiorgan failure. Some patients may die from
multiorgan failure without having prior evidence of encephalo-
pathy. Importantly, patients with severe herpetic hepatitis never
develop concomitant herpetic encephalitis.

Early diagnosis is crucial because some patients may recover
when given early antiviral therapy, whereas a fatal outcome is
usual in the absence of specific treatment. As a result, any patient
with manifestations consistent with herpetic hepatitis (high-
grade fever in particular) should be administered acyclovir in an
emergency setting, before specific laboratory tests are available.
Serological tests are of no value in this context. A definitive dia-
gnosis is based on positive blood and/or liver tissue polymerase
chain reaction (PCR) or culture. Liver histology is especially 
useful because liver lesions corresponding to patchy areas of
liver cell necrosis with mild inflammatory infiltrates are quite
specific. Unfortunately, not all patients recover with antiviral
therapy, possibly because acyclovir is frequently started too late.
Some patients have been successfully transplanted.

Other herpes viruses
Massive liver cell necrosis due to varicella-zoster virus is excep-
tional. It is mainly observed in immunosuppressed patients (see
Chapter 9.1.2). Hepatitis is associated with epigastric pain and
fever followed by a characteristic cutaneous eruption of umbili-
cated vesicles. Bilateral pulmonary infiltrates are frequent. The
administration of acyclovir is recommended.

The cytopathic effects of cytomegalovirus (CMV) are modest
compared with those of HSV. No observation of acute liver 
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failure with CMV as the only documented cause has been
reported.

Extensive liver cell necrosis has been reported in more than
20% of patients with fatal Epstein–Barr virus (EBV)-related
infectious mononucleosis. However, contributing factors for
liver injury, haemophagocytic syndrome in particular, were
associated [30]. Thus, it is uncertain whether EBV infection
alone can lead to acute liver failure (see Chapter 9.1.2).

Human herpes virus 6 is a lymphotropic virus which has been
considered as the primary cause of acute liver failure on very rare
occasions [31].

Miscellaneous non-herpes viruses
Acute liver failure has occasionally been reported in association
with adenovirus infection, sometimes occurring in immuno-
suppressed patients. High-grade fever and extensive pneumonia
were present. The diagnosis relies on viral cultures or PCR from
blood, liver parenchyma or other tissues.

Some patients with parvovirus B19-related aplastic anaemia
also develop acute liver failure. In others without aplastic
anaemia, parvovirus B19 has been identified in liver tissue [32].
However, it has been argued that the presence of the virus in
liver tissue is not a demonstration of an ongoing infection.

Acute liver failure is a common feature in patients with severe
viral haemorrhagic fever. The mortality rate is especially high.
These infections are predominantly observed in Asia and Africa.
Four distinct families of RNA viruses are involved (see Chap-
ter 9.4). Flaviviridae include yellow fever and Dengue viruses.
Bunyaviridae include Rift Valley fever virus and hantaviruses
[33]. Arenaviridae are essentially represented by Lassa fever
virus. Ribavirin is effective against this agent. Finally, Filoviridae
include Marburg and Ebola viruses, both present in Africa.

Amanita mushroom poisoning

Amanita phalloides is a highly toxic white mushroom growing in
many places in Europe and the United States. It contains two
families of toxins, phalloidin and amatoxin, both heat stable and
thus not altered by cooking. Amatoxin is present in other species
including Amanita verna and Lepiota. Phalloidin causes severe
gastrointestinal damage early after ingestion. Amatoxin causes
liver cell necrosis through binding to RNA and inhibiting the
production of mRNA. The ingestion of 50 g of mushroom is
sufficient to cause fatal liver lesions [34].

The syndrome is characterized by the occurrence of abdom-
inal pain, vomiting and profuse diarrhoea within 6–12 h after
ingestion. At this early stage, fluid loss secondary to diarrhoea
often results in hypovolaemia, prerenal failure and liver hypoxia
(with an early rise in serum transaminases). The second phase,
resulting from the hepatic toxicity of amatoxin, manifests 1–4
days after ingestion with a sudden increase (or re-elevation) 
in serum transaminases and a drop in coagulation factors. 
The association of acute renal failure and acute liver insuffici-
ency results in severe metabolic acidosis. Encephalopathy may

eventually occur within 4–8 days after ingestion. Some patients 
may die before the occurrence of encephalopathy as a result of
multiorgan failure.

There is little evidence supporting the use of silibinin and 
penicillin G whose efficacy has not been clearly demonstrated.
Extracorporeal detoxification systems have also been used, but it
remains unclear whether they helped to improve survival.

The mortality rate is about 25%. It has been suggested
recently that a prothrombin index less than 25% of normal and
serum creatinine over 106 µmol/L were predictive of a poor 
outcome and, when present, should lead to the consideration of
emergency transplantation [35].

Other toxins

Some industrial solvents and other toxins, such as carbon tetra-
chloride, 2-nitropropane, dimethyl formamide and chloro-
benzene, can cause severe liver damage after occupational
inhalation or accidental ingestion [36] (see Chapter 14.2).
Herbal medicines (in particular Chinese herbal medicines) have
also been responsible for occasional cases of acute liver failure,
some of them requiring emergency transplantation. Germander
(Teucrium chamaedrys) is the most clearly identified agent with a
dose-dependent toxicity [37].

Among several illicit drugs, cocaine and ecstasy (3-4-methylene
dioxy metamphetamine) represent potential causes of acute
liver failure [38]. Severe hepatotoxicity has also been observed 
in drug-addicted patients using intravenous injections of
buprenorphine, a substitution agent normally used orally [39].

Drug-induced hepatitis

Many drugs from different families can be responsible for acute
liver failure (see Chapter 14.1). In developed countries, idio-
syncratic drug reactions account for 5–15% of all causes of 
acute liver failure [40]. This proportion is lower (less than 5%)
in developing countries.

The arguments suggesting that acute liver failure is related to
drug hepatotoxicity are: (i) the recent introduction of a drug
potentially responsible for acute liver cell damage (although the
interval from initiation of therapy to first manifestations can
occasionally exceed 3 months); (ii) immunoallergic manifesta-
tions (cutaneous rash, fever, hypereosinophilia); (iii) predom-
inant centrolobular necrosis and/or massive microvesicular
steatosis on liver histology; and (iv) the absence of any other
cause. However, these criteria are neither constant nor specific.
Furthermore, drug-induced hepatotoxicity can be a contribut-
ing factor in patients with other causes of liver injury.

Isoniazid, a widely used antituberculous agent, still remains
one of the most frequent causes of drug-induced acute liver 
failure [40,41]. Manifestations occur in most cases within the
first 2 weeks after initiation. Severe hepatotoxicity is favoured by
high doses (over 5 mg/kg/day) and concomitant administration
of rifampicin or any other enzyme inducer [42]. The prognosis
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is generally good, provided the drug is rapidly discontinued.
Pyrazinamide, another antituberculous agent, is also a potential
cause of acute liver failure. In contrast to isoniazid, manifesta-
tions frequently occur more than 2 weeks after initiation and can
include immunoallergic signs. The prognosis is worse than that
of isoniazid-induced acute liver failure [42]. Rifampicin, as well
as other antibiotics such as erythromycin and sulphonamides
(trimethoprim–sulphamethoxazole), has rarely been involved
in acute liver failure.

In the past, halothane, a volatile anaesthetic agent, has been 
a cause of acute liver failure with an especially high mortality 
rate (about 90%). Manifestations including fever and jaundice
occurred 5–15 days after general anaesthesia. Halothane has since
been almost abandoned. The hepatotoxicity of the currently
used volatile anaesthetic agents (isoflurane and desflurane) is
much more uncommon.

Propylthiouracil, an antithyroid agent, was found to be a
significant cause of acute liver failure in the Unites States [43].
Manifestations of hypersensitivity may be present. Among anti-
convulsive agents, phenytoin, lamotrigine, valproic acid and
derivates can also cause acute liver failure [43]. Phenytoin and
lamotrigine hepatotoxicity are frequently associated with hyper-
sensitivity reactions, while valproic acid causes microvesicular
steatosis. Acute liver failure has been reported in patients taking
non-steroidal anti-inflammatory drugs, piroxicam being the
main cause [44]. Nevirapine and efavirenz, two antiretroviral
agents from the non-nucleoside reverse transcription inhibitors
family, can cause acute liver failure with manifestations of
hypersensitivity. Fialuridine and 2′-3′dideoxyinosine (ddI), two
nucleoside analogues, can cause acute liver failure related to
massive microvesicular steatosis [45].

Occasional observations of acute liver failure have been re-
ported with many other drugs including amiodarone, linisopril,
chlormezanone, hydroxychloroquine, ecarazine, flutamide,
nilutamide and atorvastatin [46]. This list is not exhaustive 
(see Chapter 14.1).

Hypoxic liver cell necrosis

Hypoxic liver cell necrosis, commonly referred to as ‘ischaemic
hepatitis’, is a frequent cause of severe hepatic injury and, para-
doxically, often misdiagnosed. It may result from three distinct
mechanisms: (i) decreased hepatic blood flow (both arterial and
portal); (ii) major hypoxaemia; and (iii) venous congestion. It is
a paradox that some patients with major circulatory disorders
do not have obvious liver cell injury, while others with appar-
ently minor (and sometimes asymptomatic) circulatory changes
rapidly develop massive liver cell necrosis. It is likely that
hypoxic liver cell necrosis only gives rise to clinical manifesta-
tions when at least two of the three above-cited mechanisms
coexist (see Chapter 20.1).

Besides manifestations directly related to its cause, hypoxic
liver cell necrosis is characterized by an abrupt rise in serum
transaminases (AST being higher than ALT), an abrupt decrease

in coagulation factors, normal or moderately increased serum
bilirubin and a concomitant rise in serum creatinine.

A wide variety of circulatory and/or respiratory disorders 
may cause hypoxic liver cell necrosis, including septic shock,
haemorrhagic shock, acute cardiomyopathy, arrhythmia, peri-
carditis, acute decompensation of chronic heart or lung disease,
respiratory distress syndrome, obstructive sleep apnoea and
severe crisis in sickle cell disease patients [47,48].

The treatment as well as the prognosis are essentially deter-
mined by the underlying disease. Unless there is an underlying
chronic liver disease, the prognosis of liver insufficiency is good,
provided the treatment of the cause is rapidly effective. It is
highly uncommon that patients develop encephalopathy. Fatal
outcome is rather related to circulatory failure and refractory
shock.

Heat stroke

The mechanisms of hepatic injury during heat stroke are not
clearly understood. They include direct thermal injury to the
hepatocytes and liver cell hypoxia resulting from circulatory
shock (see Chapters 3.2 and 14.2). The lesions are ischaemic-like
with extensive centrolobular necrosis. In addition to hyper-
thermia (central temperature over 41°C), manifestations may
include altered consciousness, seizures (status epilepticus is frequ-
ent), diarrhoea, hypovolaemia, arrhythmia, acute renal failure,
metabolic acidosis, a major increase in serum transaminases 
and in creatine phosphokinase and features of disseminated
intravascular coagulation. Occasional cases of successful trans-
plantation have been reported [49]. However, patients listed for
transplantation but who fully recovered with supportive care
have also been reported [50]. The justification for and potential
benefits from transplantation in this indication are unclear.

Wilson’s disease

In children and young adults, the initial manifestations of
Wilson’s disease can mimic those of an acute liver failure syn-
drome, defining the so-called ‘fulminant Wilson’s disease’ [51]
(see Chapter 16.1). This rare presentation corresponds to the
abrupt decompensation of an underlying and previously asymp-
tomatic chronic liver disease (most patients have cirrhosis at 
this stage). Coombsnegative haemolytic anaemia, due to direct
copper toxicity for red cells, is constant. Other arguments sug-
gesting Wilson’s disease include a moderate increase in serum
transaminases, a major increase in serum bilirubin, low or 
undetectable serum ceruloplasmin (an inconstant finding) and
increased urinary copper. Kayser–Fleischer ring is not constant
but almost specific. Liver biopsy is useful by showing evidence of
underlying fibrosis, liver cell necrosis and steatosis. In addition,
biopsy sampling allows direct measurement of intrahepatic 
copper concentration, which is constantly increased.

In the absence of specific treatment, the outcome of fulminant
Wilson’s disease is almost always fatal unless emergency liver
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transplantation is performed [52]. However, it has been shown
that early administration of d-penicillamine, before the onset of
encephalopathy, may rapidly reverse liver insufficiency in some
patients, thus obviating the need for transplantation [51].

Malignant infiltration of the liver

Massive infiltration of the liver by various types of malignancies
is an uncommon cause of acute liver failure. Possible mechan-
isms include ischaemic liver cell necrosis and haemophagocytic
syndrome (see Chapter 18.3). Early recognition of this con-
dition is of particular importance as it obviously represents a
contraindication for transplantation, except in some patients
with lymphoma.

Hodgkin’s and non-Hodgkin’s lymphoma, other types of
leukaemias, breast cancer and melanoma are among the most
frequently implicated malignancies [53,54]. The main argu-
ments for a malignant infiltration include recent weight loss,
liver enlargement, ascites and fever. However, the underlying
malignancy can be difficult to identify. The liver can appear to be
homogeneous on ultrasonography, which represents a possible
pitfall. Liver biopsy and/or bone marrow aspirate are determin-
ants for the diagnosis. The early institution of chemotherapy
proved effective in some patients with leukaemia.

Autoimmune hepatitis

The initial presentation of autoimmune hepatitis can mimic 
that of acute hepatitis, including the progression to acute liver
failure. This presentation is more frequent in females than in
males. It can occur at any age, including over 60 years.

The diagnosis is based on the finding of high titres (usually
over 1:100) of autoantibodies and/or marked hypergammaglob-
ulinaemia (even if both criteria are inconstant) (see Chapter
11.2). Different patterns can be observed with elevated titres of
anti-liver and -kidney microsome antibodies in some patients
and high titres of antismooth muscle and/or antinuclear anti-
bodies in others. Liver biopsy is useful showing prominent
inflammatory infiltrates with mononuclear cells. In most but
not all patients, there is some degree of fibrosis corresponding to
the underlying chronic process.

Corticosteroids should be started. However, not all patients
have a response to steroids at this stage. Therefore, emergency
transplantation is frequently needed.

Syncytial–giant cell hepatitis (postinfantile
giant cell hepatitis)

Syncytial–giant cell hepatitis refers to particular lesions with
syncytial transformation of the hepatocytes, resulting in giant
cells. It has been suggested that paramyxoviral infection could 
be the cause, with a subacute course and a poor prognosis [55].
Early post-transplantation recurrence has been reported [56].
However, the responsibility of paramyxovirus has never been

clearly demonstrated. On the grounds that improvement can be
observed with steroids, it is suspected that some patients have a
particular form of autoimmune hepatitis. Overall, syncytial–
giant cell hepatitis is a non-specific syndrome that can be
observed in association with a variety of causes including
viruses, drug reactions and autoimmunity.

Acute fatty liver of pregnancy

Acute fatty liver of pregnancy occurs during the second half of
pregnancy (the third trimester in most cases). The mechanisms
leading to microvesicular steatosis in this context are unknown
(see Chapter 22.3). Polydipsia, polyuria followed by nausea,
vomiting and abnormal liver tests are characteristic of this 
syndrome. Early diagnosis is crucial as the interruption of preg-
nancy prevents further deterioration and allows rapid recovery
and infant survival. Acute liver failure is only observed when this
disorder has been unrecognized and the termination of preg-
nancy has been delayed. In such cases, liver transplantation can
be justified [57]. Severe liver injury and encephalopathy have
become highly uncommon in recent years because of earlier
recognition.

HELLP syndrome and pre-eclampsia

The association of haemolysis, elevated liver enzymes and low
platelet count during the third trimester of pregnancy defines
the HELLP syndrome [58]. The recent occurrence of epigastric
pain is highly suggestive in this context, even if other manifesta-
tions of pre-eclampsia are absent. The main complication of
HELLP syndrome does not consist of acute liver failure but
rather intrahepatic and/or subcapsular haematoma. However,
intra-abdominal rupture of liver haematoma can result in 
massive intraperitoneal bleeding and shock. In this context,
haemorrhagic shock superimposed on liver microvascular
changes characteristic of HELLP syndrome can occasionally 
result in acute liver failure. At this stage, multiorgan failure is
almost constant. Termination of pregnancy is essential. Selective
embolization of the hepatic artery has been used for treating
intraperitoneal bleeding. Surgical haemostasis is not recom-
mended as a first-line option because of an especially high 
mortality risk.

Reye syndrome

Reye syndrome is a rare disorder affecting children and occa-
sionally young adults [59]. It is characterized by the occurrence
of diffuse microvesicular steatosis following a benign viral infec-
tion and/or the ingestion of salicylates (see Chapters 14.1 and
16.9). It seems that brain oedema develops as an independent
component of the disease rather than as the only consequence 
of liver failure. The precise mechanisms are unknown, and it
remains uncertain whether Reye syndrome represents a specific
disease entity. The prognosis is especially difficult to assess. Some
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patients may fully recover, even if they have developed coma.
Successful cases of emergency transplantations have been reported.

Obstruction of the hepatic veins

Rarely, acute liver failure may be the first manifestation of an
obstructive disease of the hepatic veins, namely Budd–Chiari
syndrome (see Chapter 17.3). However, this syndrome, even if
first manifested by acute liver failure, must be considered as a
chronic disease which has progressed over several months or
years before the clinical onset. It is thought that acute liver 
failure results from an ultimate and abrupt extension of throm-
bosis to previously patent hepatic veins, compromising venous
outflow and inducing massive liver cell necrosis.

Ascites and right upper quadrant pain are almost constant.
Patients almost always have an underlying prothrombotic state.
The findings of elevated haemoglobin concentration or elevated
platelet count suggest that primary myeloproliferative disorder
is the cause. Imaging techniques are of major importance in
diagnosis. Apart from the presence of ascites and marked hyper-
trophy of the caudate lobe, ultrasonography shows evidence of
obstruction of the hepatic veins.

Early diagnosis allows rescue therapies such as local fibrinoly-
sis, vascular stents or transjugular intrahepatic portosystemic
shunts (TIPS) in association with anticoagulation. In case of 
elevated haematocrit, emergency erythrocytapheresis must be
considered. Patients with established encephalopathy are unlikely
to improve with medical support. Emergency surgical shunting
has been abandoned because of a high mortality rate. Emergency
transplantation must be considered in some cases, even before
the onset of encephalopathy.

Obstruction limited to small veins, as observed during veno-
occlusive disease (now termed sinusoidal syndrome), can also
result in subacute liver failure. The main causes are chemother-
apy, radiation therapy and conditioning for bone marrow 
transplantation.

Liver surgery and transplantation

Improvements in surgical techniques have made it possible to
perform extensive liver resections more frequently. In parallel,
surgical resection has emerged as a cause of small-for-size 
remnant liver, sometimes resulting in postoperative acute liver
failure (see Chapter 24.1). Besides the extent of resection, pro-
longed vascular clamping, underlying chronic parenchymal
lesions and postoperative portal vein thrombosis are significant
risk factors for postoperative liver failure.

In liver transplant recipients, the absence of recovery of 
adequate liver function within the first days after the proced-
ure is termed primary non-function. Primary non-functions 
are likely to result from a number of cofactors including pre-
harvesting alterations of the graft, prolonged cold ischaemia,
technical difficulties resulting in prolonged warm ischaemia,
outflow obstruction, hepatic artery thrombosis or even portal

vein thrombosis. Hyperacute rejection has become a marginal
cause of liver graft failure as a result of the efficacy of current
immunosuppressive regimens. The use of partial grafts har-
vested in living donors further increases the risk of small-for-size
syndrome and technical failures. In most cases, emergency
retransplantation is the only option.

Acute liver failure of unknown origin

Despite in-depth investigations, a substantial proportion of
patients with acute liver failure do not have any identifiable
cause of acute liver injury [60]. Acute liver failure of unknown
origin predominates in females and follows a subacute rather
than an acute course. An undetermined proportion of such cases
may correspond to occult autoimmune hepatitis. However,
there is no evidence that the empirical use of steroids is effective.
The prognosis is poor and emergency transplantation is usu-
ally required.

Overall course and prognosis of acute
liver failure

The course and prognosis of acute liver failure depends on a
number of factors including the extent and kinetics of liver 
cell damage, the regenerative capacity of the liver, associated
comorbidities and, ultimately, therapeutic interventions and
iatrogenic factors. The failure of other organs or systems plays an
important role in governing outcome.

General prognosis

On the basis of relatively old series, before the advent of emer-
gency transplantation, and more recent series coming from
countries where transplantation is not routinely used, it can be
estimated that recovery occurs in 20–40% of patients receiving
conventional supportive care [22,61]. The results of uncon-
trolled studies investigating the impact of new therapeutic inter-
ventions on mortality should always be interpreted in the light 
of these ‘reference’ series.

Individual prognostic markers

Encephalopathy
Theoretically, encephalopathy should not be considered as a
prognostic marker because, by definition, patients with acute
liver failure do have encephalopathy. However, it is important 
to keep in mind that encephalopathy is one of the strongest pre-
dictors of outcome during acute liver diseases in general. For
example, the risk of death in patients with acute liver disease
who never develop encephalopathy is between 0% and 5%,
whereas it may be as high as 80% in those with established
encephalopathy. The maximal grade of encephalopathy also has
a prognostic value [61]. Patients admitted with coma have an
especially poor prognosis [17].
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Cause and course of the disease
Independent of the degree of liver insufficiency, its cause has 
an important impact on the outcome. HAV- and HEV-related
acute liver failure have a relatively good prognosis compared
with that related to HBV. Paracetamol overdose also belongs to
the group of diseases with a relatively good prognosis [7]. In
contrast, the prognosis of acute liver failure of unknown origin is
especially poor.

The interval between jaundice and encephalopathy also car-
ries important prognostic information. The longer this interval
is, the lower are the chances of recovery. In other words, the
prognosis of subacute liver failure is poorer on average than that
of hyperacute or acute liver failure. However, there is a clear
interaction between the course and the cause of the disease.

Age
Advanced age has a deleterious impact on the outcome, par-
ticularly among the group of patients with rapidly progressive
disease [61,62]. The influence of age has been demonstrated in
paracetamol- and HBV-related acute liver failure, in particular.
Survival is better in patients less than 40 years old [61].

Coagulation factors
Coagulation factor levels, along with encephalopathy, are 
determinant prognostic markers. Prothrombin time has been
assessed in a number of surveys [62,63]. Factor V proved super-
ior to prothrombin index in patients with HBV infection [22].
However, it was found to be less effective than prothrombin
time in cases of paracetamol overdose [64]. INR is used increas-
ingly and, in general, there is a close correlation between INR
and prothrombin index. However, such a correlation has not
been clearly documented for extreme values of coagulation. In
addition, substantial differences in INR might be observed
between different laboratories using different techniques (see
Chapter 21.3). Therefore, further assessment of INR as a prog-
nostic marker is needed.

Common laboratory variables other than
coagulation
Importantly, serum transaminases have no predictive value in
acute liver failure. In addition to coagulation, bilirubin and 
creatinine were found to be independent prognostic factors 
for acute liver failure in most series [7,63,65]. Arterial pH and
arterial lactate concentration, either at admission or after fluid
resuscitation, are additional prognostic indicators in cases of
paracetamol overdose. Arterial lactates could also have a prog-
nostic value for non-paracetamol causes [66]. Elevated leuko-
cyte count and infection are associated with a poor prognosis
[62,63]. Serum phosphorus was found to be inversely correlated
with survival, with low concentration [below 0.8 mmol/L 
(2.5 mg/dL)] being a predictor of recovery [65]. Liver regenera-
tion involves cell division and ATP synthesis using phosphate.
Therefore, a decreased serum phosphorus concentration could
be an indirect marker of regeneration and, thus, of recovery.

Other prognostic markers
Serum α-fetoprotein is an indirect marker of hepatocyte regen-
eration. It has been shown that a high α-fetoprotein level is
significantly predictive of a favourable outcome in patients with
severe paracetamol hepatotoxicity [67]. A threshold value of 
3.9 µg/L on day 1 after peak ALT could identify survivors from
non-survivors.

Liver cell necrosis results in the release of Gc protein, a mem-
ber of the actin scavenger protein family mainly synthesized by
the liver. It has been shown that the unbound serum Gc protein
level could serve as a prognostic tool [68]. Gc protein is not 
routinely used.

Arterial ketone body ratio, namely the ratio of acetoacetate 
to β-hydroxybutyrate, is an indirect marker of hepatic energy
reserve. An increase in arterial ketone body ratio over 0.6 within
the first 24 h after admission correlates significantly with the out-
come of patients with non-paracetamol causes [69]. The useful-
ness of this marker has not been validated by independent studies.

It has been suggested that less than 50% hepatocyte necrosis
along with regenerative changes is predictive of a favourable
outcome. However, it can be objected that liver histology can
only be obtained via the transvenous route in patients with
major coagulation changes and that those with less than 50%
hepatocyte necrosis are highly unlikely to develop encephalo-
pathy. Liver histology should rather be viewed as a means of 
clarifying the mechanisms and documenting underlying chronic
liver lesions. The estimated volume of the liver on imaging 
techniques seems to be a more useful predictive variable [70].
Indeed, significant liver atrophy with a volume of less than 
1000 mL seems to be a marker of prolonged liver injury and,
consequently, of poor prognosis.

Prognostic scores

A scoring system comparable to the MELD score for chronic
liver diseases still does not exist for acute liver failure. There are 
several sources of difficulty in this area. First, transplantation 
by itself represents an unavoidable bias for the interpretation of
two determinant events: death and recovery in the absence of
transplantation. Even if most patients listed for transplantation
would have died if not transplanted, it can be objected that 
a minority would have recovered with medical support alone. 
It remains impossible to identify this subgroup after the fact.
Secondly, prognostic scores for acute liver failure have a limited
impact because, anyway, the prognosis is especially poor at this
stage. Again, prognostic scores established at earlier stages,
before the onset of encephalopathy, would be more informative.
As indicated above, a number of individual markers were shown
to have a prognostic value. Unfortunately, no large studies com-
bining individual prognostic markers as listed above have been
conducted yet.

Risk scores established outside the field of acute liver failure
could be relevant in this setting. One study has suggested that the
APACHE II score is highly effective for predicting outcome in
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patients with paracetamol-induced acute liver failure [71]. It has
also been suggested that MELD score is relevant in patients with
paracetamol and non-paracetamol acute liver failure [72]. This
finding is not surprising as MELD score relies on three variables,
namely bilirubin, creatinine and INR, which were also found to
be independent predictors of outcome in these populations.
However, the application of MELD score in such patients is
questionable. In particular, MELD score does not take into
account encephalopathy and other important variables such as
blood lactates. In addition, it might underestimate the severity
of the condition of patients with hyperacute liver failure and 
low bilirubin level. Overall, MELD score should be used with
caution in patients with acute liver failure.

Prevention

Prevention of the cause

Vaccination against HBV is a simple and effective means of 
preventing HBV infection and, subsequently, HBV-related
acute liver failure (see Chapter 9.1.3). The issue of a putative
association between vaccination and the delayed occurrence of
demyelinating neurological disorders has been raised. However,
the potential risk of anti-HBV vaccination is much lower than
that of HBV-related complications in non-vaccinated at-risk
individuals [73]. Systematic vaccination against HAV in chronic
HBV and/or HCV carriers can be recommended [74].

Drugs with dose-related hepatotoxicity, in particular para-
cetamol, should always be administered in the light of pre-
disposing factors for toxicity and possible drug interactions. It 
is a rule that, in any patient presenting with severe acute liver
injury, whatever the cause, all but absolutely essential drugs
must be discontinued because they can be a source of deleteri-
ous interactions [1].

Prevention of liver failure and related
complications in patients with established
acute liver disease

Any patient with evidence of acute liver disease and proth-
rombin index below 50% of normal (INR above 1.7) should 
be oriented to a specialized unit. Otherwise, indications for 
in-hospital admission in patients with acute liver diseases are
listed in Table 3.

In patients admitted at an early stage, several measures should
be applied to prevent further deterioration and favour rapid
liver regeneration. First, efforts should be made to avoid any 
factor, hepatotoxic agents in particular, which could cause addi-
tional liver cell damage. Secondly, attention should focus on 
the prevention of acute renal failure, which can be precipitated
by nephrotoxic agents and hypovolaemia. Thirdly, sedative
agents with a potential for precipitating encephalopathy should
also be avoided.

Management

Objectives

The first objective in the management of patients with acute liver
failure is to maintain an optimal condition for liver regeneration
and recovery to occur. When it is impossible to achieve this goal
and life-threatening complications are impending, the objec-
tives are to take the decision for emergency transplantation with
appropriate timing. Once patients are listed for transplantation,
the objectives turn to the prevention of irreversible brain dam-
age resulting from brain oedema and optimization for major
surgery. It is important to keep in mind that, even after they have
been listed for transplantation, some patients can eventually
improve, be delisted and fully recover.

Table 3 Indications for in-hospital admission of a patient with evidence of acute liver disease and their justification.

Indication for admission

Prothrombin index below 50% of normal (≈ INR over 1.7)

Persistent abdominal pain and/or ascites

Permanent fever over 39°C

Pregnancy

Paracetamol overdose or therapeutic administration of more than 3 g of 

paracetamol per day in patients with risk factors for toxicity

Concomitant haemolytic anaemia in children or young adults

Evidence or suspicion of hypoxic liver cell necrosis

Evidence or suspicion of autoimmune hepatitis

Evidence or suspicion of drug-induced hepatitis with jaundice

Justification

Risk of further deterioration of liver function and subsequent complications

Acute Budd–Chiari syndrome must be considered and, if confirmed, needs

specific treatment

Herpetic hepatitis must be considered and antiviral treatment (acyclovir)

should be started

Acute fatty liver and HELLP syndrome must be considered and, if confirmed,

expeditious termination of pregnancy is indicated

Need for early administration of N-acetylcysteine

Wilson’s disease must be considered and, if confirmed, needs specific therapy

Need for early and specific treatment of the causative disorder

Need for administration of steroids

Increased risk of acute liver failure
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Specific treatment of the cause

A limited number of causes listed in Table 3 have to be consid-
ered systematically, even if rare, because they require specific
therapy.

General management

Patients with acute liver failure should be placed in an intensive
care unit, in close connection to a transplant centre. Patients with
altered consciousness should undergo an electrocardiogram
(ECG), and peripheral oxygen saturation and non-invasive arte-
rial pressure monitoring. Haemodynamic instability and/or the
need for frequent blood sampling justifies an arterial blood line
with continuous pressure monitoring. The insertion of a gastric
tube is recommended in order to reduce the risk of aspiration.
Central venous catheters are frequently needed for supportive
care. The subclavian route should be avoided because of the
underlying coagulation disorders and the risk of haemothorax.
The jugular route should be preferred to the femoral route
because of a lower risk of infection.

Fluid administration is aimed at preventing hypovolaemia
and subsequent reduction in renal perfusion. Mean arterial
pressure should be maintained over 70 mmHg. Glucose (10%)
should be administered in patients with hypoglycaemia. There is
no evidence that intravenous nutritional support provides any
benefit in this setting. Hypophosphoraemia is frequent and
should be corrected by intravenous supplementation. Metabolic
acidosis is frequent in patients with abrupt and massive liver 
cell necrosis. Intravenous alkali infusion is modestly and only
transiently effective in this situation. Patients with severe 
acidosis should rather be placed on renal replacement therapy.

Because changes in neurological status are of major import-
ance for assessing prognosis, sedatives should only be adminis-
tered in patients with established grade 3–4 encephalopathy who
need endotracheal intubation for airway protection. Adequate
sedation is mandatory for intubation as excessive stimulation
may further increase intracranial pressure. Propofol is fre-
quently used for short-term sedation, but its administration
should be monitored carefully in order to avoid significant
hypotension. Benzodiazepines should be used if prolonged
sedation is anticipated. High intrathoracic pressure resulting
from high tidal volumes as well as elevated end-expiratory pos-
itive pressure should be avoided as they reduce cardiac output
and compromise cerebral perfusion.

Owing to a high incidence of bacterial infections, in particular
pneumonia, empirical antibiotics are recommended in patients
under mechanical ventilation. Aminoglycosides must be avoided
because of their nephrotoxicity. Beta-lactamins and quinolones
are more adapted.

Gastric and/or duodenal ulcerations, although not very 
common, are a potential source of bleeding, which justifies 
antisecretory agents. There is no justification for prophylactic
administration of fresh frozen plasma, unless invasive proced-

ures other than the placement of central lines are needed.
Indeed, haemorrhagic complications are uncommon, even in
patients with a profound decrease in coagulation factors. More
importantly, the administration of fresh frozen plasma makes 
it impossible to interpret coagulation factors as a prognostic
marker. Some degree of intravascular coagulation is a frequent
finding. However, controlled trials failed to demonstrate any
benefit of antithrombin in improving survival [75]. Prostaglandin
E1 has been tested because of its potential cytoprotective effects.
Again, controlled trials failed to demonstrate any benefit from
this agent.

It is worth noting that, whatever the cause, N-acetylcysteine
could improve tissue oxygenation [76]. In addition, even if the
main cause of liver cell damage is not paracetamol, the admin-
istration of N-acetylcysteine is recommended in patients who
have recently ingested therapeutic doses of this agent.

Patients with marked hypotension not rapidly responding 
to fluid resuscitation should receive vasopressive agents.
Cardiovascular monitoring with Swan–Ganz catheter or alter-
native monitoring techniques is highly recommended at this
stage. Excessive vascular filling and/or unnecessary increase in
cardiac output can precipitate intracranial hypertension. There-
fore, haemodynamic parameters should be closely monitored to
adapt the doses of vasopressive agents and, in parallel, fluid
administration. Vasopressin and terlipressin should be avoided
because they can worsen intracranial hypertension [77].

Acute renal failure is frequent and has a major influence 
on the outcome. Patients with acute renal failure are unlikely 
to improve with volume replacement alone, unless liver func-
tion improves rapidly. Therefore, they should be placed on 
renal replacement therapy. Intermittent dialysis, continuous
haemodiafiltration or continuous high-flux haemofiltration can
be used according to the experience in each centre. However, the
haemodynamic tolerance of continuous replacement techniques
has proved superior compared with intermittent dialysis in 
this setting.

Management of encephalopathy and
intracranial hypertension

Invasive monitoring of intracranial hypertension
The optimal monitoring of intracranial hypertension remains 
a challenging and unresolved issue [78]. Theoretically, direct
measurement of intracranial pressure via specific transducers 
is the reference. However, direct measurement has important
limitations. Subdural transducers carry an unacceptable risk 
of intracranial bleeding related to coagulopathy [79]. Epidural
devices, although safer than subdural devices in patients 
with coagulopathy, still carry a substantial risk of bleeding.
Moreover, their accuracy is lower than that of subdural devices.
Finally, even with the use of invasive monitoring, physicians 
are left with the observation of very high intracranial pressure
values and very few means of lowering it. In addition, evidence
that intracranial pressure monitoring improves survival is still
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lacking. Therefore, many centres no longer use invasive monitor-
ing for managing patients with acute liver failure. Nonetheless, 
if invasive devices are inserted, the goal is to maintain cerebral 
perfusion pressure over 50 mmHg and intracranial pressure
below 20–30 mmHg. Again, it can be impossible to achieve this
goal despite aggressive therapy.

Reverse jugular venous catheterization for measuring oxygen
saturation in the jugular bulb and, in turn, estimating brain 
oxygen uptake is another method for monitoring neurological
status [80]. This method has not been clearly validated and is not
used routinely.

Non-invasive monitoring of neurological status
In addition to clinical evaluation, several methods have been
proposed for monitoring neurological status. Conventional
electroencephalography remains a useful tool for assessing brain
activity in comatose patients and for detecting subclinical seizures.
However, some patients with almost nil electroencephalo-
graphic activity have been transplanted and fully recovered. 
The usefulness of electroencephalography can be improved by
using a continuous recording device.

Transcranial Doppler can be used for measuring cerebral
blood flow velocity. Ultrasound has also been used for measur-
ing the optic nerve sheath diameter which is grossly correlated 
to intracranial pressure [81]. However, intracranial pressure
cannot be deduced directly from these techniques. Serial record-
ing of sensory evoked potentials showed a correlation with sur-
vival [82]. This technique, which may help to detect high-risk
patients, has not been developed further. Similarly, it has 
been impossible to determine a threshold value for separating
patients with favourable or poor neurological outcome on the
basis of circulating levels of neurospecific enolase [83].

Management
The following measures should be applied in order to reduce
intracranial pressure in case of brain oedema. Again, adequate
sedation is needed. The head and trunk should be elevated at
30°. Mild hyperventilation with hypocapnia is recommended.
Arterial blood pressure should be monitored closely, and efforts
should be made to prevent any episode of hypotension.

The first-line therapy for cerebral oedema consists of 
intravenous mannitol, an osmotic agent. Mannitol should be
administered with bolus infusions of 0.5–1 g/kg, which can 
be repeated every 4 h if necessary. In patients with acute renal
failure, mannitol is potentially dangerous as its impaired excre-
tion may result in volume overload.

Hypernatraemia is a simple means of increasing extracellular
osmolality. The administration of hypertonic sodium chloride
in order to maintain serum sodium levels of 145–155 mmol/L
proved effective in reducing intracranial pressure [84].
Hypernatraemia can be achieved with continuous infusions 
of 30% hypertonic saline at a rate of 5–20 mL/h. This simple
method must be assessed further in patients with acute liver 
failure.

Several mechanisms explain why mild hypothermia (blood
temperature between 32°C and 33°C) has beneficial effects on
intracranial hypertension during acute liver failure [85]. First,
hypothermia reduces arterial ammonia levels, brain generation
of glutamine and astrocyte swelling. Secondly, hypothermia
reduces cerebral hyperaemia and restores, at least in part, 
cerebral blood flow autoregulation. Thirdly, it reduces brain 
lactates and, in turn, the generation of reactive oxygen species
within astrocytes. Uncontrolled studies have shown that mild
hypothermia, obtained with the use of cooling blankets, helps to
reduce intracranial pressure in patients with otherwise uncon-
trolled intracranial hypertension [86]. However, hypothermia
could increase the risk of severe infections. As a result, further
studies are needed before this technique can be adopted
unequivocally.

On the grounds that subclinical seizures are frequent in
patients with grade 3–4 encephalopathy and that continued
seizure activity hastens the development of cerebral oedema,
prophylactic phenytoin has been tested in controlled trials
[5,87]. Although phenytoin significantly decreased the incid-
ence of subclinical seizures, it did not prevent cerebral oedema,
nor did it improve survival [5].

Barbiturates have been widely used in patients with refractory
brain oedema. These agents may help to decrease intracranial
pressure. However, they frequently induce hypotension which,
in turn, may compromise cerebral perfusion. In addition,
thiopental usually suppresses cerebral electrical activity, which
makes it impossible to differentiate brain death from the effects
of barbiturates on a clinical and electroencephalographical basis.
Therefore, barbiturates should not be recommended as first-line
therapy.

Extracorporeal liver assist devices

Extracorporeal liver assist devices are detailed in Chapter 25.8.2.
On theoretical grounds, these devices have two principal goals.
First, they may help to bridge high-risk patients to transplanta-
tion. A second and more putative goal is to help in stabilizing the
patient’s condition and controlling brain oedema until liver
regeneration eventually occurs, allowing recovery without the
need for transplantation. Techniques derived directly from renal
replacement therapy proved ineffective, possibly because they
are insufficient for removing protein-bound toxins accumu-
lated during acute liver failure. Additionally, they do not replace
liver cells’ synthetic function.

Two distinct approaches have been developed in order to
overcome these limitations. The first approach consists of the
addition of albumin to the dialysate, which helps to remove
some toxins with high affinity for proteins. The principal system
developed up to now is named MARS® (for molecular adsor-
bents recirculating system). Until now, none of the studies 
conducted in acute liver failure patients has demonstrated a
significant survival benefit. However, preliminary studies sug-
gest that MARS® is superior to conventional techniques for
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removing protein-bound toxins. The tolerance of MARS® was
good in acute liver failure patients. In one controlled study,
MARS® significantly improved the haemodynamic profile com-
pared with conventional treatment [88]. A number of patients
receiving MARS® therapy who recovered or were successfully
bridged to transplantation have been reported. Unfortunately,
these observations are not a demonstration of the efficacy of
MARS® for improving survival. In addition, MARS® remains a
complex and costly technique. Overall, an accumulating body of
evidence suggests that albumin dialysis is potentially useful in
unstable patients. The extended use of albumin dialysis should
not be recommended in patients without encephalopathy.

The second, much more complex approach consists of using
extracorporeal perfusion of hepatocyte cultures. These systems,
frequently termed bioartificial liver assist devices, are also
detailed in Chapter 25.8.2. Basically, two systems using either
cryopreserved porcine [89] or human (hepatoblastoma) [90]
cell lines have been developed. Both systems were shown to
improve neurological status and could reduce waiting list 

mortality, providing more time for obtaining a graft. However, 
a controlled study failed to demonstrate a significant impact 
on survival, except in a subgroup with hyperacute liver failure
[89]. Similarly, a systematic review of accumulated data coming
from controlled and uncontrolled studies showed that artificial
support systems do not clearly affect mortality [91]. There are
also major safety concerns because of the possible transmission
of porcine retroviruses. Devices based on human hepatoblastoma-
derived cell lines carry a potential risk for the spread of malig-
nant cells. None of the bioartificial liver assist devices is available
for routine use.

Xenogenic extracorporeal liver perfusion, consisting of the
perfusion of a whole animal liver with an extracorporeal blood
circuit, has been used experimentally in a few patients [92].
Using this technique, some patients have been bridged to trans-
plantation. However, the possible transmission of xenozoonosis
is even more important than it is with bioartificial liver devices.

Proposed practical guidelines for the management of patients
with acute liver failure are presented in Table 4.

Table 4 Proposed guidelines for the management of patients with acute liver failure and grade 3–4 encephalopathy.

Step 1: Patients with grade 3–4 encephalopathy, no clinical evidence of brain oedema, no renal insufficiency and no multiorgan failure
Listing for emergency liver transplantation if criteria fulfilled and no contraindications (see Table 6)

Insertion of a nasogastric tube

Endotracheal intubation and mechanical ventilation

Sedation with either propofol (1–5 mg/kg/h) or a combination of midazolam (5 mg/h) and fentanyl (1–5 µg/kg/h)

Insertion of an arterial line and careful haemodynamic monitoring

Systematic administration of antibiotics (beta-lactamins or quinolones)

Systematic administration of antisecretory agents

Adequate fluid administration for prevention of hypovolaemia (at least 2 L of 5% glucose/24 h plus 10% glucose in case of hypoglycaemia)

Prevention of hyponatraemia

Correction of hypophosphoraemia with intravenous phosphorus

Systematic intravenous administration of N-acetylcysteine (150 mg/kg/24 h)

No systematic use of fresh frozen plasma or other activated coagulation factors

Step 2: Patients with evidence of brain oedema and no renal insufficiency
Head and neck elevated at 30°

Intravenous mannitol (bolus infusions of 0.5–1 g/kg repeated at 4-h intervals if needed)

Controlled hypernatraemia (infusion of 5–20 mL/h 30% saline with a target serum sodium level of 145–155 mmol/L)a

Optimize mechanical ventilation 

Induction of mild hypocapnia (PaCO2 of 30–35 mmHg) 

Avoidance of elevated intrathoracic pressure (maintain mean pressure below 25–30 mmHg) 

Avoidance of positive end-expiratory pressure

Albumin dialysis is an option at this stage

Step 3: Patients with evidence of brain oedema, acute renal failure and/or multiorgan failure
Placement on renal replacement therapy (continuous should be preferred to intermittent dialysis)

Albumin dialysis is probably superior to conventional renal replacement therapy

Invasive haemodynamic monitoring is recommended for tailoring fluid administration and titrating vasopressive agents

Mean arterial pressure should be maintained over 70 mmHg

Step 4: Patients with refractory intracranial hypertension
Placement on albumin dialysis

Moderate hypothermia (32–33°C) using cooling blankets

aThe possible interactions between mannitol and hypernatraemia have not been clearly documented.
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Liver transplantation

Liver transplantation, although technically complex and
demanding in the short and long term, remains the most 
effective option for patients who are unresponsive to other 
therapeutic interventions. In this group of patients, emergency
transplantation allows 1-year survival rates of 60–80% com-
pared with only 10–20% in the pretransplantation era.

Indications for transplantation and selection
of candidates

Ideally, indications for emergency transplantation should rep-
resent an optimal compromise between listing patients at an early
stage (when they have a significant chance of recovery without
transplantation) or, in contrast, at the latest stages of the disease
(when graft procurement may take too much time for the
patient to survive until the procedure) (Table 5).

Two sets of criteria, namely Clichy and King’s College criteria,
are the most commonly used (Table 6). Both arise from studies
performed before the generalization of emergency transplanta-
tion and both have limitations. The Clichy criteria were 
established in patients with fulminant hepatitis B. However,
prognostic factors might be different for other causes, paraceta-
mol in particular. The King’s College criteria are different 
for paracetamol or non-paracetamol causes. However, pro-
gnostic markers may also differ within the heterogeneous 
non-paracetamol group. Both sets of criteria were aimed at pred-
icting an 80–85% mortality rate with conventional supportive
care. In the original reports, positive and negative predictive 
values were high, ranging from 84% to 98% [22,61]. The Clichy
and King’s College criteria have been tested in independent 
populations [70,71,93]. Almost all studies confirmed their high
positive predictive values. However, negative predictive values
were found to be lower than those reported in the original 
studies (about 50%). In addition, it was shown that the Clichy

criteria are less efficient for paracetamol overdose, justifying 
the use of specific markers in this group. Besides the above-
mentioned criteria, multiorgan failure and extremely poor 
neurological status should not be considered as a definitive 
contraindication as successful transplantations have been per-
formed in such precarious patients.

Obviously, the Clichy and King’s College criteria are not 
perfect, but they still represent a reliable basis for transplant
decisions [94]. Unfortunately, a revision of these criteria would
be especially difficult. Indeed, the generalization of transplanta-
tion in more recent study populations represents an unavoid-
able bias for reassessing prognostic factors.

Total deceased donor transplantation

This reference procedure consists of transplanting a whole
deceased donor organ in orthotopic position. In western coun-
tries, prioritization makes it possible to obtain a compatible
graft within 24–48 h in most cases. However, a sizeable risk of
death on the waiting list still exists either because of an especially
rapid deterioration or because no graft becomes available in due
time. Waiting list mortality did not exceed 15–20% in recent
series.

Preoperative management should focus on the need for
achieving haemodynamic stability and preserving cerebral per-
fusion pressure throughout the procedure. The piggy-back tech-
nique is an efficient means of achieving haemodynamic stability
in this setting as it preserves the native inferior vena cava, thus
avoiding total inferior vena cava clamping [95].

In most series, survival rates of acute liver failure patients 
are about 10% lower than those of patients with chronic liver
diseases (Table 7). The increased mortality that takes place 
during the early postoperative course is mainly due to a higher
incidence of severe sepsis and multiorgan failure. Systematic
prophylaxis with broad-spectrum antibiotics during the first
postoperative days is strongly recommended. Preoperative 

Table 5 Theoretical basis for the definition of criteria for emergency transplantation: respective advantages and limitations of early vs. late decision in the
course of the disease.

Decision for transplantation and listing patients at an early stage

Advantages
More time for obtaining a donor

No incentive for accepting a marginal graft

Lower risk of death on the waiting list

Optimal condition for overcoming transplantation procedure and low 

operative risk

Limitations
Increased risk of unnecessary transplantation in patients who, otherwise, 

would have recovered with medical support only

Decision for transplantation and listing patients at the latest stages

Advantages
Minimal risk of unnecessary transplantation in patients who, otherwise, would

have recovered with medical support therapy only

Limitations
Less time for obtaining a donor

Incentive for accepting an extended criteria graft

Higher risk of death on the waiting list

Poor condition at the time of transplantation procedure and high operative risk
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predictors of poor outcome include acute renal failure, multiorgan
failure, grade 3–4 encephalopathy (compared with grade 1–2)
and the use of expanded criteria donors [96]. ABO-compatible
grafts provide results identical to those of ABO-identical grafts.
In contrast, ABO-incompatible grafts should be avoided in
adults, when possible, because of an especially high rate of severe
rejection and early graft failure. Full neurological recovery is
observed in the large majority, although a small proportion of
patients have irreversible brain damage after the procedure.

Auxiliary liver transplantation

Auxiliary liver transplantation consists of transplanting a partial
graft and preserving part of the native liver with a potential for
delayed regeneration. This technique is justified by the fact that,
even in patients with acute liver failure and life-threatening
brain oedema, liver regeneration can still occur. The first objec-
tive is to restore adequate liver function and reverse brain
oedema. Therefore, a right graft, transplanted after right hepate-
ctomy, is preferred to a left graft because of its larger volume.
The limitations of auxiliary transplantation are represented by
the complexity of the technique and an inconstant regeneration
of the native liver. However, the potential for stopping immuno-
suppression, thus avoiding its long-term consequences, rep-
resents a major advantage. Initial studies conducted in poorly

selected patients have shown that regeneration occurred in
about 50% (Table 7) [97]. Patients with acute (or ‘hyperacute’)
liver diseases are more likely to experience regeneration than
those with subacute diseases. It must be noted that the results 
of auxiliary transplantation in terms of regeneration have
improved in more recent series as a result of more appropriate
selection of candidates [98]. Therefore, auxiliary transplanta-
tion might be strongly considered in patients below 50 years old,
with hyperacute or acute liver failure and no multiorgan failure,
provided a non-extended criteria graft is available.

Living donor liver transplantation

Living donor transplantation has been developed primarily in
eastern countries where deceased donors are extremely scarce.
This technique has expanded more recently in western coun-
tries. In the context of acute liver failure, living donor transplan-
tation may occasionally be justified by an accelerated access to a
graft. Indeed, it has proved logistically possible in specialized
centres to perform complete medical assessment in a donor
within less than 24 h. In almost all cases, a right lobe is necessary
for obtaining sufficient graft volume in adult recipients. Besides
the rapid access to a donor, living donor transplantation offers
the opportunity to accelerate or, in contrast, delay the procedure
according to the recipient’s condition. Indeed, the status of

The Clichy criteria [22]
Transplantation if: 

Encephalopathy with confusion and coma (grade 3 or 4) and

Factor V < 20% of normal if under 30 years or

Factor V < 30% of normal if over 30 years

The King’s college criteria [61]
Paracetamol overdose
Transplantation if:

Arterial pH < 7.3 after fluid resuscitation or

Concurrent findings of

Encephalopathy of grade 3 or above

Creatinine > 300 µmol/L

INR > 6.5

Non-paracetamol causes
Transplantation if:

INR > 6.5 or

Any three of

Unfavourable cause (drug induced or unknown origin)

Age < 10 or > 40 years

Acute or subacute vs. hyperacute presentation

Bilirubin > 300 µmol/L

INR > 3.5

Proposed modifications of the King’s College criteria for paracetamol overdose [7]

Strongly consider listing for transplantation if arterial lactate is above 3.5 mmol/L after early fluid resuscitation

Listing for transplantation if:

Arterial pH is below 7.3 or arterial lactate is above 3 mmol/L after adequate fluid resuscitation

Or concurrently: serum creatinine above 300 µmol/L, INR above 6.5 and encephalopathy grade 3 or more

Table 6 Proposed criteria for emergency liver
transplantation in patients with acute liver
failure.
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acute liver failure patients may change rapidly over time whether
they tend to deteriorate or, in contrast, improve. In this very 
situation, the procedure can be delayed under careful evaluation
if there is some evidence of improvement and if it is felt that 
the patient could recover. Living donor transplantation also 
has significant limitations, including technical complexity and
potential pressures on the candidates for donation in a context
of emergency.

Small series have been reported with excellent results (Table 7).
However, prioritization in western countries means that most
patients can receive a deceased donor graft in due time and that
the need for living donation remains marginal.
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16.1 Wilson’s disease
Michael Schilsky

Pathophysiology

Despite our limited knowledge of the intracellular trafficking 
of copper, it is clear that the absence or diminished function of
ATP7B results in a decrease in biliary copper excretion, and the
subsequent toxic hepatic accumulation of this metal in Wilson
disease [1–3]. Excess copper is toxic to cells by the generation of
free radicals, lipid peroxidation of membranes and DNA, inhibi-
tion of protein synthesis and alterations in the levels of cellular
antioxidants [3,4]. Both hepatocellular necrosis and apoptosis
may be triggered by copper-induced cell damage [5]. Along with
chronic liver injury, there is the generation of fibrosis and even-
tual cirrhosis. Whether the injury is severe and acute or chronic,
the functional status of the liver as a whole is determined by the
balance between injury, cell death and the regenerative capacity
of liver cells.

When hepatic storage capacity is exceeded, or following acute
hepatocellular injury with the subsequent release of cellular cop-
per into the circulation, the level of non-ceruloplasmin-bound
copper is increased. The copper that is deposited in extrahepatic
sites is thought to be derived from this pool of copper. The 
central nervous system, and in particular the brain, is the most
critical site of copper accumulation. Copper-induced neuronal
injury is responsible for the neurological and psychiatric mani-
festations of Wilson’s disease and the characteristic pathological
changes that may be seen in part by radiological imaging studies
of the brain [4].

Clinical presentations

Liver disease

The range of liver disease includes asymptomatic biochemical
dysfunction, chronic hepatitis, cirrhosis (compensated and
decompensated) and liver failure. Clinically, improvement is
seen by reduction of jaundice and diminution of ascites and
oedema, if these were present. Fluid retention should be 
managed by sodium restriction and diuretics as necessary.
Oesophageal or gastric varices warrant prophylactic treatment

with beta-blockers. Biochemical markers of recovery from liver
injury include improvement in synthetic function as well in
clearance of bilirubin. With response to treatment, improve-
ments include increasing levels of albumin, correction of inter-
national normalized ratio (INR) and reduction in bilirubin and
transaminases. The timeframe for initial improvement in liver
disease following treatment occurs over months. The most rapid
changes occur during the first 6–12 months after the start of
treatment [6]. Improvement may continue for the next 3–4
years at a slower rate, and probably over many years after 
with respect to regression of hepatic fibrosis once inflammation
resulting from toxic copper is controlled. A recent report dem-
onstrates regression of fibrosis with treatment of the underlying
Wilson’s disease [7].

Those with acute liver failure due to Wilson’s disease now
benefit from advances in intensive care management of all 
liver failure patients. One feature that differentiates them from
other patients with acute liver failure is the marked excess of
copper that is released by the acute hepatic necrosis. This copper
contributes to further haemolysis and to renal tubular injury.
Therefore, copper can be acutely removed from the circulation
by several different means: exchange transfusion, plasmapheresis
with plasma exchange, dialysis or haemofiltration against albu-
min or by the use of devices such as MARS (molecular absorb-
ent recirculating system) that combine haemofiltration against
albumin with anion exchange and charcoal filtration (see refer-
ences in [8]). The use of chelating agents in the setting of acute
liver failure is limited because of the possibility of drug hyper-
sensitivity reaction, marrow suppression and the typical devel-
opment of renal insufficiency. In future, the use of antioxidant
therapy and caspase inhibitors may also have a role, as apoptosis
is activated in Wilson’s disease [5]. Other adjunctive measures
such as lowering tissue iron content and the use of antioxidants
could potentially reduce oxidative injury from copper.

Neurological disease

The goal for patients with neurological Wilson’s disease is initial
disease stabilization, then improvement. Neurological worsening
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can occur in a minority of patients with treatment initiation 
due in part to the continued progression of disease in the central
nervous system. Computerized tomography (CT) or magnetic
resonance imaging (MRI) of the brain may give some clue to the
extent of injury to specific brain areas; however, the findings 
are not sufficient to predict the entirety of the clinical picture,
and clinical evaluation is important. Patients with significant
Parkinsonian symptoms may benefit from a trial of dopaminergic
stimulating agents, although success with these agents is mixed
at best due to damage to pre- and postsynaptic neurons [9].
Tremors can be treated with benzodiazepines or medications
such as mysoline. Muscle spasms and dystonia benefit from the
use of benzodiazepines, short and longer acting, and other drugs
such as baclofen as an antispasmodic agent. Localized dystonia
can benefit from the use of botulinum toxin injections to reduce
tone and spasm. Physical and occupational therapy can help to
increase or maintain range of motion and relief from painful
spasms. Dysphagia is typically a transfer dysphagia due to neu-
romuscular involvement, and speech and swallow evaluations
by speech therapists can help to detect and treat this. Dietary
adjustments can help to prevent aspiration; however, with very
severe dysphagia with aspiration, percutaneous feeding gastro-
stomy is indicated. As for liver disease, improvement can occur
over months and years.

Psychiatric disease

Psychiatric symptoms, varying from anxiety and depressive 
disorders to frank psychosis, must be addressed by treating
physicians. Depression is by far the most common symptom
experienced in patients with Wilson’s disease [10]. Obvious
severe depression and psychosis need pharmacotherapy directed
at the associated symptoms. Serotonin uptake inhibitors may
benefit those with depression, and can be used safely with appro-
priate monitoring for patients with liver disease. Other treat-
ments directed at psychosis are not specific for Wilson’s disease,
but may be helpful for affected individuals. Their use must be
directed by psychiatrists or psychopharmacologists in concert
with the patient’s medical doctor. Treatment of anxiety disor-
ders with benzodiazepines can be helpful; however, in those with
advanced liver disease, this class of medication could exacerbate
underlying encephalopathy. An interesting and often under-
reported symptom of Wilson’s disease is severe insomnia, and
this must be sorted from depression or encephalopathy before
treatment with sleeping aids. With treatment of the psychiatric
symptoms in these individuals, it is important to remember that
reassessment over time is necessary while the underlying disease
is being treated. Close communication is therefore essential for
treating health care professionals involved in their care.

Diagnosis

The age at which clinicians would consider a diagnosis of Wilson’s
disease has expanded from ages 5–45 years to include children

less than 2 years of age and individuals in their seventh and eight
decades of life [11,12]. Currently, Wilson’s disease should be
considered in individuals with liver disease, neurological or 
psychiatric disease and in family members of individuals in
whom the diagnosis has been established. The diagnosis may be
established by a series of clinical, biochemical and molecular
tests (see below) that can be viewed in aggregate using a scoring
system set forth at the last International Meeting on Wilson’s
Disease in Leipzig, Germany [13]. This scoring system helps 
to gauge the probability of diagnosis of this disorder; however, 
it is important to remember that this scoring system has yet to 
be prospectively evaluated. Studies are ongoing to determine
whether advances in screening for Wilson’s disease by biochem-
ical testing for ceruloplasmin may be applied to larger popula-
tions [14]. If this is successful, a percentage of individuals with
the disorder may be detected at a very early stage when they
would be asymptomatic for the disease. However, as for all
screening tests, it is likely that only a percentage of those affected
will be identified. Therefore, suspicion for the diagnosis of
Wilson’s disease and the utilization of current methods for 
testing for this disorder will still be needed.

The initial strategies for evaluating a patient for Wilson’s dis-
ease with hepatic or neuro/psychiatric manifestations involves
testing for Kayser–Fleischer rings, for reductions in serum 
ceruloplasmin and for evidence of liver disease [8]. Other 
biochemical testing that may be applied involves analysis for 
24-hour urine excretion of copper and liver biopsy for histology,
histochemical screening for copper binding protein and quanti-
tative analysis for copper. Brain imaging, MRI or CT may also
provide evidence of Wilson’s disease but are not diagnostic.
Molecular studies provide direct evidence for the presence of
Wilson’s disease (see below), but are costly at the present time
and are not always readily available. Even when molecular test-
ing yields a diagnosis of Wilson’s disease, the standard clinical
and biochemical testing that includes estimates of liver function
and copper balance provide useful information about the patient
prior to treatment.

Biochemical tests

Ceruloplasmin is a circulating glycoprotein containing six copper
atoms per molecule that is synthesized mainly in the liver. The
ceruloplasmin peptide without copper, known as apocerulo-
plasmin, acquires its copper in the trans-Golgi prior to secretion
from the hepatocytes [15]. ATP7B in the trans-Golgi receives
cytosolic copper from HAH-1 and transports this copper across
the Golgi membrane for incorporation into apoceruloplasmin.
In Wilson’s disease, where ATP7B is absent or its activity dimin-
ished, copper incorporation into ceruloplasmin is inhibited, and
secretion of the apoprotein occurs with a shortened half-life
compared with the protein with its full complement of copper
[16]. This results in a reduced steady-state level of this protein 
in the circulation characteristic of most patients with Wilson’s
disease.
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The liver biopsy may still play a role in the diagnosis of
Wilson’s disease; however, the cutoff values above which patients
may be identified are probably lower than the prior accepted
diagnostic level of 250 µg/g copper per dry weight liver [17].
While the levels of copper do not necessarily correspond to 
the degree of injury manifest in the liver, the typical pattern of
injury is that of steatosis and fibrosis preceding cirrhosis. The
steatosis is often microvesicular as well as macrovesicular, and
corresponds with ultrastructural changes in the mitochondria
[4]. These mitochondrial changes, dilated cristae and crystalline
deposits, will disappear with time and be replaced by dense lyso-
somal inclusions. With treatment, the mitochondrial changes
are reversible. Recent data show that the fibrosis present in 
many patients at the time of diagnosis can also improve with
treatment [7]. In patients with fulminant liver failure, cirrhosis
or advanced fibrosis may be present along with severe hepato-
cellular injury and cell dropout. Apoptosis is the predominant
form of cell injury during this phase [5].

Urine copper excretion is also helpful as a diagnostic aid but,
more importantly, provides a useful means for evaluating and
monitoring treatment. In most symptomatic patients prior to
treatment, the urine copper is elevated above 100 µg/day; how-
ever, this alone is not sufficient for a diagnosis given the eleva-
tions in urine copper that can occur in the face of active liver
injury. The use of the penicillamine challenge remains stand-
ardized in paediatric patients [18], and limited data are available
regarding its diagnostic value for adults.

Molecular genetics

Molecular genetics has greatly affected our understanding of
Wilson’s disease, and has more recently played a role in dia-
gnostics. The ATP7B gene includes 21 exons and extends over 
80 000 basepairs [19]. This initially made the de novo diagnosis
of Wilson’s disease by molecular means more challenging, except
in unique populations where specific mutations were identified.
In these populations, the unique mutation may be sought
directly by amplification of the region by polymerase chain 
reaction and confirmed by sequencing. For instance, in the
Slavic population in Europe, the most common mutation is 
the histidine to glutamate substitution at amino acid 1069
(H1069Q) [20]. In this population, this H1069Q is present in
37–63% of individuals. This mutation, and four others, account
for 70% of all European mutations, suggesting that the strategy
of screening for these first may be most efficient. In other popu-
lations, different mutations are more prevalent, suggesting that
founder effects may have occurred in isolated groups. The
H1069Q appears to be absent in Chinese patients, but R778L 
has been reported to represent 34–38% of mutations [21,22]. In
a population from Saudi Arabia, the 4193delC mutation was
present in multiple members of a single tribe [23]. Other relat-
ively isolated populations in which unique mutations are found
with higher frequency include Iceland and the island of Gran
Canaria.

Early on, it was recognized that populations such as those in
North America are very heterogeneous, and numerous muta-
tions are present in the population [24]. The discovery that the
regions flanking the gene were inherited along with ATP7B led
to the use of haplotype analysis. This analysis is accomplished 
by determining patterns of DNA polymorphisms in the region
around the ATP7B gene, which is useful for determining the 
status of siblings of an identified patient.

There are now more than 200 identified disease-specific
mutations of the ATP7B gene that have been catalogued by
investigators at the University of Edmonton in Alberta [19,25].
As the technology of DNA sequencing has continued to evolve, it
is now possible to search directly for mutations of the ATP7B
gene in any patient. Direct sequencing for mutation analysis,
now commercially available from the Mayo Clinic Laboratories,
may still miss some mutations outside the coding region of the
ATP7B gene or that occur on other genes and still affect ATP7B
transcription. These caveats aside, the ability to obtain sequence
data de novo across the entire gene is very useful for patients in
whom the diagnosis is difficult to establish by standard clinical
and biochemical studies, and particularly useful in populations
with mixed gene pools where the patient is most likely to be 
a compound heterozygote with two unique mutations of the
ATP7B gene. With time and continued improvement in meth-
odology, testing by DNA sequencing will become more cost-
effective and more widely available.

The heterogeneity of the mutations of ATP7B and the relat-
ive rarity of Wilson’s disease make it difficult for accurate 
genotype–phenotype correlations. As noted, the increased fre-
quency of the H1069Q genotype in Europeans of Slavic heritage
provided investigators with an opportunity to investigate
whether this group differed from other mutations. In a meta-
analysis study, homozygosity for H1069Q was associated with a
slightly later onset of disease and with a neurological presenta-
tion of their disease [20]. Despite these data, there is still a great
heterogeneity of disease presentation among siblings with the
same mutations, as demonstrated in a recent case report on 
two siblings presenting with the disease in their eighth decade of
life [11,12]. One of these individuals had cirrhosis with severe
neurological degeneration, while the other had mild liver disease
and minimal neurological symptoms.

Given the differences in disease presentation, it is clear that,
for Wilson’s disease, despite being monogenic with respect to
requiring mutations or malfunction of ATP7B, other extragenic
factors influence disease presentation. Patients with fulminant
hepatic failure due to Wilson’s disease are more commonly
female [26] and, similarly, female LEC rats present earlier with
more severe liver disease than male animals [27]. Other genes
involved in antioxidant pathways, such as apolipoproteins, may
also influence the expression of Wilson’s disease [28]. More
recently, polymorphisms of MURR1 were found to differ among
those with earlier disease presentation compared with those
with later onset disease [29]. The effect of many of these other
genes influences the phenotypical presentation of Wilson’s 
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disease, further confounding ATP7B genotype and phenotype
correlations.

Therapy for Wilson’s disease

The goal of treatment for symptomatic patients is to prevent 
disease progression and reverse copper-induced toxicity and, for
asymptomatic patients, to prevent the development of active
disease. For patients with fulminant hepatic failure due to
Wilson’s disease, the initial goal is disease stabilization while
awaiting a donor organ for transplantation. Specific treatments
for complications of liver and neuropsychiatric disease are dis-
cussed below.

The first systemic treatment for Wilson’s disease was dimer-
captopropanol or British anti-Lewisite, a compound that was
delivered as an intramuscular injection in 1950 [30]. This ther-
apy, initially utilized for patients identified as having Wilson’s
disease by their neurological disease, achieved miraculous
improvements in some individuals who were previously con-
sidered doomed to suffer progressive deterioration and death.
Dr John Walshe developed the first oral compound for treating
Wilson’s disease, d-penicillamine, and subsequently other com-
pounds for those intolerant of this therapy [31,32]. With the
advent of serological testing for liver function and the recogni-
tion that serum ceruloplasmin was abnormal in these patients
[33], Wilson’s disease could be diagnosed prior to the devel-
opment of symptomatic disease. This led to the recommenda-
tion for earlier institution of lifelong medical therapy. We now
recognize that successful treatment of Wilson’s disease is also
not limited to the treatment of the primary disorder of copper
metabolism. It is important to remember that patients must 
be treated for their neurological or psychiatric symptoms, for
complications of portal hypertension (ascites, encephalopathy,
variceal bleeding) in addition to treatment of their Wilson’s 
disease.

Treatment of Wilson’s disease has not yet advanced to the
point at which genotype identification of the mutations of the
ATP7B gene alters our treatment choices for this disorder.
Rather, the initial treatment choice remains, in part, determined
by the phenotypical manifestations present in the individual
patient, and the availability of the various treatment options 
in the patients’ community. For those with fulminant hepatitis
due to Wilson’s disease or with intractable hepatic insufficiency,
liver transplantation is necessary and is life-saving [26,34–36].
Patients with a range of liver disease, neurological or psychiatric
disease or symptoms are managed medically in the following
manner.

Patients with Wilson’s disease may be considered as belong-
ing to one of three groupings. There are those who are asymp-
tomatic, those with active disease (severe hepatic inflammation
or hepatic insufficiency) with or without symptoms or with 
neurological or psychiatric symptoms, and patients with pre-
viously active disease who are now asymptomatic or stable 
with respect to their disease as a result of prior treatment.

Asymptomatic patients are most commonly those in whom the
disease was found by family screening following identification 
of the proband.

For those patients with symptomatic illness due to Wilson’s
disease, first-line therapy is an oral chelating agent – either 
d-penicillamine or trientine. Chelating agents provide a more
rapid elimination of copper compared with treatment with zinc,
the latter functioning to block copper absorption. Initial studies
of d-penicillamine demonstrated the efficacy of this compound
in ameliorating and reversing the signs and symptoms of
Wilson’s disease [31]. While this medication is effective treat-
ment for most, a minority experience adverse reactions that
include drug hypersensitivity, marrow suppression and lupus-
like syndromes with nephritis and nephrosis. Some experience
neurological worsening on treatment. The actual frequency of
occurrence of these and other side-effects of this medication 
are uncertain, but range from 10% to 50% of individuals [4,37].
The intolerance of d-penicillamine in some patients led to the
development of another oral chelating agent, trientine dihy-
drochloride. Trientine is also an effective chelator of copper 
with a better safety profile than d-penicillamine [7,38]. While
indicated for use in penicillamine-intolerant patients, initial
reports following its introduction confirmed its effectiveness 
in treating patients unable to continue their d-penicillamine
therapy [39]; other studies have confirmed the ability to use this
as primary therapy for untreated patients [7,8,38].

Combination therapy for symptomatic Wilson’s disease
patients with a chelating agent and zinc, temporally spaced to
prevent absorption of the zinc by the chelating agent, has been
used empirically in the hope of providing an even more effective
initial therapy [7]. However, there are no trials demonstrating
that the use of combination therapy is more effective than a
chelating agent used alone. Another adjunctive therapy for 
initial treatment is the use of antioxidant agents such as alpha-
tocopherol. The basis for this is the report of reduced levels of
vitamin E in patients with Wilson’s disease, and its known
antioxidant effect in animal models and in vitro [40]. While 
clinical trials are lacking, there is little downside to trial of lim-
ited quantities of this vitamin supplement along with standard
therapy.

Tetrathiomolybdate (TM) remains a promising agent for
those patients with initial neurological presentations [41]; 
however, it is not yet approved for use for Wilson’s disease.
Tetrathiomolybdate was first used by veterinarians for copper
poisoning in animals, and was adapted for use in patients with
symptomatic neurological disease due to Wilson’s disease [42].
In a recent clinical trial that compared TM with trientine for
first-line therapy for neurologically affected patients, there were
no statistically significant differences between the study groups;
however, there was a trend slightly favouring treatment with TM
[43].

Patients who are asymptomatic or who became asymptomatic
or stable with respect to their disease following treatment may be
considered as similar groups with respect to treatment choices
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and dosages for therapy. In these individuals, successful main-
tenance therapy can be achieved with a singe chelating agent or
with zinc [8].

Zinc as a therapy for Wilson’s disease was first developed by
Schoewinck and reported by Hoogenrad et al. [see ref. 44] over
30 years ago, and was subsequently investigated by Brewer et al.
[45–47]. Zinc acts to block copper absorption by enterocytes
and yields a negative copper balance over time. Zinc does not
directly compete with copper for uptake but, rather, zinc
induces enterocyte synthesis of the endogenous chelator, metal-
lothionein. This cysteine-rich peptide binds copper with a
higher affinity than zinc. Copper that enters enterocytes binds 
to metallothionein and displaces zinc, and the copper–
metallothionein complex remains within the enterocyte. When
the enterocyte is shed into the intestinal lumen as part of its 
normal life cycle, faecal copper excretion increases. In this 
manner, zinc effects a negative copper balance in that copper
absorption is reduced below cellular and secretory losses,
thereby inducing a negative copper balance over time.

Restriction of dietary copper by reduced intake is recom-
mended to all newly diagnosed patients. The major foods 
that contain higher copper contents include mushrooms, nuts,
chocolate and organ meats such as liver. Information as to the
content of copper in most foods may be found on the website of
the US Department of Agriculture (http://www.usda.gov).

Liver transplant is life-saving for those patients with Wilson’s
disease with fulminant liver failure and for those with severe
hepatic insufficiency not responding to medical therapy [8,26].
Whole organ transplantation and partial grafts, whether ortho-
topic or placed heterotopically, can successfully treat these
patients. Most of the transplants for Wilson’s disease in Europe
and the United States are from deceased donors; however, there
are reports of living donor surgery for Wilson’s disease from
Asia [48,49]. Transplantation of a heterozygous liver from a 
parent of a patient with Wilson’s disease does not result in dis-
ease or excess copper accumulation in the recipient above that
expected in carriers [50].

Following transplantation, the remaining excess non-hepatic
stores of copper are mobilized and excreted, as witnessed by the
gradual loss of Kayser–Fleischer rings and reduction in urinary
copper excretion with time. Long-term survival of liver trans-
plants for fulminant Wilson’s disease is better than in patients
transplanted for acute liver failure of other causes, typically
80–90% compared with 65% [51]. In the series from Spain,
those with neurological disease had a poorer long-term survival
of only 75% [52]. Only one report from Italy notes decreased
long-term survival of the grafts in patients with Wilson’s disease
relative to other disorders [53].

Liver transplantation for patients with neurological Wilson’s
disease without severe liver disease remains controversial. There
are reports of its success in some patients; however, given the
donor liver shortage and the ability to stabilize and treat the 
disease with medical therapy, patients should be transplanted
only as part of a carefully controlled trial. However, the advent 

of living donor liver transplant does change the ethical con-
sideration for transplant, as a liver is not being used from the
pool of organs available to other donors. Appropriate considera-
tion of the possible outcomes and the risk to the donor must 
be weighed in any decision to perform transplantation using 
live donors.

Pregnancy

Medical treatment of Wilson’s disease during pregnancy is
essential. Successful term pregnancies with good outcomes 
have been reported for patients on d-penicillamine, trientine
and zinc [46,54]. There have been reports of birth defects 
occurring with all these different treatments; however, it is 
not clear that their occurrence is any greater than that prevalent
in the population at large. Nevertheless, as teratogenicity was
reported for penicillamine in animal studies, it is reasonable 
to consider reducing the dosage of the chelating agents to the
minimal necessary dosage to reduce fetal risk. Reduction of
dosage also aids in wound healing for those patients with cae-
sarean births or other surgical procedures during childbirth.
Monitoring to ensure continued normal liver function during
the course of the pregnancy should confirm adequate treatment.
No dosage reduction is necessary for zinc therapy during 
pregnancy.

In those patients with portal hypertension, screening for
varices should be done. For those found to have varices, 
non-selective beta-blockers should be administered with the
permission of the obstetrician.

Biochemical parameters for monitoring
treatment

Non-ceruloplasmin-bound copper

The non-ceruloplasmin-bound copper is a fraction that is 
typically ~10% of the total serum copper. We can estimate 
the amount of non-ceruloplasmin copper by simultaneously
measuring serum ceruloplasmin and total serum copper. In 
an untreated patient with Wilson’s disease, the percentage of
non-ceruloplasmin copper rises to over 25–50% and may
exceed 25 µg/dL. One biochemical measure of effective medical
treatment is the lowering of the fraction of non-ceruloplasmin-
bound copper to the normal range of 10–15 µg/dL. For patients
on maintenance therapy, this lower target range should be
maintained. When non-ceruloplasmin levels drop far below 
10 µg, patients may experience further reduction in serum levels
of ceruloplasmin and ferroxidase activity with resultant anaemia
and, in some, the development of hepatic haemosiderosis [55].
In these individuals, dosages should be reduced. In those with
non-adherence to their medical therapy, elevations of their non-
ceruloplasmin copper should be detectable above normal levels,
and abnormalities in liver function tests may appear along with
the reappearance of Kayser–Fleischer rings.
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Urinary copper excretion

Urinary copper excretion may be used to gauge the effectiveness
of treatment for Wilson’s disease. In symptomatic patients, 
basal (baseline or pretreatment) urinary copper is typically
greater than 100 mg/dL per 24 h. Following initial treatment
with chelating agents, 24-h urine copper excretion typically 
rises above 500 µg/24 h. With ongoing treatment, the urinary
copper excretion falls, typically ranging between 250 and 
500 µg/24 h [5,8]. For chronically treated patients, values less
than 250 µg/24 h suggest either depletion of copper stores 
or non-adherence to therapy. The simultaneous estimation 
of non-ceruloplasmin copper by serum testing may help to 
distinguish between depletion and non-adherence, the former
with values < 10 µg/dL while the latter are typically elevated
above 25 µg/dL.

For patients on zinc therapy, the 24-h urinary copper excre-
tion typically falls below 100 µg [44,45]. Once this range is
achieved, values above 100 µg should suggest non-adherence.
Again, non-adherence would also be suggested by elevations of
non-ceruloplasmin copper in the serum. Another way to gauge
adherence is to follow the 24-h urine zinc excretion. Values
below 100–2000 µg/24 h suggest non-adherence to treatment.
This can be confirmed by simultaneous measurement of 
zinc excretion or by examining serum for elevations in non-
ceruloplasmin-bound copper.

For patients taking different forms of zinc salts, urinary zinc
excretion is a way to gauge the absorption of the zinc. Following
a change in the zinc salt, if urinary copper becomes elevated and
zinc reduced, then either the formulation or the dosage of the
zinc should be changed.

Liver function tests

The trend towards improvement in liver functions typically
occurs during the first few months of treatment, and may 
continue slowly over the next years [6]. In some individuals, 
initiation of treatment may result in transient worsening of
transaminases that usually settles back to the normal range with
time. The development of abnormal transaminases in a previ-
ously stable patient should prompt a search for other infectious
and metabolic causes of liver disease if there is no evidence for
discontinuation of medical treatment. This may be one of the
few reasons why a liver biopsy may be repeated in a patient with
Wilson’s disease. In some with very long-term treatment, there
can even be the presence of a sideroblastic anaemia with result-
ing haemosiderosis due to reduced copper-dependent ferroxi-
dase activity [55]. There is a very small minority of individuals
who continue to have more than twofold elevations in transami-
nases despite adequate treatment based on parameters of copper
metabolism, and no other identifiable cause for these abnorm-
alities [56]. In these individuals, if a change in therapy for their
Wilson’s disease does not affect the abnormalities, and no other
cause is evident, then continued maintenance treatment and 

follow-up is appropriate, along with reassurance to the patient
that their overall hepatic function is stable.

One clinical parameter that can be followed in treated neuro-
logical patients is the dissipation of Kayser–Fleischer rings. While
their disappearance may not completely parallel the initial 
clinical response, once they have dissipated, their reappearance
suggests non-adherence to medical therapy.

Animal models of Wilson’s disease

There are several rodent models of Wilson’s disease that have
lent insight into the pathogenesis and treatment of this disorder.
The Long Evans Cinnamon (LEC) rat was first discovered as a
model of spontaneous hepatitis and hepatocellular carcinoma,
but was later found to have hepatic copper toxicosis [57].
Studies using these animals have been useful for demonstrating
the trafficking of copper in hepatocytes, for studying the modes
of copper-induced injury and rescue by treatment, for under-
standing the effects of sex and hormones on copper-induced
liver injury and for studying the treatment of copper toxicosis by
gene therapy and hepatocyte transplant therapy [58–60]. The
defect in the toxic milk mouse model was shown to be in the
mouse ATP7B protein [61]. This animal model was studied for
the distribution of copper in the cells, and for the induction of
metallothionein in the hepatocytes of these animals. The ATP7B
knockout mouse behaves similarly to the toxic milk mouse, and
studies show that they suffer hepatic copper accumulation and
injury. In contrast to the human disease, none of the rodent
models exhibits the same neurological effects that are seen in
man. This is probably due to differences in the transport of 
copper by the blood–brain barrier. Another interesting model 
of copper toxicosis, the Bedlington terrier, was once thought to
be a canine model of Wilson’s disease. However, more recent
studies suggest that this disorder in these dogs results from a
defect in the MURR1 protein (also known as COMDI) that may
be involved in intracellular copper transport [62].
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16.2 Haemochromatosis
Antonello Pietrangelo

Definition and classification

The term haemochromatosis (HC) (synonymous for hereditary
or idiopathic or primary haemochromatosis) today defines an
autosomal recessive disorder of iron metabolism characterized
by tissue iron overload, potentially leading to multiorgan disease,
such as liver cirrhosis, endocrinopathy and cardiomyopathy, and
associated with pathogenic mutations of at least four HC genes
(i.e. HFE, TFR2, HJV and HAMP) [1]. The disorder is probably
caused by a regulatory defect of iron homeostasis in the liver [1].
The distinguishing features of HC are reported in Table 1.

Historically, a clinical entity named ‘diabète bronzé’ [2] and
‘cirrhose pigmentaire’ [3] was first reported in the second half of
the nineteenth century when the term ‘haemochromatosis’ was
introduced to define the association of widespread tissue injury
with massive tissue iron deposition [4]. Only after a century was
the term associated with a hereditary disease [5], then linked to
the major histocompatibility class (MHC) I complex A3, on the
short arm of chromosome 6 [6,7]. In 1996, the most prevalent
HC gene, HFE, was cloned [8]. However, once the HFE gene was
identified, it immediately became clear that HFE mutations
accounted for most but not all cases of HC [9]. Since then,
unprecedented progress in the field of iron genetics has led to the
identification of new genes involved in iron metabolism whose
mutations are responsible for cases of HFE-negative HC. These
genes are transferrin receptor-2 (TfR2), haemojuvelin (HJV)

and hepcidin (HAMP). As these forms of non-HFE HC share
clinical presentation and autosomal recessive trait with classic
HFE HC pathogenic mechanisms, they should be considered
different forms of the same clinicopathological syndrome, i.e.
haemochromatosis [1]. This chapter will focus mainly on HC
and briefly discuss other rarer hereditary iron overload states in
humans (Table 2). A distinction should be made between iron
overload disorders in which iron overload is secondary to
specific diseases or acquired factors.

1323

Table 1 Main features of haemochromatosis.

Autosomal recessive trait

Pathogenic mutations of one of the four HC genes: HFE, TFR2, HJV, HAMP

Early and progressive increase in circulatory iron (i.e. high transferrin 

saturation) that precedes iron accumulation in tissues (i.e. high serum 

ferritin)

Early and preferential iron deposition in parenchymal cells of the liver and 

other organs with potential for damage and disease

Unimpaired erythropoiesis and optimal response to phlebotomy

Inappropriate synthesis/activity of hepcidin

Table 2 Classification of disorders leading to systemic iron overload in
humans.

Hereditary iron overload
Haemochromatosis (HFE, TFR2, HJV or HAMP related)

Ferroportin disease 

Aceruloplasminaemia

A(hypo)transferrinaemia

H-ferritin-related hereditary iron overloada

Hereditary iron-loading anaemias (thalassaemia, hereditary sideroblastic 

anaemia, chronic haemolytic anaemia)b

Acquired iron overload
Dietary iron overload

Parental and transfusion iron overload

Long-term haemodialysis

Chronic liver disease

Hepatitis C

Alcoholic cirrhosis

Steatohepatitis

Porphyria cutanea tarda

Dysmetabolic iron overload syndrome

Miscellaneous
Iron overload in sub-Saharan Africa

Neonatal haemochromatosis 

aA single pedigree has been described so far.
bWhile severe iron overload develops after multitransfusion regimens,

parenchymal hepatic iron deposits are also appreciable at early stages

probably due to increased iron absorption from inefficient erythropoiesis

and to iron recycling from reticuloendothelial cells.
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The haemochromatosis genes and
proteins

HFE

HFE is a MHC I-like protein whose ancestral peptide-binding
groove is too narrow to allow antigen presentation [10] and is
incapable of binding iron [11]. Interaction between HFE and the
transferrin receptor, TfR1, which mediates transferrin-bound
iron uptake by most cells [11,12], has been fully documented,
although its biological effects are still uncertain. However, it is
unclear whether the interaction of HFE with TfR1 is key for the
pathogenesis of HC [13,14].

The C282Y mutation, the most common pathogenic muta-
tion of HFE, is associated with disruption of a disulphide 
bond in HFE that is critical for its binding to β2-microglobulin
[15]. The latter interaction is necessary for the stabilization,
(intracytoplasmic) transport and expression of HFE on the 
cell surface and endosomal membranes where HFE interacts
with TfR1. The H63D mutation, a common HFE mutation
whose pathogenic significance is still uncertain, does not impair
HFE–TfR1 interaction. While the biological function of HFE is
still unknown, recent studies indicate that it might be required
for hepcidin synthesis in the hepatocytes (see section on
Pathogenesis below).

Transferrin receptor 2 (TFR2)

In 1999, the gene for a second human transferrin receptor
(TFR2) was cloned [16]. Unlike TfR1, the new receptor was
found to be highly expressed in the liver, and it was not 
regulated by intracellular iron status [17]. TfR2 mediates the
uptake of transferrin-bound iron by hepatocytes [16], possibly
through the mechanism of receptor-mediated endocytosis 
similar to that described for TfR1, but its in vitro affinity 
for transferrin is 25- to 30-fold lower than that of TfR1 [18]. 
Yet, TfR2-mediated transferrin iron uptake may be of import-
ance in hepatocytes, which express a small number of TfR1. 
In vitro studies with soluble recombinant forms of TFR2 
and HFE have revealed no direct interaction between the 
two [18]. The biological role and function of TFR2 remain
unknown, but recent studies suggest a role for TfR2 in 
hepcidin synthesis in the liver (see section on Pathogenesis
below).

Haemojuvelin (HJV)

Haemojuvelin is transcribed from a gene of 4265 bp into a full-
length transcript with five spliced isoforms [19]. The putative
full-length protein is 426 amino acids long; the protein contains
multiple protein motifs consistent with a function as a 
membrane-bound receptor or secreted polypeptide hormone.
Analyses of haemojuvelin in human tissues detect substantial
expression in adult and fetal liver, heart and skeletal muscle [19].

The function of haemojuvelin is presently unknown. However,
hepcidin levels are depressed in individuals with HJV muta-
tions [19], and a recent in vitro study suggested that HJV is 
a transcriptional regulator of hepcidin [20] (see section on
Pathogenesis below).

Hepcidin (HAMP)

Hepcidin is an antimicrobial peptide produced by hepatocytes
in response to inflammatory stimuli and iron [21–23]. Evidence
from transgenic mouse models indicates that hepcidin is the
principal downregulator of the absorption of iron in the small
intestine, its transport across the placenta and its release from
macrophages (reviewed in [24]). The absence of circulating hep-
cidin has been shown to produce the rare and severe juvenile
haemochromatosis in humans [25]. While it was unclear how
hepcidin modulated iron egress from cells until recently, its
interaction with a main iron export protein, ferroportin (FPN),
has been postulated recently, and a new model in which hep-
cidin downregulates iron exports by interacting with FPN and
causing its degradation has been proposed [26]. Hepcidin, the
iron hormone, is now seen as the central pathogenic factor in
HC (see next section).

Pathogenesis

Historically, the intestine has been seen as the primary site of the
defect in HC, and studies showing high expression of HFE in
intestinal crypts reinforced this idea, leading to the development
of a specific pathogenic model [1]. More recently, however,
especially after the discovery of hepcidin and its involvement 
in iron homeostasis, attention has moved to the liver as the 
primary pathogenic site in HC.

The common feature of all forms of HC is the genetic predis-
position for circulatory iron overload. This iron will eventually
reach parenchymal cells of the liver, pancreas and heart, where it
causes cytotoxicity and organ disease. The progressive expan-
sion of the plasma iron pool in HC, which occurs at a much
faster rate in the ‘juvenile’ forms of the disorder (HJV- and
HAMP-related HC) compared with the late-onset forms (HFE-
and TfR2-related HC), is the result of an increased transfer of
iron to the blood compartment from enterocytes (i.e. increased
intestinal absorption), and from reticuloendothelial macrophages
[1]. The main regulator of iron efflux from enterocytes and
macrophages in humans is hepcidin. In HFE-, TfR2- and HJV-
related HC, hepatic expression or serum/urine levels of this 
peptide are inappropriately low [27–30]. Its expression in the
liver is also significantly impaired in HFE, TfR2 and HJV knock-
out mice [31–34] and hepatic deposition of iron in HFE-KO
animals can be prevented by hepcidin overexpression [35].
These findings suggest a unifying pathogenic model for all forms
of HC [1], in which HFE, TfR2 and HJV are all independent 
but complementary regulators of hepcidin synthesis in the liver
(Fig. 1).
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Genetics and epidemiology

HFE-related haemochromatosis (HFE HC) is the most common
form of HC and also the most frequently inherited metabolic
disorder found in white people. Genetic predisposition to this
disease, i.e. C282Y homozygosity, is found in approximately
5/1000 individuals of northern European descent [36].

Organ disease is highly unlikely in simple C282Y heterozy-
gotes [37,38], whereas 1–2% of compound C282Y/H63D hetero-
zygotes seem to be predisposed to expression of the disease 
[39]. The clinical significance of other seemingly rarer forms 
of compound heterozygosity, e.g. monoallelic C282Y or H63D
mutation with substitution of cysteine for serine at amino acid
position 65 (S65C) or other rare changes on the second allele, is
still being debated [1].

The frequency of TfR2 mutations is low and, so far, they have
only been detected in a few pedigrees throughout the world.
TfR2 mutations do not appear to be restricted to northern
Europeans, as they have also been reported in other ethnic
groups [40]. TFR2 is relatively large, spanning 21 kilobases 
and including 18 exons, thus detection of new TFR2 mutations
in single patients remains cumbersome. Analysis of TfR2 muta-
tions should be considered especially in individuals with adult
non-HFE haemochromatosis, particularly from families with
high consanguinity.

The juvenile form of haemochromatosis is also rare. Most
cases are due to mutations of HJV located on chromosome 
1 [19]. In this original study, 12 families were found to be

homozygous or compound heterozygous for six mutations in
HJV. To date, 23 mutations have been identified in 43 HJV-
related families. One common mutation, G320V, has been
reported in all studies. It is present in half the families. However,
a small proportion of patients carry mutations in HAMP, the
gene encoding hepcidin [25].

Clinical aspects

HC should be regarded today as a unique syndromic entity with
a polygenic nature and phenotypical continuum [1]. However,
from a practical point of view, two basic HC phenotypes can 
be distinguished based primarily on age at symptom onset and
phenotype severity: adult and juvenile. In the adult form, usually
due to the C282Y HFE mutation and only in rare cases to TfR2
mutations, iron overload and disease progression are gradual
and hepatic involvement predominates. Expressivity of the
genetic defect may lead from simple biochemical abnormalities
to mild symptoms and signs or overt organ disease. HFE HC
should be suspected in middle-aged men presenting with cir-
rhosis of the liver, bronze skin, diabetes and other endocrine dis-
orders (particularly hypogonadism) or joint inflammation and
heart disease. However, this classical syndromic presentation 
is rare. Today, diagnosis is made at earlier stages as an effect of
screening and enhanced case detection due to greater clinician
awareness and a higher index of suspicion. The most common
presenting symptoms are fatigue, malaise and arthralgia, while
hepatomegaly is one of the earliest physical signs. Elevated

(a)

HFE
TfR2 HJV

Hepcidin

Liver

(b)

TfR2 HJV

Hepcidin

Liver

(c)

HFE HJV

Hepcidin

Liver

(d)

HFE
TfR2

Hepcidin

Liver

Mutant HFE

Mutant HJVMutant TfR2

Fig. 1 A unifying pathogenic model for
haemochromatosis. In this model, HFE, TfR2
and HJV are considered independent but
complementary modulators of hepcidin
synthesis in the liver. When all three proteins
function correctly, an appropriate amount of
hepcidin is produced by the liver (a): the
peptide will then interact with ferroportin
expressed on target cells (such as enterocytes,
macrophages and hepatocytes) and dictate the
extent of iron release from these cells (see text
for details). Loss of one of the minor regulatory
proteins such as HFE (b) or TfR2 (c) will result in
lower hepcidin production and, consequently,
uncontrolled release of iron from intestine and
macrophages. This will be followed by tissue
iron overload and organ damage (HFE- or 
TfR2-related HC). Loss of the main hepcidin
regulator, HJV, will give rise to a more dramatic
effect on iron trafficking leading to massive
circulatory and tissue iron overload (HJV-related
HC) (d). This picture will be similar to that
produced by the complete loss of hepcidin
(HAMP-related HC).
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serum iron and moderately increased transaminase levels are
common biochemical abnormalities. A diagnostic workup of
patients with suspected haemochromatosis has been proposed
recently [1]. Liver biopsy was widely used as a diagnostic tool
before the era of HFE testing when an hepatic iron index above
1.9, i.e. hepatic iron divided by age, strongly suggested, in the
absence of other obvious causes of iron overload, homozygote
HC [1]. Today, liver biopsy has a mainly prognostic value in
HFE HC: for instance, it should be considered in cases with
serum ferritin above 1000 ng/mL because an underlying fibrosis
cirrhosis may coexist, regardless of age or serum liver enzyme
levels [41,42]. Liver biopsy still has a diagnostic value in non-
HFE HC patients, in whom second-level genetic testing may 
not be available or may be inconclusive and qualitative (i.e.
parenchymal and periportal iron distributions are typical of
hereditary haemochromatosis as opposed to post-transfusion
siderosis), and quantitative assessment of hepatic iron deposits,
with calculation of the hepatic iron index, could therefore be
diagnostic [1].

As specified above, while all patients referred for overt HFE-
related HC carry the C282Y mutation on both HFE alleles, some
C282Y homozygotes present no evidence of organ disease or
biochemical abnormalities, although they should still be consid-
ered to be at increased risk. It is currently impossible to predict
whether (and to what extent) these individuals will express the
disease phenotype. In spite of seemingly contradictory findings
in recent screening studies [43–46], we can conclude that, while
the majority of C282Y homozygotes have laboratory evidence of
plasma and tissue iron overload (i.e. high transferrin saturation
and ferritin levels respectively), organ disease requiring medical
treatment is much less common today [1].

Screening for haemochromatosis, particularly the HFE form,
is a very attractive concept [47]. The disorder is highly prevalent
and fatal if untreated; safe, effective and relatively low-cost 
treatment is available; the disease includes a long asymptomatic
phase, and it can readily be detected by means of a simple and
inexpensive laboratory test. Young adult males of northern
European ancestry are the group at highest risk, and selective
screening of this population based on measurement of transferrin
saturation, with genetic testing for HFE mutations in those with
confirmed levels exceeding 45%, should be no more difficult
than large-scale general population screening for high choles-
terol. In the case of HFE haemochromatosis, however, the 
anticipated benefits (in terms of early treatment and prolonged
survival) have to be weighed against the potentially negative
repercussions – psychological, social and legal – of positive 
diagnoses [48], especially those made in the absence of actual
disease, i.e. based exclusively on genotype.

The juvenile form of HC is more severe and more rapidly 
progressive than the adult form, and cardiac and endocrine
involvement is much more pronounced. Because of the higher
rate of iron loading associated with this disorder (and possibly
differential tissue sensitivities to this massive toxic insult), car-
diomyopathy and endocrinopathy, including reduced glucose

tolerance, appear earlier than they do in adult HC, and death
before the age of 30 years is not uncommon [49,50]. The com-
monest symptom at presentation is hypogonadism, which may
be present in all cases at the end of the second decade [49,50]. As
mentioned, this form of HC is generally linked to mutations 
in HJV or, in fewer cases, HAMP. Intermediate phenotype may
originate from inheritance of a heterozygote juvenile gene muta-
tion (HAMP or HJV) in addition to a pathogenic mutation in
HFE or TfR2 [1]: in this case, an earlier onset and more severe
expression of adult-onset HC occurs. Interestingly, a juvenile
form may also originate from combined mutations in HFE 
and TfR2, thus confirming the common polygenic basis of the
disorder [51]. In general, it is important to recall that numerous
host and environmental factors (e.g. dietary iron, alcohol-
related or viral hepatitis) can modify the natural history of both
forms of the disease, although the adult form is more susceptible
to the effect of modifier factors [1].

Therapeutic phlebotomy is the safest, most effective and most
economical approach to treatment for all forms of HC. One unit
(400–500 mL) of blood (containing approximately 200–250 mg
of iron) is removed weekly until serum ferritin is less than 20–50
µg/L and transferrin saturation drops below 30%. Maintenance
therapy, which typically involves the removal of 2–4 units a year,
can then be initiated, and it must be continued for the duration
of the patient’s life to keep transferrin saturation below 50% and
ferritin levels below 50 µg/L. A more aggressive schedule can 
be adopted for juvenile cases. Phlebotomy has little effect if
started after organ impairment has already developed: the hypo-
gonadism, cirrhosis, destructive arthritis and insulin-dependent
diabetes associated with HC are irreversible. Higher risk of 
liver cancer in HC is not avoided if treatment is initiated after
cirrhosis is established [52].

Other hereditary iron overload
disorders

Ferroportin disease (FD) (Table 2) is an autosomal dominant
inherited disorder of iron metabolism that causes progressive
iron retention, predominantly in reticuloendothelial cells of the
spleen and liver, and is characterized by a steady increase in
serum ferritin, inappropriately high compared with the extent of
serum transferrin saturation, marginal anaemia and mild organ
disease [53].

The disorder was described clinically in 1999 [54] and associ-
ated with the A77D mutation of ferroportin (FPN) in 2001 [55].
The disorder has been now reported in many countries and, at
variance with the distribution of the HFE gene mutations that
appear to be restricted to Caucasians of northern European
ancestry, it appears to be spread worldwide in different ethnic
groups [53].

FPN is the main iron export protein in mammals. It is ex-
pressed in several cell types that play critical roles in mamm-
alian iron metabolism, including placental syncytiotrophoblasts,
duodenal enterocytes, hepatocytes and reticuloendothelial
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macrophages [56–58]. In vitro, FPN has been found to be the
cellular receptor for hepcidin: in cultured cells stably expressing
FPN, hepcidin administration causes FPN internalization and
degradation [59]. This implies a decreased amount of surface
FPN and reduced iron egress from cells such as enterocytes 
and macrophages, whenever circulating hepcidin levels are 
high, namely inflammation and iron overload. The opposite
would occur when hepcidin is low, namely anaemia and hypoxia
[24].

A current pathogenic model for FD is that loss-of-function
mutations in FPN cause a mild but significant impairment of
iron recycling, particularly by reticuloendothelial macrophages,
which must normally process and release a large quantity of iron
derived from the lysis of senescent erythrocytes [53]. As a conse-
quence, iron retention by macrophages would lead to tissue iron
accumulation (i.e. high serum ferritin) but decreased availability
of iron for circulating transferrin (i.e. low transferrin saturation)
and for bone marrow. At later stages, both iron retention in cells
and activation of feedback mechanisms to increase intestinal
absorption might contribute to more pronounced iron over-
load. This pathophysiological model is consistent with the
finding that patients with the SLC11A3 mutations in FPN 
have much larger reticuloendothelial iron stores than patients
with HC. Although the patients are not anaemic in adulthood,
indicating that adequate iron is available for normal erythro-
poiesis, they may show reduced tolerance to phlebotomy and
become anaemic on therapy in spite of persistently elevated
serum ferritin values [53]. It is possible that different mutations
along the protein may differentially affect the function of FPN
and indirectly lead to variability in clinical expressivity. In this
context, recent in vitro studies [60–62] and so far one clinical
report [63] suggest that a subgroup of patients with FD may
carry gain-of-function mutations that might lead to enhanced
iron release from enterocytes and macrophages and a phenotype
similar to classic HC. FD should be suspected in all cases of 
isolated hyperferritinaemia in the absence of known secondary
causes (such as infection, inflammation and malignancy) or
unexplained anaemia with normal/high serum ferritin or fam-
ilial hyperferritinaemia (see algorithm in reference [53]).

The phenotype of FD is strikingly similar to a distinct iron
loading disorder, also termed Bantu siderosis, prevalent in
Africa. This disease is particularly frequent among Africans 
who drink a traditional beer brewed in non-galvanized steel
drums. Although the disorder was once attributed to dietary
excess, it has later been suggested that an unidentified iron 
loading gene confers susceptibility to the disease [64,65]. One
modifier gene could be FPN, as a common mutation in FPN
seems to be highly prevalent in iron overload African subjects
[66].

Aceruloplasminaemia, a rare autosomal recessive disorder,
results from mutations in the ceruloplasmin (CP) gene [67,68].
CP has ferroxidase activity that is important in the release of iron
from cells [69]. In the disease, iron accumulates in neural and
glial cells of the brain (particularly the basal ganglia and dentate

nucleus), hepatocytes, reticuloendothelial cells and pancreatic
islet cells. Affected individuals present with progressive extra-
pyramidal signs, cerebellar ataxia, dementia, diabetes mellitus
and hypochromic microcytic anaemia. In spite of severe iron
overload, liver disease is mild. Aggressive chelation with defer-
roxamine associated with plasma and ceruloplasmin concen-
trate may be effective [70], while the tendency to anaemia may
prevent the use of phlebotomy.

The main clinical feature of a(hypo)transferrinaemia, which
dramatically impairs plasma iron transport and delivery to the
bone marrow, is (not surprisingly) severe anaemia [71]. Tissue
iron overload results from a compensatory increase in intestinal
iron absorption. Mutation in the regulatory region of H ferritin
causing tissue iron overload has also been described [72], but
this single observation awaits validation by additional reports.

A final word will be given to the disorder often referred to as
‘neonatal haemochromatosis’, which is indeed characterized by
massive hepatic iron loading and generally fatal perinatal liver
failure [73]. Its hereditary nature is uncertain, although familial
cases have been described [74], and it is also unclear whether the
iron loading in these cases is a primary or a secondary event.
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Introduction

Alpha-1-antitrypsin (a1AT) is a glycoprotein primarily synthe-
sized in the liver and secreted into the serum where its function
is to prevent non-specific, neutrophil protease-induced host tis-
sue damage [1,2]. Homozygosity for the autosomal codominant
Z mutant allele of a1AT (‘PIZZ’ in WHO nomenclature) rep-
resents the classical form of a1AT deficiency [3]. The protein
product of the mutant Z gene accumulates within hepatocytes
rather than being efficiently secreted. The accumulated Z
mutant protein may then attain an altered intracellular confor-
mation in which many a1AT mutant Z molecules aggregate to
form large polymers. PIZZ homozygous adults have a markedly
increased risk of developing emphysema by a loss-of-function
mechanism in which insufficient levels of circulating a1AT are
available in the lung to inhibit connective tissue breakdown by
neutrophil proteases. A subgroup of PIZZ homozygous children
and adults may also develop liver disease and hepatocellular 
carcinoma via a separate mechanism in which the intracellular
accumulation of a1AT mutant Z protein damages hepatocytes [4].

Genetics

Classical, PIZZ a1AT deficiency is caused by homozygosity for a
point mutation at position 342 in the a1AT gene encoding the
substitution of lysine for glutamate. The 12.2-kb gene is located
on chromosome 14q and encodes a 55-kDa product of 95 amino
acids [5]. PIZZ homozygotes are found at a frequency of 1 in
1500–3500 in North American and European populations [2,6].
Populations in, or derived from, Scandinavia, the British Isles,
northern France and the South Tyrol region of Italy have the
highest frequency of the mutant Z gene. A1AT deficiency is the
most common genetic liver disease in children [7–9].

Pathophysiology

The key step in the pathophysiology of a1AT deficiency is reten-
tion of the newly synthesized mutant Z protein molecule within
the endoplasmic reticulum (ER) of hepatocytes (Fig. 1) [10–13].

During biosynthesis, the nascent mutant Z polypeptide chain is
appropriately assembled on the ribosome and translocated into
the ER lumen. However, in the ER, the mutant Z protein
molecule folds slowly and inefficiently into its final, secretion-
competent conformation and may attain a variety of abnormal
conformations, including a unique state in which multiple
molecules aggregate to form large polymers [8,10,14]. A system
of proteins within the ER, termed the ‘quality control’ appar-
atus, recognizes these mutant Z molecules as abnormal and
directs them to a series of proteolytic systems rather than allow-
ing progression down the secretory pathway [15,16–18]. The
result of these processes is a significantly deficient, approxi-
mately 15% of normal, serum level of a1AT. Accumulation of
the retained mutant Z protein molecules within hepatocytes
appears to cause liver injury [1]. A small proportion of the
retained molecules may remain in the polymerized confor-
mation and accumulate as aggregates within dilated areas of 
ER. These accumulations may become so large that they are 
visible by light microscopy as eosinophilic hepatocellular inclu-
sions by haematoxylin and eosin (H&E) or as the periodic
acid–Schiff (PAS)-positive, diastase digestion-resistant globules
classically described within hepatocytes in this disease (see
below) [19].

The discovery of the polymerized conformation of a1AT
mutant Z protein is critical in understanding the pathophysio-
logy of this disease, although many of the mechanistic details 
are still being investigated [9,20]. The presence of the Z muta-
tion in the a1AT molecule allows the protruding reactive site
loop of one molecule to insert into a groove in the β-sheet of a
neighbouring molecule. A conformational change then occurs,
binding the molecules tightly together in the absence of covalent
bonds. Long chains of a1AT mutant Z protein polymers are
formed in this way, and physical–chemical studies suggest that
this conformation is extremely stable and long-lived in biologi-
cal systems. Mutagenesis studies of the a1AT mutant Z molecule
show that most, but not all, mutations that disrupt the polymer-
ized conformation also affect intracellular retention [10, 21,22].
Therefore, further investigation is proceeding into whether it is
the actions of the cellular quality control apparatus, the effect of
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the polymerized conformation or both that causes intracellular
retention of the molecule within hepatocytes.

The mechanism(s) of hepatocellular injury resulting from
a1AT mutant Z protein retention are also still being elucidated
(Fig. 2). Studies suggest that multiple intracellular pathways are
activated in response to the accumulation within the ER of the
mutant protein [1,16–18,23–27]. This may include aspects of
the ER stress responses and the autophagic response. Autophagy

is a highly conserved cellular function in which targets destined
for proteolytic degradation, including senescent organelles such
as mitochondria, cytoplasmic debris and other molecules, are
directed into a unique vacuolar degradation system during
development, stress or nutrient deprivation. Autophagy may be
one mechanism of cellular disposal of the accumulated a1AT
mutant Z protein. Studies have suggested that stimulation of
hepatocellular autophagy may lead to damage to mitochondria

Synthesis SynthesisSecretion

ER

Wild-type M Mutant Z

Degradation Degradation

ER

Secretion

Fig. 1 Conceptual model of a1AT mutant Z
protein ER retention in a1AT deficiency. During
the biosynthesis of the normal, wild-type M,
a1AT, the nascent polypeptide chain enters the
ER lumen (shown as long wavy lines) and binds
with chaperone proteins (dark semicircles),
which assist in folding into the final, secretion-
competent conformation (compact knot).
Some molecules do not fold appropriately and
are directed to proteolytic degradation
pathways. However, during biosynthesis of the
a1AT mutant Z, the nascent polypeptide in the
ER lumen folds inefficiently and very few
molecules achieve a secretion-competent
conformation. Some of the molecules
polymerize and some are directed to
degradation pathways. The accumulation of
the a1AT mutant Z molecules within the ER
deforms the ER architecture leading to ER stress
and triggering cell injury.

Hypothetical injury pathway

a1AT Z ER retention

Polymerization/ER stress

Proteolysis
?

?

Mitochondrial damage Upregulated autophagy

Mitochondrial depolarization/autophagy

Caspase activation as part of apoptosis

Inhibitors of apoptosis activated

Mitochondrial
dysfunction

Death

Inhibition insufficient in some cells due to action of
environmental or genetic disease modifiers . . . death

Fig. 2 Hypothetical hepatocellular injury
pathway in PIZZ a1AT deficiency. The a1AT
mutant Z protein is appropriately synthesized,
but then retained in the ER of hepatocytes
rather than being secreted. Quality control
processes within the cells direct most of the
mutant Z protein molecules into intracellular
proteolysis pathways. However, some of the
mutant Z protein molecules escape proteolysis
and may attain a unique, polymerized
conformation forming inclusions in the ER. This
results in activation of a variety of cellular
responses. Autophagy may be upregulated
resulting in damage to mitochondria;
mitochondria may be damaged directly or may
be involved in activation of caspases and the
intrinsic pathway of apoptosis. Hepatocellular
death may result from mitochondrial
dysfunction or from an uninhibited apoptotic
cascade. Given the variable nature of clinical
liver injury between individuals with the same
genotype, and the usually slow disease
progression, there are likely to be important
environmental and genetic disease modifiers
affecting the rate and magnitude of
hepatocellular death.
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as one mechanism for hepatocellular death in a1AT deficiency
[26]. There is also evidence for a1AT mutant Z protein-specific
damage to mitochondria that does not involve autophagy, and
possible activation of apoptosis, which may also play a role in the
hepatocellular injury in a1AT deficiency [23,26]. It is proposed
that the chronic burden of hepatocellular death, from mito-
chondrial injury, apoptosis or other mechanisms, over time
leads to organ injury and cirrhosis in this chronic, metabolic
liver disease.

A series of studies have also examined the role of the protea-
some, and other proteolytic systems, in explaining the consider-
able variability observed in the severity of liver disease between
individual patients with a1AT deficiency. Some PIZZ indi-
viduals appear to be protected from liver disease because the 
quality control apparatus of the ER ensures relatively efficient
degradation of the accumulated a1AT mutant Z protein [11,28].
However, in patients ‘susceptible’ to liver injury, subtle alter-
ations in the quality control apparatus of the ER result in
inefficient degradation of accumulated a1AT mutant Z protein,
presumably a greater net burden in the ER and an increased
potential for liver injury. Several genes and gene products criti-
cal to these processes have been identified within hepatocytes,
which are related to a series of pathways known as the ER quality
control and ER stress responses [12,15,18,29,30]. It has also 
been proposed that this extreme variability in clinical liver dis-
ease between individuals would indicate the existence of other
important environmental (alcohol, viral infection) or genetic
disease modifiers affecting many other parts of the pathophysio-
logical cascade.

A variety of animal models have been developed to facilitate
the study of the cellular pathophysiology of this disease in vivo.
The most useful have been a series of mice strains transgenic 
for the human a1AT mutant Z gene, although in these cases the
endogenous murine antiprotease genes have remained intact
[7,13,19]. Several of these strains have been shown to be 
excellent models of human liver disease and recapitulate the
intracellular accumulation of the mutant Z protein, the loop
sheet protein polymerization, the histological features of the
intracellular globules, increased autophagy and long-term hepatic
dysplasia. However, there is still no generally accepted animal
model of protease-deficient lung disease similar to a1AT
deficiency. This is because mice have been found to have 
multiple antiprotease genes whose function overlaps that of
human a1AT. Knocking out all these genes without inducing
other significant changes in normal physiology has, to date, been
an insurmountable technical hurdle.

Presentation and natural history

The presentation of patients with PIZZ a1AT deficiency can be
highly varied, ranging from chronic liver disease to fulminant
hepatic failure to adult emphysema [1,2]. In infancy, the typical
presentation is one of neonatal cholestasis (also called the
neonatal hepatitis syndrome) and may include the symptoms
and signs of jaundice, abdominal distension, pruritis, poor feed-

ing, poor weight gain, hepatomegaly and splenomegaly [31,32].
Laboratory evaluation may reveal elevated total and conjugated
bilirubin, elevated serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), hypoalbuminaemia or coagu-
lopathy due to vitamin K deficiency or to liver synthetic dys-
function. Liver biopsy findings may be highly variable in infants
including giant cell transformation, lobular hepatitis, significant
steatosis, fibrosis, hepatocellular necrosis, bile duct paucity or
bile duct proliferation [1,5]. Globular, eosinophilic inclusions in
some but not all hepatocytes under conventional H&E stain are
usually seen, which represent dilated ER membranes engorged
with polymerized a1AT mutant Z protein [19]. Staining with
PAS followed by digestion with diastase, a technique that labels
glycoproteins red, is used to highlight the red ‘globules’ (‘PAS-
positive’) on a neutral blue background (see Plate 16.3.1, facing 
p. 1268). Examination of liver biopsies for PAS-positive globules
should be done with caution as similar structures have been
described in other liver diseases, the globules are not present in
all hepatocytes or can be small and ‘dust-like’, and they are occa-
sionally absent in very young infants. Although life-threatening
liver disease can occur in the first few years of life, prospective,
population-based studies indicate that 80% of PIZZ patients
presenting with neonatal cholestasis are healthy and free of
chronic disease by the age 18 years [33]. These data suggest that
the overall risk of life-threatening liver disease in childhood may
be as low as 3%, but that the risk of varying degrees of liver 
dysfunction in children may range from 15% to 60% [31]. There
is no clear explanation for why an infant with a1AT-related 
hepatitis in the neonatal period would then experience a ‘honey-
moon period’ of decreased or absent hepatic inflammation later
in childhood. Some investigators have suggested that this rep-
resents a state of tolerance to the accumulated mutant protein,
which might then be exploited as a potential treatment for indi-
viduals with severe disease. However, there are as yet no data to
support this hypothesis.

In toddlers and older children, PIZZ a1AT deficiency may
present as failure to thrive, possibly with poor feeding or hep-
atomegaly. Some children come to medical attention when
asymptomatic hepatomegaly or splenomegaly is detected dur-
ing routine medical checkups. Many children appear to be 
completely healthy, without evidence of liver injury, except for
mild and usually clinically insignificant elevations in serum AST
or ALT. Occasionally, children with previously unrecognized
chronic liver disease and cirrhosis present with ascites, gastroin-
testinal bleeding or hepatic failure. However, many PIZZ chil-
dren with cirrhosis may remain stable and grow and develop
normally for a decade or more before beginning a process of
decompensation [1,34–36].

There are few firm data on the incidence or the rate of pro-
gression of significant liver injury in PIZZ adults, although many
authorities believe the development of life-threatening disease
to be uncommon in the young and middle adult years [6,33,37].
Liver disease in adults may present as chronic hepatitis, with or
without cirrhosis, and the risk of clinically significant disease
may increase with advancing age [37]. The biochemical and
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histopathological findings may be similar to those of adult alco-
holic liver disease, which may lead to diagnostic confusion.
There appears to be an increased risk of hepatocellular carci-
noma in PIZZ adults, although the magnitude of the risk is
unclear. Liver biopsy findings in older children and adults may
include lobular inflammation, variable hepatocellular necrosis,
fibrosis, cirrhosis, steatosis and PAS-positive, diastase-resistant
globules in some, but not all, hepatocytes in nearly every patient
[1]. Autopsy studies suggest that sometimes clinically inappar-
ent, but histologically significant, liver injury and cirrhosis may
be present in 30–40% of elderly PIZZ adults [37].

Children with PIZZ a1AT deficiency generally do not develop
clinically detectable emphysema, although they may be at
increased risk of childhood asthma [38]. Asthma or emphysema
may develop during adulthood [39]. Smoking significantly
increases the risk of progressive and irreversible lung disease, as
do occupational lung exposures and environmental atmospheric
pollutants, all of which are thought to increase the uninhibited
proteolytic attack on lung connective tissue. Some studies sug-
gest that exposure to secondhand smoke and environmental air
pollutants in childhood is also a significant risk for the develop-
ment of a1AT deficiency-associated adult emphysema [2].

Diagnosis

The gold standard for the diagnosis of a1AT deficiency is the
phenotype (PI or PI type) of the a1AT protein present in a sam-
ple of the patient’s serum as determined by isoelectric focusing
gel electrophoresis [2]. If only the PI type Z band is present in 
the gel, it is then inferred that the patient is carrying two copies
of the mutant Z a1AT gene. A normal patient with two copies 
of the wild-type M a1AT gene would only have the M band
detected, and a heterozygote would have a combination of pro-
tein bands. The phenotype gel analysis is technically demanding
and is therefore best performed in an experienced reference 
laboratory. As the presentations of a1AT deficiency are quite
variable, sending serum to the reference laboratory for pheno-
type testing can be useful in a wide variety of clinical situations
(Table 1) [1,2]. Measurement of the level of a1AT in peripheral
blood can be used as a complementary test to compare the pheno-
type result against what would be an appropriate predicted 
level (Table 2) and to assist in the elucidation of unusual 
alleles whose protein products yield confusing phenotype results
[40,41]. Some clinicians use the a1AT serum level as an intro-
ductory screening test, but then are reassured only by a result

exactly within the normal PIMM reference range. This approach
should be used with caution as a1AT is known to be an acute-
phase reactant protein leading to modest increases in serum 
levels during periods of systemic inflammation even in deficient
individuals. Liver biopsy is not required for the diagnosis of
a1AT deficiency, although it is used in some cases to evaluate
disease progression or to investigate the contribution of comor-
bid states. More recently, new commercial tests have become
available based on polymerase chain reaction (PCR) analysis 
of genomic DNA obtained from blood leukocytes or buccal
mucosa, although these tests usually only detect the most com-
mon S and Z mutant alleles. Prenatal diagnosis by amniocentesis
or chorionic villus sampling can also be performed.

Neonatal screening has been performed in various locations
as temporary, pilot studies, most notably in Sweden in the early
1970s [31]. The metabolic benefits of early, presymptomatic
diagnosis are controversial, although the Swedish experience
suggests that neonatal screening is very likely to reduce the rate
of personal smoking and lung disease in adulthood [42,43].
However, concerns regarding employment, access to health care
and the psychosocial consequences of asymptomatic screening
limit testing in many countries [43,44]. Families of affected indi-
viduals should be offered testing in the context of appropriate
education and genetic counselling. Targeted screening in popu-
lations of adults with chronic lung disease is common practice in
many countries.

Management

There is no specific treatment for the liver disease associated
with a1AT deficiency. Management focuses on preventing the
complications of chronic liver disease, such as bleeding, ascites,
pruritis, malnutrition, fat-soluble vitamin deficiency, infection,
malignancy and growth disturbances, or attenuating the systemic
repercussions if they do occur [1]. Many patients have normal
health and can be monitored conservatively with infrequent 
visits to a physician knowledgeable in liver disease. Some experi-
enced clinicians employ routine, but infrequent, screening
imaging or biochemical monitoring of α-fetoprotein out of con-
cern for the increased risk of hepatic carcinogenesis. However,
some patients with significant degrees of liver injury, and even
cirrhosis, often remain stable for many years with very little

Table 1 Clinical presentation and indications for testing for a1AT
deficiency.

Infant: Cholestatic jaundice

Child: Unexplained failure to thrive or poor feeding

Any age: Unexplained, asymptomatic hepatomegaly or elevated AST/ALT

Any age: Unexplained liver disease, cirrhosis or hepatocellular carcinoma

Adult: Severe asthma, any emphysema < 50 years old or at any age in a 

non-smoker

Table 2 a1AT phenotypes and corresponding typical a1AT serum levels.

Phenotype Level (mM)a

PIMM 20–48

PIMZ 12–35

PISS 15–33

PISZ 8–19

PIZZ 2.5–7.0

Null–Null 0.0

aConvert micromolar to milligrams per decilitre by multiplying by a

conversion factor of 5.2.
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intervention. If life-threatening liver disease does develop, then
liver transplantation is commonly employed with excellent 
published success rates. All paediatric and adult patients with
a1AT deficiency should be urgently cautioned against personal
smoking, secondhand smoke and environmental lung expos-
ures. Prospective studies indicate that the identification of
a1AT-deficient patients as children dramatically reduces their
incidence of smoking as adults and therefore decreases morbid-
ity and mortality from lung disease [43,45]. Exogenous a1AT
protein replacement is available as a treatment for the adult
emphysema associated with a1AT deficiency; however, the
efficacy of the therapy is controversial [2]. Exogenous a1AT
replacement has no effect on the development of liver disease
because liver injury is related to the accumulation of the a1AT
mutant Z protein within hepatocytes, not a lack of circulating
antiprotease activity. Experimental therapies including the use
of so-called chemical chaperones, such as 4-phenylbutyrate,
hepatocyte transplantation and gene therapy strategies are being
investigated but have not yet been shown to be clinically useful
[1,46,47].

Heterozygosity and other alleles

Individuals who are heterozygous for a1AT, carrying one 
normal M allele and one mutant Z allele (‘PIMZ’ or ‘MZ’) are
generally considered to be asymptomatic and healthy. Data
from referral centre studies suggest that some rare PIMZ adults
may develop liver disease, including the development of PAS-
positive globules in hepatocytes, although the possible genetic 
or environmental influences on the development of this injury
remain controversial [2,48–50]. Limited but unselected popula-
tion-based studies have so far failed to confirm this increased
risk [34]. PIMZ children appear to be completely healthy and,
even in adults, a PIMZ phenotype result is not readily accepted
as the cause of otherwise unexplained liver disease.

Individuals have been described who are compound het-
erozygotes for the S and Z alleles of a1AT (PISZ) and who have
developed liver disease identical to PIZZ patients, including
PAS-positive, diastase-resistant globules. The S allele is also
common in western European populations, especially on the
Iberian peninsula. Physical–chemical studies have shown that
the a1AT mutant S protein can heteropolymerize intracellularly
when coexpressed with the mutant Z protein, which may explain
the occurrence of liver injury in PISZ patients when liver disease
is notably absent in PISS individuals [28,51]. However, the risk
of liver disease in PISZ individuals is likely to be less than the risk
in PIZZ individuals. PISZ individuals may also be at risk of adult
emphysema. Over 100 other rare mutations in the a1AT gene
have been described [2]. Some of these gene products yield a
normal M result on the phenotype test but, when present in the
heterozygous state with a Z allele, can accumulate within the
liver and have been associated with liver disease [40,41]. Such
patients are usually recognized by a profoundly low a1AT level
in peripheral blood that is not in keeping with the phenotype
result.

Related conditions

There are reports of liver diseases associated with the intracellu-
lar accumulation of other proteins. A familial fibrinogen storage
disease associated with plasma deficiency and with autosomal
dominant inheritance has been described in a few kindreds 
in Europe and Japan. The condition is associated with chronic 
liver disease varying from modest biochemical abnormalities to
cirrhosis. Light microscopy reveals pale, faintly eosinophilic
inclusions in the hepatocytes that are weakly PAS positive, 
representing dilated ER membranes similar to those of a1AT
deficiency [52]. A similar, but less well-defined condition is plasma
deficiency of α1-antichymotrypsin [53]. α1-Antichymotrypsin
is a member of the serine protease inhibitor (serpin) family,
which also includes a1AT. The neutrophil enzyme cathepsin G is
the primary target of α1-antichymotrypsin. A familial hetero-
zygous deficiency of α1-antichymotrypsin has been described
associated with decreased plasma α1-antichymotrypsin and liver
disease of variable clinical severity. Hepatocytes may exhibit
immunoreactive α1-antichymotrypsin inclusions, although fur-
ther details of the pathophysiology and genetics of this condition
are still being investigated.
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Introduction

Cystic fibrosis is an autosomal recessive disease characterized 
by abnormal electrolyte transport in the epithelial cells of many
organs. Affecting one in every 2400 live births in the United
Kingdom, it is one of the most common genetic diseases in the
Caucasian population [1]. The disease is due to a mutation in
the gene for the cystic fibrosis transmembrane conductance 
regulator (CFTR), a membrane protein that functions as an
anion channel in the epithelial cells of the airway, pancreas,
intestine, biliary tract, sweat ducts and vas deferens.

In the past, the liver involvement in cystic fibrosis (CF) 
was eclipsed by the pulmonary manifestations of the disease,
which led to early mortality in the majority of patients. While
pulmonary complications still account for the greatest mortal-
ity, better treatments have led to an improved life expectancy,
resulting in an increased recognition of hepatobiliary disease. 
In fact, hepatobiliary complications are now the second leading
cause of death in CF. The identification of cystic fibrosis-associated
liver disease (CFALD) continues to be difficult because, while it
is progressive, the liver involvement is often asymptomatic until
the appearance of endstage complications.

Role of CFTR in liver function

The gene for cystic fibrosis was discovered in 1989 by Riordan
and colleagues [2]. Located on the long arm of chromosome 7,
the gene contains 250 000 bp with 27 exons and encodes a
polypeptide product of 1480 amino acids. The protein product
of the CF gene belongs to a family of proteins known as 
adenosine triphosphate (ATP)-binding cassette (ABC) proteins,
which all contain transmembrane sequences and hydrolyse ATP
for activation. CFTR contains two domains, capable of spanning
the membrane six times, separated by regulatory cytoplasmic
domains consisting of two consensus nucleotide binding folds
(NBF) with an intervening segment rich in phosphorylation
sites assumed to be a regulatory domain. It is now well estab-
lished that CFTR functions as a cAMP-dependent chloride
channel in the apical membrane of secretory epithelia.

In the human liver, CFTR is located on the apical (luminal)
membrane of bile duct epithelial cells known as cholangiocytes
[3]. It is not expressed in hepatocytes or other cells of the liver. 
In cholangiocytes, CFTR appears to play an important role in
bile formation through the regulated transport of Cl–. While the
factors regulating biliary secretion have not been fully eluci-
dated, one accepted model involves the hormone secretin acting
through receptors on the basolateral membrane to increase
cAMP levels and CFTR activity [4]. Under normal conditions,
cAMP-dependent protein kinase A (PKA) phosphorylates CFTR
causing channel opening and efflux of Cl– ions. Chloride efflux
through CFTR is likely to function in parallel with Cl–/HCO3

–

exchange to transport Cl– and HCO3
– into the lumen (Fig. 1).

Alternatively, HCO3
– may enter the lumen through a separate

conductive pathway or through Cl– channels including CFTR
[5], although definitive studies in biliary epithelium are lacking.
Water secretion into the bile duct lumen occurs through aqua-
porin proteins also located on the apical membrane of biliary
duct cells. Thus, bile becomes more alkaline and more dilute as it
traverses the bile duct.

Notably, most patients with CF do not develop clinically
significant liver disease despite abnormal or absent biliary CFTR,
suggesting that other secretory pathways are functional. In 
fact, several other anion channels in cholangiocytes have been
identified, including Ca2+-activated [6,7], volume-stimulated
[8], G-protein/voltage-gated [9] and those linked to purinergic
receptor stimulation [10,11] (Fig. 1). The functional significance
of these alternative Cl– channels, including regulation and con-
tribution to biliary secretion, is largely unknown. Preliminary
evidence suggests that these channels are regulated indepen-
dently of CFTR. Additionally, in other secretory cells, the level of
expression of Cl– channels other than CFTR is an important
determinant of organ-level disease in CF. In the CF mouse
model, for example, increased Ca2+-activated Cl– channel
expression in respiratory epithelium is associated with mild pul-
monary disease [12]. Interestingly, in isolated cholangiocytes,
the current density of the Ca2+-activated Cl– conductance is two-
to fourfold greater than the cAMP-activated Cl– conductance
[13,14]. Additionally, recent evidence suggests that basolateral
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K+ channels are important for normal secretion and work in
parallel with apical Cl– channels to provide the continued driv-
ing force for Cl– efflux. Both human and rat bile duct epithelial
cells express a small conductance Ca2+-activated K+ channel 
that appears to be an important regulator of secretion [14].
Consequently, these channels offer a potential site for regulation
of secretion by cAMP-independent pathways and for pharma-

cological therapy of cystic fibrosis, and are therefore an exciting
area of investigation.

In addition to hormones, such as secretin, acting on basolat-
eral receptors, luminal factors, such as bile acids and ATP, also
work as agonists to stimulate secretion. It has been shown that
cholangiocytes take up bile acids from the lumen via an apical
sodium-dependent bile acid transporter (ASBT) on the apical
membrane [15]. In isolated cholangiocytes as well as intact 
biliary epithelial models, bile acids stimulate secretion, possibly
through effects on Ca2+-activated Cl– channels [16,17]. Thus,
luminal bile acids may have important regulatory effects on
cholangiocyte secretion and bile flow. Other luminal factors
shown to regulate cholangiocyte secretion include ATP and
other nucleotides [10,18]. Both hepatocytes and cholangiocytes
release ATP into bile where it is capable of binding to P2 recep-
tors on the apical membrane of duct cells stimulating secretion
[11,19,20]. It is interesting to note that this process takes place
even in the absence of CFTR, suggesting that Cl– secretion by
purinergic receptor stimulation may be a therapeutic target to
overcome the Cl– secretory defect associated with CF [21]. The
role of ATP and other nucleotides in the regulation of normal
bile secretion as well as therapeutic agents in CF requires further
study.

Pathogenesis

There are now over 1300 recognized mutations of the CFTR
gene (CF Mutation Database, http://www.genet.sickkids.un.ca/
cftr/). The various CFTR gene mutations are classified into five
classes according to their effect on CFTR protein function 
(Fig. 2) [22]. Although specific gene mutations have been associ-
ated with the severity of pancreatic involvement, there is no 
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Fig. 1 Model of biliary epithelial secretion. Stimulation of basolateral
receptors by secretin results in increases in cAMP and stimulation of 
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–

and water secretion leads to alkalinization and dilution of bile. Other Cl–

channels, including volume-sensitive, G-protein and Ca2+-activated, have
been identified in cholangiocytes. Luminal factors, such as bile acids and
ATP, are also regulators of secretion. ATP and other extracellular nucleotides
stimulate secretion by binding to membrane P2 receptors, while bile acids
are taken up by apical bile acid transporters (ASBT) and increase secretion
possibly by stimulation of Ca2+-activated Cl– channels. A small conductance
Ca2+-activated K+ channel (SK2) has been identified in the basolateral
membrane and may work in parallel with apical Cl– channels to
hyperpolarize the membrane and provide the driving force for continued
secretion. CFTR, cystic fibrosis transmembrane conductance regulator; AQP,
aquaporin; P2, purinergic receptor; ASBT, apical sodium-dependent bile
acid transporter; SK2, small conductance Ca2+-activated potassium channel.
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Mature
CFTR

DNA RNA

V
I II

IV

III

Fig. 2 Classes of CFTR mutations: (I) early stop codons resulting in no CFTR
protein; (II) abnormal CFTR trafficking resulting in degradation in the
endoplasmic reticulum; (III) mature CFTR protein is refractory to normal
activation; (IV) CFTR activated normally, but with reduction in single-channel
conductance; (V) splice site mutations resulting in decreased full-length
mRNA and a decrease in functional CFTR at the apical membrane. ER,
endoplasmic reticulum.
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correlation between specific genotype and clinically detectable
liver disease in patients with CF [23,24]. However, patients with
liver disease usually have at least one severe mutation [25].

How a defective or absent CFTR protein in biliary epithelial
cells leads to the manifestation of CFALD in a subset of patients
is still unknown. One theory is that the thickened inspissated
bile duct secretions lead to bile duct plugging and the sub-
sequent manifestations of obstructive cholestatic liver disease.
Ultimately, this can progress to fibrosis and cirrhosis. The thick-
ened secretions may be a result of defective Cl– or HCO3

– trans-
port, abnormal Na+ reabsorption, altered mucin production or
an abnormal bile acid pool. The bile duct plugging and/or cellu-
lar injury may result in the release of inflammatory mediators
and the activation of stellate cells [26]. This in turn may lead to
collagen deposition, progressive fibrosis and, ultimately, cirrho-
sis. There are many steps in this proposed model where modifier
genes may play a role and, hence, this may explain some of the
heterogeneity in the manifestation of CFALD.

Risk factors and modifiers

Male sex

A preponderance of male patients has been described in all 
age groups of patients with CF and liver disease. Given the
reported survival advantage for males with CF [27], it is unclear
whether male sex is indeed a risk factor or represents an over-
representation in the study population.

HLA type

A possible immune contribution to the pathogenesis of hepato-
biliary injury in CF is suggested by the finding of certain HLA
type associations with the development of liver disease. In a 
multicentre study by Duthie et al. [28], DQ6 was found in 66%
of patients with CFALD, but in only 33% of CF patients without
liver disease, while DR15 and B7 were significant markers for
liver disease with portal hypertension in males only. The role 
of modifiers of the immune response in relationship to the
development of liver disease requires further exploration.

Meconium ileus

Several studies have suggested that a history of meconium ileus
as an infant is a risk factor for the subsequent development 
of liver disease [29,30]. In recent studies, Colombo et al. [29]
reported an approximate sixfold increase in the development of
liver disease in those infants with a history of meconium ileus.
However, other studies have failed to find such an association,
and the majority of patients with CF and significant liver disease
do not have a history of meconium ileus [31]. Zielenski et al.
[32] have described a gene locus that modulates the severity 
of the gastrointestinal disease and the presence of meconium
ileus in humans; however, a specific candidate gene and protein

product have not been identified. Whether this locus is associated
with a possible gene involved in the development of liver disease
is only speculative. Other genes involved in liver and biliary 
tract disease, including other ion channels and transporters, will
need to be examined for a possible role(s) in modifying disease
expression.

Prevalence and manifestations

As there is no universally accepted definition of what constitutes
CFALD, the true incidence and prevalence are unknown.
However, several prospective studies have been conducted in
different populations. A prospective study by Gaskin et al. found
multilobular cirrhosis (defined by clinical, biochemical and
imaging studies) in 13% of patients [33], while a study by
Linblad et al. demonstrated abnormal biochemical markers 
suggestive of liver disease in approximately 25% of children,
with 10% having significant fibrosis or cirrhosis on liver biopsy
[34]. A more recent study by Colombo et al. followed 177 CF
patients up to a median of 14 years and significant liver disease
(defined as hepatomegaly, persistent elevation of at least two
liver enzymes and abnormal ultrasound features of the liver)
developed in ~ 27% of patients [25]. Liver disease may manifest
in several distinct presentations, including neonatal cholestasis,
hepatic steatosis, focal biliary cirrhosis and multilobular cirr-
hosis (Table 1).

Neonatal cholestasis

This may occur frequently in newborns with CF. Studies by Roy
and colleagues described cholestasis or hepatomegaly in 35% of
infants within the first month of life [35]. Additionally, autopsy
data have revealed histological evidence of obstructive cholesta-
sis in 38% of patients under 3 years of age with CF [36]. Several
factors may contribute to prolonged cholestasis in the newborn
including intestinal surgery, parental nutrition and sepsis. 
The natural history of cholestasis in the newborn is unclear.
Conflicting reports exist, with some studies demonstrating an
increased incidence of significant cirrhotic liver disease in
infants with a history of neonatal cholestasis, while other studies
do not demonstrate such an association [33].

Table 1 Liver and biliary complications of cystic fibrosis.

Condition % Affected

Hepatomegaly 30

Hepatic steatosis 20–60

Neonatal cholestasis 2–38

Focal biliary cirrhosis 10–72

Multilobular cirrhosis 7–20

Cholelithiasis 1–10

Microgallbladder 20–30
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Hepatic steatosis

This is characterized histologically by fat infiltration of hepatic
parenchymal cells and clinically suggested by a large but soft
liver upon palpation. Imaging studies, either ultrasound or
computerized tomographic (CT) scan, reveal a liver with fat
infiltration. The cause of hepatic steatosis is unknown; however,
it has been suggested that steatosis may result from the effect of
circulating cytokines on hepatic fatty acid oxidation. Hepatic
steatosis has been associated with deficiencies in trace elements,
essential fatty acids, diabetes and ethanol use. This lesion may
resolve with correction of trace mineral, vitamin or fatty acid
deficiencies and optimizing nutritional status. While this lesion
is felt to be benign and non-progressive, the recent interest in
non-alcoholic steatohepatitis (NASH) as a cause of cirrhosis in
adults may lead to a reappraisal of this belief.

Focal biliary cirrhosis

This is characterized by focal areas of cholestasis with bile 
duct plugging and proliferation. The bile duct plugging by
eosinophilic material is in fact considered a pathognomonic
lesion in CF. The prevalence of focal biliary cirrhosis can only be
established by autopsy data as the lesion is defined by histolo-
gical criteria and the clinical manifestations may be silent. Focal
biliary cirrhosis was identified in 10% of infants who died in the
first 3 months of life, in 27% who died after the first year and in
72% of adults [36,37].

Multilobular cirrhosis

This is characterized histologically by extensive portal fibrosis,
although often with intervening areas of preserved hepatic tis-
sue. Upon examination, a hard and multilobulated liver suggests
the diagnosis. Prospective studies have suggested prevalence
rates between 7% and 17% [29,33,38]. It is interesting to note
that the majority of patients identified with significant fibrosis in
most series were under the age of 14 years. Multilobular cirrhosis
rarely results in liver synthetic failure but rather manifests 
with complications related to portal hypertension. These com-
plications, such as oesophageal varices, ascites, encephalopathy,
fatigue, splenomegaly and coagulopathy, may lead to significant
morbidity and mortality in these patients.

Biliary tract abnormalities

These are common in CF. A small (micro) or absent gallbladder
is found in 20–30% of patients with CF [35]. How an abnormal
or absent CFTR protein in biliary epithelium leads to this mani-
festation is unknown, but it suggests a role for CFTR in normal
gallbladder development. Cholelithiasis occurs in 1–10% of
patients with CF [38,39] and, being largely composed of calcium
bilirubinate, these stones are resistant to dissolution therapy by
bile acids.

Diagnosis

It is important to note that, at present, there are no established
criteria for the diagnosis of CFALD. The diagnosis rests on a
constellation of abnormal findings, including (i) biochemical
analysis, (ii) liver examination and (iii) radiographic (ultrasound)
studies. Presently, the two most common clinical scenarios to
suggest the presence of CFALD are elevated liver enzymes upon
routine screening and/or an abnormal liver on physical examina-
tion. Either of these findings should therefore prompt further
evaluation.

The CF Foundation Hepatobiliary Disease Consensus
Guidelines recommend that serum liver enzymes be obtained on
a yearly basis [40]. These should include serum bilirubin, alka-
line phosphatase, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT). If any of these values is greater than 
1.5 times the upper limit of normal for age, it has been recom-
mended that the test should be repeated at shorter intervals (3–6
months). Fluctuations in the values of these tests are quite com-
mon in CF. However, very high levels (greater than three times
normal) or levels persistently elevated on two or more occasions
should prompt further evaluation, including tests of liver syn-
thetic function (prothrombin time, albumin, ammonia level).
Other causes of liver enzyme elevation (such as medication, 
toxins, infection, gallstones, etc.) as well as other liver diseases
such as biliary atresia, alpha-1-antitrypsin deficiency, auto-
immune hepatitis, etc.) should be excluded.

A careful physical examination of the liver should be 
performed at every visit with special attention to the span, 
consistency and liver edge. Hepatomegaly is the most import-
ant finding to suggest liver involvement in CF and is found 
in ~ 30% of patients [29,33,34]. However, cor pulmonale or 
right heart failure may also lead to congestive hepatopathy and
hepatomegaly and should always be considered in the patient
with chronic lung or heart disease. Additionally, lung hyper-
expansion may lead to downward displacement of the liver edge
creating the false impression of hepatomegaly. A small and hard
liver suggests cirrhosis. An abnormal physical examination should
always prompt further evaluation.

Several recent studies suggest that ultrasound may be useful 
in establishing the diagnosis of CFALD as well as following the
progression of disease. A prospective study by Lenaerts et al. [41]
of 106 patients with CF demonstrated abnormal ultrasound
findings in 18%, while a study by Williams et al. [42] revealed
abnormal findings in 23% of patients undergoing yearly 
ultrasound examinations. The majority of abnormal findings
consisted of a heterogeneous and/or a nodular parenchyma.
Interestingly, in both studies, there was a disparity between
ultrasound findings and serum liver enzyme levels, with many
patients having normal enzyme levels at the time of abnormal
ultrasound findings. While these studies suggest that abnormal
ultrasound findings may aid in the diagnosis of CFALD, the true
sensitivity and specificity of this test remains to be determined.
Ultrasound is clearly beneficial in the individual patient to
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exclude biliary tract abnormalities including gallstones, bile
duct obstruction or stenosis.

The role of liver biopsy in the evaluation of CFALD is still 
controversial. Arguments for include the ability to define the
predominant lesion as well as to exclude other causes of liver 
disease. Arguments against include the recognized risk of 
sampling error due to the heterogeneous distribution of 
liver lesions, the feeling that there is no need to make a rapid
diagnosis as there is no definitive treatment that has been 
shown to alter outcome, and patients may be at higher risk 
of complications including pneumothorax (due to lung hyper-
expansion) and bleeding (due to dilated hepatic veins in the face
of cor pulmonale). Presently, there are no established recom-
mendations regarding the role of liver biopsy in the diagnosis of
CFALD.

Given the difficulty in the diagnosis of liver disease in CF, sen-
sitive and specific serum markers to detect liver injury have been
sought. Glutathione S-transferase B1 [43], high-molecular-mass
alkaline phosphatase [44] and serum hyaluronic acid [45],
markers of hepatic injury and inflammation, have been shown
to be elevated in subsets of CF patients with liver disease, while
collagen VI [46], collagen IV, tissue inhibitor of matrix metallo-
proteinase (TIMP-1) [47] and serum prolyl hydroxylase [48],
markers of liver fibrosis, have been shown to be increased in a
small number of CF patients with liver disease compared with
those without. The use of these serum markers of liver injury,
inflammation and fibrosis requires further study to determine
their usefulness in screening programmes.

Treatment

The treatment of CFALD is largely supportive as no definitive
therapy shown to alter outcome exists. Optimizing nutritional
status, avoidance of liver toxic drugs and possibly UDCA therapy
remain the cornerstones of the treatment regimen.

Nutrition

An important component of the management of liver disease 
in CF is optimizing the nutritional state. Overall energy intake
requirements may exceed daily recommendations by 20–40%,
because of the increased caloric expenditure from chronic lung
disease and the increased oxygen consumption associated with
cholestasis [49]. Intake of protein should not be restricted in
children with CF unless decompensated hepatic failure with
encephalopathy is present. To promote intestinal absorption of
dietary lipid, infants with cholestasis may require formulas con-
taining medium-chain triglyceride (MCT). Fat-soluble vitamin
deficiency is common in CF patients, and monitoring of vitamin
status is even more important in the presence of liver disease
than in the patient with CF who has pancreatic insufficiency
alone [50,51]. The importance of correcting nutritional para-
meters is demonstrated by the improvement in hepatic steatosis
observed in some patients. In fact, in some patients with 

malnutrition, optimizing nutritional status, correcting trace ele-
ment and mineral deficiencies and compliance with pancreatic
enzyme replacement therapy are associated with resolution of
the steatosis.

Ursodeoxycholic acid (UDCA)

While no therapy has yet been shown to alter the course of pro-
gression to cirrhosis in CF, UDCA has been shown to improve
bile flow and biochemical parameters of liver injury. UDCA 
may have several mechanisms of action, including improving
bile acid-dependent bile flow [52], enrichment of hydrophilic
bile acids in the bile acid pool [53], ATP release and purinergic-
stimulated increases in secretion [54], a cytoprotective effect
[53], stimulation of biliary bicarbonate and Cl– secretion [17]
and immunomodulatory effects [55]. Interestingly, a recent
study examining bile acid profiles in CF patients found a higher
level of endogenous biliary UDCA in CF patients without liver
disease compared with those with CFALD [56]. The authors
suggest that the elevated UDCA in CF patients without liver 
disease may play a possible protective role.

Several trials of UDCA in paediatric patients with CF liver 
disease have shown significant improvement in biochemical
markers of liver injury [57–59], although several studies suggest
that higher doses (20 mg/kg/day) of UDCA may be necessary 
in the treatment of CFALD compared with other cholestatic
liver disorders [60]. In addition to improvement in liver blood
tests in CF liver disease, radionuclide hepatobiliary scintigraphy
documented improved hepatobiliary excretory function after
treatment with 15–20 mg/kg/day UDCA for 10–12 months [52],
and a 10-year prospective study suggested that UDCA treatment
might improve the ultrasound appearance of the liver [61]. In an
uncontrolled study of 10 patients with CFALD, UDCA therapy
for 2 years improved liver histology, with less inflammation and
bile duct proliferation, in seven [62]. Lastly, improved nutri-
tional status of patients with CFALD has been demonstrated
after UDCA therapy. Long-term therapy with UDCA has been
associated with increases in serum essential fatty acid, retinol
and vitamin E levels [63,64]. Despite the improved biochemical,
imaging studies and perhaps histological data, definitive data
demonstrating that UDCA alters the natural course of liver 
disease in patients with CF are lacking. Nonetheless, the Cystic
Fibrosis Foundation Hepatobiliary Disease Consensus Group
recommended that it is ‘prudent’ to use UDCA in CF patients
with evidence of liver disease [40]. Long-term studies demon-
strating the effectiveness, optimum dosage and length of treat-
ment are needed.

Endstage CFALD

It is unusual for CFALD to manifest as acute liver failure; rather,
the endstages of the disease are manifested by the complications
related to portal hypertension (gastrointestinal bleeding, hyper-
splenism, ascites). Surgical portosystemic shunt and transjugular
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portosystemic shunt (TIPS) procedures may be indicated for the
management of portal hypertension [65]. In a series by Debray
et al. [66], elective surgical portosystemic shunt was performed
successfully in patients without severe lung disease, allowing 
for prolonged survival. The efficacy of β-receptor antagonist
therapy, as a prophylactic regimen to avoid variceal bleeding,
has not been carefully evaluated in CF because of the possible
effects of these agents on airway reactivity. Consideration should
be given to liver transplantation in patients with life-threatening
complications of portal hypertension. Special attention to 
pulmonary status, bacterial infection and colonization, and
nutritional support is essential in these patients. Overall, patient
and graft survival in CF appears to be similar to liver transplan-
tation for other indications [67,68].
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16.5 Human hereditary porphyrias
Elisabeth Irene Minder and Xiaoye Schneider-Yin

Introduction

Porphyrias are inborn errors of porphyrin biosynthesis whose
endproduct is haem (Fig. 1). Porphyrin synthesis takes place in
all organs, particularly in bone marrow and the liver. Porphyrias
are marked by acute abdominal colics and/or photosensitivity.
Porphyrias characterized by acute crises are called acute (hep-
atic) porphyrias as opposed to the non-acute porphyrias that
comprise hepatic as well as erythropoietic forms [1,2].

Acute porphyrias

The acute porphyric crisis

Acute porphyric crises are seen in the following four porphyrias,
listed according to their prevalence: acute intermittent porphyria
(AIP), porphyria variegata (PV), hereditary coproporphyria
(HC) and aminolaevulinic acid (ALA) dehydratase deficiency
(ALAD deficiency). Initial symptoms are abdominal pain,
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crampy and diffuse belt-like in the midriff and upper abdomen,
with nausea, vomiting and constipation, lasting more than half 
a day, often several days. Additionally, or in place of abdominal
pain, some patients complain of back pain and pain in the prox-
imal muscle groups of the extremities. No signs of peritoneal
irritation are seen. Abdominal X-rays show minimal fluid levels,
sometimes coprostasis. The patients suffer from insomnia and
irritability that eventually precede the abdominal symptoms. On
physical examination tachycardia and hypertension are found.
Some patients mention a dark urine. But darkening of urine may
become noticeable only after it has been standing awhile. A pro-
nounced hyponatraemia is frequently seen, while urine is highly
concentrated. In the Accident and Emergency Department,
hyponatraemia might not be present initially but only develops
later on [3]. Fever, leucocytosis and other signs of infection are
rarely seen unless a secondary disorder is present that triggered
the porphyria attack. In young women, such porphyria crises
often start in the last week before menstruation and disappear
on the second day of their menses. Prepubertal children are
rarely affected. Abdominal pain can subside spontaneously, or –
specifically after the intake of certain drugs – neuronal damage
can progress to motor neuropathy, hyper-, dys- and hypaesthesia,
epileptic seizures and loss of consciousness. In progressive motor
neuropathy, tetraplegia with paralysis of respiratory muscles
may develop, requiring artificial ventilation. These symptoms
can be confused with those of Guillain–Barré syndrome, partic-
ularly as high protein levels in the cerebrospinal fluid (CSF) may
be present [4]. Individual cases have been described in which

quadriplegia developed within hours after seeming improve-
ment of the abdominal symptoms [5]. The central nervous 
system can be involved (although infrequently) with magnetic
resonance imaging (MRI) lesions similar to those in multiple
sclerosis and limited to the white matter. Most probably, they
are of vascular origin [6]. Epileptic seizures are seen in about 
5% of cases [7,8]. Rarely, they are the first or only symptoms 
of acute porphyria [9]. In addition to the neurological damage,
life-threatening cardiac arrhythmias may develop. Prognostic-
ally negative signs are low muscle strength, bulbar paralysis,
impaired consciousness, hyponatraemia and mechanical ven-
tilation [10].

Diagnosis of an acute porphyria is best established during the
first days of an acute crisis by urinary ALA and porphobilinogen
(PBG) (Table 1). Their levels are at least fivefold, more fre-
quently 10- to 20-fold, above the upper limit of normal
[1,2,11,12]. Their quantification in a spot urine instead of a 24-h
urine speeds up the availability of results. Most qualitative emer-
gency tests for porphobilinogen are suitable only to exclude a
porphyria attack because of frequent false-positive results. All
three frequent acute porphyrias (AIP, PV and HC) show
increased levels of both ALA and PBG, while the rare ALAD
deficiency and lead poisoning, which blocks several enzymes of
porphyrin synthesis, leads to elevated ALA only. Urinary uro-
porphyrin and coproporphyrin (~ 90% isomer III) are strongly
increased in the three frequent acute porphyrias. In rare ALAD
deficiency and in lead poisoning, mainly coproporphyrin III is
elevated.

Table 1 Synopsis of the relatively frequent porphyrias.

ALAD deficiency AIP CEP PCT HC PV EPP

Clinical Photosensitivity None None Ulcers and Blisters and Blisters and Blisters and Burning pain

symptoms mutilations fragility fragility fragility

Abdominal pain Present Present None None Present Present None

Urine ALA ↑↑a ↑↑a Normal Normal–↑ ↑↑a ↑↑a Normal

PBG Normala ↑↑a Normal Normal ↑↑a ↑↑a Normal

Uro Normala ↑↑ ↑↑a ↑↑a ↑↑ ↑↑ Normal

Intermediaries Normala ↑ ↑↑a ↑↑a ↑ ↑ Normal

Copro I ↑a ↑ ↑↑a Normal–↑ ↑ ↑ Normal

Copro III ↑↑a ↑↑ ↑a Normal ↑↑ ↑↑ Normal

Faeces Copro I Normal–(↑) Normal (↑)a (↑) Normal

Copro III Normal–(↑) Normal ↑↑a ↑↑ Normal

Copro III/I ratio < 2 < 2 > 2a > 2 < 2

Proto Normal–(↑) Normal Normal ↑↑ ↑

Erythrocytes Uro, Copro ↑↑a Normal

Proto ↑ ↑↑a

Additional tests HMBS activity ↓a Isomer separationa Isocoproporphyrina Plasma scana

aThe diagnostic tests most significant for each porphyria.

ALAD, aminolaevulinate dehydratase; AIP, acute intermittent porphyria; CEP, congenital erythropoietic porphyria; PCT, porphyria cutanea tarda; HC, hereditary

coproporphyria; PV, porphyria variegata; EPP, erythropoietic protoporphyria; Uro, uroporphyrin. Intermediaries: heptacarboxy-, hexacarboxy- and

pentacarboxyporphyrins. Copro, coproporphyrin; Proto, protoporphyrin IX; HMBS, hydroxymethylbilane synthase.
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Diagnosis of recurrent crises
As porphyria patients may excrete increased ALA, PBG and 
porphyrins in urine during asymptomatic periods, increased
urinary levels of these metabolites do not prove an acute crisis per
se. An increase in ALA and particularly PBG relative to a basal
level in a latent phase may ensue. More reliable is the judgement 
of the patient as he or she knows ‘his/her’ porphyria symptoms
and can distinguish them from non-porphyria-related symp-
toms. The objective symptoms, hypertension, tachycardia and
hyponatraemia, support diagnosis. Porphyria patients may 
suffer from other intra-abdominal disorders, which must be
excluded.

Treatment of an acute crisis
• All non-essential drugs should be stopped. Essential pharma-
ceuticals should be evaluated for safety. We recommend two
databases, the Scandinavian list (http://www.drugs-porphyria.org/)
and the South African list (http://web.uct.ac.za/depts/porphyria/
common/common%20index.htm). In a life-threatening situa-
tion, any life-saving drug, irrespective of safety, must be applied.
Patients with acute porphyria react only with several days’ delay
on an unsafe drug. Thus, there is sufficient time for treatment if
a life-saving drug triggers or deteriorates a porphyria attack.
• Sufficient pain relief must be introduced, opiates (e.g. mor-
phine) alone or combined with chlorpromazine (up to 75 mg
intravenous per 24 h) or levomepromazine.
• Carbohydrate supply must be sufficient (200 g/day), either
parenteral or by frequent peroral intake of sweetened drinks.
• In hospitalized patients, early treatment with haem is indicated
[haem arginate (Normosang®) or panhaematin], particularly in
constant vomiting [13]. Early treatment with haem is imperative
when signs of motor neuropathy are present in order to forestall
longlasting convalescence. Haem is administered at a dose of
3–5 mg/kg body weight in a short infusion once every 24 h for
4–5 days. Haem infusions may cause phlebitis. Mixing haem
with 4% or 20% albumin solution improves compatibility. The
vene should be rinsed with physiological saline. Patients who are
often treated with haem need a Port-a-Cath.
• Haem treatment eliminates pain within 2–3 days [14]. When
patients already suffer from established neurological impair-
ment, reversal of symptoms is slower and requires months. After
severe attacks, residual neurological impairment of the extre-
mities often remains.

Prevention of porphyria crisis

Prophylactic measures include: avoiding unsafe drugs, includ-
ing non-regulated substances; no fasting, regular intake of 
carbohydrates; no hormones or hormonal contraceptives; and
no alcohol excesses.

We recommend testing the direct blood relatives [1,2,15], as
50% of them will be at risk. The advantage of diagnosing a latent
carrier is to implement preventive measures and rapidly to start
treatment in case of an attack.

Frequently recurrent and chronic porphyria
crises

About 10% of symptomatic porphyria patients experience
recurrent attacks or develop chronic symptoms [5]. In frequ-
ently recurrent attacks, we try to reduce the haem infusions to
one or two doses per attack under adequate analgesia. All precip-
itating factors, including psychological stress situations, should
be rigorously eliminated. Regular premenstrual attacks may be
controlled by a minidose contraceptive [16]. The patient must
be aware of possible deterioration requiring immediate discon-
tinuation of the hormone therapy. Luteinizing hormone releas-
ing hormone (LHRH) antagonists can be tried with low-dose
percutaneous estrogens added after a few months to avoid late
damage such as osteoporosis. If the patient does not respond or
if the pain becomes chronic, one dose of haem per week can be
tried to keep the patient free of pain. In patients whose symp-
toms no longer respond to haem, liver transplantation might be
considered [17,18].

Inheritance mode and penetrance

AIP, PV and HC are autosomal dominant disorders with irregu-
lar penetrance, as only some of the heterozygous carriers are
affected. Females are more often symptomatic than males. Overt
disease is frequent in known AIP families [19–21]. Silent AIP
mutation carriers are comparatively frequent within the normal
population [22]. The familial clustering of overt disease suggests
that other genetic factor(s) affect(s) the outbreak of AIP [23].

Pathogenesis

The acute porphyria crisis is triggered by increased demand for
hepatic haem, e.g. by xenobiotics inducing the synthesis of haem
containing cytochrome P-450. As a result, intracellular free haem
concentration decreases to a level that no longer inhibits the ini-
tial and rate-limiting enzyme of haem synthesis, ALA synthase
(ALAS). The partial deficiency of an intermediary enzyme, as in
the case of acute porphyrias, impedes the process of ALA being
metabolized to the physiological endproduct haem, which com-
pounds the drug-induced haem deficiency and leads to a further
derepression of ALAS.

All symptoms of a porphyria attack are due to neuronal dam-
age [4]. Abdominal colics with constipation and subileus as well
as tachycardia and hypertension are explained by damage to the
autonomous nervous system. The motor neuropathy is char-
acterized by axonal damage, demyelinization and chromatolysis 
of the motoneurons. Haem deficiency or ALA toxicity is con-
sidered as the most likely offending factor causing porphyric
neuropathy. The hypothesis of haem deficiency is endorsed by 
a recently constructed knockout mouse model [24,25]. The
hypothesis of ALA toxicity is based on clinical observations: ALA
is increased in all forms of acute porphyria but in none of the
non-acute porphyrias. It is also increased in tyrosinaemia and
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lead intoxication, which are both characterized by symptoms
similar to acute porphyrias. The hypothesis of ALA toxicity was
recently enforced by a study in a rare homozygous AIP case [26].
Nonetheless, even prolonged application of high-dose ALA did
not cause any harm to a volunteer.

Primary liver cell carcinoma

AIP, PV and HC carry a risk of primary liver cell carcinoma
[27,28]. In women, the relative rate was 110, in men 19. Sym-
ptomatic as well as asymptomatic mutation carriers are afflicted.
A prospective study in patients older than 55 years shows an 
incidence of ~ 10% in 10 years. Yearly imaging detected the early
stages resulting in improved patient survival [29].

Acute intermittent porphyria 
(AIP; OMIM 176‘000)

AIP is based on a 50% reduced activity of HMBS, the third
enzyme in haem biosynthesis (Fig. 1). So far, more than 230 dif-
ferent mutations, mostly family specific, have been described
[30]. Some studies postulate a dependence of penetrance rate on
the genotype [12,19]. In several countries, one single mutation
with high frequency indicated a ‘founder effect’ [20,31–34]. In
one case the ‘founder’ was estimated to have lived 40 generations
ago. Other repeatedly occurring mutations have been identified
as ‘mutation hotspots’ [35].

AIP can be differentiated from other acute porphyrias by 
a decreased erythrocytic HMBS activity, with both sensitivity
and specificity of 94% [20]. False low values might result from
improper handling of samples. AIP patients can show false 
normal values in the acute stage [36] due to decreased lifespan 
of erythrocytes. If the mutation is in exon 1 of the HMBS gene,
which affects only the hepatic enzyme, the erythrocytic HMBS
activity will remain normal [37]. Faecal porphyrins are normal
or only slightly elevated, and the ratio of coproporphyrin III to
coproporphyrin I is < 2 in AIP but > 2 in PV and HC [1,36].
Investigation of the HMBS gene identifies the underlying muta-
tion in 95% of the cases, providing the basis for family screening.

Porphyria variegata (PV; OMIM 176‘200)

PV is characterized by a 50% reduced activity of protopor-
phyrinogen oxidase, the second last enzyme in haem synthesis
(Fig. 1). Besides acute porphyria attacks, photosensitivity may
be a symptom in PV (see the section on Photosensitivity below,
also Plate 16.5.1, facing p. 1268). Twenty per cent of afflicted 
persons present with acute symptoms only, 58% with skin
symptoms only and the rest with both [38].

In patients with only photosensitivity, PV can be differentiated
only biochemically from other porphyrias (Table 1). Specific
plasma fluorescence with an emission maximum at 626 nm [39]
is of higher sensitivity than the faecal porphyrin analysis [40].
Molecular investigation of the protoporphyrinogen oxidase
gene is required for family screening, as biochemical analyses are

not sensitive enough to detect all latent mutation carriers. Over
100 mutations of protoporphyrinogen oxidase are published
[30]. The long-known South African founder effect has been
confirmed by a specific mutation (R59W) [41].

Hereditary coproporphyria 
(HC; OMIM 121‘300)

The affected enzyme in HC is coproporphyrinogen oxidase, the
third last enzyme in haem synthesis (Fig. 1). Patients suffering
from HC can develop acute attacks, photosensitivity or both.
HC seems to be the most benign of the three acute porphyrias.
HC, like the other acute porphyrias, is diagnosed on the basis of
greatly increased porphyrin precursors (ALA and PBG) during
the acute attack.

Biochemically, it differs from the other porphyrias by elevated
faecal coproporphyrin, a coproporphyrin III to I ratio of > 2 and
a normal faecal protoporphyrin. An isolated increase in copro-
porphyrins in urine is rarely due to HC but, rather, a secondary
interference in porphyrin synthesis, e.g. by alcohol, stress or
enzyme-inducing drugs [42]. The identification of a mutation 
in the coproporphyrinogen oxidase gene enables the search for
latent carriers among relatives. Thirty-seven mutations of the
coproporphyrinogen oxidase gene are known [36]. HC pene-
trance might be modulated by a variable expression of the non-
mutated allele [43].

Aminolaevulinic acid dehydratase deficiency
(ALAD; OMIM 125‘270)

This rare porphyria is caused by a homozygous, homo- or 
heteroallelic defect in the second enzyme of haem synthesis,
ALA dehydratase [44] (Fig. 1) with a residual activity below 5%.
Symptoms start mostly at birth or in early childhood. Because of
the rarity of the disorder – so far only five cases have been pub-
lished – its description is not comprehensive. ALAD deficiency
patients can experience acute porphyria attacks that respond 
to haem. This form can be differentiated from the other acute
porphyrias by the typical urinary porphyrin excretion pattern
(see section on The acute porphyric crisis above). An identical
urinary porphyrin pattern is seen in lead poisoning. Lead 
poisoning greatly reduces ALAD activity, which (in contrast to
ALAD deficiency) can be reactivated by preincubation with an
SH group reagent prior to activity assay [45]. Seven mutations 
of the ALAD gene have been described [30]. Counselling is re-
commended in affected families as the risk for disease among
siblings is 25% and the course of the disorder is often severe with
extensive neurological damage and early death.

Non-acute porphyrias

Photosensitivity

Photosensitivity caused by accumulated fluorescent porphyrins
leads to skin damage which is limited to light-exposed areas.
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Light-induced general symptoms such as headaches, nausea and
weakness are not caused by porphyria. Daylight, especially sun-
light, is the trigger. Artificial light does not induce symptoms,
except for highly energy-rich sources such as operating lamps,
which can cause severe damage in certain porphyria forms [46].
The damaging wavelength (in the visible range at 404 nm) is not
filtered out by normal glass or UV-blocking sunscreens. Hence,
they do not protect from skin damage.

Photosensitivity occurs in two forms. One is an acute, severely
painful photodermatosis resulting from short light exposure
(5–30 min) and lasting for several days. It is characteristic for
erythropoietic protoporphyria (EPP), but also occurs in some
cases of congenital erythropoietic porphyria (CEP). The other
form is characterized by blisters of 1–2 cm diameter accompan-
ied by a fragile skin (see Plate 16.5.1, facing p. 1268). The fluid-
filled blisters appear hours or days after light exposure. They
heal slowly and leave scars. It is typical of porphyria cutanea
tarda (PCT), PV and HC. In the most severe porphyrias, CEP,
hepatoerythropoietic porphyria (HEP) and the rare homozy-
gous forms of PV and HC, blisters progress to chronic infected
ulcers that lead to mutilated fingers, nose and ears.

Therapy of photosensitivity
Light exposure must be avoided. Protection is afforded in 
closed rooms, perhaps darkened when sun enters directly, light-
impermeable clothing, covering the face and wearing gloves. 
In less severe sensitivity, light-reflecting sunscreen lotions and
foil on windowpanes that absorbs in the critical range of 404 nm
to mitigate the symptoms might be sufficient.

Betacarotene is given in EPP and eventually in homozygous
porphyrias [47]. It produces a reddish-brown skin pigmentation,
functions as a radical scavenger and thus minimizes the negative
effects of fluorescent porphyrins. The dosage depends on the
blood level, which should be at 600–800 µg/dL (11–15 µmol/L).

Porphyria cutanea tarda (PCT type 1, OMIM
176‘090; PCT type 2, 176‘100)

PCT is the most prevalent porphyria. The fourth enzyme in
haem biosynthesis, uroporphyrinogen decarboxylase, is affected
(Fig. 1). Overproduction of metabolic intermediaries occurs 
in the liver. PCT is seen in three forms. The most frequent is a
sporadic form (type 1) with an enzyme defect limited to the liver.
Type 2 is familial based on a heterozygous mutation of uropor-
phyrinogen decarboxylase with reduced enzyme activity in ery-
throcytes. Thirdly, a familial form is described with maintained
enzyme activity in erythrocytes (type 3). In the familial form, 
65 mutations have been described [30], while the sporadic 
form is considered to be acquired. The disorder starts mainly in
the second half of life, in women after menopause [48], but
childhood onset is possible. Triggering factors are liver damage,
specifically haemosiderosis of the liver, alcohol excesses, chronic
hepatitis C and, in women, estrogens. A strong association of
PCT with heterozygous and homozygous HFE mutations has
been described in several populations [49,50].

Characteristic symptoms are blisters and fragile skin, which
are identical to those of other porphyrias. To differentiate PCT
from PV, HC and late-onset forms of CEP, biochemical investiga-
tions of urine and faeces, eventually plasma scanning, are neces-
sary. The most important laboratory findings are a typical urine
porphyrin pattern and isocoproporphyrin in faeces [51]. Plasma
scanning might show a peak at 620 nm but none at 626 nm. CEP,
whose late-onset form can imitate PCT, shows a similar urinary
pattern with prominent I isomers of all porphyrins.

Treatment of PCT
Triggering factors must be eliminated, particularly alcohol 
consumption and, in women, estrogens which (if indispensable)
can be replaced by low-dose percutaneous administration that
bypasses the first liver passage [52]. The affected skin areas have
to be light protected. Excess liver iron, particularly in a case with
homozygous HFE mutation, should be eliminated by phle-
botomy until the clinical symptoms disappear or a slight iron
anaemia occurs [53]. If bleeding is contraindicated, low-dose
chloroquine therapy (2 × 125 mg/week) is recommended.
Higher dose chloroquine therapies can provoke acute liver 
failure in PCT patients [54]. Both treatments require several
months before clinical success. Recurrence of symptoms after
years is possible and requires renewed therapy. PCT was posit-
ively influenced by interferon treatment in cases with hepatitis 
C as trigger, although patients with hepatitis C and PCT respond
less to interferon than those without PCT [55].

Congenital erythropoietic porphyria 
(CEP; OMIM 263’700)

In contrast to the porphyrias mentioned above, CEP is reces-
sively inherited. So far, only a few hundred patients are known.
It is caused by a homozygous or compound heterozygous defect
of uroporphyrinogen III synthase, the third enzyme in haem
biosynthesis (Fig. 1). As the accumulated intermediate hydroxy-
methylbilane cyclizes non-enzymatically to form the physio-
logically no longer utilizable uroporphyrinogen I, this disorder
is marked by excessive levels of porphyrin I isomers. As the next
enzyme in the synthetic pathway – uroporphyrinogen decar-
boxylase – is not isomer specific, heptacarboxy-, hexacarboxy-,
pentacarboxyporphyrin I, which are some of the intermediary
products of uroporphyrinogen decarboxylase, as well as copro-
porphyrin I, one of the final products of the enzyme, accumu-
late. The excessive production of porphyrin intermediaries takes
place primarily in the bone marrow.

CEP often manifests at birth or even prenatally. But late-onset
forms [56] might be more common than previously thought as,
in the 7-million Swiss population, four cases of molecular genet-
ically confirmed CEP are known, of whom two patients showed
symptoms only in adolescence (E. Minder, unpublished).
Without determination of porphyrin isomers, these cases may
be falsely diagnosed as PCT.

The early childhood symptomatic CEP runs a severe course.
Haemolytic complications can occur prenatally. Postpartum,
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these infants can show a haemolytic anaemia with icterus. Early
diagnosis can be suspected as their porphyrin-rich urine colours
the napkins red. Phototherapy ordered because of the neonatal
icterus can lead to extensive and lethal skin burns [57]. Without
complete protection from light, i.e. living exclusively in dark-
ened rooms, extensive and chronic skin ulcers develop over the
years that lead to severe mutilation. Different degrees of anae-
mia are seen that are caused by ineffective erythropoiesis and
haemolysis. Survival rate in severe cases is limited, but bone
marrow transplant can result in a complete cure [58]. Various
symptomatic treatments have been described. Enteral absorp-
tion of the porphyrins by high-dose charcoal, successful else-
where, was ineffective in one of our patients [59,60]. Inhibition
of erythyropoiesis by transfusion (target level for haemoglobin 
> 12 g/100 mL) and simultaneous application of hydroxyurea is
probably more effective [61].

Molecular genetic evaluation is of some prognostic value as 
a genotype–phenotype correlation has been described [62]. On
the contrary, cases with highly divergent clinical pictures but
identical molecular defects have been published [63].

Erythropoietic protoporphyria 
(EPP; OMIM 177’000)

The enzyme affected in EPP is ferrochelatase (FECH), which
catalyses the last step in haem synthesis (Fig. 1). EPP is char-
acterized by an extremely painful photodermatosis, similar to
burn pain. If the patient does not withdraw from light, a severe
attack develops with pale skin swelling, often accompanied by
impairment of the general condition. These painful attacks last
for days and can be alleviated to some extent with cold packs
and/or painkillers. After severe attacks, sun sensitivity is in-
creased for prolonged periods.

First manifestations usually occur in early childhood, only
rarely after 8 years of age. In spring, the symptoms are aggra-
vated because of the sun’s increasing irradiance. Improvement is
often noticed in pregnant females [64]. As a complication, acute
liver failure develops in 2–5% of patients [65].

Diagnosis is based on increased erythrocytic free protopor-
phyrin, in our experience always exceeding 6 µmol/L (338 µg/
100 mL) (reference < 0.2 µmol/L). Further, EPP patients present
with a slight normo- to microcytic anaemia with low serum 
iron and ferritin, suggesting iron deficiency. Nevertheless, iron
substitution tends to worsen the symptoms of EPP patients 
(E. Minder, unpublished) but may be of benefit in particular 
situations [66].

In EPP, a heterozygous mutation of FECH is present, while
most of the mutation carriers are asymptomatic. EPP is usually
addressed as autosomal dominant with irregular penetrance,
but the term ‘pseudorecessive’ would be a better description.
Siblings are at 25% risk of disease while the preceding and the
following generation are mostly free of symptoms [67]. Further,
FECH residual activity in asymptomatic mutation carriers is
50%, whereas in EPP patients, it is 30–40%. The molecular 

reason for this genetic constellation is a low expressed second
allele in addition to the mutated FECH allele in EPP patients,
while this second allele is normally expressed in asymptomatic
mutation carriers [68,69]. As a basis for the lowered expression,
a polymorphism localized in intron 3 was found (IVS3-48t→c),
leading partially to aberrant mRNA splicing, a premature stop
codon of the alternative splice products that are not translated
into an active protein. This constellation occurs in 97% of non-
consanguineous EPP patients. The remaining 3% are mostly
recessive forms of homozygote or compound heterozygous
mutations with comparatively high residual activity for at least
one of the mutated alleles [70].

Therapy
Avoidance of painful attacks through protection from light
exposure is essential. Intake of betacarotene or, alternatively,
cysteine works only in some EPP patients. Light exposure train-
ing with initially minimal dosage might improve light tolerance,
but it is rarely endured by patients with high erythrocytic proto-
porphyrin (> 30 µmol/L) in our experience.

Liver affections due to protoporphyria
EPP patients with a null allele mutation or with a recessive form
are at increased risk of protoporphyrin-induced liver failure
[71,72]. Exogenous liver-toxic factors eventually contribute to it
[73], as not all patients with null allele mutations develop liver
complications.

Bile salts can be tried to augment the biliary protoporphyrin
secretion. Liver transplantation may be unavoidable, although
this does not cure the metabolic disorder, and protoporphyrin-
induced liver damage can recur in the transplant [74].

Rare homozygous forms and mixed
forms of known heterozygous
porphyrias

A few cases of homozygous variants of the above-mentioned
heterozygous porphyrias have been described. Homozygous
hetero- or homoallelic AIP manifests at birth or within the first
two years of life [26] with psychomotor retardation and variable
additional neurological symptoms. The diagnosis is based on
elevated urinary ALA, PBG and porphyrins and a low residual
erythrocytic HMBS activity. Three of six cases published died
within the first decade of life.

Homozygous PV is marked by photosensitivity starting in the
first two years of life and variable symptoms (mental retarda-
tion, convulsions, skeletal abnormalities, growth retardation and
peripheral neuropathy) [75]. There is no correlation between
genotype and severity of the non-cutaneous manifestations [76].

Homozygous HC occurs in two forms, harderoporphyria and
homozygous HC [77,78]. Harderoporphyria seems to be caused
by mutations in amino acids 401–404 of coproporphyrinogen
oxidase. This localization apparently inhibits the second decar-
boxylation step in the conversion of coproporphyrinogen to
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protoporphyrinogen, producing harderoporphyrin, which is ex-
creted as tricarboxylated porphyrin in faeces. Harderoporphyria
is characterized by neonatal haemolytic anaemia and partially by
skin symptoms.

The hepatoerythropoietic porphyria is the homozygous form
of familial PCT [79]. The clinical symptoms, its course and the
variability are comparable to CEP.

Mixed forms are called ‘dual porphyrias’, in which PCT is
combined with one of the acute porphyrias: PCT and AIP, PCT
and PV, or PCT and HC. Dual porphyrias are suspected on 
the basis of porphyrin patterns that represent a mixture of the
two forms involved. Confirmation of the diagnosis requires an
enzymatic and/or a molecular genetic proof of the two porph-
yria forms.
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Introduction

Jaundice or icterus denotes a yellow discoloration of eyes and
skin caused by the accumulation of bilirubin. To the old Greek,
‘ikteros’ was a yellow oriole (genus Icterus), and it was thought
that, by gazing at this bird a jaundiced patient could transfer his
yellow colour to the bird. Unfortunately, therapy of jaundice is
not as simple as that. First of all, therapy very much depends on
the diagnosis. Of all probabilities, an adult patient with jaundice
has the greatest chance of having a bile duct obstructed by 
a stone or a tumour. In the second place comes liver disease 
with, as first possibility, acute viral hepatitis and drug-induced
cholestasis. Decompensated liver cirrhosis, primary biliary cir-
rhosis, primary sclerosing cholangitis and genetic diseases are
less frequent. Severe haemolysis can also cause jaundice but, in
this case, the yellow tinge is usually lighter than the dark yellow
colour of patients with liver disease. Neonatal jaundice and
Gilbert syndrome are also frequent causes of jaundice. In the
case of Gilbert syndrome, the jaundice is not severe and variable.
In neonatal jaundice, haemolysis and in Gilbert syndrome, the
jaundice is caused by unconjugated bilirubin; in the case of 
bile duct obstruction or liver disease, bilirubin is predominantly
conjugated.

Bilirubin is the breakdown product of haem. It is a linear
molecule that is formed by the oxidative opening of the α-
methene bridge at the IX position of the haem tetrapyrrole ring
structure. This is catalysed by the microsomal enzyme haem
oxygenase. The immediate product of this reaction is biliverdin
IXα, which is converted to bilirubin IXα by biliverdin reductase.
With the opening of the ring structure, one molecule of iron and
one molecule of carbon monoxide are released per molecule of
biliverdin. Traditionally, bilirubin is regarded as a waste product
formed in the spleen and the reticuloendothelial system.
Recently, it has become clear that bilirubin may serve a useful
biological function. As a reducing agent, bilirubin protects cells
against oxidative stress [1]. Although most bilirubin is formed in
the spleen, all tissues are able to produce bilirubin and, in these
tissues, not just the endothelial cells and macrophages but 
also parenchymal cells produce low amounts of bilirubin. The

enzymes responsible for biliverdin production are the haem
oxygenases. There are two forms of haem oxygenase: the in-
ducible endoplasmic reticulum (ER) enzyme haem oxygenase I
(HO-1 or heat shock protein, HSP-32) and haem oxygenase II,
an enzyme that is constitutively expressed in mitochondria of
brain, testes, endothelium, liver, distal nephron and gut [2].

In the circulation, bilirubin is bound to albumin. Free
unbound bilirubin is taken up in the liver across the basolateral
or sinusoidal membrane. In human liver, this uptake is partly
mediated by OATP-C, a member of the solute carrier family 
of membrane transport proteins [3]. Bilirubin, to some extent,
may also be taken up by passive diffusion. In hepatocytes, 
bilirubin is bound to cytosolic binding proteins such as ligan-
din. Water-insoluble bilirubin is conjugated by microsomal 
UDP-glucuronosyltransferase UGT1A1 to the water-soluble
monoglucuronide and diglucuronide [4]. These molecules are
secreted into bile. This is mediated by the canalicular transport
protein MRP2 [5], a member of the ATP-binding cassette (ABC)
transport proteins. With bile, the bilirubin conjugates move to
the lumen of the intestine where they are deconjugated and
degraded by the intestinal microflora to a series of colourless
urobilinogens and yellow urobilins, the urobilinoids. A fraction
of these is reabsorbed to be resecreted into bile and urine. The
remaining metabolites are excreted with the faeces.

Genetic and acquired causes of reduced secretion, conjuga-
tion, uptake or overproduction are underlying causes of 
hyperbilirubinaemia or jaundice. For practical purposes, it is
important to realize that, on the basis of haemolysis, total serum
bilirubin seldom rises above 100–150 µmol/L (6–9 mg/dL) [6].
Higher values indicate liver disease, bile duct obstruction or
conjugation defects.

Clinical chemistry

Automated methods for the determination of unconjugated 
and conjugated bilirubin are still based on the traditional diazo
reaction developed in the early 1950s. In this reaction, the dia-
zonium salt of sulphanilic acid reacts directly with conjugated
bilirubin to form dipyrrolic azopigments that can be measured
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photometrically. Unconjugated bilirubin only reacts with the
diazo reagent in the presence of a so-called reaction accelerator,
alcohol or caffeine. This is the basis of the Hijmans van den
Bergh reaction. ‘Direct’ bilirubin is a measure of conjugated
bilirubin, and ‘indirect’ bilirubin is a measure of unconjugated
bilirubin. Indirect bilirubin is the value obtained by subtracting
‘direct’ (without accelerator) from ‘total’ bilirubin (with accel-
erator). Although this is by far the most popular method of mea-
suring bilirubin, it is not very accurate. Thus, although Gilbert
syndrome is a form of unconjugated hyperbilirubinaemia, a 
low percentage of ‘direct’ bilirubin at moderately elevated levels
of total bilirubin does not exclude Gilbert syndrome. Other
methods have been developed that measure bilirubin and its
various conjugates more accurately. High-performance liquid
chromatography (HPLC) is both sensitive and specific. With
this technique, one not only measures unconjugated bilirubin,
the mono- and the diglucuronide, but also other sugar conjugates
such as mono- and diglucoside conjugates, mixed glucuronide/
glucoside conjugates and degradation products [7,8]. For daily
practice, this technique is too difficult. As free unconjugated
bilirubin is toxic to the brain, particularly in neonates, tests 
have been developed to measure this in serum. Some of these
tests depend on the peroxidation of free unbound bilirubin.
However, none of these tests is really satisfactory and they are
seldom used. When dealing with bilirubin, it is important to
realize that bilirubin is light sensitive. Upon standing in a lighted
room, it is rapidly degraded.

Haemolysis in neonates can be assessed accurately by measur-
ing carbon monoxide in respiratory air by gas chromatography
or by measuring carboxyhaemoglobin in blood [9,10]. For mon-
itoring bilirubin levels in neonates, transcutaneous bilirubi-
nometry by reflectance spectrophotometry is useful as it obviates
the need for frequent blood sampling [11].

Before radiological or endoscopic diagnosis of bile duct
obstruction became popular, the clinician was dependent on
laboratory tests. The complete absence of urinary urobilin in a
jaundiced patient is an indication of total bile duct obstruction
with complete interruption of the enterohepatic cycle. No
bilirubin conjugates reach the intestine under these conditions
and therefore no urobilin is produced. In haemolytic states,
there is a more intense enterohepatic cycling with increased
amounts of urobilin in the urine.

Is bilirubin toxic or beneficial?

In neonates, bilirubin is toxic to the brain. When the concentra-
tion of unconjugated bilirubin in plasma exceeds the binding
capacity of albumin, or when bilirubin bound to albumin is
replaced by drugs, free bilirubin can traverse the blood–brain
barrier to accumulate in the basal nuclei. This will cause 
kernicterus, an irreversible condition characterized by severe
mental and motor disability. The nature of bilirubin toxicity 
is incompletely understood. By perturbing the mitochondrial
membrane, bilirubin may impair the mitochondrial redox

potential and inhibit oxidative phosphorylation [12–14].
Bilirubin may also induce apoptosis [14,15]. Kernicterus is 
particularly feared in immature neonates with severe neonatal
jaundice. However, it can also occur in adults. This is rare and
has only been observed in patients with Crigler–Najjar syn-
drome [16]. There is no evidence for any toxicity of conjugated
bilirubin.

Current evidence indicates that unconjugated bilirubin in 
low concentration may be beneficial. Bilirubin itself is rapidly
oxidized and therefore is a powerful antioxidant [17]. Because 
of this capacity, it may protect cells against oxidative stress [18].
Oxidative stress has been recognized to play a role in a great
number of inflammatory and metabolic diseases and in carcino-
genesis. Proof for a possible beneficial role of bilirubin comes
from epidemiological and experimental studies. Epidemiological
data show an inverse relation between serum bilirubin levels and
the incidence of cardiovascular disease (in men) and colorectal
cancer; experimental data have provided evidence for a protective
role of bilirubin in protection against ischaemic–reperfusion
injury in heart and small bowel transplantation [19–24]. Bilirubin
also appears to protect against oxidative stress-associated injury
in inflammatory bowel disease [25]. These findings have led to
attempts to decrease ischaemia–reperfusion injury and postmy-
ocardial infarction tissue damage by the therapeutic delivery of
the haem oxygenase I gene [26,27]. Induction of HO-1 in liver 
or kidney grafts before transplantation resulted in prolonged
survival of recipient rats [28,29]. HO-1 constitutes a triple
bonus: it converts and detoxifies pro-oxidant haem, and it pro-
duces antioxidant bilirubin and carbon monoxide, which has
vasodilatory properties at low concentration.

Conjugation

UDP-glucuronosyltransferases (UGTs) in the ER of hepatocytes
belong to a family of enzymes that catalyse the conjugation 
of endobiotics and drugs with glucuronic acid. The UGT 
superfamily belongs to group II biotransformation enzymes.
Conjugation converts lipophilic agents into more hydrophilic
compounds that are secreted via urine or bile. Conjugation also
inactivates drugs and detoxifies toxins. The UGT superfamily
consists of three enzyme families, UGT1, UGT2 and UGT8.
UGT1 is a complex gene on chromosome 2q37 with 13 different
unique exons encoding the N-terminal domain of at least nine
UGT1A enzyme proteins. The N-terminal domain confers sub-
strate specificity to the enzyme. During transcription, these dif-
ferent exon 1s are spliced to exons 2–5, which encode a common
carboxy-terminal domain. This domain contains the UDP-
glucuronic acid binding site and a membrane-spanning domain.
UGT1A1 is the bilirubin-conjugating enzyme [30]. This enzyme
is also active towards 17α-ethinylestradiol, irinotecan, PhiP (a
heterocyclic amine in the diet), paracetamol and other phenols
[31,32]. Absence of UGT1A1 activity causes jaundice but does
not lead to untoward sensitivity for paracetamol intoxication.
This is due to the fact that at least three members of the UGT1
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family are active towards paracetamol [33]. Although UGT1A1
has some activity in extrahepatic tissues, its main activity is in
the liver. A variable expression of UGT1A1 was found in gastric
mucosa and the small intestine [34,35]. Rat and dog kidneys, 
but not human kidneys, display some glucuronidation activity
towards bilirubin [36].

Promoter polymorphisms have been shown to affect enzyme
activity. The most prevalent of these is a TATAA box polymor-
phism. The UGT1A1 promoter region contains a TATAA 
box that normally contains six TA repeats with (TA)6TAA as
general structure. A prolonged (TA)7TAA box is associated 
with decreased enzyme activity [37,38]. UGT1A1 genes with a
(TA)8TAA box or a (TA)5TAA box encode fewer and more
active enzymes respectively [39]. Patients with Gilbert syn-
drome are homozygous for the (TA)7TAA allele. UGT1A1 with
the (TA)7TAA promoter allele is called UGT1A1*28.

Regulation of UGT1A1

UGT1A1 expression is regulated by the nuclear hormone 
receptors PXR (pregnane X receptor) and CAR (constitutive
androstane receptor) [40,41]. These transcription factors have 
a major role in protection against adverse side-effects of 
drugs. Upon exposure to appropriate ligands, they activate the
expression of a number of cytochrome P-450 enzymes, UDP-
glucuronosyltransferases and canalicular and basolateral ABC
transporters. Rifampicin, ritonavir and clotrimazole are PXR 
ligands and potent stimulators of UGT1A1 expression in human
hepatocytes. Phenobarbital and phenytoin are CAR ligands; they
also stimulate UGT1A1 in human hepatocytes, but to a lesser
extent.

Hepatic transport

Free unbound bilirubin is taken up from the circulation into
hepatocytes (Fig. 1). Albumin does not enter these cells. In
humans, the uptake of bilirubin is mainly mediated by OATP2
[3]. This protein is a member of the solute carrier (SLCs) 
family of proteins. They mediate uptake from blood to liver by
facilitated diffusion. Electroneutrality is maintained by counter-
transport of negatively charged ions.

In the liver, bilirubin is bound to a binding protein called 
ligandin. This protein has a double function; it is also a glu-
tathione transferase [42]. How bilirubin is transported within
hepatocytes is not clear. Bilirubin is conjugated in the ER.
Circumstantial evidence indicates that, after conjugation, the
reaction products are released at the inside of the ER channel.
How the conjugates travel from the ER lumen to the canalicular
membrane is unclear.

MRP2 (ABCC2) is an ATP-dependent transport protein that
mediates the transport of bilirubin conjugates from hepatocyte
to bile [43–45]. It is a multispecific organic anion transporter
(hence its original name cMOAT) that transports a great num-
ber of organic anions. Unconjugated bilirubin is not a substrate
for this transporter; bilirubin needs to be conjugated before 
it can be secreted into bile. The transporter accepts mono- 
and diconjugated bilirubin as substrate without preference. 
In the intestine, conjugated bilirubin is deconjugated by β-
glucuronidase and is then converted to urobilinoids.

The nuclear hormone receptors PXR and CAR play important
roles in the upregulation of MRP2 and MRP3 expression. Thus,
these factors not only regulate bilirubin glucuronidation by
upregulating UGT1A1 expression, they also stimulate the efflux
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Fig. 1 Bilirubin metabolism in liver and
intestine. PC, phosphatidylcholine; BA, bile
acids; Chol, cholesterol.
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of bilirubin conjugates across the canalicular membrane by
MRP2 or, in the case of bile duct obstruction, by MRP3 
across the basolateral membrane [40,41,46]. Mrp3 mRNA 
and protein expression in the livers and kidneys of Gunn rats
and Mrp2-deficient EHBR rats and the livers of patients with
Dubin–Johnson syndrome is enhanced [47–50]. These are 
models of unconjugated and conjugated hyperbilirubinaemia
respectively. This suggests that unconjugated and conjugated
bilirubin may induce the expression of Mrp3. However, direct
evidence is lacking as infusion of unconjugated bilirubin in rats
failed to induce Mrp3 protein expression despite an induced
Mrp3 mRNA.

Physiological jaundice

Unconjugated hyperbilirubinaemia is a physiological phe-
nomenon in the first days after birth. The cause of this physio-
logical jaundice is a combination of increased breakdown of fetal
haemoglobin and a not yet fully developed conjugation capacity.
Excessive neonatal jaundice may occur in premature or imma-
ture babies. Treatment is by phototherapy and, when more
severe, by exchange transfusion [51–53]. Indications for pho-
totherapy and exchange transfusion depend on a combination
of immaturity/prematurity, age and serum bilirubin values
[53,54]. Under the influence of light, unconjugated 4Z,15Z
bilirubin in the capillaries of the skin converts to water-soluble
isomers that are mainly secreted via the bile. Lumirubin
(4E,15Z-cyclobilirubin), the main isomer, is unstable and par-
tially reverts back to 4Z,15Z bilirubin, which can be reabsorbed
in the gut. Oral administration of bilirubin binding agents when
combined with phototherapy makes phototherapy more effec-
tive [55]. This is of particular interest in genetic defects (see
below) where phototherapy has to be administered chronically.

Prolonged neonatal jaundice during breast milk feeding is
called breastfeeding jaundice and seems to be caused by an
increased enterohepatic circulation of bilirubin. Bilirubin 
conjugates are secreted by the liver and hydrolysed by 
β-glucuronidase in the intestine. Unconjugated bilirubin is 
reabsorbed. Concurrent with this theory is the outcome of 
a recent trial in which it was shown that administration of the 
β-glucuronidase inhibitor L-aspartate ameliorated the jaundice
[56].

Neonatal jaundice with very high serum bilirubin levels can
occur in combination with glucose-6-phosphate dehydrogenase
deficiency and Gilbert syndrome or a combination of the two
[57].

Genetic defects

Crigler–Najjar syndrome is caused by an autosomal recessive
deficiency of UGT1A1. A complete gene defect resulting from
gene deletions, premature stop codons, splice site and single
nucleotide mutations is the cause of Crigler–Najjar syndrome
type 1. Single nucleotide mutations that leave the phenobarbital

induction of the gene intact result in Crigler–Najjar syndrome
type 2 [58].

The first manifestations of this disease are apparent in the
postneonatal period. Jaundice persists after the expected episode
of physiological neonatal jaundice. In the first year of life, there
are no foolproof tests to differentiate Crigler–Najjar syndrome
type 1 and type 2. In the first year, the phenobarbital response is
often unconvincing. Immediate start of phototherapy or, when
jaundice is severe, exchange transfusion is necessary to keep 
the serum bilirubin level within safe limits (< 340 µmol/L; 
< 20 mg/dL). Drugs that displace bilirubin from albumin should
be avoided. Acidosis decreases the affinity of albumin for biliru-
bin and should therefore be corrected as soon as possible. MARS
dialysis has the potential to decrease serum bilirubin levels, but
its efficacy for this condition needs to be proven. Kernicterus is a
severe and irreversible condition that can cause mental and
motor disabilities. Phototherapy sessions of at least 12 h per day
are necessary. During adolescence, phototherapy becomes less
efficient and socially poorly acceptable. Sooner or later, patients
with Crigler–Najjar syndrome type 1 need a liver transplant [59,60].

The diagnosis of Crigler–Najjar syndrome has to be con-
sidered when unconjugated hyperbilirubinaemia persists. The
diagnosis is usually made on the clinical picture and the persist-
ence of elevated unconjugated bilirubin serum levels. Analysis 
of collected bile may be helpful. In Crigler–Najjar syndrome
type 1, there is an absolute absence of any conjugated bilirubin
in bile, whereas in type 2, mono- and diconjugated bilirubin can
easily be detected. The usual laboratory tests for detection of
direct and indirect bilirubin are not suitable for bile analysis.
The best current method implies HPLC analysis of the bilirubin
conjugates after alkaline methanolysis or thin-layer chromato-
graphy of azopigments after reaction with the diazonium salt 
of ethylanthranilate [7,61]. Liver histology in these patients 
is entirely normal. Gene analysis may be indicated if there is a
wish for future pregnancies in families with a child with
Crigler–Najjar syndrome. If the mutation is established, pre-
natal diagnosis can be done and interruption of pregnancy can
be considered.

The Gunn rat provides an animal model for this disease.
Gunn rats have been the subject of extensive investigations 
on gene therapy and hepatocyte transplantation [62–64]. Hep-
atocyte transplantation has also been carried out in patients 
with Crigler–Najjar syndrome. Results have shown transient
improvement of unconjugated hyperbilirubinaemia [65]. The
results of gene therapy in Gunn rats are encouraging. Crigler–
Najjar syndrome may one day be treated by gene therapy.

Gilbert syndrome affects about 6% of the population. The
prevalence among men exceeds that among women. In western
populations, the UGT1A1 gene TAA(TA)7 promoter defect
(UGT1A1*28 gene) is the dominant genetic cause of Gilbert 
syndrome [38,66]. The UGT1A1*28 variant is present in about
12–16% of the population. Thus, the clinical manifestation of
mild hyperbilirubinaemia (unconjugated bilirubin serum levels
< 120 µmol/L; < 7 mg/dL) shows an incomplete penetrance. In
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Japan, mutations affecting the structural part of the UGT1A1
gene, in particular a G71R mutation, are prevalent and a fre-
quent cause of Gilbert syndrome [67,68].

Patients with Gilbert syndrome have a normal lifespan and do
not need any treatment. The diagnosis rests on a persistence of
mild unconjugated hyperbilirubinaemia that increases upon
fasting. A rise in serum bilirubin levels upon fasting or after
intravenous administration of nicotinic acid is suggestive but
not specific for this condition. Genetic analysis of TATAA box 
or structural gene defects can be done in special cases, as in
unexpectedly high serum bilirubin levels in patients with haem-
olytic disease or patients with liver disease. As explained above,
UGT1A1 is specific for bilirubin conjugation with irinotecan,
17β-estradiol and some antiretroviral drugs as exceptions.
Irinotecan toxicity has been reported in patients with Gilbert
syndrome [69,70]. Patients with Gilbert syndrome on antiretro-
viral therapy are at risk of developing hyperbilirubinaemia [71].
Among the normal population, there appears to be an inverse
relation between serum bilirubin levels and the risk of colorectal
cancer [22]. Therefore, the risk of colorectal cancer in Gilbert
syndrome patients is likely to be decreased. Also, the risk of
endometrial cancer in Gilbert syndrome patients has been
reported to be decreased [72]. Epidemiological data indicate
that men with coronary artery disease have lower serum biliru-
bin levels than their healthy counterparts [73]. However, there is
no evidence that patients with Gilbert syndrome are at lower risk
of developing coronary artery disease [74].

Whether decreased conjugation of bilirubin by itself explains
the jaundice of people with Gilbert syndrome has always been
debated among bilirubin experts. Decreased hepatic uptake or
increased bilirubin production may contribute to the increased
unconjugated bilirubin levels in these patients [10,75]. In new-
borns, combinations of haemolytic diseases such as glucose 
6-phosphate deficiency or β-thalassaemia and Gilbert syndrome
may lead to prolonged neonatal jaundice [76].

Dubin–Johnson syndrome is characterized by an elevated
serum level of conjugated direct-reacting bilirubin. It is caused
by mutations of the MRP2/ABCC2 gene encoding MRP2, the
canalicular transporter of conjugated bilirubin [77,78]. Patients
with this syndrome have a normal life expectancy. No adverse
drug reactions have been associated with this syndrome to 
date. A liver biopsy is helpful in establishing the diagnosis. On
histological examination, a characteristic brownish lysosomal
pigment is seen in an otherwise normal liver [79,80]. With
appropriate antibodies, one can detect a lowered or absent
expression of canalicular MRP2 and an increased basolateral
expression of MRP3 [81]. The urine of these patients contains an
increased proportion of coproporphyrin isomer I against the
background of normal total coproporphyrin [82]. A plasma dis-
appearance curve after injection of bromosulphthalein shows 
a characteristic second rise 45 min after injection of the dye [83].
Because of reported toxicity, this test is not recommended. Animal
models include the TR– rat, Corriedale sheep and golden lion
tamarins [84,85,86].

Rotor syndrome is a very rare condition characterized by mild
conjugated and unconjugated hyperbilirubinaemia. The patho-
genetic mechanism is not well understood. Decreased hepatic
storage of bilirubin has long been considered as the underlying
cause, but a gene has not been identified so far [87,88].

Acquired hyperbilirubinaemia

Jaundice is commonly considered synonymous with acute viral
hepatitis. However, it is clear that any liver disease can cause
jaundice. Conjugated hyperbilirubinaemia signifies a dominant
secretion defect. A mixed type of conjugated and unconjugated
hyperbilirubinaemia is consistent with parenchymatous liver
disease. Cytokine-mediated downregulation of MRP2 expres-
sion is considered as an important underlying mechanism 
for conjugated hyperbilirubinaemia in liver disease [89–91]. 
In most liver diseases, including simple bile duct obstruction,
cytokine-mediated effects are seen, and it is not surprising there-
fore that some degree of conjugated hyperbilirubinaemia is seen
in almost every liver disease.

Elevated levels of conjugated and unconjugated bilirubin are
present in acute viral, toxic or autoimmune hepatitis. In liver
cirrhosis, elevated serum bilirubin levels are a sign of decom-
pensation and have a bad prognosis. The bilirubin level is an
important determinant in the Child–Pugh score and is one of
the components of the MELD score. Also, in primary biliary 
cirrhosis, serum bilirubin levels have prognostic value and are
an important feature in most prognostic models. In general,
once serum bilirubin levels start to rise in patients with primary 
biliary cirrhosis, liver transplantation needs to be considered.
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Liver involvement is seen in several inherited lipidoses. In intra-
cellular lipidosis, the pattern of liver disease reflects the cell type
involved in the disease. Among lysosomal storage disorders,
Gaucher disease and Niemann–Pick type A and B disease are
primarily Kupffer cell lipidoses while cholesterol ester storage
disease and Niemann–Pick type type C disease affect hepato-
cytes as well as Kupffer cells. There have been major break-
throughs in the delineation and treatment of Gaucher disease,
which is considered as a paradigm for the modern manage-
ment of genetic diseases. As patients with Gaucher disease 
may remain undetected during childhood and first present 
to the hepatologist because of an enlarged liver in adult life, 
this topic will be covered extensively in this chapter. In ex-
tracellular lipidosis, a primary genetic defect in the hepatocytes
leads to abnormal intravascular trafficking of lipids, causing
extrahepatic disease that can be associated with hepatic 
steatosis. 

Lysosomal storage disorders

Gaucher disease

Gaucher disease (GD) is an inborn error of glycosphingolipid
metabolism, inherited in an autosomal recessive manner and
caused by deficiency in the lysosomal hydrolase acid β-glucosidase
(glucocerebrosidase, EC 3.2.1.45) [1]. The deficiency in acid β-
glucosidase leads to the widespread accumulation of abnormal
mononuclear phagocytes (Gaucher cells) laden with the enzyme’s
main substrate, glucosylceramide (or glucocerebroside), which
is derived from the degradation of membrane glycosphingolipids
of effete cells. GD is one of the most frequent lysosomal storage
disorders. In the non-Jewish population, the exact gene frequency
is unknown. Some patients remain asymptomatic, and the dis-
ease is often missed and its prevalence therefore underestimated.
Although GD is panethnic, it is the most frequent genetic disease
in the Ashkenazi Jewish population, for which the epidemiolog-
ical data, based on estimated gene frequencies, are more reliable,
with one case per 850 live births. Three major phenotypes of GD
are conventionally distinguished on the basis of the absence

(type 1) or presence and severity (types 2 and 3) of primary 
central nervous system (CNS) lesions.

Type 1 GD
Type 1 GD (OMIM 230800) is by far the most frequent form. By
definition, there is no impairment of the CNS through storage,
and all neurological symptoms observed are secondary to the
systemic complications of the disease. Type 1 GD is a multisys-
tem storage disease, characterized by a great variability in the 
age of onset, clinical signs and course. Patients with type 1 GD
may present in early childhood with major hepatosplenomegaly
associated with anomalies of hepatic function, pancytopenia
and crippling skeletal disease. The infants may die of the compli-
cations of their type 1 GD during the first or second year of life.
In contrast, homozygotes for the p.N370S mutation may come
to light in the ninth decade of life because of the incidental
finding of splenomegaly. Whereas the median age of diagnosis
for homozygotes for the p.N370S mutation is about 30 years,
that for the compound heterozygotes is under 10 years. A few
asymptomatic patients, although authentically deficient in glu-
cocerebrosidase activity, are only diagnosed in the context of a
familial or population study.

The visceral manifestations are explained by the distribution
of Gaucher cells, consisting of macrophages filled with the accu-
mulation of non-degraded substrates (insoluble glycolipids)
and derived from phagocytosis of senescent red and white blood
cells. Gaucher cells are responsible for hepatosplenomegaly and,
sometimes, spleen and/or liver failure, bone marrow replace-
ment, pancytopenia, lung infiltration, a hypermetabolic state
and a skeletal disease of variable seriousness. Asthenia and 
fatigability are constant and seem independent of the existence
of anaemia, but rather to reflect an abnormality of basal
metabolism and cytokine secretion. The usual presentation is
with non-tender splenomegaly, which is present in 90% of
patients and is often associated with cytopenia. The degree of
splenomegaly is highly variable and the absolute size of the
spleen can vary from 300 g to over 10 kg, accounting for 15–25%
of body weight (a normal spleen is about 0.2% of body weight),
distending the entire abdomen. In the course of childhood
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febrile exanthema, splenomegaly may rapidly progress, while
rapid enlargement of the spleen in an adult patient should lead
to suspicion of an associated disorder, for example haematolo-
gical malignancy or immune thrombocytopenia. Acute pain 
of the left hypochondrial area may reflect subcapsular splenic
infarcts. Splenic nodules may represent regions extramedullary
haematopoietic, collections of Gaucher cells or resolving
infarcts.

Hepatomegaly is present in 70% of cases of type 1 GD.
Kupffer cells, which are specialized macrophages, are a site of
constant glycosphingolipid accumulation on biopsy. Hepatocytes
do not manifest overt glycolipid storage, presumably because
there is substantial excretion of glycosylceramide in the bile 
and because the bulk of glycolipid turnover from effete cells is
handled by mononuclear phagocytes. The sparing of the hepato-
cytes is in keeping with a low incidence of severe liver failure.
Liver volumes range from 0.75 to 8 times the normal values 
(a normal liver is 2.5% of body weight) with a median of 1.75.
Hepatic glycosylceramide levels are raised from 20- to 390-fold
above normal, that is, 700 µg/g to 18 mg/g wet weight compared
with normal levels of 30–45 µg/g [2]. Clinical reflection of the
liver’s pathological storage is, however, rare. Abnormalities of
liver function tests, minor elevation of liver enzymes and an
increase in one-stage prothrombin (Quick) time are reported in
50% of cases. The level of serum ferritin may be high although
transferrin saturation is normal. Liver failure and cirrhosis 
with portal hypertension and ascites are rare, occurring in less
than 10% of cases [3]. Portal hypertension can be accentuated 
by compression of the sinusoids by Gaucher cells. Death from
variceal haemorrhage has been reported. 

Thrombocytopenia is the most classic haematological ab-
normality, but remains moderate with a platelet count usually
between 50 000 and 100 000/µL. In the disease, thrombocy-
topenia is frequently caused by splenic sequestration of platelets
and responds to splenectomy. Later and/or in patients having
undergone splenectomy, thrombocytopenia may be explained
by the invasion of bone marrow by Gaucher cells. An acquired
coagulopathy due to deficiency of factor XI is common but 
there is a high incidence of genetic deficiency of factor XI 
among the Ashkenazim. Macrocytic anaemia is classically mod-
erate, but may occasionally be marked. Iron deficiency is also
regularly reported. Bone marrow failure and myelofibrosis due
to displacement of medullary precursors by Gaucher cells is
fairly rare and most frequently observed in splenectomized
patients.

Lymphoproliferative disorders appear more frequently in
patients presenting with GD than in the overall population.
Polyclonal hypergammaglobulinaemia, oligo- and monoclonal
gammopathies and amyloidosis are observed with increased 
frequency. Malignant proliferations, in particular multiple
myeloma, but also chronic lymphoid leukaemia, Hodgkin’s 
disease and non-Hodgkinian lymphomas, have been reported,
in particular among Ashkenazi Jews. It is not known whether
enzyme treatment can prevent their emergence.

Skeletal involvement is frequent (75%) and constitutes the
major complication in terms of morbidity and functional prog-
nosis [4]. Bone lesions are eminently variable, ranging from
osteopenia to marked destructive lesions. In addition to the
chronic pain, severe acute painful episodes, known as bone
crises, secondary to medullary infarction, occur in 20–40% of
patients. The attacks are more frequent in childhood and adoles-
cence. Aseptic necroses of the heads of the femurs and humeri
and vertebral compression fractures are the most frequently
observed destructive bone lesions. In type 1 GD, radiography
shows a decrease in bone mass. The generalized osteopenia is
complicated by pathological fractures. A disorder of bone
remodelling, initially affecting the distal extremity of the femurs
and proximal tibias (Erlenmeyer flask deformation), is the most
characteristic abnormality, but only occurs in 30% of patients.
Sacroiliac osteosclerosis and thinning of cortical bone are also
conventionally described [4]. Dixon quantitative chemical shift
imaging (Dixon QCSI) has recently been shown to be a useful
clinical parameter to assess quantitatively the extent of skeletal
involvement in type 1 GD [5].

Clinically frank pulmonary involvement is rare, but may occur
due to several pathophysiological mechanisms. Potentially fatal
respiratory insufficiency may be due to diffuse infiltration of
Gaucher cells into the alveolar spaces, and perivascular, peri-
bronchial and septal regions, the last of which may give rise to
interstitial fibrosis. A restrictive syndrome, due to pulmonary
compression consecutive to hepatosplenomegaly or kypho-
scoliosis due to vertebral compression fractures, has also been 
documented. Right-to-left shunting as a complication of long-
standing liver disease has been reported. Pulmonary hyperten-
sion is a well-documented complication of GD [6] and has 
been described in the presence of right-to-left shunting [7].
Progression to severe, life-threatening pulmonary hypertension
occurs in the presence of additional genetic factors (non-
p.N370S GBA mutation, positive family history) and epigenetic
modifiers (i.e. asplenia), and splenectomy should be avoided. In
high-risk patients, management requires optimal treatment of
the underlying GD and the addition of vasodilators in the more
severe cases [6].

By definition, there is no primary involvement of the central
nervous system due to the storage process in type 1 GD. A few
rare neurological manifestations have been reported, subse-
quent to secondary complications – in particular fatty emboli 
– in authentic type 1 GD. Signs of bone marrow or nerve root
compression may also be observed following vertebral crush
fractures due to osteonecrosis.

Other manifestations of type 1 Gaucher disease include 
yellow-brown cutaneous pigmentation and a 25% increase 
in the resting energy expenditure, which is associated with
increased basal glucose production.

The course of GD varies widely, with some subjects remaining
asymptomatic up to the age of 70 or 80 years, in contrast to the
sometimes fatal progression in childhood. Several papers have
been published that give information about the natural course of
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the untreated disease. These studies show that the c.1226A→G
homozygotes show minimal progression during adult life [8]
while the clinical manifestations tend to be progressive in the
majority of compound heterozygotes, children as well as adults
[9]. The latter results emphasize the need for a regular follow-up
to enable timely initiation of enzyme therapy. In any case, it is
important to collect the clinical data acquired prior to treatment
initiation and, in particular, age of onset, distribution and sever-
ity of visceral lesions and course of the bone lesions.

Type 2 GD
Type 2 Gaucher disease is the most severe form of the disease. It
is characterized by the presence of early-onset, very rapidly pro-
gressing neurological signs. This variant is very rare, accounting
for less than one case per 500 000 births. A congenital form,
characterized by hydrops fetalis and/or severe cutaneous abnor-
malities, presenting as congenital ichthyosiform erythroderma
[10], has been reported. The central nervous system involve-
ment predominates in type 2 GD with supranuclear horizontal 
oculomotor paralysis, bulbar signs, progressive spasticity and
choreoathetotic movements. Visceral involvement with hep-
atosplenomegaly is also the rule. Children with type 2 GD die
during the first two years of life, in a context of psychomotor
deterioration [11].

Type 3 GD
Type 3 Gaucher disease is rare, with less than one case per 100 000
births, and is characterized by the presence of a later-onset, 
more slowly progressing neurological syndrome than in type 2.
Type 3 GD has sometimes been subdivided into three subtypes.
Type 3A is the phenotype observed in the northern Swedish
region of Norbotten [12], characterized by later onset in adoles-
cence, and slowly progressive neurological impairment, but 
for which the course is very severe, with dementia and ataxia.
Visceral involvement is moderate. Type 3B emerges in early
childhood, with predominantly visceral manifestations that
progress rapidly and result in death due to the complications of
portal or pulmonary hypertension. The neurological involve-
ment is essentially restricted to horizontal supranuclear gaze
palsy. Type 3C is characterized by the existence of early-onset
isolated oculomotor paralysis. Type 3C always seems to be asso-
ciated with the presence of mutation c.1342G→C (D409H) for
one of the alleles. Mitral and aortic cardiac valve involvement
has been reported in homozygous cases of that mutation [13].

Diagnosis of GD
Enzymatic diagnosis is the reference method and is to be system-
atically used to confirm the diagnosis of GD. Acid β-glucosidase
is present in the lysosomes of all tissues, except erythrocytes.
Peripheral blood leukocytes thus normally have marked β-
glucosidase activity. Enzymology enables definitive confirma-
tion of the diagnosis, by evidencing the deficiency in acid 
β-glucosidase activity in leukocytes in cases of GD. However, 
the reference diagnostic method, enzymology, has several 

disadvantages, including the labile nature of enzymatic activity,
which demands analysis of the blood sample within 48 hours. 
In addition, enzymatic assay of β-glucosidase activity is not 
a satisfactory method for screening heterozygotes. While the
leukocytes from heterozygous subjects generally have decreased
enzymatic activity, compared with normal values, there is con-
siderable variability, which prevents a formal conclusion in the
majority of cases. Lastly, enzymatic diagnosis is unable to differ-
entiate the three types of GD.

Ancillary diagnostic markers exploit the increase in various
enzyme activities in the plasma of patients presenting with GD,
particularly tartrate-resistant acid phosphatase (isoenzyme 5B),
the angiotensin-converting enzyme and chitotriosidase [14],
whose levels decline following induction of enzymatic replace-
ment therapy (ERT) and may therefore be of value in the labora-
tory follow-up of treatment. More recently, it has been reported
that in plasma of symptomatic GD patients, the chemokine
CCL18 is elevated, without overlap between patients’ and con-
trol values. Plasma CCL18 concentrations decreased during
therapy, and monitoring of plasma CCL18 levels proved to be
very useful in the determination of therapeutic efficacy, especi-
ally in patients who are deficient in chitotriosidase activity [15].

Molecular diagnosis has the advantage of being qualitative,
using stable DNA samples that can be shipped, and having a cer-
tain prognostic value. In Ashkenazi Jewish populations, a small
number of mutations is involved and the genotype may be
identified for a very high percentage of patients by the analysis 
of five recurrent alleles. A small residual risk of false negatives
cannot, however, be excluded. In contrast, in the overall popula-
tion, the existence of numerous rare alleles restricts diagnosis by
DNA study to those families in which the genotype is known.

Biochemical prenatal diagnosis of GD by determination 
of acid β-glucosidase activity in chorionic villi at 10 weeks of 
pregnancy or in cultured amniotic cells at about 14 weeks of
pregnancy is technically feasible. For ethical reasons, prenatal
diagnosis is usually only suggested in cases of type 2 and type 3
GD. Of note, the presence of at least one p.N370S allele excludes
primary CNS involvement. However, the possibility of intra-
familial phenotype variations complicates genetic counselling.
Moreover, while genotype/phenotype correlations have been
defined, they are not absolute and it is important to take into
account the potential role of the environment, possible modifier
genes and genetic background.

Molecular heterogeneity
Several studies have demonstrated the molecular heterogeneity
of GD and over 200 mutations of the acid β-glucosidase gene
have been described [16]. Among the mutations characterized
in patients presenting with GD, only three have a high fre-
quency. The mutations p.N370S, p.L444P and c.84insG account
for 55%, 20% and 8%, respectively, of the alleles evidenced 
in GD. However, the frequency and distribution of the three
mutations vary with the population studied. Investigation for
the above three mutations in the Ashkenazi population enables
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diagnosis of 93% of the alleles (p.N370S – 77%; p.L444P – 3%;
c.84insG – 13%). However, the three mutations, p.N370S,
p.L444P and c.84insG only account for 70% of all deleterious
alleles in non-Jewish populations. Another group of mutations
includes those known as ‘private’, that is, identified in a single or
small number of families.

Management of GD
Due to the great variability of the GD phenotype, genetic 
counselling and appropriate medical management of patients
are difficult. The clinical phenotype may vary from an asymp-
tomatic course throughout life to cases of extreme severity.
Numerous authors have stressed that there is no correlation
between the residual β-glucosidase activity determined in vitro
using an artificial substrate (4-methylumbelliferyl-glucopyra-
noside) and the clinical severity or type of GD. Mutation analysis
is thus rational, because it is the main prognostic criterion and
enables, to a certain degree, prediction of the type of disease and,
in particular, whether or not neurological involvement will occur.

None of the patients in whom we evidenced the presence of at
least one p.N370S allele presented with neurological involve-
ment [17]. These data confirm those of many authors, who 
have found a strong correlation between the presence of at 
least one copy of the p.N370S allele and type 1 GD [18]. While
heteroallelism for mutation p.N370S enables prediction of 
non-progression towards a neurological form of the disease, 
the associated visceral involvement remains eminently variable.
Genotyping does not enable certain prediction of course,
because, for a given genotype, there is a marked interfamilial
variability in the clinical expression of the disease [19]. Only a
few complementary findings may be outlined. Homozygosity for
mutation c.1226A→G is classically associated with a low-severity
phenotype, or even the absence of clinical manifestations. That
genotype is encountered in most clinically asymptomatic cases,
detected in the course of familial studies. Heteroallelism for
allele p.L444P may be encountered in association with type 1, 2
or 3 GD. The influence of the second allele therefore appears
essential to determining the emergence of neurological involve-
ment. Several studies confirm the classically described associ-
ation between neurological symptoms (GD type 2 or 3) and
homozygosity for allele p.L444P. 

The interfamilial and intrafamilial phenotype variations
observed for a given genotype illustrate the imperfection in
genotype–phenotype correlations [19], the importance of the
genetic background and the value of identifying modifying
genes or environmental factors that may possibly be implicated
in genotype modulation [17]. It appears that genotyping, while
it may yield an orientation, cannot consistently predict the 
associated prognosis.

GD is one of the rare genetic diseases that are amenable to
specific treatment. Enzyme replacement therapy (ERT) [20],
possibly associated with adjuvant treatments [21], is now central
to modern management of GD [22,23]. The aim of ERT is to
achieve reversal of the symptomatic clinical manifestations and

prevent irreversible lesions of the various organs. The current
indications include the presence of symptomatic bone disease,
severe anaemia, a tendency to bleed due to thrombocytopenia
whether or not associated with a coagulopathy, hepatic infiltra-
tion with disorders of liver function, and pulmonary involve-
ment. The choice of the optimum date for treatment initiation
in order to prevent irreversible damage is a key point. Over 3000
patients are receiving treatment worldwide, with a maximum
follow-up of 13 years. The therapeutic results have been the 
subject of several analyses [22]. The response to ERT is generally
excellent, although marked interindividual variability exists
[24]. Persistent hypersplenism and multiple splenic infarctions,
hepatic cirrhosis and pulmonary hypertension are all determin-
ant factors for a poor response.

Patients generally respond well to ERT, irrespective of the
degree of severity of the disease. Patients who are initially very
severely affected respond as well as less severely affected cases
[22]. The majority of patients report rapid resolution of asthenia
and bone and abdominal pain. In patients presenting with 
hepatomegaly, the reduction in liver volume is, on average, 
20% and 30% after 6 and 12 months respectively. In subjects
presenting with major splenomegaly, a 50% reduction in spleen
volume after 12 months may be expected. The alleviation of
organomegaly is frequently particularly marked over the first 6
months of treatment and appears to be more marked in severely
affected patients. However, in patients with advanced cirrhosis,
intensive enzyme therapy, whatever the regimen, fails to amel-
iorate portal hypertension and the risk of life-threatening 
variceal haemorrhage. In anaemic patients, the haemoglobin
level rises to 1.5 g/dL in 6 months and normalizes in 1 year [22].
Thrombocytopenia responds more slowly and 12 months of
replacement therapy are necessary to achieve a twofold increase
in platelet count. Patients initially presenting with severe throm-
bocytopenia (< 30 000 platelets/µL) respond only very slowly,
particularly in the event of major splenomegaly. The haemato-
logical response is better in splenectomized patients [22]. The
results of ERT on bone lesions require longer durations to
become clinically appreciable. While bone pain gradually sub-
sides over 3 months, contributing to the improvement in the
patients’ quality of life [25], a duration of 3 years may be neces-
sary for objective documentation of alleviation of bone involve-
ment, in particular in trabecular and cortical bone. The slow
therapeutic response is perhaps better explained by pre-existing
bone lesions, which should be concomitantly treated with adju-
vants, such as bisphosphonates [21]. The optimum dosing regi-
men (dosage and dosing frequency) for the enzyme is still under
discussion, given the high cost of the therapy, but also taking
into account patients’ quality of life. Dosage should be deter-
mined on an individual basis. The minimal effective dose for the
non-skeletal manifestations of Gaucher disease can be achieved
either by initiating enzyme replacement therapy with a high dose
followed by a stepwise dose reduction or by starting treatment 
at the minimal dose. While the optimum dosing frequency
remains controversial, the analysis of the various published
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studies clearly shows that high dosages are not superior with
respect to improving haematological and clinical parameters
[26]. The therapeutic threshold for macrophage-targeted gluco-
cerebrosidase appears to be 15 IU/kg body weight every 2 weeks.
The response to enzyme therapy should be monitored by follow-
ing symptoms, radiology and laboratory markers of Gaucher
disease. 

There are indications that enzyme therapy may also amelio-
rate some of the neurological features of subacute GD (type 3).
ERT in GD type 2 has not been shown to alter the ultimate 
neurological outcome and its use in these patients is deemed
inappropriate [27].

ERT is usually well tolerated. The main problem related to
alglucerase injections is immediate hypersensitivity reactions.
Antibodies of type IgG (subclasses 1 and 3) against alglucerase
develop in 10–15% of patients treated, about 6 months after the
initiation of treatment. Of those patients, 50% present with pru-
ritus or urticaria on enzyme infusion, without it being necessary
to discontinue treatment. Some patients develop neutralizing
antibodies [28,29]. A small number of seronegative patients, not
responding to ERT, for unknown reasons, have been reported.
Recombinant glucocerebrosidase (imiglucerase) has comparable
efficacy to alglucerase, with less adverse effects.

Splenectomy, formerly indicated for the treatment of severe
anaemia and thrombocytopenia, has become much less widely
indicated since the advent of ERT. The fact that pulmonary and
bone involvement appears to progress more rapidly in splenec-
tomized patients is another argument for rejecting splenectomy.
The current indications for splenectomy are the rare cases in
which splenomegaly seems to be the cause of a poor response to
ERT.

The clinical manifestations of type 1 GD are due to sub-
strate overload of monocyte/macrophage cells. Bone marrow
transplant has therefore been suggested and some patients 
have received a bone marrow transplant successfully (including
decreased organomegaly and improved general condition).
However, several deaths after bone marrow transplant have also
been reported. With the advent of safe and effective ERT, the
indication of bone marrow transplant as the first-line treatment
of type 1 GD now appears extremely limited.

Orthotopic liver transplantation has been claimed to cure
Gaucher disease through microchimaerism between donor
macrophages and lymphocytes in extrahepatic tissues of the
recipient, where these donor-derived cells produce normal
enzyme for uptake by deficient cells [30]. However, unlike other
lysosomal enzymes, endogenous glucocerebrosidase does not
undergo secretion–recapture and therefore, as expected, Gaucher
disease progresses rapidly following transplantation if replace-
ment enzyme is not infused [31]. Thus, the only indications for
orthotopic liver transplantation in Gaucher disease are the rare
patients with cirrhosis and hepatic decompensation.

Substrate reduction therapy has been examined as a means of
reducing tissue GSL (glycosphingolipid) storage by limiting the
amount of the precursor synthesized to a level that can be cleared

by the affected enzyme with residual hydrolytic activity. There are
two classes of GSL synthesis inhibitors: the PDMP (1-phenyl-
2-decanoylamino-3-morpholino-propanol) and N-alkylated
imino sugar analogues. These compounds act on ceramide-
specific glucosyl transferase. Of these compounds, only NB-DNJ
(miglustat) has been through clinical trials [32]. A multicentre
phase I/II open-label study of miglustat to adult patients with
GD type 1 was conducted on a total of 28 subjects. At 12 
months there was a significant mean decrease in liver and spleen
volume from baseline with corresponding modest increases 
in haemoglobin (0.26 g/dL) and platelets (8.3 × 109/L). These
findings were associated with a significant decrease in plasma
chitotriosidase activity (16.4%) [32]. A total of 18 patients con-
tinued to receive miglustat in an extended treatment protocol,
and evaluation at 18 months revealed continued improvement
and/or no signs of clinical GD deterioration. After 3 years of
continuous miglustat treatment, mean reductions in liver and
spleen volume were 17.5% and 29.6%, respectively, with a mean
increase in platelet count of 22 × 109/L and an increase in
haemoglobin concentration of 0.95 g/dL. Several adverse events
prompted a study to evaluate the safety and efficacy of a lower
drug dose (50 mg t.i.d.) [33]. A total of 18 patients were enrolled
in an open-label 6-month study followed by an optional
extended-use phase for an additional 6 months. The observed
responses (5.9% and 4.5% reduction in liver and spleen volume,
respectively, with a 4.6% decrease in chitotriosidase levels at 
6 months) were less than those reported on 100 mg t.i.d. of
miglustat [33]. The efficacy of miglustat for the neuronopathic
forms of GD was not examined in the current clinical trials. The
most common adverse reactions noted with the use of miglustat
included weight loss, bloating, flatulence and diarrhoea. During
the trial, 30% of patients on miglustat reported tremor or 
exacerbation of an existing tremor. In many cases, the tremor
resolved between 1 and 3 months whilst on treatment. The
European Agency for the Evaluation of Medicinal Products
(EMAE) and the US Food and Drug Administration (FDA)
granted marketing authorization for miglustat in 2002 and 
2003 respectively. The role of substrate-reduction therapy for
the treatment of type 1 GD has been reviewed by an independ-
ent international advisory council to the European Working
Group on Gaucher Disease [27].

More recently, advances in molecular genetics have enabled
exploration of other potential therapeutic options such as 
chaperone-mediated enhancement therapy [34].

The exogenous enzyme administered by infusion does not
cross the blood–brain barrier and the neurological component
does not respond to ERT. In particular, type 2 GD is not
amenable to any current therapeutic resource [35]. The efficacy
of ERT in type 3 GD is partial and controversial. While the 
visceral manifestations are conventionally alleviated, treatment
does not arrest the emergence or progression of neurological
deterioration. Because the neurological forms of GD do not
respond to ERT, the pursuit of gene therapy studies remains
justified [36–38].
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Type A and B Niemann–Pick diseases

Niemann–Pick disease (NPD) is a lysosomal storage disease
caused by the deficient activity of acid sphingomyelinase (ASM)
and the accumulation of sphingomyelin within cells of the
monocyte/macrophage system. Niemann–Pick disease types A
and B are inherited as autosomal recessive traits and result from
allelic mutations in the ASM gene. Niemann–Pick (NP) type A
(NP-A), which is more frequent in the Ashkenazi Jewish popu-
lation, is a fatal neurodegenerative disorder of infancy [39]. 
In contrast, NP type B (NP-B), which is panethnic, is a non-
neuronopathic disease characterized by hepatosplenomegaly,
hyperlipidaemia and pulmonary involvement, with most patients
living into adulthood. Other features of NP-B may include liver
dysfunction, cardiac disease, retinal stigmata and growth retar-
dation. There is a wide spectrum of disease manifestations
among NP-B patients, ranging from onset in childhood with
massive hepatosplenomegaly with secondary hypersplenism, 
an atherogenic lipid profile, growth restriction, and later pul-
monary involvement or liver failure to a milder, attenuated
course during which symptoms appear to remain generally
slight over a long period, with the late development of a 
restrictive ventilatory defect [40]. In NP-B, the evaluation of
liver function reveals mild elevations of serum transaminase
activities and bilirubin concentrations. Biopsy specimens show
vacuolated, lipid-laden cells with or without fibrosis. In addi-
tion, several cases of severe liver disease have been reported in
patients with NP-B, ranging from children with fatal hepatic
failure to adults with cirrhosis and portal hypertension. These
clinical descriptions, coupled with the findings on pathological
examination of the liver, raise concerns about the ultimate con-
tribution of liver dysfunction to the morbidity and mortality 
of NP-B patients. Serum transaminases are abnormal in most
patients and tend not to change significantly over time.
Diagnosis can be made in childhood or adulthood by finding
hepatosplenomegaly or chronic interstitial pattern on chest
radiographs. As in other lysosomal storage diseases, this marked
phenotypic variability is influenced by genotype although other
factors such as gender and age may also contribute to disease
severity.

Niemann–Pick disease type C

Niemann–Pick disease type C (NP-C) is an autosomal recessive
lipidosis with protean clinical manifestations. At the cellular
level, the disorder is characterized by accumulation of unest-
erified cholesterol and glycolipids in the lysosomal/late endo-
somal system. Approximatively 95% of patients have mutations 
in the NPC1 gene (mapped at 18q11), which encodes a large
membrane glycoprotein primarily located in late endosomes
[41]. The remainder have mutations in the NPC2 gene (mapped
at 14q24.3), which encodes a small soluble lysosomal protein
with cholesterol-binding properties. The phenotypic presenta-
tion of NP-C is remarkably variable. Onset may occur at any age,

but the ‘classical’ juvenile type commonly presents at preschool
age with clumsiness (ataxial gait) and/or hepatosplenomegaly.
Prominent manifestations include progressive dementia, cata-
plexy, dysarthria, dystonia, dysphagia and seizures, Vertical
supranuclear gaze palsy is a hallmark of NP-C. The diagnosis
should also be considered in patients with unexplained neonatal
hepatitis, especially if splenomegaly is a persistent feature.
Children showing symptoms before 1 year of age usually die
before entering school, while those who present with symptoms
at school age typically live into their teens. The rarer adult-onset
form has a slowly progressive course. Psychotic manifestations
associated with cerebellar syndrome, vertical supranuclear gaze
palsy, and splenomegaly are very suggestive of NP-C disease,
which can be reliably diagnosed on cultured skin fibroblasts by
filipin staining [42]. Recent insights into the pathophysiology 
of NP-C raise the possibility of small molecule therapies to 
interdict pathways triggering apoptosis and related routes to 
cell death and dysfunction [43].

Wolman disease and cholesteryl ester storage
disease 

Wolman disease and cholesteryl ester storage disease (CESD)
are rare allelic autosomal recessive inherited disorders of lipid
metabolism caused by deficient activity of lysosomal acid lipase
(LAL). The mature 378-amino-acid protein is encoded by the
LIPA gene on chromosome 10q23.2-q23.3, which contains 10
exons over a 38-kb region. LAL is essential for the intralysosomal
breakdown of cholesteryl esters and triglycerides in various
lipoproteins that are taken up by receptor-mediated endocyto-
sis. An inherited deficiency results in massive intralysosomal
storage of the respective lipid substrates in most tissues of the
body. As the enzyme is synthesized by all nucleated cells, lipid-
laden cells are found in all organs, particularly in liver, spleen,
adrenal, marrow, intestine and lymph nodes.

The deficiency of LAL in humans causes two different pheno-
types: Wolman disease and cholesteryl ester storage disease
(CESD). Wolman disease is an early-onset fulminant disorder of
infancy with massive infiltration of the liver, spleen and other
organs by macrophages filled with cholesteryl esters and triglyc-
erides. Wolman disease leads to hydrops fetalis and congenital
ascites as well as an abnormal neurological development, and 
is nearly always fatal before the age of 1 year. Affected infants
show signs of lipid storage in most tissues, including hep-
atosplenomegaly, abdominal distension, vomiting, steator-
rhoea, failure to thrive and adrenal calcifications. CESD is less
severe and presents as a milder form associated with higher
residual enzyme activity; it results in widespread lipid deposition
and can induce symptoms at any age. CESD patients present in
childhood with hepatomegaly and dyslipidaemia characterized
by elevated total cholesterol and low-density lipoprotein 
cholesterol (LDL-C), with elevated triglycerides and depressed
high-density lipoprotein cholesterol (HDL-C). Most patients
are diagnosed by age 20 but CESD may not be detected until
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adulthood. Lipid deposition is widespread, although hepatomegaly
may be the only clinical abnormality. Hyperlipidaemia is com-
mon and premature atherosclerosis may be severe. 

Hepatomegaly is a constant feature of Wolman disease and
CESD. The architecture of the liver is occasionally preserved but
more often is severely distorted. The liver in CESD has a remark-
able orange appearance. Microscopic examination of CESD liver
reveals many of the same abnormalities as in Wolman disease.
The hepatocytes are hypertrophied and vacuolated. There are
lipid droplets in hepatic parenchymal cells resembling those in
ordinary fatty infiltration and enlargement of Kupffer cells by
smaller vacuoles and by periodic acid–Schiff-positive granules.
This is accompanied by variable amounts of septal fibrosis and
there may be micronodular cirrhosis with oesophageal varices.
Liver function tests, and other routine laboratory investigations,
are usually normal.

The diagnosis is often made after a liver biopsy, as the sample
has a characteristic orange appearance and there are typical
abnormalities on light and electron microscopy. The cholesteryl
ester content of the biopsy is very high. Samples should be taken
for electron microscopy in all young patients who might have a
metabolic cause for hepatomegaly. However, the liver biopsy is
not necessary if the condition is suspected on clinical grounds as
the diagnosis can be confirmed by demonstration of a reduced
LAL activity in peripheral blood leukocytes or cultured skin
fibroblasts and liver homogenates. Patients with either Wolman
disease or CESD will have a drastically reduced activity. More
recently, mutational screening of the human LAL gene (LIPA)
has been used for diagnosis [44].

Lipoprotein disorders

Hypolipoproteinaemias

Abetalipoproteinaemia
Abetalipoproteinaemia is an autosomal recessive trait charac-
terized by the absence of plasma apolipoprotein B-containing
lipoproteins – chylomicrons, low-density lipoprotein (LDL)
and very-low-density lipoprotein (VLDL). In contrast,
apolipoprotein B and triglyceride accumulate in hepatocytes
and enterocytes. Clinical features include abnormalities of 
red-cell morphology (acanthocytosis), which affect 50–100% 
of circulating erythrocytes. Abnormal red cells are not found in
the marrow, suggesting that the membrane changes leading to
malformations are acquired by contact with plasma. Red-cell
survival is frequently shortened and hyperbilirubinaemia has
been described. Like the erythrocytes, the platelet membranes
show compositional changes. The prothrombin time is pro-
longed due to vitamin K deficiency. Malabsorption of fat is a
central pathophysiological feature of abetalipoproteinaemia. It
is frequently observed in neonates, with vomiting, diarrhoea and
failure to thrive. The transport of tocopherol in blood is severely
inhibited in abetalipoproteinaemia, leading to spinocerebellar
ataxia together with peripheral neuropathy, and ceroid pigment

myopathy. The most prominent ophthalmic abnormality is
degenerative pigmentary retinopathy. The metabolic defect in
abetalipoproteinaemia is due to mutations in the gene encoding
microsomal triglyceride transfer protein, a factor critical to the
intracellular lipidation of apolipoprotein B [45]. Despite the
inability of the liver to secrete VLDL, abnormalities of liver func-
tion are uncommon in abetalipoproteinaemia. A few patients
have abnormal serum levels of transaminases, and cirrhosis has
been reported in three cases. However, two of these cases had
been treated with medium-chain triglycerides.

Treatment involves reduction of dietary fat to prevent stea-
torrhoea and supplementation with tocopherol to prevent 
progression of the neuromuscular degenerative disease [46].

Familial hypobetalipoproteinaemia
Truncation-causing mutations in the APOB gene on chromo-
some 2 cause most cases of familial hypobetalipoproteinaemia
(FHBL), a rare autosomal dominant disorder with a gene dosage
effect characterized by marked hypocholesterolaemia. Naturally
occurring gene mutations in affected families have been useful
in identifying important domains of apoB. In the homozygous
state, clinical manifestations are indistinguishable from those 
of abetalipoproteinaemia. A major difference is that hypolipi-
daemia is present in FHBL heterozygotes. Fatty liver and liver
fibrosis have been reported in hypobetalipoproteinaemia [47].

Tangier disease
Mutations in the ATP-binding cassette transporter 1 (ABCA1)
gene cause a severe high-density lipoprotein (HDL) deficiency
syndrome called Tangier disease (TD), or familial anal-
phalipoproteinaemia. The major clinical signs of TD include
hyperplastic yellow-orange tonsils, relapsing neuropathy,
splenomegaly, ocular abnormalities, cardiovascular disease and
hepatomegaly (in about one-third of cases). Liver function tests
are usually normal. Homozygotes have a virtual absence of
plasma HDL and apolipoprotein (apo) A-I, hypocholestero-
laemia and normal or elevated triglyceride levels. Heterozygotes
have no clinical manifestations but half the normal levels of
HDL cholesterol and apo A-I. TD is characterized by an accu-
mulation of cholesteryl esters in reticuloendothelial cells of 
tissues including tonsils, thymus, lymph node, bone marrow,
spleen, liver, cornea and intestinal mucosa. Many patients 
also have lipid deposits in neuronal Schwann cells. Tangier
fibroblasts are characterized by defective lipid efflux. There is no
specific treatment for Tangier disease.

Hyperlipoproteinaemia

Types 1, 4 and 5
Type 1 hyperlipidaemia is characterized by an accumulation of
chylomicrons in plasma. Familial lipoprotein lipase deficiency 
is a rare autosomal recessive disorder characterized by absence
of lipoprotein lipase (LPL) activity and a massive accumulation
of chylomicrons in plasma. Patients suffer recurrent abdominal
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pain due to acute pancreatitis triggered by massively elevated
triglycerides in plasma, and eruptive cutaneous xanthomas.
Hepatomegaly is very common in LPL deficiency. Familial LPL
deficiency should be considered in anyone with the chylomi-
cronaemia syndrome. With the recognition of the disease, the
avoidance of unnecessary abdominal surgery and the mainte-
nance of a low-fat diet, these patients can lead a fairly normal
life. Familial apolipoprotein C II deficiency is a very rare auto-
somal recessive disorder in which apo C-II is absent, the clear-
ance of chylomicrons from the blood is greatly impaired and
triglycerides accumulate in plasma. The clinical manifestations
are similar to those in primary LPL deficiency but it has 
been suggested that apo CII-deficient patients do not have 
hepatosplenomegaly as often [48].

Type 4 hyperlipidaemia is characterized by hypertriglyceri-
daemia with an increased concentration of VLDL. Most patients
with this phenotype have an acquired abnormality, and the
familial cases are rare. In the latter, the nature of the genetic
abnormality is not known, neither is the mechanism of hyper-
triglyceridaemia, but some patients may have excess VLDL
secretion and others impaired VLDL catabolism.

Type 5 hyperlipoproteinaemia is a highly diverse group of 
primary and secondary disorders with moderate to severe hyper-
triglyceridaemia and the presence in fasting plasma of large
amounts of both chylomicrons and VLDL. Many individuals
with monogenic familial hypertriglyceridaemia have moderate
hypertriglyceridaemia with chylomicrons present in plasma
after an overnight fast. Familial combined hyperlipidaemia is
associated with large amounts of both chylomicrons and VLDL
in fasting plasma. Each of the primary familial disorders with
high plasma triglyceride and chylomicronaemia is rare. It has
been demonstrated that the majority of patients with highly ele-
vated plasma triglyceride levels have both a common familial
form of hypertriglyceridaemia and a common secondary cause.

In each of these types of hyperlipoproteinaemia an enlarged
and easily palpable liver is commonly found when there is severe
hypertriglyceridaemia. The size of the organ decreases when
plasma triglyceride falls in favour of a reversible accumulation 
of triglyceride within the liver, which contains lipid-laden
macrophages (foam cells). The hepatocytes may also show 
vacuolation.

Familial hypercholesterolaemia
Familial hypercholesterolaemia (FH) is inherited as an auto-
somal dominant trait with a gene dosage effect, and is character-
ized clinically by an elevated concentration of LDL, the major
cholesterol-transport protein in human plasma, and widespread
accumulation of LDL-derived cholesterol in skin and tendons
(xanthomas) and in arteries, resulting in severe coronary
atherosclerosis. The primary defect in FH is a mutation in the
gene encoding the receptor for LDL. The LDL receptor, which is
located on the surfaces of cells in the liver and other organs,
binds LDL with high affinity to mediate endocytosis and its
delivery to lysosomes, where the ligand is degraded and its

cholesterol released. When LDL receptors are deficient, the rate
of removal of LDL from blood is markedly slowed, leading to
elevation of LDL, which is in turn deposited in macrophages and
other cell types, producing xanthomas and atheromas. More
than 400 mutations in the gene encoding the LDL receptor have
been reported to impair receptor function. The prevalence of
heterozygotes is about 1 in 500, and that of homozygotes is esti-
mated to be one in one million people. Heterozygotes have a
mean twofold increase in plasma cholesterol from birth. Tendon
xanthomas and coronary atherosclerosis develop after the mid-
twenties. Both skin xanthomas and coronary heart disease begin
in childhood. Patients frequently die from myocardial infarction
before age 20.

In homozygous familial hypercholesterolaemia there is little
or no response to dietary modification, bile-acid-binding resins,
ileal bypass, or to hydroxymethylglutaryl-CoA (HMG-CoA)
reductase inhibitors, which all act by inducing the normal LDL
receptor gene. The main interest of FH for hepatologists lies in
the surgical treatments that have been used in this life-threatening
condition. Portocaval shunt surgery has the property to reduce
plasma cholesterol by 25–50%. Studies suggested that diversion
of portal blood away from the liver reduced total body chol-
esterol synthesis, LDL synthesis as well as bile-acid synthesis,
through an unknown mechanism. Portocaval shunt surgery,
although well tolerated, is not associated with sufficient reduc-
tion of cholesterol levels to be used as the sole therapy in familial
hypercholesterolaemia homozygotes.

Liver transplantation has been proposed based on experi-
mental data in animals showing that more than 70% of LDL
receptors are in the liver. There are at least nine cases of patients
with homozygous FH who have undergone liver transplanta-
tion. There was a dramatic reduction of LDL cholesterol to near-
normal levels in all patients. Moreover, liver transplantation
conferred responsiveness to HMG-CoA reductase inhibitors
resulting in a further reduction of LDL levels and concomitant
regression of xanthomatous deposits. However, the risk of the
surgical procedure in patients with severe atherosclerosis
together with the risks of long-term immunosuppression, have
to be carefully considered [49].

References
1 Brady RO, Kanfer JN, Shapiro D (1965) Metabolism of glucocere-

brosidase II. Evidence of an enzymatic deficiency in Gaucher’s disease.

Biochem Biophys Res Commun 18, 221–225.

2 Brady RO, Pentchev PG, Gal AE et al. (1974) Replacement therapy for

inherited enzyme deficiency. Use of purified glucocerebrosidase in

Gaucher’s disease. N Engl J Med 291, 989–993.

3 Lachmann RH, Wight DG, Lomas DJ et al. (2000) Massive hepatic

fibrosis in Gaucher’s disease: clinico-pathological and radiological 

features. Q J Med 93, 237–244.

4 Wenstrup RJ, Roca-Espiau M et al.(2002) Skeletal aspects of Gaucher

disease: a review. Br J Radiol 75 (Suppl. 1), A2–A12.

5 Maas M, Hollak CE, Akkerman EM et al. (2002) Quantification of

skeletal involvement in adults with type I Gaucher’s disease: fat 

TTOC16_07  3/10/07  8:56 AM  Page 1367



1368 16 GENETIC AND METABOLIC DISEASES

fraction measured by Dixon quantitative chemical shift imaging as a

valid parameter. Am J Roentgenol 179, 961–965.

6 Mistry PK, Sirrs S, Chan A et al. (2002) Pulmonary hypertension 

in type 1 Gaucher’s disease: genetic and epigenetic determinants of

phenotype and response to therapy. Mol Genet Metab 77, 91–98.

7 Dawson A, Elias DJ, Rubenson D et al. (1996) Pulmonary hyperten-

sion developing after alglucerase therapy in two patients with type 1

Gaucher disease complicated by the hepatopulmonary syndrome. Ann

Intern Med 125, 901–904.

8 Beutler E, Demina A, Laubscher K et al. (1995) The clinical course of

treated and untreated Gaucher disease. A study of 45 patients. Blood

Cells Mol Dis 21, 86–108.

9 Maaswinkel-Mooij P, Hollak C, van Eysden-Plaisier M et al. (2000)

The natural course of Gaucher disease in The Netherlands: implica-

tions for monitoring of disease manifestations. J Inherit Metab Dis 23,

77–82.

10 Sidransky E, Sherer DM, Ginns EI (1992) Gaucher disease in the

neonate: a distinct Gaucher phenotype is analogous to a mouse model

created by targeted disruption of the glucocerebrosidase gene. Pediatr

Res 32, 494–498.

11 Brady RO, Barton NW, Grabowski GA (1993) The role of neurogenetics

in Gaucher disease. Arch Neurol 50, 1212–1224.

12 Erikson A (1986) Gaucher disease: Norrbottnian type 3. Neuropediatric

and neurobiological aspects of clinical patterns and treatment. Acta

Paediatr Scand 326, 1–42.

13 George R, McMahon J, Lytle B et al. (2001) Severe valvular and aortic

arch calcification in a patient with Gaucher’s disease homozygous for

the D409H mutation. Clin Genet 59, 360–363.

14 Hollak CEM, van Weely S, van Oers MHJ, Aerts JMFG (1994) Marked

elevation of plasma chitotriosidase activity. A novel hallmark of

Gaucher disease. J Clin Invest 93, 1288–1292.

15 Boot RG, Verhoek M, De Fost M et al. (2004) Marked elevation of 

the chemokine CCL18/PARC in Gaucher disease: a novel surrogate

marker for assessing therapeutic intervention. Blood 103, 33–39.

16 Grabowski GA (1997) Gaucher disease: gene frequencies and 

genotype/phenotype correlations. Genet Test 1, 5–12.

17 Germain DP, Puech JP, Caillaud C et al. (1998) Exhaustive screening

of the acid beta-glucosidase gene, by fluorescence-assisted mismatch

analysis using universal primers: mutation profile and genotype/

phenotype correlations in Gaucher disease. Am J Hum Genet 63,

415–427.

18 NIH Technology Assessment Panel on Gaucher Disease (1996)

Gaucher disease. Current issues in diagnosis and treatment. JAMA

275, 548–553.

19 Lachmann RH, Grant IR, Halsall D, Cox TM (2004) Twin pairs show-

ing discordance of phenotype in adult Gaucher’s disease. Q J Med 97,

199–204.

20 Barton NW, Brady RO, Dambrosia JM et al. (1991) Replacement 

therapy for inherited enzyme deficiency – macrophage-targeted 

glucocerebrosidase for Gaucher’s disease. N Engl J Med 324,

1464–1470.

21 Wenstrup RJ, Bailey L, Grabowski GA et al. (2004) Gaucher disease:

alendronate disodium improves bone mineral density in adults receiv-

ing enzyme therapy. Blood 104, 1253–1257.

22 Weinreb NJ, Charrow J, Andersson HC et al. (2002) Effectiveness of

enzyme replacement therapy in 1028 patients with type 1 Gaucher dis-

ease after 2 to 5 years of treatment: a report from the Gaucher Registry.

Am J Med 113, 112–119.

23 Grabowski GA, Hopkin RJ (2003) Enzyme therapy for lysosomal 

storage disease: principles, practice, and prospects. Annu Rev

Genomics Hum Genet 4, 403–436.

24 Perel Y, Bioulac-Sage P, Chateil JF et al. (2002) Gaucher’s disease and

fatal hepatic fibrosis despite prolonged enzyme replacement therapy.

Pediatrics 109, 1170–1173.

25 Damiano AM, Pastores GM, Ware JE Jr (1998) The health-related

quality of life of adults with Gaucher’s disease receiving enzyme

replacement therapy: results from a retrospective study. Qual Life Res

7, 373–386.

26 Altarescu G, Schiffmann R, Parker CC et al. (2000) Comparative

efficacy of dose regimens in enzyme replacement therapy of type I

Gaucher disease. Blood Cells Mol Dis 26, 285–290.

27 Cox TM, Aerts JM, Andria G et al. (2003) The role of the iminosugar

N-butyldeoxynojirimycin (miglustat) in the management of type I

(non-neuronopathic) Gaucher disease: a position statement. J Inherit

Metab Dis 26, 513–526.

28 Brady RO, Murray GJ, Oliver KL et al. (1997) Management of neutral-

izing antibody to Ceredase in a patient with type 3 Gaucher disease.

Pediatrics 100, e11–e14. 

29 Germain DP, Kaneski CR, Brady RO (2001) Mutation analysis of the

acid beta-glucosidase gene in a patient with type 3 Gaucher disease and

neutralizing antibody to alglucerase. Mutat Res 483, 89–94.

30 Starzl TE, Demetris AJ, Trucco M et al. (1993) Chimerism after liver

transplantation for type IV glycogen storage disease and type 1

Gaucher’s disease. N Engl J Med 328, 745–749.

31 Carlson DE, Busuttil RW, Giudici TA, Barranger JA (1990) Orthotopic

liver transplantation in the treatment of complications of type 1

Gaucher disease. Transplantation 49, 1192–1194.

32 Cox T, Lachmann R, Hollak C et al. (2000) Novel oral treatment 

of Gaucher’s disease with N-butyldeoxynojirimycin (OGT 918) to

decrease substrate biosynthesis. Lancet 355, 1481–1485.

33 Heitner R, Elstein D, Aerts J et al. (2002) Low-dose N-butyldeoxyno-

jirimycin (OGT 918) for type I Gaucher disease. Blood Cells Mol Dis 28,

127–133.

34 Sawkar AR, Adamski-Werner SL, Cheng WC et al. (2005) Gaucher

disease-associated glucocerebrosidases show mutation-dependent

chemical chaperoning profiles. Chem Biol 12, 1235–1244.

35 Vellodi A, Bembi B, de Villemeur TB et al. (2001) Management of 

neuronopathic Gaucher disease: a European consensus. J Inherit

Metab Dis 24, 319–327.

36 Kohn DB (2001) Gene therapy for genetic haematological disorders

and immunodeficiencies. J Intern Med 249, 379–390.

37 Kim EY, Hong YB, Lai Z et al. (2005) Long-term expression of the

human glucocerebrosidase gene in vivo after transplantation of 

bone-marrow-derived cells transformed with a lentivirus vector.

J Gene Med 7, 878–887.

38 Lee KO, Luu N, Kaneski CR et al. (2005) Improved intracellular 

delivery of glucocerebrosidase mediated by the HIV-1 TAT protein

transduction domain. Biochem Biophys Res Commun 337, 701–707.

39 McGovern MM, Aron A, Brodie SE et al. (2006) Natural history of

type A Niemann-Pick disease: possible endpoints for therapeutic 

trials. Neurology 66, 228–232.

40 Wasserstein MP, Desnick RJ, Schuchman EH et al. (2004) The natural

history of type B Niemann-Pick disease: results from a 10-year longi-

tudinal study. Pediatrics 114, e672–e677.

41 Pentchev PG (2004) Niemann-Pick C research from mouse to gene.

Biochim Biophys Acta 1685, 3–7.

42 Vanier MT, Millat G (2003) Niemann-Pick disease type C. Clin Genet

64, 269–281.

TTOC16_07  3/10/07  8:56 AM  Page 1368



16.7 THE LIVER IN INTRACELLULAR AND EXTRACELLULAR LIPIDOSIS 1369

43 Patterson MC, Platt F (2004) Therapy of Niemann-Pick disease, type

C. Biochim Biophys Acta 1685, 77–82.

44 Assmann G, Seedorf U (2001) Acid lipase deficiency: Wolman disease

and cholesteryl ester storage deficiency. In: Scriver CR, Sly WS, Barton

Childs AL et al. (eds) The Metabolic and Molecular Bases of Inherited

Disease. New York: McGraw Hill, pp. 3551–3572.

45 Wetterau JR, Aggerbeck LP, Bouma ME et al. (1992) Absence of

microsomal triglyceride transfer protein in individuals with abeta-

lipoproteinemia. Science 258, 999–1001.

46 Kane JP, Havel R (2001) Disorders of the biogenesis and secretion of

lipoproteins containing the B apolipoproteins. In: Scriver CR, Sly WS,

Barton Childs AL et al. (eds) The Metabolic and Molecular Bases of

Inherited Disease. New York: McGraw Hill, pp. 2717–2752.

47 Schonfeld G (2003) Familial hypobetalipoproteinemia: a review.

J Lipid Res 44, 878–883.

48 Brunzell JD, Deeb SS (2001) Familial lipoprotein lipase deficiency, apo

C-II deficiency, and hepatic lipase deficiency. In: Scriver CR, Sly WS,

Barton Childs AL et al. (eds) The Metabolic and Molecular Bases of

Inherited Disease. New York: McGraw Hill, pp. 2789–2816.

49 Goldstein JL, Hobbs HH, Brown MS (2001) Familial hypercholes-

terolemia. In: Scriver CR, Sly WS, Barton Childs AL et al. (eds) The

Metabolic and Molecular Bases of Inherited Disease. New York:

McGraw Hill, pp. 2863–2913.

TTOC16_07  3/10/07  8:56 AM  Page 1369



Glycogen storage diseases (GSDs) are rare inherited disorders of
glycogen metabolism that may have various clinical manifesta-
tions, according to the most seriously affected tissues, even
though liver and muscle, which have abundant quantities of
glycogen, are the most frequently and seriously affected. Several
types of GSDs have been described and identified, in accordance
with the disease-causing enzymatic defects.

Glycogen metabolism and classification
of GSDs [1]

Glycogen is the storage form of glucose in almost all animal cells.
The main function of glycogen may vary in different tissues. In
the liver, glucose is taken from the bloodstream after meals and
stored as glycogen; conversely, when blood glucose levels are
decreasing, glucose is released into the blood for supplying tis-
sues that cannot produce glucose by themselves. In the skeletal
muscle, glycogen is used as a fuel for short-term consumption by
the cell in which it is stored.

The synthesis and breakdown of glycogen involve many
enzymes. Hexokinases catalyse the first step of glucose
metabolism, namely the transformation of glucose and adeno-
sine triphosphate (ATP) into glucose 6-phosphate and ADP
(Fig. 1); they are not regulated by insulin or glucagon.
Glucokinase, also called hexokinase IV, is expressed in liver 
and pancreas β cells. Its activity is the same as that of hexoki-
nases, but glucokinases have highly regulated activities. Glucose
6-phosphate is then converted into glucose 1-phosphate, which
serves as a substrate to uridine diphosphoglucose (UDP-glucose)
pyrophosphorylase. This enzyme provides the UDP-glucose
needed by glycogen synthase. Glycogen synthase, the rate-limiting
enzyme in glycogen synthesis, transfers glucose units from
UDP-glucose to a glycogen primer; liver and muscle glycogen
synthases are different gene products. Glycogen synthase activity
is highly regulated, being stimulated by insulin and inhibited 
by glucagon and epinephrine. Glycogen synthase deficiency 
has sometimes been referred to as GSD type 0 and results from
mutations within the gene coding liver glycogen synthase.
Glycogen branching enzyme is less abundant in muscle than 

in liver. It transfers at least six α1–4 glucosyl units from the end
of the chain of glycogen into an α1–6 position on the same or a
close chain. Glycogen branching enzyme deficiency is referred 
to as GSD type 4.

Glycogen phosphorylase degrades the glycogen chains and
stops four glucosyl units before an α1–6 branch point; then 
the transferase activity of debranching enzyme transfers three
glucose to the end of another branch. Debranching enzyme 
can then hydrolyse the α1–6 branch point, using its amylo-1,6-
glucosidase activity. Debranching enzyme has two independent
activities occurring at different sites on the same polypeptide.
Debranching enzyme deficiency is referred to as GSD type 3. The
human debranching enzyme gene has been cloned: it is a large
gene spanning 85 kb and containing 35 exons.

Glycogen phosphorylase cleaves glucose units from α1–4-
linked chains of glycogen, liberating glucose 1-phosphate. Three
different isozymes, encoded by three different genes, have been
identified in humans (liver, muscle and brain). All three are 
activated by phosphorylation (induced by glucagon and
epinephrine) and inhibited by dephosphorylation by protein
phosphatase. Hepatic phosphorylase deficiency is referred to as
GSD type 6, whereas muscle phosphorylase deficiency, whose
clinical manifestations are entirely different, is referred to as
GSD type 5 (McArdle disease).

Phosphorylase kinase is a protein kinase that is able to phos-
phorylate and thus to activate glycogen phosphorylase, resulting
in glycogen breakdown. Phosphorylase kinase is itself activated
by Ca2+ and by phosphorylation by cAMP-dependent protein
kinase. Phosphorylase kinase is made of four different subunits:
two (α and β) are regulatory subunits, one (γ) is the catalytic 
subunit and the δ subunit, regulated by Ca2+, is the protein
calmodulin. The four subunits are encoded by different genes.
There are different forms of phosphorylase kinase deficiency,
referred to as GSD type 9.

The glucose 6-phosphatase system catalyses the final step 
in both glycogenolysis and neoglucogenesis. It transforms glu-
cose 6-phosphate into glucose and phosphate, thus producing
important amounts of free glucose. Glucose 6-phosphatase
activity is highly expressed in liver, kidney and pancreas β cells.
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It is active within the lumen of the endoplasmic reticulum, thus
implying that its substrates and products must cross the endo-
plasmic reticulum membrane. The catalytic unit of glucose 6-
phosphatase is the product of a single gene whose expression 
is reduced by insulin. The deficiency of this catalytic activity is
referred to as GSD type 1a. The human gene has been cloned,
spans 12.5 kb and consists of 5 exons.

In order to be hydrolysed, glucose 6-phosphate must be 
transported into the lumen of the endoplasmic reticulum. To
date, the existence of a transporter ‘T1’ (glucose 6-phosphate
translocase) has been confirmed by the cloning of a cDNA 
coding for a putative transporter, even though the transporter
itself has not been purified. Mutations in this gene, which con-
sists of nine exons, cause GSD type 1b. A phosphate transport
protein has been purified, but neither its gene nor its cDNA has
been cloned; thus, the existence of GSD type 1c (related to a
deficiency in phosphate transporter) is still controversial.

GSD type 1

Clinical and biological manifestations

Type 1 GSD, often referred to as ‘von Gierke disease’, is due to
the deficiency of glucose 6-phosphatase activity. Irrespective of
the subtype, patients with GSD I usually present at 4–6 months
of age with protruded abdomen (related to hepatomegaly),
symptoms of acute metabolic derangement (hypoglycaemia
often resulting in seizures, lactic acidosis), failure to thrive or
growth retardation, muscular hypotonia and recurrent infec-
tions (especially in GSD Ib). In rare cases, fasting tolerance 
is subnormal and patients may be asymptomatic [2]. These 
children often have doll-like facies and thin extremities. 
Physical examination only reveals massive and soft hep-
atomegaly. Splenomegaly may be noted in type 1b, especially
when granulocyte colony-stimulating factor (G-CSF) or 
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Pi
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UDP

UTP

Glucose-1P

Glucose-6P

Glucokinase/hexokinases

Glucose

Pyruvate

UDP-Glucose

Phosphorylase (GSD-VI)
Phosphorylase kinase (GSD-IX )

Glucose-6-phosphatase (GSD-Ia)
Glucose 6-P translocase (GSD-Ib)

Glycogen

Fig. 1 Steps in glycogen metabolism.
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granulocyte–macrophage colony-stimulating factor (GM-CSF)
injections are performed. Skin xanthomas may be present in
infancy. In patients with GSD Ib, recurrent infections, oral and
mucosal ulcerations may be noted, as well as symptoms suggest-
ing inflammatory bowel disease. The biological hallmarks of
GSD I are fast-induced (sometimes hardly 3 h) hypoglycaemia
and lactic acidosis, hyperuricaemia, hypertriglyceridaemia and,
less prominently, hypercholesterolaemia. Impaired platelet adhe-
sion and aggregation are common, often resulting in easy bruis-
ing and epistaxis. Increased levels of numerous serum proteins
are frequently observed, especially fibrinogen and C-reactive
protein. Similarly, increased levels of haemostasis proteins with
hepatic synthesis have been reported [3]. In type 1b, neutrope-
nia and impaired neutrophil function are common.

Long-term outcome

To date, the complications observed in adults occur in patients
whose disease has not been adequately treated, and it is hoped
that, with correct treatment and follow-up, most of these 
complications can be prevented [2]. Growth is often impaired
and puberty usually delayed (with delayed bone maturation).
According to the results of a European study on GSD I, adult
height might be reduced: median at –1.2 SD for type 1a, –2.6 SD
for type 1b. Adult height was reached at a median age of 21 years
in males and at a median age of 20 years in females. Osteopenia 
is frequent but rarely leads to complications such as multiple
fractures. Polycystic ovaries are quite frequent on ultrasound
examination in teenage girls. Mental development may be
delayed in patients who had experienced hypoglycaemic coma
(32% of low to borderline IQ), whereas it is normal in other
patients [3]. Recently, cerebral lesions likely to be secondary 
to hypoglycaemic episodes have been reported on magnetic 
resonance imaging (MRI) in GSD I patients [4]. Complications
resulting from hyperlipidaemia are not very frequent (pancre-
atitis) and, even though these patients should be predisposed to
atherosclerosis, convincing data have been reported showing
that GSD I is not associated with premature atherosclerosis [5].
Complications due to hyperuricaemia can be observed such as
renal calcifications, kidney stones, gouty arthritis and tophi; they
can be prevented by xanthine oxidase inhibitors. Complications
related to bleeding tendency are frequent and must be pre-
vented, especially when surgical procedures are considered.

Hepatocellular adenomas (HCAs) are present in most
patients by the second or third decade of life, their prevalence
increasing with age; their pathophysiological mechanisms 
are still unclear, but metabolic causes seem more likely than 
hormonal [6]. The main complications of HCAs are bleeding 
and malignant transformations into hepatocellular carcinoma
(HCC). Even if HCC is a rare event, several cases have been
reported, always following the previous detection of HCA [7].
The follow-up of patients with HCAs is difficult because neither
α-fetoprotein not carcinoembryonic antigen is a reliable marker
to detect the malignant transformation. The diagnosis of HCC

relies primarily on radiological examinations. Aggressive inter-
ventional management of HCAs with rapid growth or poorly
defined margins may be necessary to prevent the development 
of HCC [7].

Renal disease is also frequent, and the overall prevalences 
of proteinuria and microalbuminuria were 13% and 31%,
respectively, in a series of 288 GSD I patients. Hypertension,
renal stones and nephrocalcinosis may develop. Progressive
glomerular disease may evolve to terminal renal failure, requir-
ing dialysis and transplantation. Pulmonary hypertension has
been reported in seven patients: its origin is unknown (an
abnormal platelet metabolism of serotonin has been suggested),
and its prognosis poor [8]. Some complications are specific to
GSD Ib: recurrent infections and inflammatory bowel disease.
Gastrointestinal symptoms may be noted in up to 75% of GSD
Ib patients with chronic abdominal pains, diarrhoea, perianal
fistula or abscess; these symptoms may be indistinguishable
from idiopathic Crohn disease [2]. Contraception (which must
be adapted to the metabolic abnormalities) and pregnancy raise
specific problems in women with GSD I [9,10]: owing to frequ-
ent nausea at the beginning of pregnancy, regular feeding may 
be difficult, and there is a risk of severe lactic acidosis during
labour. Three young GSD I women gave birth to three healthy
children, and two young men had five healthy offspring [2].

Genetics

Both cDNAs encoding human liver glucose 6-phosphatase 
and glucose 6-phosphate translocase have been cloned, and
mutations responsible for type 1a and type 1b GSD have been
identified. In both cases, allelic heterogeneity is noted, and
exhaustive reviews have been published [11]. Ethnic-specific
mutations in the glucose 6-phosphatase gene have been
reported: p.R83C and p.Q347X in Caucasians, p.R83C in Jews.
Genotype–phenotype correlations are rare: homozygosity for
the p.G188R mutation in the glucose 6-phosphatase gene seems
to be associated with a GSD I non-a phenotype and homozygos-
ity for the c.727G→T mutation may be associated with a milder
phenotype but an increased risk of HCC. Similarly, two muta-
tions, p.G339C and c.1211delCT, are prevalent in Caucasian
patients with GDSD Ib. The mutational analyses provide, in
almost all cases, a non-invasive way of diagnosing GSD, and 
the indications of liver needle biopsy have become very rare.
However, as neutropenia and recurrent infections are not always
present in GSD I non-a and neutrophil dysfunction may be 
present in some GSD Ia patients, analysis of both genes is 
recommended before considering a liver biopsy [11]. Molecular
analyses are the only reliable way to perform prenatal diagnosis.

Treatment

The aim of the treatment is to achieve optimal metabolic control,
thereby avoiding hypoglycaemia and suppressing decompensa-
tions as much as possible [12,13]. Different approaches may be
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used: frequent daily meals, oral administration of uncooked
cornstarch, nocturnal gastric drip feeding. Breastfeeding may be
used as long as the targets are reached. Fructose and galactose
intakes must be reduced. Glucose requirements decrease with
age and are calculated from the theoretical glucose production
rate. The target is to maintain a preprandial blood glucose con-
centration above 3.5–4.0 mmol/L, with a urine lactate/creatinine
ratio under 0.06 mmol/mmol. When, in spite of adjusted dietary
treatment, venous blood bicarbonate is under 20 mmol/L or
blood base excess below –5 mmol/L, lactacidaemia must be 
corrected, using sodium bicarbonate 1–2 mmol/kg/day orally;
recent work has shown that hypocitraturia occurs in GSD Ia
patients and worsens with age, thus suggesting that alkalinization
with citrate may be more appropriate in preventing urolithiasis
and nephrocalcinosis. Allopurinol may be indicated when 
hyperuricaemia is above the high normal range for age and labor-
atory; marked hypertriglyceridaemia may also require medical
treatment (fibrates, nicotinic acid). When persistent microalbu-
minuria is noted, an angiotensin-converting enzyme (ACE)
inhibitor must be started to slow down any further deterioration
in renal function, in analogy to diabetic nephropathy; additional
blood pressure-lowering drugs should be started if, in spite of
ACE inhibitors, blood pressure remains above the 95th per-
centile for age. Oral supplementations of vitamins and minerals
may be necessary, and special attention is required regarding
calcium (limited milk intake) and vitamins D and B1 (oral sup-
plementation may be indicated in a few patients). In GSD Ib, 
G-CSF and GM-CSF have been used successfully to correct 
neutropenia; they are also useful in decreasing the severity 
of inflammatory bowel disease [14]. Finally, liver and renal
transplantations are rarely indicated, and their indications must
be discussed in specialized units [15,16]. It is noteworthy that
liver transplantation does not correct neutropenia in GSD Ib
patients. Guidelines for management of both types of GSD type 1
have been published recently [12,13]. Several studies are still in
progress to evaluate the feasibility of gene replacement therapy.

GSD type 3

Owing to the deficiency of debranching enzyme, GSD type 3 is
also called Cori or Forbes disease. Sometimes, it is referred to 
as limit dextrinosis. Most patients have both liver and muscle
involvements (GSD 3a), but 15% of patients only have hepatic
manifestations (GSD 3b). In infancy and childhood, it is 
sometimes difficult to distinguish between type 3 and type 1, as 
hepatomegaly, fast-induced hypoglycaemia and hypertriglyceri-
daemia are common to both types. However, hypoglycaemia is
not associated with hyperlactacidaemia (lactic acid is consumed
in neoglucogenesis); furthermore, lactic acid concentration
increases after meals. In most patients, fasting tolerance is longer
than in type 1, even though some patients only bear a 4-h fast. In
most patients, hepatic symptoms improve with age and become
less prominent after puberty, even though liver involvement
may evolve to fibrosis then cirrhosis in a few cases [17]. HCAs

are less frequent than in type 1 patients, and malignant transfor-
mation into HCC has not been reported; however, two patients
with endstage cirrhosis developed HCC. Muscular involvement
is, in most children, minimal, even though it may result in
abnormal fatigability and muscular pains. Conversely, in adults,
muscular involvement can become severe, with progressing
weakness and wasting and, sometimes, orthopaedic complica-
tions (genu varum, scoliosis) [18]. Electromyography shows 
diffuse myopathy, and nerve conduction may be abnormal too.
Cardiac dysfunction is rare, even though ventricular hypertrophy
is frequent on ultrasound examination. Polycystic ovaries are
frequent in women with GSD III, but their fertility appears to 
be normal.

The biological hallmarks of GSD type 3 are fast-induced
hypoglycaemia without hyperlactacidaemia, hypertriglyceri-
daemia, elevation of liver transaminases and, in most cases, 
elevation of serum muscle enzymes (creatine kinase). Uric acid
concentration is usually normal [17].

In most patients with both myopathy and liver symptoms, the
enzyme defect is generalized, and the diagnosis may be ascer-
tained by its identification in red blood cells or lymphocytes. 
In patients with type 3b GSD, the enzyme activity is deficient
only in the liver, whereas it is normal in the muscle. These data
are important as only patients with muscle debranching enzyme
deficiency are at risk of developing progressive myopathy and/or
cardiomyopathy.

Molecular studies are not routinely used to ascertain the 
diagnosis [19,20]. However, they may be useful in providing 
a non-invasive way of differentiating type 3a from type 3b: 
two mutations, p.R864X and p.R1228X, were detected in both
3a and 3b patients of Caucasian origin, whereas two others,
namely c.17delAG and p.Q6X, appeared to be specific for type
3b. Molecular characterization has also shown ethnic-specific
mutations such as c.4455delT in North African Jewish 3a
patients.

The dietary treatment in type 3 is less strict than in type 1.
Frequent meals, enriched in proteins and carbohydrates, corn-
starch and nocturnal gastric drip feeding may be used efficiently;
lactose and fructose restrictions are not necessary. There is no
efficient way to slow the progression of myopathy. The fertility
of women with GSD type 3 seems to be normal; cardiac 
function must be monitored regularly during pregnancy. The
prenatal diagnosis of type 3 may be performed on chorionic 
villi, using enzymatic assay and/or DNA-based techniques when
available (mutation analysis or linkage studies).

GSDs type 6: hepatic phosphorylase
deficiency (HERS disease)

This is a benign disease. In early childhood, these patients 
have hepatomegaly and growth retardation; there is no muscle
involvement. Hypoglycaemia and hyperlipidaemia are mild when
they are present, whereas lactic acid and uric acid serum concen-
trations are normal. Growth retardation and hepatomegaly 
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usually improve during the second decade, and final height is
normal. In most patients, there is no need for specific dietary
treatments, whereas frequent meals and an enriched carbohy-
drate diet are useful when hypoglycaemia is noted.

The liver phosphorylase gene (PGYL) has been cloned, and
mutations causing GSD type 6 have been identified in different
ethnic groups [21].

GSDs type 9: phosphorylase kinase
deficiencies

Phosphorylase kinase consists of four different subunits encoded
by four different genes. This genetic complexity explains why a
confusing numerical classification has long been used for this
type of GSD. Several subtypes of GSD IX are individualized.

X-linked liver phosphorylase kinase deficiency
(type 9a)

This is the most frequent form of GSD IX (about 75% of all
cases). The main symptoms consist, in a young child aged 1–5
years, of growth retardation and protuberant abdomen due to
hepatomegaly. Mild hypoglycaemia, hypertriglyceridaemia and
hypercholesterolaemia are frequently noted. Growth retarda-
tion may be more pronounced in a few children, thus becoming
a real concern. However, in almost all patients, these abnorm-
alities progressively disappear with age, and most adults are
asymptomatic. Mild symptoms in heterozygotic females have
been described, as well as in asymptomatic males carrying the
deficiency. In most cases, the diagnosis may be ascertained by
enzymatic assay in red blood cells and leukocytes. The gene
encoding the liver isoform of the phosphorylase kinase α sub-
unit has been mapped to Xp22, and several types of disease-
causing mutations have been identified and reported [22–24].
The treatment is symptomatic with frequent meals if necessary,
but most patients do not need specific measures.

Autosomal liver and muscle phosphorylase
kinase deficiency (type 9b)

Hepatomegaly and growth retardation are frequent in early
childhood, sometimes associated with muscle hypotonia. The
usual clinical course is similar to that of type 9a. This subtype of
GSD IX is due to mutations in the β subunit of the phosphory-
lase kinase gene (PHKB).

Autosomal liver phosphorylase kinase
deficiency (type 9c)

In this rare subtype of GSD IX, the enzymatic deficiency is
restricted to the liver. Clinical manifestations are more severe
than in other subtypes, and the evolution to liver cirrhosis is fre-
quent. This phenotype is due to mutations [25] in the testis/liver
isoform of the γ subunit of the gene (PHKG2).

Muscle-specific phosphorylase kinase
deficiency (type 9d)

Only a few cases of this subtype with enzymatic deficiency
restricted to muscle have been reported. The major symptoms
were first noted in adolescents or adults and consisted of either
cramps with myoglobinuria or progressive muscle weakness
with atrophy, whereas there was neither hepatomegaly nor 
cardiomyopathy. Molecular results are very limited: a mutation
has been identified in the PHKA1 gene (muscle isoform of the a
subunit) in one patient.

Phosphorylase kinase deficiency limited to
heart

Sporadic cases, whose molecular characterization has not been
identified, have been reported with cardiac failure leading to
death in early infancy.

GSD type 4

GSD IV is rare, representing 0.3% of all GSD. It is due to a
deficiency of the glycogen branching enzyme (GBE), leading to
the accumulation of an abnormal glycogen with fewer branch
points (polyglucosan) in tissues, which results in tissue damage.
The deficiency of GBE affects mainly the liver, the brain, the
heart and skeletal muscles, leading to variable clinical presenta-
tions in children or adults. Unlike the other GSDs, GSD IV is an
extremely heterogeneous disorder, with variable clinical mani-
festations and different tissue involvement [26,27]. Fetal and
paediatric forms are very rare: affected infants may present with
hydrops fetalis, arthrogryposis or severe hypotonia. Neonatal forms
are very rare and may mimic Werdnig–Hoffmann’s disease [28].
Polyhydramnios and reduced fetal movements are often noted
in the antenatal period. The classic form reported by Andersen
in 1956 [29] is characterized by progressive cirrhosis, portal
hypertension developing in the first 18 months of life, leading 
to hepatic failure between the ages of 3 and 5 years, unless liver
transplantation is performed. Milder non-progressive hepatic
forms have also been identified characterized by hepatospleno-
megaly and mildly elevated serum transaminases levels.

Microscopic examination of affected tissues and enzymatic
determination of GBE activity confirm the diagnosis of GSD IV.
The human GBE1 gene is mapped on chromosome 3p14, and
molecular studies have shown that both hepatic and neuromus-
cular forms are caused by mutations in the same GBE1 gene. There
is no specific treatment for this type of GSD. Liver transplanta-
tion is the only possibility in children with hepatic failure [30].

Glycogen synthase deficiency 
(GSD type 0)

This enzyme deficiency does not result, strictly speaking, in a
GSD, as it leads to a decrease in glycogen stores. In early infancy,

TTOC16_08  3/10/07  8:56 AM  Page 1374



16.8 GLYCOGEN STORAGE DISEASES 1375

affected patients present in the morning with fatigue and
drowsiness and sometimes hypoglycaemia-induced convulsions
[31]. There is no hepatomegaly. Hyperglycaemia and hyper-
lactacidaemia may be noted after meals, whereas hypoglycaemia
and hyperketonaemia develop during fasting. The ascertain-
ment of the diagnosis usually requires liver needle biopsy 
for enzymatic assay. However, the identification of mutations
within the liver glycogen synthase gene (located on chromosome
12p12.2) may provide a non-invasive way of making a definitive
diagnosis [32]. The treatment involves frequent meals with
night-time cornstarch intakes. The prognosis is very good.

Glycogenosis with renal Fanconi
syndrome (Fanconi–Bickel syndrome)

This rare disease is characterized by proximal renal tubular 
dysfunction, accumulation of glycogen in kidneys and liver and
impaired galactose and glucose metabolism [33–35]. Clinical
manifestations begin during the first year of life, with rickets,
failure to thrive and hepatomegaly. Laboratory data include glu-
cosuria, bicarbonate wasting, phosphaturia, hyperaminoaciduria
and hypophosphataemia with increased alkaline phosphatase
levels. Radiological findings of rickets are noted on skeletal 
X-rays. This condition is due to defects in the facilitative glucose
transporter 2 (GLUT2), the gene of which has been cloned [33].
The treatment is symptomatic.
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16.9 Mitochondriopathies
Pierre Rustin

Mitochondrial oxidative
phosphorylation

Biochemical features

The mitochondrial oxidative phosphorylation (OXPHOS)
ensures the conversion of the energy derived from mitochon-
drial substrate oxidation into adenosine triphosphate (ATP)
(Fig. 1a). This process takes place on the inner membrane of 
the mitochondria thanks to the presence of five multisubunit
complexes. These are further arranged into a compact super-
structure termed the respirasome [1,2] consisting of more than
100 different polypeptides. A set of dehydrogenases, varying
according to tissues, competes to transfer electrons to the
quinone pool, electrons being further conveyed to molecular
oxygen by the cytochrome segment of the respiratory chain. 
The electron transfer is accompanied by a concomitant proton
extrusion, resulting in the generation of a membrane potential
and a pH gradient across the mitochondrial inner membrane
(Fig. 1a). The proton gradient drives the ATP synthesis from
inorganic phosphate and adenosine diphosphate (ADP) by the
ATP synthase. Intrinsic leak of protons through the proteophos-
pholipid barrier constitutive of the inner membrane or a 
protein-catalysed proton transfer through uncoupling proteins,
e.g. UCP, can interfere with the use of protons by the ATP 
synthase [3].

In vivo, however, sustained ATP production requires the
involvement of much more mitochondrial components, i.e. a
number of oxidizing enzymes located in the mitochondrial
matrix, and of membranous carriers. On the other hand, the
OXPHOS system intervenes in many more processes than ATP
synthesis, such as the transport of anions and cations through
the mitochondrial inner membrane. In addition, a number of
the components of the respirasome, and of associated proteins,
are engaged in alternative functions, e.g. apoptosis signalling in
the case of cytochrome c [4], or of apoptosis-inducing factor
(AIF) proteins [5]. Because only a few of the more than 100 pro-
teins in the respiratory chain have a defined function in electron/
proton transfer, it can be predicted that a number of the respira-

some components either control or are involved in as yet
undefined processes.

Finally, while the organization of the OXPHOS machinery 
is essentially found unchanged between mammal cells, its com-
position, particularly the dehydrogenase equipment, and there-
fore the activity of the respiratory chain, can differ significantly
according to tissues. This presumably allows the mitochondria
to cope with the different metabolic activities taking place in
each cell/tissue. In this regard, the distinctive features of the liver
mitochondria presumably echo the many functions of the liver.

Genetic trait

Mitochondria differ from the other organelles of human cells by
being endowed with their own packed 16.5-kb DNA molecules
[6]. These encode the entirety of the 24 mitochondrial tRNAs
and the two subunits of the mitochondrial ribosomes, but only
13 of the more than 100 components of the respiratory chain.
This leaves the nuclear genome in charge of the synthesis of the
vast majority of the respiratory chain components, and of most
components of the mitochondrial replicative and transcrip-
tional machinery. Indeed, more than 1000 nuclear genes (about
1/40 in the nuclear genome) supposedly target their product 
to the mitochondrion (Fig. 1b). To this diversity in the genetic
origin of the mitochondrial components corresponds the variety
of the inheritance of genetic defects. Indeed, all known types 
of inheritance can be encountered in affected families, to which
should be added a significant number of sporadic cases [7].
Genetic complexity also arises from the many interactions
between the mitochondrial and the nuclear genomes necessary
for the concerted expression of components of the OXPHOS
machinery.

Liver mitochondria

Liver cells are actively involved in a number of processes, i.e.
synthesis, storage, detoxification and immunological functions,
and it may be predicted that mitochondria play a direct or indi-
rect role in many of these. This is echoed by their high number
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and their specific enzyme equipment. However, their actual
in vivo function is much less characterized than their in vitro
properties. Indeed, mitochondria-enriched fractions can be
readily prepared from liver – a soft, easy to grind tissue –
endowed with a large number of these organelles. Accordingly,
these have been studied extensively, and rat liver mitochondria
have been used widely to dissect the organization/function of
the OXPHOS system.

A distinctive hallmark of human liver mitochondria resides in
the high capacity of a number of dehydrogenases, e.g. succinate
dehydrogenase, compared with the oxidizing capacity of the
cytochrome segment of the respiratory chain [8]. As a result of
such an unusual imbalance, reverse electron flow from complex
II to complex I will be favoured [9]. Reverse electron flow has
also been suggested to favour an uncoupled oxidation of fatty
acids promoted by pyruvate and hydroxycitrate (Fig. 2) [10].

Inherited mitochondrial liver diseases

Two forms of hepatic failure resulting from genetic defects of
OXPHOS have been recognized on the basis of clinical course

and severity: a severe neonatal form (40%) and a delayed-onset
form (60%) [11]. The neonatal form has an early onset (before 1
week), a rapidly fatal issue and frequently includes severe hypo-
tonia, myoclonus epilepsy and psychomotor retardation [12].
The second form has a delayed onset (from 2 to 18 months), a
milder clinical course, inconstant neurological involvement and
an occasionally fatal outcome. Considering the severe prognosis
and the expected recurrence risk (25%), children with unex-
plained myoclonus epilepsy in early infancy should be screened
for OXPHOS enzyme deficiency in a needle biopsy of their liver.

Abnormal histology (steatosis, micro- and macronodular cir-
rhosis) and elevated plasma or cerebrospinal fluid (CSF) lactate
are consistent features of the disease, regardless of the clinical
subtype. With reference to extension of the disease, the brain is
often the most severely affected organ, but other organs could
occasionally be involved.

Mitochondrial DNA mutation

Liver complex IV (COX, cytochrome oxidase; Fig. 1a) deficiency
has been ascribed to mutation in the COX II gene, a mitochondrial
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(mt) gene encoding the COXII subunit [13]. Multiple deficiencies
affecting respiratory chain complexes in children with liver
involvement can result from primary point mutation in the
tRNA lys of mtDNA or large single deletion of the mt genome
[14]. Predictably, many more mutations of the mitochondrial
DNA will be described in the future, resulting in an OXPHOS
deficiency and liver disease, isolated or not. However, most of
the multiple defects have been shown to result secondarily from
mutation of nuclear genes.

Nuclear gene mutations

Deleterious mutations in a few genes encoding assembly factors,
such as BCS1L and SCO1, have been shown to result in isolated
respiratory chain complex deficiency, complex III and IV
respectively [15,16]. In comparison, a significant proportion 
of the ‘mtDNA depletion syndromes’ associated with Alpers
syndrome has been ascribed to compound heterozygous 
mutations in the POLG1 gene encoding the mitochondrial

gamma-polymerase [17]. Alpers syndrome is a liver disease with
micronodular cirrhosis and typically involves refractory seizures,
psychomotor regression and cortical blindness. Noticeably, a
depletion in the mtDNA has also been shown possibly to result
from mutation of the thymidine kinase gene (TK2) in children
with myopathy, sparing the liver [18], and of the deoxyguanosine
kinase gene (DGUOK) in children with hepato/cerebral syn-
drome, sparing skeletal muscle [19]. Both kinases control the
balance of pools of mitochondrial nucleosides. The tissue
specificity has been ascribed to the overlapping substrate
specificity of the deoxycytidine kinase (dCK) that would account
for the relative sparing of muscle in the case of deoxyguanosine
kinase deficiency, while high TK2 activity would render liver 
less susceptible to TK2 impairment. Early onset in the postnatal
period is observed in the case of DGUOK mutations with 
frequent elevated blood lactate, hypoglycaemia and hyperam-
monaemia, progressive liver failure often being fatal in the first
months of life [20].

Drug hepatotoxicity

While an inherited defect of OXPHOS with liver involvement
may represent as little as 1/100 000 children under 16 years, a
much higher number of patients may suffer acquired mitoch-
ondrial hepatopathies caused by a number of mitochondrial 
poisons.

Valproate and liver mitochondria

The antiepileptic drug, valproate, has been shown to impair
mitochondrial fatty acid beta-oxidation through CoA sequester-
ing [21]. Rather than the parent drug, the metabolites derived
from valproate have been suggested to mediate the impairment
of beta-oxidation causing the microvesicular steatosis that char-
acterizes valproate-associated liver injury. Liver cytochrome
oxidase has also been shown to be targeted by the drug, which
should therefore be proscribed in case of respiratory chain
deficiency [22]. Finally, the drug potentially causes a broad
mitochondrial oxidative stress with associated apoptosis and/or
necrosis [21].

Alcohol and liver mitochondria

While enzymes capable of metabolizing ethanol are widely 
distributed in the organism, they are especially active in the 
liver and, to a lesser extent, in the stomach. In keeping with 
this, hepatotoxicity is a long-known consequence of excessive
alcohol intake [23]. Hepatotoxicity has been ascribed to exces-
sive reducing power, liberated as NADH, and to overactivity 
of cytochrome P-450 induced by ethanol. But, depending on
hepatic iron, liver toxicity of ethanol also appears to be largely
mediated by oxidative insult through reactive oxygen and 
nitrogen species, which readily takes place in the mitochondria.
Excessive alcohol intake can therefore result in a severe decrease
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in mitochondrial oxygen consumption rates and in cytochrome
oxidase activity. The subsequent decrease in the mitochondrial
reduced glutathione store has been shown to be sufficient to sen-
sitize hepatocytes to tumour necrosis factor (TNF)α-mediated
cell death [24]. The relative contribution of these, possibly 
additive, phenomena remains to be established.

Antiretrovirals and liver mitochondria

HAART (highly active antiretroviral therapy) has been respons-
ible for a dramatic decrease in acquired immune deficiency syn-
drome (AIDS) mortality since 1996, and has changed the clinical
profile of human immunodeficiency virus (HIV) infection from
a subacute lethal to a chronic ambulatory disease. However,
hepatotoxicity is a frequent adverse effect from HAART [25]. 
It is a cause of morbidity and mortality among treated patients
and challenges the treatment of HIV infection. A number of
antiretroviral drugs cause fatal hepatitis, but most often they
result in asymptomatic transaminase elevation. A number of
pathogenic mechanisms can concur with HAART-related liver
dysfunction, including a direct toxicity of these drugs on 
mitochondria. Either depletion of mitochondrial DNA or tar-
geting of various mitochondrial components, e.g. the adenylate
carrier, by nucleoside analogues can result in acute hepatitis.
Antiretroviral first-line therapy is rapidly moving towards more
convenient and less toxic regimens. Various nucleoside reverse
transcriptase inhibitor (NRTI) formulations are now available,
and the risk of mitochondrial toxicity is lower with drugs such 
as 3TC, FTC and tenofovir. Similarly, atazanavir, a recently
available protease inhibitor (PI), can be given and is less
metabolically toxic than other PIs.

Diagnosis of OXPHOS deficiency

As the respiratory chain (RC) catalyses the divalent reduction 
of molecular oxygen to water with concomitant ATP produc-
tion, a disorder of OXPHOS should result in: (i) an increase 
in reducing equivalents in both mitochondria and cytosol (e.g.
elevated NADH/NAD ratio); (ii) a decrease in mitochondrial
ATP formation; (iii) an increase in monovalent reduction of
oxygen, resulting in superoxide formation; and (iv) the func-
tional impairment of numerous metabolic pathways requiring
RC function, e.g. the tricarboxylic acid cycle and betaoxida-
tion. Therefore, an increase in ketone body (β-OH butyrate/
acetoacetate) and lactate/pyruvate (L/P) molar ratios with 
secondary elevation of blood lactate might be found in the
plasma of individuals affected with mitochondria-related liver
disease [26]. This is particularly true in the postabsorptive
period, when more NAD+ is required for adequate oxidation of
glycolytic substrates. Similarly, as a consequence of the func-
tional impairment of the citric acid cycle, ketone body synthesis
increases after meals as a result of the channelling of acetyl CoA
towards ketogenesis. The elevation of total ketone bodies in a fed
individual is paradoxical, as it should normally decrease after

meals, because of insulin release (paradoxical hyperketonaemia).
The current screening of OXPHOS deficiency should therefore
include the determination of plasma lactate, pyruvate, ketone
bodies and their molar ratios as indexes of oxidation/reduction
status in cytoplasm and mitochondria respectively. These deter-
minations should be made in fasted and 1-h-fed individuals 
and repeated over days. In order to avoid artifactual elevation 
of lactic acid, blood samples should be taken from a patient at 
rest through a heparinized venous catheter and immediately
deproteinized by perchloric acid [27]. Samples can be either 
forwarded on ice for analysis or frozen immediately (–20°C 
or below). Blood glucose and non-esterified fatty acids should 
be monitored simultaneously.

The observation of a persistent hyperlactataemia (> 2.5 mM)
with elevated L/P (> 20) and ketone body molar ratios is 
suggestive of an OXPHOS deficiency (particularly in the 
postabsorptive period) [26]. When basal screening tests are
inconclusive, a glucose loading test (2 g/kg orally) can unmask
latent hyperlactataemia and/or paradoxical hyperketonaemia
[28]. The urinary excretion of Krebs cycle intermediates and/or
3-methyl-glutaconic aciduria has a good diagnostic value but is
non-specific as it is frequently encountered in non-OXPHOS
deficiency-related syndromes [29]. When the redox status 
in plasma is not altered, the determination of the redox status 
in the CSF can be performed. The amino acid chromato-
graphy shows indirect evidence of hyperlactataemia (i.e. 
elevated plasma alpha-alanine and proline) and occasionally
hypermethioninaemia.

Diagnostic tests include polarographic and spectrophotometric
studies, each providing an independent clue to diagnose RC
deficiency.

Polarographic studies consist of the measurement of oxygen
consumption by cells or mitochondria-enriched fractions using
a Clark electrode in the presence of various substrates (malate +
pyruvate, malate + glutamate, succinate, palmitate, etc.) [30]. 
In case of complex I deficiency, polarographic studies show
impaired respiration with NADH-producing substrates, while
respiration and phosphorylation are normal with FADH2-
producing substrates (succinate). The opposite is observed in
the case of complex II deficiency, whereas a block at the level 
of complexes III or IV impairs oxidation of both NADH- and
FADH2-producing substrates. In complex V deficiency, there is
an impaired oxidation with various substrates, but adding an
uncoupling agent returns the oxidation rate to normal, suggest-
ing that the limiting step involves phosphorylation rather than
the RC. Polarographic studies may also detect PDH deficiency,
citric acid cycle enzyme deficiency and defects in coenzymes,
carriers and shuttles (including cytochrome c, ubiquinone,
cations and adenylate carriers), as these conditions also impair
the production of reducing equivalents in the mitochondrion.
In these cases, however, independent enzyme activities are
expected to be normal (see below).

The scaled-down procedures now available allow the rapid
recovery of mitochondria-enriched fractions (400–500 µg of 
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proteins) from small skeletal muscle biopsies (100–200 mg
obtained under local anaesthesia) and make polarographic 
studies feasible in infants and children. Measurement of oxygen
consumption by intact or detergent-permeabilized circulating
lymphocytes (isolated from 10 mL of blood on a Percoll cushion)
and cultured cells (lymphoblastoid cell lines, skin fibroblasts) 
is also feasible and represents a non-invasive and easily repro-
ducible diagnostic test. The only limitation of these techniques is
the absolute requirement for fresh material: no polarographic
studies are possible on frozen material.

Spectrophotometric studies consist of isolated or combined
respiratory enzyme assays, using specific electron donors and
acceptors. They do not require isolation of mitochondrial frac-
tions and can be carried out on tissue homogenates. For this 
reason, the amount of material required for enzyme assays 
(1–20 mg) is very small and can easily be derived from needle
biopsies of liver or from a pellet of lymphocytes or cultured skin
fibroblasts. Samples can be frozen immediately and kept dry in
liquid nitrogen (or at –80°C).

The question of what tissue should be investigated deserves
particular attention. In principle, a relevant tissue is one that
clinically expresses the disease. In the case of liver disease, a 
needle biopsy of the liver [11] is usually feasible. However, for
obvious reasons, peripheral tissues should be tested extensively
(including skeletal muscle, cultured skin fibroblasts, circulating
lymphocytes). Whatever the affected organ, it is mandatory to
take skin biopsies from patients for subsequent investigations on
cultured fibroblasts (even post mortem).

It should be borne in mind, however, that the in vitro investi-
gation of OXPHOS remains difficult and several pitfalls should
be noted:
• Normal respiratory enzyme activities can be found in periph-
eral tissues that did not clinically express the disease. One might
be dealing with a restricted hepatocerebral or pure hepatic dis-
ease, specific to a subset of organ(s), as observed in Friedreich’s
ataxia [31].
• Normal respiratory enzyme activity does not preclude 
mitochondrial dysfunction, even if the tissue tested clinically
expresses the disease. One might be dealing with a kinetic
mutant, tissue heterogeneity or cellular mosaicism (hetero-
plasmy). In this case, one should pay particular attention to 
histoenzymatic investigations, carry out extensive molecular
genetic analyses, test other tissues and possibly repeat 
investigations.
• The apparent discrepancy between normal complex I, II and
III activities and impaired combined complex I–III or II–III
activities is indicative of a deficient quinone pool. Inborn errors
of quinone synthesis remain largely unknown but are worthy 
of recognition, as these rare forms of RC deficiency respond to
quinone administration in vitro and in vivo [32]. On the other
hand, incorrect freezing may result in a rapid loss of quinone-
dependent activities, probably due to peroxidation of membrane
lipids [30]. Of note, tissue samples fixed for morphological 
studies are inadequate for respiratory enzyme assays.

• The scattering of control activities and the frequent accumula-
tion of partially defective mitochondria in patient cells occasion-
ally hamper the recognition of OXPHOS enzyme deficiencies, as
normal values frequently overlap those found in the patients. It
is helpful to express results as ratios, especially as normal oxid-
ative phosphorylation requires balanced ratios of respiratory
chain enzyme activities. Using activity ratios, patients whose
absolute activities are in the low normal range can be unambigu-
ously diagnosed as enzyme deficient [33]. Yet, this method of
expressing results may fail to identify generalized defects.
• The phenotypical expression of respiratory enzyme deficien-
cies in cultured cells is unstable, and activities tend to return 
to normal values when cells are grown in a standard medium.
Adding uridine (200 µM) and pyruvate (4 mM) to the culture
medium prevents a counterselection of RC-deficient cells, thereby
stabilizing the mutant phenotype (the availability of uridine,
required for nucleic acid synthesis, is reduced by the secondary
deficiency of the RC-dependent dihydroorotate dehydrogenase
activity; Fig. 1a) [34].
• Discrepancies between control values may indicate faulty
experimental conditions. Relative activities should be consistent
when tested under non-rate-limiting conditions. For example,
normal succinate-cytochrome c reductase (SCCR) activity
should be twice as high as normal succinate-quinone DCPIP
reductase (SQDR) activity (because one e- is required to reduce
cytochrome c while two e- are required to reduce DCPIP).

Therapeutic management

As for most OXPHOS defects, therapy of those affecting the liver
is essentially supportive, with adapted nutrition, surgical correc-
tion, treatment of seizures and correction of acidosis, allowing
for quality of life improvement. Until recently, very few animal
models of OXPHOS diseases were available allowing for drug
testing, and none actually exists for mitochondria-associated
liver disease so far. A number of drugs have been suggested 
possibly to rescue cell energetics, including creatine, thiamine,
carnitine, riboflavin, coenzyme Q10 and various antioxidants.
Nevertheless, contradictory results have been reported for most
placebo-controlled, double-blind trials, which suggests that
benefit might be restricted to only a few patients.

The delayed-onset form of liver disease deserves intensive
efforts because, in several cases, spontaneous recovery or
marked improvement after ursodeoxycholic acid therapy and
liver transplantation has occurred. It is reasonable to limit 
liver transplantation to patients with severe hepatic failure but
without neurological symptoms or evidence of extrahepatic
involvement [35].

As in the case of HAART, low liver toxicity often resolves and
does not necessarily justify interrupting the treatment. On the
other hand, severe liver deficiency (severe icterus plus/minus
encephalopathy, ascites) should lead to withdrawal of treatment
[25]. After clinical features are resolved, attempts should be made
to change to drugs showing less mitochondrial hepatotoxicity.
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Of note, mitochondrial involvement is not necessarily the only
aspect of drug toxicity, and other aspects (e.g. allergic reaction)
should be taken care of.

References
1 Schagger H, de Coo R, Bauer MF et al. (2004) Significance of respira-

somes for the assembly/stability of human respiratory chain complex

I. J Biol Chem 279, 36349–36353.

2 Briere JJ, Chretien D, Benit P et al. (2004) Respiratory chain defects:

what do we know for sure about their consequences in vivo? Biochim

Biophys Acta 1659, 172–177.

3 Ricquier D (2005) Respiration uncoupling and metabolism in the 

control of energy expenditure. Proc Nutr Soc 64, 47–52.

4 Garrido C, Kroemer G (2004) Life’s smile, death’s grin: vital functions

of apoptosis-executing proteins. Curr Opin Cell Biol 16, 639–646.

5 Vahsen N, Cande C, Briere JJ et al. (2004) AIF deficiency compromises

oxidative phosphorylation. EMBO J 23, 4679–4689.

6 Larsson NG, Clayton DA (1995) Molecular genetic aspects of human

mitochondrial disorders. Annu Rev Genet 29, 151–178.

7 Munnich A, Rustin P (2001) Clinical spectrum and diagnosis of 

mitochondrial disorders. Am J Med Genet 106, 4–17.

8 Chretien D, Rustin P, Bourgeron T et al. (1994) Reference charts for re-

spiratory chain activities in human tissues. Clin Chim Acta 228, 53–70.

9 Rustin P, Munnich A, Rotig A (2002) Succinate dehydrogenase and

human diseases: new insights into a well-known enzyme. Eur J Hum

Genet 10, 289–291.

10 McCarty MF, Gustin JC (1999) Pyruvate and hydroxycitrate/carnitine

may synergize to promote reverse electron transport in hepatocyte

mitochondria, effectively ‘uncoupling’ the oxidation of fatty acids.

Med Hypotheses 52, 407–416.

11 Cormier-Daire V, Chretien D, Rustin P et al. (1997) Neonatal and

delayed-onset liver involvement in disorders of oxidative phosphory-

lation. J Pediatr 130, 817–822.

12 Bakker HD, Scholte HR, Dingemans KP et al. (1996) Depletion of

mitochondrial deoxyribonucleic acid in a family with fatal neonatal

liver disease. J Pediatr 128, 683–687.

13 Uusimaa J, Finnila S, Vainionpaa L et al. (2003) A mutation in mito-

chondrial DNA-encoded cytochrome c oxidase II gene in a child with

Alpers-Huttenlocher-like disease. Pediatrics 111, e262–268.

14 Chinnery PF, DiMauro S (2005) Mitochondrial hepatopathies. J

Hepatol 43, 207–209.

15 de Lonlay P, Valnot I, Barrientos A et al. (2001) A mutant mitochon-

drial respiratory chain assembly protein causes complex III deficiency

in patients with tubulopathy, encephalopathy and liver failure. Nature

Genet 29, 57–60.

16 Valnot I, Osmond S, Gigarel N et al. (2000) Mutations of the SCO1

gene in mitochondrial cytochrome c oxidase deficiency with neonatal-

onset hepatic failure and encephalopathy. Am J Hum Genet 67,

1104–1109.

17 Naviaux RK, Nguyen KV (2004) POLG mutations associated with

Alpers’ syndrome and mitochondrial DNA depletion. Ann Neurol 55,

706–712.

18 Saada A, Shaag A, Mandel H et al. (2001) Mutant mitochondrial

thymidine kinase in mitochondrial DNA depletion myopathy. Nature

Genet 29, 342–344.

19 Mandel H, Szargel R, Labay V et al. (2001) The deoxyguanosine kinase

gene is mutated in individuals with depleted hepatocerebral mito-

chondrial DNA. Nature Genet 29, 337–341.

20 Labarthe F, Dobbelaere D, Devisme L et al. (2005) Clinical, biochemi-

cal and morphological features of hepatocerebral syndrome with

mitochondrial DNA depletion due to deoxyguanosine kinase

deficiency. J Hepatol 43, 333–341.

21 Pessayre D, Mansouri A, Haouzi D et al. (1999) Hepatotoxicity due to

mitochondrial dysfunction. Cell Biol Toxicol 15, 367–373.

22 Chabrol B, Mancini J, Chretien D et al. (1994) Valproate-induced 

hepatic failure in a case of cytochrome c oxidase deficiency. Eur J

Pediatr 153, 133–135.

23 Mansouri A, Fromenty B, Berson A et al. (1997) Multiple hepatic

mitochondrial DNA deletions suggest premature oxidative aging in

alcoholic patients. J Hepatol 27, 96–102.

24 Fernandez-Checa JC (2003) Alcohol-induced liver disease: when fat

and oxidative stress meet. Ann Hepatol 2, 69–75.

25 Nunez M, Soriano V (2005) Hepatotoxicity of antiretrovirals: incid-

ence, mechanisms and management. Drug Saf 28, 53–66.

26 Munnich A, Rotig A, Chretien D et al. (1996) Clinical presentations

and laboratory investigations in respiratory chain deficiency. Eur J

Pediatr 155, 262–274.

27 Trijbels JM, Scholte HR, Ruitenbeek W et al. (1993) Problems with the

biochemical diagnosis in mitochondrial (encephalo-)myopathies. Eur

J Pediatr 152, 178–184.

28 Touati G, Rigal O, Lombes A et al. (1997) In vivo functional investiga-

tions of lactic acid in patients with respiratory chain disorders. Arch

Dis Child 76, 16–21.

29 Gibson KM, Elpeleg ON, Jakobs C et al. (1993) Multiple syndromes of

3-methylglutaconic aciduria. Pediatr Neurol 9, 120–123.

30 Rustin P, Chretien D, Bourgeron T et al. (1994) Biochemical and

molecular investigations in respiratory chain deficiencies. Clin Chim

Acta 228, 35–51.

31 Rotig A, de Lonlay P, Chretien D et al. (1997) Aconitase and mito-

chondrial iron-sulphur protein deficiency in Friedreich ataxia. Nature

Genet 17, 215–217.

32 Rotig A, Appelkvist EL, Geromel V et al. (2000) Quinone-responsive

multiple respiratory-chain dysfunction due to widespread coenzyme

Q10 deficiency. Lancet 356, 391–395.

33 Chretien D, Gallego J, Barrientos A et al. (1998) Biochemical parame-

ters for the diagnosis of mitochondrial respiratory chain deficiency in

humans, and their lack of age-related changes. Biochem J 329 (Pt 2),

249–254.

34 Bourgeron T, Chretien D, Rotig A et al. (1993) Fate and expression of

the deleted mitochondrial DNA differ between human heteroplasmic

skin fibroblast and Epstein–Barr virus-transformed lymphocyte cul-

tures. J Biol Chem 268, 19369–19376.

35 Sokal EM, Sokol R, Cormier V et al. (1999) Liver transplantation in

mitochondrial respiratory chain disorders. Eur J Pediatr 158 (Suppl. 2),

S81–S84.

TTOC16_09  3/10/07  8:55 AM  Page 1382



16.10 Genetic cholestatic diseases
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Inherited forms of cholestasis can be divided into three classes:
transport defects, metabolic defects and developmental defects.
Various genetic defects in transport function have been iden-
tified. These all concern transport proteins in the canalicular
membrane of the hepatocyte. Three types of progressive 
familial intrahepatic (PFI) cholestasis are now discerned, which
are caused by mutations in a canalicular flippase (PFIC type 1),
the canalicular transporter for bile salts (PFIC type 2) and the
canalicular floppase for phospholipids (PFIC type 3). Metabolic
defects involve genes encoding enzymes of bile salt synthesis 
and metabolism. Bile salts are the main driving force for bile 
formation; defects in biosynthesis of bile salts therefore cause
cholestasis. Finally, in the case of developmental defects, genes
are mutated that encode signalling pathways involved in the 
formation of bile ducts. A prime example of such a disorder is
Alagille syndrome, which is caused by the improper formation
of intrahepatic bile ducts.

By definition, inherited forms of cholestasis are characterized
by increased serum bile salt levels. Increases in transaminases

and especially γ-glutamyltransferase may differ significantly,
however. Patients present with symptoms at a young age. The
chronic cholestasis usually leads to progressive fibrosis and hep-
atitis. Depending on the severity of the cholestatic syndrome,
there is loss of hepatic function in time and, in many of these
syndromes, liver transplantation is eventually required.

Inherited canalicular transport 
defects

A group of very rare inherited forms of cholestasis has been
defined in the last decade by linking genetic analysis to clinical
phenotype (Fig. 1). These disorders are now referred to as 
progressive familial intrahepatic cholestasis (PFIC). Three sub-
groups of patients (PFIC type 1–3) can be defined on the basis of
mutations in the genes for three relevant canalicular transporter
genes [1]. The background of this somewhat confusing nomen-
clature is that the clinical phenotype was considered to be very
similar for a long time. Upon genetic distinction of the three
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PFIC1Fig. 1 Inherited diseases associated with

mutations in genes encoding canalicular
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canalicular transporter gene in bold and the
trivial name of its gene product between
brackets. The second line indicates its function
and the third line indicates in bold the
corresponding disease.
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types of PFIC, subtle differences in the clinical presentation have
become more evident.

PFIC type 1 and BRIC1

PFIC1 was formerly called Byler disease after the Amish family
in which this disease was first described [2]. Patients usually 
present at a young age (neonatal period) with typical cholest-
atic symptoms; serum bile salt, bilirubin and transaminase levels 
are elevated but, in contrast to other paediatric cholestatic 
syndromes such as biliary atresia or Alagille syndrome, serum 
γ-glutamyltransferase (GGT) levels are low. Liver histology
reveals fibrosis but no bile duct proliferation. The patients often
develop endstage liver disease requiring liver transplantation.
Electron microscopic analysis of liver tissue, if available, allows 
a differential diagnosis between PFIC1 and other forms of
cholestasis with low serum GGT levels. In PFIC1 liver speci-
mens, the canalicular lumen contains ‘coarse granular bile’
while, in biopsies from livers with other causes of cholestasis, 
the canalicular lumen contains amorphous bile [3]. The back-
ground to this morphological difference is presently unclear.

PFIC1 is the least well understood of the three forms of this
disease. It is caused by mutations in the ATP8B1 gene [4].
Importantly, mutations in this gene not only cause PFIC1 but
also benign recurrent intrahepatic cholestasis (BRIC) type 1.
BRIC1 is characterized by episodes of cholestasis, the onset and
resolution of which are caused by unknown factors. During
cholestatic periods, serum bile salt and bilirubin are increased,
and patients characteristically suffer from pruritus. With the
increasing number of genetically identified patients with either
of the two clinical diagnoses, it has become clear that the two
syndromes actually represent a continuum in which PFIC1 is the
severe end of the spectrum and BRIC the milder form. Indeed,
patients who were initially diagnosed as having BRIC may develop
a continuous and progressive form of cholestasis that is indis-
tinguishable from PFIC1 [5]. Missense mutations are more
often associated with BRIC than with PFIC1, while the reverse is
true for nonsense mutations and deletions [4]. This suggests
that, in BRIC patients, residual ATP8B1 (FIC1) protein activity
may be present, whereas the mutations in PFIC1 patients gener-
ally knock out the entire activity. Importantly, in addition to
cholestasis, patients with PFIC1 may also suffer from extrahep-
atic symptoms, such as diarrhoea, pancreatitis, hearing problems
and elevated sweat chloride concentrations (the last symptom
being similar to that observed in patients with cystic fibrosis).
Liver transplantation resolves the cholestatic phenotype, but
extrahepatic symptoms such as diarrhoea and failure to thrive
remain [6]. Like PFIC1 patients, BRIC patients may develop
pancreatitis [7].

More than 15 years ago, Whitington et al. [8,9] performed
chronic partial biliary diversion in low-GGT PFIC patients,
which improved the clinical symptoms. Several centres have
now adopted this strategy, and it turns out to be beneficial in
both PFIC1 and PFIC2 (low-GGT PFIC) [10–12].

PFIC type 2 and BRIC2

PFIC2 is caused by mutations in the ABCB11 gene, which
encodes the main canalicular bile salt transporter ABCB11
(BSEP) [13]. Liver histology displays portal inflammation 
and giant cell hepatitis. Serum bile salt and transaminase 
activities are increased, but serum cholesterol and GGT are 
low. As mentioned above, PFIC2 can be distinguished from
PFIC1 by electron microscopic analysis of liver biopsies, with
amorphous bile in the canalicular lumen of PFIC2 liver 
tissue [3].

Importantly, it was reported recently that patients who are
diagnosed with BRIC may have a mutation in the ABCB11 gene
rather than in the ATP8B1 gene. Hence, two types of BRIC can
now be discerned: BRIC1, caused by mutation in ATP8B1, and
BRIC2, caused by mutations in ABCB11. The similarity between
the two syndromes is the episodic cholestasis, but BRIC2 is often
associated with gallstones, which is not the case with BRIC1.
Conversely, BRIC1 patients may develop pancreatitis, and this is
not observed in BRIC2 patients [14].

PFIC type 3

Patients with PFIC3 usually present at a few years of age and 
suffer from chronic and progressive cholestasis. Liver his-
tology reveals fibrosis (progressing into cirrhosis) with portal
inflammation and, in contrast to the other forms of PFIC, strong
bile duct proliferation. As a consequence of the cirrhosis, the
patients are prone to gastrointestinal bleeding. Another differ-
ence from the two other forms of PFIC is a characteristic high
serum GGT activity. About 50% of the patients need a liver
transplantation, while the other half may benefit from treatment
with ursodeoxycholic acid (UDCA) [15]. This type of PFIC is
caused by mutations in the ABCB4 (MDR3) gene, which leads 
to defective biliary phospholipid secretion. Translocation of
phosphatidylcholine from the inner leaflet of the canalicular
membrane to the outer leaflet is mediated by ABCB4 and makes
phospholipid available for extraction by bile salts [1,16]. This
process is essential for protection of the canalicular membrane
of hepatocytes as well as the apical membrane of cholangiocytes
against the detergent action of bile salts. Biliary bile salt secretion
is normal in these patients. The absence of biliary phospholipid
excretion together with normal bile salt excretion causes damage
to membranes [15,17].

More recently, it has become clear that mutations in the
ABCB4 gene that may reduce but not eliminate the activity of the
protein can cause a variety of milder PFIC3 phenotypes. This
also applies in the case of heterozygosity for mutations that 
eliminate transporter activity [18]. Mutations in the ABCB4
gene have been detected in patients with symptoms of primary
biliary cirrhosis (PBC) [19]. Such patients may be primarily if
not exclusively found in the subgroup of PBC patients without
antimitochondrial antibodies (AMA–), i.e. patients with symp-
toms of PBC that may not be caused by autoimmunity. Lucena

TTOC16_10  3/10/07  8:55 AM  Page 1384



16.10 GENETIC CHOLESTATIC DISEASES 1385

et al. [19] as well as Thompson et al. [20] reported on AMA-
negative patients with mutations in the ABCB4 gene, while
Pauli-Magnus et al. [21] could not find ABCB4 mutations in 
a group of PBC patients with antimitochondrial antibodies
(AMA-positive). Furthermore, ABCB4 mutations have been
reported in patients with intrahepatic cholesterol gallstones (see
below) [19,22].

Dubin–Johnson syndrome

Although the Dubin–Johnson syndrome is not strictly a
cholestatic syndrome, it is characterized by one of the most
prominent features of cholestasis, conjugated hyperbilirubi-
naemia. The Dubin–Johnson syndrome is caused by mutations
in the ABCC2 gene encoding MRP2, a canalicular ABC trans-
porter that extrudes organic anions and neutral compounds.
Diagnostically, these patients have a chronic conjugated hyper-
bilirubinaemia without elevated serum GGT or transaminases
[1]. This rare syndrome is considered to be benign, although
anecdotal reports of primary hepatocellular carcinoma have
been published [1]. Although the best known substrate is conju-
gated bilirubin, MRP2 should be considered a drug transporter
responsible for the elimination of endogenous and exogenous
compounds. In many cases, this concerns products of phase I
and phase II metabolism.

Canalicular lipid transport defects can
cause gallstone formation

It is well established that supersaturation of bile with cholesterol,
which occurs in a large proportion of humans, leads to the for-
mation of cholesterol gallstones. Biliary cholesterol solubiliza-
tion depends not only on the concentration of the sterol itself
but also on the bile salt and phospholipid concentration [23].
Mixed micelles of bile salts and phospholipids solubilize choles-
terol better than simple bile salt micelles. Hence, the rate of
phospholipid excretion can be expected to be an important fac-
tor in the prevention of gallstone formation. In normal humans,
biliary cholesterol saturation is already high. One might there-
fore also expect that partial defects in phospholipid secretion
may cause cholesterol gallstone formation. This has, indeed,
been shown. Individuals with mutations in the ABCB4 gene are
particularly prone to cholesterol gallstone formation. Gallstone
formation was observed in several PFIC type 3 patients [15] and,
conversely, mutations in ABCB4 were observed in patients with
intrahepatic gallstones [19,22]. Importantly, the latter group of
patients was not diagnosed as PFIC patients. As these patients
were adults with symptoms differing from PFIC type 3, it was
hypothesized that this concerned a mild form of PFIC caused 
by mutations in ABCB4 that leave residual activity of the trans-
porter. Rosmorduc et al. [22] designated this low phospholipid-
associated cholelithiasis (LPAC) syndrome.

More recently, it was reported that cholelithiasis is also fre-
quently observed in patients with PFIC type 2 [24] and in

patients with BRIC type 2 [14] who have mutations in the
ABCB11 gene. It remains to be determined by which mechanism
the expression level of ABCB11 determines susceptibility to 
gallstone formation.

Association between canalicular
transport defects and cholestasis of
pregnancy

Intrahepatic cholestasis of pregnancy (ICP) is a reversible form
of cholestasis that may develop in the third trimester of preg-
nancy and usually resolves rapidly after delivery. The incidence
of ICP lies between 10 and 100 cases per 10 000 pregnancies, 
but there is a strong ethnic background to this phenomenon.
Notably, in the Chilean population, ICP develops in as many as
16% of pregnancies and, within the Araucanian Indian subpop-
ulation, it is as high as 28% [25]. The main symptoms are prur-
itus and, to a lesser extent, jaundice. Serum bile salt levels 
are increased [26,27]. Increased incidence of fetal distress, pre-
mature birth and even stillbirth in association with ICP have
been reported (see Chapter 22.3 for a clinical description of 
this syndrome). It is generally accepted that women who have
suffered from ICP are also susceptible to the development 
of cholestasis upon the use of oral contraceptives.

Several reports have shown that women with mutations in the
ABCB4 gene can develop ICP [18,29–31]. In all cases, the reported
mutations were shown not to occur in control populations. More
recently, ICP has also been associated with mutations in the
ATP8B1 gene [32,33]. Indeed, ICP patients can be divided into a
group with low serum GGT (about 70%) and a group with high
serum GGT activity (about 30%) [34]. In most cases described,
the cholestatic symptoms resolved upon delivery. Thus, the
observed mutations do not cause transporter deficiencies 
that are strong enough to induce symptoms of PFIC. Most 
probably, mutations in ICP patients reduce transporter 
activity partly and only give rise to clinical symptoms during
pregnancy. It can therefore be hypothesized that, during the
third trimester of pregnancy, there is a generalized impairment
of bile formation. Indeed, not only ABCB4 and ABCB11 func-
tion is compromised during pregnancy, but ABCC2 deficiency
(Dubin–Johnson syndrome) may also be unmasked during
pregnancy [35–37].

The mechanism of this phenomenon has not been completely
revealed. It is thought that estrogens play an important role; it 
is known that estradiol glucuronide is excreted into bile and,
indeed, treatment of rodents with estrogens induces cholestasis
[38]. It remains to be demonstrated, however, whether this
mechanism is also operative in pregnant women and whether
sufficiently high concentrations of the estrogen glucuronides
build up to cause intracanalicular inhibition of the bile salt
transporter. Finally, it must be stressed that the present data 
suggest that the manifestations are caused by mutations in
canalicular transporter genes only in a minority of ICP patients
[39,40].
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A defect in intracellular transport

Arthrogryposis–renal dysfunction–cholestasis
(ARC) syndrome

ARC syndrome is an autosomal recessive multisystem disorder
characterized by neurogenic arthrogryposis multiplex congenita,
renal tubular dysfunction and neonatal cholestasis with bile duct
hypoplasia and low γ-glutamyl-transpeptidase (gGT) activity.
Platelet dysfunction is common. Affected infants do not thrive
and usually die in the first year of life. Gissen et al. [41] demon-
strated that these patients have mutations in VPS33B, which
encodes a homologue of the class C yeast vacuolar protein sort-
ing protein gene, Vps33, which is important in the targeting of
intracellular vesicles to their proper target and their subsequent
fusion with the target membrane. 

Interestingly, a screen for genes causing hepatomegaly in
zebrafish pointed to Vps18 from the same gene family [42]. A
mutation in this gene resulted in zebrafish with large, vesicle-filled
hepatocytes, which was attributed to impaired endosomal–
lysosomal trafficking. These mutants developed defects in the
bile canaliculi and marked biliary paucity, suggesting that Vps18
also functions to traffic vesicles to the canalicular membrane of
hepatocytes.

Clinical features of ARC syndrome are thought to be caused
by abnormal intracellular protein trafficking and defective
membrane fusion mechanisms in the kidneys, liver, nervous 
system and platelets. How defective vesicular transport relates to
these features is as yet unknown.

Bile salt synthetic defects 
(PFIC type 4)

Inherited defects in the bile salt synthetic pathway are respons-
ible for about 2% of the cases of chronic cholestasis in infants. A
review by Bove et al. [43] provides a detailed description of the
different defects, their clinical pictures and the genes involved.
Depending on the nature of the defect, these patients suffer from
liver disease that ranges from mild to severe. Progression of liver
disease is most rapid when the defect results in accumulation of
toxic monohydroxy and unsaturated oxo-bile salts. Histological
findings include intralobular cholestasis with giant cell transfor-
mation, prevalence of necrosis and portal inflammation and
fibrosis that sometimes develops into cirrhosis. The larger inter-
lobular bile ducts are usually spared. These findings, together
with the slow progressive development of the disease, are very
reminiscent of those in PFIC type 1 and 2. Similar to these two
syndromes, γ-glutamyltransferase (GGT) activity in serum is
low. For this reason, it has also been advocated to refer to this
group of genetic defects as PFIC type 4. The resemblance of these
syndromes makes a differential diagnosis important by analysis
of aberrant bile salt metabolites in bile, blood and/or urine,
which can be achieved by mass spectrometry. In several of the
biosynthetic defects, successful therapy consists of oral adminis-
tration of the primary bile salt cholate [43].

Defects have now been reported in several genes encoding
enzymes involved in bile salt synthesis, including oxysterol 
7α-hydroxylase, 3β-hydroxy-C27 steroid dehydrogenase, oxo-
steroid 5β-reductase and mitochondrial C-27 hydroxylase
(causing cerebrotendinous xanthomatosis, CTX). In addition,
several peroxisomal disorders lead to defective bile salt synthesis
because the shortening of the bile salt side-chain occurs in the
peroxisomes [43].

Reports on the occurrence of pruritus as a symptom in
patients with bile salt synthetic defects have been variable. Bove
et al. [43] observed pruritus in patients with 3β-hydroxy-C27
steroid dehydrogenase/isomerase deficiency. On the other hand,
Jacquemin et al. [44] described a group of five patients with the
same defect, none of whom suffered from pruritus. The latter
observation is interesting; it would confirm the hypothesis that
cholestatic pruritus is primarily caused by high concentrations
of circulating bile salts, because these patients are cholestatic but
do not have any primary bile salts in the plasma.

It was shown that conjugation of bile salts with glycine or 
taurine is essential for their transport into bile. Within the group
of Amish patients diagnosed for familial hypercholanaemia 
(see below), individuals were found who had a mutation in the
BAAT gene, which encodes the enzyme bile acid coenzyme
A:amino acid N-acyltransferase [45]. This enzyme catalyses the
conjugation of bile salts with glycine and/or taurine. Patients
with this mutation suffered from coagulopathy, pruritus and
failure to thrive; they had elevated serum bile salt levels and all
bile salts were unconjugated. Penetrance of the clinical pheno-
type was not complete.

Defects affecting the integrity of tight
junctions in hepatocytes and
cholangiocytes

Tight junctions are protein complexes that separate the apical
and basolateral membranes of epithelial cells. The physical 
barrier of tight junctions is composed of polypeptide strands 
of claudins and occludins. In this way, epithelial cells form a 
barrier against the potentially hostile external environment. In
the biliary tree, this barrier is of particular importance because
bile is a highly toxic substance, as described above. Thus, the
tight junctions in hepatocytes and cholangiocytes seal off the
canalicular lumen and the lumen of the bile ducts in order to
prevent leakage of bile into the parenchyma. The importance of
efficient containment of bile within the biliary tree is underlined
by the recent finding that defects in tight junctional functioning
lead to cholestatic syndromes.

Familial hypercholanaemia

This syndrome was described in the Amish population and
resembles a mild form of PFIC type 1 and 2. Serum bile acid con-
centration in affected individuals fluctuates (often very high,
occasionally normal). Fat malabsorption, reflecting low intestinal
bile acid levels, is manifested by failure to thrive, potentially 

TTOC16_10  3/10/07  8:55 AM  Page 1386



16.10 GENETIC CHOLESTATIC DISEASES 1387

life-threatening vitamin K-dependent coagulopathy and rickets.
Symptoms usually respond to treatment with UDCA [45]. 
Some of these patients were shown to have a mutation in the
TJP2 gene, which encodes the tight junctional protein 2 (TJP2).
Through binding to claudin and occludin, TJP2 is presumed to
affect tight junction structure and the open or closed state of
hypothesized claudin pores. Indeed, an aberrant morphology of
the tight junctions was observed in the liver of a patient with a
mutation causing familial hypercholanaemia [45].

Neonatal sclerosing cholangitis with
ichthyosis

Neonatal sclerosing cholangitis presents almost invariably with
jaundice and acholic stools. Liver histology is indistinguishable
from that of biliary atresia, but cholangiography demonstrates
the patency of the bile ducts, with characteristic changes of 
sclerosing cholangitis [46]. A very rare specific combination 
of this syndrome with ichthyosis was reported recently [47]. 
It was subsequently demonstrated that the underlying cause 
was a mutation in the Claudin-1 (CLDN1) gene. The claudins
are essential components of the tight junctional complex.

Lymphoedema–cholestasis (Aagenaes)
syndrome

In lymphoedema–cholestasis syndrome (LCS or Aagenaes 
syndrome), severe neonatal cholestasis and evidence of hepato-
cellular injury accompany lymphoedema that mainly affects the
lower extremities. Patients have hyperbilirubinaemia and high
serum concentrations of bile salts. Liver histology displays giant-
cell transformation of hepatocytes. Manifestations of liver dis-
ease lessen during early childhood and become episodic, as in
BRIC. However, in a few patients, the course of cholestasis
resembles that in PFIC, with cirrhosis and death in childhood;
other patients develop cirrhosis as adults. The lymphoedema
that is typical of this syndrome manifests either at birth or 
during childhood, and becomes chronic and severe, mainly
affecting the lower extremities, but also the hands, scrotum and
periorbital soft tissues. Later in life, lymphoedema can affect the
small intestine and the thoracic soft tissue, with chylothorax.
Lymph vessels in patients with LCS are hypoplastic. Most
reported patients with LCS are from a small region of south-
western Norway, but the syndrome has been diagnosed in 
other countries as well. Transmission of LCS is autosomal 
recessive in Norwegian patients, in whom a locus (LCS1) has
been mapped to chromosome 15q [48].

Defects in the development of 
bile ducts

Alagille syndrome

Alagille syndrome is an autosomal dominant paediatric disorder
that is characterized by developmental abnormalities in many

organs including the liver, heart, kidney, face, eyes and verte-
brae. The hallmark of liver pathology in Alagille syndrome is a
postnatal age-related increase in the proportion of portal tracts
that have no bile duct (bile duct paucity), without evidence 
of prominent bile duct damage. These children suffer from 
pruritus, growth impairment, hypercholesterolaemia and may
develop cirrhosis requiring liver transplantation.

In the majority of cases, it could be shown that the disease 
is caused by mutations in the JAG1 (or JAGGED1) gene [49].
JAG1 is a plasma membrane protein that functions as a ligand in
the Notch pathway, an evolutionarily conserved, fundamental
signalling pathway first studied in Drosophila melanogaster. The
Notch signalling pathway is a complex developmental pathway
that has been demonstrated to regulate cell fate determination.
JAG1 is expressed widely throughout development and specific-
ally during embryogenesis in structures that are destined to con-
tribute to the cardiovascular system and the bile ducts [50]. It is
currently thought that the absence of this signalling pathway
causes a lack of branching and elongation of bile ducts during
postnatal liver growth, leading to peripheral bile duct paucity
and cholestasis.
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17.1 Hepatic artery diseases
Peter C. Hayes

Introduction

The hepatic artery provides 35% of liver blood flow (800–1200
mL/min) and 50% of the oxygen supply [1]. The portal vein sup-
plies 65% of the blood flow, and there is a relationship between
hepatic arterial and portal venous flow known as reciprocity or
the hepatic artery buffer response [2,3], which serves to main-
tain liver blood flow so that a decreased flow in one vessel leads
to an increased flow in the other. There is evidence that this 
form of autoregulation may be mediated by adenosine acting as
a dilator, accumulating locally after a reduction in blood flow
[4]. The portal venous system acts primarily as a passive conduit
for splenic and intestinal outflow of blood. The hepatic oxygen
supply is not critical as the liver extracts only half of its normal
oxygen supply. Liver arterial blood flow is maintained as long 
as the mean arterial pressure remains above 60–80 mmHg.
Although the ultimate destination of the hepatic arterial and
portal venous blood is the sinusoids, the intra- and extrahepatic
biliary systems receive their blood supply preferentially from the
hepatic artery.

Anatomy

The hepatic artery, in comparison with the portal vein, demon-
strates considerable anatomical variation with only 55–65% of
cases demonstrating the conventional pattern of the common
hepatic artery originating from the coeliac axis [5]. In this most
common arrangement, after the origin of the gastroduodenal
artery, the hepatic artery enters the porta hepatis. It divides into
the right, left and occasionally middle hepatic arteries. In 45% of
subjects, the middle hepatic artery emerges from the left hepatic
artery and is the main supply of the quadrate lobe, and some-
times the caudate lobe and gallbladder. The last, however, is
more often supplied by the cystic artery branch of the right 
hepatic artery before it enters the right hepatic lobe. In 25% of
cases, an accessory hepatic artery arises from the left gastric
artery (which may replace the left hepatic artery or exist in addi-
tion to it); in 14%, an accessory right hepatic artery arises from
the superior mesenteric artery and, in 8%, the right hepatic

artery is replaced by an artery arising from the mesenteric artery.
(There are other rarer anatomical variations.) These anatomical
variations are obviously particularly important when it comes 
to hepatobiliary surgery, transplantation and interventional
radiology.

Hepatic artery occlusion

Aetiology and natural history

Hepatic artery occlusion is uncommon and is usually diagnosed
at autopsy. It may be caused by atheroma, thrombosis, emboli,
tumour invasion, polycythaemia, polyarteritis nodosa, surgical
trauma, blunt abdominal trauma or follow transcatheter ther-
apeutic procedures. Occlusion does not necessarily lead to 
hepatic infarction because of collateral circulation and, in fact,
ligation of the hepatic artery is widely used to control bleeding 
in liver injury and the treatment of liver tumours. The con-
sequences of hepatic artery occlusion depend on the site, the 
duration over which occlusion takes place and the state of the
portal circulation [6]. When occlusion of the hepatic artery
occurs distal (on the liver side) to the branching of the gastro-
duodenal artery, development of collateral circulation does not
take place. Thrombosis that occurs slowly is better tolerated
than sudden occlusion. Occlusion of the hepatic artery and 
portal vein is almost invariably fatal. Non-occlusive hepatic
infarction may occur during low cardiac output states and 
diabetic ketoacidosis. Embolization of branches of the hepatic
artery with particulate material is generally well tolerated and
used as a therapeutic approach in the treatment of hepatocellu-
lar carcinoma, and clinically significant hepatic infarction and
abscess formation is rare.

Pathophysiology

Animal models of liver ischaemia–reperfusion have demon-
strated that liver injury and hepatocellular necrosis and
microvascular injury correlate with enhanced Kupffer cell activ-
ity and neutrophil activation and infiltration. These cells and
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endothelial cells generate inflammatory mediators, which may
lead to further liver injury [7]. Inhibition of Kupffer cells with
gadolinum chloride or latex reduces liver injury and improves
survival in animal models [8,9]. Certain agents, such as albumin,
prostacyclin E1 and misoprostol, protect against ischaemia–
reperfusion injury in experimental models. The systemic
microvascular abnormalities and hypotension that accompany
ischaemic liver injury may well be secondary to inflammatory
mediators including platelet-activating factor [10].

Clinical features

As mentioned above, hepatic artery occlusion may be asymp-
tomatic. However, if there is hepatic infarction, presenting fea-
tures include right upper quadrant abdominal or back pain with
tenderness and guarding and a variable tachycardia, hypoten-
sion and signs of liver insufficiency. Abnormalities in liver func-
tion are primarily elevation of serum aminotransferases as well
as bilirubin and prolongation of the prothrombin time. Fever
and elevated white blood cell count are common features. Acute
liver failure with hepatic encephalopathy may occur. The treat-
ment of this condition depends on the underlying cause, and
acute liver failure should be managed as for other causes.
Features of the underlying precipitating cause of hepatic artery
occlusion may be present. The prognosis of hepatic artery occlu-
sion with hepatic infarction is poor.

Investigations

The diagnosis will usually be suggested by Doppler ultrasound
and confirmed by hepatic arteriography, computerized tomo-
graphy (CT) or magnetic resonance (MR) angiography. CT and
MRI scanning may be useful in determining the extent of the
ischaemic injury.

Hepatic artery lesions following
orthotopic liver transplantation

Hepatic artery lesions following orthotopic liver transplantation
are relatively common and are potentially serious with a pre-
valence of 7–36% [11–13] (see Chapter 25.3). The main hepatic
arterial lesions following transplantation are hepatic artery
occlusion, stenosis and anastomotic aneurysms. Allograft hep-
atic artery thrombosis, which complicates approximately 2% of
adult transplants and 5% of paediatric transplants, is a serious
and life-threatening complication if it occurs soon after trans-
plant. Clinical features, usually presenting between days 1 and
21 postoperatively, are variable but may be acute liver failure,
delayed biliary leak or relapsing bacteraemia secondary to graft
necrosis, bile duct necrosis or abscess formation. Biliary leaks or
obstructive biliary complications should prompt investigation
of the hepatic arterial supply. In patients in whom hepatic artery
thrombosis is delayed and gradual, hepatic necrosis may not
develop because of the development of collateral circulation.

Some patients with occult hepatic artery thrombosis present
with relapsing subacute sepsis. Hepatic artery stenosis may 
present with unexplained abnormalities in liver function tests.
In patients in whom hepatic artery thrombosis is suspected,
Doppler ultrasound examination of the hepatic artery is a useful
screening test. Confirmation of the diagnosis requires either
hepatic arteriography or CT angiography. Treatment of hepatic
artery thrombosis occurring early after liver transplantation 
is retransplantation. Deferment in patients who appear to have
well-preserved hepatic function not uncommonly leads to sepsis
with abscess formation, which may well subsequently preclude
retransplantation.

Risk factors for hepatic artery thrombosis may be surgical (the
incidence has been falling in recent years), ABO incompatibility
use of older donors and preoperative chemoembolization [14].

Hepatic artery aneurysms

Aneurysms of the hepatic artery can be divided into true, pseudo
and mycotic variants. Hepatic artery aneurysms are the fourth
most common abdominal aneurysms but are rare, occurring
most often in middle-aged men. Visceral arterial aneurysms
occur with increased frequency in patients with cirrhosis.
Hepatic artery aneurysms may be intra- or extrahepatic, the 
latter being four times more frequent with the main hepatic
artery being the most common site. The size is usually between 
2 and 10 cm.

Aetiology and pathophysiology

Aetiology of hepatic arterial aneurysms may be arteriosclerosis,
systemic infections, especially bacterial endocarditis, syphilis,
tuberculosis and intra-abdominal sepsis, including cholecystitis,
appendicitis and liver abscess, trauma, including liver biopsy and
biliary surgery (Fig. 1), vasculitic disease, especially polyarteritis
nodosa, a weakness in the arterial wall as in Marfan syndrome,

Fig. 1 Angiogram showing a pseudoaneurysm of hepatic artery following
cholecystectomy.

TTOC17_01  3/10/07  9:32 AM  Page 1392



17.1 HEPATIC ARTERY DISEASES 1393

Ehlers–Danlos syndrome, Osler–Weber–Rendu disease and
fibromusculo-hyperplasia. Some occur in otherwise healthy
people with no known cause. In polyarteritis nodosa, the liver 
is involved in 66% of cases, particularly multiple fusiform or 
sacular aneurysms associated with an irregular calibre of
medium and small vessels. These aneurysms may thrombose
and cause peripheral infarction or rupture and cause haemor-
rhage. Nodular regenerative hyperplasia may complicate this
disorder. Hepatic arterial dissections are rare, but have been
described in association with abdominal surgery, peritonitis,
systemic hypertension, pre-existing arterial disease and trauma
[15]. Mycotic pseudoaneurysm is a rare complication following
liver transplantation [16].

Clinical features

Hepatic artery aneurysms are usually discovered in middle age
with a male to female ratio of 4:1. Patients may remain asymp-
tomatic for long periods of time. Abdominal pain is the first
symptom in 75% of cases [17]. The pain may be severe when due
to dissection or vague when due to compression, and is often
misinterpreted as biliary or pancreatic pain. Rupture occurs in
up to 80% of cases and produces an intraperitoneal haemor-
rhage with extrahepatic aneurysms or haemobilia associated
with gastrointestinal bleeding and jaundice with intrahepatic
aneurysms [18]. The triad of abdominal pain, jaundice and gas-
trointestinal haemorrhage is said to be suggestive of hepatic
artery aneurysms, but only occurs in approximately 30% of
cases. The mortality from hepatic artery aneurysm rupture is
80%. An uncommon presentation is with jaundice due to
extrinsic compression of the biliary tree [19].

Diagnosis

Diagnosis is often missed as it is not considered. Abdominal 
radiography shows calcification in the aneurysm in less than
50% of cases, and therefore ultrasonography and/or CT is better
[20]. Arteriography is the definitive diagnostic methodology,
although MRI or CT is now used in the diagnosis of hepatic
artery aneurysms (Fig. 2).

Treatment

The treatment of a ruptured aneurysm is emergency surgery or
transcatheter embolization dictated by the circumstances. In
asymptomatic patients, excision or obliteration of the aneurysm
may be considered. An aneurysm in the common hepatic artery
proximal to the gastroduodenal artery can be safely ligated,
whereas in aneurysms distal to the gastroduodenal artery, liga-
tion interrupts the collateral artery circulation and may produce
liver ischaemia. Aneurysms in this area are treated with resection
and reconstruction. Intrahepatic aneurysms may be treated by
resection of the liver or by ligating the specific feeding vessel.
Transcatheter embolization is nowadays the preferred altern-

ative treatment because of its high efficacy and low morbidity
[21]. Obliteration using coils [4,22] or percutaneous thrombin
injection [5,23] has been suggested.

Hepatic arterioportal fistulae

An hepatic arterioportal fistula is a rare but potentially treatable
cause of portal hypertension. Arterioportal fistulae occur sec-
ondary to trauma including liver biopsy or other diagnostic or
therapeutic procedures, hepatocellular tumours or congenital
disorders such as hereditary haemorrhagic telangiectasia.
Fistulae between the extrahepatic hepatic artery and portal vein
usually occur as a result of the rupture of an hepatic artery
aneurysm or trauma.

Fig. 2 (a) An angiogram of a hepatic artery aneurysm and (b) a
computerized tomography angiogram showing bilateral hepatic artery
aneurysms (embolised).

(a) 

(b)
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Arterioportal fistulae may be asymptomatic or present with
abdominal pain, intestinal ischaemia or portal hypertension
with upper gastrointestinal bleeding, ascites or, unusually, con-
gestive cardiac failure. Portal hypertension develops in approxi-
mately 40% of patients, particularly in those with a fistulae
involving large vessels, and abdominal bruit are present in 80%
of patients. Diagnostically, Doppler ultrasound may detect arte-
rioportal fistulae, but a CT scan or angiography is required for
accurate anatomical assessment. Treatment for arterioportal
fistulae depends on their size and position and the presence of
portal hypertension or other symptoms. For patients with small
intrahepatic fistulae without portal hypertension, observation is
appropriate as they may remain constant in size and even close
spontaneously. By comparison, extrahepatic fistulae have a tend-
ency to increase in size and should therefore be treated, even if
asymptomatic, by either surgery or transcatheter embolization
[24].
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17.2 Obstruction of the portal vein
Juan Carlos García-Pagán, Manuel Hernández-Guerra and Jaime Bosch

Thrombosis of the portal venous axis

The term portal vein thrombosis (PVT) refers to thrombosis
developing in the trunk of the portal vein, from where it can
extend to the right and the left intrahepatic branches. It can 
also extend to the splenic vein and the superior or the inferior
mesenteric veins. Thrombosis of the portal venous system refers
to thrombosis at any of the above sites [1].

Aetiology

Causes of PVT are summarized in Table 1.

General thrombophilic factors have been identified in
approximately 60% and local factors in 40% of patients with
PVT [2–4]. Several factors are frequently associated [5–8].
However, despite complete screening for these factors, up to
30% of PVT remains idiopathic.

Among the hypercoagulable states, primary myeloprolifera-
tive disorders are the leading cause [3,4,9,10]. Other much less
common acquired disorders are the antiphospholipid syn-
drome and paroxysmal nocturnal haemoglobinuria. Inherited
prothrombotic disorders such as protein S, protein C and anti-
thrombin III deficiencies and, less frequently, factor V Leiden
mutation, factor II gene mutation and methylenetetrahydrofolate

1395

Causal factor Recommended investigation

Acquired thrombophilic disorders
Primary myeloproliferative disorders Bone marrow biopsy, total red cell mass, 

erythropoietin level and assessment of endogenous 

erythroid colonies. JAK 2 determination

Antiphospholipid syndrome Anticardiolipin (ELISA)

Paroxysmal nocturnal haemoglobinuria Blood flow cytometry

Hyperhomocysteinaemia Homocysteine serum levels

Inherited prothrombotic disorders
Factor V Leiden mutation Activated protein C resistance or assessment for 

mutation (G1691A)

Factor II prothrombin gene mutation Molecular biology for G20210A polymorphism

Protein C deficiency Ratio to factor II, V, VII or X and family studies

Protein S deficiency

Antithrombin deficiency

Local factors
Focal inflammatory lesions (e.g. omphalitis, Clinical data and imaging techniques

pancreatitis, diverticulitis, cholecystitis)

Portal vein axis injury (e.g. splenectomy, 

cholecystectomy, colectomy)

Other risk factors for thrombosis
Pregnancy Patient’s history record

Contraceptives

Table 1 Aetiological factors in portal vein
thrombosis (excluding cancer and cirrhosis).
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reductase gene mutation have also been identified [2–4]. Other
prothrombotic systemic conditions associated with PVT are 
the use of oral contraceptives, pregnancy and inflammatory and
malignancy states [2].

Interpretation of the results of antithrombin III, protein C
and protein S deficiencies may be a challenge for physicians
when liver deterioration is present [11]. In this situation, a ratio
of protein C antigen, protein S antigen or antithrombin values 
to (factor II + factor X)/2 below 0.7 is highly suspicious of
deficiency [3], which might be confirmed by investigation of
first-degree relatives [4,7]. Half of the patients with PVT, in
whom a predisposing factor cannot be identified, suffer from a
primary myeloproliferative disorder (mostly polycythaemia
vera) that cannot be detected by conventional criteria [9]. In
these patients, spontaneous formation of erythroid colonies in
culture is helpful in identifying myeloproliferative disorders
[12,13]. The recent identification of molecular markers associ-
ated with the presence of myeloproliferative disorders, such as
the Janus kinase 2 (JAK2) gene mutation, will probably change
this scenario [14].

Local factors include local inflammatory/infectious lesions
(pancreatitis, cholecystitis, cholangitis and appendicitis) [15],
local injury to the portal venous axis (splenectomy, surgical 
portocaval shunting and other intra-abdominal surgical 
procedures) [16] and intra-abdominal malignant tumours
(pancreatic and hepatocellular carcinoma) [17]. The presence 
of these factors does not exclude the presence of systemic 
risk factors [8]. A history of omphalitis or umbilical vein
catheterization is frequently described in children with PVT
[18,19].

Cirrhosis may be considered as a local factor promoting 
PVT. The prevalence of portal thrombosis in cirrhotic patients
without associated hepatocellular carcinoma ranges between
0.5% and 26% [13,20,21]. The concomitant existence of throm-
bophilic factors in cirrhotic patients has been suggested to
increase the risk of PVT [22,23]. Other factors that have been
involved are endoscopic sclerotherapy, the use of vasoactive
drugs and a past history of variceal bleeding [13,24].

Portal vein thrombosis after liver transplantation, although
not frequent, may occur at the anastomotic site in the early 
postoperative period. Several risk factors have been identified,
such as technical complications, a small diameter of the donor
portal vein, a history of previous PVT and previous splenectomy
[25].

Clinical presentation

At presentation, PVT may manifest as an acute process charac-
terized by prominent abdominal pain and signs suggestive of
intestinal venous ischaemia. However, the acute episode is more
frequently asymptomatic or paucisymptomatic, and PVT is not
diagnosed until the development of complications secondary to
portal hypertension [8].

The acute thrombotic episode

Clinical manifestations
The presence and severity of symptoms in the acute episode are
probably related to the velocity of development and the extent of
venous thrombosis. Patients complain of abdominal pain and
fever. More frequent is the presence of unspecific dyspeptic
symptoms (nausea, postprandial fullness) and general malaise.
In some cases, these manifestations overlap with those of the
triggering factor, such as recent surgery or acute pancreatitis.
When diagnosis and treatment are delayed or venous throm-
bosis affects the small mesenteric arches, features of intestinal
ischaemia may appear with continuous abdominal pain and ileus.
If the disease progresses, bowel infarction occurs. This should be
suspected when there is haematochezia, rebound tenderness at
abdominal examination, accumulation of abdominal fluid or
when metabolic acidosis, renal or respiratory failure develop.

Diagnosis
The clinical suspicion (e.g. unexplained acute abdominal pain 
in a patient with a known thrombophilic factor) should prompt
ultrasonography (US) of the portal venous system. The
identification of solid echoes within the portal vein and the
absence of flow when using US pulsed-Doppler equipment
confirms the diagnosis [26]. Computerized tomography (CT)
scanning and magnetic resonance angiography imaging (MRI)
may provide additional information, especially regarding the
extent of thrombosis. In the acute phase, invasive diagnostic
techniques such as angiography have been almost abandoned.

Lack of significant periportal collaterals, presence of high
luminal density on the thrombosed vessel in the CT scan [27,28]
and no evidence of chronic portal hypertension (gastrointestinal
bleeding, ascites, collateral portosystemic circulation or hyper-
splenism) are features that help to differentiate the recent
thrombosis from the chronic form [8]. This is relevant as it
implies important prognostic and therapeutic consequences.

Treatment
Although no randomized controlled trials (RCTs) have been
performed, after the diagnosis of acute PVT, early initiation of
anticoagulation is recommended. This is based on the clinical
observation that spontaneous recanalization is extremely infre-
quent. However, over 50% of patients receiving early anticoagu-
lation show successful recanalization [29,30]. The extent of the
initial thrombosis within the portal venous system has been
identified as a predictive factor for lack of recanalization [30]. In
our experience, the presence of more than one prothrombotic
factor is associated with a lower probability of recanalization
(0% vs. 59% in patients with only one prothrombotic factor),
and the rate of partial or complete recanalization decreases 
from 69% when anticoagulation is instituted within the first
week after the start of symptoms to 25% when it is started during
the second week [31]. These data, although needing to be
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confirmed, reinforce the idea that the earlier the anticoagulation
begins the better. Anticoagulation should be instituted even in
the presence of severe underlying disorders.

In cases of recent thrombosis, local thrombolytic therapy
through a catheter introduced in the portal vein either percuta-
neously or by the transjugular approach may be useful (if there
are no contraindications) [32,33]. Insertion of transjugular
intrahepatic portosystemic shunting (TIPS) to maintain a high-
velocity flow in the portal vein has also been proposed [34,35].
However, there are no studies evaluating whether these invasive
approaches offer advantages over early anticoagulation.

Surgical thrombectomy is not indicated because recurrence is
the rule unless anticoagulation is administered simultaneously.
Laparotomy is indicated when short bowel damage is suspected.

Recanalization may be expected to occur even 4–6 months
after the beginning of anticoagulation. Therefore, it is recom-
mended to keep patients on anticoagulation for at least 6
months [30]. There are no data to advise maintaining anticoag-
ulation beyond 6 months. However, long-term anticoagulation
seems rational in patients with an identified underlying pro-
thrombotic disorder, recurrent episodes of thrombosis or 
familial history of vein thrombosis [8]. Subcutaneous low-
molecular-weight heparin (LMWH) is at least as effective and
safe as intravenous heparin [36]. LMWH has a more predictable
dose–response relationship, which makes laboratory monitor-
ing unnecessary and confers a lower risk of bleeding or allergic
thrombocytopenia. In the outpatient setting, oral vitamin K
antagonists targeting the international normalized ratio (INR)
to a range of 2–3 is the preferable option.

Once diagnosed, the specific treatment for the underlying
prothrombotic disorder should be adequately established.

Long-term prognosis
Hitherto, mortality was high (20–50%) with intestinal necrosis
being the main cause of death even when surgery was carried
out. The outcome has improved through early diagnosis, as a
result of enhanced clinical awareness and improved diagnostic
techniques, and probably also through the use of early anticoag-
ulation [29,30] and antibiotics [37]. In our experience, 5-year
survival was 85%, with complications related to the underlying
disorder being the main cause of death [31].

Chronic portal vein thrombosis/portal
cavernoma

Clinical manifestations
In many cases, the initial episode of PVT is asymptomatic, and
PVT is diagnosed in a late phase either in the study of a portal
hypertension-related complication (thrombocytopenia,
splenomegaly, variceal bleeding) or incidentally during a dia-
gnostic imaging test performed for other unrelated issues [8].

Tortuous collateral veins around/inside the thrombus, the 
so-called portal cavernoma, appear as soon as a few days after

portal blood flow interruption. Portal hypertension-related
complications are the main clinical manifestations of chronic
PVT. Twenty-two per cent of the patients screened in the study
by Condat et al. [30] had varices and 43% in our own series [31].
Gastro-oesophageal varices may develop as early as 1 month
after the acute PVT episode. However, in those patients with a
negative early endoscopy, varices might still develop during 
follow-up. This settles the rationale to recommend early screen-
ing for varices (2–3 months after the acute PVT diagnosis) and,
if no varices are present, to repeat the screening in 9–12 months.
The schedule for further follow-up screening endoscopies is
unknown and should be investigated. The presence of ectopic
varices is significantly more frequent than in patients with cir-
rhosis [38].

Variceal bleeding is more common in children than in adults,
but it is still the most frequent manifestation in adults [39].
Bleeding-related mortality in patients with PVT is much lower
than in cirrhotics [6,19,40,41].

Portal biliopathy is defined as abnormalities of the extrahep-
atic and intrahepatic bile ducts and gallbladder wall in patients
with portal cavernoma [42]. It is attributed to ischaemic injury
secondary to PVT, but more probably to biliary compression by
periportal collaterals composing the cavernoma [43–45].
Obstructive biliary signs and symptoms have been identified 
by means of cholangiographic imaging techniques in more than
80% of patients after longstanding portal vein obstruction
[43,45,46]. However, we have found radiological abnormalities
of portal biliopathy as early as 1 year after acute PVT. Despite the
high rate of biliary tract abnormalities (mainly stenosis, dilatation,
angulation and bile duct irregularity), clinical consequences are
infrequent [43], albeit increased serum alkaline phosphatase is
common. Severe and life-threatening manifestations (cholecys-
titis, cholangitis, obstructive jaundice) may occur, although the
real incidence is unknown.

Other symptoms, such as early satiety and abdominal discom-
fort and fullness, are related to massive splenomegaly [19,47,48].
Growth retardation is common in childhood [49].

Ascites has been considered a late-phase manifestation and
always associated with gastrointestinal bleeding or infection.
However, in our experience, the 2-year actuarial probability of
developing ascites after acute PVT was 18%. Contrary to what
has been suggested previously [50], these patients had preserved
liver function. Ascites is usually easy to control with medical
treatment [50,51].

Overt encephalopathy occurs rarely in patients with PVT
without liver failure. However, patients with non-cirrhotic 
non-tumoral PVT develop subclinical neurological abnormali-
ties compatible with minimal hepatic encephalopathy [52].
Whether these alterations have a clinical impact on the natural
history of PVT needs further evaluation.

A low prothrombin ratio and mild increase in transaminases
are common, and are usually associated with subtle histological
findings and minor changes in liver morphology detected by
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ultrasound. These findings are probably related to altered liver
perfusion, despite the arterial compensatory vasodilation. The
real impact of these abnormalities is unknown.

Diagnosis
The diagnosis is performed by imaging techniques. US, CT scan
and MRI angiography demonstrating portosystemic collaterals
and the presence of portal cavernoma are all extremely useful
[27,53]. A liver biopsy will help to rule out a chronic liver disease
associated with PVT in patients with altered liver biochemistry
or appearance on US. Angiography is usually restricted to cases
in which a shunt procedure is required. Endoscopic ultrasound
[54] has also been used as an adjuvant to endoscopic retrograde
cholangiopancreatography (ERCP) (Fig. 1) and magnetic reson-
ance cholangiography to assess portal biliopathy (Fig. 2) [55].
Endoscopy reveals gastric varices in a much higher proportion
of patients than in cirrhotic portal hypertension.

Treatment
Anticoagulation has been shown to prevent the progression and
recurrence of thrombosis [41]. These beneficial effects were
observed without increasing the risk or severity of gastrointesti-
nal bleeding provided that adequate prophylactic measures to
prevent variceal bleeding or rebleeding are adopted before start-
ing anticoagulation [41]. Thus, although this should be decided
on an individual basis, it is our policy to initiate long-term anti-
coagulation in all patients with an underlying prothrombotic
disorder or a history of previous thrombosis in other territories.

The acute gastrointestinal bleeding episode should be man-
aged as in cirrhotic patients [8]. It has been suggested that the
use of vasoconstrictor agents may theoretically favour thrombus

extension by reducing splanchnic blood flow. However, this has
not been documented.

There is insufficient data on whether pharmacological or
endoscopic therapy should be preferred for primary prophylaxis
[8]. Endoscopic therapy has been shown to be effective in sec-
ondary prophylaxis [56,57]. Two studies performed in India
have shown that variceal band ligation is superior to sclerother-
apy, with earlier variceal eradication and lower recurrent
variceal bleeding and complications [58,59]. The role of beta-
blockers in comparison or associated with endoscopic therapy
should be evaluated in prospective randomized studies [8].

Decompressive surgery should only be considered for patients
with failure of endoscopic therapy. In all cases, the surgical pro-
cedure must be individualized. In our experience, however, 
37% of patients with PVT also had thrombosis of the splenic 
and superior mesenteric vein and, therefore, are not suitable 
for conventional derivative surgery. Other procedures such as
oesophageal transection or splenectomy and ligation of the
varices are less useful because of the high frequency of late
rebleeding due to reappearance of the varices. Novel shunting
techniques, such as the splanchnic intrahepatic portal bypass,
need to be validated [60]. TIPS and percutaneous stenting in the
setting of chronic portal vein thrombosis are sometimes possible
in adults and children [61,62].

Ursodeoxycholic acid (UDCA) has been proposed for the
treatment of patients with symptomatic portal biliopathy,
including those with abnormal cholestatic tests [45]. However,
no clinical data support this recommendation. Choledocho-
lithiasis might be present, complicating a bile duct stenosis. In
that case, an ERCP with sphincterotomy is indicated [63]. When
there is no evidence of common bile duct stones contributing to
the symptoms, sphincterotomy might be useless [64]. In some
severe cases, portosystemic shunt, aimed at decompressing the
collaterals, or placement of a biliary stent may be considered.

Fig. 1 Endoscopic ultrasound image showing the collaterals (black arrow)
around the dilated choledocho (white arrow).

Fig. 2 MRI showing the collaterals (black arrow) compressing the bile duct
(white arrow) that dilates upstream.

TTOC17_02  3/10/07  9:34 AM  Page 1398



17.2 OBSTRUCTION OF THE PORTAL VEIN 1399

Biliointestinal bypass should be avoided because it has high
morbidity and mortality [45,65].

Long-term prognosis
Morbidity is mainly related to variceal bleeding, recurrent
thrombosis, symptomatic portal biliopathy and hypersplenism
[8]. Mortality among patients with PVT is low (5-year mortality
of 5–10%) and is mainly related to associated diseases rather
than to complications of portal hypertension [6].

Splenic vein thrombosis

The main causes of isolated splenic vein thrombosis are chro-
nic pancreatitis and carcinoma of the pancreas [15,66].
Occasionally, splenic vein thrombosis has been described in
relation to pancreatic pseudotumour, pancreatic pseudocyst,
retroperitoneal abscess, renal neoplasms, perirenal abscess and
segmental splenic vein resection during a benign pancreatic
tumour (iatrogenic cause).

The physical examination reveals an enlarged spleen; bio-
chemical analysis determinations are usually normal, while
haematological parameters may show signs of hypersplenism
[67]. The triad of gastric varices with splenomegaly and normal
liver function is highly suspicious of isolated splenic vein throm-
bosis [67,68]. Usually, splenic vein obstruction is diagnosed
after a bleeding episode related to gastric varices, which are com-
mon [15,68,69]. The diagnosis is established by ultrasound, 
CT scan and MRI. For those inconclusive diagnostic cases, the
venous phase of splenic artery angiography is indicated [70]. In
some cases, endoscopic ultrasonography may be helpful [71]. 
It is very unlikely that the use of splenoportography, transhepatic
catheterization of the portal vein or peroperative measurements
will be required [72,73].

As splenectomy eliminates venous collateral outflow, surgical
treatment is clearly justified in patients presenting with variceal
bleeding [74]. However, in patients without prior bleeding, a
decision for splenectomy is questionable because of the risks and
long-term care that will be needed afterwards. Splenic artery
embolization is a second-line option for high operative risk
patients or in whom intervention is contraindicated [75].

Congenital stenosis of the portal vein

It is important to consider this aetiology in children with pre-
hepatic portal hypertension. The stenosis may be located at any
point along the portal vein, but it is particularly common at the
hepatic hilus or in the middle of its traject [19,39]. The mecha-
nism of the stenosis is not fully understood, but is thought to be
related to the circulatory changes that occur soon after birth.

As in other patients with prehepatic portal hypertension, the
disease is usually diagnosed after the patient suffers gastroin-
testinal bleeding due to ruptured gastro-oesophageal varices.
The physical examination may show splenomegaly and subcuta-
neous collateral vessels. Liver function parameters remain

within the normal range, and ultrasound shows the patency of
the portal vein, thus making a false diagnosis of intrahepatic
portal hypertension. However, liver histology is normal, as is the
measurement of hepatic venous pressures. Careful ultrasound
examination of the portal vein and analysis of the venous phase
of splanchnic angiography may reveal the stenosis, which can
thereafter be confirmed by measuring the venous pressure along
the portal vein and showing a pressure gradient just at the loca-
tion of the stenosis. Some cases may be corrected by translumi-
nal angioplasty; otherwise, these patients should be managed
surgically.

Aneurysms of the portal vein

Abnormal, aneurysm-like dilatations of the portal vein are rare,
representing 3% of all aneurysms of the venous system [76]. In
some cases, they appear to be associated with portal hyperten-
sion [76,77]. However, there are reports suggesting that such
dilatation may occur in subjects with normal portal pressure
[78]. The most frequent location of these aneurysms is at the
junction of the splenic and mesenteric veins, although there have
been cases with other locations (even intrahepatic) [79]. The
mechanism of the abnormal portal vein dilatation is not known,
but there is evidence of both a congenital and an acquired origin
[79–81]. Most portal venous system aneurysms are asymptomatic
and are usually diagnosed by chance during Doppler ultrasound
examination in a patient known, or suspected, to have portal
hypertension. CT scanning and MRI are also useful in showing
the enlarged diameter of the portal vein [76, 82]. Venous phase
angiography confirms the diagnosis and may sometimes reveal
aneurysms or congenital malformations in other locations, thus
favouring the suggestion of a congenital origin.

Unlike arterial aneurysms, the risk of spontaneous rupture of
an aneurysm of the portal vein seems to be minimal [83]. It is
likely that rupture occurs only when there is portal hypertension
in patients with very large aneurysms of the portal vein (i.e. > 50
mm in diameter) (Fig. 3). In these cases, portacaval shunts and
aneurysmorrhaphy are the therapeutic options [84,85].

Several cases of portal hepatic venous shunt via an intrahep-
atic portal vein aneurysm, in patients with or without portal
hypertension, have been described in the literature [86]. This 
situation is easily diagnosed by colour Doppler ultrasonography
[87].

Extrinsic compression of the portal vein

Portal hypertension due to the stenosis of the portal vein
induced by a mass or a process located in the vicinity of its traject
is an unusual condition. However, as already discussed, the
splenic vein may be compressed by benign or malignant disease
of the pancreas.

Partial nodular transformation of the liver is an infrequent
disease of unknown origin characterized by the appearance of
large nodules (up to 8 cm) located in the hilar area of the liver
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[88]. Liver function tests are usually normal, and patients are
diagnosed either after bleeding from oesophageal varices or dur-
ing the diagnostic workup of an enlarged spleen. Pathological
examination shows the hilar nodules, composed of normal hep-
atocytes with minimal fibrosis, while the surrounding liver has a
normal appearance [88]. The nodules compress the portal vein,
which shows a characteristic smooth narrowing at the hepatic
hilum on portography.

Retroperitoneal fibrosis is a chronic inflammation of the 
cellular tissue of the lower lumbar area. This inflammatory pro-
cess may constrict the vessels. There are several case reports of
patients with portal hypertension secondary to the severe con-
striction of the portal vein due to retroperitoneal fibrosis [89].

Arteriovenous fistulae in the portal
venous system

Portal pressure is the result of the relationship between portal
blood flow and the vascular resistance offered to that flow [90].
It is possible, therefore, that portal hypertension could be related
to a greatly increased blood flow, which cannot be counteracted
by a large enough decrease in vascular resistance. This is in part
the mechanism of increased portal pressure in patients with an
arteriovenous fistula [91], in whom no evidence of liver disease
can be demonstrated. However, it should be stressed that, in
some patients, portal hypertension is not entirely corrected
despite the surgical closure of the fistula [92], thus indicating
that increased portal pressure was, at least in part, related to
increased vascular resistance. It is unclear whether this develops

as a long-term consequence of arterialization of the portal 
system.

Arteriovenous fistulae may be located intra- or extrahepat-
ically. They may have a congenital origin, be associated with the
Rendu–Osler–Weber syndrome (see Chapter 17.4) or be due to
trauma [93]. Intrahepatic arterioportal fistulae may result from
liver biopsy or other invasive procedures [94]. In other cases, the
fistula is observed within a hepatocellular carcinoma [95]. In
patients with cirrhosis, the development of an intrahepatic arte-
riovenous fistula may markedly aggravate portal hypertension.
In rare cases, an aneurysm of the hepatic artery may rupture into
the portal vein and give rise to a fistula and portal hypertension.
About one-third of patients complain of abdominal pain and, 
in some of these, it is possible to hear an abdominal bruit.
Treatment of these patients is based on percutaneous arterial
embolization [96] or surgical ligation of the fistula.
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17.3 Disorders of the hepatic veins and
hepatic sinusoids
Dominique-Charles Valla

The main disorders of the hepatic venous system are represented
by Budd–Chiari syndrome (BCS), which is considered here, 
and by fistulas, which are discussed in Chapter 17.4. Disorders 
of sinusoids frequently mimic the obstruction of the hepatic
venous system. They include a variety of rare conditions, namely
sinusoidal obstruction syndrome, sinusoidal dilatation, peliosis
hepatis, sinusoidal fibrosis and infiltration of the sinusoids.

Budd–Chiari syndrome

Definitions

BCS is a heterogeneous disorder characterized by an obstacle to
the hepatic venous outflow, be it at the level of the small hepatic
veins, large hepatic veins or the suprahepatic portion of the 
inferior vena cava (IVC) [1]. BCS is further defined as primary
when the obstructing process arises from the venous wall
(phlebitis or fibrous thickening) or the venous lumen (throm-
bosis) [1]. BCS is considered secondary when the veins are 
compressed or invaded by a lesion arising outside these veins.
Veno-occlusive disease is a misleading denomination that should
be substituted by either ‘sinusoidal obstruction syndrome’ 
for toxic injury to sinusoidal endothelial cells or Budd–Chiari
syndrome where appropriate.

Epidemiology

Surveys performed in the early 1990s in Japan [2] and France
(unpublished data from the Observatoire National du
Syndrome de Budd–Chiari) could identify only a few hundreds
of cases over one or two decades. Current estimates of pre-
valence would be higher because of increased awareness and
improved diagnostic methods. Moreover, in some places such as
Nepal, a high prevalence has been recorded [3].

Causes

Primary BCS
A systematic investigation allows the identification of one or

several thrombotic risk factors in about 90% of patients with
primary BCS; and two or more of these factors in at least 25%
[4–8]. Estimates of the frequencies or odds ratios for these risk
factors in BCS patients are presented in Table 1.

Myeloproliferative diseases (MPD)
These represent the major cause of primary BCS [4,8,9]. In 
contrast, only 1–3% of MPD patients develop BCS [10,11]. Most
affected patients are women of young age (30 years on average).
It is poorly understood why some patients with MPD develop
hepatic vein or IVC thrombosis. Association with other risk 
factors for thrombosis can be identified in about 70% of BCS
patients with MPD [8]. At the time of presentation with BCS,
MPD has not usually been recognized previously; moreover, in
half the patients, peripheral blood cell counts at presentation are
not suggestive of MPD [4,8,12,13]. These ‘occult’, ‘latent’ or
‘atypical’ forms can be explained in part by hypersplenism, iron
deficiency and dilution into a marked increase in plasma volume,
all factors related to portal hypertension [14]. Diagnosis has
been made by showing clusters of dystrophic megakaryocytes 
at bone marrow biopsy [13] or by showing the formation of 
so-called ‘spontaneous’ or ‘endogenous’ colonies in cultures of
erythroid progenitors on erythropoietin-poor media [4,12,14,15].
These two criteria are simultaneously present in over 85% 
of BCS patients with MPD [13]. In a patient with features of
marked portal hypertension, platelet counts over 200 000/µL
strongly suggest that a MPD is present [13]. The recent demon-
stration that the somatic mutation V617F in the JAK2 gene is
responsible for a majority of MPD will allow an easy diagnosis of
MPD in BCS patients by direct molecular testing on peripheral
blood cells [16]. However, it remains to be shown whether this
mutation accounts for all BCS patients with MPD. Late transfor-
mation into leukaemia and the spent phase of MPD has been
reported to occur at a frequency close to that in unselected MPD
patients [13]. No specific information is available on the treat-
ment of MPD complicated by BCS.

Paroxysmal nocturnal haemoglobinuria (PNH)
This accounts for 1–5% of cases of primary BCS. Conversely,
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BCS has developed in up to 12% of patients with PNH [17]. In
many cases, thrombosis is limited to the small hepatic veins and
the patient is asymptomatic [18]. A diagnosis of PNH is made by
showing decreased CD55- and CD59-positive blood cells using
flow cytometry [4]. The mechanisms for hepatic vein or IVC
thrombosis are not known. Treatment is not well established.
The outcome is poor because of BCS and the other complica-
tions of blood disease. Resolution of BCS following bone marrow
transplantation has been reported [19]. The risk of severe deteri-
oration from superimposed sinusoidal obstruction syndrome
due to conditioning should be considered strongly before making
a decision for bone marrow transplantation. Liver transplanta-
tion has been performed successfully in anecdotal BCS patients
with PNH, but recurrence has been observed [20].

Inherited thrombophilias
All known inherited thrombophilias have been implicated in
BCS [4–8]. As a rule, they are cured by liver transplantation.
Activated protein C resistance, generally related to factor V
Leiden mutation, is found in about 25% of patients with BCS,
whereas its prevalence is about 5% in the Caucasian population
[5,8]. When present, it is usually associated with another throm-
botic risk factor. Factor V Leiden mutation is particularly fre-
quent in some subgroups of BCS patients: those with progressive
IVC obstruction; those with acute BCS related to pregnancy; and
among oral contraceptive users [8]. Diagnosis is ruled out by a
normal test for activated protein C resistance. Confirmation is
obtained by molecular biology. The G20210A mutation in the
prothrombin gene is responsible for increased plasma levels of
prothrombin and a moderate increase in the risk of venous
thrombosis. It is found in about 5% of BCS patients, whereas the
background prevalence in western countries is about 2% [5,8].
Diagnosis is made by molecular biology. Afibrinogenaemia may

paradoxically predispose to thrombosis and has been implicated
as a cause of BCS [21]. Increased plasma levels of factor VII, 
factor VIII or homocysteine are risk factors for thrombosis [22].
Plasma levels of these three substances are altered in patients
with liver disease. Therefore, the significance of their plasma
level in patients with BCS is unclear.

Antithrombin, protein C or protein S being produced by the
liver, their plasma level is non-specifically decreased in many
patients with BCS. Family studies are necessary to establish a 
low plasma level as a primary deficiency. Formulas taking into
account the degree of liver insufficiency have yielded a pre-
valence estimate of about 25% for primary protein C deficiency 
in patients with BCS [5,8]. However, these formulas require 
further validation. These three inherited thrombophilias are
cured with liver transplantation from an unaffected donor.

The antiphospholipid syndrome
The antiphospholipid syndrome associated with BCS has usu-
ally been of the primary type, i.e. the American Rheumatism
Association criteria for the diagnosis of systemic lupus were not
fulfilled [23,24]. Anticardiolipin antibodies have been reported
in about 25% of primary BCS patients [4–9]. Anti-beta-2-
glycoprotein-1 antibodies, lupus anticoagulant and association
with other autoantibodies are more convincing evidence for the
diagnosis of antiphospholipid syndrome than the mere presence
of low-titre anticardiolipin antibodies.

Behcet’s disease
This accounts for less than 5% of BCS patients in western 
countries [25]. In countries where the disease is prevalent, such
as Turkey, the corresponding figure is close to 40% [26,27].
Conversely, the incidence of BCS in patients with Behcet’s 
disease is 5–10%. Over 80% of affected patients have IVC

Table 1 Thrombotic risk factors in BCS patients.

Israel [4] Netherlands [5,7] India [7] France [8]

N positive/ N positive/ OR for BCS N positive/ OR for BCS N positive/
Risk factor N tested (%) N tested (%) (95%CI) N tested (%) (95%CI) N tested (%)

Myeloproliferative disorders 10/22 (45.4%) NA NA NA NA 31/61 (50.8%)

Occult 8/22 (36.4%) NA NA NA NA 15/61 (24.6%)

Classical 2/22 (9.0%) 12/43 (27.0%) NA NA NA 16/61 (26.2%)

Antiphospholipid syndrome 5/22 (23.0%) 2/43 (4.6%) NA 6/53 (11.3%) NA 9/63 (14.3%)

Paroxysmal nocturnal haemoglobinuria 1/22 (4.4%) 0/43 NA NA NA 1/63 (1.6%)

Factor V Leiden mutation 6/22 (27.2%) 11/43 (25.6%) 11.3 (4.6–26.5) 14/53 (26.4%) 14.4 (11.9–35.7) 20/63 (31.7%)

Factor II mutation NA 2/43 (4.7%) 2.1 (0.4–9.6) 0/53 – 3/47 (6.4%)

Protein C deficiency 7/22 (31.8%) 4/43 (9.3%) 6.8 (1.9 –24.4) 7/53 (13.2%) 8.3 (2.1–10.9) 4/21 (19.0%)

Protein S deficiency 4/22 (18.2%) 0/43 – 3/53 (5.7%) 4.4 (2.2–20.6) 2/30 (6.6%)

Antithrombin deficiency 5/22 (22.7%) 0/43 – 2/53 (3.8%) 4.4 (2.1–10.9) 0/47

Plasminogen deficiency NA NA – NA NA 1/21 (4.7%)

Recent pregnancy NA NA – 2/17 (11.7%) NA 3/47 (6.4%)

Recent oral contraceptive use NA 12/20 (60%) 2.4 (0.9–6.2) 1/17 (5.9%) NA 23/47 (48.9%)

CI, confidence interval; OR, odds ratio; NA, not available.

TTOC17_03  3/10/07  9:34 AM  Page 1404



17.3 DISORDERS OF THE HEPATIC VEINS AND HEPATIC SINUSOIDS 1405

involvement with or without extension to the hepatic veins. 
The outcome of BCS patients with Behcet’s disease seems to be
particularly poor. Liver transplantation has been performed
successfully in a few patients.

Idiopathic hypereosinophilic syndrome
This has been associated with a few cases of idiopathic BCS [28].
The endothelial toxicity of certain eosinophil constituents 
has been incriminated [29]. Eosinophilia associated with 5q
deletion has also been reported [30].

Idiopathic granulomatous venulitis
Idiopathic granulomatous venulitis has been described [31–33].
The criteria for a diagnosis of sarcoidosis were fulfilled in some
[31], but not all, cases. A good response to corticosteroid therapy
has been recorded [32].

Coeliac disease and ulcerative colitis
Coeliac disease [34,35] and ulcerative colitis [36,37] have been
reported in association with BCS. The mechanisms involved in
coeliac disease are unknown. For ulcerative colitis, thrombosis
has been attributed to the associated inflammatory syndrome,
but reports of an association with an underlying myeloprolifer-
ative disorder cast doubts on this simple explanation [38].

Risk factors for primary BCS
The causal role of pregnancy is supported by a time relationship
with the onset of acute, and generally severe, manifestations of
BCS [8,39–41]. However, many pregnant patients have other
thrombotic risk factors [9]. Similar to deep vein thrombosis at
other sites, BCS related to pregnancy is strongly associated with
factor V Leiden [8].

Drug-related BCS appears to be exceptional [42]. It is of note
that, in drug- and plant-related sinusoidal obstruction syndrome,
the obstructive process begins in the sinusoids and may affect
central veins, but does not progress to involve the major hepatic
veins [43]. A case of hepatic vein thrombosis attributed to a
slimming drug preparation was reported recently [44].

A case–control study has established oral contraceptives as a
risk factor for BCS [45]. However, this study was performed in
the era of pills with high estrogen content. In a more recent
study, the increased risk in oral contraceptive users fell short of
statistical significance [5]. In both studies, oral contraceptive
users generally had other risk factors for thrombosis. Therefore,
the role of current oral contraceptives should be re-evaluated.

A case–control study performed in Nepal has shown that a
poor standard of living was strongly associated with the develop-
ment of BCS due to IVC obstruction, although the pathogenetic
mechanisms remain unknown.

Secondary BCS
Compression by space-occupying lesions alone is unlikely to
induce thrombosis, unless an underlying prothrombotic state 
is associated [9]. The prothrombotic state associated with

inflammation is probably involved in BCS cases reported in
association with amoebic and pyogenic liver abscess [46,47].
Cystic hydatid disease due to Echinococcus granulosus rarely pro-
duces overt BCS [47]. In contrast, alveolar hydatid disease due to
Echinococcus multilocularis commonly invades the hepatic veins
or IVC [48].

Following blunt abdominal trauma, hepatic veins or IVC 
can be compressed by an intrahepatic haematoma [49] or by a
ruptured right hemidiaphragm allowing herniation of the liver
within the thorax [50] and compression of the hepatic veins.
Hepatic vein ligation during hepatic resection can be followed
by hepatic decompensation when asymptomatic obstruction 
of the remaining veins is overlooked [51,52]. Following liver
transplantation, misplacement of the graft resulting in a torsion
of the hepatic veins or IVC, or stenosis of the hepatic venous
anastomosis, can result in hepatic venous outflow block [53].

Secondary liver cancer is an uncommon cause of hepatic
venous outflow block [54]. Compression by a thoracoabdominal
aortic aneurysm has been reported [55]. In polycystic dominant
kidney disease, compression of the hepatic veins by large or
infected liver cysts is the cause of portal hypertension occasion-
ally found in this disease [56]. Solitary simple cyst of the liver or
focal nodular hyperplasia may compress one or several of the
three major hepatic veins, albeit without giving rise to signs or
symptoms. This occurs when the cyst or nodule is large and
located in the upper central part of the liver.

BCS related to luminal invasion by a tumour is a specific 
complication of certain malignancies that progress inside the
lumen of their venous outflow tract, towards the IVC, up to the
point at which hepatic vein ostia are obstructed. These malignant
tumours include Wilm’s tumour [57] and renal cell carcinoma
[58], hepatocellular carcinoma [59], adrenocortical carcinoma
[60], leiomyosarcoma of the IVC [61] and hepatic angiosarcoma
[62]. Right atrial myxoma can obstruct the IVC by a similar 
but retrograde mechanism [63]. The endoluminal tumour can
usually be cleaved from the venous walls. This allows an urgent
operation to be performed to relieve the obstruction. However,
prognosis is dismal because lung metastasis is almost always 
present. Protracted remission or cure is likely only when an
efficient systemic therapy is available.

Workup for causes
Whether or not there is evidence of an underlying disorder 
from clinical data and routine laboratory tests, a comprehensive
investigation is recommended. Indeed, recognition of associated
risk factors for thrombosis allows for better monitoring and 
earlier identification of subsequent complications of the under-
lying disease, and for counselling relatives with inherited throm-
bophilia [1]. A proposal for initial workup is presented in Table 2.

Pathology and pathogenesis of venous lesions

Fresh thrombi are not the most common finding in explanted
livers. Rather, fibrous subendothelial thickening is found,
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involving various lengths of the hepatic veins or IVC, with or
without superimposed thrombosis [54]. Short-length stenoses
can even take the aspect of a membrane. These short-length
stenoses or membranes are now considered to be sequelae of
thrombosis. This view is based on several observations: a trans-
formation of recent thrombi into short-length stenoses [64,65];
the persistence of a continuous media within the stenosed seg-
ment [66]; the similarly high prevalence of underlying throm-
bophilias in patients with and without short-length stenoses
[67]; and adulthood presentation of most patients with short-
length stenoses, dismissing a congenital malformation [66–68].
Short-length stenoses are found in about 25% of patients with
hepatic vein obstruction and in over 60% of patients with IVC
obstruction [66–68].

Compared with pure hepatic vein thrombosis, IVC thrombosis
is the predominant form of BCS in the Far East; it runs a 
more indolent course and is more commonly complicated by
hepatocellular carcinoma [68]. Thus, the recently proposed dis-
tinction of primary hepatic vein thrombosis (‘true BCS’) from
primary IVC thrombosis (‘obliterative hepatocavopathy’) is well
grounded for clinical and therapeutic purposes [68]. However,
the causes are similar [6,7,15]. What remains to be elucidated is
why the IVC is so frequently involved in the Far East and rel-
atively spared in the west. It has been hypothesized that nutri-
tional deficiencies could play a role in IVC obstruction observed
in eastern countries, whereas widespread oral contraceptive use
could explain the predominance of hepatic vein thrombosis in
western countries.

The reason why, in the setting of a generalized thrombotic
diathesis, thrombosis develops in the hepatic veins or the 

suprahepatic IVC is unknown. A local factor is found in less than
5% of cases [8,67]. A role for trauma induced to the hepatic veins
or to the IVC by diaphragmatic motion of has been advanced [67].

Combining the available data obtained from clinical, imaging
and pathological studies, it is clear that the usual scenario for
primary BCS due to hepatic vein obstruction is that of a suc-
cessive, random involvement of the three major hepatic veins. 
In contrast, the simultaneous, abrupt formation of a thrombus
in all three major veins appears to be extremely rare.

Pathophysiology and histopathology of liver
damage

Autopsy studies [47,54] and analyses in explanted liver at 
transplantation [69,70] have allowed a detailed description of
the hepatic lesions at an advanced stage of the disease. Liver
biopsy provides information on earlier stages of the disease
[39,71–73], but with considerable sampling variation due to
inhomogeneous distribution of the lesions [69,70].

The obstruction of a single main hepatic vein is clinically
silent [54]. The obstruction of two or three main hepatic veins
produces two types of haemodynamic changes: an increased
sinusoidal blood pressure and a reduced sinusoidal blood flow.
Raised sinusoidal pressure explains liver enlargement, pain 
and ascites through several mechanisms: (i) there is sinusoidal
dilatation and congestion, predominating in the central area 
of the hepatic lobules where it is almost constant [74]; (ii) the
filtration of interstitial fluid increases, which leads to its passage
through the liver capsule when the capacity for lymph drainage
is exceeded. Usually, the filtrated fluid has a high protein content
because of the high permeability of the sinusoidal wall to pro-
teins; (iii) portal pressure increases [75].

Changes in total hepatic blood flow have not been well 
characterized. Indirect evidence suggests that, in the areas with
an impaired outflow, perfusion with portal blood decreases
while perfusion with arterial blood increases [76,77]. These
alterations are unevenly distributed within the liver. Ischaemic-
type damage to the liver cells is found in about 70% of cases [54].
Reperfusion injury may participate in liver cell damage, which
would explain why alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) levels rapidly return to normal 
in the majority of patients [78]. When hepatic veins and 
portal veins are simultaneously obstructed in the same region,
confluent cell loss occurs in regions supplied by preterminal 
and larger portal tracts [69]. Liver dysfunction resulting from
ischaemic liver cell necrosis rarely takes the form of fulminant
hepatic failure. Within a few weeks after the onset of hepatic
outflow obstruction, fibrosis develops. Fibrosis can either pre-
dominate in the centrolobular area (when there is pure hepatic
vein obstruction) or also develop in the periportal area (when
there is associated obstruction of the portal veins) [69,74].
Within a few months, regenerative changes take place, predomin-
antly in the periportal area; they may lead to nodular regenerat-
ive hyperplasia [54,69,70,74]. Cirrhosis can eventually develop,

Table 2 Initial workup for causes of Budd–Chiari syndrome.

For local factors or tumours

Abdominal imaging (otherwise needed for BCS diagnosis)

For systemic diseases

Clinical history and examination

For myeloproliferative disorders and paroxysmal nocturnal 

haemoglobinuria

Complete blood cell counts, V617F JAK2 mutation. If negative, bone 

marrow biopsy. If negative, endogenous erythroid colony assays

Flow cytometry for CD55- and CD59-deficient cells

For antiphospholipid syndrome

Lupus anticoagulant, anticardiolipin antibodies, anti-beta2-

glycoprotein-1 and antinuclear factors

For inherited coagulopathies

Activated protein C resistance (or factor V Leiden mutation) and factor II 

gene mutation; protein C, protein S and antithrombin plasma levels 

in patients without decreased clotting factor levels

For hyperhomocysteinaemia

Blood folate and vitamine B12 levels rather than serum homocysteine 

level or MTHFR polymorphism
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but it is found in only 10–20% of patients coming to transplan-
tation [54,69,70].

Whereas there is evidence for increased sinusoidal pressure
being a stable, permanent state, decreased hepatic perfusion
appears to be inconstant. Indeed, centrolobular necrosis is lack-
ing in 20–45% of patients [73,79]. Moreover, at the time of 
presentation, the ALT level is normal in over half the patients
and transient as judged from the course of serum transaminases.
Natural mechanisms able to compensate for decreased perfusion
probably explain these findings. They include: (i) development
of venous collateral channels bypassing the obstructed veins
[80,81]; (ii) redistribution of portal flow from areas where
outflow is impaired towards areas where outflow is preserved
[76,77]; (iii) increased portal pressure; and (iv) increased 
arterial flow.

Superimposed thrombosis of the intrahepatic portal veins
appears to be common at an advanced stage, which can be
explained by the combination of stagnant flow and the underly-
ing thrombophilic state. Obstruction of the extrahepatic portal
vein is present in 10–20% of patients [79,82]. Severe obliteration
of intrahepatic portal veins can be found in over half the cases 
of explanted liver at transplantation [69,70]. The areas where
portal and hepatic veins are simultaneously obstructed may
undergo infarction or parenchymal extinction (i.e. transforma-
tion into fibrotic areas devoid of parenchymal cells [69,70].
Depending on whether only hepatic veins or both hepatic veins
and portal vein are obstructed, bridging fibrosis can be found in
a venovenous and a portovenous or portoportal disposition
respectively [69,70].

Because obstruction of the hepatic and portal vein branches 
is usually asynchronous, areas of atrophy may coexist with 

congestive or compensatory enlargement in other areas. In 80%
of cases, the caudate lobe is hypertrophied, causing IVC stenosis
[83,84]. Caudate lobe enlargement is explained by its veins
draining directly into the IVC caudal to the ostia of the main
hepatic veins; they are long preserved from the thrombotic 
process affecting the main hepatic veins. Preservation of this
drainage allows for compensatory hypertrophy and also serves
as an outflow for intrahepatic venous collaterals.

A frequent feature of longstanding BCS is the development 
of multiple large regenerative nodules, some of which resemble
focal nodular hyperplasia [69,70,85,86]. These nodules can be
viewed as a response to a focal loss of portal perfusion and
hyperarterialization in areas with preserved hepatic venous
outflow [69,70].

There are several reports of hepatocellular carcinoma devel-
oping in BCS patients [87–92]. However, there are few data to
quantify the risk of malignancy. It is noteworthy that, in most 
of the reported cases, there was longstanding, asymptomatic
occlusion of the IVC; the patients originated from Asia, Africa 
or Jamaica, and cirrhosis was documented in all of them. The
growth of cancer seems to be much slower in patients with BCS
than in patients with hepatitis B virus (HBV)-related chronic liver
disease [89]. There is no evidence, at present, that hepatocellular
carcinoma resulted from the transformation of benign regener-
ative macronodules [70,85].

Manifestations and course

Affected patients are 35 years of age on average, and most of
them are females [79]. The cardinal features of BCS in various
geographical areas are presented in Table 3.

Table 3 Main clinical and laboratory features of BCS patients according to the area.

Country India [39] Japan [2] France, Netherlands, USA [79]
Predominant site of venous obstruction Mostly IVC Mostly IVC Mostly hepatic veins 

Number of patients 119 157 237

Ascites (%) 86 31 84

Abdominal pain (%) 57 23 NA

Hepatomegaly (%) 89 55 79

Dilated veins over body, trunk (%) 49 27 NA

Leg oedema (%) 41 32 NA

Jaundice (%) 18 6 NA

Platelet count (× 103/µL) NA 121 ± 64a 265 (10–896)b

ALT (× ULN) NA NA 1.0 (0.1–86)b

Serum bilirubin (µmol/L) > 17 in 51% 27.4 ± 14.8a 28 (3–301)b

Serum albumin (g/L) < 30 in 37% NA 34 (17–57)b

Serum creatinine (µmol/L) NA NA 80 (35–469)b

Prothrombin < 70% in 19% NA INR > 2.3 in 26%

Child–Pugh score NA NA A 24%, B 54%, C 22%

Cirrhosis (%) NA NA 11

ALT, alanine aminotransferase; INR, international normalized ratio; NA, not available; ULN, upper limit of normal values.
aMean ± SD.
bMedian (range).
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Presentation varies from a fulminant picture to an 
asymptomatic condition recognized fortuitously [80]. Several
classifications into acute, subacute and chronic presentation
have been proposed because prognosis and management would
differ accordingly. Schematically, the acute presentation is char-
acterized by a short illness, abdominal pain and fever, ascites,
marked elevation in serum transaminase levels and markedly
decreased coagulation factors, whereas the chronic presentation
is characterized by indolent development of ascites, rare portal
hypertensive bleeding, absent or mild jaundice, normal or mildly
increased serum transaminase levels and moderately decreased
plasma coagulation factors. The chronic presentation is more
frequent than the acute presentation. Except for descriptive pur-
poses, however, the utility of these classifications is still uncertain
[1]. It is important to keep in mind that extensive parenchymal
fibrosis, indicating a protracted course of the disease, is com-
monly found in patients presenting with an acute illness [39].

Presentation appears to depend on both the extent and the
speed of the obstructive process [54]. Thus, obstruction of only
one major hepatic vein usually develops without symptoms;
slow obstruction of two or three major veins produces a chronic
presentation or, when accompanied by extensive collaterals, 
no symptoms at all [80]; both rapid obstruction of at least 
two major veins and a fresh thrombus superimposing on a 
longstanding but partial obstruction give rise to an acute 
presentation.

Diagnosis

BCS should be suspected when ascites, liver enlargement and
upper abdominal pain are present simultaneously, or when
intractable ascites contrasts with moderate alteration in liver
function tests, when liver disease occurs in a patient with known
risk factors for thrombosis or when liver disease remains 
unexplained after other common or uncommon causes have
been excluded.

The diagnosis of BCS is established by the demonstration of
an obstructed hepatic venous outflow tract. X-ray venography
remains a reference for the evaluation of the hepatic veins [93].
Three patterns of opacification are regarded as specific at retro-
grade catheterization: (i) spreading out from the catheter tip
wedged into a blocked vein, a fine ‘spider-web’ network pattern
without filling of venous radicals; (ii) when there is incomplete
occlusion of the hepatic veins, a coarse network of collateral
veins that arch outward from the catheter tip and then come
together again near the site of entry of the hepatic vein into 
the IVC; and (iii) a patent vein upstream from a stricture.
Diagnostic pitfalls include failure to cannulate the hepatic vein
ostia and a distorted appearance of hepatic veins. These two fea-
tures are encountered in patients with cirrhosis of other origin.
Direct percutaneous venography can show a localized obstruc-
tion in the vicinity of the ostia when the hepatic veins cannot be
entered using retrograde cannulation. Inferior venacavography
allows for the demonstration of caval stenosis or occlusion. 

In many patients with pure hepatic vein thrombosis, the IVC
appears to be narrowed at its intrahepatic portion in relation to
the enlarged caudate lobe. An increased pressure gradient across
the IVC stenosis, or the presence of a collateral cavacaval circula-
tion, are better indications of the impact of intrahepatic stenosis
on caval haemodynamics than the apparent degree of stenosis.

Sonography must combine colour Doppler imaging and 
pulse Doppler analysis of hepatic vein waveform. The following
features can be considered specific for hepatic vein obstruction:
(i) a large hepatic vein appearing void of flow signal, or with a
reversed or turbulent flow; (ii) large intrahepatic or subcapsular
collaterals with continuous flow connecting the hepatic veins or
the diaphragmatic or intercostal veins; (iii) a spider-web appear-
ance usually located in the vicinity of the hepatic vein ostia,
together with the absence of a normal hepatic vein in the area;
(iv) an absent or flat hepatic vein waveform without fluttering;
(v) a hyperechoic cord replacing a normal vein [77,94].

Absence of visualization, or tortuosity of the hepatic veins 
at greyscale real-time sonography, albeit with flow signals at
Doppler imaging, are common but not specific, also being
observed in advanced cirrhosis of other origin. A distinctive 
feature, however, is the association with intrahepatic or sub-
capsular hepatic venous collaterals. This collateral circulation is
the most sensitive feature for the diagnosis, being found in over
80% of cases [77,94].

Magnetic resonance imaging (MRI) with spin-echo and 
gradient-echo sequences, and intravenous gadolinium injection,
allows visualization of obstructed hepatic veins and IVC, 
intrahepatic or subcapsular collaterals, as well as a spider-web
network pattern [76,77]. MRI, however, is not as effective as
sonography in demonstrating the intrahepatic collaterals. It
does not allow an easy determination of the flow direction.

At computerized X-ray tomography, failure to visualize the
hepatic veins suggests hepatic vein obstruction. However, there
are problems of false-positive and indeterminate results in
approximately 50% of cases [77].

Liver biopsy is not necessary to make a diagnosis of BCS 
when imaging has shown obstruction of hepatic veins or IVC.
However, the rare form of BCS due to involvement of the small
hepatic veins with patent large veins can be recognized only at
liver biopsy [95]. The absence of congestion in the centrolobular
area is a strong argument against the diagnosis of hepatic vein
thrombosis. Serious consideration should be given to the risk 
of bleeding from the puncture site in these patients who are
likely to receive early anticoagulation or, urgently, thrombolytic 
therapy.

Liver imaging can also show hypertrophy of the caudate 
lobe in about 80% of patients [84] or an altered parenchymal
perfusion pattern following bolus intravenous contrast injection
(early homogeneous central enhancement together with delayed
patchy enhancement and prolonged retention of the contrast
medium in the periphery of the liver) [77]. However, none of
these features is sensitive nor specific for BCS, being observed in
other conditions [96].
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Colour Doppler imaging combined with pulsed Doppler in
the first line and magnetic resonance in the second line can be
recommended. The major advantages of ultrasound study, beyond
sensitivity and specificity, are relatively low cost, wide availab-
ility, complete lack of harm and minimal technical difficulty.
Limitations lie in the patient’s body habitus, which may preclude
complete sonographic evaluation, and in insufficient examiner
expertise. MRI is a minimally invasive investigation with no
harm from contrast injection to kidney function. Techniques
can be standardized, and the results are not operator dependent.

In the minority of patients in whom uncertainty persists, 
the third line of investigation can be liver biopsy because it is
expected to give information not only for a diagnosis of hepatic
vein thrombosis but also for important differential diagnoses.
When coagulation disorders preclude liver biopsy through the
transcapsular approach, an attempt at retrograde cannulation 
of the hepatic veins for venography and liver biopsy using the
transjugular route should be performed.

X-ray venography is no longer considered necessary for 
establishing the diagnosis [1]. In planning treatment, however,
X-ray venography remains a gold standard, permitting a precise
delineation of outflow obstruction, which is facilitated by prior
non-invasive imaging.

Differential diagnosis

Clinical features of right-sided heart failure and constrictive
pericarditis closely mimic those of BCS [97]. Moreover, there is
evidence that cirrhosis, which develops in some patients with
chronic heart failure, is actually related to superimposed hepatic
vein thrombosis [98]. A finding of dilated hepatic veins and 
IVC at ultrasonography usually allows the diagnosis of cardiac
disease. In difficult cases, catheterization of the heart and hepatic
veins for haemodynamic studies may be required [99]. Charac-
teristically, low atrial and free hepatic venous pressures and
increased hepatic venous pressure gradient are found in BCS
patients, whereas the opposite findings are found in patients
with cardiac or pericardial disease.

Clinical presentation of chronic BCS is similar to that of 
cirrhosis of any origin. In cirrhotic patients, hepatic veins and
hepatic IVC can have a markedly distorted appearance. The
main clues to the diagnosis of BCS are a high protein content of
ascitic fluid, the absence of usual causes for cirrhosis and the
presence of hepatic vein or IVC collaterals at imaging [77].

Various disorders of hepatic sinusoids can present with clin-
ical, histological and imaging features resembling those of 
BCS. These disorders are discussed at the end of this chapter.

Therapy

Treatment for the underlying condition
Treatment for the underlying condition is logical. This part of
therapy is beyond the scope of this article. Preventing extension
of thrombosis in the hepatic veins, in their collaterals and in the

intrahepatic or extrahepatic portal venous system aims at pre-
venting deterioration, and at keeping feasible all the therapeutic
options that require a patent portal vein [1]. The evidence 
for the efficacy of anticoagulation therapy is circumstantial,
including: (i) an improved outcome since the introduction of
systematic anticoagulation, in non-transplant as well as in trans-
plant patients [73,100–102]; (ii) reports of repermeation of
thrombosed hepatic veins, and of thrombosed portal vein asso-
ciated with thrombosed hepatic veins [103]; and (iii) the efficacy
of therapy in patients with portal vein or other deep vein throm-
bosis [104]. The type and the duration of optimal anticoagula-
tion therapy have not been established. In most centres, heparin
followed by long-term administration of a vitamin K antagonist
have been used, whatever the underlying thrombotic risk factor.
Low-molecular-weight heparins are preferred to unfractionated
heparins because of a lower risk of heparin-induced thrombocy-
topenia and easier administration and monitoring. Newer agents
and alternative protocols require further evaluation [105].

Management of complications
Treatments recommended for portal hypertension and ascites 
in cirrhotic patients probably apply to BCS patients, albeit with
some caution. Anticoagulant therapy increases the risk of bleed-
ing from paracentesis. During active bleeding from oesophageal
varices, the reduction in splanchnic blood flow induced by
exogenous vasoconstrictors might theoretically precipitate 
portal venous thrombosis. Anticoagulation therapy may make
endoscopic therapy for oesophageal varices difficult.

Liver decompression
Decompression aims at decreasing sinusoidal pressure by re-
storing the outflow of hepatic blood by either recanalizing the
obstructed venous outflow or side-to-side portocaval shunting.
Recanalization can be attempted using thrombolytic therapy for
recent thrombosis, percutaneous angioplasty or surgery.

The benefit/risk ratio of thrombolysis is still unclear. From 
the limited experience reported thus far, in situ thrombolysis
combined with angioplasty for a pre-existing stenosis appears to
be superior to thrombolysis alone, whether systemic or in situ
[102,106].

Percutaneous angioplasty, primarily or secondarily associated
with stenting, has permitted the achievement of long-term
patency rates in the order of 80–90% for both IVC and hepatic
veins [102,107,108]. An immediate relief of manifestations 
has generally been reported. Rethrombosis and restenosis are
amenable to in situ thrombolysis and reangioplasty respectively.
Data on long-term effects are encouraging for IVC obstruction
but still scarce for hepatic vein obstruction. Factors that should
prompt primary stenting need to be clarified. Surgical angio-
plasty and the hepatoatrial anastomosis (‘Senning’s procedure’)
[109] have been abandoned with the development of percutan-
eous manoeuvres.

Side-to-side portocaval shunting aims to transform the portal
vein into an outflow tract, with the expectation that deprivation
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of portal inflow will be compensated by an increased arterial
flow. When IVC is patent, porto- or mesocaval shunts have
given better results than other surgical shunts [71,110–115].
Interposition of a venous or prosthetic graft is usually necessary.
Reported in-hospital mortality averages 20%. Most surviving
patients have no ascites and an improved liver function at 1 year
of follow-up. Reversal of fibrosis has been reported [71,116].
Shunt dysfunction, occurring in about 30% of patients, can
result from thrombosis, stenosis or caval compression by the
caudate lobe [117]. The outcome of shunt dysfunction is poor.
Shunt stenosis can be amenable to percutaneous angioplasty
and stenting [118]. Haemodynamically significant compression
of intrahepatic IVC can be corrected with the insertion of a stent
before or after porto- or mesocaval shunting [114]. In patients
with obliteration of the IVC at its terminal portion, or severe
compression at its intrahepatic portion, when percutaneous
manoeuvres are not possible, long prosthetic interposition
grafts have been used to construct porto- or mesoatrial, cavoa-
trial with portoatrial or mesoinominate anastomoses [115,116].
Post-shunt encephalopathy seems to be rare [71]. The impact of
surgical shunting on survival remains unclear. Two multivariate
analyses failed to show a survival advantage in surgically shunted
patients compared with patients receiving only medical treat-
ment [73,119]; however, a benefit was suggested in a third one
[79]. High operative mortality and late shunt dysfunction could
cancel the long-term beneficial impact of maintained liver
decompression.

Except when the terminal IVC is obliterated, transjugular
intrahepatic portosystemic stent shunt (TIPS) appears to be
technically successful in most cases [120–122]. The shunt can 
be constructed through the suprahepatic IVC when no hepatic
vein stump is available [123,124]. Intrahepatic caval stenosis 
is bypassed by the TIPS. Insertion of a TIPS has been successful
in patients with partial portal vein thrombosis. Secondary
thrombosis or shunt dysfunction requiring revision occurs in
about 70% of cases by 6 months [122,125]. Interestingly, TIPS
dysfunction was not always associated with deterioration in 
the patient’s condition [122]. However, another study found 
no survival difference in similarly severely ill patients treated
with surgical shunt or TIPS [79]. TIPS insertion is more diffi-
cult and hazardous in BCS patients than in cirrhotic patients
[121]. Intrahepatic haematomas have been reported [126,127].
Secondary stenosis of the terminal IVC has required stenting or
liver transplantation [128].

Liver transplantation
Liver transplantation has been used as an alternative to, or after
failure of, shunting [100,111,129–131]. The 10-year survival rate
is about 75%, a result not different from that for other indica-
tions for transplantation. However, interpretation of these data
requires further cohort studies including transplant and non-
transplant patients, and survival analyses adjusted for baseline
prognostic factors. The risk of recurrence is acceptably low when
anticoagulant therapy is instituted early [130]. The apparently

low risk of exacerbating malignant transformation of an under-
lying myeloproliferative disorder requires further assessment
[130,131].

Management
In this area where evidence is scarce, there appear to be some
areas of consensus [1,132]. First, treatment of the underlying
condition and lifelong anticoagulation therapy should be initi-
ated without delay. Second, in asymptomatic patients, interven-
tional therapy should be considered only when a short-length
stenosis is present and easily amenable to percutaneous therapy.
In other patients, angioplasty should be considered first and
then TIPS when angioplasty is not technically feasible or fails 
to improve the patient’s condition. Liver transplantation should
be considered only in patients with technical failure of the per-
cutaneous procedures or lack of satisfactory clinical response.
Indeed, there is evidence from recent retrospective studies that
applying the above algorithm without consideration of the
severity of the patient’s condition or presentation is associated
with a marked improvement in medium-term survival com-
pared with other recent cohorts where patients were mainly
treated with purely medical means, surgical shunting or trans-
plantation [133].

The possible need for prompt transplantation should be kept
in mind because deterioration in the patient’s condition can be
rapid. Stent placement should be in a position where it will not
hamper subsequent transplantation if needed. Preservation of
good renal function deserves attention so that optimal immune
suppression regimens can be used early post-transplant. Patients
are better managed at, or in close connection with, centres where
all possible treatment options, including transplant, are readily
available.

Finally, the problem patient is the one with associated portal
vein thrombosis, who is generally in a poor condition and in
whom derivative procedures and transplantation will be impos-
sible or hazardous [82]. When portal vein thrombosis is recent,
TIPS combined with thrombolysis may meet with some success
[106,134].

Survival and prognosis

Data on the natural history of BCS are limited. In early studies
where no therapy was administered, diagnosis was difficult 
in vivo. One-year mortality was estimated at about 60% [135].
Since these early days, however, non-invasive imaging now
allows recognition of asymptomatic forms with an excellent
spontaneous outcome in up to 20% of patients [80]. Further-
more, various forms of therapy have been implemented. Large
cohorts of patients have showed an overall 5-year survival rate of
65–69% [73,79,119]. Figure 1 shows the overall survival curve 
in the largest cohort of western patients reported so far [79].
Roughly, there are two portions to the survival curve. The down-
ward slope is steep during the first 2 years, which accounts for
half of the mortality. Thereafter, the slope is less steep, but still
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does not appear to plateau. The main causes of death in that
cohort were liver failure and postoperative multiorgan failure.

Recent multivariate analyses have assessed the prognostic
significance of disease characteristics at the time of diagnosis as
well as treatment-related variables. Several prognostic scores
have been derived (Table 4). Some limitations in these studies
have to be kept in mind. First, the impact of causal factors 
on prognosis has not been adequately assessed due to a lack 
of systematic investigations. Some studies have suggested that
patients with Behcet’s disease [136] have a worse outcome than
those with the other, more common causes of BCS. The excess
mortality could be related to extrahepatic involvement. Second,
the cohorts have been constituted over periods of 20 years or
more, a lapse of time during which many aspects of management
have evolved. These multivariate analyses brought significant
information for therapy (discussed above) and prognosis. All
studies have identified the Child–Pugh score or its components
as the major prognostic variables. None of the four studies found
liver biopsy data to be of independent prognostic value once
adjustment for Child–Pugh score was performed. Many previ-

ous data suggest that portal vein thrombosis is a factor for poor
outcome in BCS patients [69,70,82]. However, in multivariate
analysis adjusting for the Child–Pugh score component, extra-
hepatic portal vein thrombosis had no independent prognostic
value [79]. Further studies addressing this issue are needed. 
In the study that evaluated a clinicopathological classification,
the acute-on-chronic form had an extremely poor outcome
compared with the purely acute or purely chronic form. The inde-
pendent value persisted after adjustment for other prognostic
variables [119]. Most importantly, these studies have allowed 
a better appreciation of the extreme heterogeneity of BCS with
regard to outcome. For example, in a large international multi-
centre cohort, based on data at diagnosis, a quarter of patients
had a 15-year survival probability of about 90% and, at the other
end of the spectrum, another quarter had a 5-year survival rate
of only 49% (Fig. 1) [79]. The most recent studies indicate that
an overall 5-year survival above 85% can be expected currently
with minimal use of liver transplantation [133]. Thus, long-term
survival might be more related to the severity of the underlying
disease than to BCS that revealed this disease.

Disorders of hepatic sinusoids

Sinusoidal obstruction syndrome (SOS)

SOS is characterized by initial, acute damage to the endothelial
cells. This is followed by their detachment and their embolization
in the central area of the lobule where they cause a postsinu-
soidal outflow block [43]. Histologically, the subendothelial
space of central and subendothelial veins is widened and occu-
pied by diverse cellular debris. There is congestion and necrosis
within the centrolobular area, followed by subendothelial de-
position of fibrous tissue in central and sublobular veins and 
in sinusoids. Causes of SOS include exposure to certain toxic
substances (i.e. pyrrolizidine alkaloids, azathioprine and various
chemotherapeutic agents), hepatic irradiation or a combination
of irradiation and chemotherapy (as used in myeloablative 
therapy). Myeloablative therapy for stem cell transplantation
has become the major cause of SOS. Depending on the myeloab-
lative conditioning regimen, the incidence varies from 0% to 
50%, the prevalence being highest with regimens of cyclophos-
phamide and total body irradiation of more than 13.2 Gy. 
The following factors have been shown to increase the risk of
SOS: chronic infection with hepatitis C virus, treatment with
norethisterone, previous chemotherapy and irradiation to the
abdomen. There is also interindividual variation in the risk in
relation to drug metabolism.

The features of SOS mimic those of BCS. In the context of
myeloablative therapy, the onset of the syndrome is heralded by
fluid retention and tender hepatomegaly, beginning 10–20 days
after the initiation of cyclophosphamide regimens and later after
other myeloablative regimens [43]. Increased serum bilirubin
follows, usually before the 30th day. Serum transaminases are
increased. Clinical diagnosis requires that other possible causes

Table 4 Prognostic scores for Budd–Chiari syndrome.

Zeitoun et al. [73] 0.75 ascites score (1, 2 or 3)a + 0.28 Pugh score 

+ 0.037 age (years) + 0.0036 creatinine (µmol/L)

Langlet et al. [119] 0.95 ascites score (1, 2 or 3)a + 0.35 Pugh score 

+ 0.047 age (years) + 0. 0045 creatinine (µmol/L) 

+ 2.2 acute-on-chronic form (0 or 1)b – 0.26

Murad et al. [79] 1.27 encephalopathy (0 or 1)b + 1.04 ascites 

(0 or 1)b + 0.72 prothrombin (INR) + 0.004 

bilirubin (µmol/L)

INR, international normalized ratio.
aAscites score: 1, absent without diuretics; 2, absent on diuretics; 

3, refractory.
b0, absent; 1, present.
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Fig. 1 Survival in a cohort of 237 western patients with Budd–Chiari
syndrome (1987–2002). The curves refer to the survival in the whole cohort
and in 3 subclasses of prognostic score. Class I accounts for a quarter of the
patients, class II for half the patients, and class III for the remaining quarter.
Adapted from data in ref. 79.
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of liver disease are ruled out (particularly severe sepsis and
hyperacute graft-vs.-host disease). When an association with
other liver diseases is possible, transvenous liver biopsy coupled
with hepatic venous pressure gradient measurement are useful.
Severity varies from patient to patient, ranging from silent forms
to fulminant hepatic failure. Some patients recover completely
while others develop lethal forms, usually in association with
multiorgan failure. In the context of myeloablative therapy,
reported mortality rates have varied between 0% and 67% [43].
However, the highest figures may be a reflection of death with
SOS in fragile patients rather than death from SOS. Actually,
recovery from SOS may occur in up to 70% of cases. A poor
prognosis is correlated with high serum transaminase levels,
high hepatic venous pressure gradient, development of portal
vein thrombosis, renal insufficiency and decreased oxygen satu-
ration [43]. Besides alterations in the conditioning regimen in
high-risk patients, there is no established way of preventing SOS
related to myeloablative therapy. Likewise, no therapy has been
established to be of clinically significant benefit once SOS has
developed. Uncontrolled data have suggested the potential benefit
of defibrotide, N-acetylcysteine and prostaglandin E1 [43].

Peliosis hepatis

Peliosis hepatis is characterized by blood-filled cavities of 
various sizes, bordered by hepatocellular plates and randomly
distributed throughout the hepatic lobule [137]. The hepato-
cytes that border the peliotic cavities are often atrophic or com-
pressed. Peliosis hepatis, sinusoidal dilatation, perisinusoidal
fibrosis and nodular regenerative hyperplasia may coexist. The
peliotic cavities consist of dilated sinusoids and the space of
Disse. The pathogenesis is unknown. Indirect evidence suggests
two mechanisms: obstruction at the junctions of sinusoids and
central veins; and a primary lesion of the sinusoidal (mainly
endothelial) cells. Peliosis hepatis is frequently associated with
extrahepatic diseases (Table 5) [137]. Most of these associated
diseases share the following features: (i) a chronic debilitating
condition; (ii) frequently associated with severe infections; and
(iii) commonly leading to the administration of androgenic–
anabolic steroids. Several drugs and chemicals have been
incriminated; however, rather than a direct toxic effect, these
substances may only potentiate the action of as yet unidentified
endogenous factors. In patients with acquired immuno-
deficiency syndrome (AIDS), an infectious form of peliosis 
hepatis has been characterized under the name of bacillary
peliosis hepatis [138]. It is related to infection by Bartonella
henselae and is cured by erythromycin.

Perisinusoidal fibrosis is a late sequela after resolution of 
the peliotic cavities, but can be demonstrated by electron
microscopy in the early stages [139,140]. Perisinusoidal fibrosis
could thus explain the intrahepatic block observed in peliosis
hepatis. Mild lesions induce no sign or symptom whereas, in
severe lesions, hepatomegaly, ascites, oesophageal varices or
liver failure are present. Liver tests are usually mildly impaired.

A marked increase in serum alkaline phosphatase and γ-
glutamyltransferase activities can occur. At laparoscopy, peliosis
hepatis can be recognized as dark blebs on the surface of the
liver. Macroscopic blood-filled cavities can be demonstrated 
by ultrasound, computerized tomography (CT) or MRI [141].
Liver biopsy is required to demonstrate the blood lakes. Death
results from intraperitoneal bleeding, liver failure or a com-
plication of the associated conditions, but not from portal
hypertension. Symptomatic peliosis hepatis should be regarded
as a feature of a bad prognosis, even though it is rarely the direct
cause of death. There is no specific treatment.

Sinusoidal dilatation

By far the main cause of sinusoidal dilatation is represented by
hepatic outflow impairment related to BCS or heart disease.
Rarely, sinusoidal dilatation is present in the absence of outflow
impairment. In the latter situation, the lesion of sinusoidal
dilatation differs from peliosis hepatis in the following charac-
teristics: (i) the ectatic sinusoids do not take the cystic appear-
ance that is typical of peliosis hepatis; (ii) the dilatation is not
randomly distributed but affects a distinct part (pericentral and
midzonal or periportal) of the lobule; and (iii) the endothelial
lining is preserved. However, the separation between the two

Table 5 Associated conditions reported with peliosis hepatis or sinusoidal
dilatation (in the absence of hepatic venous outflow or portal venous inflow
impairment).

Drugs and chemicals

Androgenic anabolic steroids

Contraceptive steroids

Azathioprine

Corticosteroids

Arsenic

Thorium dioxide

Vinyl chloride

Toxic oil syndrome

Bacterial infections

Tuberculosis

Endocarditis

Pyelonephritis

Monoclonal gammopathies

Multiple myeloma

Waldenström macroglobulinaemia

Malignancies

Malignant tumours

Hodgkin’s disease

Other conditions

Renal transplantation

Diabetes

Acquired immunodeficiency syndrome

Crohn’s disease
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entities may be difficult to make morphologically and aetiolo-
gically. As in peliosis hepatis, sinusoidal dilatation has been
reported alone or in association with nodular regenerative
hyperplasia and perisinusoidal fibrosis. Sinusoidal dilatation
unrelated to outflow impairment is associated with portal inflow
impairment [142,143], with systemic inflammatory disorders
[144,145] or with the administration of steroid analogues [42].
Thus, sinusoidal dilatation unassociated with disorders of hep-
atic or portal veins shares most of the causes of peliosis hepatis
and nodular regenerative hyperplasia (Table 5) [142–144]. In
recent series, the antiphospholipid syndrome was the common-
est cause of sinusoidal dilatation unrelated to drugs or Crohn’s
disease [146]. In the past, oral contraceptives have been con-
sidered as a cause of sinusoidal dilatation. However, an under-
lying inflammatory condition was almost always associated. 
The pathogenesis remains unelucidated. Clinical features of sinu-
soidal dilatation may be absent or include right upper quadrant
pain, fever and hepatomegaly. Ascites and oesophageal varices
have been reported. The erythrocyte sedimentation rate and
serum gammaglobulin are frequently raised. Liver function test
results are moderately abnormal. Perisinusoidal fibrosis may
persist as a late sequela. The diagnosis raises the same difficult-
ies as that of peliosis hepatis. Diffuse, mottled alterations in 
hepatic perfusion can be seen at CT or MRI persisting through
all phases of contrast injection. In the absence of hepatic venous
outflow block or portal vein obstruction, this pattern is sug-
gestive of sinusoidal dilatation. Still, a liver biopsy cannot be
avoided to exclude malignant infiltration of the liver or obstruc-
tion limited to the small hepatic veins. The differential diagnosis
of right upper quadrant pain with fever and mild or absent
abnormalities of liver tests includes acute cholecystitis, perihep-
atitis, acute hepatic venous outflow block and right heart failure.
Ultrasound plays a major role in this differential diagnosis.
There is no specific treatment for this benign condition. The
manifestations disappear with the resolution of the associated
acute or chronic disease.

Sinusoidal fibrosis

Pure sinusoidal fibrosis predominating in the perivenous area 
is usually associated with venous scarring. The main causes 
are resolved steatohepatitis (alcoholic or non-alcoholic) and
right-sided heart failure or constrictive pericarditis. Chronic
intoxication with vitamin A is a prototype for pure sinusoidal
fibrosis without zonal predominance. A distinctive feature is 
the hypertrophy of the lipid-laden stellate cells [147]. Chronic
therapy with methotrexate has been related to sinusoidal 
fibrosis, although the distinction from coexistent alcoholic 
or metabolic liver disease is difficult [148]. Mastocytosis may
produce an almost pure aspect of perisinusoidal fibrosis [149].
All causes of obliterative portal venopathy have been associated
with pure sinusoidal fibrosis, which raises the issue of portal vein
lesions having been missed in small biopsy specimens where
pure sinusoidal fibrosis was found [142].

Infiltration of the sinusoids

The perisinusoidal space can be infiltrated by the deposition 
of various substances including immune globulin light chain
(myeloma), various amyloid substances (AL type in myeloma,
AA type in chronic inflammatory disorders) or immune globu-
lin A (alcoholics). Liver enlargement and cholestatic liver tests
are the main manifestations of these lesions. The sinusoidal
lumen can be the site of fibrin deposition in conditions in 
which intravascular activation of coagulation occurs, such as
pre-eclampsia, the haemolytic and uraemic syndrome and
thrombotic thrombocytopenic purpura. Liver haematomas and
intraperitoneal rupture may occur, albeit rarely. Upper abdomi-
nal pain occurring in the setting of the haemolysis, elevated liver
function and low platelets (HELLP) syndrome heralds the devel-
opment of intra- or extrahepatic bleeding. In sickle cell anaemia,
falciformation within the sinusoids causes painful liver enlarge-
ment and abnormal liver enzymes. Diffuse infiltration of the
sinusoids with abnormal cells may occur in patients with breast
carcinoma or undifferentiated carcinoma [150], myeloprolifer-
ative disease, lymphomas and leukaemias [151], mastocytosis
[149] and the haemophagocytic syndrome [152]. In rare instances,
the disorders present with apparently pure liver involvement.
Liver enlargement is constant. Ascites and acute liver failure are
frequent. Prognosis is poor.
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Congenital vascular malformations of the liver result mostly in
abnormal shunting of blood through the liver. Shunting may be
so severe as to cause symptoms, but most patients are discovered
incidentally while undergoing ultrasonography or other imag-
ing studies for other reasons. Except for liver involvement by
hereditary haemorrhagic telangiectasia (HHT), symptomatic
anomalies are usually diagnosed in infants or children. Given the
vascular anatomy of the liver, shunting can occur from the hep-
atic artery to the hepatic vein (arteriovenous shunt), from the
hepatic artery to the portal vein (arterioportal shunt) and/or from
the portal vein to the systemic circulation (portosystemic shunt).
In liver involvement by HHT, the three types of shunt may 
coexist and, therefore, this entity will be considered separately.

Congenital arteriovenous
malformations (AVM)

Although congenital hepatic vascular neoplasms, such as hae-
mangioendothelioma, account for the great majority of hepatic
arteriovenous shunting in infants [1], they cannot be considered
AVMs [2,3] and are therefore not considered in this chapter.
Congenital AVMs are usually discrete, localized in one lobe 
of the liver and, unlike AVMs associated with haemangiomas, 
they do not grow or regress [3]. The usual clinical presentation 
is that of high-output heart failure occurring in a neonate.
Ultrasonographically, AVMs share features with haemangiomas,
and magnetic resonance imaging (MRI) is the most useful tool
to make the differential diagnosis. The condition is very rare 
and carries a mortality rate higher than that of haemangioen-
dothelioma [1]. Treatment initially consists of the conservative
management of heart failure. In patients who fail to respond to
this therapy, embolization and surgical resection are preferred
treatments.

Congenital arterioportal 
malformations (APM)

Congenital intrahepatic arterioportal shunts are a rare cause of
portal hypertension. While most are isolated anomalies, they

can be associated with hereditary HHT (see below), Ehlers–
Danlos syndrome and biliary atresia [4]. Portal hypertension
manifests itself within the first year of life with splenomegaly,
hypersplenism and/or variceal haemorrhage. Hepatoportal 
sclerosis and fibrosis of the portal radicles subsequently develop,
contributing further to an increased portal pressure. Therefore,
these lesions should be treated as soon as they are diagnosed.
Doppler ultrasound is the single most useful diagnostic method
[3]. Most arterioportal shunts are resolved by embolization 
of the feeding artery with or without resection, although liver
transplantation is a therapeutic option if embolization is 
unsuccessful.

Congenital portosystemic shunts (PSS)

These are very rare anomalies that occur in the absence of portal
hypertension and result from developmental abnormalities of
the portal venous system. Two types of congenital PSS have been
described: extrahepatic and intrahepatic. Symptomatology, when
present, is similar between the two types and is secondary to
shunting of blood away from the liver. As galactose and ammonia
are absorbed from the gut and extracted and metabolized by 
the liver, PSS can result in postprandial hypergalactosaemia and
hyperammonaemia.

Extrahepatic congenital portosystemic shunt

In extrahepatic congenital PSS (Abernethy shunt), the intestinal
and splenic venous drainage bypasses the liver and drains
directly into the inferior vena cava (IVC), the left renal vein, the
left hepatic vein, the iliac veins or the right atrium. Two types of
extrahepatic PSS have been described: in type 1, there is congen-
ital absence of the portal vein with total shunting of blood from
the mesenteric and splenic veins into the systemic circulation,
while, in type 2, the portal vein (or intrahepatic branches) is
patent, but some of its flow is diverted into a systemic vein
through an extrahepatic communication (partial shunt) [5].
Misclassification of extrahepatic PSS may occur because of 
lack of sensitivity of the radiological technique (i.e. intrahepatic
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portal venous flow may be present but is beyond the resolution
of the imaging technique used, and the patient is misclassified as
PSS type 1). Despite this caveat, type 1 is female predominant,
and diagnosis is established at a median age of 10 years (range 31
weeks of intrauterine life to 76 years), while type 2 has no gender
predominance and its diagnosis is established at a median age 
of 18 months (range 28 weeks of intrauterine life to 69 years) [6].
Extrahepatic PSS, particularly type 1, is commonly associated
with complex congenital heart abnormalities, biliary atresia, 
and skeletal and renal abnormalities. With the widespread use of
ultrasound, extrahepatic PSS have been increasingly discovered
in otherwise healthy patients [3]. Interestingly, extrahepatic 
PSS are frequently (up to 40% of cases) associated with hepatic
tumours (including focal nodular hyperplasia, adenoma and
hepatocellular carcinoma), and the development of at least some
of these (e.g. focal nodular hyperplasia) may be related to an
uneven liver vascular perfusion [6,7]. The clinical presentations
of PSS vary widely. More often, shunts are detected incident-
ally in the radiological investigation of cardiac anomalies or 
liver dysfunction. Occasionally, shunts are detected as the cause
of psychiatric disturbance or mental retardation secondary to
chronic hyperammonaemia. Patients with symptomatic con-
genital PSS exhibit abnormalities in neuropsychological tests,
magnetic resonance spectroscopy and response to oral glutamine
challenge similar to those observed in patients with cirrhosis and
minimal hepatic encephalopathy [8]. Overt encephalopathy is
present in a minority (about 15%) of congenital PSS cases [6],
usually in adults and an age-dependent decrease in the tolerance
of the central nervous system to hyperammonaemia has been
implicated [9], although more compelling data indicate that 
the presence of encephalopathy may be more dependent on the
degree of shunting [10]. There are several cases of hepatopul-
monary syndrome (characterized by hypoxaemia and intrapul-
monary vascular dilatation) associated with congenital PSS [11].
Therefore, evidence indicates that portosystemic shunting is the
main pathogenic factor in the development of both hepatic
encephalopathy and the hepatopulmonary syndrome observed
in cirrhotic patients with portal hypertension.

Treatment in symptomatic patients consists of surgical or
laparoscopic ligation of the shunt or obliteration by interven-
tional radiology using metallic coils. A key factor affecting the
outcome after shunt occlusion is the patency (or lack of patency)
of the portal vein and the consequent degree of increase in portal
pressure after shunt ligation [6]. Preoperative evaluation of 
portal pressure and determination of the type of PSS by angio-
graphy is crucial. Ligation/occlusion of the PSS is an option
when there is portal patency. Orthotopic liver transplantation
(OLT) may be the only treatment option when there is an absent
portal vein or with intractable encephalopathy [9].

Intrahepatic congenital portosystemic shunt

Congenital intrahepatic PSS are abnormal intrahepatic con-
nections between a branch of the portal vein and the hepatic

vein, including patent ductus venosus (PDV). Neonatal skin
haemangiomas and liver haemangioma have been associated
with intrahepatic PSS. Ductus venosus is a structure that, during
fetal life, connects the umbilical vein and the IVC and closes
shortly after birth [12]. PDV is the persistence of this embryonic
portosystemic shunt, probably as a result of a poorly developed
intrahepatic portal system. It is rare and is usually reported in
the paediatric literature [13]. In adults, it is usually asymptomatic.
As in extrahepatic PSS, encephalopathy is not a prominent 
clinical feature in intrahepatic PSS, and its development in 
children has been correlated to the degree of shunting or shunt
ratio [14]. Parkinsonism has been described as evidence of
encephalopathy in a patient with intrahepatic PSS [15].
Nephrolithiasis can also develop as a consequence of chronic
hyperammonaemia. Interestingly, hypoxia resulting from pul-
monary vasodilatation (hepatopulmonary syndrome) has also
been described in PDV. PDV has been associated with partial
nodular transformation of the liver, a rare condition in which
nodules composed of hepatocytes replace portions of the
parenchyma and whose pathogenesis would appear to be similar
to that previously proposed for nodular regenerative hyperpla-
sia, that is atrophy occurs in parenchyma with insufficient blood
supply and nodules arise by hyperplasia in areas with adequate
supply [16]. Doppler ultrasonography is most useful in the 
diagnosis of PDV and also in determining the shunt ratio
(obtained by dividing the total flow volume in the shunt by 
that in the portal vein). Of note, spontaneous closure of the
shunt may occur within the first 2 years of life, and thus close 
follow-up is warranted because most of them are asymptomatic.
Treatment is restricted to symptomatic patients and should be
initially conservative based on protein restriction plus lactulose.
In non-responders to conservative treatment, PDV occlusion,
either surgical or radiological, is an option, provided the intra-
hepatic portal system is patent. In cases of severely hypoplastic
intra- and extrahepatic portal system, liver transplantation
should be considered.

Liver involvement by HHT

HHT, or Rendu–Osler–Weber disease, is a genetic disease with
an autosomal dominant inheritance pattern, characterized by
widespread cutaneous, mucosal and visceral telangiectases that
can involve lung, brain and/or liver. It has an estimated preval-
ence of 1–2 cases per 10 000. The telangiectasia is the character-
istic lesion of HHT, arising from a dilated postcapillary venule
that fuses with an arteriole, bypassing the capillary system [17].

Mutations in at least two different genes have been associated
with HHT and have led to its subclassification into types 1 
and 2. In HHT type 1, the mutation is in the gene encoding 
for endoglin (ENG) and, in HHT type 2, the gene encoding 
for activin receptor type 2-like kinase (ALK-1 or ACVRL1) is
mutated. These genes encode for transmembrane proteins that
are components of the receptor complex for transforming growth
factor (TGF)-β and are expressed predominantly in vascular
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endothelium. Although the genotypical–phenotypical correlations
are not yet fully defined, it appears that liver involvement by
HHT is mostly associated with mutations in the ALK1 gene
(HHT-2), but rarely with ENG mutations [18–20]. A family of
patients with a typical HHT phenotype has not been linked to
either of these mutations, suggesting the participation of a third
gene [21].

Liver involvement by HHT is characterized by diffuse vascu-
lar malformations throughout the liver that result in different
types of shunting (arteriovenous, arterioportal, portosystemic).
Three-dimensional analysis of the liver reveals focal sinusoidal
ectasia, arteriovenous shunts through abnormal direct commu-
nications between arterioles and ectatic sinusoids and portove-
nous shunts due to frequent and large communications between
portal veins and ectatic sinusoids.[22]. Although difficult to
demonstrate angiographically, other histological studies have
demonstrated anastomoses between portal vein and hepatic
vein [23].

Epidemiology

The prevalence of hepatic involvement has been estimated to 
be between 8% and 31% in retrospective studies [24,25] but, in
more recent large prospective studies in which Doppler ultra-
sound or multislice computerized tomography (CT) have been
performed systematically in HHT families or in HHT-affected
subjects, prevalence is 41% [26] and 74% [27] respectively.
Patient selection and regional genotypical variation probably
account for some of this variability. However, most of these
patients are asymptomatic. Symptomatic liver involvement by
HHT occurs in about 8% of the patients with HHT who have
hepatic imaging abnormalities [26,27].

Clinical features

Unlike other congenital vascular malformations, symptoms
appear around the age of 30 years. Symptoms of liver involve-
ment by HHT are very diverse and have been broadly cat-
egorized into three distinct clinical patterns that may occur 
concurrently or successively and that may have spontaneous
exacerbations and remissions [28]. The most common is that of
high-output cardiac failure with shortness of breath, dyspnoea
on exertion, ascites and oedema. It occurs predominantly in
middle-aged females. In most of these patients, a hepatic artery
to hepatic vein shunt is demonstrated radiologically. The next
most common clinical type is portal hypertension, which pre-
sents most commonly with ascites, but also with varices and
variceal haemorrhage. It occurs equally in males and females at 
a median age of around 60 years. An arterioportal shunt can 
be identified radiologically in the majority of patients, although,
at least theoretically, portal hypertension could also result from
nodular regenerative hyperplasia (see Associated conditions
below). Biliary disease is characterized by biliary strictures/
dilation and bile cysts presenting with abdominal pain and

cholestasis with or without cholangitis (i.e. jaundice and fever).
It has been reported only in women of a median age of 45 years.
Although no predominant shunt is demonstrated radiologically,
the biliary presentation probably results from shunting of blood
away from the peribiliary plexus (arteriovenous or arterioportal
shunting), leading to biliary ischaemia. In its extreme, biliary
ischaemia can lead to bile duct necrosis and liver necrosis, a
catastrophic event that has been termed ‘hepatic disintegration’
[29]. The patient presents with sudden right upper quadrant pain
and development of cholangitis, sepsis and/or liver haemorrhage.

Other, less common presentations are hepatic encephalopathy
due to portovenous shunting and abdominal angina due to
mesenteric arterial ‘steal’ through pancreaticoduodenal arteries.

Biochemically, the most common abnormalities are elevations
in alkaline phosphatase and gamma-glutamyltransferase which,
as expected, are mostly observed in the biliary type, although
they can also be seen in the other clinical presentations. Notably,
liver synthetic function and platelet count are normal (even in
the portal hypertension type) because these patients do not have
cirrhosis and therefore they do not develop liver insufficiency
[28].

Diagnosis

The diagnosis of liver involvement by HHT has to be made in
the context of a symptomatic patient with clinical characteristics
that suggest the presence of HHT, such as epistaxis, cutaneous 
or mucosal telangiectases, family history of HHT and a personal
or family history of stroke or intracerebral haemorrhage (from
pulmonary and cerebral AVMs respectively). Liver involvement
is suspected by finding a thrill/bruit in the abdominal right
upper quadrant. The definitive diagnosis of liver involvement 
is radiological, not necessarily by angiography. In expert hands,
Doppler ultrasonography is very useful in establishing the 
diagnosis and in grading its severity [26]. The diameter of the
common hepatic artery (> 7 mm) and intrahepatic hypervascu-
larization have a high sensitivity and specificity in diagnosing
HHT involvement of the liver [30]. However, multiphase CT 
is probably the most utilized non-invasive test for diagnosing
HHT liver disease and for evaluation of the different shunts. All
patients with symptomatic liver involvement have diffuse liver
telangiectases that lead to a markedly heterogeneous hepatic
enhancement pattern and a markedly dilated hepatic artery
(Figs 1 and 2). The type of shunting can be determined in 
over two-thirds of patients by looking for early or differential
enhancement of hepatic or portal veins during various phases of
imaging [31] (Figs 3 and 4). Although arterioportal shunting is
found significantly more frequently in patients with the portal
hypertension type, there is no real correlation between CT
findings and the type of symptoms [31]. Notably, biliary abnor-
malities (Fig. 5) are more prevalent on CTs of symptomatic
patients (even in those without biliary symptoms) compared
with series from asymptomatic patients, suggesting that the
development of biliary abnormalities occurs later in the 
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disease process at a time when the degree of liver ischaemia is
greater.

Screening of asymptomatic patients is a controversial issue
and should be done in the context of research studies unless the
presence of liver involvement is a decisive factor in establishing a
diagnosis of ‘definite’ HHT [32].

The diagnosis of liver involvement by HHT is not histological,
and liver biopsy should be avoided in patients with HHT given

the high prevalence of vascular malformations that would
increase procedure-related bleeding complications [32].

Associated conditions

Livers with HHT may show hepatocellular regenerative activity,
either diffuse or partial, leading to nodular regenerative hyper-
plasia or focal nodular hyperplasia respectively.

Fig. 1 Axial CT arterial phase image from a patient with hereditary
haemorrhagic telangiectasia liver disease showing diffuse parenchymal
heterogeneity and numerous intrahepatic telangiectases.

Fig. 2 Axial CT arterial phase image in a patient with symptomatic
hereditary haemorrhagic telangiectasia liver disease showing a markedly
dilated common hepatic artery measuring 18 mm in diameter (arrow).

Fig. 3 Axial CT arterial phase image in a patient with hereditary
haemorrhagic telangiectasia and high-output heart failure. There is marked
dilatation of the common hepatic artery (arrow) and extensive parenchymal
heterogeneity and vascularity. There is early filling of the right hepatic vein
(arrowhead) consistent with an arteriovenous shunt.

Fig. 4 Axial CT arterial phase image in a patient with symptomatic
hereditary haemorrhagic telangiectasia liver disease. There is early filling of
the right, middle and left hepatic veins (arrows) during the arterial phase of
the study, consistent with an arteriovenous shunt.
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Blood shunting leads to perfusion abnormalities in liver
parenchyma that, in turn, lead to regenerative nodular hyper-
plasia [23]. The combination of histological hepatic nodules
(nodular regenerative hyperplasia) and fibrosis (around abnor-
mal vessels) together with portal hypertension may lead to a
misdiagnosis of cirrhosis. However, this is not true cirrhosis
(and has been called ‘pseudocirrhosis’) as it is not associated
with liver insufficiency. Cases of true cirrhosis described in 
HHT may have been the result of multiple blood transfusions
and the development of chronic viral hepatitis before the estab-
lishment of routine screening of blood donors for hepatitis
markers.

It has been reported recently that the prevalence of focal
nodular hyperplasia (FNH) in patients with HHT is 100-fold
greater than in the general population, given the finding of five
cases of FNH in 173 HHT-affected individuals (prevalence of
2.9%), four of whom had liver involvement [33].

Treatment

No treatment is currently recommended for patients with
asymptomatic liver involvement by HHT. In patients with
symptomatic liver involvement, management depends on the
type of clinical presentation. High-output heart failure responds
in the majority of cases to intensive medical therapy, includ-
ing correction of arrhythmias. Of note, pregnant patients who
develop high-output cardiac failure due to hepatic involvement
of HHT should be treated medically and delivered as expediti-
ously as possible because of the known spontaneous regression
of this condition postpartum.

Complications of portal hypertension (bleeding from gastro-
oesophageal varices, ascites) should be treated as recommended
in cirrhotic patients [34].

Abdominal pain from biliary ischaemia is treated with anal-
gesics with the addition of systemic antibiotics when associated
with cholangitis. This complication is potentially lethal, and
patients who develop biliary necrosis have a very poor prognosis.
Patients should not be subjected to invasive biliary imaging as
this can precipitate cholangitis [28].

Transarterial embolization or ligation of the hepatic artery
has been used in the therapy of high-output heart failure, but it 
is a palliative, temporizing and high-risk procedure that should
be used only as a last resort in patients who are not candidates
for liver transplantation [32]. In 24 patients who have under-
gone this procedure, 10 (42%) have experienced significant
morbidity or death secondary to hepatobiliary necrosis [28,35].
Transarterial embolization or ligation of the hepatic artery is
proscribed in patients with biliary symptoms/signs [32].

OLT has been proposed as the only definitive curative option
for liver involvement in HHT. Most published accounts of liver
transplantation for HHT are single case reports [36], with the
largest series (six patients) being one from the French literat-
ure [37]. Liver transplantation in these patients is described 
as a difficult procedure on account of increased intraoperative
bleeding, with a blood loss estimated at a median of 59 units 
in the French series. Other case reports have also reported a 
high intraoperative bleeding rate [38,39], and another case of
unsuccessful liver transplantation due to fatal intraoperative
haemorrhage has been described [28]. Nevertheless, survival in
27 reported cases is around 97% in variable follow-up periods.
Therefore, liver transplantation is a reasonably successful option
in this setting. Of note, 8 out of 27 liver transplants have been
performed because of hepatobiliary necrosis secondary to hep-
atic artery embolization, strengthening the recommendation
that this procedure should be avoided in these patients. Liver
transplantation is indicated when the disease is symptomatic
and progressive. Experience suggests that the natural history of
this condition tends to be favourable in many patients treated
medically [28]. Patients with high-output heart failure who are
symptomatic despite maximal medical therapy should be trans-
planted [40]. Given the poor natural history of acute biliary
necrosis, emergent liver transplant should be considered in
patients with symptoms suggestive of acute hepatobiliary necro-
sis [32,38,41,42].
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18.1 Benign hepatic tumours

18.1.1 Liver haemangioma 
Jean-Pierre Benhamou

Haemangioma is the most common benign tumour of the liver.
At necropsy, the prevalence of liver haemangioma is 2–5%. The
prevalence is not different in males and females. The size of liver
haemangioma is greater in women than in men.

Pathology

The size of liver haemangioma varies from a few mm to 10–15
cm (giant haemangioma). Liver haemangioma may be single or
multiple. Haemangioma may be located at the surface of the
liver or inside the liver. On macroscopic examination, liver hae-
mangioma has a soft spongy consistency and contains dark
blood and occasionally thrombi. On microscopic examination,
liver haemangioma are composed of large vascular channels
lined by mature, flattened endothelial cells, enclosed in a loose
fibroblastic stroma with various amounts of connective tissue.

In the majority of cases, liver haemangiomas are isolated. In 
a few cases, they are associated with focal nodular hyperplasia 
of the liver [1], extrahepatic haemangioma or Rendu–Osler–
Weber disease [2].

Presentation and diagnosis

In most cases, liver haemangioma is asymptomatic and is recog-
nized fortuitously by ultrasonography performed for symptoms
that are either non specific or unrelated to haemangioma. In 
a few patients, liver haemangioma is recognized because of
abdominal pain which is often due to associated irritable colon.

Clinical examination is normal in most cases, except in the
few patients in whom a large haemangioma results in a palpable
tumour. Liver tests are normal, except in patients in whom 
haemangioma is associated with an unrelated diffuse liver 
disease.

Diagnosis of liver haemagioma is based on ultrasonography:
liver haemangioma appears as a well-defined hyperechoic area.

If the liver is fatty, haemangioma may be as echoic as, or even 
less echoic, than the rest of the liver parenchyma. On a computed
tomography (CT) scan without contrast, liver haemangioma
appears as a hypodense area. On a CT scan after intravenous
injection of a contrast bolus, there is an irregular, globular
enhancement in the periphery of the lesion; this anomaly is very
characteristic [3]; after several minutes, the area of enhancement
increases towards the center of the lesion [4]. The most sensitive
and specific procedure for diagnosing hepatic haemangioma is
magnetic resonance imaging (MRI): it appears as a well-defined,
very high-intensity area on T2 sequences [5]. In a few patients,
haemangioma appears as an hypervascular area and/or is 
associated with an arterioportal shunt [6,7]. Arteriography is 
no longer used for the diagnosis of haemangioma. Likewise,
scanning with 99Tcm-labelled human red cells is no longer 
used for the diagnosis of haemangioma (labelled red cells 
accumulate within the haemangioma). The diagnosis of hae-
mangioma is reinforced by the absence of changes of the lesion
on a second series of imaging procedures (ultrasound or CT
scan) six months later.

It is generally admitted that liver biopsy may be dangerous
because of the risk of haemoperitoneum. However, liver 
biopsy has been performed in some patients without being 
complicated by intraperitoneal bleeding [8,9]. Because liver 
haemangioma is soft, the tumour is pushed by the liver biopsy 
needle and therefore, often no fragment of the tumour is 
collected.

Natural history and treatment

Usually, liver haemangioma does not increase in size with time.
However, it has been reported that, during pregnancy or during
estrogen therapy, the tumour may grow [10]. In a small number
of patients, in the absence of pregnancy and oestrogen therapy,
the tumour may increase in size [11,12].

Spontaneous rupture of liver haemangioma is very rare [13].
Large haemangiomas can be complicated by thrombosis, which
results in a triad of symptoms consisting of fever, right upper
quadrant abdominal pain, and normal white cell count [14,15].

1427
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Large haemangiomas can be complicated by thrombocytopenia,
consumptive coagulopathy, and microangiopathic anaemia
(Kasabach–Merritt syndrome) [16]. In the few cases with arteri-
oportal shunt, heart failure can develop. Large haemangiomas
can result in abdominal discomfort.

In most patients, liver haemangioma needs no treatment [17].
Complicated liver haemangioma must be treated by surgical re-
section [18] or enucleation [19,20]. Spontaneous rupture of liver
haemangioma can be treated by transcatheter hepatic arterial
embolization, which can be followed by surgical resection [21].

Neither oral contraceptives nor pregnancy are contraindi-
cated in women with uncomplicated liver haemangioma.

Hepatic haemangiomatosis

Hepatic haemangiomatosis, i.e. haemangioma involving the
liver entirely and diffusely, is very rare. It can be isolated or 
associated with extrahepatic haemangioma or with Rendu–
Osler–Weber disease. A case has been reported in a patient
receiving metoclopramide [22]. Heart failure [23], intraperi-
toneal bleeding [24] and Kasabach–Merritt syndrome are 
common.
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18.1.2 Benign hepatocellular tumours
Massimo Colombo and Riccardo Lencioni

Introduction

Benign hepatocellular tumours comprise both regenerative and
neoplastic lesions for which a descriptive nomenclature was
established by an International Panel of Experts sponsored by the
World Congress of Gastroenterology 1994 (Table 1) [1]. This
chapter focuses on focal nodular hyperplasia, hepatocellular
adenoma and nodular regenerative hyperplasia because these
are the most common and clinically relevant benign hepatocel-
lular nodes that gained popularity following the widespread 
use of imaging techniques, which led to the recognition of an
increased number of affected patients.

Focal nodular hyperplasia

Definition

Focal nodular hyperplasia (FNH) of the liver is a rare, completely
benign lesion that presents in two broad categories defined by
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morphological characteristics: the solid type (70% of cases),
characterized by a central scar, and the non-classical forms,
including the telangiectatic, the mixed hyperplastic/adenomat-
ous and multiple FNH syndrome [1–3].

Epidemiology

FNH is the second most common benign tumour of the liver.
The estimated prevalence is 0.4–3% in unselected autopsy series
[3,4] and 0.03% in a clinical series [5]. The tumour has a
female:male ratio of between 2:1 and 26:1, and the average age at
presentation is between the ages of 35 and 50 years. An increased
prevalence of FNH has been reported in patients with vascular
malformations [6].

Pathogenesis

FNH appears to be the result of a hyperplastic response of liver
cells to hypoxia provided by arterial malformation and/or portal
venous ischaemia [2]. Typical FNH is composed of reactive
polyclonal liver cells, i.e. a common feature of regenerative pro-
cesses, in contrast to the telangiectatic type of FNH, which dis-
plays a monoclonal molecular pattern closer to the neoplastic
process of hepatocellular adenomas [7,8]. The role of oral con-
traceptives in FNH is disputed [9,10]. The telangiectatic type 
of FNH is increasingly being recognized in women on oral 
contraceptives.

Pathology

Most FNHs are solitary tumours, located in the right lobe.
However, up to 20% of the patients may have two to five 
nodules and 3% as many as 15–30 nodular lesions from 1 mm 
to 19 cm (median 3 cm) in size [11]. Microscopically, classical
FNH shows nodular hyperplastic parenchyma, and the nodules
are completely or incompletely surrounded by fibrous septa.
The histopathological hallmark of the solid type of FNH is 
the central scar containing malformed vessels of various 
calibre, mostly large and tortuous arteries showing intimal or
muscular fibrohyperplasia, and proliferating bile ducts. A mild
degree of macrovesicular steatosis is often present. Atypical
forms of FNH lack either nodular architecture or malformed
vessels.

Clinical features and natural history

FNH is usually an incidental finding, but a few patients may have
symptoms as a palpable mass or hepatomegaly. Liver chemistry
is usually unaltered (Table 2), and the serum tumour markers
alpha-fetoprotein (AFP), Ca19.9 and carcinoembryonic antigen
(CEA) are invariably negative. One peculiar type of FNH is the
syndrome of multiple FNH, i.e. the presence of FNH, hepatic
haemangiomas and disorders of the central nervous system 
such as meningioma, astrocytoma and arterial malformations.
This syndrome has been described in association with the
Klippel–Trenaunay–Weber syndrome, a non-hereditary con-
genital condition characterized by capillary malformations,
hemihypertrophy and venous stasis [12].

FNH is a completely benign condition with the potential for
changing in size in less than 10% of the patients who were 
followed for 9 years [10,13]. The risk of bleeding or neoplastic
transformation of FNH seems remote [14]. In a series of 53
patients in Hanover, Germany, upper abdominal symptoms
developed in 21 (40%) during an observation period of 3 years,
and were severe in two cases (4%) [13].

Diagnostic workup

FNH is detected incidentally in 74% of cases [15]. Diagnostic
confirmation of FNH relies solely on imaging findings, provided
that typical features are shown in the proper clinical setting.

Table 1 Classification of benign hepatocellular nodular lesions of the liver.

Regenerative lesions Monoacinar regenerative nodule

Diffuse nodular hyperplasia without fibrous septa 

(nodular regenerative hyperplasia)

Diffuse nodular hyperplasia with fibrous septa or 

in cirrhosis

Multiacinar regenerative nodule

Lobar or segmental hyperplasia

Focal nodular hyperplasia

Dysplastic or Hepatocellular adenoma

neoplastic lesions Dysplastic focus

Dysplastic nodule

Clues to diagnosis of FNH Weimann et al. (1997) [13] Nguyen et al. (1999) [11]
(n == 150) (n == 130)

Incidental 66 (44%) 46 (35%)

Abdominal pain 49 (37%) 75 (58%)

Palpable mass 3 (2%) 5 (4%)

Abnormal LFT 18 (12%) 17 (13%)

LFT, liver function tests.

Table 2 Clinical findings leading to a
diagnosis of FNH.
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Computerized tomography (CT) can be used to characterize
lesions of medium to large size, but it has limitations in the dia-
gnosis of small lesions. Magnetic resonance imaging (MRI) is the
most accurate technique for diagnosing FNH through the use of
liver-specific agents [16]. When clinical, biochemical or imaging
data are not typical of FNH, histological diagnosis is mandatory
[17]. In patients with atypical FNH on imaging, a scoring system
is available to categorize lesions into definite FNH, possible FNH
and negative for FNH [18].

Ultrasound and contrast ultrasound
FNH usually appears as a round mass that is slightly hypoechoic
or slightly hyperechoic compared with liver parenchyma [19].
The central scar is rarely seen at baseline ultrasound, but it is 
easily visualized by colour or power Doppler ultrasound [20].
On contrast-enhanced ultrasound, FNH shows central vascular
supply with centrifugal filling in the early arterial phase, followed
by homogeneous enhancement in the late arterial phase [17].

Computerized tomography
FNH is usually isoattenuating or slightly hypoattenuating to 
surrounding liver at baseline CT scanning. The detection rate of
the central scar, which appears as a hypoattenuating structure, 
is 35% for nodes smaller than 3 cm and 65% for those exceeding
3 cm [21]. FNH shows strong homogeneous enhancement dur-
ing the arterial phase of the contrast-enhanced CT study, in 
contrast to the central scar, which is typically hypoattenuating
during the arterial phase. In the portal venous and delayed
phases, FNH becomes isoattenuating to the hepatic parenchyma.
On delayed images, the central scar may become hyperattenuat-
ing because of contrast distribution within its fibrous stroma.
CT features may enable correct characterization of FNH in 78%
of cases [21].

Magnetic resonance imaging
MRI is the most accurate imaging method for the character-
ization of FNH (Fig. 1). FNH is usually slightly hypointense 

(a)

(c) (d)

(b)

Fig. 1 Focal nodular hyperplasia. MR imaging. (a) On baseline T1-weighted image, the lesion – located in segment VIII – is slightly hypointense to the liver. 
(b) On baseline T2-weighted image, the lesion is slightly hyperintense to the surrounding parenchyma; hyperintense linear structures radiating from the centre
to the periphery correspond to the central scar. (c) In the arterial phase of the gadolinium-enhanced dynamic MR study, a clearcut homogeneous enhancement
sparing the central scar is observed. (d) In the delayed phase, the lesion becomes isointense to the liver, while the central scar is slightly hyperintense.
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or isointense with respect to normal liver parenchyma on 
T1-weighted images and slightly hyperintense or isointense on 
T2-weighted images [22]. Owing to hypervascularization, the
central stellate scar is hypointense on T1-weighted images and
hyperintense on T2-weighted images. However, the diagnostic
accuracy of baseline MRI is only 22% [23]. Following the
administration of a gadolinium chelate, FNH shows strong,
homogeneous enhancement in the arterial phase sparing the
central scar, whereas it becomes isointense to liver parenchyma
in the portal venous and delayed phases with a diagnostic 
accuracy of 95% [24]. The central scar escapes detection with
gadolinium in 80% of FNHs smaller than 3 cm. With liver-
specific MR contrast agents, the central scar, which does not 
take up the hepatocyte-targeted agent, becomes well delineated
in up to 90% of cases [25]. By MRI with reticuloendothelial 
system (RES)-targeted agents, the central scar is usually well
delineated on post-contrast images as it does not contain
Kupffer cells [23].

99mTc sulphur colloid scintigraphy
On 99mTc sulphur colloid scintigraphy, up to 80% of FNHs show
uptake owing to their Kupffer cell population, but the specificity
is only 15%, independently of tumour size [26].

Treatment

Typical asymptomatic FNHs should be managed conservatively
in association with oral contraceptive discontinuation, as these
drugs could have a trophic effect on FNHs by increasing their
size and creating vascular changes [15]. Haemorrhage, clinically
important symptoms and uncertain diagnosis are indications
for surgical resection. Treatment of FNH should be reserved for
patients with a lesion that demonstrates growth on sequential
imaging. In a series of 150 patients with FNH in Hanover,
Germany, five (3%) underwent hepatic resection because of 
the onset of symptoms. However, recurrence or persistence of
presenting symptoms following resection may exceed 20% [27].

Hepatocellular adenoma

Definition

Hepatocellular adenomas (HA) are rare, frequently capsulated
nodular lesions of the liver characterized by proliferating liver
cells. Liver adenomatosis refers to the presence of ≥ 10 adeno-
mas in an otherwise normal liver [28].

Epidemiology

HA is a less common tumour than FNH, with an estimated
HA:FNH ratio of 1:10 [15]. However, in a consecutive necropsy
series, the prevalence of HA was 1% compared with 3% for FNH
[4]. The lesions occur predominantly in women of reproductive
age and women who used oral contraceptives for more than 

9 years [14]. The incidence of HA appears to have increased in
males, because the use of anabolic drugs has become widespread
in sports [29].

Pathogenesis

Clonality studies showing a non-random pattern of X-chromo-
some inactivation indicate that HA is a tumoral proliferation
[30]. Limited genetic alterations found in patients with HA,
such as gain of chromosome 7p, 17q and 20q and deletions from
exon 3 to exon 4 of the beta-catenin gene, further support this
interpretation. One study described heterogeneous expression of
the membrane glycoprotein cadherins as well [31]. Owing to the
absence of genetic changes in the p53, axin and adenomatous
polyposis colon genes, the pathogenic sequence adenoma–
carcinoma is not postulated to operate in HA. Oral contracept-
ives may have a role in the evolution of HA, probably by causing
vascular liver damage and intrahepatic vascular shunts [32].

Pathology

HA are soft, yellow lesions often with a highly vascularized 
surface and a capsule with focal areas of haemorrhage in the
parenchyma. The histological features are sheets of hepatocytes
two or more cells thick without cellular atypia (to differentiate
them from adenocarcinoma), portal tracts (to differentiate them
from liver cell regeneration) and biliary ductules and fibrosis (to
differentiate them from FNH). There may be fatty infiltration at
the periphery of small areas of liver cell proliferation (adenoma-
tous hyperplasia) seen between large adenomas. Some degree of
liver cell dysplasia may be present in adenomas, particularly in
those with a pseudofollicular pattern. Foci of malignant trans-
formation have been described that may escape detection in
small specimens obtained with a thin-needle liver biopsy [33].

Clinical features and natural history

HA are usually solitary, but up to 30% of the patients may have
multiple nodules. A few patients have liver adenomatosis.
Compared with FNH, HA may present (50% of cases) with
symptoms such as pain or abdominal mass, probably caused by
intratumoral haemorrhage (Table 3) [27,33]. The diagnosis of
liver adenomatosis is made as a result of such complications 
of adenomas as intraperitoneal bleeding, intratumoral hae-
morrhage or necrosis producing acute pain, on account of 
hepatomegaly with or without symptoms, or as an incidental
finding. While the massive form of liver adenomatosis is rare
and can be unilobular, most patients have multifocal liver 
adenomatosis spread in both lobes [35].

Regression of HA has been documented upon cessation of
oral contraceptive use [32]. The potential of HA to increase 
in size in women taking oral contraceptives and to progress to
cancer is uncertain. The risk of malignancy seems to be higher 
in patients with multiple adenomas than in those with solitary
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lesions, but this is not universally accepted [36]. The well-
established clinical concern of HA is bleeding, which involves
approximately one-quarter of all patients [27]. HA has been
associated with glycogen-storage disease, anabolic drug use and
diabetes [35].

Diagnostic workup

Laboratory tests are not helpful during the diagnostic workup.
However, negative tests for serum AFP and hepatitis B and C
corroborate the exclusion of malignant disease. Percutaneous
liver biopsy is of little value because of the possible lack of
specific features in a small specimen, while the procedure carries
the risk of needle-induced bleeding in hypervascular nodes. 
In liver adenomatosis, two- or three-fold increases in alkaline
phosphatase or γ-glutamyltransferase levels have been described
[35]. Diagnosis of liver adenomatosis is better obtained by
exploration of the liver by laparoscopy or laparotomy, allowing
the operator to obtain biopsy specimens of several different
lesions without the risk of haemorrhage [35]. Radiological diag-
nosis of HA is very difficult, and the only finding that may sug-
gest the diagnosis is the detection of intratumoral haemorrhage.

Ultrasound and contrast ultrasound
HA has variable sonographic appearances, ranging from slightly
hypoechoic to isoechoic or hyperechoic. HA with necrotic or
haemorrhagic changes appear as a complex mass with a large
cystic component. Colour or power Doppler may show arterial
vessels running along the border of the lesion in a ‘basket’ pat-
tern [37]. At contrast-enhanced ultrasound, HA shows intense
enhancement during the arterial phase, whereas it becomes 
isoechoic or slightly hyperechoic during the portal venous and
equilibrium phases [38]. None of these features, unfortunately,
is specific enough for the diagnosis.

Computerized tomography
At baseline CT, the presence of fat or intralesional haemorrhage
suggests the diagnosis of HA. During dynamic contrast-enhanced
CT scanning, non-complicated adenomas may enhance rapidly
and appear homogeneously hyperdense compared with the sur-
rounding liver. The enhancement is usually transient because of
arteriovenous shunting within the lesion. Larger or complicated
HAs may be highly heterogeneous because of cell necrosis or
intralesional haemorrhage [39].

Magnetic resonance imaging
HA shows variable signal intensity at MRI (Fig. 2). Up to 77% of
adenomas are hyperintense on T1-weighted images on account
of intralesional fat or glycogen or because of recent haemor-
rhage, in contrast to low signal intensity areas related to cell
necrosis [39]. HAs may appear homogeneously or hetero-
geneously hyperintense on T2-weighted images. Dynamic MRI
shows early enhancement during the arterial phase, whereas 
it becomes isointense to the liver in the portal venous and
delayed phases of imaging, thus mimicking other hypervascular
tumours [40]. Tissue-specific MRI agents do not increase the
diagnostic accuracy of MRI. HAs show positive enhancement
upon administration of mangafodipir trisodium (MnDPDP)
[41], whereas contrast uptake may not occur with gadobenate
dimeglumine (Gd-BOPTA) [39].

Treatment

For patients on oral contraceptives with an incidentally discov-
ered, less than 4-cm tumour, the best option would be treatment
withdrawal and close monitoring with sequential ultrasound
examinations of the abdomen. Patients with HA regression may
escape or delay surgical treatment or locoregional ablation. In
contrast, patients with larger, symptomatic HAs that are unre-
sponsive to contraceptive withdrawal should be considered for
surgical treatment. Tumour ablation should also be considered
for patients who, for medical reasons, cannot stop oral con-
traceptives or for those who plan to become pregnant [42].
Treatment of patients with ruptured HA requires stabilization
with selective arterial embolization prior to resection [27]. The
management of liver adenomatosis is problematic. The unilobular,
massive form can be treated with hepatic resection. For patients
with multifocal liver adenomatosis, surgery of the largest or 
of complicated adenomas is an option. Patients with malignant
transformation are candidates for liver transplantation.

Nodular regenerative hyperplasia

Definition

Nodular regenerative hyperplasia (NRH) of the liver is an
acquired architectural disturbance in which nodules of prolifer-
ating hepatocytes develop with mild or no fibrosis. The lesion is
commonly seen at the hepatic hilum or around large portal

Table 3 Clinical findings leading to a diagnosis of HA.

Clues to diagnosis of HA Weimann et al. (1997) [13] Herman et al. (2000) [34] Terkivatan et al. (2001) [27]
(n == 44) (n == 10) (n == 33)

Incidental 12 (27%) 2 (20%) 10 (30%)

Abdominal pain 19 (43%) 8 (80%) 10 (30%)

Elevated GGTP 3 (7%) 4 (40%) 0

Bleeding 6 (13%) NA 12 (36%)

GGTP, gamma-glutamyltransferase; NA, not available.
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(b)(a)

(d)

(e) (f)

(c)

Fig. 2 Hepatocellular adenoma. MR imaging. (a) Baseline T1-weighted image shows large, heterogeneously hypointense mass in the left liver lobe. The lesion
contains internal foci of low signal intensity corresponding to necrosis. (b) On baseline T2-weighted image, the lesion is hypointense to the surrounding
parenchyma, while necrotic areas are hyperintense. Comparison of in-phase (c) and out-of-phase (d) T1-weighted MR images shows signal intensity decrease,
due to fatty infiltration. (e) The lesion shows peripheral inhomogeneous enhancement in the arterial phase of the contrast-enhanced MR study. (f) In the portal
venous phase, the lesion is hypointense to the liver. Pulsation artifact from the aorta is detected in contrast-enhanced images, mimicking a second focal lesion.
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tracts and may be associated with features of portal hypertension
and subclinical cholestasis [43].

Epidemiology

NRH is largely underdiagnosed clinically. Two autopsy 
series of approximately 3000 patients demonstrated NRH in
approximately 2.5% of the patients, with a female:male ratio of
approximately 1:1 to 2:1 [44,45]. NRH predominantly affects
those older than 60 years and patients with portal hypertension
or portal vein thrombosis [44]. However, the disease has also
been reported in children as young as 7 months old as well as in 
young adults. NRH has frequently been reported in patients
with autoimmune disease, organ transplants and haematolo-
gical malignancies and in those undergoing 6-thioguanine 
therapy in inflammatory bowel disease (IBD) [45,46]. NRH 
has also been reported as a complication of longstanding coeliac
disease in patients with poor dietary compliance [47].

Pathogenesis

The precise pathogenic mechanisms of NRH have not yet been
established. NRH may be caused by obliteration or thrombosis
of the portal vein system causing ischaemic atrophy in the cen-
tral zones of the hepatic acinus and subsequent compensatory
proliferation of liver cells from periportal areas, which form
regenerative nodules [48]. This sequence of events is accounted
for by several portal venous abnormalities such as venous
thrombi and phlebosclerosis [44,45]. Some NRH cases might
result from chronic, cytotoxic CD8+ T lymphocyte targeting of
sinusoidal endothelial cells [49]. NRH could also be a general-
ized proliferative disorder of the liver with the potential to
progress to hepatocellular carcinoma, as suggested by the fre-
quent occurrence of liver cell dysplasia in NRH [50].

Pathology

NRH is part of a spectrum of architectural changes known as
nodular transformation, i.e. regions of atrophy of liver tissue
juxtaposed with normal or hyperplastic areas with a curved 
contour and no intervening fibrous septa. Diffuse nodular
hyperplasia may also be associated with fibrous septa or be
superimposed on a previously cirrhotic liver [1]. Macroscopic-
ally, the liver is normal in size and shows nodules of 1–10 mm 
in diameter that are centred on a larger portal tract. The nodes
show liver cell plates that are one or two cells thick, whereas the
sinusoids are narrow. In the intranodular regions, the cell plates
are one cell thick, hepatocytes may be atrophic, and sinusoids
are usually dilated.

Clinical features and natural history

NRH is often an incidental finding in patients presenting with
features of hepatic disease or lymphoproliferative disorders. In a

few patients, the condition may present with endstage liver dis-
ease. The typical presentation of symptomatic NRH is bleeding
from oesophageal varices due to portal hypertension [44,51].
Hepatomegaly and splenomegaly occur in less than half of
patients with NRH. Life-threatening bleeds and deaths are
uncommon. In a few patients undergoing liver transplantation,
liver failure was the presenting feature [52].

NRH tends to be an indolent condition. The few patients
developing clinical decompensation will have a slow progression
towards endstage liver disease. In a few patients receiving
chemotherapy for associated myeloproliferative disease, NRH
was exacerbated whereas in others, haemoperitoneum developed
following rupture of a regenerative nodule [53]. Hepatic failure
rarely occurs.

Diagnostic workup

Most patients with NRH have no specific signs or symptoms
related to their hepatic disease. Liver function tests are normal 
in most patients. Alkaline phosphatase is elevated to more than
1.5 times the upper limit of normal in one-third of patients [45].
The histopathological diagnosis of NRH requires a large sample
size of tissue, as NRH, incomplete cirrhosis and complete cir-
rhosis may occur in different regions of the same liver [45]. As
portal pressure deterioration is a clue to the diagnosis of NRH,
the procedure of transjugular liver biopsy allowing for both
histopathological diagnosis and hepatic vein pressure measure-
ment is an important diagnostic aid.

Imaging findings
At sonography, multiple isoechoic or hyperechoic nodules 
are seen, which may become hypoechoic or anechoic follow-
ing intratumoral haemorrhage [54]. Colour or power Doppler
ultrasound shows the presence of intratumoral vessels and
sometimes the presence of a central feeding artery [54]. On base-
line CT, the lesions are usually isodense to the liver. Subcapsular
lesions may distort the surface of the liver. During the dynamic
study, both hypervascular lesions and nodules with the same
attenuation as the surrounding parenchyma are visible [55]. The
lesions are frequently isointense to normal liver on T1- and 
T2-weighted images. However, some nodules may show high
signal intensity on T1-weighted images, probably correlated to
copper deposits. Hepatobiliary contrast agents reveal nodules
hyperintense to the liver as they contain normal hepatocytes and
altered bile ducts. Nodules rich in Kupffer cells take up iron
oxide particles, thus showing a signal intensity decrease on T2-
weighted images, like the normal parenchyma [56]. Although
imaging findings of NRH are non-specific, the diffuse nature of
the lesions, portal hypertension and the clinical history may help
in diagnosis.

Treatment

NRH is a slowly evolving, asymptomatic condition, generally
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requiring no treatment. However, a few patients may develop
symptomatic portal hypertension presenting with variceal bleed-
ing, which may be an indication for recurrent endoscopic 
therapy or portocaval shunt [32]. Three patients presenting with
progressive liver failure from NRH underwent orthotopic liver
transplantation and, in at least one of these patients, NRH has
recurred after transplantation [52].

Conclusions

Benign hepatocellular tumours are indolent processes that are
usually identified by imaging assays and rarely require treatment.
In most cases, single or multiple imaging methods may accom-
plish acceptable diagnostic specificity, whereas liver biopsy or
surgical resection is required only for lesions failing to fulfil
specific diagnostic criteria by radiological imaging. Patients with
FNH require follow-up with imaging assays whenever typical
imaging of FNH is obtained with demonstration of a central scar
by CT scan or MRI. Biopsy or resection is advocated in patients
with expanding large masses or those presenting with atypical
features. HAs are often advocated for surgical resection or abla-
tion, because of concern regarding bleeding and progression 
to hepatocellular carcinoma. Biopsy is required to distinguish
NRH from cirrhosis, which requires no treatment in the major-
ity of the patients.
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18.2 Malignant tumours

18.2.1 Primary liver cell carcinoma
Jordi Bruix, Alejandro Forner, María Varela, Carmen Ayuso and
Josep María Llovet

Introduction

Hepatocellular carcinoma (HCC) was classically considered an
infrequent cancer in the western world, mostly limited to sub-
Saharan Africa and Asia. In addition, the diagnosis was usually
made with the appearance of symptoms, habitually in the con-
text of advanced disease, when treatment was not possible and
prognosis very poor. Therefore, diagnosis of HCC in a cirrhotic
patient was considered a terminal situation and elicited low
interest in the scientific community. However, in the past few
decades, the situation has changed dramatically. It is well known
that the incidence of HCC has risen in the western world [1–3],
and further increase is expected in the next two decades [4].
Nowadays, HCC is the leading cause of death in cirrhotic
patients [5]. In addition, when diagnosis is achieved at an early
stage, effective therapies that improve long-term survival can be
applied [6]. This chapter will review the most relevant aspects
regarding the epidemiology, pathogenesis, diagnosis and treat-
ment of this neoplasm.

Epidemiology

Recent estimates indicate that primary liver cancer is now the
fifth most common cancer in the world and the third cause of
cancer-related mortality [1,2]. Nowadays, more than half a mil-
lion cases are diagnosed every year on a worldwide basis, but
there are significant geographical differences in incidence [7].
Eastern Asia and sub-Saharan Africa account for a majority of
the cases, and the annual incidence rates there largely exceed 
15 cases/100 000 habitants. Southern European countries show
incidence rates between 5 and 15 cases/100 000 habitants, while
lower incidence rates (below 5 cases/100 000 habitants) are

described in northern Europe and America [3]. In the last
decades, slight changes have been detected in some specific
areas. In countries where hepatitis B virus (HBV) infection is the
main risk factor, such as Taiwan, incidence rates have decreased
as a result of the universal implementation of effective vaccina-
tion against HBV [8]. Conversely, increasing incidence rates
have been reported in Australia, the United Kingdom [9],
Canada [10] and the United States [4,11,12], probably reflecting
the spread of hepatitis C virus (HCV) infection. In countries
where the spread of HCV infection occurred earlier, such as
Japan, the incidence may have reached a plateau [13].

Differences between races and ethnicities have also been
described. However, it is likely that these race-related differences
reflect the different exposure to risk factors and time of acquisi-
tion rather than genetic predisposition. Consequently, the dif-
ference in HCC incidence according to race may disappear in
populations with mixed ethnicity but a homogeneous risk profile.

Males have a higher prevalence of HCC than females. The
magnitude of the ratio varies widely between different countries;
it exceeds 4:1 in some specific regions of France, Italy and
Switzerland, and is lower than 2:1 in South America [2,3]. The
male predominance may be due not only to specific genetic and
hormonal profiles but also higher prevalence of known risk 
factors, such as viral infection, alcoholism and smoking.

The age at which HCC appears varies according to gender,
geographical area and risk factors associated with cancer devel-
opment. In most areas, the median age at which the cancer
occurs is higher in females than in males [2,3]. In high-incidence
areas, where HBV is the main aetiological agent, disease fre-
quency peaks at 40 years, whereas in low-incidence areas, it
peaks at about 75 years. [2,3].

The marked worldwide heterogeneity of HCC incidence is
related to differences in the distribution of risk factors. HBV is
widespread in Asia (with the exception of Japan) and sub-
Saharan Africa. Frequently, it is acquired at birth or during
childhood and is commonly associated with exposure to aflatoxin,
a potent oncogenic agent that contaminates food stored in
humid conditions in several Asian countries. It explains the 
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high incidence ratio and earlier appearance of HCC in these
countries. On the other hand, the main risk factors in Japan,
Europe and the United States are HCV infection and alcohol
intake. The different spread of HCV in these areas explains why
the peak incidence of HCC in Japan and southern Europe has
been registered earlier there than in the United States [12,13].

Risk factors for HCC

Cirrhosis underlies HCC in almost 80% of affected individuals.
Therefore, any agent leading to chronic liver damage and, ultim-
ately, cirrhosis should be considered as a potential risk factor for
HCC [14]. HBV, HCV and alcohol are the main causes of HCC
because of their high prevalence rates. In addition, less prevalent
conditions, such as hereditary haemochromatosis, primary bil-
iary cirrhosis, non-alcoholic steatohepatitis, porphyria cutanea
tarda (PCT) and Wilson’s disease, have also been associated with
HCC development [14].

Hepatitis B virus

Chronic HBV infection is by far the most important risk factor
for HCC in humans and is the main cause of HCC in high-
incidence areas, including China and Africa [15,16]. Several
large cohort studies have shown that the incidence of HCC in
HBV carriers is significantly increased [14]. Several factors affect
the rate of HCC occurrence among patients with HBV chronic
infection. Older age at diagnosis is an independent factor affect-
ing progression to HCC, probably because it reflects a longer
duration of cirrhosis [17]. The severity of the liver disease also
determines the risk of HCC and appears to vary depending on
geographical area. In studies performed in Europe, the overall
HCC incidence was approximately 0.02 per 100 person–years in
inactive carriers, 0.1 in patients affected with chronic hepatitis B
without cirrhosis, and 2.2 in persons with compensated cirrho-
sis. However, in similar studies conducted in Asia, the overall
HCC incidence was 0.2, 1 and 3.2 per 100 person–years respect-
ively; the higher incidence of HCC in Asian patients may be 
due to earlier acquisition of the infection [14,17–21]. The role 
of specific genotypes or mutations is not well established
[20,22,23]. It has been described how HBV DNA can be inte-
grated into the host cellular genome, inducing genetic damage,
and some HBV proteins can disrupt cellular functions and lead
to neoplastic transformation [24,25]. The evidence for onco-
genic properties of HBV in the absence of liver inflammation
supports the importance of occult HBV in hepatitis B surface
antigen (HBsAg)-negative patients, especially when no other
risk factors have been found [26]. Consequently, the importance
of HBV may be even higher than suggested by studies based on
serological assessment of HBV infection.

Finally, the significant decrease in HCC incidence after the
universal implementation of effective vaccination against HBV
[8] is the final proof of the importance of HBV in the patho-
genesis of this cancer.

Hepatitis C virus

Immediately after the discovery of this virus and the availability
of a serological test, it became evident that chronic HCV infec-
tion was a major risk factor for HCC [27]. The prevalence of
HCV in HCC cohorts varies according to the penetration of the
agent in the population in each geographical area [3]. In a
prospective study performed in Taiwan that included 12 000
men, a 20-fold increased risk of HCC in infected individuals was
described [28]; similar results were obtained in a meta-analysis
of 21 case–control studies [12]. As in HBV infection, the risk is
clearly related to the degree of liver damage induced by the virus:
The incidence of HCC in patients with chronic hepatitis is below
1%, and the risk increases sharply when cirrhosis is established
[29,30]. With established cirrhosis, the annual incidence ranges
between 3.7% and 7.1% [14]. The progression from acute 
infection to cirrhosis may take 20–30 years [31]. Therefore, the
different spread of HCV worldwide explains the heterogeneic
distribution of HCC in areas where HCV is the major risk factor
[12,13].

Several risk co-factors for HCC development among patients
with chronic HVC infection are known. Independent factors
associated with progression to HCC are older age at diagnosis 
(> 55 years: two- to fourfold increased risk) and male sex 
(two- to threefold increased risk) [32]. Comorbid conditions are
thought to increase the risk of HCC among patients with HCV-
related cirrhosis. In a cohort study, cirrhotic patients (90% anti-
HCV positive) with PCT had a twofold higher risk of HCC than
patients without PCT [33]. Two meta-analyses clearly showed
synergism between chronic HCV infection and overt or occult
HBV infection [34,35]. Finally, patients with chronic HCV
infection coinfected with human immunodeficiency virus
(HIV) present a faster evolution to cirrhosis, and thus may
develop HCC earlier than patients who are anti-HIV negative. 
In fact, liver failure and/or HCC are the major causes of death 
in these patients [36]. A synergy between HCV infection and
alcohol intake has been shown in several case–control studies;
the risk of HCC is augmented two- to fourfold among patients
drinking more than 60–80 g of alcohol per day [37,38]. Finally,
there is no evidence of an association between HCV genotype
and the risk of HCC [14].

Alcohol

Alcohol is a known risk factor for HCC. Because testing for HCV
infection was not available until the 1990s and a significant 
proportion of alcoholic cirrhotics are also infected with HCV,
the assessment of the risk of HCC in alcoholics was doubtless
overestimated in earlier studies [28]. The risk for HCC appears
when alcohol intake exceeds 60 g/day and increases linearly with
intake greater than 60 g/day [37,39,40]. A fivefold risk increase
has been reported with alcohol consumption above 80 g/day for
more than 10 years [39]; the risk is further increased upon 
development of cirrhosis, with a yearly incidence above 2% in
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decompensated cirrhosis [40]. As mentioned previously, infec-
tion with HBV or HCV exerts a synergistic effect and further
increases HCC risk.

Aflatoxin

Aflatoxin is a mycotoxin that contaminates food stored in
humid conditions, which commonly occurs in undeveloped
countries. It is a powerful and well-known oncogenic agent 
that induces specific damage in the p53 gene (G→T transver-
sions at codon 249) [41]. A prospective population-based
cohort study in Shanghai, detecting aflatoxin urine meta-
bolites as a marker of exposure, linked aflatoxin intake to the 
development of HCC [42,43]. The areas of heavy aflatoxin 
contamination overlap with areas of high prevalence of 
HBV infection, and a synergistic effect is described. Aflatoxin
exposure in association with HBV infection induces a 60-fold
increase in risk, while aflatoxin alone increases the risk fourfold
[42].

Non-alcoholic steatohepatitis (NASH), 
obesity and diabetes

Several case–control and cohort studies conducted in Europe
and the USA have implicated diabetes and obesity as risk factors
for HCC, especially when they are associated with chronic
HBV/HCV infection or alcohol consumption [44–46]. Obesity
and/or diabetes are likely to be important contributors to the
increased HCC incidence seen in the USA. Data on the preval-
ence and incidence of HCC in NASH patients is still limited.
Available information suggests that some patients with HCC in
the setting of cryptogenic cirrhosis may indeed have suffered
NASH [47–49], but the specific importance of NASH as a risk
factor for HCC is currently unknown.

Iron and copper deposition

Patients diagnosed with hereditary haemochromatosis have a
greatly increased risk of HCC; the 5-year HCC incidence in
patients with cirrhosis due to hereditary haemochromatosis is
reported to be 21% [50]. Iron deposition is responsible for
oxidative damage and probably for cancer development. Wilson’s
disease is characterized by copper deposition and oxidative
damage; however, a low incidence of HCC development has
been reported in patients affected with cirrhosis due to Wilson’s
disease [51].

Autoimmune hepatitis

Development of HCC in autoimmune hepatitis is rare in the
absence of chronic HCV or HBV infection. In a study from the
USA, only 1 of 88 patients with cirrhosis secondary to auto-
immune hepatitis developed HCC, establishing an incidence of 
0.1 per 100 person–years.

Primary biliary cirrhosis

The risk of HCC appears almost exclusively in male patients
with advanced stages of disease, with a reported incidence of 0.8
to 1.8 per 100 person-years and a cumulative 5-year incidence of
4% [52–54].

Alpha-1-antitrypsin deficiency

This condition is associated with cirrhosis and HCC, but most
patients with HCC present evidence of either HCV or HBV
infection. Therefore, associated viral infection may play a more
important role in the development of HCC than the metabolic
disorder itself [55].

Tobacco and coffee

Multiple chemical components of cigarette smoke are known
hepatic carcinogens in animals. The role of smoking in promot-
ing HCC development has been difficult to establish because of
the frequent association with other risk factors, mainly alcohol
consumption. Nevertheless, recent data suggest that smoking
increases the risk of HCC [56–58]. On the contrary, a recent
prospective study performed in Japan showed that coffee con-
sumption reduces the risk [59], while soya consumption has no
preventive capacity [60].

Hormonal compounds

The relationship between oral contraceptives and liver adenoma
is well established. Oral contraceptives have also been linked
with the development of HCC, but the link is less robust [61].
Several case report studies conducted in Europe and the USA,
mostly in non-cirrhotic women, have shown an increased risk 
of HCC in oral contraceptive users [61]. Androgenic steroid
treatments have also been linked with adenoma and HCC 
development [62], but strong supporting data are not available.

Cirrhosis

As mentioned previously, the development of cirrhosis, regard-
less of the specific damaging agent, constitutes a major risk fac-
tor for the appearance of HCC [14,63]. The risk varies according
to aetiology [62,64] and, more importantly, the degree of liver
functional impairment. There is a steady increase in incidence
from early cirrhosis without portal hypertension to decom-
pensated cirrhosis fitting into Child–Pugh class C [32,65]. A 
5% prevalence of HCC has been reported in unscreened com-
pensated cirrhosis, and this percentage increases to 15–20%
when patients with variceal bleeding or bacterial peritonitis are
taken into consideration [63].

Older age emerges in most studies as a significant predictor,
but it is possibly only a surrogate marker of the duration of the
disease. Male sex is also a marker of increased risk, and it may
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reflect either the simultaneous oncogenic effect of coincidental
agents (smoking, alcohol intake) or a higher oncogenicity
related to androgens [14].

Another relevant factor in HCC development is the activity of
the liver disease. Sustained HBV replication and higher HCV-
related inflammation, as reflected by increased alanine amino-
transferase levels, have been shown to correlate with a higher
HCC incidence [66]. Increased proliferation, illustrated, for
instance, by proliferating cell nuclear antigen (PCNA) [67]
staining, has been correlated with an increased HCC risk.
Several histological findings have been linked to HCC risk.
Small-cell and large-cell dysplasias are frequently seen in cir-
rhotic livers with HCC, but their importance in HCC develop-
ment is controversial [67–69].

Abnormal alpha-fetoprotein (AFP) concentration has con-
sistently been associated with an increased risk of HCC [70].
One needs to take into account, however, that chronic hepatic
inflammation and regeneration may induce transient increases
in this tumour marker, a phenomenon that is well described 
in chronic HBV and HCV infection, even in the absence of 
cirrhosis.

Pathogenesis

Active inflammation with oxidative damage is a chief cause 
of genetic damage that may eventually lead to cancer. Active
inflammation is present in both viral infection and the
metabolic derangement that occurs in metal accumulation,
alcohol consumption or NASH. The exact molecular events
responsible for the development and progression of HCC are
still not well known [71,72].

Malignant hepatocytes are the result of cumulative genetic
mutations occurring in mature hepatocytes or stem cells. The
step-by-step process is initiated through the generation of foci of
dysplastic hepatocytes without an overtly malignant phenotype.
While low-grade dysplastic nodules harbour a low malignant
potential, the likelihood of evolving to HCC is significant in
high-grade dysplastic foci. In fact, after a follow-up of 5 years,
30% of these nodules turn into HCC [73,74]. Dysplastic nodules
and very early HCC maintain their hepatocytic differentiation
and do not show an extensive network of newly formed vessels
[75]. At this stage, the nodules usually measure less than 2 cm in
diameter. However, they slowly increase in size and simultane-
ously undergo active neoangiogenesis, resulting in an enhanced
blood supply derived from the hepatic artery [76,77]. At this
point, the tumour has achieved an unequivocally malignant
profile, its degree of differentiation is lost progressively, and the
tumour develops the capacity to invade and disseminate that
characterizes all neoplasms [76,77].

Active research is attempting to describe the specific genetic
mutations that determine cancer progression. The most fre-
quently affected chromosomes are 1, 4, 8, 16 and 17, but none of
them is abnormal in more than 60% of cases [71]. Loss of het-
erozygosity at 1p (1p36–p34) and in M6F/IGF2R is frequently

described in the early stages, together with telomere shortening
[78]. Altered expression of genes such as SP70, glypican-3 or
survivin has been proposed as an early marker of HCC. A
specific mutation in p53 (G→T transversions at codon 249) is
commonly seen in HCC secondary to aflatoxin exposure [41].

The molecular pathway leading to HCC development may
differ according to the underlying risk factor. HBV-related HCC
shows more intense genetic instability, with multiple chromo-
some alterations [79]. On the other hand, non-HBV-related
HCC is less unstable genetically and more frequently presents
mutations of the beta-catenin gene, leading to abnormal activa-
tion of the Wnt signalling pathway [80]. This typically results in
the development of large, non-disseminated tumours, which
have a better prognosis. Array studies have allowed the study of
subsets of tumours grouped according to aetiology and/or stage,
leading to the identification of a large number of genes linked 
to cell proliferation, inflammation, collagen deposition, angio-
genesis and apoptosis [81–83]. Some studies have established a 
relationship between the expression of some genes and tumour
progression (skp2, p16, p27, SOCS-1, PEG10) or dissemination
and metastases [nm23-H1, osteopontin, ARHC (RhoC), KA-1,
MMP14]. However, the biological meaning of these findings is
not well established, and these data need to undergo extensive
validation prior to becoming a reliable prognostic tool in clinical
practice.

Pathology

The pathological characteristics of HCC are modified during 
its transition from early to advanced stage [76,77]. Malignant
cells resemble normal hepatocytes in the initial stages but, in
advanced stages, the differentiation of the cells is progressively
lost. Conventionally, the differentiation degree is established
following the Edmonson and Steiner criteria [84], which define
grades I to IV according to the degree of nuclear irregularity,
hyperchromatism and nuclear/cytoplasmic ratio. While grade 
I defines a well-differentiated cell undistinguishable from a
benign hepatocyte according to its cell pattern, highly abnormal
cells characterize grade IV. As early small HCC are usually 
well differentiated, the establishment of a definitive diagnosis
through the analysis of biopsy material requires extensive 
expertise (Fig. 1).

Malignant cells usually have well-defined cell membranes 
and show a finely granular eosinophilic cytoplasm. Cells may
accumulate bile and, at early stages, it is frequently possible 
to recognize fat deposition [85]. Mallory bodies and alpha-1-
antitrypsin globules have been described in a minority of cases.
Immunostaining can identify the presence of cytokeratins 7, 8,
18 and 19, carcinoembryonic antigen, AFP and several tumour
markers, but most of them are not specific and do not allow a
confident diagnosis of HCC [76,77].

Malignant hepatocytes usually grow in a trabecular pattern, 
in which cells accumulate in thin (microtrabecular) or thick
(macrotrabecular) layers separated by sinusoids that may still
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contain Kupffer and stellate cells. However, they may also
exhibit a pseudoglandular or acinar pattern. Reticulin fibres are
scarce, and the blood vessels are arranged in a capillary pattern.
Less than 5% of HCC exhibit a mixed pattern that combines
characteristics of both cholangiocarcinoma and hepatocarci-
noma, probably reflecting the common embryonic origin of 
biliary cells and hepatocytes.

Traditionally, tumours can be described according to their
gross macroscopic appearance as expansive, infiltrative or dif-
fuse. The expansive type compresses the surrounding liver and
frequently exhibits a reticulin pseudocapsule that partially or
completely surrounds the tumour [76,77]. The infiltrative type
has no distinct margins and invades the surrounding liver with-
out the formation of a pseudocapsule. Finally, the diffuse type
emerges as a multinodular entity that resembles cirrhotic nodules.

The most common appearance is a distinct nodule of varying
size (Fig. 2) that progressively increases in size, loses its differen-
tiation and is associated with the development of satellite foci in
the surrounding area of the main tumour and invasion of the
segmental portal pedicle. Thereafter, the tumour spreads, and
several HCC nodules are detected in the liver. The incidence of
portal vein invasion increases in parallel with the size of the
tumour and the loss of differentiation [76], especially when all
or most of the liver parenchyma is replaced by the tumour.
Extrahepatic dissemination is frequent at late stages, commonly
detected by lymph node involvement in the hepatic hilum and
metastases to the adrenal glands, lungs and bones.

Vascular invasion is one of the most characteristic findings of
this neoplasm. It is a sign of an advanced malignant phenotype
and haematogenous spread, which may lead to recurrence after
initially effective treatment and carries a dismal prognosis. The
incidence of microscopic vascular invasion increases with
tumour size, appearing in 20% of HCC < 2 cm in diameter,
30–60% of HCC between 2 and 5 cm, and 60–90% of larger
nodules.

Small HCCs ≤ 2 cm are classified by Japanese pathologists into
two major subtypes according to the growth pattern: distinctly

nodular type and indistinctly (vaguely) nodular [86]. The dis-
tinct type has well-defined borders and is frequently encapsu-
lated. Histologically, it is moderately differentiated, has arterial
vascularization and, upon careful analysis, reveals satellites in
10% of cases and vascular invasion in up to 25%. The indistinct
type has ill-defined margins (Fig. 3). Histologically, it is a well-
differentiated tumour that maintains portal tracts, and vascular
invasion and/or intrahepatic metastases are rarely seen. The dis-
tinct nodular type represents a more advanced tumour despite
its small size. On the contrary, the indistinct type corresponds to
the carcinoma in situ entity [87,88], and it is known by Japanese
authors as early HCC. Many of the early HCCs diagnosed in
Japan tend to be interpreted as high-grade dysplastic nodules
(HGDN) in western countries.

Fig. 1 Cellular sample obtained by fine needle biopsy. Microscopic
examination shows a nest of malignant cells corresponding to a well-
differentiated hepatocellular carcinoma.

Fig. 2 Pathology examination of a resected tumour. The hepatocellular
carcinoma corresponds to the so-called indistinctly nodular type. Margins
are ill defined, there is no capsule formation, and detailed slicing did not
identify microscopic vascular invasion.

Fig. 3 Segmentectomy for a small encapsulated hepatocellular carcinoma
in a cirrhotic liver. The tumour measures less than 3 cm in size, is well
defined, and no satellites or vascular invasion are seen macroscopically.
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Fibrolamellar carcinoma is a particular variant of HCC that
has a distinctive pattern. In contrast to standard HCC, it usually
appears in a normal liver and is more frequent in young women.
It has not been linked to contraceptive usage or viral infection. 
It usually appears as a large, non-encapsulated mass with a 
firm consistency. It commonly has large areas of fibrous septae,
and the tumour cells may form thick trabeculae. Malignant 
hepatocytes are large and polyhedral or round in shape. The
cytoplasm is eosinophilic and shows marked granularity because
of an increased number of mitochondria [77]. A slower growth
rate and less capacity for dissemination have been reported, 
conferring a better prognosis than common HCC at early 
stages.

Clinical manifestations

As the majority of HCCs are associated with cirrhosis, most 
of the clinical findings will be indistinguishable from those
observed in patients with cirrhosis without HCC. A variable
proportion of cases will present with jaundice, ascites,
encephalopathy or bleeding due to ruptured oesophageal
varices. Cancer-related symptoms, such as abdominal pain or
constitutional syndrome (weight loss, anorexia and malaise), are
a reflection of advanced tumour stage, and are usually associated
with a grim prognosis. A minor proportion of patients will be
diagnosed as a result of either acute haemoperitoneum, which is
the result of tumour rupture, or bone metastases.

The proportion of symptomatic patients depends on the pop-
ulation studied. Cohorts of cirrhotics entered into surveillance
will reveal patients with early disease without cancer-related
symptoms, and the main findings will be associated with the
underlying cirrhosis [89]. In contrast, HCC patients who have
no underlying liver disease will more frequently present with
cancer symptoms, thus triggering the medical evaluation with
eventual diagnosis. This is common among young patients 
with previously normal livers, in whom the diagnosis is made 
at advanced stages because of the presence of symptoms or, 
in some areas such as South Africa, where the growth of the
tumour is faster and, despite regular screening, the diagnosis is
made at advanced stage with cancer-related symptoms, great
tumour burden and a dismal prognosis.

Biochemistry is also related to the underlying liver disease.
Large tumours may induce increased alkaline phosphatase 
and γ-glutamyltransferase levels. Hypoglycaemia or hyper-
cholesterolaemia have been reported in a minority of patients.
The latter affects up to 30% of black Africans with HCC and is
the result of excessive cholesterol production by tumour cells
lacking the normal regulatory mechanisms.

Several paraneoplastic syndromes have been described in
patients with HCC. The most common are diarrhoea and severe
hypoglycaemia. Diarrhoea is secondary to the release of vaso-
active substances by the tumour and is usually intermittent.
However, in some cases, it can be intense and becomes the 
major symptom leading to diagnosis. Other manifestations

include polymyositis, hypercalcaemia, thrombophlebitis, sexual
changes and skin rashes.

Diagnosis and staging

Classically, most HCCs were diagnosed at an advanced stage,
when cancer-related symptoms were already present and a 
large mass could easily be detected by physical examination.
Diagnosis was confirmed by either an increased AFP level or
pathological analysis of a mass biopsy obtained without image
guidance. Nowadays, the development of ultrasonography
(US), computerized tomography (CT) and magnetic resonance
imaging (MRI) has allowed the diagnosis of HCC at an early
subclinical stage during the routine evaluation of patients at risk
for HCC. When HCC is diagnosed at an advanced stage in
symptomatic patients, the prognosis is dismal. On the contrary,
the diagnosis of HCC at an early stage allows for the application
of potentially curative treatments. This is the reason why the
practice of screening for HCC was established in high-risk
patients. Despite worldwide acceptance of surveillance for HCC,
until recently, there was no concrete evidence of its benefit [63].
At the present time, there is a single randomized controlled 
trial (RCT) of surveillance vs. no surveillance that has shown 
a survival benefit of biannual surveillance with AFP measure-
ments and ultrasound [90]. This study was performed in China
and recruited 18 816 patients with antecedent HBV infection. Even
with poor compliance (adherence less than 60%), the HCC-
related mortality was reduced by 37% in the surveillance arm.

The aim of screening is to diminish tumour-related mortality
through the detection of HCC at an early stage when the applica-
tion of effective treatment is still possible [63,89]. According to
this endpoint, it is recommended that screening be limited to
Child–Pugh A and B patients (Table 1) [91]. Child–Pugh C
patients should be evaluated for liver transplantation because of
liver insufficiency, and early diagnosis of HCC has no impact on
survival.

It is still not known which screening interval and diagnostic
tools are the most appropriate, on account of the heterogeneous
behaviour of this tumour. In its last recommendations, the
American Association for the Study of Liver Diseases (AASLD)
proposed screening with abdominal ultrasound every 6 months
[91].

When a nodule is detected on abdominal ultrasound during
screening, recall procedures may be instituted. The specific
manner in which they are employed, however, depends directly
on the nodule size [63]. When a nodule is less than 1 cm, the
likelihood of it being HCC is very low [76], especially if it does
not show contrast uptake on dynamic imaging studies [92].
However, minute hepatic nodules detected by US may become
malignant over time [93]. Thus, these nodules need to be fol-
lowed every 3 months for 1–2 years in order to detect malignant
transformation.

Lesions 1–2 cm in diameter in a cirrhotic liver have a high
probability of being HCC. The AASLD has suggested that, in
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nodules 1–2 cm in diameter, when the specific vascular pattern
of HCC (arterial uptake of a contrast agent followed by washout
in the delayed venous phase) is detected coincidentally in two
dynamic imaging techniques, HCC diagnosis can be made
confidently without histological confirmation [91]. When the
vascular pattern is typical in only one technique or atypical in
both of them, a biopsy is recommended. However, biopsy of
nodules less than 2 cm is not always feasible. First, needle place-
ment may be difficult, and one cannot be sure that the sample
has come from the lesion. Also, it may be difficult to distinguish
between dysplasia and well-differentiated HCC [75], and a neg-
ative biopsy report does not confidently exclude malignancy.
Nevertheless, recognition of dysplasia within the nodules and
arterial hypervascularization on dynamic imaging have been
shown to be powerful predictors of malignant transformation
during follow-up [73,74,93–95]. Therefore, if these lesions have
a non-specific vascular profile and a negative biopsy, enhanced
follow-up is advised.

Finally, in nodules > 2 cm in cirrhotic patients, if the lesion
shows arterial hypervascularization and washout in the delayed
venous phase, only a single imaging technique is necessary for
diagnosis [91]. If the vascular pattern on dynamic imaging is not
characteristic (Fig. 4) a biopsy is recommended. The diagnostic
algorithm recommended by AASLD is summarized in Figure 5
[91].

The strategy upon the detection of an increased concentration
of AFP is less conclusive. A minor increase in AFP may occur in

patients with chronic liver disease as a result of inflammation
flares [96]. However, a persistently elevated AFP on follow-up
has been shown to be a strong indicator of an increased risk of
HCC development [97]. Enhanced follow-up has been suggested
in such cases. AFP determination should not be recommended
as a tool for screening or early diagnosis because of its low sens-
itivity and specificity [70,91]. The use of other tumour markers
such as des-gamma-carboxy-prothrombin [98], lectin-bound
AFP [99] or glypican [100] has been proposed to improve the
efficacy of AFP, but their use has still not demonstrated a benefit
in the early diagnosis of HCC.

Fig. 4 Hepatic CT scan of a patient in whom ultrasound detected a nodule
located in the right lobe. Dynamic CT scan shows that the tumour presents a
marked contrast uptake in the arterial phase (a) and that the contrast is
washed out in the delayed venous phase (b). These findings are highly
specific for hepatocellular carcinoma if observed in a nodule in a cirrhotic
liver, and no biopsy is requested to confirm the malignant nature of the
mass. If the vascular pattern is not highly specific, a biopsy should be
obtained to establish the diagnosis as both cholangiocarcinoma and
metastases may appear as slightly hypervascular tumours.

Table 1 Patients in whom surveillance is recommended. Reproduced with
permission from ref. 95.

Hepatitis B carriers

Asian males ≥ 40 years

Asian females ≥ 50 years

All cirrhotic hepatitis B carriers

Family history of HCC

Africans over age 20 years

For non-cirrhotic hepatitis B carriers not listed above, the risk of HCC

varies depending on the severity of the underlying liver disease and

current and past hepatic inflammatory activity. Patients with high HBV

DNA concentrations and those with ongoing hepatic inflammatory

activity remain at risk of HCC

Non-hepatitis B cirrhosis

Hepatitis C

Alcoholic cirrhosis

Genetic haemochromatosis

Primary biliary cirrhosis

Although the following groups have an increased risk of HCC, no

recommendations for or against surveillance can be made because a

lack of data precludes an assessment of whether surveillance would be

beneficial

Alpha-1-antitrypsin deficiency

Non-alcoholic steatohepatitis

Autoimmune hepatitis

(a)

(b)
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After HCC detection and diagnosis, tumour stage and exten-
sion need to be evaluated. This should be done with state-of-the-
art CT or MRI. CT and MRI are both equally effective in the
detection of tumours > 2 cm, but MRI angiography is more
effective for nodules < 2 cm. However, the characterization of
minute nodules < 1 cm with MRI remains problematic [94].
Angiography has a minor role in diagnosis and staging, and 
lipiodol CT lacks adequate usefulness and its use is discouraged.
Finally, extrahepatic spread should also be evaluated. Although
lung metastases are exceptional in the early stages, a chest CT is
recommended when radical treatments are being considered.
Bone metastases are usually symptomatic and should be ruled
out by bone scintigraphy.

Prognostic prediction

Prognostic prediction is necessary to determine the correct
treatment and to give adequate information to patients and their
relatives about the disease. In most neoplasms, the prognosis
parallels tumour burden at the time of diagnosis. Owing to the
fact that there is underlying cirrhosis in a majority of patients
with HCC, the prognosis depends not only on tumour burden

but also on the degree of liver functional impairment [6]. In
addition, the choice of treatment not only affects the patient’s
outcome but also depends on liver functional status, as certain
treatment choices may induce hepatic dysfunction.

Any proposal intending to stratify patients into different
prognostic groups or to link treatment with staging should 
consider this complex interaction. Systems that only contem-
plate one element will be incapable of correctly predicting the
outcome. This is the case with the TNM classification [101],
which is widely used in most neoplasms and only takes into
account tumour burden while ignoring liver function, or the
Child–Pugh [102] or Model for Endstage Liver Disease (MELD)
systems [103], which disregard tumour burden. These unidi-
mensional systems are useful only in recognizing patients with
very advanced disease and already reduced life expectancy.

The classification proposed by Okuda et al. [104] was widely
used for many years but has been replaced more recently by
other proposals. In the past few years, several multidimensional
systems have been developed in the USA [105], Spain [106,
107], France [108], Germany [109], Austria [110], Hong Kong
[111], Italy [112–114] and Japan [112,115,116] (Table 2). They
stratify patients into separate groups and take into account a

Mass on surveillance ultrasound in a cirrhotic liver

1–2 cm >2 cm<1 cm

Repeat US at 3–4
month intervals

Enlarging
Stable over

18–24 months

Proceed
according to
lesion size

Return to standard
surveillance protocol

(6–12 monthly)

Non diagnostic

NegativePositive

Treat as hepatocellular carcinoma

Other diagnosisDiagnostic of HCC

Repeat biopsy or
imaging follow-up

Change in size/profile

Repeat imaging
and/or biopsy

Atypical vascular
pattern with both

techniques

Coincidental typical
vascular pattern on
dynamic imaging

Typical vascular
pattern with one

technique

Biopsy

One dynamic imaging techniqueTwo dynamic imaging studies

Typical vascular
pattern on dynamic

imaging or AFP >
200 ng/mL

Atypical
vascular
pattern

Fig. 5 Diagnostic algorithm suggested by AASLD practice guideline. Reproduced with permission from ref. 91. PEI/RFA, percutaneous ethanol 
injection/radiofrequency ablation.
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combination of liver functional variables and tumour parame-
ters. Of all of them, only the Barcelona Clinic Liver Cancer (BCLC)
[117–119] and the Italian [120,121] systems have been externally
validated. The BCLC system is the only one that links staging
with treatment indication. It includes variables such as liver
function, tumour burden and performance status and stratifies
patients into five stages. Stage 0 describes tumours ≤ 2 cm that
do not show vascular invasion or satellites, corresponding to the
so-called very early HCC or carcinoma in situ. Stage A is com-
posed of tumours diagnosed at an early stage when curative
treatment (percutaneus ablation, liver transplantation or resec-
tion) is still possible. Patients have solitary tumours of < 5 cm or
≤ 3 nodules of < 3 cm and preserved liver function. As men-
tioned previously, these patients are eligible for curative treat-
ments and may experience 5-year survival rates between 50%
and 75%. Patients with tumours beyond stage A, namely large or
multinodular tumours, who experience preserved liver function
and the absence of cancer-related symptoms, belong to stage B
(intermediate stage). These patients are candidates for transarte-
rial chemoembolization (TACE) and can achieve 3-year survival
rates of around 50%. Patients with cancer-related symptoms 
or vascular invasion or extrahepatic spread fit into stage C
(advanced stage). For these patients, no treatment has shown
survival benefit, and they are candidates for RCTs to test new
therapies. Their survival at 3 years is < 10%. Finally, patients
with severe cancer-related symptoms (performance status ≥ 3),
severe liver dysfunction (Child–Pugh C) or tumour burden cor-
responding to class 3 of the Okuda staging system correspond to
stage D (terminal stage). Their median survival is < 6 months
and symptomatic treatment is recommended.

As expressed previously, the current prognostic estimation is
derived from the assessment of tumour burden, liver function
and cancer-related symptoms. In the near future, improvements
in translational research will allow prognostic predictions to 
be based on the identification of genomic and proteomic 
markers associated with the activation of the mechanisms that
induce cancer progression and dissemination.

Treatment

Several therapeutic options can be considered in patients with
HCC, but only a few of them may result in long-term cure of the
disease. These include surgical resection, percutaneous ablation
and liver transplantation [6]. However, the feasibility of these
treatments is restricted to patients diagnosed at an early stage,
which is currently < 40% of the patients evaluated in referral
units. Most patients are diagnosed at a more advanced stage, and
the only treatment that has been shown to affect their survival is
transarterial chemoembolization [122]. Moreover, its applic-
ability is restricted to < 20% of these advanced cases. Con-
sequently, approximately half of the patients are ineligible to
receive effective therapy and, thus, might be considered to
receive supportive care or participate in research investigations
to evaluate new therapeutic strategies. Treatment indication
requires a careful assessment of the tumour stage, liver function
and general health. The staging and treatment algorithm fol-
lowed by the BCLC group is shown in Figure 6 [6,106].

The tumour burden can be accurately evaluated by a com-
bination of US and CT or MRI and should define the size of 
the tumour, the presence of satellites and the existence of 

Table 2 Strategies and systems to predict prognosis in patients with HCC.

Prognostic variables

Author name Staging system Liver function Tumour stage Health status

AJCC [101] TNM No TNM No

Okuda et al. [104] Okuda Ascites, albumin and bilirubin Tumour greater or less than 50% of No

cross-sectional area of liver

Llovet et al. [106] BCLC Child–Pugh Tumour size, number of nodules PS score

and portal vein thrombosis

Chevret et al. [108] GRETCH Bilirubin, alkaline phosphatase Portal vein thrombosis Karnofsky index 

Leung et al. [111] CUPI index Bilirubin, alkaline phosphatase and ascites TNM Symptoms 

Omagari et al. [112] SLiDe Liver damage by LCSGJ, PIVKA TNM No

Villa et al. [113] ER classification Bilirubin Estrogen receptor status No

CLIP [114] CLIP Child–Pugh Number of nodules, tumour greater No

or less than 50% area of liver and

portal vein thrombosis

Kudo et al. [115] JIS Child–Pugh TNM No 

Tateishi et al. [116] Tokyo score Albumin, bilirubin Number of nodules, size of nodules No

LCSGJ, Liver Cancer Study Group of Japan; PIVKA, proteins induced by vitamin K antagonism; PS, performance status; TNM, tumour node metastases.
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extrahepatic spread and/or vascular invasion, particularly of the
portal vein. Liver functional assessment is another important
aspect in the evaluation of patients with HCC. The majority of
patients present with underlying cirrhosis, so a precise evalua-
tion of liver function is obligatory. All treatments that have
shown survival benefit, except liver transplantation, can cause
decompensation in liver function; therefore, severe liver
insufficiency may preclude surgery, percutaneous ablation and
chemoembolization. Finally, the evaluation of the general con-
dition of the patient should precede any therapeutic regimen. 
As in the majority of diseases, concomitant morbidities increase
the risk of treatment-related complications and death. In addi-
tion, evaluation of cancer-related symptoms by performance
status (PS) score or Karnofsky index is mandatory. A PS of 3–4
or Karnofsky index < 60 identifies patients with terminal disease
that will not benefit from any oncological treatment, and they
should receive palliative care.

Curative treatments

Surgical resection
For years, surgical resection was the only treatment available
that showed a survival benefit. The development of liver trans-
plantation and percutaneous ablation techniques initiated a
debate about the current role of liver resection and whether or
not surgery should still be the first therapeutic option. The lack

of RCTs comparing liver resection, percutaneous ablation and
liver transplantation in cirrhotic patients prevents any general
recommendation, and the therapeutic algorithm depends on the
resources available in each setting.

In patients with a normal non-cirrhotic liver, resection is 
considered the best option. These patients represent a minority
of the HCC patients in western countries, while the proportion
may reach 40% in some areas where HBV acquired during 
childhood is the main aetiological agent. In patients with
decompensated cirrhosis, surgical resection is clearly precluded,
and liver transplantation is the sole effective therapeutic option.
Controversy exists, however, regarding patients with compen-
sated cirrhosis.

Two decades ago, when resection was the sole alternative, the
postoperative mortality could exceed 20%, and the 3-year sur-
vival rate was usually < 50%. More recently, more accurate
tumour staging, refined functional evaluation of the underlying
liver function and improvements in surgical techniques have
dramatically decreased the postoperative morbidity and mortal-
ity and increased survival. In fact, the current standard is to have 
a perioperative mortality < 3%, a transfusion rate < 10% and a 
5-year survival rate > 50% [6].

The success of surgical resection depends on correct evalua-
tion of tumour stage and liver function. A precise preoperative
estimate of tumour extension is mandatory. A presurgical
workup (either CT scan or MRI) along with intraoperative 

Stage A–C
Okuda 1–2; Child A–B; PS O–2

Intermediate stage B
Multinodular; PST O

Very early stage 0
Single <2cm

Carcinoma in situ

Single

Portal pressure
Bilirubin

Normal Increased
Associated

diseases

No Yes

Terminal
stage DAdvanced stage C

Portal invasion, N1, M1, PST 1–2
Early stage A

Single or 0–3 nodules <3cm
PST O

Stage D
Okuda 3; Child C; PS > 2

Stage 0
Child A; PS O

Resection
Liver

transplantation

Curative treatment (30%)
5-year survival: 50–70%

PEI/RFA Chemoembolization New agents

Randomized controlled trials (30%)
3-year survival: 20–40%

Symptomatic TTO (30%)
1-year survival: 10%

HCC

Fig. 6 Strategy for staging and treatment assignment in patients diagnosed with hepatocellular carcinoma according to the Barcelona Clinic Liver Cancer
proposal. Reproduced with permission from ref. 106.
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ultrasound (IOUS) is recommended to assess tumour stage,
detect additional nodules and guide anatomical resection.
Resection is restricted to patients with a solitary nodule. The
upper limit of the size of this nodule is not well established. It is
well known that the probability of vascular invasion and dissem-
ination increases with size [76], but there are slow-growing
tumours that reach a large size without evidence of invasion 
or satellite disease. Liver function is widely evaluated by the
Child–Pugh classification [102], and patients in classes B and 
C are excluded. However, some Child–Pugh A patients will
develop liver decompensation and early death after resection, so
more in-depth evaluation is required. In Europe, bilirubin and
portal pressure have been recognized as the best parameters 
for the selection of optimal surgical candidates [123]. Clinically
relevant portal hypertension (PHT) is defined as the presence 
of oesophageal varices, splenomegaly with a platelet count of 
< 100 000/µL or a hepatic venous pressure gradient of ≥ 10
mmHg. Subjects without relevant PHT and normal bilirubin show
the best outcome after surgical resection, with 5-year survival
rates of up to 70% [123,124]. The main problem with surgical
resection is the high recurrence rate, which may reach 70% at 
5 years [123,125–130]. True recurrences (intrahepatic metastases)
can be distinguished from de novo tumours. From genomic
investigations, it has been determined that 60–70% of recur-
rences are intrahepatic metastases, whereas 30–40% are de novo
tumours. True recurrences typically emerge within 2 years after
resection and correspond to intrahepatic metastases undetected
at the time of resection; they are usually associated with vascular
invasion, a poor degree of histological differentiation and satel-
lites [123,125,126]. Conversely, de novo tumours occur later,
habitually > 2 years after resection [131–134], and their appear-
ance is related to prior oncogenic events.

Several strategies have been tested to prevent recurrence
[135,136]. Preoperative chemoembolization and adjuvant
chemotherapy have shown no benefit and may even complicate
the intervention. Promising results have been reported with
adoptive immunotherapy with activated lymphocytes [137], inter-
nal radiation [138] and retinoid [139] or interferon administra-
tion [140]. However, all the data lack enough strength and,
hence, large randomized studies should be conducted prior to
introducing any of them into routine clinical practice.

As mentioned previously, recurrence is the drawback with
surgical resection, and treatment of recurrence offers disap-
pointing results. In the majority of cases, HCC recurrence is sec-
ondary to disease dissemination that occurred prior to resection
and appears as multifocal disease, beyond the limits of curative
treatment. As liver transplantation presents a low risk of recur-
rence when it is applied to patients at a similar stage to resected
patients, some groups have proposed to enlist for liver trans-
plantation the patients in whom analysis of the resected speci-
men reveals vascular invasion and/or additional satellites [141].
Late recurrences during follow-up are usually solitary de novo
tumours, and the treatment strategy is the same as for primary
HCC.

Liver transplantation
Liver transplantation offers the potential to both resect the
entire potentially tumour-bearing liver and eliminate the under-
lying cirrhosis. In the beginning, the poor results obtained
(recurrence rate of 32–54% and 5-year survival rate below 40%)
brought into question the acceptability of liver transplantation
as a treatment for HCC. The outcomes obtained were secondary
to the initial acceptance of advanced tumours with macroscopic
vascular invasion, lymph node involvement and extrahepatic
spread [142,143]. However, patients transplanted because of
endstage cirrhosis who incidentally had tumours at explant
showed similar outcomes to patients with non-malignant 
disease [144]. This finding prompted the reconsideration of
liver transplantation as a treatment for well-selected patients.
Mazzaferro and colleagues demonstrated that patients with a
single HCC ≤ 5 cm or up to three nodules each < 3 cm, the so-
called Milan criteria, experienced a 70% 5-year survival rate and
a recurrence rate below 15% [145]. These results were similar to
those reported previously in the best series of surgical resection,
although with a significantly lower rate of recurrence. As in 
surgical resection, recurrence is higher if histological analysis of
the explant reveals vascular invasion and/or tumour satellites
[146,147]. The appearance of these histologically adverse
parameters is related to tumour size, so the expansion of current
enlistment criteria, as proposed by some authors [148,149], is
controversial. In addition, the excellent results reported by
Mazzaferro et al. were achieved in the era of an average waiting
time of less than 6 months. At the present time, the shortage 
of donors and the increasing number of candidates have led to
an increase in the waiting times to more than 12 months, with
dropout rates of 20% and decreased survival according to the
intention-to-treat principle [123,150]. Because of the limited
resource of donor organs, transplantation for HCC using
deceased donors is acceptable only when the probability of living
for 5 years after the procedure exceeds 50% [151].

There are three strategies to improve survival after liver 
transplantation according to the intention-to-treat principle.
First, the pools of donors can be increased by the use of living
donors, domino/split liver transplantation or high-risk donors.
Living donor liver transplantation (LDLT) has become the most
feasible alternative to cadaveric liver transplantation. It may be
applied in 20% of candidates, and a cost-effectiveness study 
has shown benefit when the waiting time exceeds 7 months
[152,153]. A large multicentre survey in Japan showed that sur-
vival in LDLT is comparable to cadaveric liver transplantation
[154], and several groups have initiated live donation pro-
grammes with expanded criteria [155–157].

In spite of initial results supporting the use of LDLT in
patients with HCC, there are several issues that should be
clarified. It must be taken into account that the risk of death for
the donors is around 0.7%, and a high rate of surgical complica-
tions, particularly biliary complications, have been reported. In
addition, it has been suggested that HCV reinfection after LDLT
is more aggressive than after cadaveric transplantation, with

TTOC18_02  3/10/07  9:33 AM  Page 1447



1448 18 TUMOURS OF THE LIVER

faster progression to cirrhosis and liver failure [158]. Long-term
results in large cohorts are urgently needed to clarify the real
benefit of live donation programmes in patients with HCC.

Another strategy is the use of priority policies; understanding
the importance of waiting times in the effectiveness of liver
transplantation, UNOS has implemented the MELD system to
offer priority to the sickest patients. Currently, patients with
HCC meeting the Milan criteria and tumours ≥ 2 cm in diameter
are prioritized by being given a pre-established number of
MELD points [159,160]. Nevertheless, this system lacks proper
validity. Several studies have shown that the MELD system is
unable to predict the prognosis of HCC patients or their risk of
exclusion while waiting for a cadaveric liver. Furthermore, the
MELD points of patients waiting for a liver are not homoge-
neous between transplant programmes and, hence, whereas in
some centres a given value of MELD points will give excessive
priority to HCC patients, in others, HCC patients may be excluded
if the non-HCC population exhibits a high MELD score.

A final strategy to reduce the dropout rate could be the applica-
tion of adjuvant therapies while awaiting transplantation. The
most frequently used treatments are resection, ablative therapies
and chemoembolization [161–167]. The benefit of adjuvant
therapies depends on the risks associated with each treatment
and the expected length of waiting time, and randomized studies
are clearly required to elucidate the real benefits of adjuvant
therapies. A cost-effectiveness analysis using a Markov model
suggested a survival improvement for neoadjuvant treatments
when waiting times exceeded 6 months [168].

Percutaneous treatments
Percutaneous ablation has become an effective therapeutic
option with curative capability that has grown rapidly during the
last decades. Currently, it is the first-line treatment in patients
with early HCC who are not eligible for surgical resection and
for whom liver transplantation has been precluded [6]. Tumour
ablation can be achieved by the injection of chemical substances,
namely ethanol or acetic acid, or by modification of the tumour
temperature by the insertion of different types of probes, as in
the cases of radiofrequency, microwave, laser and cryotherapy
ablation. All these techniques can be performed percutaneously,
habitually with ultrasound guidance, or laparoscopically.
Treatment response is assessed by dynamic CT at 1 month and is
defined by the absence of contrast uptake as a sign of tumour
necrosis [63]. The most widely used ablative therapies are percu-
taneous ethanol injection (PEI) and radiofrequency ablation
(RFA).

PEI consists of the injection of absolute ethanol into lesions
through fine needles. It is the best studied and most widely used
ablative therapy. It is inexpensive and usually well tolerated with
few side-effects. Ethanol injection can achieve complete tumour
necrosis in 70–80% of single tumours ≤ 3 cm and obtains a 
5-year survival rate in Child–Pugh A patients of 50% [169],
which are similar results to those obtained with surgical resec-
tion [170]. The response is reduced to 50% in tumours of 3–5

cm [171]. Failures are due to the presence of intratumoral septa
that prevent the spread of injected ethanol.

The suboptimal efficacy of PEI in larger tumours and the need
for repeated ethanol injections has prompted the development
of alternative techniques to ablate larger nodules in fewer ses-
sions. RFA is the most widely used alternative to PEI. It produces
thermal injury in living tissue via an alternating electric current
in the radiofrequency range (460–500 kHz) delivered through
single or multiple cooled-tip electrodes. Ablation can be per-
formed percutaneously, laparoscopically or via laparotomy
[172]. The advantage of RFA is that it achieves a complete
response in significantly fewer sessions and delivers a better
response rate in tumours > 3 cm [173]. The main drawbacks 
are the high cost of the equipment and the high rate and severity
of adverse effects, with a reported mortality rate of 0.5% and
complication rate of approximately 10% [174,175]. Another
disadvantage is the lesser applicability compared with PEI;
superficial tumours and tumours close to the hepatic hilum,
gallbladder, bowel, heart or major blood vessels are not suitable
for RFA.

In a recent RCT performed in Japan, 238 patients with early
HCC were randomized to RFA vs. PEI. Four-year survival was
significantly higher with RFA than with PEI (74% vs. 57%), with
similar rates of adverse events [176]. These outcomes encourage
the use of RFA, but additional studies performed in Europe or
the USA are required to validate these results.

Similar to surgical resection, recurrence after successful per-
cutaneous treatment is frequent, approximately 50% at 3 years
and more than 70% at 5 years [171,177].

Palliative treatments

Several therapeutic modalities have been tested for patients 
with advanced stage HCC. However, only a few of them have
been appropriately tested in prospective RCTs comparing active
therapy versus the best supportive care. Most treatments have
been evaluated in the context of phase II trials or RCTs in which
two active interventions were compared. A meta-analysis of all
the available studies showed that chemoembolization was the
sole intervention that offered a survival benefit [122].

Transarterial chemoembolization
(TACE)/embolization (TAE)
HCC obtains its blood supply almost exclusively through the
hepatic artery. This fact provides the basis for the typical radio-
logical features of HCC as well as the development of arterial
obstruction as an effective therapy.

The procedure consists of hepatic artery catheterization and
intra-arterial injection of a chemotherapeutic agent suspended
in a carrier substance, usually lipiodol, which is selectively
retained within the tumour. The dose of chemotherapy to be
administered must be adjusted according to the patient’s liver
function. Chemotherapeutic agents should be distributed between
both hepatic lobes: when the tumour affects only one lobe, it is
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common practice to inject 25% of the agent into the tumour-
free lobe, with the idea that it will act on potentially undetected
implants. Several chemotherapeutic agents have been used, 
cisplatin and doxorubicin being the most common [178,179],
although none has been shown to be superior to any of the 
others [180]. Once the antineoplastic agent has been injected,
hepatic artery blood flow is obstructed by intra-arterial injection
of one of several agents: Gelfoam, polyvinyl alcohol, metallic
coils, starch microspheres or even autologous blood clots 
(Fig. 7). The most widely used agent is gelatin sponge prepared
as 0.5- to 1-mm cubes [180]. The procedure should be as selec-
tive as possible to limit the injury to the surrounding non-

tumoral liver, and the cystic artery should be preserved to avoid
necrosis of the gallbladder.

This procedure is not innocuous. Most patients experience
the post-embolization syndrome, consisting of ileus, transient
abdominal pain and fever. Prophylactic antibiotics are not 
used routinely because post-procedure fever is usually a sign of 
successful tumour necrosis. It is usually self-limited so, if fever
persists, severe infectious complications such as cholecystitis or
a hepatic abscess should be ruled out.

The side-effects of intra-arterial injection of chemotherapy
are the same as for systemic administration: nausea, vomiting,
renal impairment, bone marrow suppression and alopecia.
Fasting is recommended for 24 h prior to the procedure, and
intravenous hydration is mandatory to avoid renal impairment.

Extrahepatic spread has to be excluded before TACE/TAE.
Contraindications to the procedure are the presence of decom-
pensated cirrhosis and advanced liver disease (Child–Pugh 
class C), cancer-related symptoms, impaired clotting test results
(platelet count < 50 000/µL or prothrombin activity < 50%) 
or renal failure. The presence of a hepatofugal blood flow, 
portosystemic shunt or portal thrombosis precludes the proced-
ure, as they can prompt necrosis of the non-tumoral liver left
without blood supply and produce liver failure and death.

The efficacy of arterial embolization in terms of inducing
objective responses is clear. Objective responses registered by
the identification of intratumoral necrosis and reduced tumour
burden on dynamic CT scan or MRI are seen in 15–55% of
patients, significantly higher than in untreated control subjects.
These responses are associated with delayed tumour progression
and vascular invasion [181,182].

The real impact of embolization on survival was unclear until
the recent publication of two studies from Hong Kong [183] and
Barcelona [182] and a meta-analysis [122] that demonstrated
significant survival benefits of chemoembolization with respect
to conservative treatment.

Some questions should be answered in the coming years.
First, it should be determined which are the best chemothera-
peutic drugs and embolization agents and how best to increase
the intratumoral concentrations of the drug. Second, it remains
to be seen whether repeat treatment should be undertaken
according to a fixed schedule or upon disease progression after
initial response. The last issue is whether there is a synergistic or
additive effect between arterial embolization and intra-arterial
chemotherapy and, consequently, whether chemoembolization
is better than embolization.

Intra-arterial chemotherapy
Intra-arterial chemotherapy is based on the intra-arterial infu-
sion of chemotherapeutic agents, routinely using lipiodol as a
vehicle, with no occlusion of hepatic artery flow. It has been
indicated in patients in whom portal thrombosis precludes 
hepatic artery embolization. Currently, there is scarce scientific
evidence of survival benefit and, thus, its use is not recom-
mended [184].

Fig. 7 An example of transarterial chemoembolization. (a) The typical
arterial hypervascularization of HCC on arteriography. (b) The result after
selective embolization of the feeding arteries.

(a)

(b)
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Internal radiation
The low radiation tolerability of the liver parenchyma and
tumour radioresistance have limited the use of whole-liver
external beam radiation therapy. Internal radiation, however,
aims to selectively deliver high radiation doses to arterial-fed
tumours, thereby sparing the normal liver parenchyma. Iodine-
131 (131I)-lipiodol was the first internal radiation agent to be
applied. Its use was evaluated in several studies, with an objective
tumour response in 40–52% of cases [185,186]. More recently,
yttrium-90 microspheres, a pure beta emitter, were assessed 
in several studies, demonstrating promising results [187–189].
However, additional studies are needed to evaluate the actual
benefit of internal radiation in unresectable HCC.

Systemic treatments
Several cytotoxic drugs have been tested in advanced HCC. 
A recent review and a meta-analysis have shown that HCC 
is usually chemoresistant, and cytotoxic drugs are habitually
poorly tolerated and associated with high rates of severe adverse
effects. Therefore, because of the absence of a clear improve-
ment in survival and a high rate of severe side-effects, systemic
chemotherapy should be discouraged in cirrhotic patients with
advanced HCC, and the efficacy of new cytotoxic drugs should
be evaluated only through phase II and III trials in selected
patients.

Because of the presence of estrogen receptors in tumour cells,
it has been theorized that antiestrogenic drugs such as tamoxifen
could slow tumour growth and increase survival. Although 
initial studies reported a survival benefit in patients treated with
tamoxifen [190], larger and more recent trials reported negative
results [191–195], and three meta-analyses found no antitu-
moral effect and no survival benefit [196,197]. Tamoxifen must
not be prescribed in patients with advanced HCC as an effective
therapy.

Interferon alpha (IFN-α) has antiangiogenic and antiprolifer-
ative effects, and it has been tested in patients with advanced
HCC. IFN treatment was poorly tolerated, and no survival
benefit was found [198]. Consequently, its use cannot be 
recommended.

Finally, other treatments such as megestrol [199], octreotide
[200,201] and antiandrogen derivatives [202,203] have shown
no survival improvement, and their use is discouraged.

Future agents

Advances in our knowledge of the molecular pathogenesis of
HCC responsible for tumour development and progression [72]
have led to the evaluation of several new molecules that may act
through some disrupted molecular pathways. A great number 
of new agents have been developed recently and are currently
under evaluation. These include tyrosine kinase inhibitors,
antiangiogenic agents against vascular endothelial growth factor
(VEGF), inhibitors of epidermal growth factor (EGF) and
telomerase pathway inhibitors, among others. The molecules
that have shown promising results in phase I trials should be

evaluated in large RCTs comparing the new agent vs. the best
supportive care. One example is BAY 43-9006 (Sorafenib), a
promising molecule that inhibits multiple pathways, mainly
VEGF and Raf kinase. It has recently been tested in a phase I trial,
showing a partial response in a patient with advanced HCC
[204], and a multicentre, phase II–III trial with this agent is cur-
rently under way.

Prevention

When a cancer has well-defined risk factors, avoidance of these
risk factors could promote a reduction in the incidence of and
deaths associated with the disease. HCC arises, in the majority of
the cases, as a result of an aetiological agent that has first caused
liver disease. HCC is frequently associated with viral infection,
and the propagation of both HBV and HCV can be effectively
prevented. Universal HBV vaccination has successfully dimin-
ished the carrier rate in the countries where it was implemented,
and it has been associated with a significant reduction in HCC
incidence [8]. Therefore, HCC is a cancer that can be partially
prevented by vaccination. Unfortunately, there is no effective
vaccination for HCV, and prevention of its transmission is based
on the improvement of hygiene standards. Because HCV is
transmitted parenterally, control of blood transfusion and blood
derivatives is mandatory. Also, objects that may be spoiled by
contaminated blood, such as used needles, razors or body pierc-
ing equipment, should be avoided. Health campaigns should
encourage a reduction in excessive alcohol consumption and
promote a healthy lifestyle in order to control obesity, which 
is frequently associated with chronic liver disease classified as
cryptogenic. In countries where aflatoxin exposure is a major
cause of HCC, improvement in food-storage conditions may
reduce aflatoxin contamination. Some drugs, such as oltipraz,
which may help to metabolize aflatoxin, or chlorophyllin, which
enhances aflatoxin elimination, have been tested in several trials;
the real impact of these strategies and their cost-effectiveness are
still unknown [205].

When the aetiological agent is already present or has induced
liver damage, the tools for prevention and their efficacy are sub-
optimal. Current antiviral therapy against HBV may effectively
inhibit viral replication and achieve an inactive HBV carrier state
[206]. In America and Europe, the risk of HCC in the absence of
cirrhosis is low. However, in Asia, where HBV is the main cause
of HCC, the risk of tumour development may persist even in 
the absence of viral activity. When cirrhosis is already present, 
a reduction in HCC risk with antiviral therapy has not been
proved [207]. Although promising preliminary results have
been obtained with lamivudine [208], further studies are needed
before recommending the use of antiviral therapy to prevent
HBV-related HCC.

Treatment of hepatitis C with IFN-α and ribavirin can induce
sustained clearance of HCV and, in the case of non-cirrhotic
chronic liver disease, can prevent progression to cirrhosis 
and also reverse the liver injury. However, when cirrhosis is
already established, the impact of treatment is less clear, and 
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the results of small prospective studies as well as larger retro-
spective analyses are discrepant [209]. Large RCTs attempting 
to clarify this matter including HCV cirrhosis are currently
under way.

There are other health interventions that are associated with
the prevention of HCC. The control of iron deposition in
patients with hereditary haemochromatosis can prevent pro-
gression to cirrhosis and cancer [210]. Dietary antioxidants,
specifically retinoids and selenium, may attenuate the deleteri-
ous effects of viral and chemical exposures that may lead to HCC
development [61]. Glycyrrhizin has been prescribed widely in
Japan as a therapy for viral hepatitis, and its long-term adminis-
tration has been shown to slightly reduce both cirrhosis and
HCC development in chronically infected HCV patients [211].
One case–control study suggests that coffee drinking is inversely
associated with HCC regardless of its aetiology [212], but
prospective studies are needed to validate these results. Finally, a
subgroup analysis of a prospective randomized controlled study
in women with viral cirrhosis receiving 45 mg/day vitamin K2 
to prevent osteoporosis showed a significant reduction in HCC
risk in patients receiving active treatment [213]. The small size
of the study and the exceedingly high rates of HCC in untreated
women, however, suggest a patient selection bias that prevents
any robust conclusions.

Future prospects

Major progress in the diagnosis, staging and treatment of HCC
has taken place over the last 20 years. The earlier diagnosis, better
evaluation and staging of the disease and more structured treat-
ment decision algorithms have led to significant improvements
in the survival rate. Nevertheless, the fact remains that half the
patients affected by HCC are diagnosed too late for any effective
treatment to be applied.

In the next few years, major efforts should be made to imple-
ment and develop effective prevention strategies. In addition,
improvements in screening tools to diagnose tumours when
they have not yet acquired a fully overt malignant phenotype is
mandatory. Finally, the efficacy of therapy should be further
improved, in particular through the development of adjuvant
agents and tumour-targeting biological mechanisms.

Elucidation of the molecular pathways that determine
tumour development and dissemination will allow not only an
earlier diagnosis and the development of new therapeutic agents,
but also more accurate prediction of the evolutionary course 
of the disease and its response to treatment. Accomplishment 
of all these expectations will come from genomic and proteomic
research, which is currently being conducted.
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18.2.2 Malignant mesenchymal
tumours of the liver

Miguel Bruguera and Juan Rodés

Primary mesenchymal tumours of the liver are much less com-
mon than tumours of epithelial origin. Angiosarcoma, epithe-
lioid haemangioendothelioma and undifferentiated embryonal
sarcoma are those most frequently observed. Others, such as
rhabdomyosarcoma, fibrosarcoma, leiomyosarcoma and mali-
gnant fibrotic histiocytoma, are exceedingly rare.

In general, the aetiology of these tumours is unknown,
although nowadays the cause of angiosarcoma is recognized 
in some patients. The clinical course depends on the type of
tumour: very aggressive in angiosarcoma and relatively benign
in haemangioendothelioma. Diagnosis is based on morpholo-
gical examination of the tumour.

Several excellent reviews of this topic have been published
[1–4]. The most outstanding clinical and morphological charac-
teristics are described in this chapter.

Angiosarcoma

Occurrence

Angiosarcoma, also termed haemangiosarcoma or malignant
haemangioendothelioma, is the most frequent mesenchymal
primary malignant tumour affecting the liver [3]. It accounts for
2% of all malignant tumours seen at autopsy, with an estimated
25 cases occurring annually in the United States [5] and one or
two in Great Britain [6].

Angiosarcoma originates from the endothelial cells of the
sinusoidal lining [7]. It generally appears in adults, although it
has been recognized in some children, mostly in association with
infantile haemangioendothelioma [8]. It has been reported to
occur in patients with haemochromatosis [9] and with von
Recklinghausen’s disease [10].

Pathology

The tumour affects both lobes and appears as multiple nodules
of varied size that have ill-defined borders, are greyish-white 
in colour and have haemorrhagic foci which occasionally 
produce a blood-filled cavity. The uninvolved liver is often 
normal.

The tumour cells are spindle-shaped or irregular in outline
and have elongated and hyperchromatic nuclei with prominent
nucleoli. Other cells are polyhedric or irregular with conspicu-
ous cytoplasm and rounded nuclei (Fig. 1).

The tumour cells infiltrate sinusoids, hepatic and portal veins
and, finally, substitute the hepatic parenchyma. Three histolo-
gical patterns, which may coexist in the same patient, may be
seen: (i) a sinusoidal pattern in which proliferating cells are
within the sinusoids and induce sinusoidal dilatation and atro-
phy of hepatic plates (Fig. 1); (ii) a solid pattern characterized by

a dense proliferation of sarcomatous cells, which replace large
areas of hepatic parenchyma; and (iii) a cavernomatous pattern
consisting of large vascular spaces surrounded by thick fibrotic
cords lined by multilayered tumour cells (Fig. 2).

Staining of tumour cells with antibodies to the factor VIII-
related antigen and Ulex europaeus I lectin is positive in most
cases [11]. Extramedullary haematopoiesis is often present
within the tumour.

In angiosarcomas associated with thorotrast, this material
may be identified in the form of refractile granules of brown
colour. Its nature is confirmed by autoradiography or by X-ray
dispersive energy microanalysis [12,13].

Non-tumoral hepatic tissue is usually not cirrhotic, but may
show several morphological changes, particularly in patients
exposed to vinyl chloride, such as increased thickness of Glisson’s
capsule, portal and periportal fibrosis, deposition of collagen in

Fig. l Angiosarcoma. Large malignant endothelial cells cover thick hepatic
cords and are present in the lumen of dilated sinusoids (H&E × 175).

Fig. 2 Angiosarcoma. The hepatic structure has been replaced by vascular
spaces lined by spindle-shaped cells (H&E × 245).
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the space of Disse, proliferation and activation of sinusoidal cell
lining, and hypertrophic hepatocytes with abnormal and double
nuclei [14–16].

Clinical features

Angiosarcoma usually develops in the sixth and seventh decades
of life, and is more frequent in males than in females (ratio 3:1).
The clinical presentation is variable [4]. Two-thirds of patients
have symptoms and signs mimicking chronic liver disease, such
as malaise, anorexia, weight loss, right upper quadrant pain 
and ascites, often serohaematic. Occasionally, abdominal pain 
is intense and may be the first symptom. In approximately 
15% of patients, the initial complaint is an acute spontaneous
haemoperitoneum secondary to the rupture of a nodule on 
the surface of the liver. In other patients, clinical manifesta-
tions are related to the presence of pulmonary or skeletal metas-
tases [17].

Physical examination reveals liver enlargement, which is 
often painful, or a palpable abdominal mass. Splenomegaly is
greatly accentuated in patients with angiosarcoma associated
with exposure to vinyl chloride monomer. At diagnosis, metas-
tases are common. Hepatic bruits may be heard on ausculta-
tion, reflecting the arteriovenous shunting in these tumours
[18].

There are no specific biochemical changes. Standard liver
function tests are abnormal in more than two-thirds of cases.
High serum alkaline phosphatase activity is the most frequent
alteration. Microangiopathic haemolytic anaemia and throm-
bocytopenia secondary to blood cell damage by passing through
the tumoral vascular channels may be observed [18]. Intra-
vascular disseminated coagulation is detected very occasionally
[19]. Plasma levels of α-fetoprotein are not elevated.

Imaging techniques show non-specific changes. Ultrasono-
graphy and computerized tomography (CT) scans reveal hepatic
areas of dense heterogeneity, while hepatic arteriography shows
a peripheral hypervascularity with an avascular central area.
False-negative imaging with CT and ultrasound scans may occur
when the tumour infiltrates hepatic sinusoids.

When the tumour is associated with previous thorotrast
administration, storage of radio-opaque material in the liver,
spleen and lymph nodes is seen on abdominal radiography [20].

Liver biopsy is required for histological diagnosis. Needle
biopsy is hazardous because it may be complicated by uncon-
trollable bleeding [4].

Natural history

The prognosis of angiosarcoma is dismal. Most patients die
within 6 months of diagnosis. The most frequent causes of 
death are hepatic failure and intra-abdominal bleeding. Fifty per
cent of patients develop metastases before death [3]. Very few
patients have limited tumour at the time of diagnosis to allow
surgical resection.

Pathogenesis

In more than 70% of patients, the pathogenesis is unknown. 
In the remainder, the development of angiosarcoma has been
found to be associated with the following agents: (i) exposure to
thorotrast [21,22]; (ii) continuous exposure to arsenic in insec-
ticides used by vineyard sprayers [23], following prolonged
treatment for psoriasis with Fowler liquor (potassium arsenite)
[24] or due to consumption of water contaminated with arsenic
[25]; (iii) prolonged industrial exposure to vinyl chloride
monomer [26–28]; and (iv) treatment with anabolic drugs [29].

Single cases of angiosarcoma have been reported in a patient
with primary haemochromatosis [10], in patients treated with
phenelzine (a monoaminocyclase inhibitor) [30], diethylstilbe-
strol [31] and urethane [32], and in association with von
Recklinghausen’s disease [33].

Thorotrast is a 20% colloidal solution of thorium dioxide that
was used as a radiological contrast medium between 1930 and
1953. It accumulates in the reticuloendothelial system, particu-
larly in the liver, emitting α-radiation for a long period. The 
biological half-life of thorotrast is 400 years. The time required
for development of the tumour is between 12 and 40 years [34].
In addition to angiosarcoma, patients who received thorotrast
may develop other malignant tumours, such as hepatocellular
carcinoma and cholangiocarcinoma, which may present simul-
taneously [35].

Angiosarcoma has been reported in males working in contact
with vinyl chloride monomer. This chemical is polymerized to
polyvinyl chloride on autoclaving, and residual deposits were
removed manually from the walls of the autoclaves. During this
procedure, large amounts of trapped gaseous vinyl chloride
monomer are released and, in the past, were inhaled by the
cleaners. Although the frequency of angiosarcoma associated
with vinyl chloride is diminishing because of technological
changes and strict programmes applied to plastics factories [27],
it is calculated that new cases will still appear in western Europe
and in the United States in future years, as there is a latency
period of 12–29 years between first exposure to the chemical and
the development of angiosarcoma [36].

Treatment

Surgical removal of the tumour or liver transplantation are rarely
possible as the tumours are large and multifocal at the time of
diagnosis. Radiotherapy and chemotherapy are ineffective.

Epithelioid haemangioendothelioma

Occurrence

This tumour was described initially in the lungs and later
identified in soft tissue and bone. In 1984, Ishak et al. [37]
reported 32 patients with epithelioid haemangioendothelioma
primarily affecting the liver. The tumour may be found at any
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age and is more frequent among women. It has been reported
particularly in Caucasian patients.

Pathology

On gross examination, it consists of multiple nodules of variable
size (0.5–12 cm diameter), which at times form confluent
masses, grey-white colour and firm consistency, distributed 
diffusely throughout the liver. The uninvolved liver is usually
normal, although cases with cirrhosis have been recorded.
Tumour calcification is not rare [38].

Histologically, it comprises two types of cells, epithelioid and
dendritic, surrounded by a myxoid stroma, which becomes scle-
rotic and may occasionally be calcified [39]. Epithelioid cells are
rounded, display abundant cytoplasm and have hyperchromatic
nuclei with prominent nucleoli. They grow in cohesive groups
on the periphery of the nodules infiltrating the sinusoids, 
producing atrophy and eventually disappearance of the hepatic
plates. Dendritic cells are irregular in shape with interdigitating
processes and are embedded singly in the central stromal matrix;
many have cytoplasmic vacuoles that represent intracellular vas-
cular lumina which may contain erythrocytes (Fig. 3). Recogni-
tion of these vacuoles facilitates diagnosis of the tumour [40].

Two features of epithelioid haemangioendothelioma are: (i)
the tendency for invasion by blood vessels, portal vein branches
and central veins; and (ii) a peripherally active growth, with the
central part of the tumour becoming sclerotic.

Clinical features

The most common clinical manifestations of the tumour (in
45% of patients) are weakness, anorexia, pain in the right upper
abdominal quadrant and loss of body weight. The clinical 
presentation occasionally mimics decompensated chronic liver
disease, and patients present with ascites and gastrointestinal

bleeding related to the intravascular growth of the tumour [41].
A single patient has presented with veno-occlusive liver disease
[42]. In some 20% of patients, the tumour is discovered by
chance as a consequence of ultrasound or CT examination at the
workup for some unrelated problem.

Physical examination reveals liver enlargement in all patients.
Splenomegaly rarely develops. Liver function tests may be nor-
mal, except for an increased serum alkaline phosphatase activity.
α-Fetoprotein is negative (Fig. 4).

Imaging methods allow recognition of the tumour, but do 
not permit its distinction from metastatic tumours. Abdominal
ultrasound shows hypoechogenic nodules with a centre of vari-
able echogenicity. CT scan reveals nodules of low density with
an undefined periphery [43–45]. The finding of multiple peri-
pheral hepatic lesions with capsular retraction on CT scans or 
magnetic resonance imaging (MRI) is suggestive of epithelioid
haemangioendothelioma [46]. Abdominal plain films may reveal
calcifications. On hepatic arteriography, the tumour appears as
an avascular mass [47].

Natural history

The evolution of epithelioid haemangioendothelioma is unpre-
dictable. In some patients, the clinical course is long and 
apparently benign, without affecting the general health status for
many years, whereas in others, it is rapidly progressive with the
development of hepatic failure causing death within a few
months [48,49]. Twenty per cent of the patients reported by
Ishak et al. [37] had died within 2 years of diagnosis, while
another 20% had a survival rate of over 5 years. The presence of
metastases at diagnosis of the tumour does not represent a worse
prognosis compared with those patients without metastases
[50]. About 40% of patients have metastases at diagnosis or dur-
ing follow-up, although distinction between metastases and
multicentric disease is not easy.

Fig. 3 Epithelioid haemangioendothelioma. Isolated epithelioid neoplastic
cells are intermingled with spindle-shaped cells in a fibromyxoid stroma.
Some cells contain large intracytoplasmic vacuoles (HE × 280).

Fig. 4 Epithelioid haemangioendothelioma. Factor VIII-related antigen is
present in the cytoplasm of the neoplastic cells (avidin–biotin–peroxidase
technique × 245).
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Pathogenesis

The pathogenesis is unknown. Some authors have suggested a
relationship with oral contraceptives [50,51], but this has not
been confirmed by others. In one patient, epithelioid haeman-
gioendothelioma developed after exposure to vinyl chloride [52]
and, in another, it was associated with primary biliary cirrhosis
[53]. In general, the tumour does not arise in a setting of chronic
liver disease.

Treatment

Surgical removal is not feasible as the tumour is multifocal and
chemotherapy is not effective. Successful transplantation has
been performed in several patients [50,54,55]. Such treatment
could be performed even when metastases are present, as the
survival expectancy of these patients may be prolonged [56].
However, it is possible that the survival rates are not influenced
by hepatic transplantation as this tumour has a relatively good
prognosis. Gelin et al. [52] have proposed liver transplantation
only in patients with a rapidly progressive course. Tumour
recurrence after liver transplantation has been reported.

Undifferentiated (embryonal) 
sarcoma

Undifferentiated sarcoma, also termed primary sarcoma,
embryonal sarcoma, mesenchymal sarcoma, fibromyxosarcoma
or malignant mesenchymoma, is a very uncommon tumour that
appears in older children, aged between 6 and 10 years; more
than 95% of cases develop in patients under 20 years of age. The
sexes are equally affected [57].

Pathology

The tumour appears as a single, large, globular mass (10–20 cm
in diameter), usually in the right lobe of the liver. It is soft or
gelatinous and of variable colour. A thick fibrous pseudocapsule
is usually present. Cystic areas containing blood and necrotic 
tissue may exist within the tumour.

Histologically, it is composed of fusiform or stellate cells, of
ill-defined outline, with rounded or elongated nuclei, inconspic-
uous nucleoli and eosinophilic cytoplasm. Mitoses are abun-
dant. The neoplastic cells are compactly or loosely arranged in a
myxoid stroma that contains trapped bile ducts. Occasionally,
this matrix has collagenous or reticulin fibres. The tumour is
vascularized and usually contains extramedullary haematopoi-
etic foci. Sarcomatous cells have no histological element of 
differentiation, rhabdomyoblast or fibroblast. Most tumours
contain large cells with cytoplasmic globular inclusions positive
for periodic acid–Schiff stain [58]. The nature of these inclusions
is unknown but, in one case, they reacted with α-1-antitrypsin
serum antibody [59].

Clinical features

The most frequent clinical manifestations are abdominal pain,
the presence of a mass in the upper right abdominal quadrant, or
both. Fever and weight loss may be present. In one patient, the
invasion of the inferior vena cava and right atrium produced
clinical manifestations of a cardiac tumour [60]. Tumour 
markers in the peripheral blood are not raised.

Ultrasonography demonstrates a large solid mass, isoechoic
or hyperechoic relative to the surrounding liver parenchyma,
with hypoechoic areas resulting from intratumoral necrosis
[61]. CT scans show a hypodense mass with a dense peripheral
ring corresponding to the pseudocapsule. Arteriography reveals
an avascular mass.

Treatment

The prognosis for undifferentiated sarcoma is very poor, and
most patients die within the first year after diagnosis as a result of
liver failure [61]. Usually, the tumour cannot be removed sur-
gically, but those patients in whom surgery was feasible have 
survived for several years. Promising results have been obtained
using aggressive therapy combining radiotherapy, chemother-
apy and ligation of the hepatic artery [58,62,63].

Fibrosarcoma

Fibrosarcoma is a very uncommon tumour; fewer than 25 cases
have been reported. It develops in middle-aged or elderly adults,
and is more frequent in males (85% of cases).

Pathology

Usually, it consists of a single, large, well-circumscribed, 
greyish-white, non-encapsulated mass. Histologically, it is com-
posed of spindle cells with hyperchromatic and pleomorphic
nuclei arranged in interlacing bundles. Mitoses are not promi-
nent. Among the tumour cells, there is a high number of colla-
gen fibres.

Clinical features and treatment

An abdominal mass and hepatic enlargement are the most com-
mon clinical features. Acute spontaneous haemoperitoneum
may occur as a consequence of rupture of the tumour. Their
association with recurrent hypoglycaemia has been documented.
Survival of patients with hepatic fibrosarcoma is very short,
although some have survived several years following surgical
resection or radiotherapy.

Leiomyosarcoma

This is another very rare tumour. Gates et al. [64] have reviewed
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a total of 54 cases in world literature. Cases have been observed
in middle-aged and elderly people, with both sexes being equally
affected. This tumour may be primarily hepatic [65], may arise
in the ligamentum teres [66] or in the wall of the suprahepatic
veins [67]. Some cases have been associated with cirrhosis
[68,69].

Pathology

Leiomyosarcoma is a large, greyish-white, solitary, non-encap-
sulated mass formed by spindle cells with slightly eosinophilic
cytoplasm, which display longitudinal striations. The nuclei are
hyperchromatic and elongated with abundant mitoses. Vimentin
reaction is often diffusely positive. Desmin and myosin are pos-
itive only in some cases.

Clinical features

The tumour presents as an abdominal mass, sometimes asso-
ciated with pain in the right upper abdominal quadrant, weak-
ness, anorexia and weight loss. A Budd–Chiari syndrome may
develop secondary to hepatic vein obstruction. Hepatic arterio-
graphy detects an avascular lesion.

Treatment

Surgical removal, when possible, is indicated because it is fol-
lowed by prolonged survival. When resection is not feasible
because of a massive tumour, the patient survives only a few
months [70,71]. The prognosis is worse in tumours that arise in
the hepatic veins or in the ligamentum teres than in those that
develop in the liver.

Malignant fibrous histiocytoma

The liver is very rarely the primary location for this tumour [72].
To date, only 21 cases have been reported [73]. It may appear as
either a solitary mass or multiple nodules. Histologically, it is
formed by fibrohistiocytic pleomorphic cells with numerous
atypical mitoses disposed in a fascicular or storiform pattern,
admixed with collagen bundles and with inflammatory cells,
lymphocytes and plasma cells [74]. A moderate number of giant
cells is common.

Neoplastic cells are positive for vimentin and negative 
for cytokeratin and desmin. Ultrastructural examination 
shows that tumour cells share features of fibroblasts and 
histiocytes.

Clinically, the tumour is revealed as a palpable abdominal
mass. Laboratory studies are unremarkable. Metastatic malign-
ant fibrous histiocytoma from soft tissue (retroperitoneum or
extremities) must be considered in the differential diagnosis.
Surgical removal is indicated [75], but the overall prognosis is
dismal.

Embryonal rhabdomyosarcoma

This is an extrahepatic biliary tract tumour growing towards 
the liver. In general, it occurs in children (most patients are
under 5 years of age; [76]), but it has been documented in 
adults [77].

Clinically, this tumour causes obstructive jaundice because 
of the intrahepatic location. Imaging techniques may reveal a
hilar mass. Histologically, there is a proliferation of rounded,
spindle- or strap-shaped cells, with numerous mitoses and
cross-striations in the cytoplasm, set in a loose myxoid stroma.
Immunohistochemistry demonstrates myoglobin, myosin and
desmin in tumour cells.

Malignant rhabdoid tumour

This is an infantile tumour that usually arises in the kidneys.
Three primarily hepatic cases with a very aggressive clinical
course not responding to chemotherapy have been reported
[78,79]. Tumour cells are polygonal with eccentric and vesicular
nuclei, prominent nucleoli and eosinophilic globular inclusions
in the cytoplasm. They react with antibodies to cytokeratins,
epithelial antigen membranes and vimentin.
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18.3 Metastatic tumours

18.3.1 Metastatic liver disease

Masamichi Kojiro and Antoni Castells

It is well known that the liver is one of the most common organs
for metastases of malignant solid tumours. While some malign-
ant tumours, such as renal cell carcinoma, rather infrequently
metastasize to the liver, other malignancies, in particular cancers
of the digestive system, breast and lung, are responsible for most
hepatic metastases. Metastasis to the liver is mainly haemato-
genous via the portal vein system, but some tumours, such as 
carcinomas of the extrahepatic bile duct system, frequently
metastasize to the liver via the lymphatic system.

Incidence

Although the incidence of primary liver cancers, principally
hepatocellular carcinoma (HCC), is increasing greatly world-
wide due to widespread hepatitis B virus and hepatitis C virus
infections, metastatic liver cancers are still far more frequent. In
the large series of 19 208 autopsies of malignant extrahepatic
tumours at the LACUSC-MC and USC Liver Unit in the 
United States from 1918 to 1980, Craig et al. [1] described how
metastatic liver cancers were 7299 times more common than
primary malignant tumours, while primary liver cancers were
only 405 times and metastatic liver tumours 18 times more 
common. Pickren et al. [2] also reported a far greater frequency
of metastatic liver tumours (41 times) than primary hepatic
tumours in the large autopsy series at Roswell Park Memorial
Institute. Even in Asian countries, where the incidence of 
primary liver cancers is significantly higher than in western
countries, metastatic liver cancers are more common than 
primary cancers, although the discrepancy in frequency is not as
prominent as that seen in western countries. According to the
annual registration of pathological autopsy cases in Japan in
2002, while metastatic liver cancers numbered 5504 (32.2%)
among 17 085 malignant tumours, there were 2183 (12.7%) 
primary liver cancers (HCC and cholangiocarcinoma), meaning
that the frequency of metastatic liver cancers was 2.5 times

higher than that of primary liver cancers; however, the frequency
of metastatic liver cancers is clinically much higher than that of
autopsy series.

Regarding primary sites of metastases, lung, colon, pancreas,
breast and stomach were the most common among 1151 autopsy
cases of metastatic liver cancers in the United States [1]. Similar
frequency but less common metastasis of breast cancer was also
observed among 5504 autopsy cases of metastatic liver cancers 
in Japan in 2002 (Table 1). Thus, the proportion of metastatic
and primary liver cancers and common primary sites is differ-
ent geographically because of the different incidence of each
tumour.

It is a matter of controversy that metastasis to cirrhotic livers
is less common compared with non-cirrhotic livers. Lieber [3]
reported the rarity of carcinoma metastasis to the liver and 
suggested that alterations in vascular relationships and fibrosis
within the liver, attendant with the cirrhotic state, might repres-
ent an impediment to neoplastic emboli to the liver. Lisa et al.
[4] also described the rarity of metastasis in cirrhotic liver and
explained that it may be the result of the infrequent association
of cirrhosis and extrahepatic metastasis. Gall [5] reported that

1464

Table 1 Liver metastases in Japana and the United States in autopsy cases.

Primary Cases Liver Incidence Incidence in
site metastasis (%) United States

(%)b

Pancreas 910 604 66.3 70

Extrahepatic 201 124 61.7 78

bile duct system

Lung 2670 1008 37.7 42

Breast 326 123 37.7 53

Stomach 2021 629 31.1 44

Urinary bladder 359 105 29.2 38

Oesophagus 569 165 28.9 30

Colon 1510 364 24.1 56

aAnnual registration of pathological autopsy cases in Japan in 2002.
bCited in ref. 60.
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the incidence of metastasis to the cirrhotic liver was 1% in
autopsy series, but 10% in the general autopsy incidence of
metastatic hepatic tumour. Melato et al. [6] studied the frequency
of hepatic metastasis in 5241 consecutive autopsies performed
in Italy and in 6511 autopsies in Japan in 1989, and also found 
a lower frequency of hepatic metastasis in cirrhotics in both
countries. On the other hand, Fisher et al. [7] stressed a miscon-
ception about the rarity of hepatic metastasis in cirrhosis based
on an analysis of 2865 consecutive autopsies in 1960. They
found no statistical significance in the incidence of hepatic
metastases from primary extrahepatic carcinoma of various sites
in the cirrhotic patients. They described how a significant num-
ber of cirrhotics probably fail to achieve a sufficient span of life
to develop extrahepatic carcinomas because the mean age at
time of death of cirrhotics without extrahepatic carcinomas was
significantly lower than that of cirrhotics with hepatic metas-
tases. It is predicted that the incidence of metastases to cirrhotics
may have changed in the past two decades on account of pro-
longed survival time due to the advancement of treatment for
liver cirrhosis.

Biology of metastasis

Since the proposal of the ‘seed and soil’ hypothesis in cancer
metastasis by Paget in 1889 [8], numerous studies on the mecha-
nism of cancer metastasis have been reported. The development
of metastasis may be seen clinically as a simple, mechanical event
merely involving the release of neoplastic cells from the primary
tumour and their subsequent seeding and growth into the 
new organ. However, the path between the appearance of the
primary tumour and the recognition of a metastatic nest is a
complex process. Now, it is well known that the development of
metastasis takes sequential steps as follows: detachment and
release of cancer cells to lymphatics and/or blood vessels; sur-
vival in the circulation; arrest in the vessel walls of organs;
extravasation; progressive growth with angiogenesis; metastasis.
These steps are regulated at a molecular level and involve the
activation–inactivation of various genes [9–12], and only lim-
ited numbers of cancer cells reach the organ and form metastatic
lesions.

When a malignant cell is to invade and disseminate, it must 
be able to detach from the neighbouring cells and basement
membrane and migrate in the proper direction. In addition, the
surrounding extracellular matrix has to be degraded to allow 
the cell to penetrate and reach a vascular or lymphatic vessel.
The degradation of the surrounding extracellular matrix is
tightly regulated by proteases, with most of the available know-
ledge involving serine proteases and matrix metalloproteinases
(MMPs) [13]. The metalloproteinase family comprises seven
members with known activity: intestinal collagenase, neutrophil
collagenase, stromelysin-1, stromelysin-2, matrilysin, gelatinase
A and gelatinase B. The timing and degree of activation of 
these different agents, which may have tissue specificity in terms
of both expression and effects, determine the invasive potential

of malignant cells. Furthermore, it must be taken into account
that, until being released into a vessel, the invasive displace-
ment of the cell requires the proteolytic or adhesive activity 
to be differentially expressed along the cell surface: the invad-
ing protrusion of the cell should exhibit proteolytic activity,
while the remaining surface of the cell remains attached to the
matrix by the expression of adhesion molecules [9]. Now, it has
been clarified that MMPs have a broader role and affect more
steps in the metastatic process than was reported previously
[14,15].

Upon arriving at a vessel, the wall of the vessel is destroyed to
permit the passage of the cell into the bloodstream. While being
displaced by the blood flow, the neoplastic cell must survive 
the deleterious effects of turbulent flow and the action of the
immune system. Thus, the risk of an organ suffering metastatic
invasion is related not only to the organ blood flow, but also to
the specific characteristics of the tissue favouring the growth 
of a metastatic colony of a given organ; this ability to host a
metastatic nest is quantified by the so-called metastatic efficiency
index. The seeding of the cell into a new organ requires cell
attachment to the vessel wall, which is then perforated to allow
the escape of the cell into the matrix. In addition, successful
growth after leaving the vessel depends on the creation of a new
vascular supply, with this new vascularization also being regu-
lated by a complex angiogenic process, which has also occurred
during the growth of the main tumour [9,10]. Molecular inter-
actions between cancer cells and secondary organs including 
the liver can contribute to organ-specific metastasis [15]. Some
molecular factors such as transforming growth factor (TGF)-α
affect the ability of colon and other cancer cells to grow in 
the liver [16,17]. Müller et al. [18] reported that tumour cells
expressing chemokine receptors metastasize specifically to the
organs expressing matching chemokines.

It is rarely encountered that metastasis occurs years after suc-
cessful treatment of malignant tumours such as thyroid cancer,
breast cancer and melanoma with compete remission. Where
are they hiding? What wakes them up? Recent experimental
studies are providing some information on tumour dormancy.
Holmgren et al. [19] studied dormant lung metastases under
angiogenesis suppression in mice. They clarified that metastases
remain dormant when tumour cell proliferation is balanced by
an equivalent rate of cell death and suggested that angiogenesis
inhibitors control metastatic growth by indirectly increasing
apoptosis in tumour cells.

At any point during this sequential chain of molecular events,
the cell may receive different signals or sense the presence of an
adverse environment, and this can prompt the activation of
apoptotic cell death, which is supposed to be the main factor in
determining the non-viability of most of the cells released from
the main tumour. The very active research in cancer develop-
ment and progression will allow a complete understanding of
the previously depicted process, and it is expected that, in the
future, the prevention and treatment of metastasis will be based
on the modulation of one or more of these steps.
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Pathology of metastatic liver cancers

Although most metastatic liver cancers present multiple nodules
of various size and are whitish grey in colour, they can be found
as a solitary tumour or confluent mass as well. It was reported
that metastases to the liver were found in 39% of cases in a series
of 8455 autopsies of malignant tumours and only 6% of them
were solitary [2]. The metastatic tumours locating close to the
liver capsule tend to show ‘umbilication’, which is a central
depression of the tumour surface caused by central necrosis due
to insufficient blood supply, and ‘umbilication’ is regarded as
the morphological characteristic of metastatic tumours in the
liver (Fig. 1). In general, the development of arterial vascularity
in metastatic liver tumours is poor in the central area of the
tumours, and it frequently causes central necrosis or extensive
necrosis of the tumour. Cancer invasion into the portal veins,
which is common in HCC, is rather rare in hepatic metastases,

even in massive metastases. In malignant solid tumours, such as
malignant melanoma and angiosarcoma, the characteristic gross
appearance is seen as a deep blackish tumour and haemorrhagic
tumour respectively. Their metastatic tumours in the liver 
also present the same gross features as those of the primary
tumour, and it is easy to specify the primary tumour on gross
examination. Metastasis of breast carcinoma that was repeatedly
treated with chemotherapy may represent the coarsely lobulated
appearance known as ‘hepar lobatum’ seen in hepatic syphilis
[20] (Fig. 2).

On biopsy diagnosis of metastatic adenocarcinoma in the
liver, in which the primary organ is clinically undefined, it is 
frequently difficult to specify the primary site. Moreover, it is
also frequently difficult to distinguish metastatic adenocarci-
noma from intrahepatic cholangiocarcinoma. Rullier et al. [21]
reported that immunohistochemical analysis of cytokeratin
(CK) 7 and 20 allows distinction between intrahepatic cholan-
giocarcinoma and metastases of colorectal adenocarcinoma.
They described how cholangiocarcinoma is positive for CK7 and
CK20 in 96% and 70% of cases, respectively, and the labelling
index of CK7 is high, but is low or moderate for CK20. On the
other hand, many metastatic colorectal adenocarcinomas (81%)
are negative for CK7, but all are positive for CK20 with a high
labelling index.

Clinical signs and laboratory tests

It is well known that metastases in the liver are silent clinically
and biochemically, even in cases with widespread metastases,
because of the vigorous compensatory ability of the liver.
Accordingly, most patients with hepatic metastases are asymp-
tomatic for a long period of time. The symptoms such as fatigue,
weight loss, ascites, jaundice and pain, associated with large or

Fig. 1 Resected hepatic metastases of colon cancer. Central areas of the
tumours are necrotic, and tumour beneath the liver capsule shows central
depression ‘umbilication’.

Fig. 2 Metastasis of breast carcinoma repeatedly treated with
chemotherapy represents the coarsely lobulated appearance known as
‘hepar lobatum’ seen in hepatic syphilis.
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rapidly growing hepatic tumours, indicate a later sign of pro-
gressive liver failure and patient demise. Progressive obstructive
jaundice may develop in association with occlusion of the com-
mon hepatic duct or with extensive hepatic replacement, and it
has a rapidly fatal course.

Laboratory measurements of liver enzymes and tumoral
markers have been examined as a method of detecting hepatic
metastases and as prognostic determinants. Patients with
minute or solitary liver metastases may show a normal biochem-
ical profile. When the disease progresses, the liver function
parameters disclose cholestasis due to the space occupied by the
neoplastic masses. On the other hand, some investigators have
correlated abnormal liver function tests, such as bilirubin, alka-
line phosphatase and lactate dehydrogenase, with survival [22].
In a multivariate analysis, Lahr et al. [23] correlated hyperbiliru-
binaemia and elevated alkaline phosphatase with poor progno-
sis. Unfortunately, elevation of these parameters is non-specific,
and no definitive association with survival has been established.

Several authors have found that most patients with colorectal
hepatic metastases (from 73% to 90%) have elevated serum car-
cinoembryonic antigen (CEA) levels [24,25]. However, it is still
controversial whether preoperative serum CEA levels are of
prognostic value with regard to resectability [26]. Otherwise,
CEA levels can be especially helpful when tracking patients after
primary tumour resection and may be the first indication of
potential recurrence of metastasis [24].

Diagnostic imaging

Ultrasonography (US)

US is an economical non-invasive imaging modality for screen-
ing liver metastases. US examination is highly dependent on
equipment and sonographer expertise. The appearance of liver
metastases on US may vary from discrete hypoechoic masses to
mixed echo patterns. The introduction of intraoperative US has

contributed to improving surgical hepatic resection [27,28].
This technique can identify liver tumours located deep in the
liver parenchyma and can define the relationship to vascular
structures. In a study summarizing the results of a combined
series for prospective evaluation of intraoperative US compared
with preoperative US, arteriography, computerized tomography
(CT) and surgeon palpation, intraoperative US showed the best
sensitivity (78%), specificity (100%) and diagnostic accuracy
(84%) [27].

Computerized tomography

The development of multislice CT allows imaging with better
spatial resolution of hepatic metastases. In addition, abdominal
CT enhanced with specific contrast agents is the recommended
procedure of choice in evaluating liver metastases [29] (Fig. 3).
This technique is highly accurate in defining the total number
and anatomical position of liver tumours. In addition, extrahep-
atic abdominal spread is also well evaluated and is fairly repro-
ducible worldwide. However, recent studies have proposed a
variant of CT, arteriographically enhanced CT, as the standard
radiological investigation that best defines hepatic tumours pre-
operatively [30]. This sophisticated technique is highly sensitive
in detecting lesions less than or equal to 2 cm in diameter [31].
CT arterial portography has a sensitivity of 94% in detecting
liver metastases, compared with 70% by hepatic magnetic 
resonance imaging (MRI), with the former being significantly
higher for lesions of less than 1 cm [31].

Magnetic resonance imaging

On MRI, metastases are seen as low signal areas on T1-weighted
images and high signal areas on T2-weighted images [29]. 
MRI has a similar accuracy in the detection of liver metastases 
to dynamic CT [32]. None the less, MRI has significantly 
greater accuracy than dynamic CT in demonstrating vascular

(a) (b)

Fig. 3 CT scan of widespread hepatic metastases of colon cancer. (a) Plain CT shows hypoattenuated vaguely nodular tumours. (b) On contrast CT, the
tumours are clearly demonstrated with peripheral enhancement.
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involvement [31]. Otherwise, CT allows for assessment of
abdominal metastases in a slightly more precise way than MRI.
Further studies are necessary to determine the definitive role of
MRI in the imaging assessment of liver metastases.

Positron emission tomography (PET)

PET provides a non-invasive determination of tumorous lesions,
and it is regarded as the most sensitive imaging modality for
detecting cancerous lesions in the whole body including liver
metastases at the present time (Fig. 4). PET has the ability to
detect cancerous lesions by tracing increased accumulation of 
2-[18F]fluoro-2-deoxy-d-glucose (FDG) according to the mech-
anism that cancers have increased glucose uptake. Zhuang et al.
[33] compared 80 PET and CT scans with surgical pathology
and clinical outcome and found a sensitivity of 100% by PET but
71.4% by CT. They stressed that PET is an excellent imaging
modality for the detection and staging of liver metastases in

patients with colorectal carcinomas. Similar results were also
reported by Frohlich et al. [34] for liver metastases of pancreatic
carcinomas. Furthermore, a combined PET and CT system in a
single imaging setting provides optimal coregistration of image
data and may provide a highly accurate demonstration of liver
metastases.

Treatment

Surgical resection

Improvements in surgical technique and postoperative manage-
ment have reduced operative mortality remarkably [35–38], and
liver resection is the standard treatment for liver metastases
without extrahepatic metastases. However, only limited num-
bers of patients are eligible for resection. Furthermore, complete
resection is the only potentially curative treatment option for
liver metastases with a 5-year survival rate of approximately
30–55% [39–42]. In addition, it is difficult to interpret the
results of surgical resection because no uniform staging system is
used and prospective controlled trials are lacking. The studies
analysing the results of hepatic resection in patients with col-
orectal metastases in the liver have identified which factors
determine their outcome. Among these, the parameters with a
clear prognostic significance are the presence of extrahepatic
disease, metastatic lymph nodes, positive margins and more
than three or four lesions.

Radiofrequency ablation therapy (RFA)

In recent years, RFA has been used increasingly for the treatment
of liver metastases [41–46] as well as primary liver cancers.
Survival after surgical resection and RFA of solitary colorectal
liver metastases is comparable, and RFA is less invasive and
requires either an overnight stay or daycare facilities. RFA is also
applied to patients with unresectable liver metastases in terms of
downstaging, and increases in resectability and improvements
in survival have been reported [41–44].

Systemic chemotherapy

In systemic chemotherapy for liver metastases, only a 
modest efficacy with fluoropyrimidines (5-fluorouracil, 5-
fluorodeoxyuridine), nitrosoureas and mitomycin C is
reported. Among these drugs, 5-fluorouracil (5-FU) is the most
commonly used for liver metastases of colorectal carcinoma and
has been administered as an oral agent, intravenously in bolus
doses or by continuous intravenous infusion [47–50]. Selective
infusion of chemotherapy agents into the hepatic arterial system
has been reported to be more effective in the treatment of unre-
sectable colorectal liver metastases [49–51]. Response rates using
continuous hepatic arterial infusion of 5-fluorodeoxyuridine or
5-FU to treat hepatic metastases in unresectable colorectal can-
cer patients have ranged from 51% to 88%; these figures are

Fig. 4 PET imaging of metachronous hepatic metastases of colon cancer.
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greater than those obtained when these drugs are administered
systemically [51–54]. Recently, it has been suggested that altern-
ating systemic chemotherapy and regional transcatheter arterial
chemoembolization is an active and feasible regimen in patients
with liver metastases of gastrointestinal malignancies [55].

Other treatments

In recent years, novel immunotherapies including monoclonal
antibody therapy, biological modifier therapy, antiangiogenic
therapy and gene therapy have been spotlighted, but most of
them are still experimental. Although radiation therapy has been
of modest benefit in the treatment of liver metastases, it has been
used in combination with chemotherapy in most cases. In the
majority of patients treated by liver transplantation for unre-
sectable liver metastases, long-term results are poor because of
early tumour recurrence. However, it has been reported that
metastasis of neuroendocrine origin is eligible for liver trans-
plantation because of its less aggressive nature [56–59].
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18.3.2 Carcinoid tumours
Humphrey J.F. Hodgson

Carcinoid tumours arise from endocrine cells of the gut,
bronchus and other organs. They constitute one major subtype
of neuroendocrine tumours, clinically distinct from other neur-
oendocrine tumours such as pancreatic insulinomas and vipomas
or phaeochromocytomas. The distinguishing characteristics of
the carcinoids are morphological, histochemical and biochemical
– particularly the capacity to synthesize and secrete serotonin.
Their clinical fascination stems from their potential to induce
the striking systemic features of the carcinoid syndrome – 
predominantly diarrhoea and cutaneous flushing, sometimes
with asthma or cardiac disease – if their secretory products 
reach the systemic circulation. Hepatic carcinoid tumours are
usually secondary deposits from gastrointestinal primaries but,
although these patients are suffering from metastatic disease,
their prognosis is substantially better than for those with sec-
ondary adenocarcinomas in the liver.

Cell of origin

Carcinoids arise from enterochromaffin or enterochromaffin-
like cells, one constituent of the diffuse neuroendocrine system
scattered throughout the body [1]. These cells are characterized
by the presence of neurosecretory granules and the biochemical
pathways for amine precursor uptake and decarboxylation
(APUD), and lie scattered in the gut lamina propria near the
base of intestinal crypts (Kulchitsky cells) and in the submucosal
layers of bronchi. ‘Enterochromaffin’ means they stain with
potassium chromate. They are also ‘argentaffin’, taking up 
and spontaneously reducing silver salts. Other closely related
cells may take up silver, but do not spontaneously reduce it
(‘argyrophilic’ cells). These properties are variably present in
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carcinoid tumours in different sites, based on their embryolo-
gical fore-, mid- or hindgut origin (Table 1). The main product
released from the oval neurosecretory granules of the common-
est clinically important carcinoid, in the midgut, is serotonin 
(5-hydroxytryptamine), while the enterochromaffin-like cells 
in the stomach are rich in histamine. However, many other 
substances have been identified in different carcinoid tumours 
– substance P, chromogranin A, kallikrein, neurokinin A, 
neuropeptide K, peptide YY, prostaglandins, insulin, somato-
statin, glucagon, cholecystokinin, encephalins, gastrin, pan-
creatic polypeptide, adrenocorticotrophic hormone (ACTH),
β-melanocyte-stimulating hormone (MSH), calcitonin, cate-
cholamines and chorionic gonadotrophin [2]. Because the 
enterochromaffin cell population is heterogeneous, there are
different histochemical reactions from carcinoid tumours in 
different sites, and tumours arising in different sites have vary-
ing potential to release active substances to induce the carcinoid
syndrome.

Molecular analysis reveals that, in ~ 20% of cases of foregut
carcinoids, the tumour tissue bears mutations affecting the same
tumour suppressor gene that gives rise to the familial neuroen-
docrine cancer syndrome multiple endocrine neoplasia (MEN)
type 1 [3].

Macroscopic characteristics

Primary carcinoids are most common in the appendix, followed
by the rectum, small intestine, stomach and colon (Table 1)
[4,5] The majority of appendiceal and rectal carcinoids are 
generally insignificant in size and clinically irrelevant. In the
midgut, most tumours arise within 70 cm of the ileocaecal 
valve, and one-third are multiple. Gastric carcinoids may also be

multiple, but a single antral tumour is more common. Bronchial
carcinoids are usually solitary, arising in the main bronchi,
although a minority are peripheral or multiple. Rare sites
include ovary and testis, larynx, biliary ducts and gallbladder,
pancreas, thymus, uterus, breast, kidney and skin.

Primary carcinoids are usually spherical, submucosal and 
yellow because of their high lipid content. In the gut, tumours
rarely ulcerate but spread outwards. Carcinoids from all sites 
are potentially malignant, but there are marked differences in 
their metastatic potential depending on their site. If invasive, the
tumour spreads locally throughout the muscularis mucosa to
the serosa, involving lymphatics. A dense, fibrotic reaction may
occur around the tumour and extend into the mesentery. Local
nodal involvement, which may be massive, precedes hepatic
involvement. Carcinoid tumours in the liver are usually multiple
and secondary. The pattern of deposits is variable, either diffuse
infiltration with multiple, small deposits or larger masses which
may be 10 cm or more in diameter. Occasionally, apparently
solitary secondaries occur, and also apparently primary hepatic
carcinoids are occasionally reported [6].

Microscopic appearances

The tumours have no capsule, with uniform polygonal cells and
a nucleus containing speckled chromatin and basal granules
(Fig. 1). Cellular arrangements may be insular, trabecular, glan-
dular, schirrhous or mixed or undifferentiated. A high mitotic
rate is prognostically poor. Electron-dense granules are seen on
electron microscopy (Fig. 2).

Classical histochemical stains (e.g. brown with potassium
chromate, brownish black with silver nitrate) are being replaced
by chromogranin A, neurone-specific enolase and synaptophysin

Table 1 Relative frequency of sites of carcinoid tumours reported in recent large surveys, incidence of regional and distal spread and comparative propensity
to cause carcinoid syndrome.

Site % of all carcinoids % regional spread % distal metastasis Likelihood of carcinoid syndrome

Bronchus 10–20 15 5 +
Oesophagus < 0.1 – – –

Stomach 2–5 10 15 +
Small intestine 18–28 35 28 ++++

Duodenum 2–4

Jejunum 1–3

Ileum 10–16

Unspecified 5–9

Liver (primary) 0.2–0.4 – – ++
Biliary < 0.4 20 20 +
Pancreas 0.2 12 60 ++
Colon (not appendix) 3–8 30 25 –

Appendix 35–50 20 5 –

Rectum 12–18 4 4 –

Ovary 1 4 25 +
Thymus < 0.2 – – +

All figures are approximate and include reporting bias which will understate incidental tumours, particularly appendiceal and rectal.
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immunostaining. The cells generally express somatostatin
receptors (types 2 and 5) [7].

Clinical features

Most primary carcinoids are asymptomatic. Autopsy series 
indicate an incidence of about 1% – mostly asymptomatic
appendiceal tumours. The annual incidence of diagnosis in life 
is ~ 3 cases per 100 000 population, with the mean age being 
~ 60 years, although presentation in the twenties is not uncom-
mon, both sexes being affected [8]. Most cases are sporadic,
although there is a fourfold elevation of risk in relatives.
Occasionally, carcinoid tumours may appear as a feature of
MEN 1 or neurofibromatosis type 1 [8]. Multiple gastric 

carcinoids have been reported in patients with pernicious
anaemia, probably representing the trophic effect of gastrin on
enterochromaffin-like cells, but those carcinoids appear to have
minimal metastatic potential [9].

If primary carcinoids in the gut are clinically apparent, this
normally reflects a mass effect with pain, obstruction or, more
rarely, bleeding. With time, the associated desmoplastic reaction
may cause obstruction. In the appendix, carcinoids may be
found incidentally at surgery. Routine endoscopy often reveals
rectal and gastric carcinoids. Bronchial lesions may appear as
coincidental coin lesions, or with haemoptysis, cough, wheezing
or segmental obstruction. Very occasionally, primary carcinoids
present with features of the carcinoid syndrome in the absence
of hepatic metastases.

Hepatic carcinoids may be found on survey of patients pre-
senting with primary lesions, may present with local symptoms
of hepatomegaly or pain or be found on investigation of one or
more symptoms of the carcinoid syndrome. Local symptoms
from hepatic carcinoids are relatively uncommon, except 
when spontaneous haemorrhage or tumour necrosis occurs.
Occasionally, portal hypertension may follow pressure on the
portal or hepatic veins. Thus, the presentation of hepatic carci-
noid tumours in the absence of carcinoid syndrome differs 
little from those of other space-occupying lesions in the liver.
However, as hepatic carcinoids are compatible with long sur-
vival, hepatomegaly may be huge. Local bruits, and occasionally
hepatic rubs, are detectable. Presentation with the carcinoid
syndrome is discussed below.

Laboratory investigations for hepatic
carcinoid tumours

Non-functioning carcinoid tumours in the liver are diagnosed
by imaging techniques followed by biopsy. Histological assess-
ment of cell proliferation, by markers such as Ki-67, is important
prognostically [10]. Most midgut-derived carcinoids have a low
proliferative index, correlating with their often indolent growth
and poor response to chemotherapy.

Of routine biochemical tests, serum alkaline phosphatase is
often abnormal, but may confusingly be normal even in the
presence of large tumour deposits. Jaundice is rare except in
advanced disease. Chromogranin A is a sensitive but not very
specific plasma marker, being elevated in other neuroendocrine
tumours [11]. Screening for 5-hydroxyindoleacetic acid, the
breakdown product of 5-hydroxytryptamine, in the urine is
worthwhile, even if there are no symptoms suggestive of the 
carcinoid syndrome, as elevations may precede symptoms.
Other tumour markers such as elevated circulating pancreatic
polypeptide may also be detected with no obvious clinical 
correlate [12]. Some hepatic carcinoid deposits, particularly
from hindgut primaries, are truly ‘non-functioning’, insofar as
no secretory products can be detected in the circulation, and
thus, even when huge, hindgut-derived tumours virtually never
cause the carcinoid syndrome.

Fig. 1 A haematoxylin and eosin-stained section of an argentaffin
(serotonin-producing) carcinoid tumour of the ileum. Uniform, polygonal
cells with abundant cytoplasm are arranged in sheets and nests separated
by fine, fibrovascular stroma (×150).

Fig. 2 An electron micrograph of an ileal carcinoid tumour showing
abundant secretory granules that are typically electron-dense with an
irregular shape (× 6000).
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Imaging techniques [13]

Hepatic ultrasonography should reveal carcinoid deposits of 
l cm or greater, of variable echogenicity, occasionally cystic, 
with sometimes both hyper- and hypoechoic lesions in the same
patient. Computerized tomographic (CT) scanning of the liver
should reveal lesions of 0.5 cm or more, usually of low but 
occasionally of high attenuation (Fig. 3). The carcinoid shows
early transient hypervascularity on dynamic imaging but, sub-
sequently, usually becomes isodense with surrounding liver.
Magnetic resonance imaging (MRI) can sometimes detect tumours
with greater clarity than CT and may be preferred for long-term
follow-up. Carcinoid deposits are hypointense on T1-weighted
and hyperintense on T2-weighted scans, and enhance intensely
on early-phase gadolinium scans. At angiography, a variety of
patterns may be seen – diffuse fine nodular, diffuse coarse 
nodular or single masses (Fig. 4). Most blush dramatically dur-
ing the capillary phase. Angiography may also detect a primary
site within the territory of the superior mesenteric artery.

Isotope studies using radioiodinated m-iodobenzyl guanidine
[14] or labelled somatostatin analogues (Fig. 5) can also visual-
ize tumours [15]. The latter technique is particularly effective 
for extrahepatic deposits. Positron emission tomographic (PET)
scanning with labelled 5-hydroxytryptophan has also been
developed [16].

Hepatic carcinoid tumours with
carcinoid syndrome

The carcinoid syndrome occurs when the tumour produces
bioactive substances that reach the systemic circulation in 
adequate amounts, resulting in the characteristic symptoms 
of flushing, diarrhoea and heart disease. With gastrointestinal
carcinoids, in 95% of cases, the presence of the syndrome is 

associated with hepatic metastases from a midgut primary.
Occasionally, primary tumours in the gut with extensive nodal
involvement giving direct access to the systemic venous circula-
tion cause the syndrome without liver metastases. Also, occa-
sionally, primary ovarian and bronchial carcinoids can give
symptoms directly [17,18], although in fact metastases in the
liver are usually present when the syndrome occurs. The classical
manifestations of the carcinoid syndrome may rarely be associ-
ated with neuroendocrine carcinomas such as medullary carci-
noid of the thyroid and oat cell carcinoma of the lung [19]. Not
all midgut carcinoids metastatic to the liver will produce the 
carcinoid syndrome and, in particular, hindgut carcinoids do
not (Table 1).

Clinical features

There is an annual incidence of about 1 case per million [5].
Both men and women are affected, the sixth decade being the
most common time for presentation. The cardinal features are
flushing, diarrhoea and heart disease, with differing symptoms
in individuals reflecting the origin and mass of the tumours,
length of history and qualitative and quantitative differences 
in the release of tumour products. Table 2 lists the presenting
features in 63 patients.

Cutaneous manifestations
Ninety per cent of patients experience flushing attacks, mainly
affecting the upper part of the body. The attacks are highly 

Fig. 3 CT scan (transverse section of abdomen at the level of liver) showing
multiple deposits of carcinoid tumour.

Fig. 4 Arterial phase of visceral arteriogram in a patient with carcinoid
syndrome showing multiple, densely vascular deposits.
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variable, lasting minutes to hours, often with sweating, lacrima-
tion, itching, facial and conjunctival oedema, palpitations,
hypotension (more rarely hypertension) and diarrhoea. Some
patients remain entirely unaware of dramatic flushes. The
episodes may be spontaneous or precipitated by stress, alcohol,
exertion or abdominal palpation. Gastric carcinoids producing
predominantly histamine may cause a specific pattern of pro-
longed bright red geographical flushing of the face and neck
[20]. The long-term effects on the skin include telangiectasia
and sometimes rosacea of the face, morphoea-like thickening 
of the skin (carcinoid-associated scleroderma) and occasionally
pellagra [21] (see below).

Gastrointestinal manifestations
Diarrhoea occurs in about 75% of cases. Although classically
attributed to circulating hormone products and associated with
proven hypermotility, borborygmi and a secretory state in the
small intestine, abdominal symptoms and diarrhoea may 
often be due to other causes. These include subacute intestinal
obstruction due to the primary tumour, previous intestinal
resection, bile salt spillage, bacterial overgrowth, lymphatic
obstruction and side-effects of somatostatin therapy. Abdominal
pain may reflect intestinal obstruction, spontaneous necrosis 
of hepatic metastases or, rarely, gut ischaemia due to fibrotic
narrowing of mesenteric vessels [22].

Cardiac manifestations
Some 40–50% of patients with malignant carcinoids and the
syndrome develop heart disease. Unlike the flushing and diar-
rhoea that are immediate responses to released tumour prod-
ucts, the cardiac disease is due to a slowly developing fibrosis,
usually involving the endocardium of the right side of the 
heart, leading progressively to right-sided failure, with tricuspid
regurgitation and mixed pulmonary regurgitation and stenosis
being the most common lesions [23].

Other manifestations
A similar fibrosis to that in the heart may occur in the intima 
of the great vessels, in the pleura and pericardium and retro-
peritoneally. Wheezing occurs in about 10% of patients, and 
late-onset asthma may occasionally be a presenting feature.
Intrapulmonary shunting (as in the ‘hepatopulmonary syn-
drome’) has been reported [24]. Confusional states may occur 
as part of prolonged flushing episodes, particularly in patients
with gastric or bronchial carcinoids; they may also be a feature of
liver failure with advanced disease or part of the pellagra syn-
drome. A rare peripheral arthropathy has been reported [25].

Pathogenesis of carcinoid syndrome

The syndrome represents the long- and short-term results of
release of substances from the tumour into the systemic cir-
culation. Midgut carcinoids secrete large amounts of 5-HT
(serotonin), which is responsible for many of the clinical 
features. 5-HT markedly increases gut motility and probably
induces secretion in the small intestine. It may play a part in 
producing bronchoconstriction and seems to be involved in
fibrotic reactions that occur in the heart and elsewhere. The
metabolic pathway is shown in Figure 6, which also demon-
strates how nicotinic acid (niacin) deficiency can occur in the
carcinoid syndrome, as dietary nicotinic acid becomes side-
tracked for the synthesis of 5-HT.

Foregut tumours lack the decarboxylase enzyme and may
thus secrete 5-hydroxytryptophan, not 5-HT. Other tissues,
however, usually metabolize sufficient 5-hydroxytryptophan to
5-HT and allow a diagnostic amount of 5-hydroxyindoleacetic
acid to appear in the urine. The monoamine oxidase normally
present in the liver is responsible for the fact that serotonin
solely draining into the splanchnic circulation is not associated
with systemic symptoms.

Primary gastric carcinoids often produce predominantly 
histamine. This seems to be associated with the distinctive flush.
Carcinoids contain kallikrein, an enzyme that converts plasma
kininogen to vasoactive lysylbradykinin, and thence bradykinin,

Table 2 Presenting features in 63 patients with the carcinoid syndrome.

Feature Number %

Diarrhoea 14 22

Flushing 10 16

Diarrhoea and flushing 7 11

Hepatic enlargement 9 14

Bowel obstruction 5 8

Abdominal pain 7 10

Haemoptysis 2 3

Wheeze 1 1.5

Sweating 1 1.5

Palpitations 1 1.5

Geographical rash 1 1.5

Incidental during investigation for other cause 3 5

Incidental during laparotomy for other cause 2 3

Total 63

Fig. 5 Labelled octreotide scan (left) demonstrating uptake of octreotide
into hepatic and bony metastases in a patient with carcinoid. The
conventional bone scan (right) is also positive.
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and probably plays some part in initiating flushing. Tachykinins
have also been identified as potential mediators of flushing.
Prostaglandins E, F and other unidentified prostaglandins have
been extracted from carcinoid tumours. However, the response
to inhibitors of prostaglandin synthesis suggests that they are
unlikely to be major mediators of flushing and diarrhoea.
Although gastrointestinal peptides of many kinds can be
identified in carcinoid tumours, when symptoms of diarrhoea
have been induced in patients with carcinoid syndrome, no
changes in plasma concentrations of insulin, gastrin, pancreatic
polypeptide, vasoactive intestinal polypeptide, gastric inhibitory
polypeptide, somatostatin or neurotensin have been found [26].

Diagnosis of carcinoid syndrome

Once the suspicion has been raised, making the diagnosis of car-
cinoid is not difficult. Measurement of plasma chromogranin A,
a product of the chromaffin granules, is now the most conveni-
ent test, being very sensitive (> 90%) for carcinoids in the liver,
although other neuroendocrine tumours are also positive. Very
high levels are associated with a poor prognosis. Measurement
of urinary 5-hydroxyindoleacetic acid quantitatively in a 24-h
sample is more specific though less sensitive. Levels of more than
30 mg (90 mmol)/24 h are usually diagnostic. Mild elevations
may, however, be seen in the blind-loop syndrome, Whipple’s
disease and coeliac disease. False-positive results can occur if
patients are eating large amounts of food containing 5-HT
(bananas, pineapples and walnuts) or taking reserpine, acetan-
ilide, methysergide or cough medicines containing glyceryl guaia-
colate. As already mentioned, foregut carcinoids may not be
associated with elevated excretion of 5-hydroxyindoleacetic
acid. Circulating concentrations of substance P are elevated 
and, in some cases, human chorionic gonadotrophin may be 
elevated.

Prognosis

Both primary carcinoid tumours and metastases may grow
slowly. Trivial symptoms of occasional mild flushing or diar-
rhoea may persist for some years with no treatment. The survival
may be relatively long with some patients surviving over 30
years. Five-year survival for midgut carcinoids after diagnosis is
50–77% [10]. There is, however, an increased risk of also having
another tumour, which may worsen prognosis [5].

Treatment of carcinoid tumours

The management of primary carcinoid tumours presenting
without the syndrome is surgical, at least for disease that is not
too advanced locally [27].

The optimal policy for apparently solitary hepatic secondaries
amenable to local hepatic resection is probably also surgery,
both to prevent local symptoms and to slow progression.
Usually, complete surgical resection is not possible. Choice

between conservative treatment, palliative surgery, chemother-
apy or other debulking approaches may be difficult: these pro-
cedures reduce tumour mass, but it is not clear that this prolongs
survival. Recent trends, however, show an increasing tendency
to debulk liver carcinoid deposits surgically. The presence or
absence of the carcinoid syndrome is obviously of major import-
ance. However, for some patients with these slowly progressive
neoplasms, medical therapy aimed at controlling the synthesis,
release or peripheral effects of active substances from the
tumour may provide extremely effective palliation and induce a
greater improvement in the quality of life than is obtained with
debulking.

Treatment of carcinoid syndrome

Factors known to precipitate carcinoid attacks such as alcohol,
provocative foods or marked physical activity may be avoided.
Sufficient nicotinamide should be included in the diet to prevent
the development of pellagra. Codeine phosphate or lopramide
may control diarrhoea, and potassium supplements may be neces-
sary. In the presence of an ileal resection, cholestyramine may
prevent bile salt-induced colonic secretion. Asthmatic attacks
should be treated with aminophylline or salbutamol. Prognosis
is poor after heart failure has developed, but patients with heart
involvement should be formally assessed to consider the poten-
tial for valve surgery.

Specific pharmacological therapy

The receptors of 5-HT have been subdivided into 5-HT1, 5-HT2

and 5-HT3 receptors, present in different parts of the body in
smooth muscle and neural tissue. Many drugs have been used to
modify the acute attacks of flushing and diarrhoea by inhibition
or blocking of the synthesis of tumour products, but most have
become obsolete following the introduction of somatostatin
therapy.

Cyproheptadine

This 5-HT2 receptor antagonist is predominantly used in the
treatment of diarrhoea. In addition, it possesses weak anti-
cholinergic activity and is a histamine H1 blocker and a central
depressant. It is one of the mainstays of medical therapy for mild
symptoms in the carcinoid syndrome. The usual dose is 4 mg
four times daily.

Methysergide

This 5-HT1 and 5-HT2 receptor antagonist, at doses of 3–8
mg/day, reduces diarrhoea but has no significant effect upon
flushing. Numerous side-effects include nausea, heartburn,
abdominal pain and vomiting, and even diarrhoea and central
effects including unsteadiness, drowsiness, confusion and psy-
chosis have been reported. Its major drawback is the occurrence
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of retroperitoneal fibrosis after as little as 3 months of therapy.
Carcinoids themselves may induce retroperitoneal fibrosis, and
so the use of this drug is severely limited.

Ondansetron

This 5-HT3 antagonist may be helpful in reducing stool fre-
quency [28].

Histamine antagonists

Combination therapy with the H1 antagonist diphenhydramine
(50 mg four times daily) and the H2 antagonist cimetidine 
(300 mg four times daily) may reduce the flushing and hypoten-
sion associated with gastric carcinoids.

Corticosteroids

Prednisolone in doses of 20 mg/day is said to reduce the facial
oedema, diarrhoea and hyperdynamic state associated with
bronchial carcinoids. It has little or no effect on symptoms 
associated with a gastrointestinal carcinoid.

Somatostatin

Intravenous infusion of short-acting somatostatin was shown 
to abolish flushing caused by gastric or ileal carcinoids. Long-
acting analogues of somatostatin (e.g. octreotide) relieved 
diarrhoea, flushing and other symptoms in 75–80% of patients.
Patients who do not respond tend to have low expression of
tumour somatostatin receptors. With an initial dose of 50 µg
three times daily, control is usually established for a few months,
but escalating doses are required over time. Eventually, trouble-
some steatorrhoea due to inhibition of pancreatic enzyme
release may limit its usefulness. The drug frequently induces the
appearance of small cholesterol gallstones and may precipitate
hypothyroidism. Its mode of action is a combination of a reduc-
tion in output of 5-HT and other substances and peripheral
inhibition of end-organ activity. In a small proportion of patients,
an action in reducing tumour mass is reported, but this is gener-
ally temporary. Longer acting depot preparations, administered
every 2–4 weeks, have made this therapy more practicable,
although it remains costly.

Debulking

Surgery

For the treatment of hepatic metastases, surgery has been advo-
cated to reduce tumour mass, in particular if there are associated
local symptoms, and also as a means of reducing the release of 
5-HT and other substances. Partial hepatectomy, shelling out of
metastases, ligation of the hepatic artery and extensive surgical
devascularization of the liver except for the main hepatic artery,

followed by intermittent occlusion of that artery via a percutane-
ous sling, have all been advocated. Liver transplantation can 
be performed but, in general, the identification of extrahepatic
tumour dissemination prevents this, and there is some evidence
that, after transplantation, development of extrahepatic metas-
tases may accelerate [29].

Surgery is potentially hazardous, as a result of rapid alter-
ations in blood pressure, bronchial constriction, hyperapnoea,
vomiting, diarrhoea and hyperglycaemia [30]. Such patients
should initially be blocked pharmacologically to prevent the
action of released 5-HT, using a regimen based on somatostatin,
with a potential role for aprotinin as a modifier of the effect of
kinins, and high-dose corticosteroids. Precipitators of flushing
attacks should be avoided in anaesthesia, and nerve blockers,
acetylcholine and morphine should all be used with care.
Hypotensive episodes should be treated with transfusion and
angiotensin (not catecholamines). Hydralazine has been recom-
mended for hypertension.

Hepatic artery embolization

Arterial embolization reduces the blood flow to both tumour
deposits and normal liver cells [31,32]. The latter survive
because of their simultaneous blood supply from the portal 
circulation. Destruction of hepatic deposits may release large
amounts of bioactive substances from the tumours causing
severe symptoms, so blocking agents are used before and after
the procedure. Infusion of somatostatin (100 µg/h) is the main-
stay, maintained for 24–48 h after the procedure, sometimes
supplemented by aprotinin infusions and methyl prednisolone.
Prophylactic antibiotics are generally advocated, and mainten-
ance of hydration is important. The procedure involves select-
ive cannulation of the coeliac axis and hepatic artery, and
requires the portal blood supply to the liver to be intact. A 
variety of absorbable or non-absorbable embolic materials can
be used. Usually, successful embolization is followed by fever, 
a leucocytosis and hepatic pain, with a marked rise in serum
hepatic enzymes.

The results of this procedure are variable, depending on the
selection of patients. It has some effect in reducing the local

Fig. 6 Pathway of serotonin metabolism. 5-HTP, 5-hydroxytryptophan; 
5-HI, 5-hydroxyindole.
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labelled somatostatin, which in a variety of forms will localize
radioactivity to sites of somatostatin uptake. Over 80% of
patients with carcinoid syndrome will accumulate somatostatin
in secondary deposits, and the therapy will reduce hormone
excretion in over half of patients, with apparent reduction of
tumour bulk in about 25% [38,39]. All targeted isotope therapy
is complex, reflecting the necessity for protection of other indi-
viduals and the environment from the radioactivity, involving
short-term isolation and other protective measures.

Choosing the right therapy

In patients with hepatic metastases from carcinoid tumours
without systemic symptoms, surgery is indicated for readily
resectable tumours, in particular if the primary tumour is also
resectable. Such a policy should prolong life. If the tumour is 
not readily resectable, and the patient is asymptomatic, many
physicians will hesitate to recommend chemotherapy or radio-
therapy, but may reserve such relatively ineffective but poten-
tially distressing therapies until symptoms occur.

For patients with carcinoid syndrome, the indications for
surgery are as above. For patients with mild symptoms, no 
active treatment for the syndrome may be required other than
avoidance of precipitating factors. As symptoms become more
severe, a reasonable approach is to use cyproheptadine and
codeine phosphate to control diarrhoea and, subsequently, most
patients will respond to a long-acting somatostatin analogue.
The options for debulking, whether surgically or by ablation,
transcatheter embolization or targeted isotope therapy, should
always be considered early as part of the long-term approach to
such patients. Decisions on which to pursue, and whether any
individual patient should undergo them, will reflect the indivi-
dual anatomical characteristics and site of tumour deposits, the
age and frailty of the patient, the symptomatology and the extent
to which symptoms are controllable medically. Reflecting the
heterogeneity of the carcinoid syndrome in tumour site, tumour
characteristics and symptomatology, there is a major lack of
comparative clinical trials to guide the selection of optimal 
therapy.
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19.1 Intrahepatic cholestasis
Olivier Chazouillères and Chantal Housset

Definition

Cholestasis has long been defined as a decrease in bile flow.
Normal bile flow being closely linked to the biliary secretion of
bile acids, most clinical, biochemical and histological manifesta-
tions of cholestasis are related to the accumulation of bile acids
in the liver, in extrahepatic tissues and in the plasma. Therefore,
cholestasis is more accurately defined as a defect in bile acid
transport from the liver to the intestine. Broadly speaking,
cholestasis may be classified as intrahepatic or extrahepatic.
Intrahepatic cholestasis refers to all situations in which the
impairment of bile secretion occurs primarily within the liver.
Intrahepatic cholestasis itself may result from hepatocellular
functional defects or from obstructive lesions of the intrahepatic
biliary tract distal from bile canaliculi. Even though intrahepatic
bile ducts comprise both small and large ducts, in clinical 
practice, affections of large bile ducts (i.e. those visible at 
macroscopic imaging) are excluded from the definition of 
intrahepatic cholestasis because these affections, like those of
extrahepatic bile ducts, raise distinct diagnostic and therapeutic
issues. In addition, because hepatocellular bile secretion may 
be impaired in severe liver injury, whatever its cause, the 
term ‘cholestatic’ is restricted to conditions with predominant
cholestatic features, excluding global hepatocellular dysfunc-
tion. Progress over the past 10 years in the knowledge of 
hepatic transport has led to a better understanding of cholestatic
mechanisms.

Mechanisms of intrahepatic 
cholestasis

Because the transport of bile constituents, and primarily that of
bile salts across the canalicular membrane of hepatocytes, is the
rate-limiting step in bile formation, disturbance in the expres-
sion and/or function of canalicular transporters is recognized 
as a fundamental mechanism of hepatocellular intrahepatic
cholestasis (Fig. 1) [1]. This has been demonstrated in hered-
itary human cholestatic disorders and in rodent models of 
these disorders. Thus, benign and progressive forms of familial

intrahepatic cholestasis of type 2 are caused by defects in the
ABCB11 gene, which encodes the canalicular bile salt export pump
(BSEP), while Bsep knockout mice also develop intrahepatic
cholestasis. Patients with multidrug resistance 3 P-glycoprotein
(MDR3)/ABCB4 gene mutations and Mdr2(MDR3 murine
homologue)/Abcb4 knockout mice develop cholangitis as a
result of toxic, phospholipid-deficient bile.

In acquired forms of intrahepatic cholestasis, primary events
are often multifactorial and difficult to distinguish from sec-
ondary events. However, a number of mechanisms that may
cause and/or contribute to cholestasis have been identified in
rodent models of acquired cholestasis. While bile duct ligation 
is the most common model of extrahepatic cholestasis, models
of intrahepatic cholestasis include those induced by endotoxin,
drugs, estrogen or lithocholate feeding. Various drugs are
thought to cause cholestasis through inhibition of BSEP 
function in a competitive manner [2], 17β-estradiol glu-
curonide indirectly trans-inhibits Bsep after secretion into 
the bile canaliculus by multidrug resistance-associated protein 
2 (Mrp2). Another mechanism of drug-induced cholestatic
injury is illustrated by the effect of bosentan on Mrp2-mediated
canalicular bile formation [3]. It was shown that bosentan 
stimulates and significantly increases Mrp2-dependent bilirubin
excretion and bile salt-independent bile flow, while biliary lipid
secretion was profoundly inhibited and uncoupled from bile salt
secretion. Inhibition of biliary lipid secretion was not observed
in Mrp2-deficient TR– rats, suggesting that translocation of
organic anions across the canalicular membrane is a prerequisite
for the occurrence of the uncoupling effect. Thus, Mrp2-
induced choleresis might dilute bile salts in the bile canaliculi
below the concentration required for the extrusion of phos-
phatidylcholine and cholesterol. Consequently, decreased bili-
ary phospholipid secretion does not necessarily mean a defect 
in the canalicular phospholipid flippase MDR3, but could also
be explained by a physicochemical disequilibrium in bile com-
position. Drugs and/or their metabolites may also cause bile
duct damage. For example, it was shown that a metabolite of
flucloxacillin, produced in hepatocytes, was selectively toxic for
biliary epithelial cells [4].
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In addition to alterations in transporters, cytoskeleton changes
and disruption of cell junctions may contribute to intrahepatic
cholestasis. Tight junctions create the paracellular barrier
required to maintain the electrochemical gradient used for
epithelial transport. When the barrier fails, the gradient dissi-
pates, and this can lead to cholestasis. Many compounds that 
can cause cholestasis in clinical situations [e.g. the phalloidin
toxin, lithocholate, chlorpromazine, carmiustin-1,3-bis(1-
chloroethyl)-1-nitrosurea] have been shown to increase the 
biliary clearance of paracellular markers in experimental ani-
mals [5]. Alterations in hepatocyte tight junctions have been
documented by the immunolabelling of tight junction proteins
including 7H6, which correlate closely with paracellular perme-
ability, in both bile duct ligation- and ethinyl estradiol-induced
cholestasis, although with different lobular distributions [6].
Tight junction impairment occurs predominantly in periportal
hepatocytes after bile duct ligation, but more diffusely through-
out the lobule after ethinyl estradiol treatment [6]. Functional
tests in these two models have shown that junctional permeabil-
ity was paralleled by the degree of cholestasis [7]. In rat models
of colitis, cholestasis has been attributed to the altered structure
and function of hepatocyte tight junctions, which could itself
result from increased levels of endotoxin in the portal blood
[8,9]. In human disease, substantial alterations in the tight junc-
tion proteins have been shown to occur predominantly in bile
ducts in primary biliary cirrhosis, but in hepatocytes in primary
sclerosing cholangitis, suggesting increased paracellular per-
meability along different paracellular routes for bile regurgita-
tion in these diseases [10]. Along these lines, bile regurgitation

from leaky bile ducts has been proposed as a cause of sclerosing
cholangitis in Mdr2 knockout mice [11].

Endotoxin in animal models causes a decrease in bile 
acid-dependent and -independent bile flow associated with a
decrease in the expression of Na+-taurocholate-cotransporting
polypeptide (Ntcp), a decrease in Na,K-ATPase in hepatocytes
and with abnormal expression localization of Bsep and Mrp2
[12,13]. The downregulation of Ntcp is reproduced by the
proinflammatory cytokines tumour necrosis factor (TNF)α and
interleukin (IL)-1β [14]. Proinflammatory cytokines also act on
ductular secretion by modifying transporter activities and the
epithelial barrier function. They decrease cystic fibrosis trans-
membrane conductance regulator (CFTR) and anion exchanger
isoform 2 (AE2) activity and increase tight junction permeabil-
ity in bile ducts [15]. An impairment in ductal secretion could
result from a CFTR defect and lead to cholestatic injury, a mech-
anism proposed to explain cystic fibrosis liver disease. However,
it remains to be determined if ductal cholestasis may be purely
functional or if a certain cholangio-obstructive/destructive
component is necessary to cause cholestasis.

Finally, because intestinal absorption is a critical step in the
enterohepatic circulation of bile salts, alterations in the intes-
tinal uptake of bile salts could cause, or at least contribute to,
cholestasis, as suggested in the familial intrahepatic cholestasis
of type 1 [16].

Adaptive response to cholestasis

The liver can rapidly respond to bile acid accumulation through
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transcriptional gene regulation. The farnesoid X receptor (FXR,
NR1H4), a nuclear receptor for bile salts, plays a key role in 
this response [17,18]. Among bile acids, the major activators of
FXR are chenodeoxycholate (the most potent), deoxycholate
and lithocholate. Upon heterodimerization with the retinoid 
X receptor alpha (RXRα), FXR either positively or negatively
regulates the transcription of genes involved in different aspects
of bile salt synthesis and transport in hepatocytes and in entero-
cytes [18–20] (Fig. 2). Negative transcriptional regulation is
mediated by the short heterodimer partner (SHP), a gene
repressor induced by FXR [20]. Thus, in response to elevated
bile salt levels, FXR is activated, which subsequently stimu-
lates SHP. SHP in its turn downregulates the gene encoding
cholesterol-7α-hydroxylase (CYP7A1), the key enzyme in bile
acid synthesis [21]. Other enzymes that conjugate bile acids 
to taurine and glycine are induced by FXR [22]. The uridine 5′
disphosphate-glucuronosyltransferase 2B4 (UGT2B4), which
forms glucuronide conjugates of bile acids, is also upregulated
through FXR [23]. Therefore, high bile acid levels lead, through
FXR-mediated mechanisms, to inhibition of their own de novo
synthesis and to the production of hydrophilic derivatives. FXR
induces a downregulation in bile acid uptake systems, i.e. the
basolateral NTCP (SLC10A1) in hepatocytes and the apical bile
salt transporter (ASBT, SLC10A2) in enterocytes, which are both
mediated by SHP [20,24]. In contrast, FXR transactivates the
expression of BSEP [19]. Therefore, in cholestatic conditions,
FXR-mediated regulation prevents further accumulation of bile
acids in hepatocytes. FXR regulates the phospholipid export pump
MDR3 [25]. Other nuclear receptors such as the xenobiotic
receptor pregnane X receptor (PXR/SXR, NR1I2) and vitamin D
receptor (VDR, NR1I1) are also activated by hydrophobic toxic
bile salts such as lithocholate. The protection provided by FXR
and PXR against bile acid toxicity has been demonstrated in
FXR–/– and PXR–/– mice fed with cholate and lithocholate
respectively [26,27]. Another xenobiotic receptor, constitutive
androstane receptor (CAR, NR1I3), is activated by bilirubin [1].

Accordingly, in different animal models of cholestasis, in par-
ticular in the bile duct ligation model, a marked decrease in Ntcp
mRNA levels contrasts with little or no significant change in the
mRNA levels of Bsep and of Mrp2 [28]. The implication of 
FXR in this regulation has been demonstrated in FXR knockout
mice. Bile acid feeding, which causes Ntcp downregulation and
Bsep upregulation in wild-type mice, has no such effects in FXR
knockout mice [26]. In wild-type mice and in rats, bile acid feed-
ing causes an upregulation in the expression of Mdr2, leading 
to an increase in the canalicular secretion of phospholipids
[1,29,30]. Bile salts also exert a posttranscriptional regulation 
on transporters. Taurocholate, via the activation of phos-
phatidyl-inositol 3-kinase (PI3K), increases the amount of Bsep,
Mdr2 and Mrp2 at the canalicular membrane through vesicular
exocytosis [31,32]. The alternative bile acid export pumps Mrp3
and Mrp4, which are expressed in the basolateral membrane 
of hepatocytes, are also induced through an FXR-independent
mechanism [33]. Other adaptive transporter changes include an
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export pump (BSEP), of the multidrug resistance 3 P-glycoprotein (MDR3), of
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taurine and glycine, of the uridine 5′ diphosphate-glucuronosyltransferase
2B4 (UGT2B4) and of the short heterodimer partner (SHP). SHP represses
gene transcription of cytochrome P-450 7A1 (CYP7A1), the cholesterol-7a-
hydroxylase enzyme and of Na+-taurocholate-cotransporting polypeptide
(NTCP). Multidrug resistance-associated protein 3 (MRP3) and multidrug
resistance-associated protein 4 (MRP4) are induced by an FXR-independent
mechanism in these cells. In cholangiocytes, activated FXR stimulates gene
transcription of the vasoactive intestinal polypeptide receptor-1 (VPAC1).
Bile acids also stimulate proliferation and fluid secretion through the
stimulation of calcium-dependent chloride channels (CaCC) and the
potentiation of the cAMP-dependent chloride channel, cystic fibrosis
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anion exchanger-2 (AE2). In enterocytes, activated FXR stimulates gene
transcription of the ileal bile acid-binding protein (IBABP), necessary for the
apical to basal transport of bile acids within these cells, and of SHP, which
represses gene transcription of the apical sodium-dependent bile salt
transporter (ASBT). Thus, the entry of bile acids in enterocytes is decreased,
while their exit is facilitated.
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induction of alternative efflux pumps (Mrp2, Mrp4) together
with a downregulation of Asbt in the kidney.

Another response that is almost constant in all cholestatic dis-
orders with the exception of familial intrahepatic cholestasis of
types 1 and 2 is bile duct proliferation. It has been demonstrated
in bile duct-ligated and α-naphthylisothiocyanate (ANIT)-fed
rats that cholangiocytes of the ductular reaction are functionally
similar to cholangiocytes of a normal liver and that newly
formed bile ducts form a well-organized network connected
with the pre-existing biliary tree [34,35]. It has been proposed
that the ductular reaction may create an alternative draining
route for bile secretion when native bile ducts are injured. 
This possibility has recently received support from a model of
ischaemia-induced cholestasis, in which all biochemical signs of
cholestasis completely disappeared while bile duct hyperplasia
was maximal [36]. Because cholangiocytes are able to transport
bile acids via ASBT, the ductular reaction may provide a chole-
hepatic shunt pathway for bile acids. The cholehepatic shunt
could subserve a defence mechanism and prevent prolonged
exposure of the biliary tract to bile acids. In addition, bile acids
increase the secretory capacity of cholangiocytes by transcrip-
tional regulation of cyclic adenosine monophosphate (cAMP)-
coupled receptors, including FXR-mediated upregulation of the
vasoactive intestinal polypeptide (VIP) receptor [37,38], and by 
stimulating the activity of cAMP-dependent and -independent
chloride channels [39,40] (Fig. 2). These effects could contribute
to increase ductal secretion, together with bile duct prolifera-
tion, which may be viewed as an attempt to restore normal bile
secretion.

Pathology of cholestasis [41,42]

In morphological terms, cholestasis is the presence of visible 
bile in tissue sections. It is also known as bilirubinostasis because
the main component seen by light microscopy is bilirubin.
However, in contrast to extrahepatic biliary obstruction,
chronic intrahepatic cholestasis may evolve over years without
morphological cholestasis. As a consequence, liver biopsy is 
performed not to confirm the diagnosis of cholestasis but to
obtain a diagnosis of the cause, to exclude potential aetiologies
and to assess the consequences of cholestasis, especially in terms
of fibrosis. Regarding the cause, the pathologist’s chief goal in
evaluating the cholestatic liver is no longer, at least in adults, to
distinguish large bile duct obstruction from other causes (‘sur-
gical’ cholestasis vs. ‘medical’ cholestasis) because of tremendous
improvements in imaging techniques of the liver and biliary
tree, but to distinguish diseases involving small bile ducts from
those in which cholestasis is purely hepatocellular in origin. 
It should be kept in mind that hepatocellular changes exhibit
considerable overlap among these two types of cholestasis; it is
only after finding additional changes in portal tracts that a bile
duct disease can be inferred. In all instances, it is essential to
examine the biopsy in a systematic manner with special atten-
tion to bile ducts.

Pathological features of cholestasis

The main hepatocellular feature is brown pigmentation from
retained bilirubin (bilirubinostasis). Pigmentation includes
accumulation of bilirubin in hepatocytes (hepatocellular
cholestasis), inspissated bile in swollen canaliculi (canalicular
cholestasis) and, during cholestasis of long duration, bile regur-
gitation into the sinusoidal space with phagocytosis by Kupffer
cells (Kupffer cell cholestasis) [43]. These features occur pre-
dominantly in the perivenular region as well as the associated
changes in hepatocytes undergoing toxic degeneration that
appear enlarged with a flocculent cytoplasm (feathery degenera-
tion). In contrast, the cytological alterations described as cholate
stasis because they are thought to be caused by the detergent
action of retained bile acids occur in periportal areas: i.e. hepato-
cytes undergo ‘ballooning degeneration’ and may contain
Mallory bodies and copper. In addition to cholate stasis, the so-
called biliary piecemeal necrosis is observed in some severe cases
of cholestasis and comprises hepatocyte necrosis or apoptosis,
inflammation, fibroplasia and ductular proliferation in variable
combinations [41]. The term ‘ductular reaction’ is now pre-
ferred to ‘ductular proliferation’ because it implies a reaction of
ductular phenotype possibly, but not necessarily, of ductular
origin (progenitor cells or biliary metaplasia of hepatocytes)
[44]. Neutrophils may predominate in the inflammatory
infiltrate and surround bile ductules (neutrophilic cholangio-
litis). Ductular proliferation is virtually always associated with
neutrophils, so that the presence of these cells is not in itself 
evidence of bile duct obstruction or bacterial infection [45].
Proliferating cholangioles are found at the margins of portal
tracts and should not be confused with bile ducts; changes in the
cholangioles do not have the same significance as identical
changes in bile ducts. Indeed, only acute cholangitis, which is
characterized by the presence of neutrophils in or around the
acinar bile duct, is highly suggestive of large bile duct obstruc-
tion. Lastly, chronic cholestasis, especially in children, may give
rise to liver cell rosettes consisting of dilated bile canaliculi 
surrounded by more than two hepatocytes in a pseudotubular
arrangement. In common with chronic extrahepatic biliary
obstruction, progressive fibrosis at the limiting plate produces
gradual enlargement of the portal areas followed by portal–
portal fibrous bridging and, eventually, the development of 
cirrhosis. However, until very advanced, the process spares 
the basic acinar architecture with terminal hepatic venules 
and portal tracts maintaining an almost normal anatomical 
relationship.

Pathological features of bile duct disease

Once cholestasis is suspected, the portal tracts should be exam-
ined carefully with special attention to the presence of a ductular
reaction and the integrity of interlobular bile ducts (or their
paucity). Inflammatory changes in portal tracts (or at their 
margin) are usually absent in ‘hepatocellular cholestasis’ except
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when biliary piecemeal necrosis (described in the preceding 
section) occurs or during sustained sepsis. In this latter condi-
tion, a massive dilatation of bile ductules may be observed and
has been described as cholangitis lenta. The mechanism is
thought to be general shutdown not only of the hepatocellular
bile secretion but also of the ability of the ductules to conduct
bile [46]. Besides these two unusual conditions, a marked ductu-
lar reaction, eventually associated with portal tract oedema, is
indicative of ‘obstructive’ cholestasis but does not in itself 
distinguish between the many causes of bile duct diseases.
Ductopenia is a major pathological feature of bile duct disease
but is lacking specificity, as it represents the endstage of a num-
ber of bile duct destructive diseases. Ductopenia is classically
defined by the loss of interlobular bile ducts from more than half
the portal tracts [47], which show prominent hepatic arterioles
without accompanying bile ducts. Less strict criteria have also
been proposed [48]. It is essential that the liver specimen has an
adequate number of portal tracts (at least 10) for a diagnosis of
ductopenia to be made accurately [49]. Immunohistochemical
staining for bile duct cytokeratins (cytokeratins 7 or 19) may be
helpful.

In contrast, identification of distinctive bile duct lesions is
highly informative about causes. The two main characteristic
bile duct lesions are the non-suppurative destructive cholangitis
and the fibrous obliterative cholangitis. It should be emphasized
that early lesions of bile ducts are usually heterogeneous within
the liver and segmental within the duct system. As a conse-
quence, cholangitis may vary greatly in degree from one portal
tract to another or even be absent in small biopsy samples, and
serial sections are useful. Causes of the different types of chol-
angitis are indicated in Table 1. Non-suppurative destructive
cholangitis is characterized by a mononuclear inflammatory
infiltrate surrounding and penetrating the bile duct epithelium
with associated epithelial damage and/or destruction of the
basement membrane. Biliary epithelial damage consists of loss

of the normal epithelial columnar shape, nuclear enlargement 
or pyknosis and cytoplasmic eosinophilia or vacuolization. In
addition to lymphocytes, eosinophils or even some neutrophils
may be present, but the lymphocytes appear to be the primary
effectors of injury, and this destructive cholangitis is described as
lymphocytic. In some cases, the bile ducts are surrounded by
epithelioid granulomas, and the term granulomatous destruc-
tive cholangitis is used. The non-suppurative destructive lym-
phocytic cholangitis (florid duct lesion) is highly suggestive 
but not pathognomonic of primary biliary cirrhosis (PBC)
(Table 1). The granulomatous destructive cholangitis may be
observed in PBC, sarcoidosis and drug-induced cholangitis. The
histological changes designated as non-destructive cholangitis
(mononuclear cells infiltrating the bile duct epithelium but 
not obviously damaging epithelium or destroying the bile duct
basement membrane) are less informative about causes. Fibrous
obliterative cholangitis is characterized by an ‘onion skin’ type 
of periductal fibrosis with degeneration and atrophy of the
epithelial lining and possible replacement of the bile duct by
fibrous cords [41]. The ‘onion skin’ lesion is a typical feature 
of sclerosing cholangitis, either primary or secondary, but is 
also occasionally present in hepatic sarcoidosis [50] (Table 1).
However, in patients with primary sclerosing cholangitis (PSC),
this nearly diagnostic lesion is rarely present in biopsy speci-
mens, and it is more common to find only a paucity of normal
bile ducts and non-specific fibrosis and inflammation in the
portal triads. PSC typically involves less inflammation than PBC.

Unusual cholangitis includes malignant cholangitis and 
neutrophilic cholangitis. Malignant cholangitis is characterized
by specific cells penetrating the bile duct epithelium. In patients
with Hodgkin’s lymphoma, progressive cholestasis may also
relate to ductopenia without evidence of malignant infiltration
[51]. Neutrophilic cholangitis, with or without the involvement
of large bile ducts, is associated with neutrophilic dermatosis
and, especially, generalized pustular psoriasis [52].

1 Non-suppurative destructive cholangitis Primary biliary cirrhosis

Primary sclerosing cholangitis

Autoimmune hepatitis

Drug-induced cholangitis

Chronic hepatitis C, B

Sarcoidosis

2 Fibrous obliterative cholangitis Primary sclerosing cholangitis

Secondary sclerosing cholangitis

Sarcoidosis

3 Other cholangitis (unusual) Malignant cholangitis:

Lymphoma (Hodgkin’s or non-Hodgkin’s)

Systemic mastocytosis

Langerhans cell histiocytosis

Neutrophilic cholangitis: neutrophilic dermatosis

4 Ductal plate malformations (congenital hepatic fibrosis)

Table 1 Typical biliary lesions and their main
causes (graft setting excluded).
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Lastly, abnormal bile duct-like structures associated with
fibrosis are observed in ductal plate malformations and espe-
cially in congenital hepatic fibrosis [53].

Other pathological features

It must be kept in mind that raised serum alkaline phosphatase
activity may be the main presenting feature of numerous other
liver diseases. These diseases do not fit the criteria of ‘true’
chronic cholestatic diseases, i.e. potential progression towards
cirrhosis or hepatocellular insufficiency due to cholestasis itself,
but raise similar diagnostic issues. In this setting, histopatholo-
gical evaluation may either be diagnostic by revealing storage 
disease or diffuse infiltrative disorders [amyloidosis and its variants,
metastatic cancer (breast, melanoma), lymphoma] or provide
helpful information to guide patient management by showing
particular features including hepatic granulomas (without
cholangitis), nodular regenerative hyperplasia, peliosis and
sinusoidal dilatation (eventually associated with haemopha-
gocytic histiocytosis). The pathogenesis of cholestasis in these
conditions is often unclear. The mechanisms proposed in-
clude occult bile duct compression or ductular reaction and
aberrant release of cytokines with resultant impairment of bile
formation.

Clinical features of cholestasis

The clinical features of the cholestatic syndrome result from: (i)
accumulation of substances in the liver, blood and other tissues
that are normally excreted in bile, including bile acids, bilirubin
and biliary lipids (primary features); and (ii) malabsorption of
fat and fat-soluble vitamins A, D, E and K as a result of inade-
quate postprandial bile acid concentrations in the upper small
intestine (secondary features).

Primary features

Jaundice is far from being a constant feature of cholestasis, and
typically follows the onset of symptoms such as pruritus and
raised serum alkaline phosphatase by weeks or even years, as
often occurs in patients with primary biliary cirrhosis.

Pruritus is a major, but not invariable, feature of cholestasis. It
is generally intermittent, occurring mainly in the evening and at
night. If severe, it may result in significant sleep deprivation,
depression and even suicide. The pruritus of cholestasis has
commonly been assumed to result from the accumulation of
unidentified pruritogenic agents normally excreted in bile. A
causative role for bile acids has been postulated for decades, but
direct evidence is lacking. Application of bile acids to skin blis-
ters causes pruritus (but at higher concentrations than those
found in cholestastic patients with pruritus). When considering
bile acids as the pruritogens in cholestasis, the lack of correlation
between pruritus severity and total levels of bile acids in serum,
skin or interstitial fluid has to be considered and explained [54].

Indeed, increased plasma levels of bile acids are not associated
with pruritus in all patients; the pruritus is intermittent despite
the absence of apparent changes in serum bile acids; and, in liver
failure, when serum bile acids peak, the pruritus of cholestasis
tends to cease. In addition, the bile acid-binding agent
cholestyramine often relieves the pruritus of cholestasis, but 
it may also relieve the pruritus of uraemia and polycythaemia
rubra vera, in which serum bile acids are not elevated, and relief
of pruritus by several other agents does not correlate with lower-
ing of serum bile acids. However, an indirect role of bile acids 
is not excluded, and it has been proposed that pruritus might
result from an unidentified component of the liver that is
released by the detergent action of retained bile acids [55]. 
Work by Bergasa and Jones [56] and Jones and Bergasa [57] 
has suggested that increased endogenous opiate activity con-
tributes to the pruritus of cholestasis by a central mechanism.
Supporting observations in both humans and animals include:
(i) several opiate agonists cause pruritus, which can be reversed
by naloxone; (ii) opiate ‘tone’, serum enkephalin levels and 
liver enkephalin mRNA are increased in cholestasis; and (iii)
opiate antagonists improve the pruritus of cholestasis in double-
blind studies. As pruritus is a nociceptive stimulus, systems
mediating nociception such as the serotonin and the endogen-
ous cannabinoid systems might also play a role.

Fatigue is common in chronic cholestasis and especially in
PBC. It diminishes quality of life and interferes with many
aspects of daily living [58]. The pathogenesis is unclear, but
fatigue might be centrally mediated and not peripheral in origin.
The mechanisms proposed for this centrally mediated fatigue
include abnormal neuroendocrine function and altered sero-
tonergic neurotransmission [59].

Cholesterol deposits in the periorbital skin folds (xanthelas-
mas) and in tendon sheaths, bony prominences and peripheral
nerves (xanthomas) are the result of chronic hyperlipidaemia
and are only observed in prolonged and severe cholestasis.
However, there is no evidence that cholestasis predisposes to
atheroma or coronary artery disease.

Secondary features of cholestasis (observed only
in cases of prolonged and severe cholestasis)

Fat-soluble vitamin malabsorption 
(vitamins A, D, E and K)
Steatorrhoea may occur in the advanced stages of chronic
cholestatic liver disease and is due primarily to an inability to
digest dietary lipids as a result of impaired intestinal bile acid
delivery and inadequate micelle formation. Low serum levels of
vitamin A are commonly found, but are rarely associated with
impairment of dark adaptation. Neurological impairment sec-
ondary to vitamin E deficiency (hyporeflexia and later ataxia,
loss of vibration and position sensation, peripheral neuropathy
and quadriplegia) is much more common in children than in
adults with chronic cholestasis. Malabsorption of vitamin D may
occur but does not seem to play a major role in the pathogenesis
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of metabolic bone disease associated with cholestasis.
Malabsorption of vitamin K results in prolongation of the pro-
thrombin time, but serious haemorrhage is very uncommon.

Bone disease (osteopenia)
The major bone disease in chronic cholestasis is osteoporosis,
whereas osteomalacia is rarely seen [60]. The pathogenesis of 
the osteoporosis remains poorly understood. Both decreased
osteoblastic activity and increased osteoclastic activity con-
tribute to the development of osteoporosis [61]. A direct effect
of cholestasis on bone formation has been suggested by experi-
ments in which serum from patients with cholestasis inhibited
the proliferation of cultured osteoblasts. The serum inhibitor
seems to be bilirubin because the effect was simulated by biliru-
bin but not by bile acids and was blocked by removal of bilirubin
from serum by photobleaching [62]. Other likely contributing
factors to the osteoporosis include malabsorption of calcium,
steroid treatment of the underlying liver disease, immobility,
generalized failure of protein synthesis and malnutrition.

Biochemical features of cholestasis

Biochemical tests of cholestasis reflect: (i) hepatocellular or
cholangiocellular cell damage induced by bile salts; (ii) func-
tional consequences of altered bile secretion.

Tests of cell damage consist of elevated serum concentrations
of the liver enzymes alkaline phosphatase, γ-glutamyltransferase
(γ-GT) and 5′-nucleotidase. Alkaline phosphatase isoenzymes
catalyse the hydrolysis of phosphate esters at alkaline pH. These
enzymes are synthesized in a variety of tissues, i.e. liver, bone,
intestine, kidney and placenta. Their enzymatic activity would
result in the detoxification of endotoxins [63]. In the liver, 
alkaline phosphatase enzymatic activity has been detected in the
sinusoidal and canalicular plasma membrane and in the cytosol
of hepatocytes. The serum levels of alkaline phosphatase vary
with age and gender. They increase during the second and third
trimesters of pregnancy. In cholestatic conditions, an increase 
in alkaline phosphatase synthesis in the liver occurs via a 
posttranscriptional mechanism in response to bile salts, and
would account for elevated serum levels. The delay required 
for synthesis explains the fact that, in acute biliary obstruction,
the serum levels of alkaline phosphatase may be normal whereas
those of transaminases are increased. Alkaline phosphatase 
elevation is also missing in up to 3% of cases in sclerosing
cholangitis [64].

γ-GT catalyses the transfer of the γ-glutamyl group from 
peptides such as glutathione onto other amino acids, and thus
allows γ-glutamyl recycling [65]. The most common dosage
method of γ-GT is based on the formation of a chromogen 
(p-nitroaniline) from the substrate γ-l-glutamyl-p-nitroanilide.
γ-GT is expressed in different tissues. In the liver, the enzyme is
localized all along the biliary tree, from hepatocytes to the com-
mon bile duct, although at highest levels in the bile ducts. The
serum level of γ-GT varies with age and gender. It is the most

sensitive biochemical test of cholestasis. In cholestatic liver dis-
eases, there is a very good correlation between γ-GT and alkaline
phosphatase serum levels. Cholestatic diseases with normal γ-GT
are very rare. They include the benign and progressive forms of
intrahepatic cholestasis of types 1 and 2 and the early stages of
cystic fibrosis liver disease. The close link between γ-GT serum
levels and bile duct injury is supported by the fact that, in pro-
gressive familial intrahepatic cholestasis (PFIC1 and PFIC2),
normal or nearly normal γ-GT serum levels are accompanied by
little or no bile duct proliferation, which is also a unique feature
among cholestatic diseases. Because the BSEP defect (in PFIC2)
prevents bile salt efflux out of hepatocytes, and for reasons that
are unclear in the ATP8B1 defect (PFIC1), the biliary concentra-
tions of bile acids are abnormally low in both conditions.
Consequently, bile ducts are not the target of bile salt-induced
injury. In the early stages of cystic fibrosis liver disease, focal 
biliary lesions have been described and may account for normal
γ-GT serum levels. When isolated, γ-GT serum elevation has 
little specificity for cholestasis and may also result from enzym-
atic induction in response to alcohol or drug intake.

5′-Nucleotidase catalyses the hydrolysis of nucleotides
between phosphate group(s) and the atom of carbon no. 5 in the
pentose. This enzyme is probably involved in the metabolism 
of nucleic acids in many tissues. The circulating enzyme is of
hepatic origin and, in the liver, the enzyme is localized in hepa-
tocytes, predominantly within their sinusoidal and canalicular
membrane. The rise in its serum concentration in cholestasis is
attributed to the detergent effect of bile acids on the hepatocellu-
lar plasma membrane. In liver disorders, there is a good correla-
tion between the serum concentrations of 5′-nucleotidase and
alkaline phosphatase. This test is of particular value in children
and pregnant women.

Functional tests of altered bile secretion include bilirubi-
naemia and serum levels of bile acids and lipids. Bilirubin is 
the endproduct of haem degradation. As opposed to mono- or
diglucuronide conjugates of bilirubin, unconjugated bilirubin is
water insoluble and in circulation is bound to albumin. The
most common dosage method of bilirubin is based on a reaction
with diazonium. This method provides a direct measurement of
conjugated bilirubin (or direct bilirubin), and total bilirubin is
measured in the presence of an activator such as methanol. This
method tends to overestimate bilirubin conjugates, which do not
normally exceed 4–5% of total serum bilirubin (i.e. 1 µmol/L),
which may be misleading in situations of moderate unconjugate
type hyperbilirubinaemia such as in Gilbert syndrome. Total
bilirubinaemia is normally < 17 µmol/L. Hyperbilirubinaemia
predominantly of unconjugate type may result from poly-
morphism or mutations in the ugt1 gene which encodes the 
uridine–phosphate–glucuronosyltransferase bili-UGT1. The
polymorphism is associated with Gilbert syndrome (frequent
and benign) while other mutations cause Crigler–Najjar syn-
drome (rare and severe with a high risk of neonatal neurotox-
icity). In cholestasis, hyperbilirubinaemia is predominantly 
of conjugate type and does not exceed 500 µmol/L with the 
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exception of haemolysis or renal insufficiency. Bilirubinaemia is
a cholestatic test of low sensitivity. It has a strong prognostic
value in chronic cholestatic diseases, in particular in PBC and
PSC. Hyperbilirubinaemia of predominantly conjugate type
may also result from a genetic defect in the canalicular trans-
porter MRP2/ABCC2 in the Dubin–Johnson syndrome. The
serum concentration of bile acids is a more sensitive test of
cholestasis than bilirubinaemia. This is explained by the fact that
the biliary output of bile acids is 100-fold higher than that of
bilirubin. It is a cholestatic test frequently used in children [66]
and pregnant women [67]. The dosage of total bile acids shows
similar sensitivity compared with the dosage of individual bile
acids. The major interest in dosing individual bile acids is to 
verify that ursodeoxycholic acid (UDCA) has become the major
bile acid in PBC patients under UDCA treatment. Cholestasis
causes hypercholesterolaemia, which is, at least partly, the result
of increased cholesterol synthesis. Cholestasis is also responsible
for the emergence of an abnormal lipoprotein called lipoprotein
X, a 40- to 100-nm vesicle with an aqueous lumen containing
phospholipids and cholesterol. The plasma concentration of this
lipoprotein is correlated with the activity of MDR3/Mdr2. It is
absent in Mdr2 knockout mice. The increase in prothrombin
time caused by cholestasis is accompanied by a decrease in vit-
amin K-dependent coagulation factors (factors II, VII, IX, X)
without a defect in factor V.

Specific intrahepatic disorders

As nearly all cholestatic disorders listed in Tables 2 and 3 have
been described separately in other sections, only features of the
main disorders will be reviewed briefly. Full discussion of paedi-
atric cholestasis is beyond the scope of this section, and the focus
will be on some particular diseases in non-transplanted adults.

Primary biliary cirrhosis [68]

PBC is a presumed autoimmune disease of the liver, which 
predominantly affects middle-aged women. Most cases are 
diagnosed when asymptomatic. The diagnosis is based on a bio-
chemical cholestatic pattern, the presence of serum antimito-
chondrial antibodies (AMA) (≥ 1/40 titre) and compatible or
diagnostic pathological features. The diagnosis is classically con-
sidered as definite when these three criteria are present and
probable in the presence of two criteria in patients with other-
wise unexplained disease. The major hallmark of PBC is the
presence of AMA (90–95% of cases), the specificity of which 
for PBC is greater than 95%. The usual and simplest test is
immunofluorescence, but immunoblotting tests and enzyme-
linked immunosorbent assay (ELISA) using recombined or
purified antigens have been shown to be more sensitive for AMA
detection. Less frequent ‘PBC-specific’ antibodies are antibodies
against the nuclear pore protein gp210 and antibodies against
p62, a nuclear pore glycoprotein. Liver biopsy is useful to
confirm the diagnosis and to determine the prognosis. Although

the diagnosis of PBC may seem straightforward, subsets of
patients must be individualized in terms of diagnostic criteria 
or management. These variant forms include AMA-negative
PBC (also named autoimmune cholangitis by some authors)
[69], PBC–autoimmune hepatitis overlap syndrome [70] and
premature ductopenic PBC [71].

Sclerosing cholangitis [72]

Sclerosing cholangitis (SC) is a chronic cholestatic liver disease
characterized by fibrosing inflammation of the intrahepatic
and/or the extrahepatic biliary tree. Within the intrahepatic 
biliary tree, large and/or small bile ducts may be involved. In the

Table 2 Causes of intrahepatic cholestasis in adulthood.

Non-obstructive
Bacterial infection: endotoxaemia, sepsis

Cholestatic variety of viral, alcoholic hepatitis or NASH

Toxic: drug, parenteral nutrition

Paraneoplastic syndrome: e.g. Hodgkin’s disease

Inherited disease: Wilson’s disease, familial cholestatic syndromes

(including BRIC)

Pregnancy: intrahepatic cholestasis of pregnancy

Infiltrative disorders: malignant (haematological diseases and metastatic

cancer), amyloidosis, granulomatosis, storage diseases

Ductal plate malformation

Nodular regenerative hyperplasia

Chronic vascular diseases of the liver (congestive hepatopathy,

Budd–Chiari syndrome, veno-occlusive disease)

Cirrhosis (any cause)

Small bile duct diseases
Primary conditions

Primary biliary cirrhosis (with or without AMA)

Primary sclerosing cholangitis

Idiopathic adulthood ductopenia

Conditions with specific aetiology

Drug-induced cholestasis

Secondary sclerosing cholangitis

Rejection of transplant liver

Inherited disorders: MDR3/ABCB4 deficiency, erythropoietic 

protoporphyria

Part of systemic conditions

Sarcoidosis

Cystic fibrosis

Graft-vs.-host disease

Cholestasis associated with malignancy

Mixed mechanisms of cholestasis including bile duct damage may be

involved in some diseases such as sarcoidosis, drug toxicity and lymphoma.

PFIC3, although the primary defect is located at the hepatocyte level, is

viewed as a biliary disease because of the secretion of a ‘toxic bile’ inducing

bile duct damage.

NASH, non-alcoholic steatohepatitis; BRIC, benign recurrent intrahepatic

cholestasis; AMA, antimitochondrial antibodies.
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usual form (large duct SC), the diagnosis is based on character-
istic cholangiographic changes in combination with a cholestatic
biochemical profile, liver histology findings and the presence 
of extrahepatic diseases, especially inflammatory bowel diseases
(IBD). Typical cholangiographic findings include multifocal
strictures and dilatations. These biliary changes may be missed
by ultrasonography, and biliary tree visualization is a key step 
in the diagnosis. This has traditionally been performed using
endoscopic retrograde cholangiopancreatography (ERCP) but,
more recently, non-invasive magnetic resonance cholangiopan-
creatography (MRCP) has proved to be a valuable tool. Liver
biopsy in this condition is more useful for staging purposes 
than for diagnosis itself. Because the disease is focal in the early
stages, the typical onion skin fibrosis is seen in only a minority 
of patients, and false negatives are not exceptional (5–10%). 
A subgroup of patients with typical histological changes but
without cholangiographic abnormalities has been defined, and
the term ‘small duct’ SC has been adopted [73]. Other causes of
small duct diseases have to be carefully ruled out before making
this diagnosis. PSC refers to an idiopathic disorder that can
occur independently or in association with other diseases or 
syndromes, most commonly IBD (the prevalence of which
varies with geography). The mean age at diagnosis of PSC is 
40 years, and men are affected about twice as often as women.
PSC is classically assumed to be one disease, when it is more
likely to be a group of diseases with different aetiologies that share
clinical similarities. The term secondary sclerosing cholangitis
specifically refers to SC that results from a known pathogenesis
or injury (Table 4). It should be noted that biliary tract calculi
may be found in patients with PSC and do not exclude a dia-
gnosis of PSC. There are also several categories of SC that fall
between the convenient bookends of primary and secondary

varieties of SC, resulting in various classifications. This is espe-
cially the case with SC thought to be of ischaemic origin. For
example, bile duct alterations resembling small duct SC are
common in Turner syndrome (known to be associated with 
vascular malformations) and are probably related to ischaemia
occurring in the liver microcirculation [74]. As a consequence,
this SC can be classified either as PSC associated with Turner
syndrome or as SC secondary to Turner syndrome. It should 
be emphasized that strict definition of intrahepatic cholestasis
(see Introduction) excludes intrahepatic large duct SC. Isolated
small duct SC is mainly of the primary variety, although some
convincing cases of ischaemic cause have been reported [75].
Interestingly, the clinical course of small duct PSC appears to 
be relatively benign with only a minority of patients progressing

Table 3 Causes of intrahepatic cholestasis in infancy and childhood.

Metabolic disease

With biliary tract compromise: a-1-antitrypsin storage disease, cystic

fibrosis

Without biliary tract compromise: galactosaemia, tyrosinaemia, fatty acid

oxidation defects, lipid and glycogen storage disorders, peroxisomal

disorders

Specific defects in biliary function

Disorders of bile acid biosynthesis and conjugation

Disorders of canalicular secretion (PFIC)

Paucity of bile ducts

Syndromic: Alagille syndrome (Jagged 1 defect)

Non-syndromic

Ductal plate malformation

Infections: bacterial, viral

Toxic: total parenteral nutrition, drugs

Idiopathic neonatal hepatitis

Cirrhosis (any cause)

PFIC, progressive familial intrahepatic cholestasis.

Table 4 Causes of secondary sclerosing cholangitis.

Prolonged biliary obstructiona

Gallstones

Stricture of the common bile duct (postoperative, miscellaneous)

Chronic bacterial cholangitis (without obstruction)

Biliary enterostomy

Sphincterotomy

Severe immune deficienciesb

Secondary: AIDS

Primary: X-linked agammaglobulinaemia, hyperIgM syndrome

Ischaemia

Proven

Liver transplantation (with or without arterial occlusion)

Transarterial chemoembolization

Vascular trauma

Hereditary haemorrhagic telangiectasia, polyarteritis nodosa

Radiation therapy

Probable

Thrombotic disorders: paroxysmal nocturnal haemoglobinuria, sickle

cell disease, antiphospholipid syndrome (systemic lupus

erythematosus)

Vasculitis: giant cell arteritis, Behçet’s disease, Kawasaki’s disease

Turner syndrome

Toxic cholangitis

Intraductal formaldehyde or hypertonic saline (Echinococcal cyst removal)

Intra-arterial floxuridine

Septic shock

Haematological diseasesc

Langerhans cell histiocytosis

Systemic mastocytosis

Hypereosinophilic syndrome

Angioimmunoblastic lymphadenopathy

aMajor role of recurrent bacterial cholangitis.
bOften but not constantly associated with opportunistic infections

(cytomegalovirus, Cryptosporidium parvum, etc.).
cSpecific involvement of the biliary tree, at least in part.
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to develop classical PSC and no reports of cholangiocarcinoma.
Another important variant form of PSC is PSC–autoimmune
hepatitis overlap syndrome, which is frequent in children and
young adults.

Drug-induced cholestasis [76–78]

Drugs may cause cholestasis through either impairment of bile
secretion by the hepatocyte with (cholestatic hepatitis) or with-
out (pure cholestasis) hepatocellular damage, or bile duct injury
involving the ductules (cholangiolitis) or the interlobular ducts
(cholangitis). Rarely, drugs can cause obstruction of large bile
ducts by inducing cholelithiasis or by producing SC. Factors
appearing to influence the susceptibility of developing drug-
induced cholestasis include age, gender, genetic determinants,
comorbidities and nutritional status. Criteria for drug-induced
hepatotoxicity have been generated that take into consideration
the time from drug intake to clinical presentation and the 
clinical response to drug withdrawal [79]. In the case of cho-
lestatic reactions, the time to onset of liver injury is required to
be within 30 days of drug intake, but it should be noted that
exceptions (up to 8 weeks) have been reported in cases of cho-
lestatic hepatitis attributable to flucloxacillin or amoxicillin–
clavulanate [80]. There are no unambiguous hallmarks that 
can be used to diagnose drug reactions from other patterns 
of liver histology. However, liver biopsy can be useful when
there is doubt as to the diagnosis, and it can provide features 
of prognostic significance. Indeed, although most patients have
an uncomplicated course once the offending agent is promptly
withdrawn, the severity of bile duct injury appears to be predic-
tive of chronic cholestasis after cholestatic hepatitis [81], and
hepatic fibrosis present in baseline biopsy indicates a higher 
possibility of developing chronic liver disease [82]. The clinical
presentation is dependent on the mechanism of cholestasis, and
some major clinicopathological syndromes have been recognized
(Table 5).

Cholestasis without hepatitis 
(pure/bland cholestasis)
Clinical features most often begin 2–3 months after starting
therapy. The major symptom is pruritus. Liver histology shows
cholestasis, with no portal tract, biliary or parenchymal changes.
Recovery usually occurs within days to weeks of stopping
causative agents.

Cholestasis with hepatitis
This is the most common form of drug-induced liver injury. Liver
histology shows cholestasis, portal tract inflammation, some-
times with bile duct injury, and lobular necroinflammation.
Clinical features appear 1–6 weeks after commencing treatment.
Patients may present with fever, upper abdominal pain and
jaundice. Pruritus is usually less severe than in ‘bland’ cholestasis.
Resolution occurs within 4–8 weeks in the majority of cases but,
depending on the individual drug, chronicity may also occur.

Cholestasis with bile duct injury
Bile duct injury is the main histological finding. The clinical fea-
tures often resemble cholestatic hepatitis. In some cases, the syn-
drome resembles bacterial cholangitis, with high fever, rigors,
abdominal pain, jaundice and tender hepatomegaly. Usually, the
acute symptoms resolve in a few days or weeks. Sometimes, 
prolonged cholestasis (> 6 months) with progression to the 
vanishing bile duct syndrome (VBDS) may occur even after
withdrawal of the causative agent.

Vanishing bile duct syndrome
The clinical and laboratory picture resembles PBC but AMA are
absent. At least 30 drugs have been implicated, but the prototype
is chlorpromazine. In general, the outcome is good, with a 
partial or total resolution of the clinical and biochemical sym-
ptoms despite the persistence of ductopenia. However, cases 
of secondary biliary cirrhosis have been described, eventually
resulting in death or liver transplantation.

Table 5 Clinicopathological syndromes of drug-induced cholestasis (adapted from ref. 78).

Type of cholestasis

Acute
Cholestasis without hepatitis 

(pure/bland cholestasis)

Cholestasis with hepatitis (cholestatic hepatitis, 

mixed hepatocellular/cholestatic injury)

Cholestasis with bile duct injury 

(cholangiolytic, ductular)

Chronic
Vanishing bile duct syndrome (VBDS)

Sclerosing cholangitis-like

AMA, antimitochordrial antibodies; NSAIDs, non-steroidal anti-inflammatory drugs; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.

Clinical picture

Cholestasis (itch, dark urine, jaundice)

Cholestasis (described above) 

May resemble acute cholangitis with fever and

abdominal pain

Similar to cholestatic hepatitis

May resemble bacterial cholangitis with high fever,

rigors and abdominal pain

Pruritus, fatigue, resembles PBC (but AMA-negative)

Cholestasis, large bile duct strictures, resembles PSC

Examples

Estrogens, tamoxifen, anabolic steroids, danazol

Chlorpromazine, macrolides, oxypenicillins,

amoxycillin–clavulanate, NSAIDs

Dextropropoxyphene, flucloxacillin, paraquat

Chlorpromazine, flucloxacillin, carbamazepine

Intra-arterial floxuridine, scolicidal agents
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Sclerosing cholangitis-like
Strictures affecting large bile ducts have been ascribed to intra-
arterial administration of the chemotherapy agent floxuridine
and to intrabiliary instillation of scolicidal agents.

Drug-induced lithiasis
Ceftriaxone and dipyridamole have been reported to precipitate
in bile and induce sludge or stone formation in the gallbladder
or in the common bile duct. Other drugs, such as clofibrate, may
cause increased secretion of cholesterol.

MDR3 (ABCB4) deficiency

The ABCB4 gene, human homologue of Mdr2, encodes the
MDR3 glycoprotein, a canalicular phospholipid translocator
involved in biliary phosphatidylcholine (PC) excretion (Fig. 1).
Phospholipids are the major carrier and solvent of cholesterol,
and they exert a protective effect against bile salt-induced biliary
mucosa injury. Defects in MDR3 function determine the pro-
duction of bile with a low content of PC, increased lithogenicity
and high detergent power, which causes damage to biliary
epithelial cells. Indeed, mutations in the ABCB4 gene are strongly
associated with progressive intrahepatic cholestasis type 3 (PFIC3)
and with the recently described low phospholipid-associated
cholelithiasis syndrome (LPAC) [83]. Heterozygous mutations
have also been reported in some patients with a history of intra-
hepatic cholestasis of pregnancy with raised serum γ-GT [84] or
in adults with idiopathic cholestasis [85]. As a consequence,
ABCB4 deficiency should be suspected not only in children or
young people with high γ-GT cholestasis, but also in middle-
aged or older patients with chronic idiopathic cholestasis. In
addition, the concept of ‘toxic bile’ as a result of hereditary
and/or acquired ABCB4 defects might apply to specific, yet to be
defined, subgroups of patients with SC.

Hereditary haemorrhagic telangiectasia [86]

Rendu–Osler–Weber disease is an autosomal dominant disease
characterized by angioplastic lesions (telangiectases and arteri-
ovenous malformations) that affect many organs, including the
skin, lungs, gastrointestinal tract, brain and liver. Patients may
present with a biochemical cholestatic pattern related to either
nodular regenerative hyperplasia or biliary disease characterized
by bile duct abnormalities resembling Caroli syndrome or SC.
These changes are thought to result from ischaemia induced by
arteriovenous shunts either at the level of ascini (the adjacent
parenchyma with an intact blood supply undergoing com-
pensatory hyperplasia) or at the level of the peribiliary plexus 
causing injury of extrahepatic or intrahepatic bile ducts with 
the subsequent development of biliary strictures or cysts con-
taining bile. In cases similar to Caroli’s disease, it has also 
been hypothesized that abnormalities in vascular formation 
at the ductal plate could arrest the normal development of the
bile duct system.

Erythropoietic protoporphyria (EPP) [87]

EPP is a metabolic disorder in which protoporphyrin accumu-
lates within the liver because of inherited deficient ferrochelatase
activity. The principal extrahepatic manifestation is photosensi-
tivity. The biochemical hallmark is an increased level of proto-
porphyrin in red blood cells and faeces. Accumulation of
protoporphyrin causes liver damage, eventually leading to hep-
atic failure. Liver biopsy demonstrates pigment deposits not
only in hepatocytes and Kupffer cells, but also in cholangiocytes,
canaliculi and interlobular bile ducts. This is the reason why EPP
is considered to be a cause of small bile duct disease.

Inflammatory hepatocellular cholestasis

The common denominator of this entity is inhibition of trans-
porter expression and function by proinflammatory cytokines,
including TNFα, IL-1 and IL-6. The most striking examples are
cholestasis associated with sepsis and paraneoplastic cholestatic
syndromes in patients with renal cell carcinoma (Stauffer 
syndrome) or other malignancies including Hodgkin’s disease
that are known to secrete cytokines. Proinflammatory cytokines
are also likely to play a role in other cholestatic conditions such
as alcoholic hepatitis, granulomatosis, parenteral nutrition-
associated cholestasis and the cholestatic variants of viral hepa-
titis. Thus, these cytokines appear to be the final common 
mediators of cholestasis associated with a variety of inflam-
matory diseases.

Cholestasis associated with sepsis [88]
Endotoxins and lipopolysaccharides (LPS) (contained within
the wall of Gram-negative bacteria) are potent inducers 
of proinflammatory cytokine production. Sepsis-associated
cholestasis has to be considered as part of the differential diag-
nosis of jaundice in the hospitalized or critically ill patient. The
principal sign is the development of a disproportionate eleva-
tion in serum bilirubin in comparison with serum alkaline 
phosphatase and aminotransferase levels [89]. Although Gram-
negative bacteria are the predominant causative agents, jaundice
has been reported in association with a number of bacteria,
including Gram-positives, such as Staphylococcus aureus. Liver
biopsy is rarely necessary to establish the diagnosis of sepsis-
related jaundice. If performed, the most prominent finding is
intrahepatic cholestasis eventually associated with Kupffer cell
hyperplasia, portal mononuclear cell infiltrates, focal hepatocyte
dropout and steatosis. A major dilatation of bile ductules has
been described in patients at great risk of death.

Haemophagocytic syndrome [90]
Hepatic manifestations of this syndrome are also thought to be
related to cytokine effects on liver function. Haemophagocytic
syndrome is characterized by the combination of proliferation
of benign macrophages exhibiting phagocytosis of blood cells in
haematopoietic organs with fever, splenomegaly, cytopenia and
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hypertriglyceridaemia. It occurs in severe viral infections or 
in various conditions of immune deficiencies including lym-
phoma. The biochemical profile is a moderate increase in serum
transaminases associated with marked cholestasis. Liver biopsy
is a useful diagnostic tool in this setting by showing sinusoidal
dilatation associated with haemophagocytic histiocytosis (even
in case of non-specific bone marrow biopsy findings) and, even-
tually, specific lesions of the associated disease. The outcome is
poor, and the main prognostic factors are early recognition and
therapy of the underlying disorder.

Hepatic sarcoidosis [50]
Sarcoidosis is a systemic disease of uncertain aetiology that is
characterized by the presence of granulomas in multiple organs.
Hepatic involvement in sarcoidosis may cause cholestasis by dif-
ferent mechanisms. Liver biopsy is diagnostic and may show a
wide array of histological features. Non-caseating epithelioid
granulomas are constant and are most often located in the 
portal/periportal region. In addition to the granulomas, bile
duct lesions similar to PBC (destructive cholangitis) or periduc-
tal fibrosis reminiscent of PSC (fibrous obliterative cholangitis)
may be found as well as vascular changes consisting of sinusoidal
dilatation and nodular regenerative hyperplasia. Lastly, associ-
ation of sarcoidosis with PBC (AMA positive) and PSC has been
reported.

Hodgkin’s disease
Various causes of cholestasis have been described. Cholestasis
may be directly related to the tumour cells by malignant infiltra-
tion of the liver or by involvement of the extrahepatic bile ducts
or lymph nodes in the porta hepatis. In some cases, the mechan-
ism is indirect, and cholestasis seems to be caused by the effects
of cytokines released from extrahepatic lymphoma cells and may
resolve with response to systemic therapy. Progressive loss of
small intrahepatic bile ducts represents a particular form of this
paraneoplastic syndrome [51].

Approach to the diagnosis of
intrahepatic cholestasis in adults

Patient history and physical examination may provide impor-
tant clues regarding the aetiology of cholestasis and are always
major steps in the diagnostic process. Diagnostic hypotheses in
the severely ill patient (infections, haemophagocytic syndrome,
malignant infiltration of the liver, etc.) are quite different from
those in the ambulatory care setting (PBC, PSC). In addition,
some causes are unique to special populations and may require
specific investigations that are not relevant in other populations.
For example, the causes of intrahepatic cholestasis after liver
transplantation may be categorized by time of occurrence and
include ischaemia/reperfusion injury, small-for-size graft, bac-
terial infection, acute or chronic rejection, cytomegalovirus
infection, intrahepatic biliary strictures with or without hepatic
artery thrombosis, drug hepatotoxicity and recurrent disease [91];

in human immunodeficiency virus (HIV)-infected patients, the
main causes are drug hepatotoxicity, opportunistic infections,
neoplasms and HIV cholangiopathy [92]. Nevertheless, what-
ever the presentation and the setting, investigations should first
exclude extrahepatic biliary obstruction and then attempt to
establish the cause of the intrahepatic cholestasis. The choice of
biliary imaging procedure is determined by the clinical presenta-
tion, local expertise and availability. However, abdominal ultra-
sonography is usually preferred to exclude dilated intrahepatic
ducts and mass lesions because it is rather sensitive and specific,
non-invasive, portable (of major interest in the evaluation of the
critically ill patient) and relatively inexpensive. Its disadvantages
are that its findings are operator dependent, and it may be dif-
ficult to interpret in some patients. Lastly, abnormalities of bile
ducts such as are observed in SC may be missed.

Once diagnosis of intrahepatic cholestasis is made, liver
biopsy should be considered in cases of severe and recent
cholestasis if features of the patient’s illness are not highly sug-
gestive of a precise aetiology (keeping in mind that viral hepatitis
and alcoholic hepatitis may occasionally present with profound
cholestasis) and if a definite diagnosis seems to be of key import-
ance (for example, malignant liver infiltration). In patients with
chronic cholestasis, an intermediate step before liver biopsy is
AMA testing because the diagnosis of PBC, which is the major cause
of small duct biliary diseases [93], can be made with confidence
in a patient with high-titre AMA (≥ 1/40), and a cholestatic bio-
chemical profile in the absence of an alternative explanation
[68]. If AMA testing is negative, a liver biopsy should be per-
formed and is likely to yield useful information (Fig. 3). As
already emphasized, particular attention to the condition of bile
ducts is critical in the histological evaluation. From a practical
standpoint, it is useful to classify biopsy findings under the
broad categories of: (i) disorders involving bile ducts (Table 1);
(ii) disorders not involving bile ducts, including a variety of stor-
age or infiltrative liver diseases, hepatic granulomas (without
cholangitis), nodular regenerative hyperplasia, peliosis, sinu-
soidal dilatation and cirrhosis (Table 2); and (iii) cholestasis
with only minimal histological abnormalities as observed in the
following conditions: benign recurrent cholestasis, estrogen or
anabolic steroid therapy, sepsis, total parenteral nutrition and
paraneoplastic phenomenon. It should be kept in mind that lack
of bile duct lesions does not rule out biliary disease because of
the high degree of sampling variability seen in liver biopsy speci-
mens from patients with small bile duct disease. If diagnosis
remains elusive despite liver biopsy findings, MRCP should be
performed to visualize the biliary tree with a superior accuracy
than conventional ultrasound or computerized tomography
(CT). Cholangiographic changes may then be diagnostic of SC.
In a clinical setting suggestive of PSC (patient with IBD) or if a
non-invasive approach is favoured, MRCP may be performed
before liver biopsy. However, it has been shown that, in patients
with unexplained cholestasis, cholangiographic abnormalities are
extremely rare in the absence of biliary lesions on liver biopsy,
suggesting that, from a diagnostic performance perspective,
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liver biopsy should be performed first [94]. When there is persis-
tent uncertainty regarding the cause, diagnostic ERCP, because
of its potential morbidity, is indicated only if SC is suspected.

Medical management of intrahepatic
cholestasis

In intrahepatic cholestasis secondary to an identified cause, the
optimal treatment is directed towards the underlying aetiology
(for example, inflammatory or drug-induced cholestasis, rejec-
tion, etc.), emphasizing the importance of making a correct
diagnosis. When a specific treatment is not available, therapy
acting on cholestasis itself via stimulation of defective trans-
porter expression and function should be considered. Presently,
UDCA is the only drug widely used in this setting. Future thera-
pies are likely to target ligand-activated nuclear receptors known
to regulate the transport and metabolism of biliary constituents.

Ursodeoxycholic acid

UDCA was initially isolated from bear bile, which has been 
used in Chinese traditional medicine for the treatment of liver
diseases. UDCA is a dihydroxylated bile acid with higher
hydrophilicity than most endogenous bile acids. It is the epimer
7β of chenodeoxycholic acid. In humans, it represents less than
3% of endogenous bile acids, the majority of which consists of
cholic acid (35%), chenodeoxycholic acid (35%) and deoxy-
cholic acid (25%). After oral administration, UDCA is absorbed
by passive non-ionic diffusion mainly in the small intestine. 
Its absorption rate is affected by the availability of endogenous
bile acids in the intestinal lumen, which is high during meals and
low under cholestatic conditions. After uptake into the liver,
UDCA is conjugated and secreted into bile. UDCA conjugates
are reabsorbed mainly from the distal ileum where they compete
with endogenous bile acids for active transport, undergoing an 

effective enterohepatic circulation. Non-absorbed UDCA and
UDCA conjugates enter the colon and, after bacterial deamida-
tion of conjugates, are mostly converted to lithocholic acid 
by bacterial enzymes and eliminated in the faeces. Only small
amounts of the poorly soluble lithocholic acid are reabsorbed
via the colonic mucosa, sulphated in the liver, secreted into bile
and excreted in the faeces.

UDCA is administrated in two to four divided doses with
food. At a chronic dose of 13–15 mg/kg/day, UDCA constitutes
30–50% of serum and biliary bile acids. Optimal doses may vary
according to disease (see below). Importantly, in patients with
pruritus and/or jaundice, UDCA should be initiated at a low
dosage (200–250 mg/day), and the dosage should be increased
with regular monitoring of serum bilirubin levels (and ideally of
serum bile acid concentrations). An increase in bilirubinaemia
may require the discontinuation of UDCA [95].

Putative mechanisms of action of UDCA (see Fig. 4)
When administered at a dose of 10–15 mg/kg/day in patients
with cholestatic diseases, UDCA inhibits the intestinal reabsorp-
tion of endogenous bile acids. While the size of the endogenous
bile acid pool shows little variation, UDCA becomes the pre-
dominant bile acid in bile and serum. UDCA has been shown to
stimulate the canalicular secretion of bile acids in animal models
[96] and in patients with biliary diseases [97]. In mice, UDCA
feeding causes an upregulation in the expression of Bsep and
Mrp2 without changing Ntcp expression [98], and also induces
the expression of Mrp3 and Mrp4 involved in alternative excre-
tory pathways [99]. There is evidence to indicate that some 
of the transcriptional effects of UDCA could be mediated by
PXR, but not FXR. Tauroursodeoxycholate (TUDC) increases
the canalicular secretion of taurocholate via PI3K-dependent/
Ras/MAP kinase activation and translocation of BSEP within 
the canalicular membrane [96,100]. UDCA also stimulates the
translocation of Mrp2 within the canalicular membrane through
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Fig. 3 Diagnostic approach to adult patients
with chronic cholestasis (see text for
comments). US, ultrasound; AMA,
antimitochondrial antibodies; MRCP, magnetic
resonance cholangiopancreatography; 
ERCP, endoscopic retrograde
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the exocytosis of intracytoplasmic vesicles [101]. This regulatory
effect is mediated by an increase in the intracellular concentra-
tions of calcium and by the activation of protein kinase C
(PKC)α, and counteracts the effect of a very hydrophobic bile
acid lithocholic acid, which inhibits the vesicular transport and
recruitment of canalicular proteins through the PKC isoform ε.
A 3-week treatment with UDCA in human subjects causes an
increase in BSEP and MDR3 protein levels without a change 
in the mRNA levels [102]. UDCA is also able to stimulate the
secretion of adenosine triphosphate (ATP) by hepatocytes, lead-
ing to increased concentrations of ATP in bile [103]. ATP pre-
sent in bile stimulates ductal secretion through P2Y2 purinergic
receptors expressed on the apical membrane of cholangiocytes.
According to the cholehepatic shunt theory, UDCA, being
unconjugated when first secreted by hepatocytes, is protonated
and then reabsorbed in bile ducts, leading to the generation of
bicarbonate in bile. Patients with PBC display a downregulation
in the expression of the anion exchanger AE2, which mediates
bicarbonate secretion in both hepatocytes and cholangiocytes.
In patients under UDCA treatment, expression of this exchanger
is restored together with normalization of biliary bicarbonate
secretion [104]. It was shown that, in gallbladder epithelial cells,
TUDC compared with an endogenous bile acid, taurochen-

odeoxycholic acid (TCDC), triggers mucin secretion to a lesser
extent [39], while stimulating hydroelectrolytic secretion to
similar extent. It may be anticipated that, through these effects,
UDCA decreases the ratio of mucin/fluid content in bile and
thus augments bile fluidity.

UDCA provides protection for hepatocytes against both
necrosis and apoptosis caused by endogenous bile acids. Bile
acids may induce necrosis through the disruption of plasma
membranes. It has been shown that the affinity of bile acid 
tauroconjugates for membrane phospholipids increases with
their hydrophobicity in the following order: TUDC < tauro-
cholate << taurochenodeoxycholate ≤ taurodeoxycholate. At
high concentrations, exceeding the critical micellar concentra-
tion (≥ 2 mmol/L), the adsorption of taurodeoxycholate to
phospholipids is markedly diminished in the presence of TUDC
[105]. Hepatocellular necrosis may also result from altered
mitochondrial permeability through direct interaction of bile
acids with the mitochondrial membrane or through the opening
of the permeability transition pore when a large number of
mitochondria are damaged. The resulting defect in ATP causes
cell necrosis. The increase in mitochondrial membrane perme-
ability induced by glycodeoxycholate in hepatocytes is inhibited
by UDCA [106]. Bile acids at submicellar concentrations may
cause mitochondrial translocation of Bid and Bax (proapoptotic
proteins of the bcl2 family) and elicit the mitochondrial release
of cytochrome c, which activates the caspase cascade leading 
to apoptosis. In hepatocytes, UDCA inhibits the activation of 
the proteins Bid/Bax and the release of cytochrome c induced 
by either glycochenodeoxycholate or glycodeoxycholate [107].
UDCA also prevents apoptosis through the inhibition of
cytochrome c release in cholangiocytes [108] (Fig. 5). Also,
whereas in patients with cholestatic diseases, abnormal expres-
sion of human leukocyte antigen (HLA) class I molecules 
probably contributes to the destruction of hepatocytes by 
cytotoxic T lymphocytes, UDCA counteracts the induction of
these molecules by endogenous bile acids on hepatocytes [109].
In summary, the major potential therapeutic properties of
UDCA include: (i) an increase in canalicular bile secretion
through the upregulation and recruitment of canalicular trans-
porters; (ii) an increase in ductal secretion possibly through the
restoration of AE2 expression, cholehepatic shunt and ATP
release; (iii) an inhibition of necrosis and apoptosis in both 
hepatocytes and cholangiocytes; and (iv) immunomodulation.
The overall result is the improvement in, or at least the preser-
vation of, bile secretory functions together with a decrease in 
cell toxicity.

Therapeutic uses and efficacy of UDCA in
cholestatic liver diseases
UDCA has been administered to patients with a large variety 
of cholestatic disorders. The drug is very well tolerated [95].
Indications can be classified under the broad categories of
proven efficacy, justifiable administration and questionable
efficacy [101,110,111].
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ATP

MPTP

H+ H+e–

Necrosis

MDR3

HLA 1

NTCP

MRP3 MDR2

BSEP

MRP4 Apoptosis

e– e–

Fig. 4 Mechanisms of action of ursodeoxycholic acid (UDCA) in
hepatocytes. UDCA causes upregulation in the expression of BSEP, MDR3
and MRP2, without changing NTCP expression, and also induces MRP3 and
MRP4 expression. UDCA stimulates the secretion of ATP, which may
subsequently stimulate cholangiocyte secretion. UDCA inhibits the effects
of endogenous bile acids on the proapoptotic proteins Bid and Bax and on
the opening of the mitochondrial permeability transition pore (MPTP), thus
preventing both apoptosis and necrosis. UDCA also counteracts the effect
of endogenous bile acids on the induction of HLA class I molecules.
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Proven efficacy

Primary biliary cirrhosis Randomized, double-blind, placebo-
controlled trials have shown that UDCA at doses of 13–15
mg/kg/day improves serum liver tests including bilirubin, 
the major prognostic marker in PBC, and liver histology. Most
importantly, combined analysis of data from three large trials
showed a significant prolongation of transplant-free survival
after 4 years of UDCA treatment [112]. To date, UDCA is the
only drug approved by the US Food and Drug Administration
for the treatment of PBC.

Intrahepatic cholestasis of pregnancy (ICP) Although only 
limited data are available, two randomized trials have shown
improvement in pruritus and liver tests [113,114]. Importantly,
babies were delivered closer to term than those in the non-
UDCA groups, and no side-effects have been reported in 
children or women. Therefore, UDCA may be considered to 
be a safe treatment for ICP in the third trimester at a dose of
8–16 mg/kg/day.

Low phospholipid-associated cholelithiasis syndrome UDCA is a
well-established therapy for small cholesterol gallstones, and
descriptive studies have shown that UDCA has a dramatic
efficacy on the recurrence of symptoms in patients with LPAC
syndrome [83]. Thus, UDCA is recommended in this setting at a
dose of 8–10 mg/kg/day.

Justifiable administration

Primary sclerosing cholangitis UDCA, 12–15 mg/kg/day,
improves liver tests (including bilirubin, which is an important
prognostic marker), but the largest published placebo-controlled
trial failed to demonstrate improvement in transplant-free sur-
vival [115]. However, two preliminary studies have suggested
that higher doses (20–30 mg/kg/day) may have a positive effect
on histological stage, cholangiographic appearance and pro-
jected survival [116,117]. In addition, UDCA use is associated

with a lower prevalence of colonic neoplasia in patients with
ulcerative colitis and PSC [118]. Thus, administration of UDCA
seems to be justified, although prolongation of survival has not
been proven, and the optimal dose remains to be determined.
The effect of high doses is currently being evaluated in a large
multicentre study.

Liver disease in cystic fibrosis (CF) In a randomized, placebo-
controlled trial for 1 year, UDCA improved biochemical
cholestasis, nutritional status and general condition [119].
Histological improvement has been reported as well. However,
its effect on survival has yet to be proven. A high dosage 
(20 mg/kg/day) appears to induce a better response than a lower
dosage (10 mg/kg/day), possibly because of impaired intestinal
absorption.

Progressive familial intrahepatic cholestasis Patients with PFIC
have been treated with 20–30 mg/kg/day UDCA for periods of
2–4 years [120]. Improvement in liver tests was associated with
weight gain in about two-thirds of the patients. It has been 
suggested that response could be related to the residual activity
of altered transporters.

Chronic graft-vs.-host disease A randomized trial showed that
prophylactic administration of UDCA (600–900 mg/day) in
patients undergoing bone marrow transplantation decreased
the incidence of hepatic complications [121].

Miscellaneous cholestatic disorders (drug- and parenteral 
nutrition-induced cholestasis, bile duct paucity, etc.) A benefi-
cial effect of UDCA has been suggested in small case series [110].
Because of the rarity of these disorders, randomized, controlled
trials are unlikely to be performed.

Questionable efficacy
Among the authentic cholestatic diseases, benign recurrent
intrahepatic cholestasis is the only disorder for which experience
with UDCA is highly controversial (but limited) [110].
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Fig. 5 Mechanisms of action of
ursodeoxycholic acid (UDCA) in cholangiocytes.
Cholangiocytes may reabsorb unconjugated
UDCA after protonation, which generates
bicarbonate, and conjugated UDCA through
the apical sodium-dependent bile salt
transporter (ASBT). UDCA restores the
expression of the anion exchanger-2 (AE2) in
these cells. Via calcium-dependent pathways,
UDCA stimulates chloride secretion by the
calcium-dependent chloride channel (CaCC)
and, to a lesser extent, mucin secretion, which
should lead to increased bile fluidity. UDCA
also prevents cholangiocyte apoptosis through
the inhibition of cytochrome c release in these
cells.
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UDCA has also been used in various other liver diseases [alco-
holic hepatitis, non-alcoholic steatohepatitis (NASH), chronic
hepatitis C, etc.]. As cholestasis is not the primary and dominant
feature of these diseases, UDCA efficacy in this setting will not be
discussed here.

Medical treatment of symptoms of chronic
cholestasis

Pruritus
Antihistamines are helpful only as sedatives to combat the
insomnia associated with pruritus. The non-absorbable anion
exchange resin, cholestyramine, is the first-line medication that
most physicians use. Cholestyramine may be successful within a
few days in patients who can tolerate the unpleasant side-effects
of bad taste, bloating and constipation. The recommended dose
of 4–16 g/day orally is most effective in patients with an intact
gallbladder when taken before and after breakfast to allow 
maximal bile acid binding. As this drug not only binds bile acids
but also oral medications, notably UDCA, thyroxin, digoxin and
contraceptive pills, 4 h should lapse between the taking of
cholestyramine and any other medication. Rifampicin is the 
second-line therapy. Most patients respond within 1 week. The
starting dose is 150 mg twice a day, but higher doses are occa-
sionally needed [122]. Rifampicin induces drug-metabolizing
enzymes, and caution is required when prescribing other drugs.
Side-effects include unconjugated hyperbilirubinaemia, dark
staining urine and, on occasion, hepatitis, thrombocytopenia
and renal tubular damage. The mechanism of its antipruritic
effect is unknown. Interestingly, rifampicin has also been shown
to improve the biochemical pattern of patients with PBC [123].
A complementary stimulation of hepatobiliary transport and
detoxification systems by rifampicin and UDCA has been
demonstrated in humans, suggesting that a combination of both
agents may be beneficial in the treatment of cholestatic liver 
diseases [102]. In resistant cases, opioid antagonists can be 
considered. Intravenous infusion of naloxone has shown a clear
benefit in a double-blind study [124]. In other trials, oral antagon-
ists, such as nalmefene (60–120 mg/day) [125] and naltrexone 
(50 mg/day) [126] were successful. A narcotic ‘withdrawal’ syn-
drome was reported in some patients. Longer and larger trials
are needed to evaluate their safety.

Steatorrhoea and fat-soluble deficiency
The steatorrhoea can usually be corrected by dietary medium-
chain triglyceride supplementation (up to 40 g/day) and a
decrease in neutral fat intake. In patients who do not respond,
the possibility of pancreatic dysfunction and jejunal villus atro-
phy should be considered, because pancreatic enzyme replace-
ment or withdrawal of gluten may then be of benefit. Serum
vitamin A and D levels and prothrombin time should be moni-
tored, and vitamins A, D and K replaced as necessary. Deficiency
of vitamin E is very rare in adults. Replacement may be done
orally or parenterally depending on the severity of depletion,

jaundice and steatorrhoea. When deficiency is encountered, 
25 000–50 000 IU of oral vitamin D given once or twice a week
and 25 000–50 000 IU of oral vitamin A given two or three times
a week are usually sufficient to achieve normal levels. Vitamin K
deficiency is corrected by parenteral administration (10 mg),
and patients can be maintained on oral water-soluble vitamin K
(5 mg/day).

Bone disease
To prevent osteoporosis, regular exercise, moderate sunlight
exposure and a daily oral intake of 1.5 g of elemental calcium
should be encouraged. In postmenopausal patients, hormone
replacement therapy can be considered [68]. If osteoporosis is
evident, therapy with a biphosphonate is advised (for more
details, see Chapter 11.1 on PBC).

Fatigue
No known treatment exists for this debilitating symptom of
cholestasis. In a recent placebo-controlled, crossover trial,
ondansetron did not confer clinically significant fatigue reduc-
tion [127].

Future therapeutic developments

Norursodeoxycholic acid (norUDCA)
The C[23] homologue of UDCA is a powerful choleretic
molecule. NorUDCA undergoes cholehepatic shunting and
induces a bicarbonate-rich hypercholeresis in humans [128]. It
has been shown that norUDCA was superior to UDCA in the
treatment of SC in Mdr2 knockout mice. This effect has been
attributed to a higher induction of detoxifying enzymes and 
biliary transporters [129]. The next step will be to determine the
safety and efficacy of norUDCA in therapeutic trials of human
cholangiopathies.

Nuclear receptors as potential therapeutic targets
Nuclear receptors known to regulate the transport and
metabolism of biliary constituents have been proposed as poten-
tial therapeutic targets [1]. FXR, the hepatic expression of which
is decreased in cholestatic diseases, has raised great interest
[130]. Thus, it has been shown that an FXR pharmacological
agonist provided hepatoprotection in two rat models of intra-
and extrahepatic cholestasis (i.e. ANIT feeding and bile duct lig-
ation) [28]. In addition, FXR agonists have shown antifibrotic
properties [131]. Drugs that have long been used empirically in
the treatment of cholestatic manifestations, in particular pruri-
tus, are the ligands of other nuclear receptors, i.e. rifampicin, a
PXR ligand, and phenobarbital, a CAR ligand. Both PXR and
CAR ligands induce bile acid detoxification/hydroxylation and
sulphation, and both are able to regulate bilirubin conjugation
and excretion. In addition, PXR agonists repress bile acid 
synthesis via CYP7A1, and CAR also induces the expression of
Mrp4 [1]. Peroxisome proliferator receptor-α (PPARα) ago-
nists such as fibrates stimulate the expression of Mdr2 and 
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vitamin D via its nuclear receptor, that of Mrp3 [132]. It is pro-
posed in the future to combine agents that have independent,
but complementary, effects such as rifampicin and UDCA [102].
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19.2 Extrahepatic biliary obstruction:
systemic effects, diagnosis and
management
Michelle C. Gallagher and James S. Dooley

Definition

This chapter describes the hepatic and extrahepatic conse-
quences of obstructive jaundice as well as the workup and gen-
eral management of biliary obstruction. For present purposes,
extrahepatic biliary obstruction is anatomical obstruction to 
the common bile duct, common hepatic duct and major intra-
hepatic bile ducts. Causes include calculi, malignant and benign
tumours, and benign strictures including primary sclerosing
cholangitis.

The aim is to encourage all those involved in the care of
patients with obstructive jaundice to use optimal management
based on available experimental and clinical data, and to develop
new approaches to reduce postoperative and postprocedural
complications based on knowledge of the underlying abnormal-
ities present.

Pathophysiology of obstructive 
jaundice

Obstruction to bile flow increases biliary pressure with dilata-
tion of the biliary tree. Bile passes into the circulation by several
routes. Accumulation of bile constituents results in hepato-
cellular damage. The degree of rise in biliary pressure depends
upon the secretory capacity of the hepatocytes and ductular
cells, and the distensibility of the biliary tract. It is difficult to
study directly.

Entry of bile into circulation

With biliary obstruction, some bile reaches the circulation via
the lymphatics. In the rat, lymph flow from the liver increases
after bile duct ligation and approaches the normal bile flow 
of 0.5–1.0 mL/h [1]. Paracellular flow, between hepatocytes, is
another potential route. There is also passage of bile across 
the hepatocyte in intracellular vacuoles [2]. Only a small rise 
in biliary pressure is necessary for regurgitation of bile into the
circulation [3].

Hepatocellular damage

Bile duct obstruction results in numerous changes in hepatic
structure and function. Collagen content is increased. Glycogen
content is reduced. Hepatocellular nitric oxide production is
increased [4]. Mitochondrial changes include loss of cristae and
internal structure. Rough endoplasmic reticulum is reduced [5].
The mitochondrial concentration of antioxidants (glutathione,
ubiquinones) decreases whereas products of lipid peroxidation
increase, changes that correlate with mitochondrial electron
transport chain dysfunction [6]. Mitochondrial fatty acid oxida-
tion is also disturbed [7]. Vesicle transport to the canaliculus is
inhibited and the integrity of tight junctions impaired [8].
Interestingly, neither the trafficking of newly synthesized albu-
min and transferrin from endoplasmic reticulum to basolateral
membrane and serum nor receptor-mediated endocytosis at the
basolateral membrane is affected [8].

The cause of the hepatocellular injury is likely to be multifac-
torial. Apoptosis as well as necrosis are involved [9]. At high
concentrations, retained bile salts have detergent properties and
are cytotoxic in vitro. These cause plasma and intracellular
membrane damage. Reactive oxygen species are generated [10].
The toxicity increases with increasing relative hydrophobicity.
This depends on the number of hydroxyl groups, the addition of
which makes bile salts more hydrophilic (less hydrophobic).
Thus, in general, monohydroxy bile salts such as lithocholate are
more toxic than dihydroxy bile salts such as chenodeoxycholate
or deoxycholate, which in turn are more toxic than trihydroxy
bile acids such as cholate. Experimentally, the hydroxylation
capacity of the liver is decreased 3 days after bile duct obstruction,
which may result in higher levels of more toxic bile salts [11].

At lower concentrations, bile acids cause cell death by 
switching on apoptosis by several mechanisms including
oligomerization of the Fas death receptor [9] and through 
mitochondrial-controlled pathways [12]. Thus, two distinct
methods of cell death are triggered by elevated concentrations of
(particularly the hydrophobic) bile acids – necrosis at higher and
apoptosis at lower concentrations [13].

1501
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Copper, normally excreted in bile, is retained in cholestasis.
High copper levels in the liver in Wilson’s disease are associated
with mitochondrial lipid peroxidation [14] and defective oxida-
tive phosphorylation [15]. However, the copper that accumu-
lates in chronic cholestatic liver diseases does not seem to have
the same mitochondrial effects [15].

Whatever the mechanism, mitochondrial respiratory enzyme
activity and ketogenesis are impaired and take several weeks to
recover after relief of obstruction [16]. Antipyrine elimination is
also impaired. Antipyrine, a minor analgesic, depends almost
entirely on oxidation in the liver for its elimination, which thus
gives an indication of hepatic damage. In patients with obstruc-
tive jaundice, its half-life is considerably prolonged compared
with control patients (28.4 h compared with 10.4 h) [17].
Postoperative mortality is greater in those patients with an
antipyrine half-life of > 20 h. The half-life improves with percu-
taneous biliary drainage. The hepatic mitochondrial response to
oral glucose (redox tolerance test) is impaired in patients with
obstructive jaundice and relates to survival [18].

Hepatic transport processes appear to remain intact. After
relief of bile duct obstruction, bile acid transport into bile begins
virtually immediately, and the serum non-sulphated bile acid
concentration rapidly falls to normal [19]. Bilirubin excretion
has a lower Tmax, and it is uncertain whether transport is
impaired. In general, after the relief of obstruction, serum biliru-
bin concentrations fall with a half-life of approximately 7 days
[20]. Persistent hyperbilirubinaemia is seen when there is
cholangitis, partial obstruction to drainage or when there are
hepatic metastases.

During prolonged obstruction, serum albumin falls even in
the absence of sepsis. Experimentally, this relates initially to
increased capillary permeability and the lack of a compensatory
increase in albumin synthesis; later, there is an increased plasma
volume and decreased albumin synthesis [21]. The prothrom-
bin time lengthens, but this is primarily due to malabsorption of
vitamin K, correcting rapidly after parenteral administration of
vitamin K.

Systemic effects

General

The clinically apparent systemic effects of extrahepatic biliary
obstruction are fatigue, jaundice and itching. Cardiovascular
effects are usually subclinical, but become important after 
surgical and non-surgical intervention. Clinical risks include
renal failure, sepsis, delayed wound healing and gastrointestinal
bleeding. The cause of these is likely to be multifactorial.
Bilirubin, bile acids, lipids and endotoxin have been implic-
ated. Cytokines, prostaglandins and nitric oxide may play a role.
Plasma membrane and receptor characteristics are altered.

Bilirubin can be toxic to tissues. The kernicterus of the new-
born, resulting from unconjugated hyperbilirubinaemia, is well

known. High concentrations of unconjugated bilirubin have
been shown to uncouple oxidative phosphorylation by brain
mitochondria [22]. Whether such toxic effects have any rele-
vance in the conjugated hyperbilirubinaemia of cholestasis is
unknown, although ultrastructural studies showed mitochon-
drial and plasma membrane abnormalities in the presence of
unbound conjugated bilirubin [23].

The hepatocellular effects of bile acids have already been men-
tioned. Bile acids are detergents and in excess would be expected
to interfere with cellular function systemically. Many studies
have shown this, including dysfunction of isolated cardiac mito-
chondria [24]. Bile acids have a negative inotropic effect on 
isolated ventricular myocytes [25]. At high concentrations, they
alter cell-mediated immune mechanisms.

Plasma free cholesterol, phospholipids and triglycerides are
elevated in obstructive jaundice, and there are changes in
lipoproteins and particles, which depend in part on whether
lecithin cholesterol acyltransferase (LCAT) activity falls (see
Chapter 19.1) [26]. A change in cell membrane composition 
follows [27], and there are changes in membrane fluidity and
function [28]. There is inhibition of frusemide-sensitive sodium
transport [29], and receptor-mediated uptake of ligands may
also be altered [30]. However, there is also modulation of hepatic
adenosine triphosphate-binding cassette (ABC) transporters in
the lipid membrane, which may have a cytoprotective effect [31].

Systemic endotoxaemia occurs in some patients with obstruc-
tive jaundice and experimentally has many effects (see below),
such as those on kidney function and coagulation.

Fatigue

This is a common complaint in those with prolonged cholestasis,
as well as those with chronic hepatocellular disease. The mech-
anism is not well understood, but a central neurotransmitter
alteration seems likely. In experimental cholestasis, behavioural
changes, which may be equivalent to clinical fatigue, have been
found in association with impaired corticotrophin-releasing
hormone responses, abnormal serotonergic neurotransmission
and increased brain sensitivity to interleukin (IL)-1β [32–34]. In
patients with primary biliary cirrhosis, it has been suggested that
abnormal manganese homeostasis in the central nervous system
is associated with the development of fatigue, but the mechanism
has not been identified [35].

Itching

This may be the predominant symptom in obstructive jaundice.
It disappears within a few days of biliary decompression. In the
past, bile salts were suggested as the cause of itching, but most 
of the evidence was circumstantial. Although cholestyramine
relieves itching in patients with cholestasis, it binds many com-
pounds other than bile salts and also relieves the itching of
uraemia [36] in which bile salts are not implicated. These data,
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together with studies of the bile salt concentration and pattern 
in blister fluid [37], suggest that bile salts are not the cause of
itching in cholestasis. Antihistamines are sometimes prescribed
for cholestatic itching, but evidence for a role of mast cells in the
generation of this symptom is lacking [38].

The focus has moved towards mechanisms that may produce
itching by a central neurotransmitter effect. Animal studies and
therapeutic trials suggest that an endogenous opioid peptide
may be responsible [39]. In experimental cholestasis, endo-
genous opioids accumulate, and the animals are in a state of 
analgesia, reversible by naloxone. The perception of itching in
cholestatic patients is less during naloxone treatment [40] and
may be improved by bright light therapy [41]. Serotonin may
also have a central role, although a randomized controlled trial
of 5 days of ondansetron, a 5-hydroxytryptamine type 3 receptor
antagonist, for cholestatic itching showed no benefit [42].
However, these new concepts and data hold promise for 
effective alternative therapies for patients with chronic liver 
disease and severe itching resistant to cholestyramine.

Cardiovascular effects [43] (see also Chapter 21.1)

The peripheral vascular resistance is reduced in both humans
and animals with obstructive jaundice [44]. Blood pressure 
is usually normal, but there is an exaggerated hypotensive
response to volume depletion. The capacity for vasoconstriction
is impaired, as shown by the greater fall in blood pressure after
venesection in jaundiced dogs compared with normal control
animals [45]. There is also a reduced responsiveness of skeletal
muscle vasculature to noradrenaline in vitro [46]. This is asso-
ciated with an enhanced pressor response in renal and cerebral
vessels. There is evidence for a functional defect in the expres-
sion of α1-adrenoreceptors [47]. Studies on cardiac papillary
muscles and the mesenteric vascular bed suggest that increased
nitric oxide production and endogenous opioids contribute to
these changes [48,49].

Cardiac changes include bradycardia, an increase in the
PR–QT interval on electrocardiography and the depletion of
myocardial cell glycogen [50]. At the cellular level, there is mito-
chondrial swelling and a decrease in glycogen content in rat atria
exposed to bile acids. Bile acids have a negative chronotropic
effect at concentrations found in human serum in bile duct
obstruction. They also have a concentration-dependent negative
inotropic action on rat papillary muscle and isolated ventricular
myocytes [25].

Although reports on the changes in cardiac output in 
obstructive jaundice are conflicting, data suggest that there is a
jaundice-induced cardiac myopathy. Thus, there is a depressed
response to isoproterenol in dogs after ligation of the common
bile duct [51]. Left ventricular function is impaired [52].
Susceptibility to hypotension in obstructive jaundice has been
attributed to a blunting of the myocardial contractile response
to sympathomimetic stimulation.

These changes in both cardiac function and peripheral vascu-
lar resistance provide the basis for prerenal renal failure under
hypovolaemic conditions in patients with obstructive jaundice.

Renal changes

Renal failure (acute tubular necrosis) is the classic complication
of obstructive jaundice after surgery or an invasive procedure
[53] Approximately 60–75% of such patients have a fall in
glomerular filtration rate (GFR) after surgery. The overall incid-
ence of acute renal failure is 8%.

The mechanism is multifactorial. The changes in cardiovascu-
lar responses described above – reduced peripheral vasocon-
striction under hypovolaemic circumstances with increased
renal vasoconstriction, even in the apparently healthy patient or
animal – will play a part. Other possible contributing factors are
bile acids, bilirubin, endotoxin and oxidant stress [54]. The role
of the endothelium and the interplay between vasoconstrictors,
in particular endothelin 1, and vasodilators such as nitric oxide
and prostaglandins appear to be central to the development of
renal dysfunction.

Overall, the data on GFR and renal blood flow in obstructive
jaundice are conflicting [43]. However, there is a shift in renal
blood flow away from the outer cortex to the deep cortex and
medulla. This may be related to the exaggerated response of 
the renal vasculature to α-adrenergic stimulation. However, 
the synthesis of endothelin 1 by renal papillary tissue is increased
in obstructive jaundice [55]. This would lead to renal arterial
vasoconstriction and reduced GFR. The latter can be reversed 
by bosentan, an endothelin 1 antagonist [55]. However, the GFR
may be preserved by other mechanisms including a compen-
satory vasodilation mediated by nitric oxide and prostaglandins.
Increased nitric oxide overproduction in cholestasis has been
inferred [49,56], and its role in the arterial hypotension of cir-
rhosis is more widely studied [56] (see Section 6). Prostaglandins
E2 and I2 are increased in obstructive jaundice [58]. There is
enhanced synthesis of renal glomerular thromboxane A2, which
suppresses GFR and predisposes to renal failure [59]. Treatment
with receptor antagonists restores GFR [54,59].

Bile components, bile acids and conjugated bilirubin seem to
potentiate ischaemic injury, rather than being directly toxic
themselves [60,61]. Histological changes are seen in the kidney
during obstructive jaundice. There are pigmented granules in
the glomeruli and changes in the epithelial and endothelial cells
and the basement membrane [62]. These changes may reduce
GFR. Finally, there are data to suggest that hypercholestero-
laemia [63] and endotoxaemia (see below) may be involved.

Whatever the mechanism, the combination of an impaired
systemic vasoconstrictor response to hypotension and an
increased renal vascular response to adrenergic stimuli favours
the development of renal hypoperfusion when there is dehyd-
ration or haemorrhage. Interestingly, there is evidence for 
renal tubular cell damage, based on greatly increased urinary 
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N-acetylglucosaminidase excretion in patients with obstructive
jaundice before any intervention, despite normal blood urea and
creatinine levels [64].

Apart from the effects of obstructive jaundice on cardiac and
renovascular responses, and the direct effects of biliary compo-
nents and endotoxin on the kidney, there are also changes in
total body water, sodium and potassium. Bile acids reduce
sodium and water absorption from the proximal tubule [65] and
increase urine flow, fractional sodium excretion and potassium
excretion [66,67], without changing inulin or p-aminohippurate
(PAH) clearance. The mechanism may be a non-specific deter-
gent effect of bile acids, or it may depend upon changes in cyclo-
oxygenase (prostaglandin E2) [68]. Indomethacin abolishes the
natriuresis. Other data have shown that sulphated bile acids 
(elevated in cholestasis) impair Na+/H+ antiporter function [69].

These findings provide the basis for changes in experimental
models. Body water compartments change following ligation 
of the common bile duct [70]. There is a significant decrease 
in water intake (60%), creatinine clearance, total body water
(15%), extracellular water (24%) and plasma volume (15%),
which persists for at least 12 days following duct ligation. In
patients with cholangiocarcinoma and jaundice, urinary sodium
excretion increases [71], and there is an inability to retain
sodium. These changes will increase the risk of hypotension and
renal failure associated with obstructive jaundice, and are the
opposite of those seen with chronic hepatocellular disease and
cirrhosis.

An additional iatrogenic factor that is potentially nephrotoxic
is the use of aminoglycosides. A prospective study of renal 
failure in patients with obstructive jaundice found that 32% 
of patients treated with gentamicin developed nephrotoxicity
compared with 11% of those treated with other antibiotics or 
no antibiotic [72]. The most significant predictor of gentamicin
toxicity was serum bilirubin level. Although a control trial of
antibiotic treatment of acute cholangitis with and without
tobramycin did not show increased renal damage in those
treated with the aminoglycoside [73], the renal toxicity of 
gentamicin is increased in experimental studies of obstructive
jaundice [74].

Endotoxaemia

In some patients with obstructive jaundice, endotoxaemia is
present before surgery. This correlates with reduced pre- and
postoperative creatinine clearance [75]. Postoperative systemic
endotoxaemia can be detected in 50% or more of patients with
jaundice [53] and relates to outcome [76]. In these patients,
endotoxaemia is caused by increased intestinal absorption of
endotoxin together with reduced clearance by reticuloendothe-
lial cells, particularly in the liver.

In obstructive jaundice, there is an increased passage of bac-
teria across the intestinal mucosa [77]. There is also increased
intestinal absorption of endotoxin, probably because of the
decrease in luminal bile salts [78]. Oral administration of bile

salts reduces endotoxaemia in animal studies [79] and prevents
renal dysfunction in patients with obstructive jaundice [80].

Biliary microorganisms are another source of systemic endo-
toxin. During percutaneous manipulation of the obstructed 
biliary tree, both the presence of infected bile and the serum
bilirubin concentration before the procedure predict the devel-
opment of endotoxaemia [81].

Clearance of endotoxin from the circulation depends upon
the liver (Kupffer cells) and the reticuloendothelial system else-
where. In both obstructive jaundice and liver disease per se,
Kupffer cell clearance capacity is impaired [82]. The important
role of the liver in removing endotoxin is shown by the greater
degree of endotoxaemia in patients with cirrhosis undergoing 
a portal systemic shunt than in patients with jaundice having
surgery to relieve obstruction [83].

Circulating endotoxin has many effects. Interaction with
macrophages produces reactive oxygen molecules, bioactive
lipids and cytokines (e.g. IL-1 and -6 and tumour necrosis 
factor). Endotoxin stimulates the production of vasoactive com-
pounds including nitric oxide, prostaglandins, thromboxanes,
leukotrienes and platelet activation factor. Systemic effects
include fever, metabolic acidosis, disseminated intravascular
coagulation, haemodynamic instability, reduced cellular immu-
nity, renal failure and gastrointestinal haemorrhage. Excretion
of bilirubin and taurocholate into bile is decreased by endotoxin
[84].

Opinions vary as to the importance of endotoxin in the 
pathogenesis of renal failure in obstructive jaundice [43,53].
Administration of polymyxin B, a non-absorbable antibiotic
active against endotoxin-producing bacteria, did not produce
clinical benefit [85]. On the other hand, experimental infusion
of endotoxin into the renal artery reduces renal blood flow [86]
and GFR in animal studies. Electron microscopy shows abnorm-
alities including endothelial swelling [87], and endotoxin can
cause intracapillary thrombosis [88]. Endotoxin appears to have
a role, but this interlinks with so many other molecular changes,
making a clear mechanism difficult to define [89,90].

Gastrointestinal changes

Haemorrhagic gastritis has been reported to occur in approxi-
mately 7% of patients (fatal in half ) [91]. However, these 
data predate the availability of proton pump inhibitors. The
mechanism is not clear, but the role of noradrenaline and
prostaglandin E2 and the reduced mucosal blood flow have been
studied in rat gastric mucosa [92]. Stress produced greater falls
in gastric wall blood flow and in mucosal noradrenaline and
prostaglandin E2 content in animals with obstructive jaundice.
In addition, the degree of gastric damage (predominantly 
erosions) was greater. Administration of oral prostaglandin E2

prevented the fall in mucosal blood flow after stress.
There are pancreatic changes in rats after 1 day of bile duct lig-

ation, including an increase in volume, weight, protein content
and amylase (both basal and after secretin stimulation) [93].
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Bicarbonate secretion does not change. Microscopically, there is
an increase in acinar cell number, size and number of zymogen
granules, with dilatation of cisternae in the Golgi apparatus. The
authors postulated that hyperbilirubinaemia and inhibition of
normal mitochondrial function might inhibit granule discharge
from the acinar cell.

Nutrition

Experimentally, there is anorexia, weight loss and decreased
nitrogen balance initially [94]. Later, the appetite returns and
nitrogen balance becomes normal. Anorexia is a frequent symp-
tom in patients with biliary obstruction. Decreased food intake
has been shown to correlate with elevated cholecystokinin levels
and serum bilirubin, with symptoms improving following suc-
cessful biliary drainage [95]. Hypoalbuminaemia in obstructive
jaundice is related to decreased hepatic synthesis and increased
capillary permeability. It correlates poorly with other changes in
nutritional status such as weight loss and nitrogen balance. The
plasma amino acid pattern in obstructive jaundice is essentially
unchanged from normal. There are mild increases in levels of
methionine, phenylalanine, aspartic acid and glutamine, but
these are minimal compared with the major increases seen in
acute hepatitis [96]. Total hepatic amino acid uptake is unal-
tered in experimental bile duct obstruction, but peripheral
uptake by skeletal muscle is decreased [97]. Muscle protein is
reduced.

Wound healing

Wound healing after surgery for obstructive jaundice is
impaired [98]. Some studies designed to test wound strength 
in jaundiced animals have demonstrated wound weakness 
[99]. Other studies did not confirm this [100], but there are data
showing that neovascularity [101], polyhydroxylase activity
[102] and collagen production [100] are all reduced in experi-
mental wounds in the presence of obstructive jaundice.
Moreover, fibroblast proliferation in tissue culture is reduced
when bilirubin is added [103].

The available data strongly suggest that, in the presence of
obstructive jaundice, there is impaired wound healing. Analysis
of various features in clinical studies have implicated poor nutri-
tional status and malignancy rather than simply hyperbilirubi-
naemia per se in the pathogenesis of this problem [98].

Lipid metabolism [26] 

The absence of bile acids in the intestinal lumen impairs the
absorption of fat because of the lack of micelle formation. In
addition, plasma free cholesterol, phospholipids and triglyc-
erides increase, and there are changes in lipoproteins [26]. Low-
density lipoprotein has an abnormal composition and, if plasma
LCAT activity is low, lipoprotein X appears. Very-low-density
lipoprotein has an altered lipid content and lipoprotein pattern.

Changes in high-density lipoprotein are controversial, but the
normal pattern changes, especially in patients with a high serum
bilirubin [104]. The reason for the changes in plasma lipids is
complex. At least four factors have been implicated, including
regurgitation of biliary cholesterol into the circulation, increased
hepatic synthesis of cholesterol, reduced plasma LCAT activity
and, finally, regurgitation of biliary lecithin, which produces a
shift of cholesterol from pre-existing tissue cholesterol into the
plasma. As a result of the changes in lipoprotein particle compo-
sition seen in chronic liver disease, there are rapid alterations in
membrane composition [28,105] that are likely to affect recep-
tor function [30,106]. Similar changes in membrane function
would be expected to occur in obstructive jaundice. Normal
lipids and lipoproteins also appear to have a role in protecting
against the effects of endotoxin. The normalization of the
cholestatic pattern of lipids and lipoproteins after relief of biliary
obstruction parallels a fall in the systemic and cellular sensitivity
to endotoxin [107].

Bone disease [108]

In short-term obstructive jaundice, bone disease is not a clinical
problem and has not been studied. With prolonged cholestasis,
bone disease – so-called hepatic osteodystrophy – occurs as it
does in chronic hepatocellular disease (see Chapter 21.9).

In prolonged cholestasis, bone pain and fractures occur.
Although malabsorption of vitamin D will occur, depending on
the degree of steatorrhoea, and osteomalacia is therefore a risk,
the bone disease that occurs more frequently in patients with
primary biliary cirrhosis and primary sclerosing cholangitis is
osteoporosis. Bone mineral density is reduced in patients with
advanced primary biliary cirrhosis and primary sclerosing
cholangitis, particularly with more severe disease [109,110]. The
pathogenesis is complex. It has been suggested that reduced
bone formation occurs in patients with precirrhosis, and increased
resorption in those with advanced disease. Immobility, poor
nutrition and a reduced muscle mass probably play a role, as well
as changes in vitamin D, calcitonin, parathyroid hormone,
growth hormone and sex steroids. Plasma from patients with
jaundice inhibits osteoblast proliferation [111]. Unconjugated
bilirubin, but not bile salts, has an inhibitory effect.

Resistance to infection [112]

Infection frequently causes morbidity and mortality after
surgery for obstructive jaundice. Postoperative septic complica-
tions are related not only to biliary bacteria but also to defective
host defence mechanisms. After 2 weeks of biliary obstruction,
there is a decreased phagocytic capacity, which correlates
inversely with bilirubin levels (but not aminotransferase or 
bile salt concentration) [113] and endotoxin and anticore 
glycolipid concentration [82]. Changes in plasma membranes,
in particular the phospholipid fatty acid profile [114], may affect
cell function.
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Experimentally administered bacteria are cleared slowly
[115,116]. This appears to be the result of reduced Kupffer 
cell function, as the number of Kupffer cells increases [117].
Other cellular responses, such as phagocytosis and cytokine pro-
duction by extrahepatic phagocytes and polymorphonuclear
cells, are impaired [118,119], as is neutrophil adhesion [120].
Although some functions of polymorphonuclear cells are
enhanced [121], this is probably due to a proinflammatory 
state related to cytokines and/or endotoxaemia. The function of
Kupffer cells is restored by a short period of internal bile
drainage [122].

Specific cell-mediated (T cell) immunity is impaired
[123,124] and is related to the duration of jaundice. There is
prolonged allograft survival in hosts with obstructive jaundice
[125]. B-cell function does not seem to be impaired [126].
Studies suggest that impaired cellular immunity is related to
endotoxin [119] as well as other factors [127], although endo-
scopic biliary drainage did not reverse T-lymphocyte dysfunc-
tion in a group of patients with malignant biliary obstruction
[128].

Unconjugated bilirubin impairs many aspects of the host
antibacterial defence mechanisms in vitro, for example phagocy-
tosis [129], movement of neutrophils in response to chemotactic
agents [130] and lymphocyte responses to mitogens [131].

Anergy is well documented in jaundiced patients with biliary
obstruction, but there is no difference between malignant and
benign obstruction [132]. A greater incidence of postoperative
septic complications was found in the patients with anergy.

Circulating tumour necrosis factor (TNF), IL-6 and C-reactive
protein are increased in bile duct obstruction, particularly due to
malignant disease [133,134]. It is immunoreactive rather than
biologically active TNF, because of the presence of soluble TNF
receptors (TNFr), which are shed or released from the cell mem-
brane. TNFr are thought to play a role in the regulation of the
effects of TNF and correlate with postoperative mortality [135].
Experimental administration of TNFα reduces bile flow and
basal bile salt excretion [136]. After endoscopic biliary drainage,
there is transitory improvement in cytokine levels, but they may
still remain high 1 week later, relating to positive bile culture [134].

Finally, many studies have shown increased translocation 
of viable enteric bacteria across the mucosal barrier to lymph
nodes and other tissues in obstructive jaundice [137,138]. This is
related to lack of intraluminal bile [139] and endotoxaemia
[140]. It may be inhibited by activating mucosal macrophages
with liposomal muramyl tripeptide phosphatidylethanolamine
[141]. The clinical significance of bacterial translocation is
uncertain. However, the absence of bile from the intestine is
associated with a reduced mucous blanket over duodenal cells
and an increase in coliform microorganisms [142].

Coagulation

Although the administration of vitamin K rapidly corrects 
the prolonged prothrombin time in patients with obstructive 

jaundice, blood coagulation does not necessarily then return to
normal. Bleeding sometimes still appears greater than expected
at surgery, although the cause is not established. Data have
shown that there is a low-grade disseminated intravascular 
coagulation (DIC) in some patients [143], and serum fibrin
degradation products are often increased. Procoagulant produc-
tion by mononuclear phagocytes is enhanced [144], and fibrin
degradation products may be increased in the serum. There is
also inhibition of fibrinolysis [145,146] which, in combination
with DIC, may result in fibrin thrombosis and subsequent tissue
damage. It seems likely that DIC is caused by the presence of
increased circulating levels of endotoxin and activated coagula-
tion enzymes.

Platelet function may be impaired. In vitro platelet aggrega-
tion in response to adenosine diphosphate and collagen is
decreased following bile duct ligation, and this could be related
to elevated bile acid concentrations or an as yet uncharacterized
plasma inhibitor [147].

Clinical features of biliary obstruction

History

Features in the presenting history cannot be taken as specific 
for a particular cause. Thus, fever, jaundice and right upper
quadrant pain, although suggestive of cholangitis caused by a
stone in the common duct, may occur with cholestatic hepatitis
resulting from a drug [148]. In general, however, certain features
linked with jaundice are associated with a particular cause.

Fever
Fever usually indicates choledocholithiasis. When common
duct stones are present, bacteria are usually present in bile. Duct
obstruction raises biliary pressure, and infected bile enters the
circulation with systemic signs of sepsis. Bile from patients with
a malignant bile duct obstruction is usually sterile, so that fever
is rare in these cases. This generalization is not true for patients
who have had diagnostic or therapeutic cholangiography. Thus,
in patients who have been treated with an endoscopic or surgical
stent, bacteria adhere to the stent, bile is colonized, and stent
blockage results in systemic sepsis (‘cholangitis’).

Pain
Pain should suggest calculus rather than malignant obstruction,
the latter classically producing painless jaundice. However, there
may be a preceding history of pain in some patients with carci-
noma of the pancreas, bile duct or ampulla.

Itching
Itching may occur with any cause of biliary obstruction, but
tends to be more frequent with malignant obstruction or intra-
hepatic cholestasis. It is unusual for there to be itching in calcu-
lus obstruction, perhaps because obstruction is rarely complete
and may not be sufficiently prolonged to cause retention of the
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pruritic agent. Relief of obstruction is followed by loss of itching
in a few days.

Weight loss
Weight loss occurs more often with malignant obstruction,
although benign causes resulting in prolonged steatorrhoea will
do the same.

Previous cholecystectomy
Previous cholecystectomy clearly arouses suspicion of a retained
common duct stone. If surgery is recent and followed by abnor-
mal drainage of bile through the wound or drain, a traumatic
bile duct injury should be suspected.

Drugs
A complete list of previous medication is mandatory. Many
drugs, and occasionally herbal remedies, are capable of mimick-
ing obstructive jaundice.

Ethnic origin
Any patient with jaundice and fever from the Far East may have
recurrent pyogenic cholangitis.

Inflammatory bowel disease
A history of inflammatory bowel disease should raise the pos-
sibility of primary sclerosing cholangitis as a cause of jaundice
and itching. Up to 5% of patients with ulcerative colitis may 
be affected by primary sclerosing cholangitis, with the lifetime
risk of malignancy in this group estimated at between 5% and
15% [149,150].

Previous malignancy
Previous malignancy, especially colonic, may indicate jaundice
due to hepatic metastases or bile duct obstruction from lymph
node involvement. In patients with a known primary malig-
nancy, the clinical pattern of biliary obstruction will mimic 
primary hepatobiliary malignancy, but differentiation on his-
tory and imaging is usually straightforward. Oncological man-
agement of these patients after biliary decompression will be
influenced by the site of the known primary tumour.

Examination

Jaundice, scratch marks and loss of body mass are clearly non-
specific findings. Signs of chronic liver disease (spider naevi, 
palmar erythema) denote longstanding intrahepatic cholestasis
(primary sclerosing cholangitis, primary biliary cirrhosis) rather
than obstruction to the major bile ducts, although these signs may
be seen in the now rare patient with secondary biliary cirrhosis.

The liver is usually palpable in patients with bile duct obstruc-
tion. This sign is again non-specific unless nodules are palpable
because of tumour. Splenomegaly denotes hepatic rather than
major bile duct disease, except in the case of splenic vein block
due to carcinoma of the pancreas. A palpable gallbladder 

suggests malignant obstruction to the distal common bile duct
(Courvoisier’s law), but is only present in approximately half 
of such patients. A tender gallbladder (Murphy’s sign) suggests
cholecystitis.

Laboratory investigations

Full blood count, urea, electrolytes, serum creatinine, pro-
thrombin time and liver function tests should be done. There
may be leucocytosis in cholangitis. It is essential to check the 
levels of urea, electrolytes and serum creatinine. Impaired renal
function is a complication of obstructive jaundice. Hyponatraemia
and hypokalaemia are often found. The prothrombin time may
be prolonged due to malabsorption of vitamin K. Liver tests
characteristically show raised bilirubin (total and conjugated),
alkaline phosphatase and γ-glutamyltransferase. When there is
acute obstruction of the bile duct, the levels of aspartate and 
alanine aminotransferases may be very high [151], even reaching
50 times normal for a short time and causing confusion as to 
the cause of jaundice. There are changes in lipids, in particular
lipoprotein X, but these are not of diagnostic value.

To assess liver function in more detail, tests such as galactose
elimination are helpful, but are used at present only as research
tools.

Liver function tests are not specific to any one diagnosis but
are used in combination with clinical data (history and examina-
tion) to choose the next step in the diagnostic workup. Imaging
provides a further step along the route and, in some cases, the
definitive diagnosis.

Imaging (see also Chapter 5.6)

The workup for cholestatic jaundice uses non-invasive techniques
first; ultrasonography (US), computerized tomography (CT),
magnetic resonance imaging (MRI) and magnetic resonance
cholangiopancreatography (MRCP). These techniques will be
followed by invasive endoscopic or percutaneous cholangio-
graphy, where indicated. The choice between CT and MRI will
depend in part upon local expertise and the availability of 
imaging techniques.

Non-invasive techniques
These are to show whether the bile ducts are dilated, thus 
differentiating between ‘surgical’ and ‘medical’ jaundice. US is
the technique of choice and demonstrates duct dilatation in 95%
of patients with bile duct obstruction. In the small number of
false-negative cases, either there is failure on the part of the radi-
ologist or radiographer, or there is truly no duct dilatation, as
may occur in calculus disease of the common duct. US and CT
show the level of obstruction in about two-thirds of patients,
and can define the cause in only around one-third. They should
not therefore be used as diagnostic tests, but as a guide to the
next step in the workup, that is cholangiography or liver biopsy
(Fig. 1).

TTOC19_02  3/10/07  9:37 AM  Page 1507



1508 19 BILIARY TRACT DISEASES

US is usually readily available and should be performed.
However, even if the US is normal, if the clinical history is
strongly suggestive of a common bile duct stone, endoscopic 
retrograde cholangiopancreatography (ERCP) or MRCP is the
next step as stones can be missed on US and therapeutic biliary
intervention may be required. US is still valuable, however, 
to show whether there are stones in the gallbladder. This may
influence subsequent management.

Although cross-sectional MRI adds little to CT, MRI scans
can be used to give two- or three-dimensional images of both
biliary and pancreatic systems. Such MRCP does not need any
contrast material, biliary and pancreatic systems being visible
because of the water content of bile and pancreatic juice. MRCP
is highly accurate in the diagnosis of bile duct obstruction and its
cause and is gaining increasing importance in the management
of biliary diseases. The sensitivity and specificity of good-quality
MRCP approaches those of ERCP [152,153] and, as such, it has
been argued that MRCP should replace ERCP as a diagnostic
test. In centres with expertise in such non-invasive imaging,
ERCP is evolving into a predominantly therapeutic procedure
predominantly for stent insertion, stone extraction and obtain-
ing tissue for cytology. MRCP may be particularly useful in cer-
tain circumstances, including patients who are poor candidates
for ERCP due to comorbid illness, staging of cholangiocarci-
noma and imaging the inaccessible biliary system (failed ERCP,
Billroth II anatomy). Cholangiocarcinoma should be suspected
when imaging demonstrates intrahepatic duct dilatation with-
out dilatation of the common bile duct. In these cases, MRI/
MRCP is indicated to provide information on liver and biliary
anatomy and the local extent of tumour, including the extent 

of duct involvement [154] (Fig. 2). In most cases, good-quality
MRCP with MRI is sufficient to assess resectability, without the
potential hazards of ERCP or percutaneous transhepatic cholan-
gioscopy (PTC).

To visualize the biliary system, CT cholangiography (CTC) by
an equivalent reconstructive process is also possible but, for best
results, intravenous contrast material needs to be given. This
limits the technique to patients with normal or near normal liver
function. CTC has been shown to be highly effective for the
detection of duct calculi in patients with normal bilirubin [155].
Intravenous cholangiography (IVC) has been superseded by

Ultrasound

No dilated ducts

Clinical data

? Duct disease ? Parenchymal disease

+/− MRCP

ERCP Liver biopsy

Proceed if appropriate

Fig. 1 Imaging of cholestasis: non-dilated ducts. ERCP, endoscopic
retrograde cholangiopancreatography; MRCP, magnetic resonance
cholangiopancreatography.

(a)

(b)

Fig. 2 (a) MRCP in patient with cholestatic jaundice and an ultrasound
showing hilar obstruction. The right and left intrahepatic ducts are
obstructed and do not communicate. (b) Cross-sectional MRI in the same
patient. The hilar mass is seen between the right and left intrahepatic ducts.
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non-invasive techniques including CT and MRCP, because of the
poor diagnostic accuracy of IVC and the associated morbidity.

Additional diagnostic information may be obtained using
endoscopic ultrasound (EUS), which should be regarded as
complementary to other imaging modalities. In the context of
extrahepatic biliary obstruction, EUS may be particularly useful
in evaluating pancreatic and periampullary neoplasms, includ-
ing assessment of vascular invasion [156,157]. EUS is at least 
as sensitive as ERCP in detecting stones and strictures, and 
can be used to guide fine-needle aspiration or biopsy for tissue
diagnosis [158,159].

The major application of radioisotopic imaging with an imin-
odiacetic acid derivative (IDA) is in the diagnosis of acute chole-
cystitis. It can also differentiate between the obstructed and
normal biliary system, but US is more appropriate. However,
biliary scintigraphy is valuable in demonstrating bile leaks 
after cholecystectomy or liver transplantation, and after hepatic
trauma or liver biopsy [160,161]. Scintigraphy is also useful in
differentiating bile duct obstruction from intrahepatic cholesta-
sis even in deeply jaundiced patients if a third-generation agent
such as bromotrimethyl or iododiethyl iminodiacetic acid is used.

Invasive techniques
Percutaneous transhepatic cholangiography (PTC) and ERCP
provide direct cholangiography. PTC, the older procedure, first
described in the 1930s [162], was radically modified in the 1970s
with the introduction of the fine gauge, Chiba or skinny needle
in Japan [163]. This allowed bile ducts of any size to be punc-
tured using a 22-, 23- or even 25-gauge needle. Success rates
approach 100%, and an accurate diagnosis can be made in 95%
of cases. The risk of bile leakage is reduced with the fine-needle
technique, and the overall complication rate is less than 5%
(bleeding, peritonitis and sepsis).

ERCP was first described in the early 1970s. The success rate 
is between 80% and 90% depending on the experience of the
endoscopist. Certain features make the procedure more difficult,
including previous Billroth II gastrectomy, a periampullary
diverticulum, papillary stenosis or tumour. Complications occur
in 2–5% of examinations (sepsis, pancreatitis, perforation or
bleeding) [164].

PTC and ERCP should be regarded as complementary. Both
can be successful in demonstrating the biliary system in most
patients and may be used to decompress the biliary system when
obstructed. The endoscopic techniques carry a lower complica-
tion rate [165]. If dilated ducts are shown by US, MRCP or CT,
the next step is to plan future management depending upon the
clinical status of the patient (age, other medical diseases) and
probable diagnosis. Liaison between physician, surgeon and
radiologist as necessary is wise at this stage.

Imaging strategy (Fig. 3)
If the history and/or US scan is suggestive of common bile 
duct stones, the next step is ERCP. If the clinical data are less
secure, MRCP is very useful in visualizing the biliary system

non-invasively, before committing to ERCP. This is particularly
so in elderly patients. If the first ERCP is unsuccessful, it is usu-
ally repeated, with a needle knife cut if necessary. A combined
procedure (PTC and placement of a catheter or wire across the
ampulla followed by ERCP) may be required to achieve clear-
ance of the bile duct.

In cases in which non-calculus biliary obstruction is suspected
on US, the management will be determined by the suspected
diagnosis and the results of additional imaging. Patients with
suspected carcinoma will require a multidisciplinary approach
involving endoscopist, surgeon, radiologist and oncologist.

If the site of bile duct obstruction is distal, the sequence of
subsequent investigations often depends on local availability.
CT and/or MRI will be needed to define the periampullary
region and pancreas. EUS may be requested. In jaundiced
patients, few centres can offer surgical resection (if not ruled out
by scanning) so rapidly that increasing cholestasis is not an issue.
ERCP with stent insertion is therefore done almost universally.
This will also allow cytology or biopsy to be done. If ERCP fails,
then the decision is made whether to repeat ERCP (success is
sometimes possible at a second session) or to refer for PTC after
appropriate discussion with the radiologist. If imaging shows 
a potentially resectable pancreatic mass, and there are no meta-
stases, then laparoscopy is usually done to rule out peritoneal
deposits not seen on scanning.

In cases in which the level of obstruction on US is at the hilum,
the next step should be MRCP/MRI to delineate the anatomy
and assess the local extent of disease. If the patient is septic, per-
cutaneous drainage may be necessary at an early stage before
definitive decisions have been made on the clinical and imaging
data. In the uncomplicated jaundiced patient, ERCP with stent
insertion should not be rushed into for diagnostic or therapeutic
reasons. The fit patient may be made septic by ERCP, and the
clinical management made more complex than it might have been.

If scanning shows an inoperable cholangiocarcinoma with
bilobar obstruction, ERCP may still be done, but many prefer
PTC with drainage as the placement of stents by this route is
usually more accurate [166]. Both lobes may be drained.

Most stents inserted to relieve biliary obstruction are initially
plastic. Metallic stents (endoscopic or radiological) should not
be inserted unless a tumour has been staged as inoperable. They
are also generally reserved for patients with an estimated sur-
vival of 6 months or more. It should be remembered that mesh
metal stents are not free of the risk of blockage with tissue 
exudate or tumour ingrowth. Patients then need a further inter-
vention to treat sepsis and recurrent jaundice.

If non-invasive imaging does not show dilated bile ducts, the
next procedure will depend upon the clinical picture. If intra-
hepatic cholestasis is probable, for example a drug reaction, then
liver biopsy is the next step. MRCP may provide additional dia-
gnostic information and, in some circumstances, ERCP may 
be clinically indicated, for example for suspected common bile
duct stone. Some patients will need both biliary imaging and
liver biopsy.
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Ultrasound

Dilated bile ducts

Hilar obstruction Periampullary obstruction

MRCP/MRI/MR angiogram

Sepsis

(+/− Dual phase liver CT,
chest CT,

cytology/biopsy)

PTC
drainage

Multidisciplinary
meeting

Irresectable

Palliative drainage (ERCP/PTC)
+ tissue diagnosis

Resectable

Surgery

Chemo-/radiotherapy

1 If benign disease, stop, or
refer for non-surgical/
surgical treatment

Pancreatic protocol CT
(+/− MRI, +/− EUS,

chest CT)

ERCP (+/− cytology)1

Ultrasound

Dilated bile ducts

Likely stones

ERCP
+/− stone removal

Success Failed

STOP/
?cholecystectomy

MRCP

Repeat ERCP
Combined procedure

(PTD/ERCP)
or surgery

Fig. 3 Management algorithm for dilated bile ducts: (a) suspected stones; (b) suspected malignant bile duct stricture.

(a)

(b)
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Management of the patient with
obstructive jaundice

Fluid balance

The patient with obstructive jaundice must be kept well
hydrated because of the increased susceptibility to acute renal
failure (tubular necrosis). Fluid balance charts are essential 
to monitor input and output. Skin turgor is observed; urea, 
electrolytes and serum creatinine are monitored daily if 
necessary. Before a procedure such as US, CT or cholangio-
graphy, when eating and drinking is forbidden, the jaundiced
patient should have parenteral fluid replacement to avoid 
dehydration. Normal saline (0.9% NaCl) is given to all but 
the elderly patient with cardiac disease, in whom heart failure 
is a concern.

Prophylactic measures against renal failure

Good hydration, as pointed out above, is central to the avoid-
ance of renal problems. A randomized controlled trial examined
the effects of the administration of intravenous fluids prior to
endoscopic drainage. Although the use of intravenous fluids was
associated with plasma volume expansion, increased diuresis
and improved creatinine clearance, these changes were tran-
sient, and the authors concluded that it is critical to produce sat-
isfactory biliary drainage to reduce the likelihood of significant
renal dysfunction [167]. Other measures have been studied and
some appear valuable. Pre- and perioperative intravenous man-
nitol, as an osmotic diuretic, was advocated in the past [168].
However, hydration with parenteral normal saline is essential 
in parallel to avoid dehydration caused by the diuretic response
to mannitol. The value of mannitol has been challenged by a
controlled study that showed no beneficial effect on postoper-
ative renal failure in patients with obstructive jaundice [169].
Hydration and effective biliary decompression appear to be the
most important measures to prevent renal failure.

Endotoxaemia is implicated in many of the complications seen
in association with obstructive jaundice, and is thought to occur
because of increased absorption of endotoxin from the intestine
and reduced clearance of endotoxin by the reticuloendothelial
cells in the liver. Many experimental and clinical studies have
attempted to identify measures that might reduce endotoxaemia
and thus the development of (in particular) renal dysfunction.

Bile acids have antiendotoxaemic effects. Experimentally, the
absorption of endotoxin from the intestine is increased when
there is no bile present [78], and absorption is prevented when
oral bile acids are given [170]. Clinical studies show the same
effect of oral sodium deoxycholate in patients with obstructive
jaundice with protection of renal function [171]. Chenodeoxy-
cholic acid is less effective. A randomized controlled trial has
shown a beneficial effect of preoperative sodium deoxycholate
in preventing postoperative renal dysfunction, but only in those
patients with normal preoperative renal function [172]. In a

study of ursodeoxycholic acid (UDCA), portal venous endo-
toxaemia was reduced, but systemic endotoxaemia was not, and
there did not appear to be any protection of renal function
[173]. It seems likely that this difference is due to the lower anti-
endotoxic effect of UDCA than of sodium deoxycholate. Thus,
the antiendotoxic activity of bile salts has been shown to be
related to their known detergent activities; deoxycholate and its
conjugates are the most effective both in vitro and in vivo [174].

Lactulose, a synthetic disaccharide, also has an antiendotoxin
effect and, when given orally, reduces systemic endotoxaemia
[175]. This agent was initially evaluated in hepatocellular dis-
eases and cirrhosis. Experimental studies in rats given lactulose
orally have shown that it reduces endotoxin-related mortality
and, in patients with obstructive jaundice, portal and systemic
endotoxaemia was prevented, as well as renal dysfunction [176].
The same randomized controlled trial mentioned above [172]
showed that oral lactulose given preoperatively has the same
protective effect on postoperative renal function as does sodium
deoxycholate.

Polymyxin B and bowel preparations with antibiotics might
be expected to reduce endotoxaemia, but have not been found to
produce any benefit in patients with obstructive jaundice [85].

Despite the positive benefit shown with preoperative bile acids
and lactulose, these are not routinely used clinically. Careful
preoperative hydration remains the most important measure to
reduce the risk of renal dysfunction/failure. Dopamine adds no
protection [177].

Correction of coagulopathy

In some patients with obstructive jaundice, the prothrombin
time is prolonged. Vitamin K given intravenously at a dose of 
10 mg should be prescribed and continued for 3 days – an
empirical duration. In the majority of patients, the prothrombin
time returns to normal rapidly, sometimes overnight. If it does
not, then underlying parenchymal liver disease or metastases
should be suspected.

Prevention of infectious complications

Bacteria may be present in the obstructed bile duct without clin-
ical symptoms or signs. Radiological, endoscopic and surgical
procedures may produce systemic sepsis in such cases, with
resulting Gram-negative septicaemia, abscess formation and
wound infection. Premedication with a single dose of antibiotic
reduces the risk of postsurgical sepsis [178]. It is necessary to
continue the antibiotic until biliary drainage is completely
unobstructed [179]. Suitable antibiotics for such prophylaxis
include ciprofloxacin, cefotaxime or piperacillin. Ciprofloxacin
has the advantage of oral use. The choice should depend upon
knowledge of the sensitivity of microorganisms in the hospital,
which will change with the use of selected antibiotics [180]. 
Both the American Society of Gastrointestinal Endoscopy and
the British Society of Gastroenterology recommend antibiotic 
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prophylaxis for ERCP [181,182]. It should be emphasized that
successful biliary decompression is central to avoiding post-
procedural sepsis.

Itching

Itching due to bile duct obstruction from a stricture or stone
usually disappears within a few days of biliary decompression,
whether surgical, endoscopic or percutaneous. Before drainage,
cholestyramine and antihistamines are generally ineffective.

Preoperative non-surgical biliary drainage

Early reports of preoperative percutaneous transhepatic external
bile drainage suggested that it was beneficial, reducing post-
operative mortality and morbidity after surgery for the relief 
of malignant bile duct obstruction [183]. However, subsequent
randomized controlled trials showed no reduction in postoper-
ative mortality [184–186]. Thus, despite the theoretical benefit
of a lower serum bilirubin concentration at the time of surgery,
the complications associated with percutaneous drainage re-
moved any advantage [187]. Preoperative endoscopic drainage,
although a safer approach than percutaneous drainage, showed
no benefit on postoperative morbidity or mortality in a random-
ized controlled trial [188].

Because of the risks of surgery in the patient with cholangitis,
endoscopic biliary drainage is indicated [189]. If obstruction 
is caused by a gallstone, then endoscopic sphincterotomy and
stone removal, or drainage by nasobiliary tube, is necessary. If
endoscopic access is not possible, percutaneous transhepatic bile
drainage can be performed, and may be valuable. The problem
of this approach, however, is the risk of bile reflux into the circu-
lation because of vascular–biliary fistulas frequently caused by
percutaneous transhepatic catheterization [190].

Prediction of risk

Several studies have analysed factors that may predict increased
mortality and morbidity after surgery for obstructive jaundice.
In a small study including 52 patients with malignant biliary
obstruction, three factors were identified with independent
significance in predicting mortality – cholangitis, significant
weight loss and operative or postoperative blood transfusion
[191]. In a previous study of 373 patients with obstructive jaun-
dice [192], three independent risk factors were identified that
were associated with a significantly increased risk of postopera-
tive mortality. These were an initial haematocrit of 30% or less,
an initial plasma bilirubin of > 200 µmol/L (normally < 17 µmol/L)
and a diagnosis of malignant rather than benign obstruction.
Patients with two or three of these risk factors had a 30% risk of
dying postoperatively. Despite correction of the low haematocrit
by transfusion, this remained a risk factor. Clearly, the under-
lying cause of obstruction – malignant or benign – cannot 
be influenced by such therapy. Finally, although the serum

bilirubin can be lowered by preoperative percutaneous biliary
drainage, as reviewed above, this procedure has not been found
to be beneficial.
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19.3 Gallstone disease
Frank Lammert, Franz-Ludwig Dumoulin and Tilman Sauerbruch

Gallstones represent a serious burden for our healthcare sys-
tems: 10–20% of Europeans and Americans carry gallbladder
stones [1,2], and the prevalence of gallstone disease seems to be
rising as a result of longer life expectancy. Many gallstones are
silent, but symptoms and severe complications ensue in around
25% of cases, necessitating surgical removal of the gallbladder,
usually by laparoscopic cholecystectomy. Each year, an esti-
mated 700 000 cholecystectomies are performed in the US 
and 170 000 in Germany [3,4]. Cholelithiasis incurs annual
medical expenses of $6.5 billion in the US and is the second most
expensive digestive disease, currently exceeded only by gastro-
oesophageal reflux disease [5].

Pathogenesis

Molecular mechanisms of bile formation

Bile formation enables the removal of excess cholesterol, either
directly or after catabolism to bile salts, and it is a key function 
of the liver. Bile is an aqueous solution of lipids, with bile salts
(67% of solutes by weight), phospholipids (22%) and choles-
terol (4%) representing the three main lipid species [6].
Hepatocytes express specific adenosine triphosphate (ATP)-
dependent transport proteins – known as ABC transporters – for
each of these three lipids at the canalicular membrane domain
[7]. The ABCB11 transporter is the bile salt export pump,
ABCB4 is the transporter for the major biliary phospholipid

phosphatidylcholine (lecithin) (Table 1), and ABCG5/ABCG8
form obligate heterodimers for biliary cholesterol secretion
(Figure 1) [7].

On biliary secretion, phosphatidylcholine and cholesterol
form metastable unilamellar vesicles, which are converted into
mixed micelles during their passage through the biliary tree 
(Fig. 1) [6,8]. These micelles solubilize hydrophobic molecules
such as cholesterol. The composition of hepatic bile is further
modified by the bicarbonate- and chloride-rich secretion of
cholangiocytes, which is associated with a net influx of water
into bile through aquaporin channels. An important chloride
channel in cholangiocytes is the cystic fibrosis transmembrane
conductance regulator (CFTR), the gene for which is mutated in
cystic fibrosis (Table 1).

Cholesterol gallbladder stones

Gallstones are classified as cholesterol and pigment stones
(Table 2, Fig. 2). More than 80% of gallstones consist mainly of
cholesterol crystals and are formed within the gallbladder [8].
Three key mechanisms contribute to the formation of choles-
terol gallbladder stones: cholesterol supersaturation of bile, 
gallbladder hypomotility and destabilization of bile by kinetic
protein factors. Cholesterol is virtually insoluble in water, and its
solubility in bile depends on the detergent properties of bile salts
and phospholipids [9]. Cholesterol-supersaturated bile contains
more cholesterol than can be solubilized by mixed micelles at

1518

Table 1 Potential single gene defects associated with gallstone formation.

Gene Protein/function Potential mechanism

ABCB4 Hepatocanalicular phosphatidylcholine (lecithin) flippase Biliary phospholipid secretion ↓
ABCB11 Hepatocanalicular bile salt export pump Biliary bile salt secretion ↓
APOB Apolipoprotein B Hepatic VLDL synthesis ↓
CCKAR CCK-A receptor Gallbladder hypomotility

CFTR Cystic fibrosis transmembrane regulator (chloride channel) Bile pH ↓, biliary bilirubin secretion ↑, faecal bile salt excretion ↑
CPY7A1 Cholesterol 7a-hydroxylase (rate-limiting enzyme of bile salt synthesis) Bile salt synthesis ↓

CCK, cholecystokinin; VLDL, very-low-density lipoprotein.
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equilibrium [cholesterol saturation index (CSI) > 1)] (Fig. 1).
The CSI is defined as the ratio of the actual biliary cholesterol
concentration and the maximal concentration that would be
soluble at phase equilibrium in model bile with equal lipid com-

position [10]. Cholesterol-supersaturated bile contains multi-
lamellar vesicles (liquid crystals), whose fusion and aggregation
precede the formation of solid cholesterol crystals (Fig. 1). 
As illustrated in the classic triangular phase diagram [9,10], 
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Fig. 1 Pathogenesis of cholesterol gallstone
formation. Schematic diagram of rate-limiting
enzymes for synthesis and hepatocanalicular
transport proteins of hepatobiliary lipids,
cholesterol carriers in bile and cholesterol
saturation index (CSI). The biliary lipids
phosphatidylcholine, cholesterol and bile 
acids) are secreted into bile by ATP-dependent
transport proteins (ABC transporters). 
The cholesterol transporter is a heterodimer
(ABCG5/G8). On biliary secretion,
phosphatidylcholine and cholesterol form
metastable unilamellar vesicles and bile salts
form simple micelles. These lipid aggregates 
are converted into mixed micelles during their
passage through the biliary tract into the
gallbladder. If bile contains more cholesterol
than can be solubilized by mixed micelles, it is
supersaturated with cholesterol, and
cholesterol-rich multilamellar vesicles form,
fuse and nucleate solid cholesterol crystals.
Thus, conditions that increase the ratio of
cholesterol to bile salts and phospholipids
favour gallstone formation. Cholesterol
supersaturation is indicated by a CS > 1. The
gallbladder secretes mucous glycoproteins,
which form the matrix for precipitation of
crystal aggregates and gallstones.

Table 2 Classification of gallstones.

Type Localization Prevalence (%) Composition Colour CT

Pure cholesterol stone Gallbladder 75 Cholesterol monohydrate Yellow Iso- or hypodense compared with bile

Black pigment stone Gallbladder 5 Polymerized calcium bilirubinate Black Mainly hyperdense

Brown pigment stone Bile ducts 20 Calcium salts of long-chain fatty acids Brown Partly hyperdense

(palmitate, stearate) + cholesterol

CT, computerized tomography.
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solid crystals occur in bile at high relative bile salt and low 
phospholipid concentrations, and at cholesterol:phospholipid
ratios > 1.

An excess of biliary cholesterol in relation to bile salts and
phospholipids can result from hypersecretion of cholesterol, or
from hyposecretion of bile salts or phospholipids (Table 3).
Cholesterol hypersecretion, which is the most common cause 
of supersaturation [8], might be caused by increased hepatic
uptake or synthesis of cholesterol, decreased hepatic synthesis of
bile salts or decreased hepatic synthesis of cholesteryl esters for
incorporation in very-low-density lipoproteins (VLDL). In non-
obese individuals who form cholesterol-rich gallbladder stones,
gallstones were associated with a small bile salt pool cycling at a
normal frequency within the enterohepatic circulation [11].
Furthermore, it has been suggested that slow intestinal transit
increases bacterial degradation of primary to secondary bile 
salts in the colon [12]. Bile then contains a greater proportion 
of deoxycholate conjugates, which, in turn, increases biliary
cholesterol secretion and saturation, thereby enhancing gall-
stone formation [13].

In humans, most cholesterol present in gallstones is of dietary
origin, consistent with the observation that hepatic biosynthesis
contributes less than 20% to biliary cholesterol [14]. The hepatic
uptake of cholesterol is mediated by the scavenger receptor B-I
for high-density lipoproteins (HDL), which contribute most 
of the biliary cholesterol under physiological conditions, the
apolipoprotein (Apo) B/E receptor for low-density lipoproteins
(LDL) and the LDL receptor-related protein for chylomicron
remnants, which carry exogenous cholesterol from the intestine
to the liver. The inverse correlation between serum HDL 
levels and gallstones suggests that cholesterol cholelithiasis is
associated with an induced reverse cholesterol transport and
hepatic catabolism of HDL (Table 3) [14]. The rate-limiting
enzymes of hepatic cholesterol and bile salt synthesis are 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
and cholesterol 7α-hydroxylase (CYP7A1) respectively (Table 1,
Fig. 1). These enzymes are regulated by the sterol regulatory 
element-binding protein (SREBP) and nuclear receptor (NR)
signalling pathways. Studies in knockout and transgenic mice
have demonstrated that many of the genes involved in hepatic
cholesterol metabolism affect cholesterol gallstone formation 
in vivo [15–18] but, with few exceptions, variants of these genes
have yet to be investigated in patients with gallstones.

Stasis of bile in the gallbladder favours stone formation, as
indicated by stone formation during pregnancy, rapid weight
loss or total parenteral nutrition (Table 3). Gallbladder emptying
in response to either a test meal or a cholecystokinetic stimulus,
such as intravenous cholecystokinin (CCK), or intraduodenal
fat or amino acids is impaired in many patients with gallstones
[8]. Both the fasting and the residual postprandial gallbladder
volumes are greater in most patients with cholesterol gallbladder
stones than in control subjects. Gallbladder hypomotility is
probably due to absorption of cholesterol from supersaturated

Fig. 2 Gallstones. (a) Pure cholesterol gallbladder stone. (b) Black pigment
gallbladder stone. (c) Endoscopically extracted mixed bile duct stone with
typical cholesterol core, which nucleated in the gallbladder and served as a
nidus for the brown pigment layer.

(a)

(b)

(c)
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Table 3 Causes and risk factors for gallstone formation and potential mechanisms.

Cholesterol gallbladder stones
General factors
Age Biliary cholesterol secretion ↑

Biliary bile salt secretion ↓
Gender Higher gallstone prevalence related to parity and estrogens

Pregnancy/estrogens Hepatic cholesterol uptake and synthesis ↑
Cholesterol 7a-hydroxylase activity ↓
Biliary cholate and dexoxycholate pool ↑
Gallbladder hypomotility ⇒ biliary sludge

Nutritional/metabolic factors
High-caloric low-fibre diet Biliary cholesterol secretion ↑

Intestinal transit time ↑ ⇒ bacterial bile salt catabolism ↑ ⇒ biliary deoxycholate pool ↑
High-carbohydrate diet, dietary glycaemic load Hepatic cholesterol synthesis ↑

Bile salt malabsorption

Insulin resistance

Obesity Cholesterol synthesis ↑ ⇒ biliary cholesterol secretion ↑
Rapid weight loss/surgery for obesity Hepatic cholesterol uptake ↑

Bile salt synthesis ↓
Mucin secretion ↑ ⇒ nucleation

Low-fat diet ⇒ gallbladder hypomotility

Hypertriglyceridaemia/low HDL cholesterol Biliary cholesterol secretion ↑

Disease associations
Pancreatic insufficiency CCK production ↓ ⇒ gallbladder hypomotility

Spinal cord injury Gallbladder hypomotility (neuronal)

Black pigment gallbladder stones
Crohn disease with severe ileal manifestation or ileal resection Intestinal bilirubin absorption ↑

Vitamin B12 malabsorption

Total parenteral nutrition Gallbladder hypomotility

Enterohepatic cycling of bilirubin ↑
Vitamin B12 or folic acid deficiency Ineffective erythropoiesis

Chronic haemolysis (e.g. liver cirrhosis, malaria sickle cell Bilirubin load ↑
disease, thalassaemia, spherocytosis)

Liver cirrhosis Bile salt synthesis ↓
Bile salt malabsorption ⇒ intestinal bilirubin absorption ↑
Gallbladder hypomotility

Chronic haemolysis

Cystic fibrosis Enterohepatic cycling of bilirubin ↑
Bile pH ↓ ⇒ biliary b-glucuronidase activity ↑
Formation of thick mucus layer 

Brown pigment bile duct stones
Cholangitis Deconjugation of bilirubin by bacterial enzymes

Anatomic abnormalities
Biliary stricture Ascending cholangitis

Duodenal diverticulum Ascending cholangitis

Drugs
Estrogens Biliary cholesterol secretion ↑
Octreotide Large intestinal transit time ↑ ⇒ deoxycholate pool ↑ ⇒ biliary cholesterol secretion ↑

CCK release ↓ ⇒ gallbladder hypomotility

Clofibrate Biliary cholesterol secretion ↑
Ceftriaxone Biliary secretion of drug ⇒ precipitation

TTOC19_03  3/10/07  9:36 AM  Page 1521



1522 19 BILIARY TRACT DISEASES

bile by the gallbladder wall. Excess cholesterol in smooth muscle
cells might stiffen sarcolemmal membranes and decouple the G
protein-mediated signal transduction that usually ensues when
CCK-A binds to its receptor, thereby paralysing gallbladder 
contractile function [18].

Nucleation and growth of cholesterol crystals in model biles
in vitro are modulated by promoter and inhibitor proteins,
which interact with vesicles and solid crystals respectively
[19,20]. However, only gallbladder mucin – the main com-

ponent of biliary sludge (Fig. 3a) – has been shown to promote
stone formation in vivo (Fig. 1) [21]. Mucin is a mixture of 
sparingly soluble high-molecular-weight mucous glycoproteins
that are secreted by biliary epithelial cells. In animals, aspirin
and other non-steroidal anti-inflammatory drugs (NSAID) pre-
vent the increase in biliary mucous glycoprotein induced by 
a lithogenic diet and stone formation [22], but the effects of
aspirin or NSAID on bile composition in humans are contro-
versial, and there is scant evidence that chronic aspirin/NSAID

(a)

(c)

(e)

(b)

(d)

Fig. 3 Ultrasound appearance of biliary sludge, gallbladder stones and
cholecystitis. (a) Biliary sludge. Sludge is defined as a mixture of particulate
matter and bile that occurs when solutes in bile precipitate. Sludge is
detected on ultrasound as low-amplitude echoes without acoustic
shadowing, which layer in the most dependent part of the gallbladder and
shift with positioning. (b) Solitary stone. The hyperechoic stone generates a
characteristic dorsal acoustic shadowing. (c) Acute calculous cholecystitis.
Thickening and stratification of the gallbladder wall and pericholecystic fluid
collection indicate acute cholecystitis. (d) Acalculous cholecystitis diagnosed
during mechanical ventilation for severe pneumonia. (e) Emphysematous
cholecystitis. The hyperechoic reflexes represent gas bubbles in the
gallbladder. Note the hypoechoic thickening of the gallbladder wall and the
pericholecystic fluid collection. The diagnosis of acalculous cholecystitis was
confirmed after open cholecystectomy.
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ingestion affects the incidence of gallstones. Emerging experi-
mental evidence indicates that enterohepatic bacteria and 
bacterial biofilms promote cholesterol crystallization, as well as
the formation of sludge and gallstones [23].

Black pigment gallbladder stones

A small proportion of gallbladder stones are black pigment
stones. These consist predominantly of polymerized calcium
bilirubinate, which precipitates if the ion product of calcium 
and unconjugated bilirubin exceeds its solubility product and
polymerizes slowly in biliary sludge.

Haemolytic anaemias or ineffective erythropoiesis are the
most conspicuous sources of excess unconjugated bilirubin
(Table 3). Another pathway involves ileal disease or resection
that cause spillage of bile salts into the colon, which promotes
solubilization and absorption of unconjugated bilirubin and
results in increased enterohepatic cycling and biliary secretion of
bilirubin [24,25].

The most common cause of gallstones containing calcium
salts is a calcium carbonate saturation index > 1. The major
underlying abnormality is a high pH in gallbladder bile, as 
calcium carbonate solubility changes dramatically when the pH
of gallbladder bile increases slightly, such as in the setting of
decreased ion secretion by the gallbladder mucosa [26].

Brown pigment bile duct stones

Brown pigment stones are mostly formed within the bile ducts
as a consequence of bacterial infection and hydrolysis of glu-
curonic acid from bilirubin by bacterial β-glucuronidase. This
results in decreased solubility of deconjugated bilirubin, ulti-
mately leading to the formation of stones consisting of calcium
salts of unconjugated bilirubin, deconjugated bile salts and 
varying amounts of cholesterol and saturated long-chain fatty
acids. Many bile duct stones are mixed stones (cholesterol stones
originating from the gallbladder with a pigment shell) (Fig. 2c).

Intrahepatic brown pigment stones are related to infestation
with the parasites Clonorchis sinensis and Ascaris lumbricoides
[27]. In western countries, intrahepatic gallstones tend to be
associated with periampullary diverticula [28], Caroli syndrome,
strictures, tumours and other ductal abnormalities causing 
biliary stasis and infection (Table 3). Bacteria are found in the
bile in almost all patients with intrahepatic stones.

Calculous cholecystitis

Over 90% of patients with calculous cholecystitis (Fig. 3c) have
an obstruction of the cystic duct by the impaction of sludge 
(Fig. 3a) or a gallstone in the gallbladder neck. The increased
intraluminal pressure together with lithogenic bile triggers an
inflammatory reaction within the gallbladder wall. In up to 50%
of cases, a secondary bacterial infection (most commonly by
Escherichia coli, Klebsiella and Enterococci) is observed [29].

Acalculous cholecystitis

Acalculous cholecystitis (Fig. 3d) develops in the absence of 
gallstones as a result of ischaemia and gallbladder stasis [30].
Acalculous cholecystitis is predominantly seen with an inci-
dence of up to 3% in critically ill patients (multiple trauma,
burns, sepsis, shock, mechanical ventilation, major surgery) or
in patients with vascular disorders or interventions (atheroscle-
rosis, vasculitis, embolization of hepatic tumours), but may 
also result from primary microbial infection of the gallbladder,
both in immunocompetent (e.g. typhoid fever, leptospirosis,
Campylobacter jejuni, Listeria monocytogenes) and in immuno-
compromised patients (e.g. Salmonella enteritidis, candida,
cryptosporidium, cytomegalovirus) [29]. A particularly virulent
form known as emphysematous cholecystitis is rare; it results
from infection with gas-forming organisms (Fig. 3e).

Epidemiology

Gallstone prevalence ranges from 10% to 20% in the western
world with considerable variation between different ethnic
groups [1,2]. Gallstones are more frequent with increasing age
and in young women. As determined by cross-sectional ultra-
sound surveys [1,31], prevalence rates of gallbladder stones
show remarkable geographical variations. Gallbladder stones are
common in most European countries, as well as in North and
South America, but the prevalence is low in Asia and Africa.
Environmental factors are likely to contribute to these marked
differences. Data from several large epidemiological studies in
the US, Europe, China and Japan implicate chronic overnutri-
tion with refined carbohydrates and triglycerides as well as
depletion of dietary fibre as environmental triggers for choles-
terol gallstone formation (Table 3) [14]. Gallstone disease phe-
notypes are likely to result from the complex interaction of
genetic factors, high-carbohydrate, high-fat and low-fibre diets
[32] and other not fully defined environmental factors including
low physical activity (Table 3) [2,33]. This hypothesis is supported
by the profound increases in cholesterol gallstone prevalence
rates in Native Americans, postwar European countries and 
current urban centres in East Asia, all of which were associated
with the introduction of high-caloric ‘westernized’ diets 
[14,32].

However, a cholesterol-rich diet significantly induces
lithogenic bile only in gallstone carriers but not in stone-free
control subjects [34], indicating that intestinal cholesterol
absorption [35] and/or biliary cholesterol secretion are in part
genetically determined. Such genetic factors are probably con-
tributing to the extraordinarily high prevalence of gallstones 
in American Indian populations in both North and South
America. A recent ultrasound survey in 13 American Indian
tribes [36] found cumulative stone prevalence rates of 64% in
American Indian women and 30% in men, even though their
total caloric intake is comparable to that of white Americans.
The Pima Indians of Arizona have the highest recorded prevalence
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rate for gallstones [37]. Pima women develop supersaturated
bile around the age of puberty; by the age of 25–30 years, most
have borne several children and up to 80% have developed gall-
stones. It has been speculated that the wide distribution of genes
conferring gallstone susceptibility in American Indians might 
be related to ‘thrifty’ genes that conferred survival advantages
when Palaeo-Indians migrated to the Americas during the last
Great Ice Age [50 000–10 000 years ago) [38]. This speculation is
driven by the epidemiological associations of gallstones with
obesity and type 2 diabetes mellitus, both of which might be
caused by ‘thrifty’ genes [14,38]. The main pathophysiological
link appears to be biliary hypersecretion of cholesterol owing to
persistently increased cholesterol synthesis in obese and hyper-
insulinaemic patients (Table 3) [1].

In the Third National Health and Nutrition Examination
Survey [39], the highest age-standardized gallstone prevalence
was seen in Mexican American women (27%), followed by 
white (17%) and African American women (14%). These dif-
ferences can be attributed to the American Indian heritage of
Mexican–Americans. This ‘admixture hypothesis’ is supported
by a genetic study from Chile [40], which assessed the degree 
of admixture by mitochondrial DNA (mtDNA) in Mapuche
Indians, Easter Island Maoris and Hispanics. The prevalence of
gallstone disease was highest (35%) in Mapuches, who migrated
from North America (100% American Indian mtDNA), inter-
mediate (27%) in Hispanics (88% American Indian mtDNA)
and still 21% in Maoris, who originate from Polynesia (0%
American Indian mtDNA) and in whom obesity appears to be a
major environmental factor causing gallstones.

Genetics

Twin studies

A large study in Swedish twins provided strong evidence for 
a role of genetic factors in gallstone pathogenesis [41]. The
Swedish Twin Registry was linked with the inpatient discharge
and causes of death registries for symptomatic gallstone disease
and gallstone surgery-related diagnoses in 43 141 twin pairs born
between 1900 and 1958. Concordance rates were significantly
higher in monozygotic compared with dizygotic twins for both
genders. Genetic factors accounted for 25% [95% confidence
interval (CI) 9–40%], shared environmental effects (e.g. diet in
childhood) for 13% (CI 1–25%) and individual environmental
effects for 62% (CI 56–68%) of the phenotypical variation
among twins, as estimated by structural equation modelling
[41].

To investigate biliary lipid compositions in twins, 35 male
pairs were randomly selected from the Finnish Twin Cohort
[42]. Serum levels of methylsterols, which reflect hepatic 
cholesterol synthesis, and biliary concentrations of deoxycholate
showed significant correlations in monozygotic but not dizy-
gotic twins. These findings are consistent with the concept that
genetic factors determine biliary lipid secretion.

Family and linkage studies

Ultrasound surveys have documented that gallstones are two to
four times more common in first-degree relatives of gallstone
patients compared with age-matched stone-free control subjects
[14]. Duggirala et al. [43] employed variance component ana-
lysis in Mexican–American families to assess the genetic deter-
minants of symptomatic gallbladder disease. Heritability for
gallbladder disease was high (26–77%) and comparable to the
heritability of type 2 diabetes mellitus and obesity [43,44]. In the
recent follow-up study [44], a genome-wide scan for gallstone
susceptibility loci in 715 individuals, employing genetic markers
at an average distance of 10 cM, detected significant genetic 
linkage (LOD scores 3.4–3.7] for symptomatic cholelithiasis 
on human chromosome 1p [44]. Another variance component
analysis in 358 families in Wisconsin, each of which contained 
at least two obese siblings, determined that the heritability of
symptomatic gallstones is 29 ± 14% [45], which is similar to the
figure obtained in the Swedish twin study [41].

Monogenic cholelithiasis

Despite accumulating evidence that gallstone formation is
genetically determined in humans, direct confirmation of the
role of individual genes in human gallstone disease is sparse. 
In small groups of patients with gallstones, monogenic pre-
disposition has been ascribed to mutations in the genes that
encode the ABC transporters for phosphatidylcholine (ABCB4)
or bile salts (ABCB11), cholesterol 7α-hydroxylase (CYP7A1),
the CCK-A receptor (CCKAR) and the cystic fibrosis gene (CFTR)
(Table 1).

The first evidence that a single gene defect causes gallstone
formation in a defined subgroup – young patients with a recur-
ring form of cholelithiasis – was provided by Rosmorduc et al.
[46]. The group performed a mutation search in the ABCB4
gene in patients with cholesterol gallbladder stones and 
intrahepatic sludge or microlithiasis, recurrence of biliary 
symptoms after cholecystectomy, positive family history and
mild chronic cholestasis and/or intrahepatic cholestasis of 
pregnancy; point mutations were identified in 18 out of 32
patients (56%) [46]. These findings are clinically relevant, as
asymptomatic carriers might benefit from prevention with
ursodeoxycholic acid (UDCA) [46]. The pathophysiological
basis of the ABCB4 deficiency syndrome is consistent with the
spontaneous occurrence of cholecystolithiasis in Abcb4 knock-
out mice [47].

Homozygous ABCB4 mutations that lead to complete
absence of the phospholipid transporter and virtually no secre-
tion of phospholipids into bile result in progressive familial
intrahepatic cholestasis (PFIC) type 3 and early liver cirrhosis in
childhood. PFIC type 2 is caused by mutations in the bile salt
export pump gene ABCB11. A subgroup of patients with benign
recurrent intrahepatic cholestasis (BRIC), who display intermit-
tent attacks of cholestasis without progression to liver cirrhosis,
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have ABCB11 mutations [48]. The majority of ABCB11-affected
BRIC patients (65%) develop gallstones [48].

Pullinger et al. [49] proposed an association between another
single gene defect and gallstone formation. Gallstone patients
with homozygous deficiency of cholesterol 7α-hydroxylase
(CYPA1) display hypertriglyceridaemia and hypercholestero-
laemia, but faecal bile salt excretion is markedly deficient [49].
Recently, a Chinese association study [50] demonstrated that 
a common single nucleotide polymorphism (SNP) within the
CYP7A1 promoter is associated with increased LDL cholesterol
levels and gallstones. Furthermore, similar to ABCB4 and
ABCB11 deficiency, the relevance of CYP7A1 for gallstone
pathogenesis has been demonstrated in CYP7A1 transgenic
mice, which are resistant to stone induction by a high-fat/
high-cholesterol diet [51].

In contrast to CYP7A1 deficiency, familial hypobetalipopro-
teinaemia due to mutations in the APOB gene might also be
associated with cholesterol gallstone formation, which could
result from increased cholesterol secretion as a compensatory
mechanism to eliminate cholesterol not incorporated into
ApoB-containing VLDL [52]. Of note, significant associations
between a common polymorphism in exon 26 and cholesterol
gallstone prevalence, as well as increased total cholesterol, LDL
cholesterol and ApoB concentrations in serum, have been
detected in two Chinese studies [50,53]. However, the lipid
profile is not typical of cholesterol stone patients [14], and the
association could not be detected in a Finnish population [54]
and a study from India [55].

Altered CCK-AR structure has been associated with gallstone
formation in isolated cases of gallstones [56,57]. Although fur-
ther screening did not detect mutations in the coding region 
of the CCKAR gene in patients with gallstones [58,59], the link
between CCKAR and gallstones is supported by Cckar knockout
mice [18,59]. These mice display profound gallbladder hypo-
motility and prolonged small intestinal transit times [18], result-
ing in increased cholesterol absorption.

Single gene mutations causing haemolytic anaemias (heredit-
ary spherocytosis, ANK1, EPB42, SPTA1, SPTB, SLC4A1; sickle
cell disease, HBB; thalassaemia major and intermedia, HBB; 
and erythrocyte enzyme deficiencies, AK1, G6PD, GPI, GSR,
PGK1, PKLR, TPI1) and thus increased biliary bilirubin con-
centrations are well documented (for gene abbreviations, see
OMIM database at http://www.ncbi.nlm.nih.gov/entrez). In
addition to these gene defects, in which black pigment stones are
to be expected, there are also genes that predispose to increased
enterohepatic cycling of bilirubin, another cause of pigment
stone formation [25]. Such a gene defect that is associated with
pigment stone formation is cystic fibrosis. Gallstone prevalence
in cystic fibrosis is 10–30% compared with < 5% in age-matched
control subjects, but biliary cholesterol saturation does not 
differ between patients with and without gallstones [25].
Experimental findings in mice with mutations in the CFTR gene
indicate that enterohepatic cycling, as well as biliary secretion
and deconjugation of bilirubin, is increased in cystic fibrosis.

Polygenic cholelithiasis

In humans, the identification of lithogenic genes is hampered by
the multifactorial pathogenesis of gallstones, so cross-breeding
experiments in inbred mouse strains that differ in genetic sus-
ceptibility to cholesterol gallstone formation have been used to
identify the genetic factors that contribute to gallstone forma-
tion. The mouse model is based on a lithogenic diet that contains
15% fat, 1% cholesterol and 0.5% cholic acid, which promotes
intestinal absorption and biliary secretion of cholesterol
[14,16,60]. Using quantitative trait locus (QTL) analysis
[14,16,60] and in silico association mapping [61], more than 
20 murine gene loci for gallstone susceptibility (Lith genes) and
several candidate genes (ABC transporters, NRs, mucins) have
been identified (for updates, see http://pga.jax.org/qtl).

However, detailed analyses of human LITH genes have yet 
to be performed. Only APOE polymorphisms have been exten-
sively investigated in human gallstone disease. ApoE is the 
high-affinity ligand for the hepatic LDL receptor and the LDL
receptor-related protein. There are three common codominant
APOE alleles (ε2, ε3 and ε4), and the six resulting ApoE isoforms
(E2/E2, E3/E3, E4/E4, E2/E3, E2/E4, E3/E4) can be distinguished
by isoelectric focusing. These isoforms cause differences in
receptor binding affinities and clearance rates of circulating
lipoproteins. The presence of the ε4 allele has been associated
with conditions such as coronary heart disease and Alzheimer’s
disease, and Bertomeu et al. [62] showed that the ε4 allele is also
associated with cholelithiasis. The ApoE2 isoform, in contrast,
was found less frequently in women with gallstones than in con-
trol subjects [63]. In line with these findings, Apoe knockout
mice show a markedly lower frequency of gallstones than 
wild-type controls upon challenge with a high-cholesterol diet
[64]. The association between gallstones and APOE could be 
due to increased hepatic cholesterol uptake via chylomicrons in
patients carrying the isoform ApoE4; alternatively, biliary ApoE
might have a role in the destabilization of bile [1,62]. However,
recent studies failed to confirm the association between gall-
stones and ApoE isoforms (reviewed in [1]). Different ethnicities
with lower gallstone prevalence rates and the inclusion of
younger control probands might explain the discrepancies, as
the ε4 allele frequency is low in Asian populations and decreases
with age. Of note, other studies showed a higher ε4 allele 
frequency in patients with cholesterol stones than in patients
with pigment stones [65], and a higher stone recurrence rate
within 7 years after extracorporeal shock wave lithotripsy (ESWL)
in ε4 carriers (73% vs. 50%) [66]. Screening for carriers of com-
mon ApoE variants cannot be recommended on the basis of the
current association studies and does not guide therapy.

Clinical presentation

Cholecystolithiasis

Cholecystolithiasis is asymptomatic in 60–80% of patients
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[67,68]. Stones within the gallbladder may cause biliary pain;
they may lead to acute cholecystitis and empyema or cause cystic
duct obstruction. Biliary colic due to intermittent obstruction of
the cystic duct by a gallstone is defined as a steady localized pain
in the mid-epigastrium or the right upper abdomen, which may
radiate to the right shoulder tip or the right scapular region,
because of shared sensory innervation; it typically lasts longer
than 15 min and may be accompanied by nausea and/or vomiting.

In prospective studies of asymptomatic stone carriers, biliary
pain developed at a rate of 2–6% per year during the first 5 years;
afterwards, the frequency of symptoms was 1–3% per year
(Table 4). The overall incidence was 15–26% at 10 years
[67,69–71]. Complications (cholecystitis, biliary obstruction,
ascending cholangitis, pancreatitis) develop in 1–4% of asymp-
tomatic stone carriers during 4–20 years of follow-up, resulting
in a low complication rate of 0.1–0.3% per year (Table 4) [68–70].

Once an episode of biliary pain has occurred, the risk of
repeated attacks or symptoms ranges from 6% to 69% (Table 4),
most of which occur in the first year and are preceded by
episodes of biliary pain [68,72]. Abdominal discomfort follow-
ing fatty meals may have a similar predictive value [73].
Characteristic biliary pain is an indicator of an elevated risk 
of biliary complications. More than 90% of patients with com-
plications have experienced biliary colic before. The incidence 
of complications in these symptomatic patients is 1–3%, which
represents a 10-fold higher risk compared with asymptomatic
stone carriers (Table 4) [68,70,74]. The risk of developing 
additional complications after the first complication is 10% in
the first 4 weeks and 30–50% within 1 year. After 5 years with-
out symptoms, the risks of biliary colic or complications are as
low as those of asymptomatic stone carriers [68].

Patients with gallbladder hypomotility and obese patients
develop symptoms and complications more often (Table 3)
[68,75,76]. The risk of acute cholecystitis is higher in patients
with solitary stones, whereas the risk of acute pancreatitis is
higher in patients with small multiple stones and preserved gall-
bladder motility [77].

Acute cholecystitis

Cholecystitis typically causes a worsening biliary pain lasting
longer than 5 hours. It is located in the right upper quadrant and
accompanied by signs of inflammation such as fever, chills, or –

in severe cases – signs of sepsis. There may be mild jaundice if the
inflammatory process extends to the common bile duct and
impairs bile flow. On examination, physical signs of right-sided
peritoneal irritation with varying degrees of tenderness, and
pain to palpation in the right upper quadrant (Murphy sign)
may be present and have a sensitivity and specificity of 65% 
and 87% respectively [73].

Chronic cholecystitis

The symptoms and signs of chronic cholecystitis can be vague
and non-specific. Typically, they include right upper quadrant
abdominal pain or discomfort, often following a heavy meal.
Other much less specific symptoms include feelings of bloating, 
distension and excessive flatulence. Clinical signs are usually
absent, although occasionally there may be some tenderness in
the right upper quadrant, and a palpable gallbladder may be
found, if a stone blocks the cystic duct.

Chronic cholecystitis and cholecystolithiasis per se are associ-
ated with an increased risk of gallbladder cancer. Most patients
with gallbladder cancer are older than 60 years, and 70–90% of
patients have concurrent gallstones. However, as the absolute
incidence of gallbladder cancer is low, the small risk does not
justify prophylactic cholecystectomy in general [78].

Choledocholithiasis

About 10–25% of patients with gallbladder stones have asso-
ciated choledocholithiasis at cholecystectomy [79]. Vice versa,
95% of patients with bile duct stones have concurrent gallblad-
der stones. Bile duct stones can exist in the common duct for
months or years without symptoms and without any abnormal-
ity in liver function tests even when the bile duct is completely
obstructed and markedly dilated. Their presence may only
become obvious if they obstruct the bile duct and cause pain,
jaundice, abnormal liver function tests or cholangitis. The natu-
ral history of choledocholithiasis is not well defined. Although
complications are more common and more severe compared
with symptomatic cholecystolithiasis [80], it has been assumed
that 50% of the stones remain asymptomatic [81], but this rate
could be even be higher than 50% [82]. Longstanding choledo-
cholithiasis may lead to secondary biliary cirrhosis and bile duct
carcinoma. 

Other complications of gallstone disease associated with
inflammatory changes are rare: thus, a stone impacted in the
cystic duct may produce intermittent obstruction of the com-
mon bile duct (Mirizzi syndrome), and gallstones can erode 
the gallbladder wall resulting in a biliary fistula with or without
subsequent duodenal obstruction (Bouveret syndrome) or gall-
stone ileus [83].

Intrahepatic gallstones

Intrahepatic gallstones are defined as stones found in any of the
bile ducts proximal to the junction of the left and right hepatic

Table 4 Clinical presentation of cholelithiasis.

Asymptomatic cholecystolithiasis
60–80% of gallstone carriers

Frequency of symptoms
1–6%/year in asymptomatic gallstone carriers

6–69%/year in symptomatic gallstone patients

Frequency of complications
0.1–0.3%/year in asymptomatic gallstone carriers

1–3%/year in symptomatic gallstone patients
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ducts [84]. Intrahepatic gallstones are common in the Far East,
where they constitute up to 50% of all cases of cholelithiasis.

Patients with intrahepatic stones experience few symptoms if
bile flow is not disturbed and if there is no biliary infection. The
most common initial symptom is pain in the right upper quadrant
or upper abdomen, followed by jaundice and fever. Lethargy,
nausea and vomiting may also occur.

Diagnostic methods

Cholecystolithiasis and choledocholithiasis

Physical examination during an episode of biliary pain may
reveal right upper quadrant tenderness, but it is usually normal
between the attacks. Blood chemistry will be normal in the
majority of patients, but may show increases in serum bilirubin,
alkaline phosphatase and γ-glutamyltransferase in the case of
biliary obstruction. There is usually a modest elevation in serum
aminotransferases but, in some patients with acute obstruction,
the aminotransferase levels can be very high (> 1000 U/L).
Indeed, biliary obstruction due to gallstones is a relatively 
common cause of a marked elevation in aminotransferase levels
in general clinical practice. This may lead to an erroneous diag-
nosis of viral hepatitis – a diagnostic error, particularly when
cholangitis is present, as it delays antibiotic therapy and drainage
of the bile duct. In cholangitis, signs of inflammation (fever, 
leucocytosis) may be seen, and blood cultures may become 
positive.

Transabdominal ultrasound examination (Table 5, Fig. 3) is
the most common and accurate method of detecting gallbladder
stones, having a sensitivity of 97% and a specificity of 95% [85].
Ultrasound can also be employed to determine gallbladder vol-
ume and assess gallbladder motility [77], using the formula for
the volume of an ellipsoid [volume (mL) = 0.52 × sagittal ×
transversal × longitudinal diameter (cm)]. If the gallbladder of 
a fasted patient contracts normally, the volume should decrease

by at least 60% 30 min after a standardized liquid meal.
Common bile duct stones may be visualized by ultrasound but,
in the majority of patients, only indirect evidence, such as the
presence of dilated bile ducts together with gallbladder stones,
can be obtained [86].

Both endoscopic retrograde cholangiography (ERC) and
endoscopic ultrasound have the highest sensitivity and specificity
(> 90%) for the detection of bile duct stones [87,88]. ERC is the
preferred diagnostic method in patients with a high suspicion
for choledocholithiasis (Figs 4 and 5a), as it allows subsequent
therapeutic intervention. Magnetic resonance cholangiography
(MRC) has a sensitivity and specificity of 90–95% for the detec-
tion of common bile duct stones > 5mm (Fig. 5b) [89] and is 
well suited for ruling out bile duct stones in patients with inter-
mediate clinical suspicion (Fig. 4). Computerized tomography
(CT) has its role in the workup of abdominal pain or acute
abdomen (Fig. 4). Finally, intraoperative cholangiography might
be performed in patients who undergo cholecystectomy, but 
this approach is probably inadequate as less than 4% of patients
harbour unidentified stones [90]. When intrahepatic gallstones

Table 5 Diagnostic methods for gallstones.

Cholelithiasis/cholecystitis
Routine blood tests including blood cultures

Transabdominal ultrasound

Computerized tomography

Bile duct stones/cholangitis
Routine blood tests including blood cultures

Transabdominal ultrasound

ERC (PTC) in patients with high suspicion of bile duct stones

MRC in patients with low suspicion of bile duct stones or inaccessibility of

bile ducts

Endoscopic ultrasound

Computerized tomography

Symptoms

Transabdominal ultrasound

Laboratory
(RBC, WBC, g-GT, alkaline phosphatase, ALT, bilirubin, lipase)

High probability of
bile duct stone

Complicated cholecystitis
(perforation, abscess)

ERC

Intermediate probability
of bile duct stone

MRC / endoscopic
ultrasound

Computerized tomography/early
cholecystectomy

Fig. 4 Diagnostic algorithm for patients with
suspected biliary colic. ALT, alanine
aminotransferase; g-GT, g-glutamyltransferase;
RBC, red blood cell; WBC, white blood cell.
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Fig. 5 Endoscopic retrograde cholangiography (ERC) and magnetic resonance cholangiography (MRC) of a common bile duct stone. The intraductal stone
can be clearly visualized by both ERC (a) and MRC (b).

(a) (b)
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are suspected, the best diagnostic techniques are ultrasound,
MRC and percutaneous transhepatic cholangiography (PTC),
which gives a diagnosis in 97%, compared with 87% with ERC
and 81% with CT [91,92].

Cholecystitis

Blood chemistry will show signs of inflammation and possibly of
cholestasis; aerobe and anaerobe blood cultures may become
positive [30]. Transabdominal ultrasound (Fig. 3c) is a very 
useful diagnostic tool for acute cholecystitis [73,93]. Typical
findings are gallbladder distension, halo sign of subserosal
oedema and thickening of the gallbladder wall (> 4 mm), which,
however, may also be present in patients with ascites or hypalbu-
minaemia. It may be possible in an acutely inflamed gallbladder
to elicit an ‘ultrasound Murphy sign’, where marked tenderness
is provoked by pressure with the probe over the inflamed 
organ; this sign has a sensitivity > 90% and a specificity > 80%.
Emphysematous cholecystitis may present with gas bubbles
(Fig. 3e). However, in critically ill patients, ultrasound is less
reliable, and CT scans might be required in patients with a high
suspicion of cholecystitis [94,95].

Differential diagnosis

Cholecystolithiasis and choledocholithiasis

Gallbladder stones have to be discriminated from cholesterolo-
sis (‘cholesterol polyps’). In this benign condition, triglycerides
and cholesterol esters are incorporated in macrophages in 
the gallbladder wall and, if these project into the lumen, they
produce the macroscopic change known as a ‘strawberry gall-
bladder’ [96]. Typically, cholesterol polyps cannot be shifted by
positioning during transabdominal ultrasound examination.

The differential diagnosis of recurrent abdominal pain com-
prises a large number of possible diseases (Table 6). In addition
to the biliary tract, abdominal pain may originate from the chest,
stomach, small intestine, colon, pancreas, kidneys, uterus or
ovaries. Moreover, ischaemia, neurogenic (e.g. Herpes zoster) or
musculosketetal pain should be considered. Jaundice and pain
suggest choledocholithiasis, while painless jaundice favours liver
disease or malignant biliary obstruction.

Cholecystitis and cholangitis

The major differentials of cholecystitis or cholangitis include
acute problems arising above the diaphragm (from the heart,
lungs or pleura) or within the abdomen as a result of acute 
pancreatitis, perforated peptic ulcer, acute appendicitis, pye-
lonephritis or stones in the right kidney (Table 6).

Diagnosis of acalculous cholecystitis in critically ill patients is
notoriously difficult, and thus a high grade of suspicion of chole-
cystitis as a possible focus in patients with sepsis of unknown
cause is required [94].

As the symptoms of chronic cholecystitis are vague and vari-
able, differential diagnosis in these patients includes diseases of
practically all abdominal and thoracic organs, as well as prob-
lems arising from the spine.

Primary prevention of gallbladder
stones

Primary prevention strategies are summarized in Table 7 [1].
For specific conditions that are associated with an increased 
gallstone risk, such as rapid weight loss or total parenteral 
nutrition, gallstone formation can be prevented by UDCA (at
least 500 mg/day) [97] or early enteral nutrition respectively.
Administration of CCK (50 ng/kg/day i.v.) [98] or motilin 
agonists such as erythromycin or clarithromycin (500–600 mg)
might also have protective effects in the latter setting [99].

Therapeutic strategies

Asymptomatic cholecystolithiasis

Asymptomatic cholecystolithiasis is not an indication for chole-
cystectomy, as the risk of complications from surgery outweighs
the advantage of preventing possible complications from
asymptomatic gallbladder stones including gallbladder cancer.
Expectant management is also the best strategy for kidney
and/or pancreas transplant recipients [100], whereas a recent
decision analysis [101] indicated that prophylactic posttrans-
plantation cholecystectomy might be preferred for cardiac
transplant patients, in particular for diabetic patients [102].
There are some additional situations that require discussion 
of prophylactic cholecystectomy in patients with asymptomatic
gallbladder stones.

The prevention of gallbladder cancer may be an indication 
for cholecystectomy in asymptomatic patients with gallbladder
stones > 3 cm (up to 10-fold increased risk for gallbladder 
cancer), in those with polyps > 10 mm (cancer risk 3–6% 
in patients > 60 years) or patients with a calcified gallbladder
(cancer risk up to 20%) [103–108].

Table 6 Differential diagnosis of epigastric pain.

Symptomatic cholecystolithiasis/acute cholecystitis

Choledocholithiasis/acute cholangitis

Acute/chronic pancreatitis

Kidney stone/acute pyelonephritis

Peptic ulcer disease

Acute appendicitis

Hepatic abscess

Acute myocardial infarction

Basal pneumonia with pleuritis
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Symptomatic cholecystolithiasis

Emergency treatment of biliary colic is accomplished with spas-
molytics (e.g. N-butyl-scopolamin 40 mg i.v.) and NSAIDs 
(e.g. metamizol 1 g i.v., diclofenac 50 mg p.o.) [109].

Cholecystectomy
Preferably by the laparoscopic approach (see Fig. 6), this should
be performed to avoid the high rate of recurrence and the 
1–3% annual risk of complications from gallstone disease
[68,70,72,74]. With laparoscopic cholecystectomy, the incidence

Table 7 Prevention of cholesterol gallstone disease.a

Intervention 

Physical activity (> 10 metabolic equivalent h/week; 

2–3 h jogging or cycling reduce the risk by 20–40%)

Slow weight reduction in obesity (< 1 kg/week; risk 

reduction from 28% to 8% during weight loss of 

> 25% in 4 weeks)

Ursodeoxycholic acid during rapid weight loss 

(600 mg/day reduces the risk from 28% to 3% 

during weight loss of > 25% in 4 months)

CCK-octapeptide (50 ng/kg/day i.v.) during total 

parenteral nutrition

Supplementation of low-caloric diet with 

long-chain triglycerides (15–25 g/day)

aAdapted from ref. 1.
bEvidence was graded according to the US Preventive Services Task Force ratings.

Potential mechanisms 

Colonic transit time ↓ ⇒ intestinal bile salt dehydroxylation ↓
Gallbladder motility ↑

Biliary cholesterol secretion ↓

Biliary cholesterol secretion ↓
Formation of liquid crystals increases cholesterol solubility 

in gallbladder bile

Intestinal cholesterol absorption ↓

Gallbladder motility ↑

Gallbladder motility ↑

Evidence gradeb

1

1

1

2

2

Laparoscopic cholecystectomy

Intermediate probability of
bile duct stonesb

Specific surgical
expertise

High probability of
bile duct stonesa

Low probability of
bile duct stones

Preoperative sphincterotomy
and stone extraction

Intraoperative
bile duct exploration

Bile duct stone

Individual decision:
intraoperative stone extraction

versus postoperative ERC

MRC or
endoscopic ultrasound

Bile duct stone

Preoperative
sphincterotomy

and stone extraction

Cholecystectomy without
additional diagnostics

Fig. 6 Therapy of symptomatic gallbladder and bile duct stones.
aCriteria for high probability of concurrent bile duct stones: major: hyperbilirubinaemia, bile duct dilatation (ultrasound); minor: elderly, multiple small
gallbladder stones, pancreatitis. 
bCriteria for intermediate probability of concurrent bile duct stones: moderately elevated or decreasing serum lipase activities without concurrent
hyperbilirubinaemia, moderately elevated g-glutamyltransferase or alkaline phosphatase without bile duct dilatation.
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of postoperative pain and complications, such as chest and wound
infections, is lower than following open surgery. Moreover,
most patients undergoing laparoscopic cholecystectomy spend
less time in hospital and have a shorter period of convalescence,
and patient satisfaction following the laparoscopic approach to
cholecystectomy is good mainly because they are left with fewer
and less visible scars. The results of recent surveys show that the
prevalence of bile duct injury is not increased after laparoscopic
cholecystectomy compared with the open abdominal approach
[110]; bile duct injuries occur in 0.25–0.56% of cholecystec-
tomies. Bile duct injuries comprise small biliary leaks closing
spontaneously, biliary strictures, which may be managed by
endoscopic stent insertion, and large leaks or complete biliary
obstruction usually requiring surgical revision. Mortality rates
following cholecystectomy range from less than 0.1% in clinical
studies [111] to 0.7% (as documented for all cholecystectomies
performed in Germany in 2004) [4].

Oral litholysis
More than 20 years ago, several studies investigated non-surgical
treatment options for symptomatic gallbladder stones. Based 
on the physical–chemical principles of cholesterol gallstone 
formation [6,9], small (< 5 mm) non-calcified cholesterol stones
(Table 1) can be successfully dissolved with oral administration
of UDCA (10–15 mg/kg/day) [112,113]. UDCA, which com-
prises < 10% of the physiological bile salt pool, decreases biliary
cholesterol secretion, increases the solubility of cholesterol by
the formation of liquid crystals and reduces intestinal choles-
terol absorption [1,112]. Alternatively, chenodeoxycholic acid,
which causes more side-effects [114], or the combination of
both bile salts have been used for oral litholysis [113].

As stone diameter decreases on average by only 0.7 mm/month
[115], oral litholysis takes several months. For ideal patients,
stone clearance rates of 70–80% were reported [113,116].
Significant side-effects were not observed with UDCA, except
for transient diarrhoea in 10% of patients. However, follow-up
studies demonstrated that stones recur in 10% of patients, and
recurrence rates exceed 50% after 5 years [117–119].

Extracorporeal shock wave lithotripsy (ESWL)
ESWL for gallstones was pioneered in the 1980s at the University
of Munich [120,121]. The aim of ESWL was to fragment larger
stones, so that spontaneous stone clearance or oral litholysis 
is possible [120]. The original machine used an underwater
spark-gap generator; the sudden evaporation of water caused
shock waves, which were focused on to the target stones with a
semi-ellipsoid reflector. The newer machines, which require 
no anaesthesia or analgesia, operate on the basis of an array of
piezoelectric crystals, electrohydraulic lithotripters or an elec-
tromagnetically activated metal membrane [122,123].

The rate of complete fragment clearance 9–12 months after
ESWL is 76–85% [124–126]. The best results are obtained for
patients with a well-contracting gallbladder [127] and stones 
< 2 cm with CT attenuation values < 84 HU [126,128]. However,

up to 36% of patients experience biliary pain, and the recurrence
rate is as high as 31–60% after 5 years and 80% after 10 years
[66,124–126,129,130]; complications of ESWL include acute
pancreatitis (2%) and transient cholestasis (1%) [124].

Owing to the advantages of laparoscopic cholecystectomy,
non-surgical approaches have lost their impact on therapy. 
Only in a very few selected patients with infrequent and mild
gallstone-related symptoms and small non-calcified stones who
do not wish to undergo an operation is an attempt with UDCA
justified.

Choledocholithiasis

Choledocholithiasis is an indication for treatment, probably 
also in asymptomatic stone carriers, as complications are more
severe than in cholecystolithiasis. The treatment algorithms
depend on stone localization, the presence of complications
(acute cholangitis, biliary pancreatitis) and history of previous
cholecystectomy. In the last case, patients undergo endoscopic
stone extraction after sphincterotomy.

In the majority of patients, cholecysto- and choledocholithia-
sis coexist and three different options are available: (i) strict 
surgical treatment with (laparoscopic) cholecystectomy and bile
duct exploration [131–133]; (ii) strict therapeutic splitting with
endoscopic removal of bile duct stones followed by (laparo-
scopic) cholecystectomy, which is the standard of care for most
patients with acute cholangitis and biliary pancreatitis; or (iii)
flexible splitting, e.g. intraoperative or postoperative splitting
[134,135].

While the combined surgical approach has the advantage of
subjecting the patient to just one procedure, laparoscopic duct
exploration is technically demanding and time consuming. 
On the other hand, sphincterotomy and endoscopic bile duct
clearance with standard equipment (Dormia basket and bal-
loon) are successful in over 90% of patients. The complication
rate of sphincterotomy ranges from 4% to 20% and was 16% 
in prospective studies [136]. The major complications are pan-
creatitis (1–2%), bleeding (2–3%) and duodenal perforation.
Mortality rates up to 1% have been reported [136–138]. In a
study of 540 patients who underwent ERC in our department,
complications occurred in 7% of the procedures, and the 
mortality rate was 0.2% [139].

Treatment options for difficult stones include mechanical
lithotripsy (Fig. 7), laser lithotripsy, electrohydraulic lithotripsy
and ESWL (Fig. 8). Factors that predict failure of mechanical
lithotripsy are not absolute stone diameter but stone impaction
in the bile duct [140] and stone size in relation to bile duct 
diameter. All transpapillary approaches can also be performed
via a percutaneous access with similar success rates. We employ
ESWL to fragment very large bile duct stones [141]. For ESWL, a
nasobiliary catheter is inserted for localization of the stones and
control of fragmentation (Fig. 8). The question of which method
should be used depends on local expertise. ESWL might be
somewhat less efficient than laser lithotripsy or electrohydraulic
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(a) (b)

Fig. 7 Mechanical lithotripsy of a stone in the common bile duct during ERC. (a) The stone is detected in the dilated common bile duct; lithotripter in situ. 
(b) Fragmented stone after lithotripsy; clearance of the common bile duct.

(a) (b) (c)

Fig. 8 Efficacy of extracorporeal shock wave lithotripsy (ESWL). (a) Multiple filling defects due to common bile duct stones. (b) A nasobiliary drainage is
inserted to facilitate visualization of stones for planned ESWL. (c) Complete duct clearance after two ESWL treatments and subsequent ERC with extraction of
stone fragments by Dormia basket and balloon.
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lithotripsy [142] but, on the other hand, it is technically less
demanding and might be associated with lower complication
rates.

Alternatively, surgical bile duct exploration remains an
option, in particular for large impacted stones in patients with
an indication of cholecystectomy. It is to be determined whether
simultaneous laparoscopic cholecystectomy and intraoperative
ERC offers advantages [143]. Under certain circumstances (e.g.
in elderly patients unfit for surgery with large bile duct stones),
laparoscopic cholecystectomy and endoscopic sphincterotomy
with stenting are accepted alternatives [144]. However, as some
of these patients develop cholangitis, endoscopic duct clearance
should be the preferred strategy [145].

After endoscopic treatment of choledocholithiasis, a wait-
and-see policy in combined choledocholithiasis and asymp-
tomatic cholecystolithiasis cannot be recommended, as the 
risk of cholecystitis, jaundice or other complications exceeds
15% [146,147]. Similarly, all patients with cystic duct obstruc-
tion should undergo cholecystectomy, whereas this is not 
indicated for patients without gallbladder stones and patent 
cystic duct.

In spite of successful endoscopic sphincterotomy and stone
extraction, 10–15% of patients develop recurrent symptomatic
bile duct stones within 10 years. This is favoured by impaired
bile flow and recurrent episodes of cholangitis. Most of the
patients with recurrent choledocholithiasis can be treated easily
endoscopically. Patients with early recurrence of stones (≤ 5
years), dilated bile duct (≥ 15 mm) and periampullary diverticu-
lum are most susceptible to stone recurrence even after removal
of the stones [148], but retreatment is safe and feasible.

There is no evidence-based medical prophylaxis for bile duct
stone formation. Antibiotics did not have beneficial effects in
controlled studies. UDCA induces choleresis and showed a
slight reduction in recurrence rates of bile duct stones in a small
cohort with short follow-up [149].

Intrahepatic gallstones

The management of intrahepatic gallstones is very difficult, and
patients should be referred to a specialized hepatobiliary unit.
Treatment is directed primarily at the removal of stones and the
relief of biliary obstruction, which may be contributing to the
formation of stones. There is, as yet, no satisfactory method for
dissolving intrahepatic pigment stones in vivo, and it can be very
difficult to remove these stones by the endoscopic route.

For localized disease, hepatic lobectomy may offer a chance of
cure. Success is reported with cholangioscopy, either through a
sinus tract established after percutaneous biliary drainage or
postoperatively via a T-tube or T-tube tract. Several techniques
(such as drills and forceps) can be employed to remove stones or
to crush them before removal of the fragments. Direct surgical
approaches are also used, including lithotomy via an extended
choledochotomy and scooping or evacuation of stones, which is
followed by sphincteroplasty or choledochoenterostomy.

Complications and their management

Cholecystitis

Complications of gallstones and their management are sum-
marized in Table 8. The single most frequent complication of 
gallstone disease is cholecystitis. Acute cholecystitis may become
gangrenous (2–30%) or lead to gallbladder perforation (10%)
with a mortality rate of 30%, biliary fistula, gallstone ileus or 
biliary sepsis [29]. Early diagnosis of local complications by
ultrasound and/or CT is important (Fig. 6).

Medical treatment
Emergency treatment consists of fasting, fluid resuscitation,
spasmolytics and analgesia preferably with NSAID, as these
drugs can reverse inflammation of the gallbladder wall [109]. In
addition, intravenous antibiotic therapy covering Gram-negative
enteric microorganisms (e.g. broad-spectrum acyl-ureido-
penicillins, third-generation cephalosporins or chinolones)
should be started.

Table 8 Complications of cholelithiasis and their management.

Acute cholecystitis

Emergency therapy with fasting, fluids, analgesics and antibiotics

Early (laparoscopic) cholecystectomy within 72 h (laparoscopic or open),

otherwise laparoscopic cholecystectomy after 6 weeks

Percutaneous or transpapillary drainage in critically ill patients

Gallbladder perforation

Cholecystectomy (open)

Broad antibiotics

Chronic cholecystitis/calcified gallbladder

Cholecystectomy

Acute cholangitis

Endoscopic (or percutaneous) biliary drainage

Antibiotics

Biliary pancreatitis

Early endoscopic sphincterotomy in patients with obstructive jaundice or

severe biliary pancreatitis

Supportive therapy including prophylactic antibiotics in severe

pancreatitis

Mirizzi syndrome

Cholecystectomy (open)

Occasionally patients unfit for surgery might be treated endoscopically

with sphincterotomy/lithotripsy

Cholecystoenteric fistula/gallstone ileus

Surgical treatment only if ileus or other symptoms

Gallbladder or bile duct carcinoma

Surgery

Endoscopic drainage

Consider photodynamic therapy
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Surgery
Most patients respond to initial conservative medical treatment
within the first days. However, up to 20% develop signs of
advanced cholecystitis (fever > 38°C, serum bilirubin > 10 mg/dL)
and need emergency surgery to avoid complications [29]. The
timing of surgery in the remaining 60–80% of patients has 
been under debate. Recent meta-analyses indicate that early
laparoscopic surgery (within 72 h of the onset of symptoms) is
preferred, as it does not carry a higher risk of mortality and 
morbidity, and total hospital stay and costs can be reduced
significantly compared with patients undergoing elective chole-
cystectomy [150,151]. The overall complication rates range
from 3% to 15%, with bile duct injuries between 0.7% and 
1.3%, which is comparable to complication rates of open chole-
cystectomy in these patients [152–154].

Percutaneous cholecystostomy
Percutaneous (ultrasound or CT-guided) drainage of the gall-
bladder is an alternative temporary treatment in patients with
acalculous cholecystitis or empyema unfit for surgery [155]. The
possibility of a bedside procedure renders this technique a treat-
ment option in critically ill patients, but no prospective studies
have been performed.

Cholangitis

Ascending cholangitis is usually due to bile duct obstruction
with subsequent infection by Gram-negative enteric bacteria or
enterococci. It is a potentially life-threatening complication 
presenting with fever, chills and often post-hepatic jaundice. 
If choledocholithiasis is complicated by ascending cholangitis,
emergency treatment with fluid resuscitation, parenteral antibi-
otics and decompression of the bile ducts, preferably by endo-
scopic means such as stone extraction or nasobiliary drainage, 
is necessary. A simultaneous sphincterotomy is not mandatory 
if sufficient biliary drainage is established by stent placement 
or nasobiliary drain [156], both of which are equally effective
[157]. If untreated, long-term complications of cholangitis
include stricture formation, intrahepatic stone formation and
secondary biliary cirrhosis.

Biliary pancreatitis

Passage of gallstones through the lower end of the common bile
duct is an important cause of acute pancreatitis and is assumed
to result from transient gallstone blockage of the common 
channel [158]. Small gallstones are associated with an increased
risk of acute pancreatitis [159]. It has also been suggested that
biliary sludge, identified by ultrasound (Fig. 3a) or by analysis of
bile samples (obtained at ERC or by duodenal intubation and
injection of CCK), may cause pancreatitis in patients without
gallstones who have no other obvious cause of pancreatitis [160].

The clinical picture of gallstone pancreatitis is similar to that
of other forms of pancreatitis. However, within the first 48 h 

of the attack, abnormalities of liver tests (serum bilirubin,
aminotransferases and alkaline phosphatase) and of serum
lipase are more pronounced with gallstone pancreatitis.

Although early release of the obstruction is likely to be
beneficial for the further clinical course of biliary pancreatitis,
emergency ERC with sphincterotomy is not necessary in all
patients, as the stone may have passed spontaneously and the
inflammatory cascade is not interrupted by sphincterotomy. 
An excellent summary of the controlled studies on this issue
[161] indicated that urgent ERC ± sphincterotomy is mandatory
for patients with bile duct obstruction (jaundice) and/or cholan-
gitis [162,163]. In these patients, sphincterotomy treats cholan-
gitis, which represents a severe complication, causing sepsis in
10% of patients [79]. Recent meta-analyses [164] suggest that
sphincterotomy might reduce the complications of biliary 
pancreatitis in general, albeit the effects are non-significant in
predicted mild disease and for reduction of mortality in general
[165].

With gallbladder in situ, cholecystectomy should be per-
formed early (within the same hospital stay) in patients with
mild pancreatitis. This minimizes the frequency of subsequent
attacks, although they may still occur because of missed stones
or the formation of new stones [166]. However, to reduce the
risk of sepsis and complications of cholecystectomy, surgery
should be delayed in patients with moderate to severe acute 
pancreatitis who demonstrate peripancreatic fluid collections or
pseudocysts until these resolve or persist beyond 6 weeks [167].
Endoscopic sphincterotomy without cholecystectomy could be
an acceptable option to prevent recurrence in patients who are
not candidates for surgery [168].

Mirizzi syndrome

In rare cases, a stone impacted in the cystic duct or neck of the
gallbladder (or in a cystic duct remnant) causes a localized
obstruction of the common hepatic duct, thought to be due to
direct pressure and/or secondary inflammatory changes around
the duct. This constitutes the Mirizzi syndrome, which deserves
attention because it may cause diagnostic confusion. The
obstruction of the common hepatic duct can cause right upper
quadrant pain, nausea and vomiting, recurrent cholangitis and
jaundice. A cholecysto-choledochal fistula may form between
the common hepatic duct and the cystic duct or the gallbladder
[169].

Ultrasound might show dilated ducts above and normal-sized
ducts below the block, and may reveal the stone in the neck 
of the gallbladder or cystic duct. On ERC, the characteristic
appearance is of a broad extrinsic impression on the lateral
aspect of the common hepatic duct, with dilated ducts above and
a normal duct diameter below the narrowing; the cystic duct and
gallbladder do not usually fill with contrast (Fig. 9).

In most patients, surgical treatment is required, with laparo-
scopic procedures carrying a potential risk of complications.
ERC with sphincterotomy, cholangioscopy, laser lithotripsy and
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stone extraction may be helpful, particularly for poor surgical
candidates.

Biliary fistulae

Biliary fistulae are thought to result from longstanding impacted
stones [170]. The most common are those between the gallblad-
der and intestine, and those connecting two parts of the biliary
tract. The most prevalent type of biliary enteric fistula (77%) is
cholecystoduodenal, and the next most common is cholecysto-
colic (15%) [170]. Most patients with biliary enteric fistulae
have symptoms similar to those of chronic cholecystitis or
recurrent biliary infection, but there can also be long asymp-
tomatic periods [170]. Patients may also suffer from ‘bile salt
diarrhoea’ if there is a cholecystocolic fistula.

A fistula should be suspected if air is found in the biliary 
tree and, in a consecutive gastrografin swallow, contrast may 
be seen to pass into the gallbladder or bile ducts. The standard
approach to management of biliary fistulae in patients without
accompanying gallstone ileus is primary repair of the fistula with
cholecystectomy.

Gallstone ileus

Although gallstone ileus is a relatively uncommon cause of
intestinal obstruction (2–3%), it is responsible for up to 20% 
of cases of intestinal obstruction in those over 65 years of age.
Gallstones impact most commonly in the last 50 cm of the 
terminal ileum (60% of patients with ileus); they obstruct the
mid-ileum in 25%, the jejunum in 10% and the duodenum in up
to 10% of patients [170,171]. Gallstone ileus is almost invariably
due to the earlier development of a biliary enteric fistula, most
commonly cholecystoduodenal.

Symptoms may be moderate or intermittent, and the diagno-
sis is to be suspected if – in addition to the features of intestinal
obstruction – there is air in the biliary tree [172]. In the manage-
ment of intestinal obstruction due to a gallstone, relief of the
obstruction is the first concern after correction of dehydration
and proper preoperative preparation. The stone is removed
through an enterotomy and/or intestinal resection; in most
patients, correction of the biliary fistula is performed later. It 
is necessary to repair the fistula, as ileus recurs in 2–13% of
patients and there is a high incidence of cholangitis. The average
mortality due to gallstone ileus has been reported to range from
5% to 20%.

Prognosis

Prognosis with treatment

The prognosis of cholecystolithiasis and calculous cholecystitis
is good. The overall mortality rate after surgical treatment 
is 0.1–0.7%. However, after cholecystectomy, up to 10% of
patients complain of recurrent or persistent pain, which is
referred to as ‘post-cholecystectomy syndrome’. In some cases,
this may represent continuation of preoperative non-gallstone
pain that was misattributed to coincidental gallstones. In cases
in which the symptoms are genuine, they might be due to 
abnormally high tone of the sphincter of Oddi, although this is
very difficult to elicit, e.g. by sphincter of Oddi manometry,
morphine–prostigmine provocation test (Nardi test) or mag-
netic resonance pancreaticography with secretion stimulation
[173]. Acalculous cholecystitis in critically ill patients carries a
poor prognosis, and the mortality may be higher than 50%.

Prognosis without treatment

Acute cholecystitis resolves spontaneously in half of patients
within 7–10 days. However, the rate of gangrenous cholecystitis

Fig. 9 Endoscopic retrograde cholangiography (ERC) appearance of Mirizzi
syndrome. Note the eccentric stenosis of the common hepatic duct in close
vicinity to the cystic duct and the presence of multiple stones in both the
gallbladder and the bile ducts. The patient underwent open
cholecystectomy, and a large defect in the wall of the common hepatic duct
was diagnosed intraoperatively.
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with gallbladder perforation may be as high as 10%. If cholecys-
titis is treated without cholecystectomy, the recurrence rate is
60% in 6 years. Ascending bacterial cholangitis has a marked
mortality rate if unrecognized or left untreated.
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19.4 Cholangitis and biliary tract infections
Ulrich Beuers

The term cholangitis summarizes a spectrum of inflammatory
diseases of the biliary tree, both infectious and non-infectious.
This chapter focuses on different forms of infectious cholangitis.
Non-infectious forms such as primary sclerosing cholangitis
(Chapter 11.3) and autoimmune cholangiopathies including
chronic destructive non-suppurative cholangitis (primary bil-
iary cirrhosis; Chapter 11.1), autoimmune cholangitis, overlap
syndromes of these with autoimmune hepatitis (Chapter 11.5),
and congenital ductal cystic abnormalities including Caroli 
syndrome, choledochal and foregut cyst (Chapter 8.2) are dis-
cussed elsewhere.

Bacterial cholangitis

Acute bacterial cholangitis is a severe, potentially life-threatening
disease that is characterized by the clinical symptoms sum-
marized as ‘Charcot’s triad’: jaundice, spiking fever (with chills)
and right upper quadrant (RUQ) abdominal pain [1]. Mortality
from acute bacterial cholangitis has fallen from 100% at the
beginning of the last century [2] to < 10% at its end [3] as 
a result of enormous advances in diagnostic and therapeutic
measures.

Pathogenesis

Development of acute cholangitis requires two pathogenetic 
factors in immunocompetent individuals: (i) the presence of
microorganisms in bile and (ii) bile duct obstruction by calculi,
benign strictures or a malignant disease, leading to increased
intraductal pressure [1]. Bacteria in a normal bile duct with low
pressure (8–12 cmH2O) do not cause clinical cholangitis, as can
be observed after routine endoscopic retrograde cholangiogra-
phy when cholangitis is only observed in a very low percentage
of patients [4], although bacterial contamination of the biliary
tree can barely be avoided. Experimental studies indicate that
transfer of bacteria from bile to blood mainly via a transcellu-
lar route requires an elevation of biliary pressure to at least
15–20 cmH2O [5].

Microorganisms in bile
Bile is usually sterile [6–8]. Anatomical barriers protect bile
from being invaded by bacteria both via the haematogenous
route by hepatocellular and cholangiocellular gap junctions and
via the enteric route by a well-functioning sphincter of Oddi,
constant bile flow and the bacteriostatic/bacteriocidal action of
bile acids and immunoglobulins, particularly IgA in bile [9].
Risk factors for invasion of bacteria into the biliary tree (bactero-
bilia) include common bile duct (CBD) stones, benign and, to a
markedly lesser degree, malignant biliary strictures, endoscopic
sphincterotomy (EST) and biliary endoprosthesis. Obstructive
jaundice, recent clinical infections, age > 70 years, diabetes and
previous biliary interventions may further enhance the risk of
bacterobilia (reviewed in [9]). In the early phase of acute cholan-
gitis, bacteria are detected in at least 75% of bile cultures and
often in blood cultures taken during rise in temperature. Mixed
infections of bile are found in 30–80% of bacterial cholangitis
[10] and in > 80% of cases with severe acute suppurative cholan-
gitis [11]. The most commonly detected bacteria are Gram-
negative Escherichia coli (44–58%) and Klebsiella spp. (14–34%)
as well as Enterococcus spp. (0–53%) [9,10,12]. Enterobacter spp.
(5–13%), Citrobacter spp. (0–6%), Proteus spp. (3–10%) and
anaerobes such as Bacteroides spp. (1–18%) or Clostridium spp.
(4–16%) may be found in a minority of cases. After biliary 
endoscopic or surgical interventions, a mixed flora of the above-
mentioned Gram-negative bacteria together with anaerobes 
or Pseudomonas spp. can be expected [13]. Insertion of biliary
stents is universally associated with bacterobilia, and stent
occlusion frequently leads to bacterial cholangitis. It is generally
assumed, but not proven, that bacteria invade the biliary tree
under pathological conditions via the duodenum. The pattern of
bacteria found in bile mirrors the predominant bacteria isolated
from the upper gastrointestinal tract [14].

Bile duct obstruction
The most frequent cause of bacterial cholangitis is choledo-
cholithiasis (see Chapter 19.3). In about 10–15% of patients
with cholecystolithiasis, gallbladder stones pass into the CBD,
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and this rate may rise to 25% in the elderly. Thus, all patients
with symptomatic cholecystolithiasis should be screened for the
presence of CBD stones [15]. CBD stones remain undetected 
in 1–5% of patients after cholecystectomy for symptomatic
cholelithiasis. Bile duct stones deriving from the gallbladder are
most commonly cholesterol stones. In contrast, those develop-
ing in the biliary tree after cholecystectomy, during chronic
recurrent cholangitis, during parasitic infections of the biliary
tree, due to congenital anatomical anomalies such as Caroli syn-
drome or due to secondary stricturing, sclerosis and dilatation of
the bile ducts are mainly pigment stones. Choledocholithiasis
leads to bacterial cholangitis in about 10% of patients, whereas
malignant strictures of the biliary tree only exceptionally induce
bacterial cholangitis as long as interventions have not been 
performed.

Diagnosis

The diagnosis of bacterial cholangitis is based on clinical, bio-
chemical and imaging studies. Charcot’s triad is observed less
frequently today than 25 years ago [16]: while fever is observed
in 90% of patients with bacterial cholangitis, jaundice is
observed in two out of three patients, and RUQ abdominal pain
only in less than half the patients [17]. However, severe cases
with sepsis and shock who fulfil Reynold’s pentad (Charcot’s
triad + confusion + hypotension) are still found in 5% of 
the mostly elderly patients with acute bacterial cholangitis. In
addition to clinical symptoms, laboratory tests may be helpful:
leucocytosis (> 10 g/L) is common (70%), but leucopenia may
be found in the most severe cases [17]. C-reactive protein is ele-
vated at least 10- to 20-fold in many cases. Hyperbilirubinaemia
> 2 mg/dL (> 34 µmol/L) in 80% and a two- to fivefold increase
in alkaline phosphatase in up to 75% of patients may be indic-
ators of bacterial cholangitis, whereas serum transaminases are
markedly elevated only in a minority of patients [17]. Blood cul-
tures are positive in 60% of cases, whereas bile cultures, which
are not routinely recommended before the start of antibiotic
treatment, may even be positive in 75–100%.

Choledocholithiasis represents the most frequent cause of
bacterial cholangitis as outlined above (see Chapter 19.2). A
meta-analysis of 22 studies including more than 9000 patients
with symptomatic cholecystolithiasis analysed 10 clinical, 
biochemical and ultrasound findings for the prediction of 
choledocholithiasis [18]. The positive likelihood ratio (LR+:
sensitivity/1–specificity) indicating choledocholithiasis was
highest for Charcot’s triad (18.3) followed by suspicion of bile
duct stones on ultrasound (13.6), jaundice (10.1), a dilated CBD
> 6–7 mm (6.9), hyperbilirubinaemia (4.8), elevated alkaline
phosphatase (2.6), pancreatitis (2.1), cholecystitis (1.6) and 
elevated amylase (1.5). None of the criteria alone reached a
sufficient sensitivity for the detection of bile duct stones, alt-
hough 7 out of 10 criteria reached a specificity above 90% [18].

Abdominal ultrasound has a sensitivity of up to 50% in
detecting bile duct stones. A CBD > 6 mm enhances its sensitivity

to 75% in non-cholecystectomized patients [19]. Conventional
abdominal computerized tomography (CT) has a sensitivity
similar to ultrasound, but requires more sophisticated technical
equipment and is associated with considerable exposure to 
irradiation. Conventional CT, therefore, has no place in routine
clinical practice for the detection of choledocholithiasis. In 
contrast, endoscopic ultrasound (EUS) has a high sensitivity
(95–100%) and specificity (97–98%) for the detection of 
extrahepatic bile duct stones and has become the diagnostic 
procedure of choice in centres with highly skilled endoscopists.
Magnetic resonance cholangiography (MRC) and helical com-
puterized tomographic cholangiography (HCT-C) have devel-
oped recently into highly sensitive and specific (> 85–100%)
techniques for the detection of bile duct stones or other 
causes of biliary obstruction [20–23]. MRC is not invasive 
and not accompanied by exposure to irradiation. Thus, MRC
may be helpful in the diagnostic workup of a patient with 
bacterial cholangitis in centres equipped with up-to-date 
technology. The accuracy of HCT-C for detection of choledo-
cholithiasis appears to be comparable to MRC, but HCT-C 
is associated with exposure to irradiation and a risk of adverse
reactions to the contrast agent administered intravenously 
[20].

Endoscopic retrograde cholangiography (ERCP) remains the
gold standard for concomitant detection and treatment of
choledocholithiasis [24]. In experienced hands, a sensitivity of
90–100% and a specificity > 90% for the detection of bile duct
stones are reached. Although accompanied by complications
such as pancreatitis, cholangitis or bleeding after EST, this pro-
cedure combines high diagnostic accuracy with the option of
efficient bile drainage after obstruction by stones or strictures.
Adequate drainage can be achieved by extraction of stones,
dilatation of strictures and biliary decompression via stenting or
temporary nasobiliary drainage [24].

Treatment

Therapeutic measures are directed against the key pathogenetic
factors of cholangitis, microorganisms in bile and obstruction 
of bile flow. Thus, adequate antibiotic treatment and decom-
pression and drainage of the biliary tree are equally warranted
[25].

Antibiotic treatment (see Table 1)
The antibiotic is chosen empirically according to: (i) the most
common pathogens expected to cause cholangitis (see above);
(ii) biliary enrichment and activity of the antibiotic; and (iii) the
likelihood of resistance of pathogens in the clinical environment
[10]. Ureidopenicillins such as mezlocillin and piperacillin
cover Gram-negative bacteria as well as Enterococcus spp. more
efficiently than aminopenicillins, are effectively secreted into
bile not only in health, but also in patients with cholangitis, 
and may reach biliary levels higher than the mean inhibitory
concentration for common biliary pathogens [26]. In addition,
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effective biliary bactericidia has been shown in vivo [27]. The
addition of a beta-lactamase inhibitor broadens the spectrum of
amino- and ureidopenicillins and diminishes bacterial resistance.
Most recently, increasing resistance rates of Gram-negative bac-
teria, including E. coli, against ureidopenicillins have made the
use of a combination of ureidopenicillins with beta-lactamase
inhibitors mandatory in some areas. Cephalosporins (groups 2
and 3) also cover Gram-negative bacteria and are adequately
excreted into bile, but are less effective against Enterococcus spp.
and Pseudomonas aeruginosa [10]. Ciprofloxacin is excreted into 
bile effectively, can be administered orally and covers Gram-
negative bacteria and Pseudomonas aeruginosa [10], although
increasing resistance rates have been reported recently. The 
new generation fluoroquinolone (group 4), moxifloxacin, is 
also effectively secreted into bile not only in health, but also 
in obstructive cholangitis, reaching biliary concentrations
sufficiently above the minimal inhibitory concentrations for
most of the expected bacteria including Enterococcus spp. and
anaerobes [28]. Imipenem/meropenem represent potent par-
enteral antibiotics that cover the whole spectrum of bacteria
causing ascending cholangitis including Gram-negative strains,
Pseudomonas aeruginosa, Enterococcus spp. and anaerobes [10].
They should, however, be reserved for the most severe, life-
threatening infections when other regimens have failed (Table 1).
Short-term duration (3 days) of antibiotic treatment appears to

be sufficient when adequate drainage is achieved and fever is
abating [29].

Decompression of bile ducts
Severe bacterial cholangitis requires immediate mechanical
decompression of the biliary tree. A prospective analysis of a
cohort of patients with clinical signs of acute cholangitis
revealed that a heart rate > 100/min, serum albumin < 30 g/L,
serum bilirubin > 50 µmol/L (≥ 3 mg/dL) and/or a prothrombin
time > 14 s (normal ≤ 13.2 s) each indicated the need for an
emergency intervention, which had to be performed in 40% of
those who fulfilled at least one criterion on admission, but in
only 1.5% of those who did not [30]. ERCP is the therapeutic
procedure of choice which allows, after EST [24,31,32] [or
endoscopic balloon dilatation (EBD) of the papilla in patients
with coagulopathy and small calculi [33] [34] [35]], extraction
of calculi, stenting of stenoses or biliary drainage via a nasobil-
iary tube [36]. Stenting has been shown to be equivalent to naso-
biliary drainage in the acute management of severe obstructive
cholangitis [37]. Pregnancy [38] or advanced age [39] are not
contraindications for ERCP. Only when ERCP cannot be per-
formed for technical reasons (e.g. after Billroth II and other gas-
trointestinal surgery, or tumour growth impairing endoscopic
access to the biliary tree), should the percutaneous transhepatic
route be chosen to achieve biliary decompression.

Table 1 Antibiotics recommended for treatment of acute bacterial cholangitis.

Drug Gram-neg. Enterococcus spp. Pseudomonas spp. Anaerobes Dose i.v.a Oral

Amoxicillin + clavulanic acid + ± ± 3 × 2.2 g +
Ampicillin + sulbactam + ± ± 3 × 3 g +
Mezlocillinb + + ± 3 × 5 g

Mezlocillin + combactam + + + M: 3 × 5 g; C: 3 × 1 g

Piperacillinb + + + ± 3 × 4 g

Piperacillin + tazobactam + + + + 3 × 4.5 g

Ceftazidim (group 3b ceph.) + + 3 × 2 g

Cefotaxim (group 3a ceph.) + 3 × 2 g

Cefuroxim (group 2 ceph.) + 4 × 1.5 g

Ciprofloxacin (group 2 fluo.)b + ± + 3 × 0.4 g +
Moxifloxacin (group 4 fluo.) + + + + 1 × 0.4 g +
Imipenem/meropenem + + + + 3 × 1 g

Metronidazole + 3 × 0.5 g +

Adequate coverage of Gram-negative enterobacteriaceae (E. coli, Klebsiella spp., Enterobacter spp., Citrobacter spp. and Proteus spp.), Enterococcus spp.

and, in the case of previous endoscopic/surgical interventions at the biliary tree, Pseudomonas spp. appears to be crucial in the empirical selection of antibiotic

treatment for bacterial cholangitis [10]. Thus, aminopenicillins + beta-lactamase inhibitors, ureidopenicillins (+ beta-lactamase inhibitors), group 2 or 3

cephalosporins (+ metronidazole) or group 2 fluoroquinolones (+ metronidazole) appear to be useful as first-line treatment considering the spectrum of

bacteria covered, potential side-effects and costs. Aminoglycosides (e.g. gentamicin, tobramycin, gernebcin; cave: oto-, nephrotoxicity, aggravated in

cholestasis), active against Gram-negative bacteria and Pseudomonas spp., and vancomycin, active against Enterococcus spp., are inadequately excreted into

bile. Group 4 fluoroquinolones and carbapenemes should be reserved for severe cases unresponsive to other treatment options.
aDose: a high daily dose for adults with normal kidney and liver function is provided (adaptation to the individual case needed).
bIncreasing rates of resistance against ureidopenicillins (monotherapy) and ciprofloxacin have been observed recently in some areas for E. coli and other 

Gram-negative bacteria.
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Prophylaxis

The risk of infectious complications after surgical, percutaneous
or endoscopic interventions at the biliary tree is known (see
Table 2).

Wound infections after biliary tract surgery
After biliary tract surgery, the rate of wound infections was
reported to be 15% (range 3–47%), as documented in a meta-
analysis encompassing 42 randomized controlled trials with
4125 patients [40]. Risk factors included an age > 60 years, 
CBD stones, previous biliary tract interventions, jaundice, 
morbid obesity and diabetes mellitus. Antibiotic prophylaxis
with beta-lactam antibacterials (e.g. cefuroxime, ceftriaxone,
cefotaxime, piperacillin) was shown to effectively diminish the
rate of wound infections in these cohorts by 9%. A single dose
before surgery was as effective as multiple doses. Fluoroquinolones
have more recently been shown to be as effective as common
beta-lactam antibacterials [10].

Cholangitis after percutaneous transhepatic
cholangiography (PTC)/biliary drainage (PTBD)
After PTC, the effect of antibiotic prophylaxis has not been 
studied in trials comparable to those after surgery or ERCP.
However, the frequency of cholangitis, which reaches up to 
30% after PTBD [41,42], may justify regular use of antibiotic
prophylaxis until appropriate clinical trials are available. A pro-
tocol such as the one mentioned below for patients at risk of
post-ERCP cholangitis may be considered.

Cholangitis after endoscopic retrograde
cholangiography
After ERCP, cholangitic sepsis was observed in 1.4% of 10 881
patients studied for post-ERCP complications in 10 large cohorts
[9] and in 2% of a large unselected population of 10 000 patients

assembled by postal questionnaires [4]. Mortality of post-ERCP
cholangitis reached 10% [4] to 16% in severe cases [43], but was
only 2.9% in a series of prospective, placebo-controlled trials on
the use of antibiotic prophylaxis, in which 6.5% of 539 placebo-
treated patients developed cholangitis [9].

Risk factors for septicaemia following endoscopic biliary
stenting were incomplete drainage, prior cholangitis, elevated
white blood cell count, bile duct strictures and number of ERCs
in 347 patients with obstructive cholestasis studied prospectively
[44]. Incomplete drainage alone predicted 91% of cases with
subsequent septicaemia.

These data suggest that antibiotic prophylaxis before/after
ERCP should be restricted to: (i) patients with unrelieved biliary
obstructions – antibiotic treatment should be continued in these
patients until complete biliary drainage is achieved; (ii) patients
with (primary) sclerosing cholangitis as they are at particular
risk of at least focal incomplete biliary drainage and chronic bac-
terobilia after ERCP; and (iii) immunocompromised individuals
at high risk of infectious complications [e.g. post liver trans-
plant; human immunodeficiency virus (HIV)] (see Table 2). 
A regimen of ciprofloxacin, 750 mg p.o. 2 h before ERCP (or
directly afterwards when the diagnosis is just made) and 6 h 
after ERCP, has been proposed [9] and can be recommended as
first-line antibiotic prophylaxis in these patients, as it appropri-
ately considers activity against the bacterial spectrum expected,
adequate biliary drug enrichment even in cholestasis, drug 
tolerability and costs [9]. No valid data exist regarding the 
optimal duration of prophylactic treatment after endoscopic
interventions.

Recurrent cholangitis after biliodigestive
anastomosis
Patients who are at risk of recurrent cholangitis independently
of surgical, percutaneous or endoscopic interventions at the 
biliary tree, such as those with recurrent ascending cholangitis

Table 2 Recommendations for antibiotic prophylaxis prior to surgical, transcutaneous (PTC/PTBD) or endoscopic (ERCP) interventions at the biliary tree.

Intervention

Biliary tract surgery

PTC/PTBD

ERCP

i) no biliary obstruction

ii) biliary obstruction expected 

and/or unrelieved

iii) sclerosing cholangitis

iv) immunodeficiency (e.g. 

post liver transplant, HIV)

Controlled trials have been published for antibiotic prophylaxis prior to surgical and endoscopic, but not transcutaneous, interventions.

Rate of infectious complications

Wound infection15% (range

3–47%)

Cholangitis 

≤ 30%

Cholangitis 

1–2%

Recommended antibiotic regimen

beta-lactam antibacterial (e.g. cefuroxime, ceftriaxone,

cefotaxime, piperacillin) or fluoroquinolone 1 h before surgery

beta-lactam antibacterial (cephalosporin or ureidopenicillin ±
beta-lactamase inhibitor) or fluoroquinolone

i) none

ii) beta-lactam antibacterial (cephalosporin or ureidopenicillin ±
beta-lactamase inhibitor) or fluoroquinolone, until obstruction

relieved (see Table 1)

iii and iv) ciprofloxacin 750 mg p.o.2 h before and 6 h after

ERCP or beta-lactam antibacterial i.v. (optimal dose and length

of treatment unknown)

Reference

[40]

[10]

[41,42]

[49]

[44]

[10]

[9]
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after biliodigestive anastomosis, may need long-term anti-
biotic prophylaxis to avoid the development of biliary fibrosis/
cirrhosis. As an alternative to oral fluoroquinolones, cotrimoxa-
zole (trimethoprim/sulphamethoxazole) has been proposed for
long-term use in these patients at risk [10].

Recurrent pyogenic cholangitis

Recurrent pyogenic cholangitis (RPC; synonyms: oriental
cholangiohepatitis, hepatolithiasis) is characterized by intrahep-
atic pigment gallstone formation, biliary strictures and dilata-
tions mainly of the intrahepatic bile ducts, and recurrent
episodes of febrile bacterial cholangitis [45,46]. RPC is mostly
restricted to Southeast Asian countries and emigrants from 
this part of the world. RPC is mainly found in rural areas 
and areas with a low socioeconomic status. Patients present with
first symptoms at the age of 20–40 years, but may also become
symptomatic at a more advanced age. Overall mortality was
10.3% in one long-term study of 427 patients undergoing sur-
gical or non-surgical transcutaneous treatment [47].

Pathogenesis

The aetiology of RPC remains unknown. Parasitic infections [48]
and malnutrition [49] have been suggested to be responsible for
the development of RPC. More recently, congenital anomalies
of the biliary tree and immunological anomalies have also
become a matter for discussion [45,46].

Parasitic infections
The similarity in the geographical distribution of RPC and 
parasites of the biliary system such as Clonorchis sinensis,
Opisthorchis viverrini and Opisthorchis felineus in Asia and
Ascaris lumbricoides outside Asia is obvious. Nevertheless, RPC
is found in certain areas in Asia that are virtually free of
Clonorchis infection, and Clonorchis infection is mainly found 
in males, whereas RPC affects both genders equally. Past or 
present parasite infection has been disclosed in up to 45% 
of patients with RPC [48]. Also, analysis of pigment stones in
RPC revealed the presence of parasite debris. Clonorchis infec-
tion may lead to severe damage to the bile ducts, particularly the
left-sided ducts, which are also mainly involved in RPC [50].
Thus, epithelial damage and biliary obstruction by parasitic
infestation have been assumed to be the initiating insult leading
to RPC.

Malnutrition
The poor nutritional status of many RPC patients has led to the
assumption that malnutrition may play a pathogenetic role in
RPC [50]. Recurrent bacterial gastroenteritis of the malnourished
with invasion of bacteria into the portal vein and bacterial tran-
sition into bile was discussed as one pathogenetic mechanism.
Low-protein nutrition with consecutive deficiency of biliary 
glucaro-1:4-lactone, an inhibitor of bacterial β-glucuronidase,

and enhanced bacterial deconjugation of bilirubin glucuronides
with subsequent calcium bilirubinate precipitation as a nidus 
for pigment gallstone formation and biliary obstruction were
discussed as alternative pathogenetic mechanisms [46]. A decline
in the incidence of RPC both in Asia and in Asians immigrating
to western countries supports a role for malnutrition and biliary
parasitic infections in RPC.

Diagnosis

Clinical symptoms are those of acute bacterial cholangitis and
include Charcot’s triad with jaundice, spiking fever and RUQ
abdominal pain. Hepatomegaly is a frequent finding, and the
gallbladder may be enlarged. Leucocytosis and a cholestatic
serum enzyme pattern indicate obstructive cholangitis. Blood
and bile cultures reveal a pattern of bacteria almost identical to
that found in acute bacterial cholangitis (E. coli, Klebsiella spp.,
Proteus spp. and rarely anaerobes). Mixed infections are also
commonly observed. Cholangiography preferably via the endo-
scopic route (ERCP) reveals dilatation of extra- and large 
intrahepatic bile ducts, biliary strictures at the papilla and at
intrahepatic sites and typical involvement specifically of the 
lateral part of the left hepatic duct. Bile ducts are filled with
debris and small stones in up to 100% of patients. Differentiation
of RPC from sclerosing cholangitis or congenital cystic duct
abnormalities may be difficult in some cases.

The high incidence of parasitoses in patients with RPC, e.g.
Clonorchis infection, should stimulate examination of stool or
biliary debris for ova.

Complications of RPC include Gram-negative septicaemia
and septic shock, empyema of the gallbladder, rupture or
fistulization of an obstructed intrahepatic bile duct into neigh-
bouring structures, haemobilia, portal vein thrombosis, abscesses
in liver, lungs and brain, biliary cirrhosis, acute pancreatitis and
cholangiocarcinoma mainly in the left atrophic lobe (in 3% of a
cohort of 427 patients followed for 4–10 years [47]).

Treatment

Acute cholangitis in RPC is managed as outlined above for 
bacterial cholangitis [45]. The majority of patients will respond
to fluid substitution, broad-spectrum antibiotics (see Table 1)
and endoscopic (if not available, percutaneous or surgical) 
measures including removal of biliary stones and debris, dilata-
tion of stenoses, stenting or nasobiliary or transcutaneous biliary
drainage [45,46]. Emergency surgery of acute cholecystitis or
bile duct perforation is needed infrequently.

Long-term management of RPC is more difficult [45,46] as
complete removal of extra- and intrahepatic stones and debris 
as well as adequate treatment of strictures by endoscopic or 
transcutaneous measures will be successful only in a subgroup 
of RPC patients, leaving the majority at high risk of recurrent
attacks of cholangitis and sepsis [51]. Also, surgical stone
removal is complete in only a minority of cases, as documented
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in a recent series of only 55 successfully treated out of 245 
RPC patients who underwent surgical choledocholithotomy.
Complete postoperative stone removal via the T-tube, however,
was then achieved in 88% of those patients [52]. Thus, many
RPC patients, particularly those with remaining stones in the
intrahepatic ducts and RPC restricted to the left hepatic ducts,
are candidates for elective surgical treatment [53]. In isolated left
hepatic RPC, left hepatic lobectomy has been shown to prevent
recurrent stone disease in a larger percentage than left lateral
segmentectomy [54,55]. In RPC patients with recurrent stone
disease, end-to-side (rather than side-to-side) Roux-en-Y chole-
dochojejunostomy with a lateral limb that was brought out as 
a cutaneous stoma has recently been proposed as a potential 
surgical approach [56] when endoscopic measures alone are
ineffective. Laparoscopic segmentectomy and laparoscopic
choledochoduodenostomy have recently been described as safe,
feasible and effective surgical treatments for patients with RPC
[57,58].

AIDS-related cholangitis

Cholestasis and liver injury are a common feature in HIV-infected
patients, of which acquired immunodeficient syndrome
(AIDS)-related cholangitis (synonym: HIV cholangiopathy)
represents only one of a considerable number of different
causes. Elevation of serum biochemical markers of cholestasis
such as alkaline phosphatase and γ-glutamyltransferase levels
has been reported in up to 55% of patients [59]. These alter-
ations can be explained in part by concomitant infections 
with hepatitis B or C or alcohol abuse. Also, drugs represent 
a major cause of liver damage in HIV-infected patients and 
may cause relevant liver injury in up to 10% of patients under
highly active antiretroviral therapy (HAART) with nucleoside
and non-nucleoside reverse transcriptase inhibitors or protease
inhibitors [60]. Antimicrobial agents such as the macrolides
clarithromycin and azithromycin for the prophylaxis of respir-
atory infections and Mycobacterium avium complex (MAC) 
disease, trimethoprim–sulphamethoxazole for the prophylaxis
and treatment of Pneumocystis carinii pneumonia, antifungal
agents such as ketoconazole, itraconazole, and, to a lesser extent,
fluconazole for the treatment of oesophageal candidiasis and
systemic mycoses, and antituberculosis agents such as isoniazid,
rifampin and pyrazinamide are associated with considerable
rates of hepatotoxicity.

Systemic infections with involvement of the hepatobiliary 
system accompanying HIV disease include bacillary angio-
matosis caused by Rochalimaea henselae and R. quintana,
mycobacterial infections including MAC and Mycobacterium
tuberculosis, as well as fungal infections with Cryptococcus 
neoformans, Coccidioides imitis, Sporothrix schenckii or 
histoplasmosis.

Beside these numerous causes of hepatobiliary injury in HIV
disease, a specific type of cholangitis, first reported in 1986 [61],
has been described mainly in the advanced stages of HIV 

infection, which resembles primary sclerosing cholangitis and
has been named HIV cholangiopathy.

Pathogenesis

The cause of HIV cholangiopathy is unclear, but is most prob-
ably infectious. No single causative agent has been identified 
so far. In biopsy specimens, cytomegalovirus, Cryptosporidium,
microsporidia and MAC have all been isolated, albeit at variable
rates from occasional up to 75% [59].

Diagnosis

Clinical signs and symptoms include epigastric or RUQ abdom-
inal pain (73–90%) and fever (50–65%), whereas jaundice and
pruritus are uncommon. Alkaline phosphatase is markedly
[mean five- to sevenfold upper limit of normal (ULN)] elevated
in almost all patients, and serum transaminases are only mildly
elevated. Abdominal ultrasound and CT scan are of limited
diagnostic help. ERCP or MRC disclose the typical features of
bile duct damage, and four patterns of HIV cholangiopathy 
have been described [62]: (i) sclerosing cholangitis and papillary
stenosis (50%); (ii) papillary stenosis alone (15%); (iii) intra-
hepatic sclerosing cholangitis (20%); and (iv) extrahepatic 
bile duct strictures with or without intrahepatic sclerosing
cholangitis (15%). Liver histology reveals features of cholangitis
with portal oedema, neutrophilic infiltrations, bile ductular 
proliferation and cholestasis.

Treatment

Treatment of HIV cholangiopathy [59,63] includes EST in
symptomatic patients with papillary stenosis, which may cause
relief of RUQ pain, but does not regularly affect biochemical
abnormalities [64,65]. Medical treatment with ursodeoxycho-
lic acid improves cholestasis, but the long-term effects are
unknown. In contrast, treatment of opportunistic pathogens
does not seem to have an effect on HIV cholangiopathy. In 
studies in the 1990s, survival of patients suffering from HIV
cholangiopathy was poor [64,65], mainly due to progression 
of the underlying HIV disease, indicating that HIV cholangio-
pathy is a late manifestation of HIV infection. Improvement 
in prognosis, most probably due to HAART, has been shown
recently [66].

Parasitic cholangitis

Biliary parasites are responsible for cholangitic features at 
considerable rates in different areas of the world. The nematode
Ascaris lumbricoides, the trematodes (‘liver flukes’) Clonorchis
sinensis, Fasciola hepatica, Opisthorchis viverrini and Opisthorchis
felineus, and the cestodes Echinococcus granulosus and
Echinococcus multilocularis are the most common biliary 
parasites.
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Pathogenesis

Bile duct damage with cholangiocyte necrosis, cholangitis, stric-
tures, focal bile duct dilatations and biliary fibrosis is supposed
to be caused both by the parasites themselves and by additional
bacterial superinfection [67]. Parasite-induced damage and
inflammation may be induced by chemical irritation of biliary
endothelia by parasitic secretion and parasite eggs, mechanical
bile duct obstruction and initiation of pigment stone formation.
In addition, parasite-induced bacterial contamination together
with mechanical obstruction may be responsible for episodes of
acute cholangitis.

Subgroups: diagnosis and treatment (Table 3)

Nematode cholangitis (see Chapter 10.4.3)
The nematode Ascaris lumbricoides may cause cholangitis
worldwide, but is reported as a major cause of cholangitis and
biliary pain mainly in (often young) patients from tropical and
subtropical areas [68], e.g. India or South America. Nematode
eggs are mostly ingested with contaminated vegetables via the
oral route. Cholangitis is usually induced by migration of L5 
larvae or young adult worms into the biliary tree where they may
cause – in conjunction with comigrating intestinal bacteria –
suppurative cholangitis, biliary obstruction, abscesses, cholang-
iectases, sometimes papillary hyperplasia, gallstone formation
and biliary fibrosis, and even cirrhosis. The diagnosis of Ascaris
lumbricoides cholangitis is made by blood eosinophilia and stool
examination (low specificity), ultrasound, CT and ERCP. The
treatment includes antibiotics for bacterial superinfection, anti-
spasmotics for pain relief and anthelminthic drugs (mebenda-
zole 100 mg b.i.d. for 3 days; albendazole 400 mg daily for 3 days;
pyrantel 10 mg/kg body weight once). Worms can then be
removed via the endoscopic route.

Trematode (‘liver fluke’) cholangitis
The digenetic trematodes Clonorchis sinensis, Opisthorchis felineus
and Opisthorchis viverrini are found mainly in Asia and in Asian
immigrants to other parts of the world [69]. They undergo a
biphasic life cycle in an intermediate host (a freshwater snail and
subsequently freshwater fish) and a definitive host, a mammal.
Trematode eggs are passed in the faeces of the definitive host,
and develop to ciliated microcidia in fresh water, which are
ingested by or penetrate into snails and multiply into tailed cer-
cariae. Cercariae are taken up by or penetrate freshwater fish.
Humans and other mammals develop liver fluke cholangitis
after ingestion of raw infected fish. After infection, patients are
often asymptomatic, but may develop recurrent cholangitis, 
secondary gallstone disease and fibrosing bile duct alterations.
Long-term biliary infection is a serious risk factor for the devel-
opment of cholangiocarcinoma [70]. The diagnosis is made by
detection of ova in the stool or in bile. Praziquantel, 25 mg/kg
body weight t.i.d. for 1 day, is the treatment of choice. Altern-
atively, albendazole 400 mg b.i.d. for 7 days can be administered.

Fasciola hepatica [71] is found worldwide. Definitive hosts 
are mainly cattle and sheep, but humans may also be infected
after ingestion of contaminated watercress or other water-
plants. Signs and symptoms of cholangitis together with blood
eosinophilia develop in the early migratory phase of infection.
Later, eosinophilic infiltrates, liver abscesses and fibrosing
cholangitis are observed. The diagnosis is made by detection 
of ova in stool or bile, fasciola antigen in stool and a serological
test. Triclabendazole, 10 mg/kg body weight after a meal on one
or two subsequent days, is the preferred treatment.

Cestode cholangitis (see Chapter 10.4.2)
Infections with the cestodes Echinococcus granulosus and
Echinococcus multilocularis are discussed in detail elsewhere. For
treatment, see also Table 3.

Table 3 Parasitic cholangitis.

Nematodes

Trematodes

Cestodes

Anthelminthic medical treatment options

Mebendazole (100 mg b.i.d., 3 days)

Albendazole (400 mg daily, 3 days)

Pyrantel (10 mg/kg body weight once)

i) Praziquantel (25 mg/kg body weight, t.i.d., 1 day)

i) Albendazole (400 mg b.i.d., 7 days)

ii) Triclabendazole (10 mg/kg body weight once, 

1 or 2 days)

Albendazole (12–15 mg/kg body weight daily in

two doses, for adults 400 mg b.i.d., 3 months)

Mebendazole (50–60 mg/kg body weight daily in

three doses during meals, 3–12 months)

Source of infection (distribution)

Vegetables (worldwide, but mainly

Asia and South America)

i) Raw freshwater fish

(Asia and Eastern Europe)

ii) Watercress and other waterplants

Vegetables or wild fruits contaminated

with fox (or dog) faeces (worldwide)

Parasite

Ascaris lumbricoides

i) Clonorchis sinensis

i) Opisthorchis felineus

i) Opisthorchis viverrini

ii) Fasciola hepatica

Echinococcus granulosus

Echinococcus multilocularis
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19.5 Haemobilia
Antonio Lacy and Nader K. Francis

Haemobilia is defined as a haemorrhage into the biliary tree. 
It has been termed ‘haemo-bilia’ [1] from the Greek term 
haima (blood) and the Latin bilis (bile), compared with the
reverse condition, bilaemia, which refers to bile entering the
bloodstream.

Background and history

The history of haemobilia has been repeatedly discovered to be
forgotten, probably due to the obscure nature of the condition,
which was first recorded in 1654 by Francis Glisson, the Regius
Professor of Physic at Cambridge from 1636 to 1637. In his 
first detailed description of the anatomy of the liver [1,2], he
described the possibility of haemorrhage through the biliary
tract in a fatal case of penetrating abdominal trauma sustained
by a young man in a sword duel. The patient died 1 week follow-
ing his injury.

Francis Glisson’s finding sank into oblivion for a whole cen-
tury, prior to Morgagni’s epistle (1765), the founder of clinical
pathology noticing that a combination of liver abscesses and
sharp gallstones could lead to bleeding through the biliary 
ducts [3].

Antoine Portal reported the first documented case of making
the diagnosis of haemobilia before the death of a patient, which
was confirmed after autopsy, in 1777 [4]. In his early treatise,
Portal drew attention to the difficulty of identifying the source of
bleeding in haemobilia. In the USA, the first case of haemobilia
was described by Jackson in 1834, who gave a clinical and patho-
logical description of hepatic artery aneurysm, bursting into 
the biliary ducts [5]. In 1871, the German surgeon Quincke
described the three cardinal features of the condition, namely
gastrointestinal haemorrhage, biliary colic and jaundice [6].

The recent history of haemobilia, however, starts with
Sandblom in 1948, when he first used the word haemobilia in 
his paper on haemorrhage into the biliary tree following trauma
[1]. More recently, and with the advent of more sophisticated
imaging and interventional radiological techniques, including
percutaneous hepatic procedures and angiography, this has 
culminated not only in an increased frequency of diagnosis 

of haemobilia but also in the potential for its successful 
management.

Aetiology of haemobilia

The causes of haemobilia include iatrogenic and accidental trauma,
gallstones, vascular malformations and tumours (Table 1).

1550

Table 1 Causes of haemobilia from 222 cases, published by Green et al. [9].

No. of cases (%)

Trauma

Blunt 10 (5)

Penetrating 2 (1)

Iatrogenic

Liver biopsy 30 (13)

Percutaneous transhepatic cholangiography 10 (4)

Percutaneous biliary drainage 43 (19)

Instrumentation 23 (10)

Cholecystectomy 29 (13)

Other surgery 4 (2)

Other procedures 9 (4)

Malignancy

Cholangiocarcinoma 6 (3)

Hepatocellular carcinoma 6 (3)

Metastasis 2 (1)

Inflammation

Gallstone disease 11 (5)

Acalculous cholecystitis 2 (1)

Ascariasis 1 (1)

Polyarteritis nodosa 2 (1)

Cholangitis 11 (5)

Vascular

Coagulopathy 4 (2)

Vascular malformations 16 (7)

Other

Pancreatic pseudocyst 1 (1)
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Earlier studies by Sandblom [7] and Goodnight and Blaisdell 
[8] reported that trauma accounted for 50% of all cases of
haemobilia, with a ratio of iatrogenic to accidental trauma of 
1:2 [7,8].

However, with the increasing use of diagnostic and therapeutic
liver procedures, there has been a complete shift in the pattern 
of the aetiology of haemobilia over the past three decades [9]
(Fig. 1). Nowadays, iatrogenic haemobilia is the most com-
monly reported cause, accounting for 38–60% of cases, while
accidental trauma only accounts for 20% [9].

Iatrogenic liver trauma

Diagnostic liver procedures
These represent 38% of all causes of haemobilia [9]. However,
the incidence of developing haemobilia following each diagnos-
tic liver procedure appears to lie between 0.06 and 1% [10–12].
Nevertheless, within the context of such intervention, there are
patients at greater risk, such as those with ascites (which pre-
vents tamponade of the puncture site by the abdominal wall),
coagulopathy (even when corrected for the procedure), cirrhosis
(small livers allow other intra-abdominal structures to be 
hit), vascular liver pathology (such as haemangioma) and liver
transplant (the liver may be hypervascular and may lie in an
abnormal position) [13].

There are other factors that determine the complication rate
following percutaneous liver biopsy, which was first reported by
Cox in 1967 [14], such as the expertise of the physician and the
type and the calibre of the needle. It has been shown that making
more needle passes (three or more) increases the incidence of
complications following liver biopsy [15]. Also, Piccinino et al.
reported a complication rate of 3.5/1000 for the Tru-cut biopsy
needle compared with 1/1000 for the Menghini needle [12].

Hence, attempts have been made to reduce the incidence of
complications by using an ultrafine needle and ultrasonograph-
ically guided biopsy or using alternative techniques, such as
laparoscopic biopsy, transjugular biopsy [16] and biopsy with
tract embolization [17]. Although the overall complication rate
has been reduced by these techniques, there is no reduction 
in the incidence of haemobilia. This is, perhaps, not surprising 
as haemobilia arises as a result of the accidental laceration of a
hepatic artery, which is unlikely to be avoided by the above
methods with the possible exception of tract embolization.

Percutaneous transhepatic biliary drainage
These procedures carry a high risk of haemobilia (2–10%), com-
pared with diagnostic-only procedures [18,19], because of the
use of larger needles and the pre-existing bile stasis. Hoevels 
and Nilsson [20] demonstrated that the incidence of vascular
injury during biliary drainage catheter placement is very high,
occurring in up to one-third of patients.

The incidence of haemobilia following percutaneous tran-
shepatic cholangiography (PTC) alone is up to 4%, although
this may be reduced by using fine-needle cholangiography [21].

Stenting of biliary strictures
This is associated with haemobilia in up to 10% of procedures
[22,23]. Lithotripsy, whether endoscopic or extracorporeal, is
also associated with an incidence of haemobilia of up to 10%
[24–26]. However, the reported incidence of haemobilia does
not necessarily rise when lithotripsy is combined with stenting
for hepatolithiasis [27].

In general, there are two types of bleeding that may be
encountered with percutaneous transhepatic biliary inter-
vention. Minor venous haemobilia, which is usually due to 
disposition of the catheter into the adjacent portal vasculature, 
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Fig. 1 Change in the trend of causes of
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is usually minor bleeding and self-limited with catheter read-
justment. On the other hand, an arterial haemobilia is a major
complication with a reported incidence of about 2%, and this
can be devastating, as exsanguinations can occur if the bleeding
is not recognized and treated immediately [28].

Accidental liver trauma

Although accidental liver trauma is the second commonest
cause of haemobilia, and one would expect increasing incidence
of haemobilia with the trend towards conservative management
of liver trauma, haemobilia is only encountered in less than 
3% of all liver injuries [29,30].

Blunt liver trauma usually due to a road traffic accident can
cause an early and a late presentation of haemobilia. First, shear-
ing of arteries, veins and bile ducts without capsular rupture
may result in an acute presentation of haemobilia. Those who
present with capsular rupture usually present with significant
haemodynamic compromise, which often requires emergency
surgical intervention to stop the intraperitoneal bleeding, and
haemobilia is rare on these occasions.

The mechanism of late presentation of haemobilia following a
blunt liver trauma is more complicated. The parenchymal liver
injury (or central liver rupture) predisposes to bile stasis within a
haematoma, and the combination of liver contusions and lacer-
ations in the presence of static bile do not allow the liver to heal.
Also, bile has been shown to inhibit fibrin formation and granu-
lation in liver wounds [31]. Healing may be further impaired by
expanding pools of necrotic tissue within the liver parenchyma,
which may eventually erode into hepatic blood vessels, allowing
fistula formation between them and the bile ducts, which results
in haemobilia. Alternatively, the haematoma inside the cavity
gradually increases with continual oozing of blood and bile,
which delays coagulation. Finally, after days, weeks or even
months, the pressure in the cavity will suddenly force the clot
down the biliary tract, into the intestine, followed by a gush of
blood and bile.

Penetrating trauma, particularly following percutaneous
instrumentation of the liver, is less likely to cause cavitation, 
but may still lacerate blood vessels and bile ducts, predisposing
to immediate fistula formation and acute presentation of
haemobilia. However, damage to a hepatic artery may result in 
a pseudoaneurysm, which may expand until it erodes into the
biliary tree, again resulting in a fistula. On the other hand, the
damaged artery may form a true aneurysm and rupture much
later. In the last two scenarios, the presentation of haemobilia is
delayed, sometimes by several months.

Another factor that plays a role in developing haemobilia 
following liver trauma is the type of surgical intervention for
liver injury. The highest incidence has been reported following
liver packing, less with ligation of hepatic artery and least with
resection [32]. Deep mattress sutures may also increase the risk
of haemobilia, as they may contribute to cavity formation and
necrosis.

Hepatic/cystic artery aneurysm

Hepatic artery aneurysms account for about 10% of all causes 
of haemobilia [33]. Causes of hepatic artery aneurysm are 
summarized in Table 2 and include trauma (either accidental 
or iatrogenic, following percutaneous transhepatic procedures
or postoperative after hepatobiliary surgery) or atherosclerosis
[34]. Inflammatory causes, which are less common, are biliary
obstruction by impacted stones in the bile ducts, which erode
the mucosal lining of the duct system involving the arterial wall,
or parasites (in the Far East), such as ascariasis–clonorchiosis,
which have the tendency to invade the bile ducts and induce
bleeding. Rarely, hepatic artery aneurysm can be caused by non-
obstructive chronic cholangitis following endoscopic sphinc-
terotomy, resulting in biliary reflux and causing longlasting
intrahepatic bilomas, which erode the arterial wall and lead to
pseudoaneurysm formation [35].

Cystic artery pseudoaneurysm, on the other hand, is an
extremely rare disease, and only 18 cases have been reported 
in the literature [36,37]. It is usually associated with acute 
cholecystitis or cholelithiasis, and is rarely due to acute 
pancreatitis.

The difference between a true aneurysm and a pseudoa-
neurysm is that the latter does not have all the arterial wall 
layers. Instead, fibrotic material and adjacent structures form
the sac of the aneurysm, which is usually caused by chronic
inflammation.

Despite the high incidence of cholecystitis, the rarity of pseu-
doaneurysms of the cystic artery may reflect early thrombosis 
of the cystic artery as a response to adjacent inflammation.
Nevertheless, in rare situations, a saccular aneurysm of the cystic
artery can be formed after repeated episodes of cholecystitis, 
and may communicate with the wall of the gallbladder, which
contains areas of focal necrosis [38].

Table 2 Causes of hepatic artery aneurysm.

Causes of hepatic artery aneurysm
Common causes

Atherosclerosis

Surgical trauma

Hepatobiliary surgery

Percutaneous transhepatic procedures

Accidental trauma (blunt and penetrating)

Rare causes

Obstructive Inflammation

Gallstones and calcular cholecystitis

Parasitic infestations (ascariasis–clonorchiosis)

Non-obstructive biliary inflammation (reflux cholangitis)

Causes of cystic artery pseudoaneurysm (rare)
Post cholecystectomy

Cholecystitis

Cholelithiasis
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Other causes of haemobilia

Hepatobiliary surgery
Biliary surgery, especially exploration of the biliary tree, may
also cause haemorrhage as the intrahepatic ducts are in close
proximity to the hepatic arteries [39]. Damage to the hepatic
artery may be caused by a suture needle, diathermy or clip. A
pseudoaneurysm develops around the damaged part of the 
hepatic artery prior to the onset of haemobilia, which can be
delayed up to several weeks after the primary surgery.

Concern has been raised regarding the incidence of hepatic
artery aneurysm following laparoscopic cholecystectomy during
the past decade [40]. The mechanism of injury to the right 
hepatic artery is thought to be due to either direct trauma or
diathermy damage on surgical clips, which is more likely to
occur in the presence of abnormal anatomy.

Although hepatic artery pseudoaneurysm can cause significant
haemorrhage and even mortality from uncontrolled haemobilia,
reported in two cases [9,40], haemobilia is extremely rare 
following laparoscopic cholecystectomy nowadays.

Nevertheless, minor haemobilia may be encountered during
intraoperative cholangiogram, causing a filling defect, which can
be misinterpreted as stones in the common bile ducts, leading
unnecessarily to exploration of the bile duct [39].

Liver biopsy is the major risk of haemobilia in liver transplant
patients [13,42,43]. In this situation, management decisions are
more difficult as the transplanted liver relies on the dual blood
supply from the portal vein and hepatic arteries, and embolic
occlusion of a major hepatic artery in a transplanted liver may
result in hepatic necrosis, ischaemic cholangitis [44] or biliary
stricture formation [45]. Hence, superselective arterial occlu-
sion is necessary in this situation.

Also, haemobilia has been reported following hepaticoje-
junostomy [46], choledochoduodenostomy and hepatic lobec-
tomy [47]. A T-tube eroding into a hepatic artery has also been
recorded, although it may be that the injury was sustained at the
time at which the T-tube was sited [39].

Hepatobiliary malignancy
Malignant neoplasms of the liver, bile ducts, gallbladder and
pancreas occasionally present with haemobilia [48,49]. How-
ever, overall, they represent only 6–7% of all causes of haemo-
bilia [9], Bleeding occurs when the tumour invades the ductal
system (which more often presents with obstructive jaundice).
The rate of blood loss is rarely rapid, but it can be chronic, 
causing anaemia.

Vascular anomalies
As mentioned above, primary vascular anomalies may present
with haemobilia, especially hepatic artery aneurysm; angiodys-
plasia, arteriovenous malformation and haemangioma are less
common causes of significant haemobilia. Vasculitis has been
reported to cause significant haemobilia, and may be associated
with other connective tissue diseases [50].

Coagulation disorders
Haemobilia can result from coagulopathy, with or without 
minimal trauma [51,52]. Correction of the diathesis prior to 
any hepatobiliary intervention is necessary to minimize the risks
of haemobilia. The most common bleeding disorders that can
lead to haemobilia are:
1 coagulopathy from anticoagulation therapy with international
normalized ratio (INR) > 1.5;
2 thrombocytopenia (platelets less than 60 000/µL);
3 patients with renal failure (platelets and clotting factor dis-
orders leading to prolonged bleeding time);
4 haemophilia.

Haemobilia in immune-compromised patients
Prasad et al. [53] reported a case of haemobilia caused by
cytomegalovirus cholangiopathy in an immune-suppressed
patient resulting from long-term steroid therapy for hyper-
oesinophilic syndrome. The virus caused deep ulcerations in 
the biliary tract, confirmed by an endoscopic retrograde cholan-
giopancreatography (ERCP), which also showed blood clots
emerging from the major papilla, explaining the haematemesis.

Haemobilia and pancreatitis
Acute pancreatitis is a rare complication of haemobilia, which
was first described by Dean and Falconer in 1912 [54]. However,
the first case report was by Redman and Joseph in 1975 [55].
There are few reported cases of acute pancreatitis and haemo-
bilia following percutaneous liver needle biopsy [56–58]. A large
volume of haemobilia can cause pancreatitis due to obstruction
by blood clots, which is analogous to gallstone pancreatitis.

On the other hand, haemorrhage of the pancreas can rarely
lead to haemobilia [7]. This usually develops as a consequence 
of chronic pancreatitis causing pseudoaneurysm of the splenic
artery, which then ruptures into the pancreatic duct, often
through a pseudocyst [59]. Blood from the pancreatic duct 
(i.e. haemosuccus pancreaticus) will mix with the bile in 70% 
of cases in which the contents of the duct of Wirsung and the
common bile duct enter the duodenum through a common
channel.

Pathophysiology and fate of haemobilia

Bleeding into the biliary ducts may originate in the liver
parenchyma, or in the intrahepatic or extrahepatic biliary 
system, including the gallbladder or the pancreas, although the
latter is a rare cause. The course of haemobilia is influenced 
by the magnitude and the source of the bleeding into the biliary
system. Most haemorrhage of consequence is of arterial origin,
while venous bleeding is usually minor; however, it can be sub-
stantial if the portal pressure is raised.

Yoshida et al. [10] have found that 50% of bleeding into the
biliary tree is intrahepatic and the other 50% is mostly from 
the extrahepatic bile ducts or gallbladder, and rarely from the
pancreas. Risk factors for the delayed onset of haemobilia
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include bile stasis, hepatic necrosis and the formation of a slowly
expanding pseudoaneurysm.

Profuse haemorrhage into the biliary system produces mixed
clots of blood and bile, whereas minor haemobilia usually causes
a clot of pure blood [59]. This is due to the fact that minor haem-
orrhage flows immiscibly to the lowest level of the ducts, where
it forms a cast of blood within the lumen. There are noticeable
differences between pure and mixed blood clots within the bil-
iary system (Table 3). First, the mixed clots usually have a mushy
consistency and dissolve rapidly through the fibrinolytic action
of the bile, whereas pure clots are solid and tenacious. Also, the
mixed ones have a tendency to adhere to the epithelial lining of
the bile duct.

When the blood clots are subjected to the flowing bile, they
usually dissolve through the fibrinolytic effect of bile. However,
in certain circumstances, the blood clots may escape this lytic
process if they are diverted through a T-tube or when the bile
duct is completely occluded by the clot. In the latter situation,
the bile drainage will cease completely, and these clots will often
have to be removed in order to relieve the obstructive jaundice.
Decompression of the bile ducts leads to resolution of the jaun-
dice and, in some cases, cessation of bleeding as well. Eventually,
the clot may act as a nidus for the formation of pigment stones.

Following an interventional diagnostic liver puncture, a blood
clot in the biliary system causes a filling defect, which mimics 
a biliary stone. However, there are certain features that can dis-
tinguish a clot from a stone. Calculi are generally ovoid in shape
and sometimes multilobular, but rarely round. Clots are gener-
ally casts of the lumen where they are produced, i.e. cylindrical
in the common bile duct, or they may show the impression of
the sphincter if they are formed at the pancreatic duct. Clots
within the ampulla are rounded with one flat surface [59].

Complications of haemobilia

Apart from bleeding with its consequences, there are other com-
plications of haemobilia, which are uncommon and include
pancreatitis [60], cholecystitis [61] and cholangitis [62]. These
are secondary to the haemobilia and must be differentiated from
primary pancreatitis, haemorrhagic cholecystitis and cholangitis
causing haemobilia.

Pancreatitis secondary to haemobilia has a good prognosis
once the haemorrhage has been controlled, and it may be 
successfully managed conservatively [60]. Cholangitis following
haemobilia may be severe and, although it is rarely reported, 

carries a high mortality rate even when treated aggressively with
antibiotics and biliary drainage. Cholecystitis may occur early
due to the presence of haematoma in the gallbladder or later 
following the formation of pigment stones. In early cases, imme-
diate cholecystectomy and T-tube drainage of the common bile
duct is recommended both to allow biliary decompression and
to wash out any remaining clots.

Clinical presentation

The classic presentation of haemobilia, which was described by
Quincke in 1871, involving a triad of upper abdominal pain,
upper gastrointestinal haemorrhage and jaundice, is only pre-
sent in up to 22% of cases (Fig. 2). Atypical presentations may
involve upper abdominal pain with gastrointestinal bleeding
only or cholangitis, with high fever and rigors.

In major haemobilia, the rate of bleeding is immediately 
life-threatening. In minor haemobilia, although the blood loss 
is clinically significant, the patient is haemodynamically stable.
If bleeding is brisk, it may present with lower gastrointestinal
haemorrhage as well. Slow blood loss leads to chronic anaemia,
which is an uncommon presentation, although it is of interest
that faecal occult blood testing was once used as a diagnostic test
in cases of biliary colic due to gallstones [7].

Bleeding following percutaneous transhepatic biliary inter-
vention may present with venous or arterial haemobilia. Venous
haemobilia is characterized by intermittent passage of dark blood
in the biliary drainage bag or by repetitive bouts of melaena with
internal drainage. Usually, the blood loss is not significant enough
to cause a haemodynamic compromise. The biliary drainage

Table 3 The differences between mixed and pure clots within the biliary
system.

Mixed clots Pure clots

Origin Profuse haemorrhage Minor haemobilia

Character Soft and friable Solid and tenacious

Fate Easy to remove and lyse Difficult to both remove and lyse

Jaundice
1%

Pain
10%

4%

22%

3% 16%

32%
Bleeding

Fig. 2 Presenting symptoms of haemobilia from a review of the literature
by Green et al. [9].
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catheter needs to be evaluated immediately and changed, with
the proximal side hole repositioned.

On the other hand, arterial haemobilia may present just 
after tube placement, with rapid accumulation of blood in the
external biliary drainage bag. If the biliary drainage catheter 
is internalized (the bag is removed and the tube capped after
insertion of an internal stenting device), the patient may instead
present with gastrointestinal bleeding, usually in the form of
melaena. If the bleeding is severe enough, this may present with
haematemesis and/or rectal bleeding.

In the trauma scenario, the haemorrhage may be of rapid
onset following the injury or may be delayed by weeks.
Occasionally, it may be recurrent, with a prodrome of epigastric
discomfort that is relieved at the onset of upper gastrointestinal
haemorrhage.

Investigations

Investigation of a suspected case of haemobilia depends on the
presentation and suspected aetiology. It must be remembered
that haemobilia often presents days to months after the initial
injury or intervention, and one should be aware of this syn-
drome in order to make an early diagnosis and undertake
prompt management.

When haemobilia is suspected, the following diagnostic pro-
cedures should be undertaken in turn [59].

Upper gastrointestinal endoscopy

This should be carried out by an experienced endoscopist aim-
ing to reach the papilla of Vater as direct observation of flowing
blood (or blood clot) from the ampulla is not uncommon in
haemobilia. It may be combined with ERCP, which sometimes
reveals (and drains) clots in the biliary ducts.

Many patients with minor haemobilia can be managed 
adequately on the basis of endoscopic and cholangiographic
findings. However, as little as 12% of these endoscopies may 
be diagnostic [10], and further investigation may be required.
The choice of subsequent investigation depends on the history,
leading cause and the level of suspicion. For trauma cases, it
seems reasonable to perform computerized tomography (CT),
followed by angiography, which is now recognized as the
definitive investigation.

Angiography

Selective angiography of the hepatic artery is now the gold 
standard for identifying, and often dealing with, the source of
bleeding in haemobilia. Angiography was first used to demon-
strate gastrointestinal bleeding in 1960 [63] and can be expected
to detect a vascular abnormality in over 90% of cases of
significant haemobilia [3]. As well as detecting active bleeding
from an arteriobiliary fistula, an arterioportal fistula and a true
or pseudoaneurysm may be seen.

However, there are certain technical difficulties that may arise
with anomalous origins of the hepatic artery or when there has
been previous surgery; in some cases, the angiogram may appear
normal, particularly if the study is performed when there is no
active bleeding [64].

Computerized tomography (CT)

Many patients presenting with haemobilia will have CT per-
formed at some point, particularly those with blunt trauma to
the abdomen. The possible findings of CT in suspected haemo-
bilia patients are summarized in Table 4.

Active bleeding, either arterial or venous, may be seen at the
time of the investigation. This indicates ongoing life-threatening
haemorrhage that requires prompt angiographic or surgical
control. Large liver haematoma and the formation of pseudo-
aneurysms of the hepatic artery can also be detected by CT 
(Fig. 3). Evidence of active or recent bleeding into the biliary 
tree and gallbladder may be identified by pooling of contrast
medium, intraluminal clots and biliary dilatation [65].

Table 4 CT findings in patients with suspected haemobilia.

Trauma

Active bleeding in liver haematoma

Active bleeding into the biliary tree and the gallbladder

Liver haematoma

Biloma

Pseudoaneurysm of the hepatic artery

Intraluminal biliary clots

Biliary obstruction and dilatation

‘Periportal tracking’

Non-trauma

Liver sepsis

Liver cavitation

Aneurysm and pseudoaneurysm of the hepatic artery

Fig. 3 Contrast-enhanced CT scan obtained 14 days after liver trauma
shows a newly developed, well-circumscribed pseudoaneurysm (arrow)
within the hepatic haematoma [68].
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It is worth knowing that CT grading of liver injury alone is not
a good predictor of the development of subsequent haemobilia
[66]. However, follow-up CT of trauma patients can be useful
for monitoring the progress in these lesions. ‘Periportal track-
ing’ can be detected, which is an area of low attenuation around
segmental portal veins representing more subtle liver injury
associated with an increased risk of developing haemobilia [67].

In non-trauma situations, CT scan can also be useful in iden-
tifying various risk factors for developing haemobilia including
cavitating lesions, with or without sepsis, and pseudoaneurysm
of the hepatic artery.

Ultrasonography (US) of liver

Although liver US for suspected cases of haemobilia can be 
useful, it may be misleading. Immediately following a bleed 
into the biliary tract, there may be diffuse but high echogenicity 
similar to that of the liver itself, so that the bile ducts may not be
seen at all. During the first 24–48 h after the formation of the
clot, a soft tissue mass may fill part of the duct with dilatation of
the proximal duct. The clot then contracts, forming a tubular
configuration conforming to the wall of the duct, and the resid-
ual lumen may be mistaken for the true lumen. However, the
evolution of diffuse hyper-reflectivity to less reflective masses
strongly supports the diagnosis of haemobilia [69].

Aneurysm and pseudoaneurysm of the hepatic arteries may
be noted as well-circumscribed anechoic masses; although they
are not necessarily pulsatile, Doppler ultrasonography may show
flow within them, differentiating them from biloma or cyst.
Fresh blood clots within the gallbladder are highly echogenic.
They appear as non-shadowing, non-mobile masses, and the
changes of acute cholecystitis may be seen.

Cholangiography

Cholangiography is useful if there is already percutaneous access
or when combined with gastroscopy as ERCP is performed. The
possible findings of cholangiography in cases of haemobilia are
summarized in Table 5.

Scintigraphy

Although the role of scintigraphic studies in investigating
haemobilia is controversial, it seems to be of value when other
investigations have not identified the bleeding source.

Although bleeding rates as low as 0.1 mL/h may be detected,
the liver provides a large pool of radioisotope that obscures 
visualization of extravasation into the bile ducts. 99mTc-labelled
sulphur colloid has a low background activity and is rapidly
cleared by the reticuloendothelial system. However, this clear-
ance results in high levels of isotope-masking pathology in the
bile ducts.

99mTc-labelled red blood cell scans can provide direct evidence
of bleeding into the bile ducts and indirect evidence by demon-
strating localized ‘hotspots’ where isotope has been obstructed
by clot in the intrahepatic bile ducts. Haemorrhage into the 
gallbladder may also be seen.

Treatment of haemobilia

The main goal of treatment of haemobilia is to stop the bleeding
and relieve the obstruction by biliary decompression. The mech-
anisms to achieve these aims depend on the aetiology and the
severity of the bleeding.

Iatrogenic haemobilia following liver biopsy
or biliary drainage

When haemobilia is suspected following liver biopsy and the
patient is stable, it is important to establish if there is an asso-
ciated liver haematoma [59]. If there is no haematoma, most
haemorrhages will cease spontaneously. However, in cases of
haematoma formation or significant bleeding that compromises
the haemodynamic status, resuscitation is necessary prior to
considering angiography and embolization.

The treatment of minor haemobilia following percutaneous
biliary intervention begins with assessment of catheter position.
In many cases, haemobilia presents as minimal blood in the
draining tubing, and the patient is haemodynamically stable.
This often stops either spontaneously or when the drain is
removed, and no further investigation or treatment is required.

However, if the bleeding persists, consider migration of the
side holes of the catheter outside of the biliary tree, which can
result in bloody drainage. This can usually be corrected by 
repositioning of the catheter. Fistulous communication of the
biliary tree with a portal or hepatic vein branch can result in
haemobilia, which can also be managed by upsizing the drainage
catheter with resultant tamponade of the bleeding site.

In cases of major haemobilia, affecting the haemodynamic
status, or failing conservative approaches in the aforementioned
situations, an aggressive resuscitation is required to stabilize 
the patient prior to considering a transarterial angiogram and
embolization (TAE). The surgical option is only required when
angiographic embolization fails.

Haemobilia following accidental liver trauma

Full description of the management of patients with liver trauma
is beyond the scope of this chapter, but the main outlines 

Table 5 Cholangiographic findings in haemobilia.

Blood refluxing down the papilla of Vater

Filling defects in the biliary tree, which can mimic calculi

Indentation of the bile duct, caused by aneurysm or biloma

Parasitic infection of the biliary tree, causing haemobilia
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for managing suspected traumatic haemobilia are summarized
below.

There are two different categories of liver trauma patients. In
those with liver capsular tear and intraperitoneal haemorrhage,
who are usually haemodynamically unstable, haemobilia is rare
as the blood flows more readily into the lower pressure peritoneal
cavity than down the biliary tract. Immediate resuscitation and
laparotomy is mandatory in order to control the bleeding and
save the patient’s life.

Traumatic haemobilia is found more often in patients with an
intact liver capsule, but with a central liver rupture, causing less
acute and more obscure symptoms. Haemobilia may present
early or, more often, late. Regardless of the onset of haemobilia,
managing these patients usually requires resuscitation and con-
sideration of angiogram and embolization as the initial treat-
ment in controlling haemobilia and rendering the patient stable
in preparation for elective and definitive surgery.

Circumstantial haemobilia (that detected by CT or US scan a
long time after the trauma) requires close monitoring and, if
pseudoaneurysm of the hepatic artery is found, it should be
treated by TAE to avoid the risk of rupture.

Transarterial angiogram and 
embolization

This was first reported in 1976 by Walter et al. [70], when they
successfully embolized a hepatic artery to control bleeding. With
recent improvements in selective catheters, this has now become
the first line of intervention to stop bleeding for most causes of
haemobilia. The indications for TAE are:
1 major haemobilia requiring blood transfusion;
2 prolonged or recurrent bleeding despite correction of 
coagulopathy;
3 minor haemobilia causing anaemia;
4 CT (or US) indicates vascular injury;
5 elective embolization of aneurysms and pseudoaneurysms
because of the likelihood of rupture.

Technique of selective TAE
Selective TAE involves catheterization of a hepatic artery 
followed by embolic occlusion by autologous blood, balloon,
microcoils, cyanoacrylate or Gelfoam. The success rate of TAE
has been shown to be between 80% and 100% [10,71–74].
Causes of failure are technical or due to the extensive collateral
hepatic and bile duct blood vessels.

The portal vein should be patent prior to attempting arterial
embolization, and hepatic sepsis is a relative contraindication
for TAE. Antibiotic prophylaxis is recommended if hepatic
haematoma is present. Transient rise in liver enzymes may 
follow TAE, but they usually return to normal after 6 weeks.

The mortality and morbidity rates are reported to be lower
than those after surgery [75]. Death secondary to hepatic ischaemia
following TAE has been reported [76] but, nowadays, it has been
used successfully even in some liver transplant patients in whom
the portal flow has proved adequate. However, TAE must be 
recognized as a high-risk procedure in such patients [77].

Surgical treatment of haemobilia

One cannot stress enough the fact that TAE must still be 
considered as a first line of treatment for haemobilia even if
laparotomy is required for other pathology. However, there 
are certain situations when surgical intervention is required,
such as:
1 cholecystitis;
2 failed drainage of the biliary tree;
3 failed drainage of liver sepsis;
4 failed TAE.

Surgery for bleeding involves ligation of the bleeding vessel 
or excision or repair of the aneurysm. When this cannot be
identified, non-selective ligation of the right or left hepatic
artery may be performed. If there is concern that the blood 
supply to the liver will be compromised, arterial reconstruction
is indicated, bypassing the affected section of blood vessel using
venous autograft or splenohepatic anastomosis. If haemorrhage
from collateral vessels continues even after ligation of the com-
mon hepatic artery, resection of the affected liver segment may
be necessary.

Further surgical options are dependent on whether the site 
of bleeding is intrahepatic or extrahepatic. If intrahepatic, such
as following severe trauma or for tumour, partial hepatectomy
may be necessary. Haemorrhage from the gallbladder and
haemorrhagic cholecystitis require urgent cholecystectomy, as
does cholecystitis following haemobilia.

In cases of liver trauma, TAE should be sought first in order 
to control the bleeding, and further management of delayed or
persistent haemobilia can be arranged at a later stage when the
patient’s condition allows extensive surgery, as simple packing
or drainage is not usually sufficient. Careful exploration of 
cavities, precise haemostasis and suture or drainage of any dam-
aged biliary ducts are required. If all of these fail, more radical
procedures will be necessary including liver resection.

Fig. 4 Traumatic pseudoaneurysm (arrow) is seen to arise from the left
hepatic artery on a coeliac arteriogram [68].
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Mortality from haemobilia

In 1972, Sandblom reported a 27% mortality rate following
haemobilia [7]. Since then, there has been a constant reduction
in the mortality rate and, by 1987. it reached 12% [10]. More
recently, there were only five cases of reported death from 222
cases of haemobilia [9]. The reasons for this marked reduction in
mortality are an increased incidence of reporting minor haemo-
bilia, with excellent outcome, and improvement in the techniques
of management of significant haemobilia, especially TAE.

Summary

The most common causes of haemobilia are iatrogenic and accid-
ental trauma. Classically, haemobilia presents with abdominal
pain, upper gastrointestinal bleeding and jaundice; however, a
high level of suspicion is required in atypical cases. Fortunately,
haemobilia usually causes complications in only a small number
of patients. However, urgent investigation of patients who are
suspected of having significant haemobilia, using endoscopy
and angiography, is required to confirm the diagnosis.

Angiography should be undertaken with a view to TAE, which
is the first choice of therapy with a high success rate. If other 
conditions require operation, surgery remains an alternative,
but TAE must still be considered as a means of minimizing 
the extent of the surgery required. Biliary decompression and
restoration of bile flow past clots may also be necessary, and 
this may be all that is required in cases of minor haemobilia.
With the change in aetiology and the advent of new diagnostic
and therapeutic techniques, the mortality rate associated with
haemobilia is low.
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19.6 Biliary dyskinesia
C. Ritchie Chalmers and Giles J. Toogood

Introduction

The term biliary dyskinesia is used to refer to a range of biliary
tract functional disorders, essentially those of the gallbladder
and sphincter of Oddi (SO). Dysfunction of the gallbladder or
the SO can be characterized by similar patterns of biliary or 
pancreatic-type symptoms and pain in the absence of macro-
scopic organic or structural disease as identified by laboratory,
ultrasonographic and magnetic resonance imaging (MRI)
examination. However, it is often diagnostically difficult to 
differentiate purely functional problems from subtle or micro-
scopic organic or structural disease, and so the alternative label
of biliary dysfunction may be a more accurate, all-encompassing
term for these conditions. The diagnosis, evaluation and treat-
ment of biliary dysfunction are not therefore without contro-
versy. Estimates of the prevalence of biliary dysfunction have
been made at 2.4% by population studies [1], although higher
levels have been recorded by ultrasound screening studies, sug-
gesting a frequency of acalculous biliary-type pain of 7.6% 
in men [2] and 20.7% in women [3]. However, ultrasonogr-
aphy has a false-negative rate of approximately 2–5%, so these
figures may be artificially slightly elevated [4].

Biliary dysfunction can be broadly divided into dysfunction 
of the gallbladder and dysfunction of the SO, subdivided into
biliary and pancreatic-types. The typical biliary symptoms in
dysfunctional biliary disease were defined by the 1999 Rome II
Committee on Functional Gastrointestinal Disorders [5] as:
episodes of severe, steady pain located in the epigastrium or
right upper quadrant associated with symptom episodes lasting
30 min or more with pain-free intervals; symptoms occurring 
on one or more occasions in the last 12 months; steady pain
interrupting daily activities or requiring consultation with a
physician; no evidence of structural abnormalities to explain 
the diagnosis; evidence of abnormal gallbladder functioning
with regard to emptying. Pain may also be associated with 
nausea and vomiting, radiation to the back or right scapula
region, onset after meals or during the night. These biliary
symptoms are a feature of both gallbladder and SO dysfunction
(Table 1).

Gallbladder dysfunction

Normal gallbladder physiology

The gallbladder and bile ducts comprise a low-pressure system
regulating the bile flow from hepatocytes to the duodenum. The
secretory pressure of the hepatocytes, the tone of the gallbladder
and ducts and the resistance of the SO are responsible for the
maintenance of normal pressures of approximately 5–10 mmHg
above duodenal pressure [6]. The gallbladder acts as a reservoir,
storing and concentrating bile to absorb increases in pressure
from the biliary tree. In the fasting state, 90% of the free-flowing
hepatic bile is channelled into the gallbladder for storage 
by tonic contraction of the SO, which raises the choledochal
pressure and diverts bile flow through the cystic duct. Higher
choledochal pressures also stimulate a choledocho–cholecysto
neurological inhibitory reflex causing gallbladder relaxation to
accommodate the increase in bile volume [7].

The gallbladder exhibits two types of muscular contraction.
Non-propulsive contractions cause small-volume partial empty-
ing and refilling of the gallbladder during the interdigestive period,
and this is thought to be important for the intracholecystic 
mixing of bile, maintaining the relatively insoluble constituents
such as cholesterol and bilirubin in solution and preventing the
formation of microcalculi. This process, with the expulsion of

1561

Table 1 The Rome II criteria for biliary-type symptoms in biliary 
dysfunction [5].

Episodes of severe, steady pain located in the epigastrium or right upper

quadrant associated with:

A symptom episodes lasting 30 min or more with pain-free intervals

B symptoms occurring on one or more occasions in the last 12 months

C steady pain interrupting daily activities or requiring consultation with a

physician

D no evidence of structural abnormalities to explain the diagnosis

E evidence of abnormal gallbladder functioning with regard to emptying

These criteria are due to be updated by the Rome III committee in 2006.
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up to 25% of gallbladder residual volume, occurs approximately
every 100 min under neurohumoral control by the enteric 
hormone motilin acting via the vagus nerve [8]. It is temporally
coordinated with the phases of the migrating motor complex
(MMC) of the small intestine, with contractions causing bile
emptying into the duodenum predominantly throughout late
phase II [9]. Phase III of the MMC is believed to have a house-
keeping role, and the release of bile into the duodenum prior 
to this stage may prevent bacterial overgrowth. Additionally, the
entry of bile into the distal duodenum is thought to contribute
to the regulation of the cyclical nature of the MMC of the 
gastrointestinal tract itself [10].

The second type of muscular contraction in the gallbladder 
is propulsive. Propulsive contractions are responsible for frac-
tional gallbladder emptying of 75% of residual volume during
the digestive phase. Gallbladder emptying is initiated by cephalic
and local gastroduodenal neurological reflexes and maintained
by circulating levels of the enteric hormone, cholecystokinin
(CCK), released from the duodenum in response to its exposure
to luminal gastric acid, fats and amino acids [7]. Cholinergic
input from the vagus nerve is thought to increase the sensitivity
of the gallbladder to CCK [11] and to send afferent sensory
impulses in a feedback loop to modulate its contraction.

CCK acts on specific smooth muscle receptors (CCK-A) in
the gallbladder causing a slow and steady contraction of the
muscular wall. This generates an intracholecystic pressure that is
only slightly higher than the resting choledochal pressure,
resulting in a steady delivery of bile down a pressure gradient
through the relaxed SO and the ampulla of Vater into the duo-
denum. The resistance of the cystic duct itself, generated by the
mucosal valves of Heister, may also play a role in regulating the
flow of bile between the gallbladder and the common bile duct.
Increased resistance in the cystic duct has been demonstrated
after exposure to intravenous morphine, and it is known to have
a dense neurological supply, although full understanding of its
physiological role is still lacking.

Pathophysiology and disorders of 
gallbladder motility

Gallbladder dysfunction has been predominantly ascribed to
delayed or abnormal gallbladder emptying. It may, however, 
be associated with mild structural or organic pathologies that 
are difficult to identify on routine preoperative workup, such 
as structural narrowing of the cystic duct, gallbladder muscle
hypertrophy, impairment of gallbladder filling, hyperalgesia or
chronic inflammation. The female hormones estrogen and pro-
gesterone have been associated with alterations in cholesterol
metabolism and the reduction in gallbladder and SO motility,
and this is likely to explain the female preponderance of these
diseases [12]. Transient changes in gallbladder motility may 
also result from disruption to normal physiology by autonomic
neurological disorders, drugs (e.g. anticholinergics, opiates, cal-
cium channel blockers [13]), metabolic disorders (e.g. diabetes

[14], obesity [15]) and normal physiological conditions (e.g.
pregnancy [16]).

Disorders of gallbladder motility result in gallbladder stasis with
resulting sludge and microcalculi, contributing to inflammation
or gallstone formation. Acutely, this is demonstrated in patients
with critical illness maintained on long-term total parenteral
nutrition in whom a decrease in gallbladder motility leads to
increasing sludge formation, cystic duct obstruction and acute
acalculous cholecystitis [17]. Gallbladder dysfunction causing
stasis is thought to contribute to chronic cholelithiasis in up to
70% of patients with symptomatic disease [18] and is confined
to cases where bile is supersaturated with cholesterol. Excess
cholesterol becomes incorporated into the plasma membrane of
the smooth muscle cells in the gallbladder wall [19] affecting mu-
scular contractility, and this has been demonstrated by impaired
contractility after provocation tests with cholecystokinin-
octapeptide (CCK-OP) [20]. Interestingly, the function of the
gallbladder muscle, as demonstrated by normal reaction to
CCK-OP, does not appear to be impaired in patients with pig-
ment stones, which are smaller and less often implicated in the
development of cholecystitis. Muscle cells of the gallbladder wall
of patients with cholesterol stones do not respond normally to
receptor-dependent agonists, G-protein activators and second
messengers [21]. The inflammatory process, acute or chronic,
also contributes to dyskinesia of the muscular gallbladder wall
mediated by endothelins and prostaglandins [17,22], and biliary
stasis may cause chemical damage and subsequent inflamma-
tion of the gallbladder mucosal and muscular layers.

The process of gallbladder dyskinesia may itself give rise to
symptomatology and pain in acalculous patients. The mech-
anism of pain may be due to gallbladder spasm, excessive con-
traction, gallbladder distension (either due to obstruction by
viscous bile or intermittent high residual volumes) or incoord-
ination between the gallbladder and the cystic duct or SO [5].
Synonyms for gallbladder dysfunction include gallbladder
hypersensitivity, gallbladder spasm, cystic duct syndrome and
biliary dyskinesia (Table 2).

Clinical presentation of gallbladder dysfunction
Chronic gallbladder dysfunction presents in a similar manner 
to symptomatic cholelithiasis. Patients are usually female, aged
between 20 and 50 years, presenting with a history of recurrent
biliary type pain as defined by the Rome II criteria. In gallblad-
der dysfunction, abdominal examination may reveal right upper
quadrant tenderness, and there may be localized guarding, but
this condition is not associated with signs of peritonism. There is
no evidence of pyrexia or leucocytosis, and hepatic transaminases,
alkaline phosphatase, bilirubin and serum albumin are normal.

Investigation of gallbladder dysfunction

Ultrasonography
Typical biliary pain is usually initially investigated for under-
lying cholelithiasis and alternative pathologies by abdominal
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ultrasonography. Negative ultrasonography of the upper
abdomen may be a consequence of several clinical scenarios.
Alternative pathology of the gastrointestinal tract and pancreas
should be excluded. There is a false-negative rate of calculus
identification by ultrasonography of approximately 2% [4], and
sensitivity is particularly poor for the identification of sludge or
calculi smaller than 3–5 mm in the gallbladder and also for
stones in the common bile duct (CBD). The sensitivity of ultra-
sonography for cholelithiasis is often not improved by repeating
the investigation [23]. Endoscopic ultrasonography is capable of
detecting microlithiasis of less than 3 mm and may be helpful,
although this is not in routine use [24] and, during cholecystec-
tomy, intraoperative CBD ultrasound [25] or cholangiogram
[26] have proved to be sensitive in the detection of choledo-
cholithiasis. Symptoms may be due to the passage of a stone into
the CBD or through the biliary tree and into the duodenum.
Alternatively, symptoms may be due to dysfunctional disease,
either of the gallbladder itself or of the SO. In some cases, SO
dysfunction is subsequently unmasked by cholecystectomy, and
the diagnosis of SO dysfunction in the presence of a functioning
gallbladder is controversial.

Historically, a pain provocation test was performed, essen-
tially attempting to duplicate symptoms by stimulation of the
gallbladder using intravenous CCK, but these tests have been

abandoned due to low sensitivity and the limited production 
of useful clinical information. It is recommended that, in the
absence of cholelithiasis on ultrasonography in patients with
normal liver function tests, clinicians should proceed to exclude
alternative causes of pain via upper gastrointestinal endoscopy
and undertake further assessment of gallbladder function by
non-invasive cholescintigraphy.

Cholescintigraphy
Cholescintigraphy is performed using 99mTc-radiolabelled 
hepatoiminodiacetic acid (HIDA). This compound is excreted
by the liver into the bile and can be traced by quantification 
of changes in radioactivity over different regions of the biliary
tree using a gamma camera and computer analysis. Initially, 
the accumulation of 99mHIDA in the gallbladder is assessed, 
followed by the administration of CCK-OP (20 ng/kg infused
slowly intravenously over 30 min) to stimulate gallbladder 
emptying and provide a measurement of gallbladder ejection
fraction (GBEF). GBEF can be calculated as a percentage of 
gallbladder volume or as a percentage of radioactive counts
[27,28]. A normal gallbladder will empty more than 50% of its
volume in response to CCK-OP stimulation and, therefore, a
GBEF of less than 40% is considered to indicate gallbladder 
dysfunction [5].

Structural Functional

Gallbladder Cholelithiasis Inflammation

Narrowed cystic duct Hormonal flux

Gallbladder muscle hypertrophy Pregnancy

Autonomic neurological disease

Drugs

Anti-cholinergics

Opiates

Calcium-channel blockers

Metabolic disease

Diabetes

Obesity

Parenteral nutrition

Critical illness

Sphincter of Oddi Fibrotic stenosis Sphincter irritability 

Trauma (passage of stone or Associated with irritable bowel 

post-endoscopic sphincterotomy) and other functional disorders

results in inflammation,  

healing and fibrotic stricture

Smooth muscle hypertrophy Autonomic neurological disease

Drugs

Anti-cholinergics

Opiates

Calcium-channel blockers

Metabolic disease

Diabetes

Obesity

Table 2 The pathophysiology of gallbladder
and sphincter of Oddi motility disorders. Biliary
dysfunction or dyskinesia may result from a
structural or functional abnormality. The
relationship between inflammation and
gallbladder dysfunction is complex. Abnormal
gallbladder motility may be caused by chronic
inflammation (due to cholelithiasis or
microlithiasis) and, conversely, biliary stasis
secondary to abnormal motility may result in
microlithiasis and chronic cholecystitis.
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There are also a number of other conditions that are associated
with a low GBEF and that present without biliary-type pain
including pregnancy, diabetes, obesity, cirrhosis and idiopathic
slow transit constipation. Various drugs may lower GBEF
(atropine, morphine, octreotide, nifedipine and progesterone),
and reduced GBEF may be associated with a generalized dyski-
netic syndrome of the entire gastrointestinal tract involving the
stomach, duodenum and biliary tree (Fig 1; see also Plate 19.6.1, 
facing p. 1268).

MRI and magnetic resonance cholangiopancreatography
If the GBEF is considered to be normal or the patient has
deranged liver function tests, cross-sectional MRI of the liver
and magnetic resonance cholangiopancreatography (MRCP)
should be considered in order to identify alternative hepatobil-
iary pathology. MRCP has been developed fairly recently, and
there are an increasing number of studies showing excellent
identification of biliary tract dilatation and choledocholithi-
asis, in which MRCP performs comparably with endoscopic 
retrograde cholangiopancreatography (ERCP) [29,30]. MRCP
may also aid in the exclusion of alternative pathology such as 
bile duct strictures (benign and malignant), choledochal cyst
and Caroli syndrome. In addition, MRCP is non-invasive and
avoids exposure to radiation and the complication rate inherent
in ERCP. However, its limitations include contraindications to
MRI, artefact associated with metal clips in a surgical field and
the inability to offer therapeutic intervention as part of the 
same procedure. ERCP should not be used for diagnosis but 
be reserved for patients requiring manometric assessment of 
the SO during investigation of suspected dysfunction post
cholecystectomy.

Treatment of gallbladder dysfunction
The initial management of an acute episode of gallbladder 
dysfunction is directed at the relief of discomfort, using an
appropriate analgesic and conservative management. If there is
no obvious cause of impaired gallbladder emptying, and the
GBEF is less than 40%, then cholecystectomy is considered to be
appropriate [5]. This is not, however, without controversy.

Evidence demonstrating clinical improvement after chole-
cystectomy in patients with gallbladder dysfunction is taken
from a number of studies in the literature with widely variable
methodology. The use of a variety of doses and administra-
tion regimes of CCK-OP in order to determine GBEF makes
comparison between these studies difficult to interpret, and 
different definitions of abnormal GBEF vary between 35% and
65% [31]. The regime and GBEF value outlined above are taken
from the Rome II criteria and combine a mid-range dose of
CCK-OP with an administration time of 30 min, providing 
similarity with the normal physiological release of CCK after a
fatty meal.

In the authors’ experience, patients with suboptimal GBEF
and no other identifiable cause of their pain who have under-
gone cholecystectomy subsequently demonstrate histopatho-
logical evidence of chronic cholecystitis in more than 95% 
of cases. Conversely, there is a limited amount of evidence 
indicating that patients presenting with typical biliary pain 
in the absence of demonstrable cholelithiasis but with a sub-
optimal GBEF may improve with conservative management
[32].

Some centres have reported demonstrable improvement in
symptoms after cholecystectomy in up to 55% of patients with
typical biliary pain who have a normal GBEF at cholescintigraphy,
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Fig. 1 Response curves generated by quantification of 99mHIDA levels in the gallbladder. Quantification of 99mHIDA levels in the gallbladder after stimulation
with CCK-OP is used to calculate the GBEF, with significant abnormality in response resulting in a GBEF < 40%.
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but these studies invariably involve low numbers of patients.
Surgeons may have a low threshold for performing laparoscopic
cholecystectomy under these circumstances, as these patients
may demonstrate histopathological changes consistent with
chronic cholecystitis [33]. Cholecystectomy under these cir-

cumstances remains controversial, but most centres will not
proceed with investigations into SO function unless the patient
has previously undergone cholecystectomy. The investigation
and management of gallbladder dysfunction are summarized in
Figure 2.

Typical biliary pain

Upper abdominal
ultrasound

Identification of
cholelithiasis

Positive Negative

Negative

Negative

Negative

Cholescintigraphy
(HIDA scan)

Consider
laparoscopic

cholecystectomy

No symptoms Continued
symptoms

after laparoscopic
cholecystectomy

Investigations for
suspected SO
dysfunction

Laparoscopic
cholecystectomy

Investigate
alternative

pathology +/− 
second opinion

Positive

Positive

Positive

Treat
alternative
pathology

Treat
alternative
pathology

Laparoscopic
cholecystectomy

Upper GI
endoscopy

Fig. 2 The investigation and management of
gallbladder dysfunction. The absence of
cholelithiasis on investigation of typical biliary
pain by ultrasound should prompt investigation
into alternative upper gastrointestinal
pathology by endoscopy. Cholescintigraphy is
then performed to assess gallbladder ejection
fraction (GBEF). The efficacy of laparoscopic
cholecystectomy for patients with low GBEF
has been demonstrated by a number of studies,
although patients with a relatively normal GBEF
may also benefit from cholecystectomy.
Diagnosis of sphincter of Oddi dysfunction
(SOD) in the presence of an intact gallbladder is
controversial. GI, gastrointestinal.
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Sphincter of Oddi dysfunction 
(SO syndrome or SOD)

Normal anatomy and physiology of the SO

The SO is an anatomically distinct neuromuscular structure
lying at the junction between the CBD, the pancreatic duct and
the duodenum. It is approximately 1 cm in length and traverses
the duodenal wall, ending in the lumen of the duodenum as the
ampulla of Vater. It is regarded as forming three groups of 
muscle fibres encircling the distal portion of the bile duct: the
sphincter choledochus; the distal portion of the pancreatic duct,
the sphincter pancreaticus; and a common sphincter proximal
to the ampulla. The SO is anatomically distinct from but func-
tionally linked to the biliary unit of the CBD, pancreatic duct
and duodenum. It controls the pressure gradients within the 
biliary tree, and changes in the resistance of the SO to the flow 
of bile and pancreatic juice act to modulate the efflux into the
duodenum. The SO also protects the biliary tree from reflux of
duodenal contents (Fig. 3).

The SO is believed to comprise two separate regions, proximal
and distal, although opinion is divided as to whether these
regions are capable of independent action and differential
response to similar neurohumoral stimuli [34]. In the inter-
digestive phase, the SO exhibits resting basal pressure due to
spontaneous contractile activity, regulated by interstitial cells 
of Cajal (ICC) with cyclical depolarization and repolarization

(slow waves) similar to those regulating the spontaneous activity
of the small intestine [34]. This pacemaker activity is thought to
be located in the proximal region of the SO and drives a predom-
inantly antegrade peristalsis towards the duodenum. Additional
active contractions display a cyclical motility, closely coordi-
nated with phase II and III of the MMC of the stomach and 
duodenum [9]. The timing of these additional contractions
allows bile flow into the duodenum prior to phase III, known to
be important in duodenal housekeeping, and protects the biliary
tree from the increased pressure generated by subsequent con-
traction of the duodenum. This coordination of activity between
the duodenum and the SO is referred to as the SO–duodenal
reflex.

The SO is extensively innervated receiving both external 
and internal signals [35]. External innervation is passed via 
preganglionic parasympathetic fibres in the vagus nerves and
postganglionic fibres from the coeliac ganglion. Intrinsic inner-
vation occurs via the ganglia of the enteric nervous system.
There is extensive neural coordination between the SO and the
stomach, gallbladder [36], bile ducts [37] and duodenum [38].
Additionally, intrasphincteric reflexes may exist between the 
different regions of the SO.

In the digestive phase, exposure of the SO to circulating CCK
stimulates non-adrenergic, non-cholinergic inhibitory neurones
to release vasoactive intestinal peptide [39] and nitric oxide [40].
This results in inhibition of the phasic contractions of the
smooth muscle cells, allowing a fall in basal pressure, and syn-
chronizes SO relaxation with gallbladder contraction to allow
the release of large volumes of bile into the duodenum.

Pathophysiology and disorders of 
SO motility

The SO comprises regions individually encircling both the 
CBD and the pancreatic duct. SOD may occur in either or 
both regions and therefore presents with features of either 
biliary obstruction or pancreatic inflammation, with elevation
of pancreatic enzymes and pancreatitis. SOD may be associ-
ated with a number of other gastrointestinal disorders that 
are believed to have a functional basis, such as irritable bowel 
syndrome and duodenal hyperalgesia. Synonyms for SOD
include biliary spasm, biliary dyskinesia, ampullary stenosis,
papillitis, oddities, biliary dys-synergia and post-cholecystectomy
syndrome.

Mechanistically, dysfunction of the SO causes increased 
resistance to the passage of bile and pancreatic juice into the
duodenum, resulting in raised choledochal pressure. This 
backpressure on the biliary tree is thought to be the primary
mechanism of pain, causing distension, spasm and inflamma-
tion [5]. Recurrent pancreatitis may result from the retention 
of pancreatic exocrine secretions by pressure obstruction or
structural obstruction caused by inflammation of the pancreatic
duct [41]. The effects of acute alcohol consumption on the func-
tion of the SO also remain to be fully elucidated [42].

Sphincter choledochus

Sphincter pancreaticus

Common sphincter

Head of pancreas

Duodenum

Ampulla 
of Vater

Sphincter of Oddi

Fig. 3 The anatomy of the sphincter of Oddi. Muscular fibres of the
sphincter of Oddi (SO) encircle the distal portion of the common bile duct
(CBD) as the sphincter choledochus, the pancreatic duct as the sphincter
pancreaticus and form a common sphincter proximal to the ampulla of
Vater. The ampulla of Vater refers to the papilla visible in the third part of
the duodenum.
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There appear to be two subtypes of SOD: SO dyskinesia, a
pure motor disorder, and SO stenosis of part or the whole of the
sphincter, which may result from previous trauma due to the
passage of a stone or inflammation associated with episodes of
pancreatitis [43], resulting in fibrosis or smooth muscle hyper-
trophy. Rarely, stenosis may reoccur after previous endoscopic
sphincterotomy [44]. It is often difficult to distinguish between
dyskinesia and stenosis and, therefore, the term SOD is com-
monly applied to both. Additionally, there is a group of patients
who experience typical biliary pain with no objective evidence of
delayed biliary drainage, and these patients may be suffering
from visceral hyperalgesia of either the SO itself or the duode-
num [45].

Manometry provides a truly objective quantification of SO
function and can differentiate between SO stenosis and true
dyskinesia. The identification of these separate conditions
allows appropriate targeting of therapy. SO stenosis manifests as
a persistently elevated basal pressure of more than 40 mmHg
(normal range 3–35 mmHg). Stenosis may affect the sphincter
choledochus, the sphincter pancreaticus or both sphincters. 
SO dyskinesia includes a number of patterns of dysfunctional
contraction that may be identified manometrically. Sphincter
irritability and spasm may manifest in one of two patterns.
Rapid phasic contractions, referred to as ‘tachy Oddia’ and 
typically at a rate of > 6/min, are separate from the contractile
activity associated with the MMC and may coincide with the
experience of characteristic pain. Intermittent episodes of basal
elevated pressure (> 35 mmHg) with an interspersed normal
baseline may also be indicative of sphincter irritability. Excessive
retrograde peristalsis (> 50% of contractions) is sometimes
observed but has low specificity for SOD. Paradoxical responses
to CCK-OP, consisting of increases in basal pressure or stimula-
tion of SO contraction, may also be observed and are thought to
represent absence of or damage to inhibitory neurones.

Motility disorders of the SO causing biliary-type symptoms
most commonly present in patients post cholecystectomy. The
presence and identification of SOD in patients with an intact
gallbladder is controversial, although some studies have identified
SOD in approximately 10% of patients returning with post-
cholecystectomy pain and in 0.9% of patients before cholecys-
tectomy [46]. It is thought that removal of the gallbladder,
which acts as a reservoir to minimize pressure changes within
the biliary tree, may precipitate symptoms from a dysfunctional
SO. Disruption to the SO CCK response occurs after cholecys-
tectomy [47] because of the removal of inhibitory neural links
between the gallbladder and the SO resulting in increased SO
tone. Additionally, these patients have a documented history of
previous cholelithiasis, and several studies indicate a relationship
between the presence of gallstones and increased SO resistance,
where SOD may play a role as either the primary or the sec-
ondary pathology. Gallstones are frequently associated with
increased SO tone [48], and higher SO resistance may contribute
to gallbladder stasis, resulting in the development of cholelithiasis.
Alternatively, the repeated passage of stones down the CBD 

and into the duodenum may cause SO trauma with resulting
inflammation, fibrosis, stricture and subsequent dysfunction. 
It is currently unclear as to whether microlithiasis plays a role 
in the pathogenesis of SOD. Rarely, microlithiasis may form 
de novo in the bile ducts after cholecystectomy, and this gravel or
sludge can cause both biliary colic and obstruction resulting in
acute pancreatitis [49,50]. However, the largest studies so far
have not demonstrated a correlation between microlithiasis and
increased SO resistance at manometry [51].

Biliary-type SOD

Clinical presentation of biliary-type SOD
Patients are commonly female, between the ages of 20 and 
50 years and may present 2–10 (average 4–5) years post 
cholecystectomy. They present with biliary symptomatology 
as defined by the Rome II criteria and may describe two types 
of pain. First, severe episodic pain that presents with a similar
pattern to that produced by gallbladder dysfunction and occurs
episodically every few weeks or months. In most cases, patients
describe a recurrence of the pain that they suffered due to gall-
stone disease. Additionally, these patients may also describe a
more constant discomfort that occurs daily and on to which the
episodic pain is superimposed. In some cases, the recurrence of
pain may have a definite antecedent history of opiate use, either
as a commercial formulation or as a premedication for an 
unrelated procedure.

On examination during an acute episode, the patient is 
usually agitated and writhing to seek relief from the pain.
Abdominal examination may reveal mild tenderness in the 
right upper quadrant but no signs of peritonism. There is no
associated pyrexia or leucocytosis. Some patients may exhibit
transient biliary obstruction, with elevated bilirubin, alkaline
phosphatase and transaminases.

Classification of biliary-type SOD

The Milwaukee classification
The Milwaukee classification [43] was introduced two decades
ago to guide diagnosis and treatment on the basis of clinical
findings. This classification applies clinical, laboratory and
ERCP findings to define three groups of SOD with differing
prognosis after intervention by sphincterotomy (Table 3).

The predictability of true SOD using the Milwaukee classifi-
cation is: category I 65–95%; category II 50–63%; and category 
III 12–28%. There remains controversy over the classification 
of patients with only slight increases in serum liver tests as 
to preferential inclusion in category II or III, but there is some
evidence that these patients may correspond best to category II
and should be managed similarly [52].

Classification using manometry
SO dysfunction may also be classified on the basis on manometric
findings on investigation of the SO. This is a reproducible, more
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reliable form of patient assessment dividing patients into groups
based on normal SO function, SO stenosis (persistent baseline
pressure > 40 mmHg) and SO dyskinesia [53] (intermittent 
elevation of the baseline to pressure > 35 mmHg at a frequency
of > 6 episodes per minute; > 50% retrograde peristalsis; para-
doxical contraction in response to CCK). These categories are
more accurate than the Milwaukee classification in predicting
outcome after intervention [54,55].

Investigation of biliary-type SOD
Investigation should begin with a repeat measurement of liver
function tests and upper abdominal ultrasonography to exclude
alternative pathologies and intrahepatic or choledocholithiasis.

The morphine provocation (or Nardi) test
The original application of the morphine provocation test [56]
referred to patients presenting with idiopathic recurrent pancre-
atitis and attempted to identify patients with SOD on the basis 
of the reproducibility of symptoms after the administration of
morphine, to which the SO is known to be sensitive. Although
patients with a positive morphine provocation test have been
shown to have a greater incidence of sphincter stenosis on subse-
quent manometry [57], a positive morphine provocation result
is not predictive of outcome after sphincterotomy [55] and is
thus considered to provide only limited clinical information.
The Nardi test tends to be used for screening in specialist centres
before proceeding to manometry. Patients receive an injection
of morphine and neostigmine and then venous samples are
taken at 30-min intervals. Levels of amylase, lipase, aspartate
aminotransferase and alanine aminotransferase are measured
and are considered to be positive if greater than four times base-
line values.

99mHIDA cholescintigraphy
The CCK-OP-stimulated flow of 99mHIDA across the SO may be
used as a non-invasive screening investigation of SO function.
Impaired drainage is likely to represent a raised SO resistance 

to bile flow. This use of cholescintigraphy is compromised by a
degree of intraindividual variation that impairs reproducibility.
Variability in the study regimes used for CCK-OP stimulation
have led to contradictory reports in the literature as to the 
sensitivity of this technique compared with the gold standard
investigation, SO manometry [58,59]. However, the non-
invasive nature of this test avoids the morbidity associated with
alternative invasive forms of diagnosis, and it is a useful screen-
ing test before proceeding to definitive diagnosis by manometry.

Cholangiopancreatography
Patients presenting with biliary-type pain with suspected SOD
should undergo MRCP or ERCP to visualize the biliary and 
pancreatic ducts and in an attempt to identify alternative causes
for their symptoms. Additionally, identification of duct dilata-
tion and recording of the drainage time of contrast from the bile
duct allow categorization using the Milwaukee classification. 
It has been shown that duct dilatation is not an inevitable 
consequence of previous cholecystectomy and is more likely to
represent a relative SO stenosis [6]. Manometry may be per-
formed in conjunction with ERCP, and endoscopic sphinctero-
tomy provides a treatment option. Postprocedure, standard
ERCP may be complicated by pancreatitis or duodenal perfora-
tion, and the rate of such complications for standard ERCP is
reported as being up to 3% [30].

Manometry
The gold standard investigation for SOD is triple lumen
manometry [6]. Manometry catheters are made of Teflon 
or polyethylene, and the diameter measures between 1.5 and 
1.7 mm, a size shown to minimize SO spasm on insertion. They
have three side-holes spanning 5 mm of the recording tip. Each
lumen is connected to a capillary perfusion system and pressure
force transducer. The manometer may be introduced to the SO
endoscopically via duodenoscope (Fig. 4) in a manner similar to
ERCP, intraoperatively via the cystic duct or postoperatively via
a T-tube. In each case, the concomitant use of pharmacological
substances known to affect biliary motility, such as anticholiner-
gics and opiates, should be avoided. Diazepam (10–30 mg) may
be used for sedation during endoscopy. The effects of general
anaesthesia on biliary motility are unknown and may com-
plicate the interpretation of readings obtained intraoperatively.
The injection of a small volume of radio-opaque contrast is used
to determine optimal manometer positioning across the SO.
Baseline recordings from the sphincter are made for 5 min, 
followed by response to a bolus injection of CCK-OP (20 ng/kg)
and a further period of baseline activity. In general, recordings
can be made for up to 15 min before the patient fails to tolerate
the endoscope.

Complications of manometry include mild to moderate pan-
creatitis in 10–20% of patients, most commonly in the group
under investigation for recurrent idiopathic pancreatitis.
Recently, measurements of intrabiliary pressures have been
shown to correlate grossly with manometric readings from the

Table 3 The Milwaukee classification.

Criteria

A Typical biliary-type pain

B Abnormal liver function (elevation of AST ± ALP twofold)

documented on two or more occasions

C Delayed drainage of contrast medium at ERCP (> 45 min)

D Dilated CBD with a corrected diameter ≥ 12 mm at ERCP

Category

I Patients exhibiting all four criteria (A–D)

II Patients exhibiting A criteria plus one or more of B, C or D

III Patients exhibiting A criteria only

AST, aspartate aminotransferase; ALP, alkaline phosphatase; CBD, common

bile duct; ERCP, endoscopic retrograde cholangiopancreatography.
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SO and, should this be corroborated by other studies, this may
provide an alternative diagnostic modality without the inherent
risks of manometry.

Treatment of biliary-type SOD
The initial management of an acute episode of SOD is directed 
at the relief of discomfort, using an appropriate analgesic.
Pethidine is more appropriate than morphine, which may 
provoke additional SO spasm or sensitivity [61]. Hyoscine-N-
butylbromide (Buscopan) may also be useful in the relief of
spasm.

As a general rule, it has been recommended that invasive
investigations should not be performed on patients with infre-
quent episodes who do not manifest elevated liver function 
tests [5]. Patients corresponding to Milwaukee category I can be
identified clinically and have been shown to manifest excellent
outcomes after endoscopic sphincterotomy without the require-
ment for assessment by manometry [5]. More than 90% of 
category I patients report long-term relief of symptoms after
division of the biliary sphincter. Manometry should be per-
formed in patients corresponding to the Milwaukee II category,
and studies have shown that sphincterotomy provides long-
term relief in category II patients with elevated basal pressures
indicative of SO stenosis [62]. Sphincterotomy has no proven
benefit in patients suffering from SO dyskinesia, and a trial 
of an alternative therapy such as temporary relaxation of the
sphincter with botulinum toxin or pharmacotherapy with
smooth muscle relaxants such as calcium channel antagonists
(e.g. nifedipine), nitrates or hyoscine-N-butylbromide may be
attempted [13,62].

Manometry is essential in type 3 patients prior to surgical
intervention, but should not otherwise be performed in this
group. A subgroup of patients in category III may be demon-
strated to have increased basal pressures on manometry but,
despite endoscopic division of the sphincter, these patients 
fail to demonstrate persistent relief of their symptoms. Some
authors have suggested that patients in category III may benefit
from a trial of analgesic agents, such as low-dose tricyclic antide-
pressants (TCA), that have been proven to be useful in other
functional gastrointestinal disorders.

Endoscopic therapy of SOD tends to occur in centres with
skilled endoscopists. The complications of endoscopic sphinc-
terotomy for SOD are well recognized. Pancreatitis rates of up to
20% have been reported as well as 1–2% mortality. Recurrent
stenosis is another significant complication and has been reported
in up to 25–33% of patients [60].

Surgical management of biliary-type SOD should probably 
be reserved for patients who have failed to improve despite
endoscopic sphincterotomy. Surgical options include open
transduodenal sphincteroplasty or hepaticojejunostomy. During
transduodenal sphincteroplasty, a catheter is passed through an
incision in the CBD (choledochotomy) and into the duodenum
allowing visualization of the ampulla of Vater through a larger
transduodenal incision. The ampulla and SO are divided as a 
bile duct sphincteroplasty, bringing the narrow opening of the
pancreatic duct into view. A lacrimal probe is inserted into the
pancreatic duct, and the pancreatic sphincter is divided in a 
similar manner to the biliary sphincter, with division of the
intervening septal tissue. A large series of patients managed with
transduodenal sphincteroplasty has been reported recently, and

Manometry catheter

Duodenal
catheter

Common
bile duct

Duodenum

Pancreatic duct

Fig. 4 Insertion of the manometry catheter
into the sphincter of Oddi via duodenoscope. A
duodenoscope is used to insert a manometry
catheter through the ampulla of vater and into
the sphincter of Oddi (SO). The manometry
catheter is used to record pressures from the
three regions of the SO – the sphincter
choledochus, the sphincter pancreaticus and
the common sphincter proximal to the ampulla.
The resting basal pressure and patterns of
contractile activity can be measured.
Abnormalities in resting pressure or patterns of
contractile activity correspond to different
types of SO dysfunction.
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careful patient selection remains essential in achieving good
results [65]. Although not reported to the same degree, hepati-
cojejunostomy, with division of the CBD and anastomosis to 
a Roux loop of small bowel, provides a valid alternative by 
effectively bypassing the SO.

Pancreatic-type SOD

Clinical presentation of pancreatic-type SOD
Dysfunction of the pancreatic portion of the SO may present as a
subgroup of patients who have been diagnosed with idiopathic
recurrent pancreatitis in the absence of the traditional aetiologi-
cal factors (e.g. cholelithiasis and alcohol). Pain is described as
epigastric in nature, radiating to the back and partially relieved
by bending forwards. In the same manner as the Milwaukee
classification of biliary-type SOD, patients with pancreatic-type
SOD may present with a spectrum of symptomatology. This
ranges from classical pancreatitis with associated elevated serum
amylase to pancreatic-type pain in the absence of objective 
clinical findings [63].

Investigation of pancreatic-type SOD
Patients presenting with suspected pancreatic-type SOD should
undergo MRCP to assess potential underlying structural 
abnormality. If no structural abnormality is demonstrated on
MRCP, investigation should proceed to manometry of both 
biliary and pancreatic sphincters by ERCP. Evidence of concur-
rent biliary-type SOD in these patients should prompt endo-
scopic sphincterotomy. Manometric evidence of dysfunction 
of the pancreatic sphincter is found in 39–90% of patients 
with suspected pancreatic-type dysfunction and predominantly
represents an increase in resting SO basal pressure.

Treatment of pancreatic-type SOD
Confirmed pancreatic-type SOD requires division of the pan-
creatic sphincter. In the short term, some clinicians consider
placing a pancreatic stent to assess response before surgery.
However, this must be tempered by the complication rate of
pancreatitis during stent placement [64]. Definitive treatment is
performed by operative sphincteroplasty and pancreatic septo-
plasty as described above. Surgery should only be undertaken 
in carefully selected patients, as there is an improvement rate of
70–80% and a high complication rate of 30%, predominantly
due to pancreatitis and wound infection [65,66].

Post-cholecystectomy pain

Post-cholecystectomy syndrome refers to continuing or recur-
rent pain post cholecystectomy. It may result from a number 
of causes, not all of which arise from the biliary tract. The dif-
ferential diagnosis includes alternative upper gastrointestinal
pathologies (stomach, duodenum, colon), postoperative basal
lung atelectasis, nerve entrapment at the incision or muscu-
loskeletal causes, predominantly of the ribs. These alternative

causes of pain should be excluded before investigation of the 
biliary tree.

Biliary symptoms post cholecystectomy may result from
retained or de novo stones in the hepatic ducts or CBD,
microlithiasis causing transient obstruction and CBD damage 
or strictures as well as SOD. For this reason, the term ‘post-
cholecystectomy syndrome’ is not clinically descriptive and
should not be used as a substitute for an accurate diagnosis.
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19.7 Benign biliary tumours
Miguel Bruguera

Bile duct adenoma

Bile duct adenoma, also termed cholangioadenoma and benign
cholangioma in earlier literature, is a tumour-like lesion, small
in size (1–22 mm in diameter), usually solitary and subcapsular
in location, found incidentally at laparotomy or autopsy in
adults older than 40 years of age [1].

Macroscopically, it is a firm, grey-white, well-circumscribed,
uncapsulated nodule. Histologically, bile duct adenomas are
formed by a compact proliferation of narrow duct-like struc-
tures containing mucin, but no bile, with tubular or tortuous
appearance. They are included in a fibrous stroma containing
inflammatory cells, typically lymphocytes, which allows their
differentiation from von Meyenburg complexes formed by
dilated bile ducts containing bile and included in a mature 
connective stroma. Bile duct adenomas may be confounded
macroscopically with metastatic carcinoma but, histologically,
they may be distinguished by the absence of nuclear hyperchro-
matism, mitotic activity and vascular invasion. During their
evolution, the inflammatory component surrounding the bile
ducts decreases and the fibrous stroma increases, giving the
aspect of a subcapsular scar [2].

The pathogenesis of bile duct adenoma is obscure, but it 
has been suggested that it may be considered as a peribiliary
gland hamartoma because the cells of the tumour have the 
phenotype of normal peribiliary glands [3]. Unlike von
Meyenburg complexes, malignant transformation has not been
documented.

It is an asymptomatic lesion almost always discovered incid-
entally as a subcapsular nodule either during a laparotomy or
during explant or postmortem examination [4].

Biliary papillomatosis

Biliary papillomatosis is an extremely uncommon condition,
characterized by multiple polypoid masses growing in the intra-
or extrahepatic biliary tract [5]. Fewer than 50 cases had been
reported up to 1995, most being in middle-aged or elderly 
people, with a slightly higher incidence in men.

It presents clinically with recurrent bouts of obstructive 
jaundice, which may be complicated by bacterial cholangitis.
Patients die within a few years of diagnosis as a result of 
recurrent cholangitis, liver failure or malignant transforma-
tion [6].

Histologically, this tumour is a papillary adenoma composed
of mucus-secreting columnar epithelial cells supported by a 
delicate, branching, fibrovascular core [7].

Hepatic lobectomy may be useful for the rare patients in
whom biliary papilloma is restricted to one hepatic lobe [8].
When the common bile duct is affected, curettage and drainage
may temporarily relieve bile obstruction. Hepatic transplanta-
tion should be considered in these patients [9].

Biliary hamartoma (microhamartoma,
von Meyenburg complex)

Biliary hamartoma represents a developmental malformation
consisting of an anomalous collection of small bile ducts sur-
rounded by abundant fibrous stroma; it falls into the spectrum
of fibropolycystic diseases of the liver resulting from ductal plate
malformation [10].

Occurrence

It is usually an incidental finding of laparotomy (0.6% of cases;
[11]), autopsy (0.7% of cases; [12]) or needle liver biopsies.

Pathology

On gross examination, biliary hamartomas appear as small 
grey-white nodules (less than 0.5 cm in diameter). They may be
single, but they are more often multiple. Microscopically, they
consist of small, irregular bile ducts, sometimes dilated with a
branching configuration, lined by cuboidal or flattened epithe-
lial cells that are embedded in a hyalinous fibrous stroma. Some
bile ducts contain proteinaceous or bile-stained secretions.
Microhamartomas develop at the border of hepatic parenchyma
and the portal tracts.
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Biliary hamartoma should be differentiated from well-
differentiated cholangiocarcinoma and from bile duct adenoma.

Clinical features

Microhamartomas are asymptomatic. A slight elevation in 
γ-glutamyltransferase activity is seen in cases with multiple
lesions [13]. They may be found associated with other poly-
cystic diseases of the liver, congenital hepatic fibrosis, Caroli
syndrome or adult polycystic liver disease.

On ultrasound examination, these lesions can mimic
metastatic disease because they are seen as multiple anechoic,
hypoechoic or hyperechoic nodules, uniformly or non-uniformly
distributed throughout the liver [14]. On computerized tomo-
graphy (CT) scans, biliary hamartomas are hypodense without
evidence of contrast enhancement [15]. On magnetic resonance
imaging (MRI), they are slightly hypodense with respect to 
liver on T1-weighted images and hyperintense on T2-weighted
images [16]. Guided biopsy of the liver with a large-gauge needle
is needed whenever hamartomas must be distinguished from
metastases, as imaging methods cannot differentiate between
these conditions. However, multiple bile duct hamartomas
should be suspected when multiple small nodules are found 
on ultrasound examination in a patient with otherwise good
health and normal liver tests.

Four patients have been reported in whom malignant trans-
formation from a microhamartoma to a cholangiocarcinoma
was thought to occur [17–19].
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19.8 Gallbladder carcinoma
Thomas A. Aloia, Christopher H. Crane and Jean-Nicolas Vauthey

Epidemiology and risk factors

Owing to its well-described association with chronic cholesterol
cholelithiasis, the worldwide distribution of gallbladder cancer
is heterogeneous (Fig. 1). In Europe, the highest rates are seen in
Poland, the Czech Republic and Slovakia. In South America, the
highest rates are seen in certain populations of Indians located 
in Chile, Bolivia and Mexico. In the United States, gallbladder
carcinoma is the sixth most common carcinoma of the gastroin-
testinal tract, and it will account for approximately 80% of the
estimated 7480 cases of biliary tract cancer diagnosed in 2005
[1]. As in other countries, in the US, there is a higher incidence
of gallbladder cancer in Alaska and New Mexico, mirroring the

incidence of cholelithiasis in ethnic groups that inhabit these
regions. In the US, however, the incidence and mortality rates 
of gallbladder cancer have been decreasing since 1970, at least 
in part as a result of increasing numbers of cholecystectomies
performed annually for benign gallbladder disease [2].

The association between cholesterol cholelithiasis and gall-
bladder carcinoma is based on multiple lines of evidence. The
mechanism by which lithogenic bile leads to gallbladder cancer
is believed to be mediated by chronic inflammation of the 
gallbladder mucosa. This inflammatory state induces epithelial
hyperplasia, which provides a rich environment for the develop-
ment of mutations, ultimately leading to carcinoma formation
[3,4]. Other pathological conditions associated with gallbladder
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carcinoma include cholecystoenteric fistula, aberrant pancreat-
icobiliary duct junction (APBDJ), the presence of Mirizzi syn-
drome, exposure to chemical carcinogens and typhoid infection.

Although the majority of gallbladder cancers arise from dys-
plastic lesions, gallbladder carcinomas can arise from gallbladder
adenomas, particularly in polypoid lesions of the gallbladder
(PLG) larger than 10 mm [5,6]. Other risk factors for the devel-
opment of gallbladder adenocarcinoma include solitary PLG,
symptomatic PLG, concurrent gallstones and patient age greater
than 50 years. An assessment for the presence of these factors then
allows for the proper selection of patients with PLG who would
be most likely to benefit from cholecystectomy (Fig. 2) [7].

Genetic alterations in gallbladder
cancer

Although a detailed analysis of the molecular oncogenesis of
gallbladder cancer is outside the scope of this chapter, no discus-
sion of the topic would be complete without a summary of the
major genetic alternations seen in this disease. The current
understanding of the timing and impact of each of these 
mutations on gallbladder cancer carcinogenesis is presented in
Figure 3. For a more detailed review, we suggest that the reader
begin with the reference from Wistuba and Gazdar in Nature
Reviews [8].

p53

The p53 gene, located on chromosome 17p, produces a 53-kDa
nuclear phosphoprotein that mediates apoptotic pathways. Loss
of normal function of this gene results in inappropriate survival
of genetically damaged cells. Genetic alterations in the p53 gene
are some of the most common abnormalities identified in

human malignancies, and gallbladder cancer is no exception.
Several immunohistochemical and genetic mutation analyses
have identified p53 abnormalities in 35–92% of gallbladder 
cancer specimens. In over two-thirds of these studies, more than
50% of cases showed evidence of p53 mutations. In addition,
several studies have identified p53 mutations in adjacent areas of
dysplastic epithelium (0–32%) and adjacent areas of carcinoma
in situ (45–86%), leading to the conclusion that, for many gall-
bladder cancers, p53 mutations are early events that encourage
progression along the pathway of dysplasia to carcinoma in situ
to adenocarcinoma. Although p53 mutations are common in
gallbladder premalignant and malignant lesions, the presence of
p53 mutations has not been correlated with prognosis or with
recurrence.

K-ras

The K-ras gene produces a 21-kDa inner membrane-bound 
protein that normally mediates growth signal transduction.
Mutations, which have been identified most commonly in
codons 12, 13 and 61, lead to a state of unopposed growth stimu-
lation within the cell. Although chronic cholelithiasis-associated
gallbladder carcinomas rarely demonstrate K-ras mutations, the
subset of gallbladder carcinomas seen in Japan in association
with APBDJ frequently demonstrate K-ras mutations. Between
50% and 83% of APBDJ-associated cases harbour mutations in
codons 12 and 13 of the K-ras gene. When present in the absence
of APBDJ, it appears that K-ras mutations are a late event in 
carcinogenesis, with a higher prevalence of mutations in cases 
of less well-differentiated tumours. In contrast, both phenotyp-
ically normal mucosa and dysplastic lesions from patients with
APBDJ can contain K-ras mutations, suggesting a unique
pathogenic mechanism in these patients.

Gallbladder polyp

Symptomatic Asymptomatic

Complicating
factors present

Complicating
factors absent

Repeat ultrasound
every 3–6 months

Cholecystectomy

Large polyp
(>10 mm)

Small polyp
(<10 mm)

Fig. 2 Strategies for the management of
gallbladder polyps. ‘Complicating factors’
include age greater than 50 years and
cholelithiasis (adapted with permission 
from ref. 7).

TTOC19_08  3/10/07  9:35 AM  Page 1576



19.8 GALLBLADDER CARCINOMA 1577

Clinical presentation and diagnosis

Gallbladder carcinoma affects women three times more often
than men, and its incidence increases steadily with age, with a
steep rise beyond the age of 60 years. The symptoms of gallblad-
der cancer are typically those of benign gallbladder disease.
Common symptoms include right upper quadrant abdominal
pain, nausea and fatty food intolerance. A careful history 
frequently identifies symptoms consistent with cholelithiasis-
associated gallbladder inflammation that have been present for
many years. With more advanced cases, symptoms can include
jaundice, anorexia and weight loss. Physical findings may
include right upper quadrant tenderness, a palpable mass and
ascites. Laboratory studies are typically unremarkable unless 
the patient has developed obstructive jaundice. Unfortunately,
none of the commonly utilized gastrointestinal tumour markers,
including carcinoembryonic antigen and CA19-9, reliably detect
early-stage disease.

Given the non-specific presentation of patients with gall-
bladder carcinoma, the disease is difficult to diagnose preoperat-
ively. If a gallbladder cancer is suspected preoperatively, usually
as a result of an abnormally thickened gallbladder wall or the 
presence of a gallbladder mass on ultrasound, then further
investigation with contrast-enhanced computerized tomogra-
phy scan or magnetic resonance imaging is warranted (Fig. 4).
These imaging modalities are critical in the determination of
resectability, providing information about the local extent of
disease, including portal vascular invasion, as well as the pres-
ence of lymphadenopathy and liver metastases. Preoperative
percutaneous fine-needle aspiration is helpful to confirm the
diagnosis of gallbladder carcinoma, to determine the extent of

the planned surgical resection and to determine indications for
associated treatments, including portal vein embolization and
preoperative chemoradiation.

Treatment of gallbladder cancer

Prognosis and staging

Patients diagnosed with gallbladder cancer typically present in
one of three ways: (i) an incidental finding in the gallbladder

~30–40

Early Intermediate Late Tumour-specific

Normal
gallbladder

Gallstones and
chronic inflammation

Dysplasia Carcinoma
in situ

Invasive
carcinoma

~45

TP53 mutations
mDNA mutations
COX2 overexpression
Methylation of TSG promoters

Loss of heterozygosity
at 3p and 8p

Mutations in FHIT
and CDKN2A
Loss of heterozygosity
at 9q, 18q and 22q

KRAS mutations

~55

Age (years)

~60

Fig. 3 Sequential histopathological and
molecular changes in the pathogenesis of
gallbladder carcinoma associated with
gallstones and inflammation. The median age
at diagnosis of each histopathological change 
is shown. These histological changes are
accompanied by progressive molecular
abnormalities, which commence in the
histologically normal-appearing epithelium that
is present in chronic cholecystitis (reproduced
with permission from ref. 8).

Fig. 4 A 66-year-old woman with cholelithiasis and a contrast-enhanced
mass arising from the gallbladder wall (arrow). In the absence of other signs
of cholecystitis (diffusely thickened gallbladder wall or pericholecystic fluid),
the diagnosis of gallbladder carcinoma should be made preoperatively. In
this patient, a preoperative percutaneous fine-needle aspiration biopsy of
the mass confirmed adenocarcinoma.
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specimen removed at cholecystectomy for suspected benign 
disease; (ii) a diagnostic finding of a suspected or confirmed
lesion that appears to be resectable after preoperative studies;
(iii) advanced, unresectable disease. Irrespective of presenting
scenario, the current management of patients with gallbladder
carcinoma is determined by the stage of disease at presentation,
with surgical resection as the only curative option.

Unfortunately, only 10–30% of patients present with surgi-
cally resectable disease. For this subset, the extent of surgery is
largely dictated by the T stage of the tumour, which also predicts
the likelihood of lymph node metastases (N stage) and peritoneal
and distant dissemination (M stage). Historically, patients with
tumours localized to the gallbladder wall (T1–2) could expect 
a 32% 5-year survival, while only 10% of those with more
advanced primary lesions (T3–4) are likely to be alive 5 years
after diagnosis. Recent surgical series, however, indicate modest
improvements in survival following resection.

In its sixth edition, the American Joint Committee on Cancer
(AJCC) revised the TNM staging system for gallbladder carci-
noma (Table 1) [9]. The most significant change in the staging
system is that there is no longer a distinction between T3 and 
T4 tumours based on the depth of liver invasion. Tumours that
perforate the serosa (visceral peritoneum) and/or directly
invade the liver and/or one other adjacent organ or structure,
such as the stomach, duodenum, colon, pancreas, omentum or
extrahepatic bile ducts, are classified as T3. In contrast, tumours
classified as T4 include those that invade the main portal vein or
the hepatic artery or those that invade multiple extrahepatic
organs or structures.

Surgical therapy

Complete surgical resection offers the only chance for cure of
gallbladder cancer. For patients with gallbladder carcinoma 
in situ (Tis) or invasive carcinoma limited to the mucosa (T1a),
most surgeons agree that simple cholecystectomy is adequate
treatment provided that the cystic duct margin is negative. 
The incidence of lymph node metastases in patients with T1a
tumours is only 2.5% [10]. Therefore, an extended resection to
include the regional lymph nodes, with its attendant increased
morbidity and mortality, is not justified for the small potential
survival benefit. Given a 15% incidence of nodal metastases 
with T1b (invasive of muscle) tumours, extended resection
seems to be justified in these cases, although the data are
conflicting.

As T2 (invasive of perimuscular connective tissue) tumours
are associated with a 56% incidence of regional lymph node
metastases [10], an extended cholecystectomy with regional
lymphadenectomy is warranted. In addition, as a routine 
cholecystectomy employs a subserosal plane of dissection on the
liver surface that may result in a positive margin, an extended
cholecystectomy including at least a wedge resection of the 
gallbladder fossa of the liver (segments IVb and V) leads to
improved long-term outcome. Radical second operations for 

T2 tumours incidentally found at cholecystectomy are also asso-
ciated with improved 5-year survival rates of 61–75% [11,12].

The consensus opinion about the role of surgery in the treat-
ment of locally advanced gallbladder cancer is far less nihilistic
today than it was just a decade ago. Most recently, investigators
have reported 5-year survival rates from 21% to 44% for patients
with T3 and T4 tumours after radical resection [11,13,14]. For
patients with locally advanced disease, the extent of hepatic
resection is determined by the degree to which the tumour
invades the gallbladder fossa of the liver and the degree to which
it involves the right portal triad. Large tumours may require a
formal right hepatectomy or an extended right hepatectomy
(trisectionectomy) in order to achieve a negative margin and
thus the best chance for long-term survival. As precise preoper-
ative or intraoperative diagnosis of hepatoduodenal ligament
invasion is difficult, if not impossible, some surgeons feel that
consideration should be given to routine resection of the 
extrahepatic bile duct and lymph nodes in order to achieve a 

Table 1 Definition of TNM.

Primary tumour (T)
TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour invades lamina propria or muscle layer

T1a Tumour invades lamina propria

T1b Tumour invades muscle layer

T2 Tumour invades perimuscular connective tissue; no extension beyond

serosa or into liver

T3 Tumour perforates the serosa (visceral peritoneum) and/or directly

invades the liver and/or one other adjacent organ or structure, such as

the stomach, duodenum, colon or pancreas, omentum or

extrahepatic bile ducts

T4 Tumour invades main portal vein or hepatic artery or invades multiple

extrahepatic organs or structures

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Stage grouping
Stage 0 Tis N0 M0

Stage IA T1 N0 M0

Stage IB T2 N0 M0

Stage IIA T3 N0 M0

Stage IIB T1 N1 M0

T2 N1 M0

T3 N1 M0

Stage III T4 Any N M0

Stage IV Any T Any N M1
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margin-negative (R0) resection. Most surgeons, however, resect
the extrahepatic bile duct only if there is evidence of gross
tumour invasion or positive cystic duct margins. Lastly, in
patients with locally advanced disease, some long-term sur-
vivors have been reported following radical resections to include
en bloc resection of grossly involved neighbouring structures
such as the pancreas and portal vein as well as extensive lym-
phadenectomies to include the peripancreatic and para-aortic
lymph nodes, but such extensive resections are associated with
high rates of perioperative morbidity (~ 50%) and mortality 
(~ 20%).

The most significant prognostic factor in gallbladder cancer 
is lymph node involvement. Although several studies from
Japan have reported long-term survival after resection of node-
positive gallbladder cancers, western studies consistently report
a dismal outcome for these patients. Accordingly, most surgeons
in the United States consider a patient with positive peripancre-
atic, periportal or coeliac nodes (formerly known as N2 nodes) to
be unresectable. Other poor prognostic factors include histologies
other than papillary adenocarcinoma and vascular invasion.

Table 2 summarizes the outcomes of several series of patients
undergoing attempted curative resection of gallbladder carcinoma.
Although the studies are heterogeneous with respect to the types
of patients included and the extent of resection performed, all the
reports confirm that long-term survival is possible after extended
resection in selected patients with gallbladder carcinoma.

Palliative therapy

Patients with locally advanced, unresectable gallbladder carci-
noma may present with symptoms of jaundice, pain and bowel
obstruction. These patients have a life expectancy in the order 
of months, especially in the setting of liver and/or peritoneal 
dissemination. As such, one should choose a mode of palliation
that combines the most durable relief of symptoms with the 
least morbidity possible. Biliary drainage is best achieved by
endoscopic or percutaneous means, as palliative surgical biliary
bypass is associated with a high complication rate. For patients

with gallbladder cancer-associated intestinal obstruction, intesti-
nal bypass may provide symptomatic relief, although there are
reports of excellent palliation of malignant duodenal obstruc-
tion by the endoscopic placement of expandable metal stents.

Adjuvant therapy

Gallbladder cancer is a relatively rare malignancy and, as such,
there are few centres that have treated a sufficient number of
patients to make meaningful conclusions about the natural 
history and optimal treatment approach to these tumours.
Although collective experience indicates that a R0 resection is
the most effective treatment and the only hope for long-term
survival, the role for adjuvant therapy is less clearly defined.
Given the rarity of the disease, there have been few randomized
adjuvant therapy trials, each enrolling small numbers of patients
and, consequently, there is no consensus as to the optimal 
adjuvant therapy regimen. In addition, no sufficiently accurate
serological tumour marker exists to assist with detection of
recurrence or assessment of treatment response.

In order to develop a rational, effective strategy for adjuvant
therapy, one must understand the patterns of failure of gallblad-
der carcinoma after surgical resection. In a recent retrospective
review of the patterns of initial disease recurrence after poten-
tially curative surgical resection, Jarnagin et al. [15] followed 
80 patients with gallbladder carcinoma and compared them
with 76 patients with hilar cholangiocarcinoma (CCA). The
median time to disease recurrence was shorter for patients 
with gallbladder cancer (11.5 months) compared with patients
with hilar CCA (20.3 months). The site of initial disease recur-
rence was locoregional in only 15% of patients with gallbladder
cancer compared with 59% of patients with hilar CCA. In con-
trast, 85% of patients with gallbladder cancer had a distant 
(+/– locoregional) site as their initial site of failure compared
with 41% of patients with hilar CCA. This study provides insight
into the clinical behaviour of these malignancies and suggests
that, in the case of gallbladder cancer, improvements in survival
are most likely to be achieved with more effective systemic 

Table 2 Survival following resection for gallbladder carcinoma.

Study Patients (n) Morbidity (%) Mortality (%) Survival (%)

1 year 3 years 5 years

Donohue et al. [13] 40 13 5 – – 33

Ogura et al. [10] 984 23 5 87 66 51

Shirai et al. [25] 40 – 0 – – 65

Ouchi et al. [26] 25 – 0 95 70 61

Chijiiwa et al. [27] 17 – – – – 53

Bartlett et al. [28] 23 26 0 81 66 58

Fong et al. [11] 37 29 4 – – 38

Kondo et al. [14] 80 45 15 55 30 24

Ito et al. [29] 18 – – 73 – 31
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therapies as opposed to locoregional adjuvant treatment such as
radiation therapy.

Radiation therapy
There are very few reports consisting of small series of non-
randomized patients that suggest a survival benefit for adjuvant
radiation therapy after surgical resection of gallbladder carci-
noma. In one of the largest single-institution series of adjuvant
external beam radiation therapy (EBRT) by Houry et al. [16], 
20 patients were treated postoperatively with EBRT and seven
received concomitant 5-fluorouracil (5-FU)-based chemother-
apy. The authors concluded that adjuvant EBRT was associated
with improved survival in palliative but not curative surgical
resections. Hanna and Rider [17] reported on 51 patients with
gallbladder carcinoma from the Princess Margaret Hospital, 
35 of whom underwent a potentially curative surgical resection
and EBRT. There was a survival advantage for those patients
who received adjuvant EBRT in addition to surgery compared
with those who had surgery alone. Recently, Kresl et al. [18]
published their retrospective analysis of adjuvant EBRT with
concurrent 5-FU after curative surgical resection in 21 patients
with gallbladder cancer treated at the Mayo Clinic from 1985 
to 1997. Patients with a R0 resection followed by adjuvant 
EBRT plus 5-FU had a favourable 5-year survival rate of 64%.
However, similar to the findings reported in other hepatobiliary
centres, 67% of the patients suffered distant failure, emphasizing
the need for more effective adjuvant chemotherapy for this 
disease.

Intraoperative radiation therapy (IORT) has been advocated
as a means of delivering high-dose, small-field therapy directly
to the tumour bed without the dose limitations associated with
EBRT. Todoroki et al. [19] have reported the most substantial
experience with IORT in 85 patients with AJCC stage IV gall-
bladder cancer who underwent aggressive surgical resection
with or without IORT at a mean dose of 21 Gy. Forty-seven
patients in total received some form of radiation therapy (EBRT
and/or IORT). The local control rate was significantly higher
after adjuvant radiotherapy (59%) than after resection alone
(36%). Moreover, the 5-year survival rate was significantly
higher after adjuvant radiotherapy (9%) than after resection
alone (3%), with the most pronounced improvement in 5-year
survival rate (17%) in patients with only microscopic residual
disease (R1 resection).

The role of radiation therapy for the palliation of symptoms
such as jaundice, pain and pruritus in patients with unresectable
disease is difficult to ascertain, as published studies consist of
small numbers of patients with the significant confounding 
variable that most patients also underwent a biliary drainage
procedure.

Chemotherapy
Most published studies concerning the role of chemotherapy in
patients with locally advanced or metastatic gallbladder carci-
noma are limited by the small numbers of patients and by the

inclusion of patients with biliary tract cancers. Unfortunately,
no single chemotherapeutic agent or combination of agents has
been identified to be effective in the treatment of this disease
(Table 3). Although overall response rates range as high as 64%,
complete responses are rare, and median overall survival rates
range from only 20 weeks to 15 months.

Fluorouracil (5-FU), administered either alone or in com-
bination, is the most extensively studied chemotherapeutic
agent for this disease. 5-FU administered in combination with
doxorubicin and mitomycin C (FAM) or in combination with
cisplatin and epirubicin (CEF) has yielded response rates of 
8% and 33% respectively [20]. Better response rates have been
documented in patients treated with combinations of 5-FU with
hydroxyurea (30%) [21] or interferon α-2b (34%) [22].

Other chemotherapeutic agents have exhibited variable suc-
cess in the treatment of advanced gallbladder cancer (Table 3).
While cisplatin, mitomycin C, paclitaxel and CPT-11 have pro-
duced response rates of 10% or less as single agents, several case
reports have shown that gemcitabine is active in the treatment 
of patients with gallbladder carcinoma, particularly when used
in combination with other agents. Based on these studies, it
appears that gemcitabine is an important component of the sys-
temic therapy of gallbladder carcinoma, but additional studies
of gemcitabine in combination with other agents are warranted,
as the survival benefit with existing regimens is modest at best.

Hepatic arterial infusion chemotherapy has been studied in a
few patients with locally unresectable gallbladder cancer. Partial
response rates of up to 60% have been reported, but the median
duration of response was only 3 months, and all patients devel-
oped progressive disease [23,24]. The median overall survival
rates of 12–14 months in these studies are comparable with 
that achieved with intravenous chemotherapy, providing little
impetus to recommend this more complicated mode of drug
delivery.

Conclusions

Gallbladder carcinoma is a relatively rare gastrointestinal malign-
ancy strongly associated with chronic cholesterol cholelithiasis.
Most commonly, local inflammation of the gallbladder mucosa
leads to several known, and probably many as yet unknown,
genetic mutations, which initiate a cascade of phenotypical
changes from dysplasia to adenocarcinoma.

The disease typically presents at an advanced stage and is
rapidly fatal. Less commonly, the disease is diagnosed or incid-
entally discovered at an early stage. In this group, complete sur-
gical resection offers the only chance of cure. T1 tumours, which
have a low incidence of nodal metastases, are sufficiently treated
with simple cholecystectomy. Radical resection is indicated for
early-stage (T2) tumours and can result in long-term survival,
even in patients with locally advanced (T3 or T4) tumours.
Radical re-resection should be offered to patients with localized
disease who are incidentally discovered to have gallbladder car-
cinoma at the time of cholecystectomy.
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Despite reports showing improvement in survival following
complete surgical resection, there is a high incidence of recur-
rence, particularly distant recurrence, emphasizing the need for
effective adjuvant therapies and prevention strategies. Given the
rarity of this cancer, prospective, multi-institutional studies
investigating novel agents and multimodality treatment schema
will be necessary to accrue sufficient numbers of patients to
make meaningful progress in the treatment of this disease.
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19.9 Cholangiocarcinoma
Steven M. Strasberg and William G. Hawkins

Introduction

Cholangiocarcinoma is an uncommon epithelial malignancy of
the biliary tract. Cholangiocarcinomas may arise at any level of
the biliary tree. They are subdivided into intrahepatic cholangio-
carcinomas and extrahepatic cholangiocarcinomas; the latter
are subdivided into hilar or upper duct tumours and lower duct
tumours. Intrahepatic cholangiocarcinomas usually present as
liver masses, and extrahepatic cholangiocarcinomas tend to
obstruct bile ducts and present with jaundice. Sporadic cholan-
giocarcinomas are relatively uncommon, but the incidence
increases significantly in certain inflammatory and infectious
conditions. Surgical resection is the most effective treatment and
is currently the only option that provides a chance for cure, but
the majority of patients are not eligible for surgical resection.
The most commonly utilized classification and staging systems
reflect the importance that anatomical location plays in the
management of this disease. Information on cholangiocarci-
noma is derived almost entirely from small case series gathered
over many years and therefore tends to be descriptive. Level 1
data are largely non-existent. Consequently, claims for the best
modalities for clinical investigation or treatment must be inter-
preted cautiously.

Incidence and natural history

Cholangiocarcinoma is an uncommon malignancy of older per-
sons. It may arise anywhere along the course of the biliary tree
and is often classified and enumerated with tumours of the liver,
gallbladder or pancreas, making the true incidence of cholangio-
carcinoma difficult to determine [1,2]. In the United States, the
incidence is estimated to be 0.85 per 100 000 population or
approximately 5000 new cases per year [3,4]. This represents
approximately 2% of all reported cancers [5]. Even excluding
gallbladder cancer, biliary tumours are more frequently extra-
hepatic than intrahepatic [4,6,7]. Rates of intrahepatic cholan-
giocarcinoma appear to be increasing in some developed
countries, while those for extrahepatic cholangiocarcinomas 

are decreasing [8–11]. Intrahepatic cholangiocarcinoma has
previously been confused with other malignancies, and some
experts believe that the increase in incidence of intrahepatic
cholangiocarcinoma may be partially explained by the wider
availability of percutaneous methods of diagnosis [12,13].
Sporadic cholangiocarcinoma is a disease affecting older people
with the majority of patients presenting after 65 years of age. 
The peak incidence is in the eighth decade of life [3]. The age of
onset can be considerably younger in patients with predisposing
conditions or in areas endemic to certain parasitic infections [3].
Cholangiocarcinoma is 1.5 times more common in males than
females [3]. Asians are affected twice as often as whites or blacks [3].

Most biliary cancers are rapidly fatal with a median survival of
6–12 months from diagnosis until death. There is growing evid-
ence that modern techniques to relieve obstruction and treat
cholangitis have improved the short-term outcomes for patients
with cholangiocarcinoma, but not overall survival. For example,
in patients with intrahepatic cholangiocarcinoma, the 1-year
relative survival increased from 16.4% in the period from 1975
to 1979 to 27.6% in the period from 1995 to 1999, but the 5-year
survival rate remains unchanged and below 5% [11]. Death is
often related to infectious complications secondary to biliary
obstruction and is rarely a result of tumour burden. In fact, a
number of authors have found that bile duct tumours are rel-
atively slow growing [14–16], especially compared with tumours
of the gallbladder or pancreas. Although nodal, peritoneal and
haematogenous metastases have been described, local disease 
is the most common finding at presentation. Haematogenous
metastases are uncommon, and nodal disease is present in 
about one-third of cases in series of resected patients [6,7,15].
Extended survival depends almost entirely on complete surgical
resection. Survival has traditionally been considered to be worse
for lesions at the confluence and better for lesions at the
ampulla, but this probably reflects relatively later presentation
and more complex operative management as opposed to a dif-
ference in biology. Location within the biliary tree may have 
little impact on survival provided that complete resection can be
achieved [7].
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Epidemiology and aetiology

The aetiology of cholangiocarcinoma is not clearly understood,
but recent advances in genetic and proteomic assays promise to
shed light on the molecular basis of the disease in the near future.
Chronic inflammation appears to play an important role in ini-
tiation and promulgation of molecular change. Inflammation is
the one unifying factor present in conditions that are associated
with an increased incidence of cholangiocarcinoma. Chronic
inflammation has been associated with several malignancies of
the gastrointestinal tract, including pancreatic cancer, gastric
cancer and colon cancer, lending further credibility to this asser-
tion [17–20]. The conditions that confer an increased risk of
developing cholangiocarcinoma can be divided into two broad
categories. The first are those conditions which confer a high
incidence in a localized area. Examples of this category include
parasitic infections of the biliary tree and intrahepatic stones.
The second category confers a lower risk over the larger global
community. This group includes autoimmune disorders such as
primary sclerosing cholangitis (PSC) and ulcerative colitis, as
well as congenital cystic disorders of the biliary tree. Thorotrast,
although best known for causing angiosarcomas of the liver, has
also been associated with an increased risk of cholangiocarci-
noma [21]. Fortunately, thorotrast-related cholangiocarcino-
mas are now very uncommon and mainly of historical interest.
Several other chemicals, including radon, nitrosamines, dioxin
and asbestos, may be associated with an increased risk of cholan-
giocarcinoma, but the data remain fairly speculative.

Endemic infections

Liver fluke infestations with Opisthorchis species (Thailand) and
Clonorchis species (China) are common in countries where raw
fish is consumed with frequency [22,23]. In these countries, raw
fish is more frequently consumed by men, partially explaining
the higher incidence of cholangiocarcinoma in men [24]. The
larval stage of flukes, as consumed in raw fish, establishes a
chronic infection and inflammation in the biliary tree. The risk
of cancer has been associated with the degree of infestation as
measured by the stool egg count [22,25–27]. In areas where
these parasites are endemic, the incidence of cholangiocarci-
noma is as high as 87 per 100 000 [28]. There is some evidence
that nitrosamines may be the carcinogens involved. Infestation
has been associated with increased nitrosamine levels in body
fluids, and treatment with praziquantel restores levels to normal
[24,29–31]. Liver fluke infestation is also associated with
increased intrahepatic choledocholithiasis, and this condition is
itself thought to be an independent risk factor [32–34].

Oriental cholangiohepatitis is a recurrent pyogenic infection
prevalent in areas of south-east Asia and Japan. Pathologically,
the intra- and extrahepatic ducts are dilated and contain soft
pigmented stones and pus. There are inflammatory changes
including proliferation, periportal inflammation and segmental
stenosis. The pathogenesis is unknown, but associations with

liver flukes and nutritional deficiency have been suggested. One
theory is that the flukes act as foreign bodies causing stasis
around which organisms are protected from the natural antibac-
terial mechanisms in bile. These organisms, such as Escherichia
coli, secrete β-glucuronidase, which deconjugates bilirubin and
renders it much less soluble. Consequently, bilirubin precipita-
tion and brown stone formation ensues. These soft brown stones
contain bilirubin but are largely made up of bacterial cell 
bodies, as evidenced by their high content of calcium palmitate.
Intrahepatic ducts are intermittently obstructed by stones and
ultimately become secondarily infected with bacterial organisms
of gastrointestinal origin. These infections are potentially life
threatening in their own right and may also lead to stricture 
formation. Once strictures occur, the cycle of ensuing bile stasis
is established, and the disease process may continue even after
stone removal [32]. It is estimated that about 10% of such
patients will go on to develop cancer [34].

Autoimmune diseases

PSC is an autoimmune disease characterized by periductal
inflammation, as seen on histological sections, and multifocal
strictures of both intrahepatic and extrahepatic bile ducts, as
demonstrated by cholangiography [35–37]. The majority of
PSC patients (70–80%) have associated ulcerative colitis, but
the converse is not true. Approximately 10% of patients with
ulcerative colitis have PSC. The incidence of cholangiocarci-
noma remains elevated in patients with PSC even when medical
or surgical management appears to control the inflammatory
process. In other words, treatment of ulcerative colitis by colec-
tomy does not offer protection from development of cholangio-
carcinoma in patients with PSC [38,39]. Cholangiocarcinoma is
commonly reported to occur in about 10% of patients with PSC
[35–37], but the lifetime incidence may be considerably higher.
In one Swedish study of 305 patients followed for a median of 
5 years, 8% developed cholangiocarcinoma [35]. The incidence
of incidentally identified cholangiocarcinomas in explants of
patients with PSC undergoing an orthotopic liver transplant 
was reported to be between 8% and 36%, while the incidence in
autopsy specimens was reported to be as high as 40% [36–40].
Patients with underlying PSC and cholangiocarcinoma who
undergo resection are at a higher risk for remnant liver failure
and for developing a second cholangiocarcinoma. In appropriately
selected patients, liver transplant with or without neoadjuvant
therapy is a better option [41,42].

Choledochal cysts and anatomical anomalies

The risk of development of cholangiocarcinoma in congenital
biliary cysts may also be related to inflammation [43–46]. Many
patients with choledochal cysts have an anomalous pancreato-
biliary junction (APBJ). In such patients, the confluence of the
pancreatic duct and bile duct occurs at a greater distance from
the ampulla than usual, thereby lengthening the common 
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channel. This predisposes to reflux of pancreatic secretions into
the biliary ducts [43–45]. Presumably, the pancreatic enzymes
become activated by bile and an inflammatory response follows.
Stasis in the ducts might also lead to bacterial contamination
and additional inflammation. In patients who have early surgi-
cal intervention for choledochal cysts, the risk of cholangiocarci-
noma is greatly reduced. The incidence of cholangiocarcinoma
in untreated biliary cysts is not well established. Congenital
choledochal cysts themselves are rare, with estimates ranging
between 1 in 13 000 and 1 in 2 000 000 live births [47]. Most of
these are diagnosed and treated in childhood, but about 20% go
undiagnosed until adulthood. The majority of cancers present in
adults. As the condition is uncommon and case series are usually
small, precise figures for the risk of development of cancer in
patients with choledochal cysts are lacking; reported rates in
untreated cysts range from 10% to 30% [47–49]. There is some
evidence that the incidence of cholangiocarcinoma increases
dramatically in patients not treated until after the age of 20 years
or in patients treated with cyst drainage as opposed to cyst resec-
tion [44,45].

Additional evidence that anatomical anomalies that result in
reflux and inflammation may play a role in cholangiocarcinoma
is seen in patients who undergo operative sphincteroplasty.
Seven per cent of patients developed a cholangiocarcinoma in a
series of 119 patients who had previously received a transduode-
nal sphincteroplasty for benign disease and who were followed
for up to 22 years [50]. Presumably, bacterial contamination and
inflammation may result from surgical sphincteroplasty. There
is currently no evidence to suggest that endoscopic sphinctero-
tomy carries the same degree of risk.

Pathology

Pathology and histological classification

Multiple classification systems have been used to describe the
gross and histological appearances of intrahepatic and extrahep-
atic cholangiocarcinomas. The most widely used classifications
are that of Weinbren and Mutum, who described the histolo-
gical features of three subtypes of cholangiocarcinomas, nodu-
lar, sclerosing and papillary [51], and that of Klatskin, who
described three major macroscopic subtypes of hilar cholangio-
carcinomas: a small hard nodule, a segmental stenosis and a
papillary growth [14]. The radiological appearance of these
lesions has been variably described. Recently, the Liver Cancer
Study Group of Japan has proposed a new macroscopic
classification for intrahepatic cholangiocarcinomas pairing the
radiographical description with the gross appearance in three
subtypes: mass-forming, periductal-infiltrating and intraductal-
growing [52,53]. The Japanese have further subdivided extra-
hepatic cholangiocarcinomas into additional macroscopic types
[53]. While the additional classification to the extrahepatic 
system adds precision, it is somewhat difficult to apply when 
discussing older literature. For the purposes of this chapter, 

we have adopted the terms mass-forming (MF), periductal-
infiltrating (PI) and intraductal growth (IG) to describe cholan-
giocarcinomas at all levels of the biliary tree (Fig. 1). These
generally correspond to the terms nodular, sclerosing and 
papillary in the earlier literature. In specific areas, we will refer 
to additional subtypes when they are clinically relevant. It is
important to note that combined types are more common than a
single variant. Thus, any tumour may have a component that
infiltrates along the duct or a component that projects into or
away from the lumen of the bile duct.

In all three subtypes, the cancer originates in the biliary
epithelium. Cancers do not develop in frequencies proportional
to the surface area of this epithelial layer. The exact proportion
arising in any location is hard to ascertain with precision because
reports are greatly influenced by referral patterns. Hilar cholan-
giocarcinomas have been estimated to account for between 
40% and 60% of all cholangiocarcinomas [6,7,54]. Intrahepatic
cholangiocarcinomas account for approximately 10% of 
cases with distal tumours making up the difference [6,52].
Approximately 10% of patients with cholangiocarcinoma have
multifocal disease [16].

Adenocarcinomas account for more than 90% of all cholan-
giocarcinomas. Variants of adenocarcinoma of the bile duct
include pleomorphic, giant cell, adenosquamous, oat cell and
colloid carcinoma. The microscopic extent of these cancers 
frequently extends for long distances beyond the palpable
tumour. In a series of 29 cases, the mean distance of microscopic
invasion beyond the gross margin was 16.8 mm towards the 
liver and 6.5 mm towards the duodenum [55]. The histological
diagnosis of malignant bile duct tumours may be difficult at
times. Cancers of the upper duct are more frequently well differ-
entiated, whereas tumours of the lower duct are more frequently
poorly differentiated. Well-differentiated cancers with little
invasion are difficult to differentiate from inflammatory pseu-
dotumour [58] (see below) or PSC [56–58]. Often, perineural
invasion, a prominent feature of cholangiocarcinoma that is not
present in PSC or other benign lesions, is the single most useful

(a) (b) (c)

Fig. 1 The morphological classification of intrahepatic and extrahepatic
cholangiocarcinomas. Sketches depict (a) mass-forming (MF), 
(b) periductal-infiltrating (PI) and (c) intraductal-growing (IG) subtypes of
cholangiocarcinoma. Cholangiocarcinoma may constrict (b) or expand 
(c) the duct. Skip lesions (c) are also demonstrated.
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feature in sorting out the true nature of the disease [51,59]. In
series of upper duct lesions, benign inflammation accounted for
13–15% of resections [58,60]. Poorly differentiated tumours of
the lower duct may be difficult to distinguish from pancreatic 
or duodenal cancers [53]. Biliary tumours of the lower duct,
although often poorly differentiated, tend to present early.
Therefore, lower duct biliary tumours are less likely to have
spread to surrounding lymph nodes or to have metastasized dis-
tantly than pancreatic cancers, portending a more favourable
prognosis following a pancreaticoduodenectomy [61].

Mass-forming (MF) cholangiocarcinoma

MF tumours are less common than the PI type and more com-
mon than the IG type [6,37]. On gross examination, they are
commonly larger then PI or IG tumours [52,53]. MF tumours
are the most common intrahepatic variant and have frequently
been classified as nodular grossly and histologically. They are
characterized by a nodular mass that projects into the lumen of
the duct and out into the surrounding tissues (Fig. 1a). The
tumour is firm and whitish grey on account of the large amount
of fibrous stroma (see Plate 19.9.1, facing p. 1268). The margin is
often well circumscribed but may be lobulated. Multicentricity
is more common for this subtype and may be the result of the
propensity of the tumour to invade adjacent branches of the
portal vein. Multicentricity may also be due to the fact that 
the MF growth pattern results in late onset of symptoms and
thus provides more time for tumour growth compared with the
IG or PI subtypes. Central necrosis is a common feature when
the tumours are large [52,53]. Bile ducts peripheral to the mass
may or may not be dilated. Regional lymph node metastases are
more common with large tumour masses and are therefore
more common with this subtype [62]. Enlarged metastatic
lymph nodes are most commonly located in the porta hepatis. 
In tumours arising in the left lateral section, it is not uncommon
to encounter nodes in the gastrohepatic ligament.

Periductal-infiltrating (PI) 
cholangiocarcinoma

In contrast to MF tumours, PI cholangiocarcinomas grow along
the bile duct and are commonly described as elongated, branch-
like or spiculated (see Plate 19.9.1, facing p. 1268) [53]. They 
penetrate the bile duct wall, growing both in the wall and along
the exterior of it for extended distances [55] (Fig. 1b). Irregular
narrowing or obliteration of the involved bile duct commonly
occurs, and the proximal biliary tree is almost universally
dilated. PI tumours are the most common variant and are the
predominant subtype found at the biliary confluence [16]. PI
lesions are frequently described as sclerosing and fibrotic on 
histological examination [53] (see Plate 19.9.1, facing p. 1268).
The overlying epithelium may appear atypical or may be absent.
PI tumours are characterized by annular thickening with diffuse
infiltration and fibrosis of the periductal tissues. PI lesions may

be poorly differentiated and may show signet ring cells (see Plate
19.9.1, facing p. 1268). In pure PI tumours, there is no mass, and
differentiation from benign disease is occasionally difficult [58].

Intraductal-growing (IG) 
cholangiocarcinoma

IG tumours account for approximately 10% of all cholangiocar-
cinomas [63]. IG tumours grow into the lumen. Although they
originate in the wall, they do not usually penetrate it, and the
outer margin of the bile duct remains intact (Fig. 1c). IG
tumours may be polypoid, sessile or can be elongated sheets of
tumour spreading along the bile duct lumen, or skip lesions.
These tumours can grow to several centimetres in size and may
expand rather than constrict the bile duct, in sharp contrast to
the sclerotic process seen in PI tumours. The majority of IG
tumours are of the papillary subtype comprised of numerous
frond-like infoldings of proliferated columnar epithelial cells [52]
(see Plate 19.9.1, facing p. 1268). Atypical epithelium is easily
identified in this variant and may be classified as well differenti-
ated, meaning that much of the normal epithelial architecture is
preserved. These may arise from a stalk or may be broader based,
spreading superficially along the surface. Biliary obstruction
may result from a large tumour blocking the duct, from an
excessive amount of mucin or pieces of tumour that have broken
off and embolized lower levels of the biliary tree. In some
instances, these tumour emboli have even obstructed the com-
mon channel, leading to pancreatitis. There is a variant of this
subtype that is very similar to intraductal papillary mucinous
tumour (IPMT) of the pancreas, in which mucinous secretions
are the predominant feature [53]. Patients with IG tumours 
usually have a better outcome than those with other subtypes
[37,63], in part because they tend to present at an earlier stage
[63]. Patients with the papillary subtype fare better than patients 
with the nodular sclerosing subtypes (MF, PI) even when com-
pared stage for stage. This suggests that at least some of the
observed difference in patient outcome is derived from the 
more favourable biological behaviour of the well-differentiated
papillary subtype [63].

Molecular genetics

That cancer results from the accumulation of multiple genetic
abnormalities in a single cell is now a widely accepted theory in 
a wide array of tumour types [64]. This multistep process of 
carcinogenesis involves multiple genes with mutations often
occurring in a predictable sequence over a variable period of
time [64]. There has been an exponential growth in the number
of publications that focus on the basic derangements that allow
for the initiation, promulgation and progression of cancer [65].
Research in more common malignancies such as colon and pan-
creatic adenocarcinomas have often led the way for discoveries
in more uncommon tumours such as cholangiocarcinoma [65].
These incremental improvements in our understanding have
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been ushered in by advances in genetic and proteomic assays
over the past two decades. Important mutations include genes
that control the cell cycle leading to unregulated growth, as well
as those that allow cells to evade signals for cell death by avoiding
apoptosis. A less well-characterized but contemporary topic is
alterations that allow cancerous cells to evade the immune 
system [66,67].

The molecular derangements in cholangiocarcinomas appear
to be similar to those for other gastrointestinal cancers and 
commonly include mutations in the ras, myc, p53 and erbB2
oncogenes. The role that inflammation plays in initiation and
promulgation of these molecular changes is a topic of intense
investigation. Cholangiocarcinomas are very similar to pancre-
atic cancer in the types of mutations present and in the implica-
tion of inflammation, suggesting that the biliary and pancreatic
epithelium may share exposure to common carcinogens or react
similarly as they are of similar embryological origin. Prior to 
the development of invasive cholangiocarcinoma, it is possible
to detect evidence of some derangements in the premalignant
epithelium and occasionally in the bile. For example, patients
with PSC and biliary maljunction have been shown to have
mutations in p53, INK4a and k-ras [68,68–72].

Growth factors and growth factor receptors, including the
epidermal growth factor (EGF) receptor and platelet-derived
growth factor, are elevated and lead to dysregulated cell prolifer-
ation in patients with cholangiocarcinoma. The erbB2 oncogene
(also called the HER2 neu oncogene) encodes a cell surface 
protein that interacts with several distinct cellular receptors,
including the receptor for EGF [73]. Overexpression of erbB2
has been identified in tumours of the breast, ovary, stomach,
pancreas, lung and prostate. Several authors have reported
expression of erbB2 in cholangiocarcinoma [74–77]. A wide
range of expression has been described with the more recent
reports suggesting that approximately 70% of cholangiocarcino-
mas overexpress erbB2 [74,76]. The ras family of oncogenes
transduce proliferative signals from the cell surface to the cell
interior [68,78–80]. One member of this family, k-ras, has 
been shown to be mutated in multiple gastrointestinal and 
non-gastrointestinal adenocarcinomas, including a significant
fraction of colon, pancreatic and lung carcinomas [72,79,81–84].
Point mutations involving k-ras may occur in more than half of
all cholangiocarcinomas [71,77,80,83].

Multiple other genes, including the myc gene and p53 gene,
have been studied in bile duct tumours [85–89]. These genes
encode proteins that reside in the cell nucleus and control 
transcription of growth regulatory genes. Mutation of the myc
gene appears to be an almost universal feature of cholangiocarci-
nomas, whereas p53 mutation has been identified in 50–60% of
cholangiocarcinomas.

Classification and staging

Multiple staging and classification systems have been proposed
and each has merits and disadvantages.

Anatomical classification

Most authorities in this area now classify cholangiocarcinoma
into three types depending upon anatomical location. These are
intrahepatic cholangiocarcinomas, hilar cholangiocarcinomas
and lower duct cholangiocarcinomas. These are treated as dis-
tinct clinical entities linked by the cell of origin and aetiological
factors. Synonyms for hilar cholangiocarcinoma are upper 
duct extrahepatic cholangiocarcinomas and Klatskin tumours.
Synonyms for lower duct cholangiocarcinomas are intrapancre-
atic bile duct tumours (or cholangiocarcinomas) and distal bile
duct tumours (or cholangiocarcinomas). The latter is a confus-
ing term not having anything to do with the correct meaning 
of distal.

In each location, the tumours are further subdivided into
their gross appearance as described above, i.e. mass-forming,
periductal-infiltrating or intraductal-growing.

Intrahepatic cholangiocarcinomas arise from small ducts or
ductules and usually present as an intrahepatic mass. Patients
with intrahepatic tumours rarely present with jaundice. Hilar
cholangiocarcinomas arise in the larger bile ducts at or near the
confluence of the left and right hepatic ducts, and the presenta-
tion is variable but more frequently includes jaundice. Lower
duct tumours commonly arise within the intrapancreatic por-
tion of the bile duct. The differential diagnosis is pancreatic 
cancer, ampullary cancer, biliary stones and stricture (often
pancreatitis). These patients nearly always present with painless
jaundice and frequently present at an earlier stage, resulting 
in a better long-term prognosis than intrahepatic or hilar
tumours.

Subclassification of intrahepatic tumours

The American Joint Committee on Cancer (AJCC) Staging Manual
(sixth edition) considers intrahepatic biliary tumours in the
same schema as primary liver tumours reflecting the differential
diagnosis and treatment (Table 1) [90]. One advantage of the
AJCC staging system is its universal recognition. Tumours are
stratified based on the concept of tumour, regional nodes and
metastasis (TNM). In the current system, the most important
prognostic factors, such as tumour number and vascular inva-
sion, are incorporated into the T stage. As such, T stage is the
dominant prognostic factor. While T stage adequately stratifies
patients in a way that is helpful for surgical planning, the system
does have shortcomings. For example, multiple liver nodules,
which more frequently represent metastases as opposed to mul-
tifocal disease, are incorporated into the T stage as opposed to
the M stage. Another disadvantage of the current AJCC system 
is the predominant role that hepatocellular carcinoma (HCC)
plays in influencing this system. Prognosis and course for
cholangiocarcinoma may be different from that for HCC but 
is not accurately predicted by this model. For this reason,
Okabayashi et al. [91] have proposed a separate staging system
for MF intrahepatic cholangiocarcinomas.
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Subclassification of hilar and extrahepatic
cholangiocarcinomas

Several methods have been proposed to classify hilar tumours.
One of the most resilient has been the modified Bismuth–
Corlette system, which classifies patients based on the extent 
of involvement of the biliary tree (Fig. 2) [92]. While this
classification strategy is simple and facilitates communication
between physicians, it fails to include other major factors con-
tributing to the determination of operability, such as vascular
involvement and atrophy. This has become of greater impor-

tance in recent years as the scope of the operation has expanded
to include major liver resection and, occasionally, vascular
resection and reconstruction [93,94]. In order to aid surgeons in
determining operability in the modern era, Burke et al. [15] pro-
posed a revised staging system for hilar cholangiocarcinomas. 
In their system, unilateral and contralateral biliary and vascular
involvement are used to determine resectability. Certain aspects
of their proposal have been incorporated into the new AJCC
staging system for extrahepatic cholangiocarcinomas (Table 2).

Type I Type II Type IIIa Type IIIb Type IV

Fig. 2 The Bismuth–Corlette classification of
hilar cholangiocarcinomas. Type 1 remains
below the confluence of the right and left ducts
while type 2 involves the confluence. Type 3
extends to the secondary radicals on one side
while type 4 involves the secondary radicals on
both sides.

Table 1 Staging of liver (including hepatic ducts).

Primary tumour (T)
TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

T1 Solitary tumour without vascular invasion

T2 Solitary tumour with vascular invasion or multiple tumours none more

than 5 cm

T3 Multiple tumours more than 5 cm or tumour involving a major branch

of the portal or hepatic vein(s)

T4 Tumour(s) with direct invasion of the adjacent organs other than the

gallbladder or with perforation of visceral peritoneum

Regional lymph nodes (N)
NX Distant lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Stage grouping
I T1 N0 M0

II T2 N0 M0

IIIA T3 N0 M0

IIIB T4 N0 M0

IIIC Any T N1 M0

IV Any T Any N M1

Table 2 Staging of extrahepatic bile duct cancer.

Primary tumour (T)
TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour confined to the bile duct histologically

T2 Tumour invades beyond the wall of the bile duct

T3 Tumour invades the liver, gallbladder, pancreas and/or ipsilateral

branches of the portal vein (right or left) or hepatic artery (right or left)

T4 Tumour invades any of the following: main portal vein or its branches

bilaterally, common hepatic artery or other adjacent structures, such as

the colon, stomach, duodenum or abdominal wall

Regional lymph nodes (N)
NX Distant lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Stage grouping
0 Tis N0 M0

IA T1 N0 M0

IB T2 N0 M0

IIA T3 N0 M0

IIB T1 N1 M0

T2 N1 M0

T3 N1 M0

III T4 Any N M0

IV Any T Any N M1
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For instance, in the current AJCC schema, depth of tumour
invasion and involvement of the major blood vessels are incor-
porated into the T stage. Although the T4 stage usually indicates
unresectable local disease, we have seen the occasional patient
with an AJCC T4 stage tumour who is resectable for an attempt
at cure. In the current AJCC system, lower duct tumours are
grouped together with hilar tumours, and a specific point is
made to separate these from pancreatic tumours and ampullary
tumours because of the difference in outcomes [90]. In practice,
separating lower duct adenocarcinomas of biliary origin from
those of pancreatic origin or duodenal origin can be quite
difficult.

Clinical presentation

Extrahepatic cholangiocarcinomas, whether in the lower duct or
in the hilum, present with painless jaundice or jaundice with
mild pain in more than 90% of cases. Severe pain suggestive of
biliary colic is uncommon. Jaundice is of the obstructive type
and is associated with the constellation of dark urine, clay-
coloured stools and often pruritus. Non-specific gastrointestinal
symptoms such as anorexia and nausea as well as mild weight
loss and fatigue are not unusual. Cholangitis with fever and
chills as well as jaundice may occur, but this is unusual prior to
instrumentation of the bile ducts. Rarely, the first manifestation
of disease is pancreatitis, which is initiated by pancreatic duct
obstruction by tumour emboli that have travelled down the bile
duct. In later stages of the disease, weight loss and inanition may
appear. Sometimes, the first sign of disease is an abnormality 
in blood chemistry or an unexpected finding on imaging for
another indication in an otherwise healthy individual. It is not
uncommon for newly diagnosed patients to have recently had a
cholecystectomy, presumably because it was believed that gall-
stones were the source of symptoms, or mild abnormalities in
liver function tests.

Intrahepatic cholangiocarcinomas usually present consequent
to detection of a mass or abdominal fullness by the patient or 
as upper abdominal discomfort or pain. Sometimes, the initial
presentation is that of weight loss and inanition. Jaundice may
occur as a result of compression of hilar structures by centrally
placed tumours, secondary to tumour embolizing into major
bile ducts or due to compromise of overall liver function in end-
stage disease. Occasionally, the tumour is detected by imaging
done for investigation of an unrelated problem.

Diagnosis and surgical staging

As noted previously, the macroscopic appearance of cholan-
giocarcinomas has recently been reclassified into three types, 
mass-forming (MF), periductal-infiltrating (PI) and intraductal
growth (IG). These correspond generally to the older terms 
of nodular, sclerosing and papillary. Growth types may 
coexist. The growth type determines the imaging pattern of the
tumour.

Hilar cholangiocarcinoma

Rationale for diagnosis and preoperative surgical
staging

Diagnosis
The surgical treatment of hilar cholangiocarcinoma is presently
dependent on reaching a clinical diagnosis. Routine preopera-
tive pathological diagnosis would be desirable if it were readily
achievable, but currently that is not the case. The rationale for
proceeding on the basis of a clinical diagnosis only results from
the moderately low sensitivity of tests for providing a preoperat-
ive pathological diagnosis and the need for timely treatment of
patients who have a high likelihood of malignancy. The clinical
diagnosis of hilar cholangiocarcinoma is made in the large
majority of patients by the demonstration of a focal obstruction
of the bile ducts at the hilum in a patient presenting with 
jaundice. This is usually sufficient diagnostically to proceed to
resection.

Preoperative surgical staging
Surgical staging of a hilar cholangiocarcinoma is subservient to
the goals of surgical resection. These are to remove all gross and
microscopic tumour, while preserving adequate liver function.
To achieve these goals, there must be no evidence of tumour
spread outside the confines of the resection, such as lymph node
metastases outside the resection zone, peritoneal metastases or
extra-abdominal metastases. The upper extent of the tumour
must be limited to the extent that a clear resection margin on the
bile ducts can be obtained without the need to remove so much
liver tissue that the risk of postoperative liver failure becomes
prohibitive. This will be discussed further under surgical plan-
ning and preparation. If vascular invasion is present, it must be
located on the side of a planned resection. Invasion of the main
portal or proper hepatic arteries is a relative contraindication. If
atrophy has affected one hemiliver, it must be on the side chosen
for resection (Fig. 3). If there is local invasion of the tumour 
into the liver, it must be limited to the extent that clear resection
margins can be obtained during the planned resection. Tumour
nodules within the liver distant from the hilum are considered to
be a contraindication. These criteria are modified when the
resection is part of an orthotopic liver transplant. Table 3 lists
the eight staging questions that are asked when evaluating a hilar
cholangiocarcinoma.

Diagnostic and staging tests
A large number of diagnostic and staging tests are available. Imag-
ing technology changes continually; thus, valid comparison of
efficacy among tests is difficult and the clinical relevance of
results is often temporary.

Serum and bile markers
The remarks in this section on serum and bile markers pertain 
to cholangiocarcinoma at all levels of the biliary tree. When the
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obstruction is complete, as it usually is at the time of presenta-
tion of hilar and lower duct tumours, the bilirubin rises over 
several weeks to a level of about 30 mg/dL. The direct reacting
fraction accounts for more than 50% of the total bilirubin.
Marked elevation of serum alkaline phosphatase and γ-
glutamyltransferase levels and mild elevation of transaminase
levels are also usual. In intrahepatic cholangiocarcinoma, bile
drainage from the unaffected side is usually unimpaired, and
bilirubin levels are usually normal, but alkaline phosphatase 
levels are often elevated.

CA19-9 is the most commonly used tumour marker for dia-
gnosis of cholangiocarcinoma. In a large study of 322 patients
with biliary cancer, the sensitivity and specificity of CA19-9 were
78% and 83%, respectively, at the cutoff value of 37 U/mL in
patients without cholangitis or cholestasis [95]. In patients 

with cholangitis or cholestasis, the sensitivity and specificity of
CA19-9 were 74% and 42%, respectively, whereas the specificity
reached 87% at 300 U/mL [95]. As many patients with cholan-
giocarcinoma have cholestasis or cholangitis, CA19-9 is most
useful when the levels are quite elevated. In cholangitis, the level
may be extremely high [96]; therefore, it is advisable to obtain
blood for measurement of CA19-9 in the jaundiced patient 
prior to instrumentation of the ducts. CA19-9 is not specific for
cholangiocarcinoma and may be elevated in pancreatic cancer
and in intestinal and gynaecological malignancies. In patients
with PSC, the specificity of CA19-9 is low if the cutoff value of 
37 U/mL is used [97]. A cutoff value of 100 U/mL seems to 
provide the most satisfactory balance between sensitivity and
specificity in PSC [98].

Serum carcinoembryonic antigen (CEA) levels may also be
mildly elevated in cholangiocarcinoma and have been used by
Ramage et al. [99] to increase diagnostic accuracy for cholangio-
carcinoma in PSC by combining CEA with CA19-9 levels to
form an index, although others have found the index to be less
useful [100]. CA125 has a low sensitivity for detection of cholan-
giocarcinoma, but a high specificity as it is rarely elevated in
inflammatory conditions [101].

CA19-9 and CEA in bile Attempts have been made to improve
diagnostic sensitivity and specificity for the detection of cholan-
giocarcinoma by measurement of these markers in bile, but the
results have been disappointing [98].

Fig. 3 Images from magnetic resonance imaging of patient with hilar cholangiocarcinoma. Left, 3-D gradient echo post-contrast maximum intensity
projection (MIP) image demonstrating narrowing of right portal vein (arrow) by infiltrating hilar mass. Right, 3-D gradient echo post-contrast minimum
intensity projection (MinIP) image demonstrating bile duct dilation throughout liver with atrophy of left liver and hypertrophy of right liver. Note ‘crowding’ of
ducts of left liver. Because the right portal vein was involved with the tumor and the left liver was atrophic, the patient was not operable.

Table 3 Surgical staging questions for cholangiocarcinoma.

1 What is the macroscopic extent of the tumour along the bile ducts?

2 What is the relationship of the tumour to blood vessels?

3 What is the extent of hepatic atrophy?

4 What is the extent of local hepatic invasion by the tumour?

5 What is the extent of lymph node involvement?

6 Are there distant intrahepatic metastases?

7 Are there peritoneal metastases?

8 Are there extra-abdominal metastases?
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Endoscopic retrograde cholangiopancreatography (ERCP)
and percutaneous transhepatic cholangioscopy (PTC)
ERCP and PTC are considered together as they both involve
direct intubation of the bile ducts and the injection of contrast
into potentially obstructed ducts. With both tests, ducts that
have been injected with contrast must remain intubated because
of the risk of infection. Often, ERCP is chosen as the first invest-
igation when a patient presents with obstructive jaundice. In the
case of hilar cholangiocarcinoma, the unfortunate result may be
insertion of bilateral stents, including a stent into the hemiliver
to be resected. This is undesirable because the goal in the pre-
operative period is to encourage hypertrophy of the hemiliver to
be retained and atrophy of the hemiliver to be resected (see Pre-
operative preparation). Insertion of bilateral stents works against
this purpose. Also, if the malignant stricture is tight, ERCP may
only show the lower limit of the stricture. In the past, this prob-
lem has been approached by supplementing the ERCP findings
with PTC, although PTC is uncommonly used for this particular
purpose today. Beginning the investigation of the jaundiced patient
with axial imaging such as computerized tomography (CT) or
magnetic resonance imaging (MRI) rather than ERCP has distinct
advantages. If a hilar cholangiocarcinoma is present, it will be
suspected by the presence of intrahepatic bile duct dilation in the
absence of extrahepatic ductal dilation. Atrophy of a hemiliver
or section may also be seen. It is at this point that the patient is
best evaluated by a multidisciplinary team with expertise in this
disease and a decision regarding which side of the biliary tree to
decompress (if any) can be taken. Whether to use stents or not in
hilar cholangiocarcinoma is debatable but, if a stent is inserted,
only the side to be retained should be intubated. The side to be
surgically removed should be intubated only if there is evidence
of cholangitis on that side or if that side is inadvertently injected
with contrast. Another disadvantage of early intubation of the
biliary tree is that it interferes with staging by MRI [102]. Even if
the patient is not a surgical candidate, intubation of both sides 
of the liver by ERCP is disadvantageous because it commits the
patient to bilateral rather than unilateral stenting (see Palliation).

One advantage of endoluminal techniques is that biopsies
may be obtained by brushings, fine-needle aspiration or forceps
biopsy. However, the individual sensitivity of these test is less
than 50% and only 65% when combined [103,104]. Attempts 
to improve the results of routine cytology include digital image
analysis (DIA), which uses aneuploidy as a marker for malign-
ancy, and fluorescence in situ hybridization (FISH). DIA was
found to increase sensitivity from 18% to 40% but lower
specificity from 98% to 77% in 100 patients [105]. The FISH
assay uses a mixture of fluorescently labelled probes to cen-
tromeres of chromosomes to identify cells with chromosomal
abnormalities [106]. In 100 patients, the sensitivity for the detec-
tion of malignancy in bile duct brushing specimens was 15% 
and 34% for routine cytology and FISH, respectively, and the
specificity was 91% and 98% [106].

Percutaneous intubation of the bile ducts has been used to
obtain biopsy material and to determine the upper extent of the

lesion in the bile ducts [107,108]. Cholangioscopy may be useful
in determining whether a focal biliary stricture is benign or
malignant [109,110]. Of particular interest is whether cholan-
gioscopy might be able to determine reliably whether a focal
stricture is benign and thus avoid unnecessary surgery or reduce
the extent of surgical resection. However, as benign focal hilar
strictures are uncommon and the case series are small, good data
on this point are lacking. MRI and cholangioscopic findings
were found to be highly correlated with respect to determining
the upper extent of the lesion, a finding which indicates that
cholangioscopy may no longer be required for this purpose
[111]. Cholangioscopy may be of most value when the upper
limit of the lesion is indefinite on MRI and the tumour is mucin
producing. In this case, percutaneous cholangiography is ham-
pered by the thick mucin. With cholangioscopy, the mucin may
be aspirated and the upper limit of the tumour defined [112].

Magnetic resonance imaging
MRI has been increasingly favoured for the diagnosis and stag-
ing of hilar tumours as this one study can provide a clinical diag-
nosis as well as the answer to many of the local staging questions,
namely questions 1–6 in Table 3. In terms of bile duct involve-
ment, MRI cholangiography has the same sensitivity (80%) and
specificity (100%) as ERCP for the detection of malignancy
[113]. Furthermore, MRI is far superior to ERCP in detecting
the upper extent of the lesion, for the reasons noted above.

On MRI, an MF hilar lesion appears as a nodule 1–2 cm 
in diameter (Fig. 4). The tumour is usually hypointense on 
T1-weighted images but hyperintense on T2-weighted images.
In the PI type, the tumour appears as a concentric, sometimes
irregular, thickening with gradual or abrupt transition to 
normal duct (Fig. 5). The periductal tissue may appear to be
invaded, and lymph node metastases are frequently seen [52].
The IG type is seen as an intraductal enhancing mass confined to
the lumen of the bile duct. It may have a rounded or bullet shape
or appear as a cast of the duct. Usually, the bile duct wall can be
visualized where it passes around the mass, i.e. as the tumour
does not penetrate the duct, the outer bile duct margin is intact
[52]. Portions of the tumour may break off and be seen in the
lower ducts [114]. There may be multiple tumours along differ-
ent segments of the bile ducts.

In all three morphological types, obstruction of the bile duct is
usually present so that the bile ducts peripheral to the tumour
are dilated (Figs 3 and 5), although they usually display normal
wall thickness. When atrophy has been induced in a hemiliver or
hepatic section, the dilated bile ducts will make up much of the
residual volume of the affected part, giving the appearance of
‘crowding’ of the ducts (Fig. 3). Sometimes, MRI cholangio-
graphy may not give the fine detail required for surgical staging.
This is especially true when the tumour appears to encroach on
sectional ducts on the side to be retained. Direct cholangio-
graphy by PTC remains superior to MRI when this level of 
detail is needed [102]. MRI also accurately depicts the extent 
of liver invasion and secondary tumours in the liver.
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Fig. 4 Magnetic resonance imaging of hilar cholangiocarcinoma. (a) Magnetic resonance cholangiopancreatography image showing dilated intrahepatic
biliary system. Note the common anomaly of a right posterior sectional duct which joins the left hepatic duct. The cholangiocarcinoma involves the confluence
of the right anterior sectional duct (arrow), the left hepatic duct (arrowhead) and the top of the common hepatic duct. 3-D gradient echo post-contrast images
(b,c) demonstrate the cholangiocarcinoma as a 1.0 cm mass (arrow) adjacent to the thickened duct (b). (c) A segment of the right anterior hepatic duct with
wall thickening from cholangiocarcinoma (arrow). This patient had a bile duct resection with right hepatectomy and caudate lobectomy.

Computerized tomography
The typical PI cholangiocarcinoma is seen on the portal or
delayed phases as an enhancing thickened bile duct and the MF
type as a hypoattenuating mass. While usual spiral CT images
have not been able to stage hilar cholangiocarcinomas with 
the detail provided by MRI, the newer multidetector row CT
scanners provide high-quality images of the biliary tree and
blood vessels after administration of intravenous contrast
agents. These images provide the same information as MRI
images [102]. A disadvantage of the agents used in CT is that
they are nephrotoxic, unlike MRI contrast agents, a feature 
that may be of importance, particularly in elderly patients. Thin-
section CT accurately predicted the upper extent of PG-type
hilar tumours in 65% of cases in one study [115].

Ultrasonography
Sonography may detect all three types of hilar cholangiocarci-
noma and is generally more sensitive in the hilum than at 
lower levels of the biliary tree, where intestinal gas is more 

likely to interfere with visibility. It can often display the extent 
of the tumour in the biliary tree. Flow Doppler sonography 
is particularly useful for defining vascular invasion. The disad-
vantages of sonography is that it is more operator dependent
than axial imaging techniques and its images are somewhat more
difficult for the surgeon to use as a guide in the operating room.

Angiography
Contrast angiography obtained by intubation of mesenteric 
vessels has been replaced by the less invasive methods of MR
angiography or CT angiography.

Positron emission tomography (PET)
The role of 2-[18F]fluoro-2-deoxy-d-glucose (FDG)-PET in the
diagnosis and staging of cholangiocarcinoma is incompletely
investigated. At present, it is not a standard part of preoperative
investigation. FDG-PET detected cholangiocarcinoma with high
sensitivity and specificity in one study that included patients
with advanced disease [116] and in another more recent study 
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of 22 patients [117]. In another study, it did not differentiate
effectively between inflammatory conditions and cholangiocar-
cinoma, nor was it positive in patients in whom the carcinoma
was of the relatively acellular mucinous type [118]. However,
20% of patients were diagnosed with metastatic disease based on
the FDG-PET scan [118]. Larger studies are required to define
the frequency with which FDG-PET is able to detect metastases.
Should a detection rate of 20% be confirmed, then it would 
be a valuable study considering the magnitude of the surgical
procedure that would be avoided.

Endoscopic ultrasound (EUS)
EUS biopsies may have a higher sensitivity than endoluminal
biopsy techniques. In one study in 44 patients whose imaging
was suspicious for hilar cholangiocarcinoma, adequate material
was almost always obtained. Accuracy, sensitivity and specificity
were 91%, 89% and 100%, respectively, although 4 out of 12
patients with ‘benign results’ actually had malignancy [119].
EUS biopsy has the advantage over ERCP that bacteria are not
introduced into obstructed bile ducts. However, unlike EUS
biopsy of pancreatic lesions, the peritoneal cavity is traversed
when hilar masses are biopsied, raising the possibility of tumour
seeding [119].

Laparoscopy
Staging laparoscopy is performed after standard imaging is 
completed with the purpose of avoiding unnecessary laparotomy

by detection of metastatic lesions missed by standard imaging
techniques. Lesions as small as 1 mm, which are far below the
detection limit of radiological imaging, may be detected on 
the peritoneum or liver surface [120,121]. Laparoscopy is per-
formed either as a separate procedure or under the same general
anaesthetic as the surgical resection. Sensitivity for T1 lesions 
is low, but that for T2/T3 lesions is over 30% [120]. Its use is 
now generally limited to situations in which unresectability is
strongly suspected.

Current selection of diagnostic and staging 
tests for patients with suspected hilar
cholangiocarcinoma
Our current approach to the diagnostic workup and staging of 
a patient with obstructive jaundice is to start with a thin-cut,
three-phase CT scan of the abdomen as carcinoma of the 
pancreas is the commonest cause of this presentation, and a
‘pancreas protocol’ CT scan often provides complete clinical
diagnosis and staging. When the pattern of bile duct dilation
shows that the biliary obstruction is at the hilum, the CT is 
followed by MRI with MR angiography and MR cholangiopan-
creatography. Percutaneous cholangiography is used when MRI
does not provide adequate imaging of the upper extent of the
tumour on the side of the liver to be retained, and this provides
preoperative decompression of the side to be retained without
entering the other hemiliver. Brushings may be obtained at PTC.
CA19-9 is measured. CT examination of the chest is performed.

Fig. 5 3-D magnetic resonance cholangiopancreatography image (a) demonstrating intrahepatic biliary ductal dilation and narrowing of the common hepatic
duct from cholangiocarcinoma. 3-D gradient echo post-contrast image (b) demonstrates a portion of the mass lesion adjacent to the portal vein in the porta
hepatis. Note the external biliary drainage catheter.

(a) (b)
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This approach provides adequate answers to the questions in
Table 3. In resectable patients, no further staging is used. We do
not currently use FDG-PET or staging laparoscopy.

In actual practice, many patients who are referred have one or
bilateral ERCP stents in place. In them, it is already known that 
a hilar lesion is present. Abdominal MRI and CT of the chest
complete the investigation. Occasionally, the side to be retained
has not been cannulated by ERCP, and PTC is still needed to
define the upper limit of the tumour.

When staging indicates that the tumour is unresectable due to
the extent of disease in the bile ducts, vascular invasion, atrophy
or a combination of these, tissue diagnosis is obtained by ERCP
with brushings and forceps biopsy, by EUS and, occasionally, by
CT or ultrasound-guided percutaneous biopsies. If bulky lymph
node disease is present, EUS biopsy is done as we currently con-
sider such patients not to be surgical candidates if metastatic
cancer is present in grossly enlarged nodes.

Lower duct cholangiocarcinomas

Rationale for diagnosis and surgical staging
These tumours are located in the part of the bile duct that lies 
in the head of the pancreas or at the level of the first part of 
the duodenum. They are one of the members of the tetrad 
of ‘periampullary tumours’, which commonly present with
obstructive jaundice. The group also includes cancers of the
ampulla of Vater, duodenum and pancreas, the last being by far
the commonest of the four. Presumably all three subtypes of
cholangiocarcinoma can occur in this region but, as the MF type
would be very difficult to differentiate from pancreas cancer and
as the IG type is very uncommon, it is the cicatrizing PI type that
is usually recognized.

Diagnosis
In the patient presenting with jaundice, axial imaging may or
may not demonstrate a pancreatic mass. If mass is present, the
diagnosis is taken to be other than cholangiocarcinoma, either a
malignancy of the head of the pancreas or focal pancreatitis,
although, as already stated, some of these may actually be MF
cholangiocarcinoma. When no mass is present, then cholangio-
carcinoma is a possibility.

Surgical staging
The staging questions to be answered are 5–8 in Table 3. When
the tumours are at the upper border of their range at the level 
of the duodenum, involvement of the portal vein and hepatic
artery is possible. The extent of the tumour in the bile duct is
rarely a staging question as the treatment is a Whipple procedure
in which the entire common bile duct is removed along with the
gallbladder and cystic duct.

Diagnostic and staging tests
If the initial diagnostic test for painless jaundice is a CT scan, as
we recommend, then the findings will be those of obstruction 

of the bile duct in the intrapancreatic portion with no mass.
Dilation of the bile ducts may terminate anywhere from the
upper border of the pancreas to the duodenum depending on
the extent of the tumour. MRI or ERCP are currently both good
choices as the second test under these conditions, and there are
no evidence-based data to select between them. The former test
is less invasive but also less informative. ERCP provides an en-
doscopic view of the duodenum that allows identification and
biopsy of ampullary and duodenal tumours, which may block
the bile duct and produce jaundice without being seen as a mass
on CT scan, and MRI is less informative in this regard. ERCP
may provide a tissue diagnosis and decompress the bile duct
when that is desirable. On the other hand, ERCP requires the
placement of a stent into the obstructed duct, and complications
such as pancreatitis and haemorrhage have occurred. Both tests
will confirm the presence of a bile duct stricture and display its
form, although direct cholangiography is still somewhat sup-
erior. The MRI characteristics are those for a PI as described
under hilar cholangiocarcinoma.

Focal strictures, especially those with shoulders, suggest
malignancy. Long tapering strictures limited to the intrapan-
creatic portion of the bile duct suggest chronic pancreatitis.
Concomitant narrowing of the pancreatic duct in the head of 
the pancreas (double duct sign) suggests the presence of a small
pancreatic cancer, not visible on CT scan. Longer or multiple
pancreatic strictures suggest chronic pancreatitis. A single focal
bile duct stricture in the absence of pancreatic duct abnormali-
ties is the hallmark of cancer of the lower bile duct. Infiltrating
cancers of the bile duct may cause more than one stricture along
the bile duct but, when more than one stricture is present, other
diagnoses such as PSC should be considered. Patients with 
the classical double duct sign or single focal shouldered bile 
duct strictures are likely to have small pancreatic or bile duct
tumours. Further diagnostic support is usually not needed 
prior to laparotomy, although it is reassuring when the CA19-9
is over 100 U.

When doubt persists after ERCP or MRI, EUS is often quite
useful. EUS may identify a small mass not seen on CT scan and
biopsies may be obtained. Occasionally, enlarged lymph nodes
are seen by EUS, and these may also be biopsied. However, 
negative EUS biopsies in patients who present with painless
jaundice do not exclude malignancy and, for such a patient 
with an identifiable mass on EUS, pancreatoduodenectomy is
recommended, even in the presence of negative EUS-guided
biopsy. If a non-operative approach is followed, short-term 
follow-up at 4–6 weeks with repeat imaging and biopsy is
mandatory. If findings persist, then laparotomy is advisable. 
At laparotomy, detection of a mass by palpation or intraoper-
ative ultrasound is reasonable evidence of malignancy, and a 
pancreatoduodenectomy should be performed. In the absence
of a mass and where clinical or imaging results suggest a 
benign aetiology for the stricture, ultrasound-guided core bio-
psies of the bile duct stricture may be helpful in avoiding 
pancreatoduodenectomy.
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Our current preoperative evaluation consists of CT scan fol-
lowed by ERCP and then EUS if needed. In the unresectable
patient, pathological diagnosis is obtained by ERCP, EUS or
biopsy of a metastasis such as an intrahepatic tumour.

Intrahepatic cholangiocarcinoma

Rationale for diagnosis and surgical staging

Diagnosis
Clinical diagnosis of the common MF type is dependent on the
presence of a liver mass that resembles a metastasis on axial
imaging, such as MRI or CT scan, in a patient without a history
of liver disease or evidence of an extrahepatic primary. The pres-
ence of an elevated serum CA19-9 level is helpful. To rule out
primary tumours in the intestine, upper and lower endoscopy 
is usually performed. FDG-PET scan and mammography are other
imaging tests that have been used to search for an extrahepatic
primary. The pathological diagnosis may be made by needle
biopsy, but this is required only when diagnostic doubt exists.

Surgical staging
The aim again is subservient to the surgical goals of removal 
of gross and microscopic tumour, while preserving adequate
liver function. The questions to be answered are similar to those
for cholangiocarcinoma, although the vessels in question are 
the intrahepatic arteries and veins including the hepatic veins.
Atrophy is less of an issue as it is almost always on the side to be
resected, as is the case for the extent of bile duct involvement in
the PI and IG types.

Diagnostic and staging tests

Magnetic resonance imaging
The MF type usually appears as an unencapsulated tumour,
hypointense on T1-weighted images and hyperintense on T2-
weighted images, although the pattern varies depending on 
the presence of fibrosis, necrosis and mucin in the tumour
[114,122]. Hypointensity on T2-weighted images may be seen
especially in larger tumours. In these cases, differentiation from
the central scar of focal nodular hyperplesia (FNH) is usually
possible by the use of gadobenate dimeglumine (Gd BOPTA)
[123]. With dynamic imaging, peripheral enhancement with
progressive filling towards the centre of the lesion is common.
Satellite lesions are frequent as is capsular retraction [114]. The
PI type appears as a thickened branching spiculated duct with
dilation of the ducts peripheral to the tumour, i.e., much like 
the PI type of hilar tumour but displaced beyond the sectional
ducts. In later stages, the surrounding liver may appear to be
invaded. The IG type is seen as an intraductal enhancing mass
with dilation of ducts peripheral to the mass. The intrahepatic
variant otherwise has the characteristics of the hilar type
described above and, indeed, this tumour may exist at any and
all levels of the biliary tree.

Computerized tomography
The typical appearance of the MF lesion is of a large hypoattenu-
ating irregular mass, minimally enhancing at the periphery,
sometimes with calcifications and often with capsular retraction,
satellite lesions and enlarged malignant-appearing periportal
nodes (Fig. 6) [114].

Sonography
MF tumours are usually hypoechoic, but may be isoechoic or
hypoechoic and homogeneous or heterogeneous [114]. There
are no features that differentiate them from metastatic disease,
although peripheral ductal dilation is more common in cholan-
giocarcinoma [114].

ERCP
ERCP may be helpful in the PI and IG types when the diagnosis
is unclear or after MRI when the extent of the tumour in the
ducts is incompletely elucidated.

Current preoperative evaluation of patients with
intrahepatic cholangiocarcinoma
Most tumours are MF type, and patients often arrive with a
sonogram or a CT scan showing a liver mass. We currently use
three-phase CT of abdomen, pelvis and chest as the first test
when an MF intrahepatic cholangiocarcinoma is suspected This
is usually adequate to define the extent of the tumour in the liver
and its relation to intrahepatic vessels. Primary tumours in the
abdomen or chest may sometimes be detected when the liver

Fig. 6 Computerized tomography scan of a large mass-forming
intrahepatic cholangiocarcinoma of the right hemiliver. Note peripheral
enhancement and capsular retraction (white arrow). A portal lymph node is
enlarged (black arrow). An incidental liver cyst is present (asterisk) adjacent
to the mass lesion. This patient had a right hepatectomy.
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lesion is actually a metastasis. CA19-9 is measured. FDG-PET
scan and upper and lower endoscopy are done; in women, a
mammogram is obtained. Percutaneous biopsy is not routinely
performed preoperatively, but is done when there is diagnostic
doubt in the asymptomatic patient or when the patient is un-
resectable. When the intrahepatic cholangiocarcinoma is of the
PI or IG type, MRI with MPRC is done and occasionally ERCP
with biopsies.

Differential diagnosis

Hilar and lower duct cholangiocarcinomas

Primary sclerosing cholangitis
PSC may be mistaken for cholangiocarcinoma at the time of 
presentation. However, the more common issue is how to detect
new-onset cholangiocarcinoma in a patient with established
PSC. The periductal infiltrating type of cholangiocarcinoma
may produce skip lesions suggestive of the multiple strictures
seen in PSC. In the former case, the lesions are usually confined
to one part of the ductal system, whereas in the latter, they 
are usually found diffusely in the biliary tree. New-onset 
cholangiocarcinoma in PSC may be heralded by a change in
clinical condition, such as onset of jaundice or an increase in 
the level of CA19-9 to over 100 IU [124]. Imaging may detect a
mass, and brush or forceps biopsy may provide a histological
diagnosis.

Eosinophilic cholangitis and lymphoplasmocytic
cholangitis
The former is a rare inflammatory entity thought to be of allergic
origin as eosinophils are seen abundantly in the inflamed tissues.
It is thought to be part of the spectrum of eosinophilic gastroin-
testinal (GI) inflammation, which may affect other parts of the
GI tract including the stomach and pancreas. The strictures may
be long and multiple and therefore mimic PSC. Patients respond
very well to systemic steroid administration. This is both a treat-
ment and a diagnostic test. Lymphoplasmocytic cholangitis has
the characteristics of an autoimmune disease and more com-
monly affects the pancreas [125]. Features of this disease overlap
with PSC [126,127].

Benign inflammatory tumours
This inflammatory process of unknown aetiology was first
described by Stamatakis et al. (128) and has several synonyms
including ‘hepatic inflammatory pseudotumour’ [128], ‘benign
fibrosing disease’ [60] and ‘malignant masquerade at the hilum’
[129]. The masses consist of chronic inflammatory cells and
fibrosis. Benign inflammatory tumours appear to occur most
frequently in extrahepatic upper ducts, but also occur intra-
hepatically [130] and, less commonly, in lower ducts.

Benign inflammatory tumours mimic malignant biliary
obstructions at the hilum, causing jaundice. In one series, the
median age of presentation was about 50 years, i.e. about 

10 years younger than the typical patient with cholangiocarci-
noma [131]. Inflammatory tumours cannot be differentiated
from localized malignant strictures on the basis of presentation
or liver function tests. CA19-9 serum levels are normal or
slightly elevated [131] unless cholangitis is present. However,
about 20% of patients with malignant strictures also have 
normal CA19-9 serum levels. A mass at the hilum is commonly
present on axial imaging, but vascular invasion/encasement has
not been described with this process [60,129]. Consequently,
investigations are much better at determining that a cholan-
giocarcinoma is present by detection of high CA19-9 levels 
or vascular invasion than in differentiating between benign
inflammatory tumours and cholangiocarcinoma when these
features are absent.

This inflammation has been reported to account for 13–24%
of hilar tumours [58,60,131,132]. Currently, they are treated 
as cholangiocarcinomas and resected. When the diagnosis is 
suspected, direct biopsy of the lesion at surgery may make the
diagnosis, allowing the surgeon to limit the resection to the 
bile ducts only [131]. Failure to appreciate the possibility of this
diagnosis may lead to inappropriate therapies such as long-term
stenting or hepatic resection.

Cholelithiasis and choledocholithiasis
Choledocholithiasis may be mistaken for cholangiocarcinoma.
In the so-called Mirizzi syndrome, a stone impacted in the 
neck of an inflamed gallbladder compresses the common duct,
producing jaundice and often fever and pain [133]. Radiolo-
gically, the stricture is usually located in the mid duct and is
smooth, long and bows the duct convexly to the left. The
impacted gallstone can often be seen adjacent to the site of the
stricture. These observations may be made by MRI or a com-
bination of direct cholangiography and ultrasonography. The
right hepatic duct may also be independently narrowed by this
process.

A gallstone(s) impacted in the lower end of the bile duct 
may appear as a stricture on cholangiography when dye is able 
to pass only along one side of the stone. This type of impaction
may be associated with an inflammatory mass, heightening the 
suggestion of tumour. Detection of the stone by MRI or intra-
operative ultrasound or palpation will lead to the correct 
diagnosis. Multiple small gallstones in the bile duct may be con-
fused with the IG type of cholangiocarcinoma. Differentiation is
provided by the fact that tumours enhance on contrast CT and
that stones tend to be smooth and faceted on cholangiography.

Adenoma of the bile duct
This benign tumour of the bile duct is rare, but may easily be
confused with a focal IG tumour (papillary cholangiocarcinoma).
In fact, adenomas may degenerate into papillary cholangiocar-
cinoma as do adenomas in other sites [134]. These tumours 
characteristically present with jaundice or pain. They may be
polypoid and moveable within the duct. If an adenoma is 
suspected, a local bile duct resection is the treatment of choice.
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Carcinoma of the gallbladder
The commonest cause of a malignant bile duct stricture in the
midportion of the common duct is not cholangiocarcinoma 
but compression or invasion by gallbladder cancer. Patients 
may present with painless or relatively painless jaundice as in
cholangiocarcinoma. The diagnosis may be suspected by the
detection of gallstones in the gallbladder as well as gallbladder
wall thickening, sometimes eccentric in type, along with the
midbile-duct stricture. Invasion of the tumour into the liver
under the gallbladder may also raise suspicion of a gallbladder
cancer rather than cholangiocarcinoma. Once a gallbladder 
cancer has invaded and occluded the bile duct, the prognosis 
is very poor [135].

Neuroendocrine cancer of the bile duct
This is a rare slow-growing tumour that may present with 
jaundice [136]. A small mass is often present that enhances on
the arterial phase. Local resection of the tumour and the bile
duct is usually adequate treatment.

Granular cell tumours
These tumours, which are probably of Schwann cell origin, 
are extremely rare in the biliary tree. Biliary obstruction may 
be caused by a tumour in the common duct or hepatic duct
confluence [137]. Treatment consists of surgical excision.
Prognosis is favourable.

Sarcoma of the bile duct
These are extremely rare tumours, usually embryonal rhab-
domyosarcomas [138] or leiomyosarcomas, which can present
with jaundice and a mass.

Lymph nodes
Lymph nodes in the porta hepatis, which become enlarged as a
result of either malignancy or inflammation, may compress the
bile duct causing jaundice

Periampullary processes causing biliary 
obstruction
Lower duct cholangiocarcinomas cause obstruction within the
portion of the bile duct that lies within the head of the pancreas.
Therefore, other malignancies causing obstruction, such as 
pancreatic head cancers and cancers of the ampulla of Vater and
duodenum, lie within the differential diagnosis of lower duct
cholangiocarcinoma. The last two are usually easily separated
from cholangiocarcinoma. A CT scan may show the intraduo-
denal process, and upper endoscopy will confirm the diagnosis.
Often it is difficult to differentiate a small pancreatic cancer
obstructing the bile duct from a lower duct cholangiocarcinoma,
but the differentiation is of little clinical importance as 
pancreaticoduodenectomy is the treatment for both. Indeed, 
as cholangiocarcinoma may be mass forming, it may even be
difficult for pathologists to be completely confident about 
the origin of the tumour. Chronic pancreatitis, either focal or

diffuse, may also cause bile duct obstruction and should be 
considered in the differential diagnosis, although usually the 
differentiation is between cancer of the pancreas and chronic
pancreatitis.

Intrahepatic cholangiocarcinoma

The differential diagnosis is that from other mass-forming
lesions in the case of the MF type of cholangiocarcinoma, and
from PSC and intraductal stones for the PI and IG types respec-
tively. In the case of the last two, the considerations are the same
as for extrahepatic tumours discussed above.

Hepatocellular carcinoma
Unlike intrahepatic cholangiocarcinoma, HCC usually arises 
in the cirrhotic liver. The imaging characteristics are usually 
distinct from those of intrahepatic cholangiocarcinoma. 
Alpha-fetoprotein (AFP) is not usually elevated in cholangio-
carcinoma, and CA19-9 is usually normal in HCC.

Secondary tumours
Secondary tumours are difficult to differentiate as they occur 
in otherwise normal livers, as do cholangiocarcinomas. Their
clinical presentation and imaging characteristics also mimic MF
cholangiocarcinomas. A high suspicion of secondary tumour
should be maintained when there is a history of a prior mali-
gnancy. Some malignancies, such as breast and renal primaries,
may present with secondary tumours a decade or more after
eradication of the primary. Biopsy may be helpful in the case of
unusual hepatic secondaries such as those from sarcoma, but
most secondary tumours are adenocarcinomas. Special stains
may be of help in differentiating among adenocarcinomas. 
The diagnosis requires exclusion of other primaries by thorough
physical examination, upper and lower gastrointestinal endo-
scopies, CT scan of the abdomen, chest radiography and mam-
mography. FDG-PET scan may be helpful.

Angiosarcoma
A rare tumour of endothelial origin associated with prior 
exposure to vinyl chloride, arsenicals or thorotrast (in the past).
There is a male predominance. The tumours are rapidly grow-
ing, present at a late stage and are rarely resectable, although this
should be attempted if possible.

Epithelioid haemangioendothelioma (EHE)
EHE is a rare tumour of young adults that arises from endothe-
lial cells, as evidenced by antibodies to endothelial markers such
as factor VIII antigen. It usually arises in normal livers and is
usually multifocal. MRI may be useful in making the diagnosis
[139], but biopsy is usually required and, even then, it may be
difficult to differentiate from other tumours because of the
fibrotic stroma. Some 20% of patients have metastatic disease at
the time of diagnosis. Resection is rarely possible and the role of
liver transplantation is uncertain.
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Primary hepatic lymphoma
Very rarely, this tumour presents as a single mass and can be
confused with MF cholangiocarcinoma. If no other disease exists,
local resection may be considered along with chemotherapy.

Preoperative preparation

Jaundiced patients require vitamin K. Resective procedures 
for cholangiocarcinomas are major procedures and, therefore,
patients should have good functional status especially if they are
elderly. There is no evidence that patients with lower duct
cholangiocarcinomas benefit from preoperative decompression.
In fact, the evidence is to the contrary [140]. Unlike cancers of
the lower bile duct, hilar cancers of the upper bile duct usually
require major liver resection. Consequently, it is reasoned that
the chance of postoperative liver failure may be lessened by pre-
operative decompression, especially decompression of the side
to be retained. Decompression has the dual purpose of allowing
that side to recover function and actually to hypertrophy. On the
other hand, stents may introduce bacteria and cause cholangitis.
As noted above, selective percutaneous decompression is an
accepted strategy in Japan and multiple stents are often inserted
[141]. A reasonable strategy is to proceed to surgery in younger
patients (age less than 70 years) without serious comorbidities
who have been jaundiced for less than 4 weeks, whose serum
bilirubin is less than 10 mg/dL and whose future remnant liver
will be > 40% of total liver mass. Also, such patients should not
have had biliary instrumentation, which always contaminates
the obstructed biliary tract. For the remainder, we routinely
decompress the side of the liver to be retained and wait until the
serum bilirubin falls to 3 mg/dL. When the size of the future
remnant liver is ‘small’, portal vein embolization of the side to be
resected can be used to cause hypertrophy of the future remnant
liver. What is defined as small under the conditions of a hilar
cholangiocarcinoma is in a state of flux. Currently, we use
embolization when the size of the future remnant liver is less
than 40% with the aim of bringing it over 50%. It should be
noted that this is much larger than is required when a liver 
resection is performed in a normal liver for a diagnosis not 
associated with obstruction of the future remnant liver, such as
liver resection for colorectal metastases or indeed for an MF
cholangiocarcinoma. In those cases, a future remnant liver of
25% is often adequate.

Treatment

Hilar cholangiocarcinoma

The goals of surgical resection are to remove the tumour with
negative resection margins and to perform a portal and coeliac
node dissection. In order to achieve this, hemihepatectomy with
resection of the caudate lobe as well as the suprapancreatic
extrahepatic bile duct and the portal and coeliac lymph nodes is
required. Resection of the caudate lobe is needed because, when

the tumour is Bismuth 2 or greater, the orifices of the caudate
ducts may be involved with tumour. Hemihepatectomy is
required when the tumour involves the sectional ducts (Bismuth
3) on one side of the liver or the artery or portal vein to one side
of the liver. Theoretically, resection of a Bismuth 2 tumour
could be accomplished by resection of bile ducts with the 
caudate lobe but, in practice, negative margins are much 
more likely to be accomplished by a hemihepatectomy with
resection of the caudate lobe [63,142,143]. Therefore, surgical
practice has evolved in the past 20 years to the point at 
which there is a consensus that virtually all hilar cholangiocarci-
nomas should be resected by hemihepatectomy and caudate
resection. Low-lying Bismuth 1 tumours, in which a negative
upper margin can be obtained on the common hepatic duct, i.e.
below the level of the orifices of the caudate ducts, may be
resected without removing liver tissue, but these instances are
uncommon.

A detailed description of the operative technique is beyond
the purpose of a textbook on hepatology. Briefly, the main steps
in the operation are as follows. A thorough laparotomy is per-
formed to detect liver and peritoneal metastases or lymph node
metastases outside the resection zone. Bulky lymph node metas-
tases in the coeliac area are considered to be a contraindication
to resection by most hepatopancreatobiliary (HPB) surgeons 
as cure is very unlikely. However, today, bulky node disease is
usually diagnosed by imaging and biopsy in the preoperative
staging period. Next, the bile duct is divided where it enters the
pancreas, and a frozen section is obtained to confirm a negative
margin. The coeliac nodes are mobilized towards the porta hep-
atis so that they are included in the specimen. With anterior
traction of the divided bile duct, the common duct and gall-
bladder are dissected up and away from the portal vein and
proper hepatic artery, leaving the latter structures bare, i.e. all
portal nodes and soft tissue are taken with the specimen. In a
low-lying Bismuth 1 tumour, the bile duct is divided a second
time at or just below the confluence of the right and left ducts,
and the specimen is removed and the upper duct margin sent 
for frozen section. In most cases, one hemiliver will have been
selected for resection. Therefore, at this point, the hepatic artery
and portal vein to the side to be resected are divided. When the
right liver is to be resected, the right hepatic artery, which nor-
mally crosses the common hepatic duct left-to-right, is divided
to the left side of the bile duct after display of the left hepatic
artery. Next, the bile duct on the side to be retained is divided as
close to the confluence of the sectional ducts on that side as pos-
sible. On the left side, this is almost at the level of the umbilical
fissure, 3–4 cm from the confluence of the right and left bile
ducts as the course of the left hepatic duct is usually long. On the
right side, the point of division of the right duct will usually 
be 1–2 cm from the confluence of the right and left ducts as the
right hepatic duct is usually short. The liver is then mobilized
taking the caudate veins and the right or left hepatic vein, and
the liver is divided close to the midplane. The specimen is sent
for frozen section of the upper bile duct margin.
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Unfortunately, cholangiocarcinomas have a well-known
propensity to spread microscopically for long distances along
the bile duct [144]. A positive resection margin occurs in
20–40% of cases even when liver resection has been done
[63,142,143,145]. The resection margin may be extended by
dividing through the termination of the sectional ducts, but
there is a limit to how far this can be carried. Mobilizing the 
portal vein in the umbilical fissure aids this manoeuvre on the
left as the bile ducts to the left lateral section pass behind this
vein [146]. The operation can also be extended by taking the left
medial section with the right liver (right trisectionectomy) or the
right anterior section with the left liver (left trisectionectomy).
The operation may also be extended by vascular resections.
Involvement of the portal vein may require replacement of the
anterior wall of this structure or circumferential resection with
anastomosis of the main portal vein to the left portal vein or, 
less commonly, the right portal vein with or without an inter-
position graft. It has been proposed to remove the anterior 
wall of the portal vein as a routine in order to obtain a higher 
rate of negative margins [143]. This recommendation lacks sup-
porting randomized data and is not routinely followed. Arterial
reconstruction of the proper hepatic artery is less commonly
performed. Pancreatoduodenectomy is performed in up to 15%
of cases in some series in order to obtain negative lower margins
or to remove potentially malignant nodes. Reconstruction of the 
biliary tract is by a Roux-en-Y hepaticojejunostomy. The Roux
limb is made at least 60 cm in length to avoid reflux of intestinal
contents into the biliary tree.

Results of surgical treatment from selected recent case series are
given in Table 4. The important trends are as follows. Portal vein
embolization [147] is becoming more common as a preoper-
ative preparation [148]. Some 15–50% of patients are found to 
be unresectable at surgery [63,142,148] but, in recent years, the
figure has been decreasing towards the lower limit of this range
[63,149]. More procedures include a major hepatic resection

[63,142,145,147–150] because the chance of achieving an R0
resection is substantially higher when a major resection is 
performed [63,142,145,147–150] (Table 4). Mortality rates are
falling. While mortality rates for series often spanning 10–15
years are still relatively high, i.e. > 5%, these rates are not
reflective of the most recent 5-year results. In these series, mor-
tality rates are usually less than 5% [63,147–150]. Morbidity
rates are still high, reflecting the magnitude of the procedure. 
R0 resection is necessary for cure; almost no patients who have
had R1 resection survive 5 years without recurrence. Even 
with R0 resection, the overall 5-year survival is only 20–35%
[63,142,145,147–150]. Factors affecting survival include R0
resection [63,148], en bloc hepatectomy [63], absence of tumour
in lymph nodes [145,148], tumour grade [63] and tumour type
with IG type (papillary) having better survival than other types
[63]. The need to perform a vascular resection is associated with
a poorer outcome in some series [93,145,149]. The value of 
pancreatoduodenectomy is unclear at this time. Most patients
requiring this addition to the procedure have had a relatively
short survival.

Lower duct tumours

The rationale and extent of the procedure is the same as that
used for pancreatic carcinoma. The procedure has reached very
low mortality rates at tertiary care centres specializing in HPB
surgery [151]. Often, the tissue of origin of the tumour, i.e.
whether pancreatic, ampullary or bile duct in origin, is uncertain
until after the specimen is examined pathologically and, even
then, doubt can remain. The main complication of this proced-
ure is a fistula from the pancreatic–jejunal anastomosis, which
occurs in 5–10% of patients [151]. Biliary fistulas occur in about
2% of patients. Patients rarely die from these complications
today because of improvements in diagnostic and interventional
radiology, intensive care and treatment of infection [151].

Table 4 Recent results of surgical resection of hilar cholangiocarcinoma in series with more than 75 patients.

Author [reference] Years of No. of % Major % R0 resection Morbidity Mortality 5-year
(year of publication) treatment patients resections (with/without (%) (%) overall

resected (3Sg or more) major resection) survival (%)

Jarnagin et al. [63] (2005) 1991–2003 106 82 78 (83/47) 62 8 29a

Nagino et al. [150] (2005)b 1999–2003 100 100 NA 67 3 NA

Kawasaki et al. [148] (2003) 1990–2001 79 87 68 14 1 33a

Lee et al. [142] (2000) 1989–1997 128 88 71 (77/23) 48 6 22a

Gerhards et al. [149] (2000) 1983–1998 112 29 NA 65 18 NA

Miyazaki et al. [145] (1999) 1981–1999 93 70 80 (80/80) 38 10 26

Neuhaus et al. [143] (1999) 1988–1998 80c 82 70 (61/29) 59d 8 22d

aCalculated. Postoperative deaths not included.
bIncludes 19 patients with gallbladder cancer.
cExcludes patients who underwent total liver resection and transplantation.
dIncludes 15 patients who underwent transplantation.

TTOC19_09  3/10/07  9:35 AM  Page 1599



1600 19 BILIARY TRACT DISEASES

Resection of part of the stomach is no longer required for lower
duct cholangiocarcinoma, although there is little or no difference
in short-term outcome or quality of life between the pylorus-
preserving and standard types of pancreaticoduodenectomy
[152]. Many patients require pancreatic enzyme replacement
after this procedure, but few become diabetic.

Five-year overall survival in recent case series varies from 
16% to 37% [153–155], and results have not improved in the 
last decade. Overall, the results of pancreatoduodenectomy for
lower bile duct cancer are much the same as those for adeno-
carcinoma of the pancreas and unlike those for ampullary and
duodenal cancers, which have a much better prognosis.

Intrahepatic cholangiocarcinomas

The principles of treatment are as for other malignant intrahep-
atic hepatic lesions. The tumour must be resected with a margin
of normal tissue to obtain microscopically free resection mar-
gins (a 1-cm tumour-free resection margin is the goal), yet leave
enough normally functioning liver tissue behind for the patient
to have adequate liver function in the postoperative period. The
size of the resection may vary from a single segment or less to
resection of three of the four hepatic sections. The role of resec-
tion of extrahepatic lymph nodes is unclear, but it is being done
with increasing frequency [156]. Lymph node positivity is com-
mon in tumours over 4.5 cm in size, but rare in patients with
smaller tumours, and lymphadenectomy might reasonably be
limited to large tumours [157].

Four recent series of patients with MF intrahepatic cholan-
giocarcinoma treated by surgical resection in 60, 35, 52 and 
104 patients reported 5-year survival rates of 29%, 33%, 34%
and 10% respectively [91,158–160]. Multivariate analyses of
prognostic risk factors identified symptomatic patient [91], pos-
itive surgical margin [159], multiple tumours [91,156], vascular
invasion [91,159], lymph node metastases [91,159] and high
microvessel counts indicative of angiogenesis [156] as predictors
of poor outcome. Mucin (MUC)4 expression in carcinoma 
tissues is also associated with poor outcome in MF intrahepatic
cholangiocarcinoma [161]. Fewer data are available for the less
common IG and PI types of intrahepatic cholangiocarcinoma.
The IG type has the best prognosis [162,163].

Liver transplantation

Liver transplantation has been performed for intrahepatic and
upper duct cholangiocarcinoma, but the results have been dis-
appointing until recently. In one series published in 1993 [164],
only 3 of 14 patients (21%) lived more than 28 months after the
procedure. Even in a more recent series, in which transplanta-
tion was performed in patients with cholangiocarcinoma in the
setting of PSC, the 5-year survival was only 35% [165]. While
these are not poor results for a visceral cancer, they must be 
evaluated with the knowledge that many patients with endstage
chronic liver disease are dying while on a waiting list for liver

transplantation, and the comparative survival rate in this group
of patients would be expected to be about 90%. However, two
American centres have reported better results for hilar cholan-
giocarcinoma. The Mayo Clinic group reported on 56 patients
who entered a trial of liver transplantation for unresectable
cholangiocarcinoma or cholangiocarcinoma in the setting of
PSC. The patients were staged by EUS and also by staging
laparotomy. All patients received neoadjuvant chemoradiation.
Approximately half the patients were transplanted, with a 5-year
actuarial survival of 82% in transplanted patients [41]. The
other group using a similar approach achieved a 5-year survival
rate of 50% [166].

Adjuvant chemotherapy or radiotherapy

One randomized controlled trial of adjuvant therapy using 
mitomycin C and 5-fluorouracil vs. surgery alone enrolled 139
patients with cholangiocarcinoma at various levels [146]. There
was no survival benefit, although there was benefit in a group 
of patients with gallbladder cancer treated with the same regi-
men [146]. External beam radiotherapy was associated with
improved postoperative survival in patients with hilar cholan-
giocarcinoma in one non-randomized trial [167]. However,
patients in the control group were treated at an earlier time
period or tended to be in poor general condition. In an earlier
study in which groups of patients with hilar cholangiocarcinoma
were more comparable, external beam radiation did not result in
improved survival [36]. Intraluminal brachytherapy does not
extend survival and is associated with an increased incidence of
complications [167]. Recurrence of cholangiocarcinoma is often
local, suggesting that adjuvant chemotherapy and/or radiation
would be beneficial but, currently, there is no evidence to sup-
port its use outside clinical trials.

Palliation

The purpose of palliation is to relieve jaundice and pruritus and
to extend life. Jaundice and pruritus are treated by stenting, usu-
ally by endoscopic or percutaneous means or, less commonly, by
surgery. Several randomized trials of surgical bypass vs. endo-
scopic intubation for lower duct tumours have been published
[168–171]. The three earlier trials favoured endoscopic stenting
[168,170,171]. Two of these trials were quite small and, in the
third [168], the surgical procedures were performed by regis-
trars; surgical complication rates were unusually high by current
standards. The reintervention rate was high in the stent group.
There was no difference in survival. In a more recent trial of
patients found to be unresectable by staging laparoscopy, sur-
gical bypass was favoured over stenting with the surgical group
achieving a longer survival [169]. The current surgical con-
sensus is that a surgical bypass should be performed by an ex-
perienced HPB surgeon in younger patients without distant
metastases or obvious peritoneal disease. When unresectability
is determined at laparotomy, a double bypass is performed to
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decompress the biliary tree and bypass the duodenum, which
may become obstructed. Surgical decompression of hilar
tumours may also be accomplished by bypass to the segment 
3 duct, the so-called Bismuth–Corlette procedure [92]. This
provides decompression of the left liver. It is usually only 
done when a patient is found to be unresectable at the time of
exploration.

Decompression with stents may be achieved by endoscopic 
or percutaneous means, with the former favoured because 
it is less invasive. Metal stents are generally used because of
improved stent patency rates. In the hilum, plastic stents also
have the theoretical disadvantage that their solid walls may block
smaller side-branches. For lesions below the bifurcation, a single
stent will decompress the entire liver. Bilateral stents or forked
stents have been used to decompress tumours obstructing the
confluence. However, it seems that a unilateral stent is often just
as effective provided that it is placed selectively, based upon a
preprocedure MRCP, on the side of the liver that will result in
decompression of the most functional liver [172]. It is essential
that the side of the liver not to be stented is not cannulated 
as that often results in cholangitis on that side, and this is 
associated with much poorer results [172]. Should inadvertent
cannulation of the side of the liver occur on the side that was 
not intended to be decompressed, then it is best to employ 
bilateral stents in order to avoid cholangitis. Intraluminal
brachytherapy has not improved results and, as reported in the
adjuvant setting, is associated with more complications [167].
Photodynamic therapy, in which an intravenously administered
photosensitizer, which preferentially localizes to cancer cells, is
activated by an endoscopic light source, is a promising palliative
therapy. In one randomized trial, survival and quality of life
were improved [173] with this technique.
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20.1 The liver in cardiovascular disease
Susan Tiukinhoy-Laing, Andres T. Blei and Mihai Gheorghiade

Involvement of the liver occurs in several cardiac diseases. It 
can be the result of acute cardiac problems [1], such as myocar-
dial infarction or shock, or be the manifestation of chronic 
disease [2], such as heart failure, constrictive pericarditis and
pulmonary arterial hypertension. In some situations, the mani-
festations of cardiac disease are subtle, and the liver abnorm-
alities dominate the clinical picture. Hepatic complications 
may also arise after cardiac surgery. Medications used for the
treatment of cardiac disease can induce specific abnormalities.

Acute cardiac events

Ischaemic hepatitis

A major consequence of a sudden decrease in cardiac output is
the development of hepatic ischaemia. The terms ‘ischaemic
hepatitis’ or ‘shock liver’ have been used to describe this entity
[3]. Others have argued for a more physiological definition by
using the term ‘hypoxic’ hepatitis [4]. Even the term ‘hepatitis’
can be questioned, as inflammatory features are seldom seen on
liver histology. Nonetheless, the term has gained wide accep-
tance as the laboratory features (very high aminotransferases)
can mimic those of other causes of acute hepatitis.

A proposed definition of ischaemic hepatitis is based on three
criteria: an underlying acute cardiac and/or circulatory failure; 
a massive increase in serum aminotransferases that is rapidly
reversible; and the exclusion of other causes of acute liver injury
[5–7]. Centrolobular hepatic necrosis is the pathological hall-
mark, but a liver biopsy is seldom required for diagnosis when 
a classic clinical picture is seen. The clinical presentation may
vary from an asymptomatic elevation of aminotransferases [8]
to a presentation of fulminant liver failure [9,10]. A low cardiac
output state may be the sole, unsuspected finding in patients
with a ‘hepatitis’-like presentation, characterized by constitu-
tional symptoms and marked elevation of aminotransferases
[11]. Regarding the presentation with fulminant liver failure,
underlying heart disease is usually present. In six patients with
underlying chronic heart failure, an episode of acute cardiac
decompensation resulted in massive liver cell necrosis. Hepatic

encephalopathy and jaundice became apparent 1–3 days after
the episode of circulatory failure, even when the haemodynamic
picture had normalized [9]. On other occasions, the diagnosis of
a heart condition is more elusive. A recent experience from the
same liver group highlights a series of 14 patients admitted to 
an intensive care liver unit in whom hypoxic hepatitis was not
suspected as a cause of acute liver failure [10]. Milder forms of
encephalopathy have also been reported [12]. Hypoglycaemia
may occur with severe liver injury, but hyperglycaemia is most
often demonstrated [7]. Regardless of the clinical manifestations,
ischaemic hepatitis carries a poor prognosis, with mortalities 
of 30–50% reflecting the severity of the underlying cardiac/
circulatory problem [13,14].

The incidence of ischaemic hepatitis is low. In an analysis of
18 000 hospital admissions, 29 subjects carried the diagnosis of
ischaemic hepatitis [13]. However, the problem will be more
evident in specialized units. A prospective evaluation during 
1 year in high-risk patients in a coronary care unit indicated 
a prevalence of 2.6% of ischaemic hepatitis [4]. A group of 91
subjects with low cardiac output was divided according to the
presence or absence of ischaemic hepatitis. The incidence of
shock was not different between the two groups, but central
venous pressure was raised to a much higher extent in patients
with ischaemic hepatitis [4].

Pathogenesis
Systemic hypotension and/or shock due to traumatic injury 
will seldom result in the type of hepatic injury seen in ischaemic
hepatitis [7]. Ischaemic liver injury occurs in the clinical setting,
repeatedly observed in several series, of a combination of 
‘forward’ failure, resulting in hepatic hypoperfusion, and 
‘backward’ failure, as a result of high central filling pressures
with subsequent hepatic congestion. Under normal conditions
[15,16], the hepatic artery maintains hepatic oxygenation when
the portal venous oxygen content varies with physiological
events such as the postprandial state. Under conditions of 
‘forward’ failure, a reduction in total hepatic blood flow can be
demonstrated [17], possibly aggravated by mesenteric arterial
vasoconstriction (the result of activation of compensatory
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release of angiotensin and vasopressin [18]). A decrease in
haemoglobin and/or arterial oxygen content may potentiate 
the reduction in oxygen delivery to the liver, as noted by the
development of ‘hypoxic’ hepatitis in patients with respiratory
failure [19]. In all these situations, the additional effect of passive
congestion of the liver will result in a reduction in sinusoidal
blood flow, resulting in less oxygen delivery to zone 3 of the 
hepatic acinus. Such events underlie the pathogenesis of cen-
trolobular necrosis [20] (Fig. 1 and Plate 20.1.1, facing p. 1268).

The generation of reactive oxygen species in the setting of
hypoxia is well described [21], the deleterious effects of which
may be augmented in the setting of ischaemia–reperfusion that
characterizes the recovery from the acute insult [22]. Serum
markers of oxidative stress were elevated in patients with
ischaemic hepatitis to a greater extent than in patients with 
circulatory shock without hepatic injury [23].

Pathology
Liver biopsies indicate that centrolobular congestion per se is 
not associated with the clinical picture of ischaemic hepatitis;
centrolobular necrosis is the pathological hallmark, even though
the two findings are correlated [20,24]. Midzonal necrosis can
be a distinct pattern of injury, sometimes associated with, but

present even in the absence of, centrolobular necrosis [25]. In
more severe cases, damaged endothelia, rupture of sinusoids
and extravasation of red cells in zone 3 can be demonstrated. 
Infiltration with polymorphonuclear leukocytes can be seen, 
but this is not a universal finding. Review of autopsy findings
indicates a clear association between ischaemic hepatitis and
renal and adrenal ischaemic injury [24]. The reverse is not 
necessarily the case; the kidneys are affected more commonly
than the liver by the combination of pathogenic events depicted
in Figure 1.

Laboratory findings
Both aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) rise to similar levels; lactate dehydrogenase (LDH)
can be conspicuously increased, more than in subjects with viral
hepatitis. The time course of the change in aminotransferase 
levels is important for the differential diagnosis, as values return
towards normal by the sixth day, in contrast to persistent eleva-
tions seen in viral or drug-induced hepatitis. Mild hyperbilirubi-
naemia can be demonstrated; mean values showed doubling of
the upper limit of normal in a series of 34 patients [8]. Alkaline
phosphatase is seldom more than twice normal, and the pro-
thrombin time will vary according to the extent of the injury.

Heart failure

Liver Kidney

Bowel

Increased
filling pressure

Reduction in
hepatic blood flow

Vasopressin
release

Renin

Angiotensin

Splanchnic
vasoconstriction

Decrease
in output

Fig. 1 The consequences of heart failure 
on the liver arise from both ‘forward’ and
‘backward’ mechanisms. A decrease in output
will not only result in a reduction in splanchnic
blood flow, but the neurohumoral response
(release of vasopressin, angiotensin)
potentiates the reduction in hepatic blood
flow. The increased filling pressures in the right
heart result in prolongation of circulation times
in the liver and aggravate hepatic oxygenation.

TTOC20_01  3/10/07  9:39 AM  Page 1610



20.1 THE LIVER IN CARDIOVASCULAR DISEASE 1611

Parameters of renal function can also be deranged, reflecting
similar pathogenic mechanisms.

Acute myocardial infarction

The repercussions of an acute myocardial infarction will depend
on the size of the infarct and the underlying heart condition.
Still, abnormal hepatic chemistries can be seen in patients with
uncomplicated myocardial infarction. In a series of 17 patients,
without hypotension or congestive heart failure, retention of
bromosulphophthalein, a dye eliminated in the liver, was in-
creased threefold [26]. However, this may reflect alterations in
hepatic blood flow rather than true alterations in hepatocellular
function. A state of haemodynamic congestion may develop
abruptly, with higher left ventricular end-diastolic pressure and
right-sided filling pressures. The AST level can increase as a result 
of myocardial injury, with values averaging 200 IU/mL; ALT 
and the LDH5 isoenzyme are unchanged for the most part.
Unconjugated bilirubin can be elevated, normalizing by day 5.
The source of the latter rise most probably reflects alterations in
bilirubin uptake.

Complicated myocardial infarctions, including acute mitral
regurgitation, ventricular septal defect and rupture of chordae
tendinae, resulting in a combination of severe heart failure and 
a low output state, can lead to ischaemic hepatitis [27], as dis-
cussed in the previous section. Streptokinase, used as a throm-
bolytic agent, may rarely result in jaundice [28].

Liver injury has been reported after cardiopulmonary resus-
citation, including the development of traumatic liver tears 
[29], resulting in haemoperitoneum [30]. Autopsy studies show
3% of livers exhibiting lacerations following external cardiac
massage [24]. This may occur more often in children as a 
result of their relative size.

Postsurgical liver dysfunction

Postoperative jaundice can occur as a result of multiple factors
(see Chapter 2.4.3). In the case of cardiac surgery, specific factors
have been postulated, including the degree of heart failure, the
age of the subject and the bypass time. In an analysis of over 3000
cases of different types of cardiac surgery, hepatic dysfunction
occurred in 3.2% of cases, defined as a serum bilirubin of 
> 3 mg% [31]. Decreased perioperative hepatic blood flow and
an increased bilirubin load were associated with liver dysfunc-
tion. Patients exhibiting liver problems required more pro-
longed mechanical ventilation, had a longer stay in the intensive
care unit and had a higher mortality rate.

More specifically, in the case of cardiopulmonary bypass
surgery, a prospective evaluation noted postoperative jaundice
in 20% of subjects [31]. Jaundice was detectable by day 2 and
was not associated with hypotension, hypoxia or hypothermia.
It occurred more frequently with multiple valve replacement,
long bypass time and high transfusion requirements, but also
occurred after uncomplicated surgery. Haemolysis was not a

major factor, and a defect in the hepatic excretion of bilirubin
was suggested. ‘Shock’ liver was not seen in those subjects who
came to autopsy.

However, in another prospective series of 154 patients, the
preoperative severity of right heart failure as well as hypotension
or hypoxaemia during the procedure was associated with post-
operative jaundice [32]. Measurements of hepatic blood flow
using the galactose clearance technique, before and during 
cardiopulmonary bypass, showed an average reduction of 19%
[33]. The development of postoperative jaundice after cardiac
surgery is multifactorial [34].

Children and cardiac surgery
Cardiac surgery in children can be associated with postoperative
liver failure [35]. Special consideration arises from the experi-
ence with the Fontan procedure. Used for unique congenital
defects such as tricuspid atresia and single ventricle, it rests on
the premise that blood can flow through the lungs without the 
assistance of a pumping right ventricle; essentially, the vena cava
(or the right atrium) is connected directly to the pulmonary
arteries.

Almost two-thirds of patients who undergo this procedure
exhibit abnormalities of liver chemistries [36]. The most 
common biochemical abnormality was a prolongation of the
prothrombin time. Hepatic cirrhosis has been described [37],
even progressing to the development of hepatic adenomas 
and hepatomas. Increased hepatic venous pressures underlie the
pathogenesis of hepatic complications after this procedure, as
shown by direct pressure measurements as well as a compatible
histology revealing fibrous septa bridging hepatic veins.

Viral hepatitis
Postoperative acquisition of non-A, non-B hepatitis, a common
problem after transfusion for cardiopulmonary bypass surgery
[38], has been virtually eliminated since the discovery of hepatitis
C. Both hepatitis B and C can be transmitted by cardiothoracic
surgeons [39].

Chronic cardiac events

Congestive heart failure

Coronary artery disease and arterial hypertension are the cur-
rent leading causes of heart failure. Multiple organs are affected
in decompensated heart failure (Fig. 1). The term congestive
hepatopathy, in contrast to ischaemic hepatitis [40], has been
coined to reflect the importance of passive hepatic venous con-
gestion in the clinical and pathological manifestations.

Clinical manifestations
In a series published more than 50 years ago, hepatomegaly was
observed in more than 90% of patients with both acute and
chronic congestive heart failure [4]. The liver edge is smooth and
firm. A positive hepatojugular reflex can be elicited after hepatic
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compression. While splenomegaly was seen in 20% of subjects
with chronic congestive heart failure [42], its presence should
raise the possibility of more advanced liver disease with portal
hypertension. The incidence of right upper quadrant pain is
variable, more often seen with acute congestion as a result of
stretching of the liver capsule. Nausea and vomiting can be
prominent [42].

Ascites was diagnosed clinically in approximately one-third 
of patients with congestive heart failure [42]. Protein concen-
tration was > 2.5 g/dL in 13 subjects studied systematically 
(of 43), who all exhibited a serum–ascites albumin gradient 
of > 1.1 g/dL. Ascitic fluid LDH and red blood cell count were
higher than in a group of patients with ascites as a result of cirr-
hosis. Of note, in a group of 262 patients with ascites, cardiac
ascites represented only 5% of the entire cohort [43]. Periph-
eral oedema and pleural effusion may be present as part of the 
signs of congestive heart failure.

Cardiac cirrhosis may occur with longstanding hepatic con-
gestion. Encephalopathy may develop [44], and ascites may 
be prominent. The course of the liver disease is dependent on 
the evolution of the heart condition. Abnormalities of liver
chemistries predict mortality in chronic heart failure. Outcomes
were examined in 552 patients with heart failure at initial evalua-
tion and followed for a maximum of 13 years [45]. Multivariate
analysis of laboratory variables indicated elevations in AST and
bilirubin adversely affecting outcome. The relative risk of death
for an increase of one unit of AST (U/L) was 1.011 and for biliru-
bin (µmol/L) was 1.035.

Laboratory tests
Jaundice is unusual, occurring in 5–15% of patients [46,47].
The latter series included patients with very high values, up to 
22 mg/dL, suggestive of additional injury. Mild elevations in
serum bilirubin, of up to 3 mg%, may be seen in up to 80% of
individuals [46,48]. Indirect hyperbilirubinaemia predominates,
and its presence reflects alterations in hepatic blood flow and
bilirubin uptake. When seen within the context of a differential
diagnosis of a high bilirubin, 8 of 661 patients (1.2%) with 
heart failure had jaundice as their presenting symptom [49].

Only mild elevations in alkaline phosphatase are noted, with-
out correlation with changes in serum bilirubin or aminotrans-
ferases. Very prominent hepatomegaly may be associated with a
further increase in alkaline phosphatase values [46], probably as
a result of an impairment in canalicular bile flow. In this series 
of 175 patients, aminotransferases were elevated in 50% of 
subjects with acute congestion, but in only 5% of individuals
with chronic heart disease. Values were mostly between 40 and 
80 IU/mL; marked elevations in aminotransferases suggest the
presence of ischaemic hepatitis (see above). An increased LDH
may also be present in 20–60% of individuals.

A prolongation in prothrombin time can be seen in up to 80%
of individuals [46] and, if poorly responsive to the administra-
tion of vitamin K, the presence of hepatocellular dysfunction is
likely. Caution should be exercised with the administration of

warfarin in these circumstances. The prolonged prothrombin
time improves with the resolution of cardiac failure. Albumin
levels may be decreased in 30–50% of subjects, with most values
between 2.5 and 2.9 g/dL. Mild elevation in total globulins can
also be detected in 50% of patients, with lack of resolution after
correction of the cardiac failure.

A detailed examination of liver chemistries according to 
cardiac haemodynamics was performed in 133 patients [48].
Patients were divided according to their cardiac index (CI).
Patients with CI ≥ 1.5 L/min/m2 had minimal elevations in alka-
line phosphatase and reduction in albumin, whereas gamma-
glutamyltransferase (γ-GT) and bilirubin were slightly increased
in the group with a CI between 1.5 and 2.0 L/min/m2. Only in
subjects with a CI < 1.5 L/min/m2 were changes more conspicu-
ous, with 27–80% showing some or multiple abnormalities:
mean AST 65 IU/mL, ALT 77 IU/mL and bilirubin 29 µmol/L
(1.7 mg/dL). Liver chemistry abnormalities were weakly corre-
lated with the actual value of CI and right atrial pressure; the
combination of reduced forward flow and increase backward
congestion was thought to explain the laboratory abnormalities.

Pathology
Traditional macroscopic descriptions of the liver with passive
congestion describe a ‘nutmeg’ appearance upon sectioning, 
the reflection of passive congestion. A large autopsy series of 
103 patients (in whom preterminal hypotension was excluded)
noted the predominance of congestion with variable necrosis 
in 75–100% of cases, somewhat lower prevalence of hepatic
fibrosis (also termed cardiac sclerosis; 33–88%) and even lower
prevalence of necrosis with an inflammatory reaction (18–33%)
[20]. Canalicular cholestasis was seen in only 12% of specimens.
Nodular regenerative hyperplasia was found occasionally. Full-
blown cirrhosis was seen in only one individual. Hepatic findings
were similar in atherosclerotic, valvular heart and hypertensive
heart disease as well as in the presence of cardiomyopathy.

Pathogenesis
Passive congestion results in haemodynamic changes in the
liver, characterized by sinusoidal dilatation and a decreased
sinusoidal transit time. As a result, hepatic oxygen extraction will
increase, and oxygen availability in zone 3 will be reduced [16].
However, overt hepatocyte necrosis is unusual, with atrophy 
of hepatic cords in the centrolobular area being a prominent
finding.

Movement of plasmatic fluid into the space of Disse, repres-
enting the interstitial fluid compartment, occurs as a result of
the increase in venous pressure. Ascites develops when drainage
of the space of Disse through the lymphatic system is over-
whelmed and fluid moves towards the hepatic capsule [43]. This
change explains the high protein content of the ascitic fluid 
seen in this condition. While absolute sinusoidal pressure may
increase, a collateral portal–systemic circulation does not develop
and oesophageal varices are absent. The transmission of the high
right ventricular pressure to a similar extent into both the 
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hepatic vein and the inferior vena cava precludes the movement
of blood from the portal venous system to the azygos/vena cava
system.

A detailed histological examination of autopsied liver in 25
cases with congestive heart failure provides novel insights into
the development of hepatic fibrosis [50]. The traditional obser-
vation has been the increase in hepatic collagen in the centro-
lobular areas. Parenchymal fibrous septa connect the affected
centrolobular areas. But, in this study, the distribution within
the liver was noted to be highly variable. More importantly, 
intimal fibrosis and obstruction of small and medium hepatic
veins were seen in such livers, with a morphology suggestive 
of organized thrombosis. A venular lesion had been described
for some years [51]. The authors took this observation one step
further and hypothesized that such thromboses originate in
sinusoids and propagate to the hepatic veins, resulting ultimately
in the development of parenchymal extinction and fibrosis.

Treatment
The liver condition improves if the congestive heart failure comes
under control. Cardioversion-induced fulminant ischaemic
hepatitis may reflect the reduction in cardiac output that can
occur after the restoration of sinus rhythm [52]. If cirrhosis is
present, afterload reduction may increase splanchnic blood
flow, a measure that could result in a further increase in hepatic
sinusoidal pressure and aggravation of ascites.

The pharmacokinetics of drugs used in the treatment of 
cardiac disease may be affected by the concomitant liver involve-
ment [53]. Hepatic elimination of lidocaine is dependent on
hepatic blood flow, and dosage adjustments may be required
[54]. Caution should be exercised with other drugs that undergo
preferential hepatic clearance (propranolol, nitrates). The use of
calcium channel blockers has been associated with increased
mortality in the setting of hepatic ischaemia [55]. Several types
of hepatic injury, most of them due to idiosyncratic reactions,
may occur with drugs used for cardiovascular disease (Table 1
and Chapter 14.1). Of these, amiodarone is noticeable for being
associated with both acute [56] and chronic [57] liver injury.
The former may reflect the intravenous administration of the
drug [56].

Constrictive pericarditis

The presence of prominent ascites with scant findings suggestive
of a cardiac condition can lead to a misdiagnosis of primary liver
disease. Constrictive pericarditis is seen in patients with a history
of infections (mainly tuberculosis), uraemia, connective tissue
disease (systemic lupus erythematosus) and post trauma,
including cardiac surgery. A careful history may provide useful
diagnostic clues [58].

Confusion with established liver disease arises from the 
presence of varying degrees of hepatomegaly. Other physical
findings can be more subtle and are better described in special-
ized textbooks. A pulse of small volume with a reduction in 

arterial pressure during inspiration may be present. A pro-
minent ‘y’ descent may be seen in a jugular waveform, and 
a pericardial ‘knock’ may be heard. A hepatic pulsation may 
be detected when an open communication exists between the 
right atrium and the hepatic veins [59] (i.e. if the constricted
pericardium does not impinge on the right atrium/inferior vena
cava connection site).

Ascitic fluid protein can be markedly elevated, with a high
serum–ascites albumin gradient [43]. Chylous ascites may also
be present [60]. Cardiac imaging and cardiac catheterization can
reach a definitive diagnosis, the latter also allowing measure-
ments of hepatic venous pressure gradients and, hence, the
exclusion of parenchymal liver disease and/or hepatic vein
obstruction as a cause of the ascites [61].

Patients were studied 1–25 years after surgical correction of
constrictive pericarditis, mainly due to tuberculosis. Bromo-
sulphophthalein retention at 45 min was abnormal in all 29 
subjects studied [62]. The authors postulated a detrimental
effect on the liver as a result of passive congestion that is still 
present after correction of the underlying cause.

Other cardiac diseases

Ischaemic cardiomyopathy may present with hepatic failure as
its initial manifestation in the absence of symptoms suggestive of
congestive heart failure. Alcoholic cardiomyopathy is a frequent
cause of dilated cardiomyopathy, and its presence may aggravate
the course of alcohol-induced liver injury [63].

Patients with mitral valve disease in New York Heart
Association (NYHA) functional class II–III and a normal biliru-
bin concentration showed a normal uptake of radiolabelled
bilirubin [64]. However, they also showed a delayed elimination
of conjugated bilirubin, which the authors related to a decrease

Table 1 Hepatic toxicity associated with the use of drugs for cardiac
conditions.

Liver condition Drug

Acute hepatitis Acebutolol, aprindine, benzarone, 

captopril, diltiazem, enalapril, 

hydralazine, labetalol, linisopril, 

methyldopa, metoprolol, 

nifedipine, quinidine, verapamil

Chronic hepatitis/cirrhosis Benzarone, labetalol, methyldopa

Cholestasis, cholestatic hepatitis Atenolol, captopril, disopyramide, 

enalapril, hydralazine, 

methyldopa, prajmaline, 

procainamide, propafenone, 

warfarin

Granulomatous hepatitis Diltiazem, hydralazine, perhexiline, 

procainamide, quinidine, quinine

Phospholipidosis Amiodarone

Non-alcoholic steatohepatitis Amiodarone, perhexiline
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in hepatic blood flow, as the abnormality was inversely related to
the CI. Similar changes were not seen in patients with aortic
valvular disease.
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Involvement of the liver in pulmonary diseases is not a frequent
finding. Some diseases can affect both liver and lung, such as 
cystic fibrosis (see Chapter 16.4), sarcoidosis (see Chapter 20.12)
and alpha-1-antitrypsin deficiency (see Chapter 16.3). The main
impact of lung disease on liver function is the result of hypo-
xaemia. Even in lung conditions that arise from liver disease, 
such as the hepatopulmonary syndrome (see Chapter 7.7), the
prominent hypoxaemia affects the course of liver failure. A brief
discussion of the pathophysiological consequences of hypoxia is
in order.

Hypoxia

At sea level, the fraction of inspired oxygen is 0.21, which results
in an alveolar oxygen partial pressure of ~ 150 mmHg, an arte-
rial Po2 of ~ 100 mmHg (equivalent to 16% oxygen concen-
tration) and a venous Po2 of ~ 40 mmHg (5–6% oxygen).
However, during many pathophysiological conditions, severe
alveolar hypoxia may develop. For example, during the ascent to
high altitude, a decrease in alveolar oxygen tension occurs as the
result of a lower barometric pressure. Severe alveolar hypoxia

during either ascent to high altitudes or in patients with pul-
monary oedema and/or acute respiratory distress syndrome can
be attributed to hypoxic pulmonary vasoconstriction, increased
vascular permeability and inhibition of fluid reabsorption from
the alveolar spaces [1–3].

Mitochondria as an oxygen sensor

As cells are exposed to decreasing concentrations of oxygen,
there is a time-dependent increase in the generation of 
mitochondrial reactive oxygen species (ROS), which peaks at 
~ 150 min of exposure and then returns to basal levels [4,5].
Furthermore, hypoxic induction of mitochondrial ROS has
been shown to be required for a variety of cell responses to
hypoxia, including gene transcription and oxidative modifica-
tion of DNA, factors that result in pulmonary artery vasocon-
striction [6,7] (Fig. 1).

Maintenance of oxygen homeostasis is required for the sur-
vival of higher organisms. Mammalian cells detect decreases in
oxygen concentration to activate a variety of responses that help
cells to adapt to low oxygen levels (hypoxia). The transcription
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factor, hypoxia inducible factor (HIF), has a crucial role in oxy-
gen homeostasis by integrating the decrease in oxygen levels to
increase hypoxic gene expression. How cells sense the decrease
in oxygen levels to elicit an increase in HIF-dependent stabiliza-
tion has been described recently in elegant studies [8–10].

In the lung, epithelial hypoxia results in the increased produc-
tion of ROS, which activate protein kinase C (PKC), which in
turn phosphorylates serine residues of the Na+–K+ATPase 
N-terminus, causing its endocytosis from the plasma membrane
into intracellular compartments with the resultant inhibition 
of the Na+ pump function [11]. A similar role for ROS in the
induction of hypoxia-induced inhibition of Na+–K+ATPase 
has been shown recently in trout hepatocytes [12]. More pro-
longed hypoxia results in ubiquitination and degradation of the
Na+–K+ATPase [13].

In the liver, several pathophysiological processes are affected
by hypoxia. Inhibition of the release of hepatocyte growth factor
and decreased expression of its receptor, c-Met, may contribute
to the failure of liver regeneration in the liver with experimental
cirrhosis [14]. The hypoxia-induced release of angiogenic 
factors, such as vascular endothelial growth factor (VEGF), may
contribute to angiogenesis after biliary cirrhosis in the rat [15].
Similar findings have been reported in rats with dimethylni-
trosamine-induced cirrhosis [16].

Hypoxia-induced angiogenesis may be important for the
development and progression of hepatic fibrosis as well as 
hepatocarcinogenesis. Experimental studies indicate that hepa-
tocellular hypoxia and angiogenesis evolve in parallel to hepatic
fibrogenesis after liver injury, implying a direct contribution of
hypoxia to liver fibrosis [16]. In stellate cells, hypoxia prevents
the prolyl-hydroxylase-mediated ubiquitination and degrada-
tion of HIF-1α, which allows the latter molecule to signal and
increase VEGF production [17]. Such upregulation of HIF-1α
and subsequent VEGF production may be important in tumour
progression after chemoembolization for hepatocellular carci-
noma [18].

Liver function in chronic pulmonary
disease

The repercussion of chronic pulmonary disease on liver func-
tion will depend on the interplay between the degree of arterial
hypoxaemia, hypercapnia and the height of the right atrial 
pressure; the nature of left ventricular function (with possible
‘forward failure’) also needs to be considered. While the role 
of these different variables can be dissected in the experimental
setting, they are more difficult to separate in human disease.

One study demonstrated higher liver chemistries (bilirubin,
aminotransferases, γ-glutamyltransferase and alkaline phos-
phatase) in patients with chronic pulmonary disease [19]; such
abnormalities were found when the Pao2 fell below values of 
60 mmHg. Such a view is supported by findings in severe
asthma, especially during status asthmaticus; elevated amino-
transferases were related to the severity of the episode [20,21].

However, in chronic bronchitis, no abnormalities in liver
chemistries were seen in patients with values of Pao2 between 44
and 83 mmHg [22]. The authors suggested that heart failure is
required to express liver chemistry abnormalities in the setting
of chronic pulmonary disease.

A recent study has shed further light on this controversy [23].
In a prospective evaluation of 142 episodes of hypoxic injury 
to the liver, 17 were related to an acute exacerbation of chronic
respiratory failure without left ventricular cardiac failure. Liver
chemistries of ‘hypoxic hepatitis’ were conspicuous, with a peak
aspartate aminotransferase (AST) of 3115 IU/L and alanine
aminotransferase (ALT) of 2115 IU/L; bilirubin was only slightly
elevated (2.3 mg%), but prothrombin activity was impaired
(35%). Results were compared with patients with hypoxic injury
in the setting of congestive heart failure (positive control) and
with subjects with respiratory failure without hepatic injury
(negative control). Arterial hypoxaemia was more severe in the
study group, with a mean Pao2 of 34 mmHg (vs. 70 mmHg and
45.5 mmHg in the other two groups) with good left ventricular
function. However, an elevated central venous pressure was also
seen in the study group, suggesting that the liver is injured as a
result of the combined effects of low oxygen delivery and passive
congestion.

The liver in obstructive sleep apnoea

In obstructive sleep apnoea, nocturnal arterial oxygen desatura-
tion can result in hypoxaemia. It is more commonly seen in
patients with obesity and features of the metabolic syndrome,
and has been postulated to accelerate the atherogenic process 
by initiating oxidative stress [24]. The liver may be affected by
similar pathways. After a report of a well-described obese patient
with hypoxic hepatitis [25], studies in two additional patients
showed liver injury with normal right and left ventricular func-
tion [26]. Echoing the controversy depicted in the previous
paragraph, the authors suggested a pathogenic role for severe
arterial hypoxaemia in the absence of cardiac and circulatory
failure.

In a series of 40 obese patients with obstructive sleep 
apnoea, elevated aminotransferases were seen in 35% of patients
[27]. However, liver biopsies were not obtained, and elevated
aminotransferases may reflect the presence of underlying non-
alcoholic fatty liver disease (NAFLD) in the obese. Continuous
positive airway pressure (CPAP) was administered for up to 
6 months, with a significant reduction in aminotransferases at 
1 and 6 months. High serum leptin levels, which may contribute
to hepatic injury in obese patients, were reduced by CPAP
administration.

Could obstructive sleep apnoea result in chronic liver injury?
A prospective series from France suggests that severe sleep
apnoea is a risk factor for more severe manifestations of NAFLD
[28]. In 163 patients who were not consuming alcohol, severe
sleep apnoea was seen in 27% of the cohort. In a multivariate
analysis, a high body mass index (BMI) and severe sleep apnoea
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were associated with high aminotransferases. Patients with
severe apnoea had evidence of more insulin resistance as well as
higher scores of steatosis, necrosis and fibrosis on liver biopsy,
independent from the BMI. Some biopsies also exhibited lobular
hepatitis, suggesting direct liver effects from hypoxia.

Other metabolic consequences of hypoxia have been noted 
in the obese liver: nocturnal hypoxaemia was correlated with
activation of CYP2E1 in non-diabetic patients with biopsy-
proven non-alcoholic steatohepatitis [29].

Pneumonia

Chapter 10.1 discusses the liver involvement in bacterial infec-
tions. The association of pneumonia with abnormal liver
chemistries has been recognized for a long time [30]. The 
pattern of liver chemistries may provide clues to the type of
infectious pneumonia. Lobar pneumonia may be associated
with elevations in bilirubin; aminotransferases predominate in
Legionnaire’s disease, psittacosis and Mycoplasma pneumoniae
infection, while alkaline phosphatase is prominent in Q fever.
Cytomegalovirus pneumonia can result in jaundice and eleva-
tion of alkaline phosphatase and aminotransferases [31].

In pneumococcal pneumonia, jaundice occurs in 3–25% of
cases, even after the advent of antibiotic therapy [32]. Liver
chemistry abnormalities, which are reversible, are even more
frequent in the presence of bacteraemia [33]. A group of 28
patients with lobar pneumonia and jaundice were compared
with 70 subjects with similar lobar pneumonia but who were not
icteric [34]. Jaundice was associated with the male sex, showed 
a higher prevalence with right lower lobe consolidation, and
patients exhibited right upper quadrant tenderness. Jaundice
developed between the 3rd and 6th days of illness, but was 
not associated with a poorer outcome. Surprisingly, haemolysis
was found in the jaundiced cohort, as a result of glucose-6-
phosphate deficiency [35]. Liver biopsies showed evidence of
cholestasis [36]. Microsomal function appeared to be impaired,
as assessed by antipyrine clearance [37]; this may be important
at the time of choosing the appropriate antibiotic therapy.

Legionnaire’s disease arises from infection with Legionella
pneumophila. In the initial reports in the late 1970s, increases 
in aminotransferases and alkaline phosphatase were reported 
in almost 50% of affected individuals [38]. The prevalence
appeared to be lower in subsequent series [39], although 
jaundice was reported in 11/30 subjects with severe community-
acquired legionella pneumonia [40]. In the latter series, use of
rifampicin was associated with the development of jaundice, a
known effect of the drug. Liver biopsy findings included both
portal and lobular alterations: chronic portal inflammation, 
the presence of polymorphonuclear leukocytes in the lobule,
Kupffer cell hyperplasia and centrolobular congestion [41,42].
These findings are not specific, and the procedure is seldom
indicated.

Reports of Legionnaire’s disease in allograft recipients have
included liver transplant recipients, a finding that highlights a

permissive role for immunosuppression in the development of
infection. In one hospital outbreak, this required renovation of
the surgery unit’s hot water system [43]. The infection in such
patients can be severe, including the development of cavitary
pneumonia [44].

The liver in granulomatous disorders
that can affect the lung

See sarcoidosis (Chapter 20.12), tuberculosis (Chapter 10.1) and
histoplasmosis (Chapter 10.2).

Histiocytosis

While this term encompasses a wide range of entities [45], we
will focus on Langerhans cell histiocytosis (LCH). This entity
has undergone changes in nomenclature, relegating terms such
as histiocytosis X, eosinophilic granuloma (a localized disease in
bone and lung), Letterer–Siwe and Hand–Schuller Christian
disease (systemic disorders). The characteristic feature is the
pathological accumulation of the Langerhans cell, a bone 
marrow-derived dendritic cell that expresses the Cd1a glycopro-
tein and plays an important role in the presentation of for-
eign antigen [46]. The cell contains a unique intracytoplasmic 
inclusion, the Birbeck granule, which allows its histological
recognition. In LCH, there is a clonal expansion of this cellular
element [47].

This entity is mainly, but not exclusively, seen in the paedi-
atric population. A retrospective review of 348 cases showed 
a median age at diagnosis of 30 months [48]. One-third had 
isolated unifocal or bifocal bone involvement, 19% had multi-
focal bone involvement, 39% soft tissue involvement without
organ dysfunction and 11% had organ dysfunction. The disease
spectrum is wide, including the involvement of bones, lung,
liver, thymus, spleen and bone marrow. Otitis media, diabetes
insipidus and prominent lymphadenopathy can be present.
Lung manifestations can be severe, although a unique entity,
pulmonary Langerhans cell histiocytosis [49], refers to an
uncommon disorder of young adult smokers.

A series of 182 patients noted 36 children (20%) who pre-
sented with liver involvement, as defined by palpable hep-
atomegaly or abnormal liver chemistries [50]. Cholestasis was
seen in 12; unique ultrasound findings included periportal
hyperechogenicity or a hypoechoic periportal halo. Biopsy and
cholangiographic findings indicated the presence of sclerosing
cholangitis in 11/12 subjects. Otherwise, liver biopsies may 
not show evidence of LCH, with a wide range of changes, includ-
ing bile duct proliferation, variable fibrosis with histiocytic
infiltrates and cirrhosis [51].

The presence of sclerosing cholangitis, even in the absence of
demonstrable histological involvement with LCH, was noted in
small series in the 1980s [52,53], in which evolution towards liver
failure was noted. Such biliary lesions were also seen in adults
[54]. Both paediatric [50,55] and adult [56] liver transplantation
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has been performed, with reports of clinical improvement and
control of the underlying disease. The decision to perform a liver
transplant is made simpler if the patient does not respond to
current chemotherapeutic approaches.

A proliferation of cytologically benign histiocytes can be seen
in the haemophagocytic syndrome, usually in bone marrow,
spleen or lymph nodes, associated with fever, splenomegaly and
pancytopenia. Hepatic involvement has been reported, with
abnormal liver chemistries and jaundice [57]; liver failure may
ensue. Liver biopsy characteristically shows sinusoidal dilatation
with haemophagocytic histiocytes (Fig. 2). The syndrome can 
be associated with underlying conditions of altered immunity,
infection and neoplasia (such as leukaemia and lymphoma). It
has also been reported after liver transplantation [57].

Liver involvement in carcinoma of the
lung

Small cell carcinoma of the lung can exhibit overt liver involve-
ment in approximately 30% of cases [58]. Liver involvement
may range from mild to moderate elevations in liver chemistries
[59] to presentation of the disease as massive infiltration of the
liver with fulminant hepatic failure [60,61]. Icteric presentations
may be seen with a large metastatic volume, a poor prognostic
sign, resulting in death within 8 months; however, in a series of
12 patients, three had obstruction of the biliary tree by pancre-
atic metastases with a better outcome [62].

In non-small cell lung cancer, non-invasive staging can now
be carried out with a wide range of modalities. However, a
review of the published literature indicates a high negative 
predictive value for clinical assessment in the ascertainment of
hepatic metastases (physical examination and laboratory tests)
[63]. Thus, while positron emission tomography (PET) scan-
ning has the best sensitivity and specificity for the detection of
mediastinal involvement, the need to include additional imag-
ing for liver involvement depends on the clinical setting [64].
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The hepatobiliary system and the alimentary tract are closely
linked embryologically, physiologically, biochemically and
anatomically, with all mesenteric venous drainage ascending via
the portal vein into the liver. It is not surprising, therefore, that
the liver is especially vulnerable to the development of complica-
tions from many different gastrointestinal diseases, particularly
inflammatory bowel disease and malabsorption syndromes.

Hepatobiliary complications of
inflammatory bowel diseases

The first association between colonic ulceration and liver disease
was made in 1873 by Thomas, who described a young man who
died of a ‘much enlarged, fatty liver in the presence of ulcera-
tion of the colon’ [1]. The association was confirmed by Lister 
in 1899, who reported a patient with ulcerative colitis and 
secondary diffuse hepatitis [2]. Over the next 100 years, it has
become well established that there is a close relationship
between inflammatory bowel disease and various hepatobiliary
disorders. These disorders are listed in Table 1.

In the last 30 years, a different concept of hepatobiliary dis-
order in inflammatory bowel disease has emerged. It is now ap-
parent that the major hepatobiliary diseases seen in association 
with both ulcerative colitis and Crohn’s disease, namely primary
sclerosing cholangitis (PSC), cirrhosis, cholangiocarcinoma and
most cases of autoimmune hepatitis, represent different aspects
of the same spectrum of hepatobiliary disease.

Prevalence of liver disease

The prevalence of liver disease in patients with ulcerative colitis
and Crohn’s disease has varied widely in different series. The dis-
crepancy between the series may be largely due to differences in
the number of patients included with severe, active or extensive
inflammatory bowel disease, and also in the method used to
investigate liver dysfunction.

Abnormal liver function tests are found in over half of
patients with inflammatory bowel disease requiring surgery and
are due to a number of factors such as malnutrition, sepsis, total

parenteral nutrition and blood transfusions with the subsequent
risk of viral infection. However, significant liver disease is much
less common. The true prevalence of hepatobiliary abnormal-
ity is difficult to determine, as it would involve obtaining liver 
histology and cholangiography from an unselected group of
patients with inflammatory bowel disease. Most series, there-
fore, have relied upon detecting persistent abnormalities on
serum biochemical testing before proceeding to hepatic biopsy
or endoscopic retrograde cholangiography. Technological
advances such as magnetic resonance cholangiography and
spectroscopy will allow more accurate assessments of the pre-
valence of liver abnormality to be made in the future.

In an early study from Oxford, 5–6% of 300 unselected 
adult patients with ulcerative colitis had significant histological
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Table 1 Hepatobiliary disorders associated with inflammatory bowel
disease.

Associated with

Ulcerative Crohn’s
colitis disease

Primary sclerosing cholangitis (PSC)

Large duct PSC + +

Small duct PSC (‘pericholangitis’) + +

Cirrhosis + +

Hepatoma + +

Cholangiocarcinoma + +

Miscellaneous disorders

Fatty liver + +

Granulomas +

Amyloidosis +

Hepatic abscess +

Gallstones +

Autoimmune hepatitis +

Primary biliary cirrhosis (+)

Budd–Chiari syndrome (+) (+)

+, definite association; (+), possible association.
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abnormalities on hepatic histology compared with 10% of 100
unselected patients with Crohn’s disease; none of these patients
underwent cholangiography [3,4]. A group of 336 Norwegian
patients with ulcerative colitis and persistently abnormal liver
function tests were investigated using cholangiography [5]. This
study found that more than 14% of patients had some form of
hepatobiliary disease and 5% of all patients had PSC, although
most were asymptomatic (Table 2).

Similar results were obtained in 1500 Swedish patients with
ulcerative colitis [6]. In this thorough study, endoscopic cholan-
giography was obtained in 65 out of 72 patients with elevated
values of serum alkaline phosphatase. PSC was diagnosed in
3.7% of the ulcerative colitis group. The prevalence was 5.5% 
in patients with extensive colitis and only 0.5% in patients with
distal disease [6]. This figure may be an underestimate, as a study
from the Mayo Clinic has shown that standard liver function
tests may be normal despite the presence of PSC on cholangio-
graphy [7].

PSC is also associated with Crohn’s disease, but has only been
reported in patients with extensive colonic involvement. One
study from Norway has suggested that PSC is as common in
patients with colonic Crohn’s disease as it is in ulcerative colitis
[8]. Although studies to date have suggested a prevalence of
1.3–13% of PSC among Crohn’s patients, some of the patients
with PSC were diagnosed as Crohn’s disease solely on the basis
of rectal sparing, which is observed in 25% of patients with 
PSC and ulcerative colitis [8,9]. It is likely, therefore, that the
prevalence of Crohn’s disease may have been overestimated in
PSC patients.

The prevalence of hepatobiliary abnormalities with normal
liver function tests in patients with ulcerative colitis has been
investigated in a study from Sweden [10]. Liver biopsies were
assessed from 74 patients with ulcerative colitis and normal liver
function tests. A total of 50% had a completely normal liver
biopsy. The biopsies of three patients with total colitis displayed
concentric periductular fibrosis, and the rest showed minimal
portal inflammation or fatty infiltration. The patients were then
followed for a mean of 18 years. None of the three patients 
with concentric fibrosis developed abnormal liver function 
tests, although cholangiography was not performed. Two other
patients developed liver disease, cirrhosis in one and autoim-
mune chronic hepatitis and cholangiocarcinoma in the other.

In summary, approximately 5% of adult patients with
inflammatory bowel disease will have significant hepatobiliary

disease. Although the number of patients with hepatobiliary
abnormality is approximately the same for ulcerative colitis and
Crohn’s disease, severe significant liver disease is more com-
monly seen in patients with ulcerative colitis and, when it occurs
in Crohn’s disease, it is usually associated with extensive colonic
involvement.

Primary sclerosing cholangitis

PSC is a chronic cholestatic liver disease characterized by 
an obliterative inflammatory fibrosis that usually involves the
whole biliary tree (Fig. 1), although the changes may sometimes
be localized to either the extra- or intrahepatic bile ducts and the
degree of involvement varies from patient to patient. The true
prevalence of PSC associated with inflammatory bowel disease is
unknown. As stated previously, there is an estimated 2.4–7.5%
prevalence of PSC in patients with ulcerative colitis. The pre-
valence of PSC in the United States has been estimated to be 2–7
cases per 100 000 population, based on a prevalence of ulcerative

Country of origin No. of patients with Percentage with primary 
ulcerative colitis sclerosing cholangitis

Oxford, UK [3] 681 2.9

Oslo, Norway [5] 336 5

Stockholm, Sweden [6] 1500 3.7 (5.5 in total colitis)

Table 2 Prevalence of primary sclerosing
cholangitis in patients with ulcerative colitis.
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Fig. 1 The cumulative risk of developing colonic or biliary dysplasia in 40
patients with primary sclerosing cholangitis (PSC) and ulcerative colitis (UC),
compared with 80 matched controls with UC alone. (From ref. 27, with
permission.)
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colitis of 40–225 cases per 100 000. This estimate has been
confirmed by the results from Olsson et al. [6], who noted the
prevalence of ulcerative colitis and PSC to be 171 and 6.3 cases
per 100 000 population respectively. The most recent data from
Norway found a prevalence of 8.5 cases of PSC per 100 000 pop-
ulation [12]. These results, however, probably underestimate
the actual prevalence of PSC, as the disease can occur in patients
with normal serum levels of alkaline phosphatase, and 20–30%
of patients with PSC have no associated inflammatory bowel
disease. PSC is more common than previously suspected and
may have a frequency similar to that of primary biliary cirrhosis.

The relationship of primary sclerosing
cholangitis with inflammatory bowel
disease

Association with ulcerative colitis

Approximately 70% of northern European patients with PSC
have coexisting ulcerative colitis, and PSC is the most common
form of chronic liver disease found in ulcerative colitis [9,12]
(Table 3). Studies from southern Europe, however, have found
that only 36–44% of patients with PSC have underlying ulcer-
ative colitis, although not all patients in these studies underwent
total colonoscopy and colonic biopsies [13,14]. Data from Japan
suggest that the relationship is even weaker with only 20% of
PSC patients having a diagnosis of ulcerative colitis [15].

Interestingly, patients with ulcerative colitis and PSC have a
male predominance, with a male:female ratio of 2:1, which is in
contrast to the slight female predominance of ulcerative colitis
in isolation [16,17].

Smoking

Cigarette smoking has been recognized as a protective factor
against the development of ulcerative colitis. Three studies have
suggested that cigarette smoking may also additionally protect
against the development of PSC. Moreover, this protective 
effect was more marked in patients with PSC than in those with
ulcerative colitis and was seen in patients with and without
inflammatory bowel disease (IBD) [18–20]. The mechanism of
protection in both disorders remains unknown.

Onset

Although the symptoms of ulcerative colitis usually develop
before those of sclerosing cholangitis, in some patients, the onset
of PSC may precede the symptoms of colitis by up to 4 years.
Although large-scale studies have not been performed, there 
is some evidence that the prevalence of liver abnormality may 
be higher in children than in adults with colitis. Abnormal 
liver function tests were detected in 60% of 34 children with
ulcerative colitis; abnormalities were most commonly seen in
total colitis. Cholangiography was only performed in two patients,
one of whom had sclerosing cholangitis [21].

Outcome

The outcome of the hepatobiliary disease is completely unre-
lated to the activity, severity or clinical course of the colitis. This
is borne out by the fact that colectomy makes no difference 
to the clinical progression or to the mortality of patients with
PSC. Indeed, liver disease may develop some years after a total
colectomy has been performed [22]. Patients with combined
ulcerative colitis and PSC may have a worse prognosis from liver
disease than patients with PSC alone [17]. Involvement of the
extrahepatic bile ducts alone is more frequently seen in patients
who do not have IBD [17].

Comparison of IBD in patients with and
without PSC

In a recent study, the clinical and endoscopic features of IBD
were compared in IBD patients with and without PSC. Rectal
sparing and backwash ileitis were more common in the PSC
group (52% and 51% respectively) than in control subjects (6%
and 7.5% respectively) with IBD alone [23].

Many studies from different parts of the world have reviewed
the clinical features of patients with ulcerative colitis and PSC.
The findings from all studies have been remarkably consistent.
Paradoxically, the colitis is usually total but symptomatically
mild, often with no rectal bleeding, and is often characterized by
prolonged remissions [16,24,25].

In a Swedish study of 76 patients with PSC, 11 had no symp-
toms or past history of IBD. Nine of these patients underwent

Institution (country of origin) No. of patients with (PSC) Percentage with IBD

Royal Free Hospital (UK) [10] 29 72

Mayo Clinic (USA) [9] 50 70

Huddinge (Sweden) 305 72

King’s College London (UK – children) 13 77

Okolicsanyi (Italy) [14] 82 54

Escorsell (Spain) [13] 43 47

Table 3 Prevalence of inflammatory bowel
disease (IBD) in patients with primary sclerosing
cholangitis (PSC).
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total colonoscopy and multiple biopsies. Seven had endoscopic
and/or histological evidence of IBD [24]. Indeed, two out of 
nine patients already had dysplasia. Given that rectal sparing 
is a common feature, all newly diagnosed PSC patients should
undergo total colonoscopy as fibreoptic sigmoidoscopy is
insufficient to accurately diagnose IBD. This characteristic clin-
ical phenotype has led to the suggestion that IBD associated 
with PSC represents a clinically distinct form of IBD called 
PSC-IBD [23] (Table 4).

Biliary and colorectal cancer in ulcerative
colitis and PSC

The association between ulcerative colitis and colorectal carci-
noma has been recognized since the 1920s [26]. In 1995, Broome
et al. [27] suggested that there was an increased risk of colorectal
neoplasia in patients with concomitant PSC. This hypothesis has
been extensively tested since then with conflicting data sets pub-
lished in recent years. Most experts currently agree that PSC is
an independent risk factor for developing colorectal carcinoma
[28]. The possible mechanisms for the increased susceptibility 
to neoplasia are not clear, but genetic predisposition, alterations
in the bile salt pool due to cholestasis and folate deficiency are all
possibilities [29]. Recent studies have suggested that ursodeoxy-
cholic acid therapy may reduce the risk of developing colorectal
cancer [30,31]. Annual colonoscopy is recommended in patients
with ulcerative colitis and PSC.

Two recent studies have shown that PSC patients consistently
develop a more proximal colorectal carcinoma than patients
with ulcerative colitis alone [32,33]. This observation may be
explained by the higher exposure of the right side of the colon to
the carcinogenic properties of the secondary bile acids produced
in cholestasis, although this hypothesis remains unproven. The
increased risk of carcinoma of the bile ducts including gall-
bladder carcinoma in patients with ulcerative colitis is also 
well established and appears now to occur almost exclusively in
the context of pre-existing PSC. Furthermore, one study has
suggested that cholangiocarcinoma develops significantly more
often in patients with colonic dysplasia or carcinoma, thus sug-
gesting that these patients may constitute a high-risk subgroup
requiring increased colonic and biliary surveillance [34]. How-

ever, further prospective studies are needed to confirm these
findings.

Liver transplantation in PSC patients with
ulcerative colitis

Orthotopic liver transplantation (OLT) is the only effective
treatment for PSC. The presence of IBD does not affect the 
outcome, but is associated with a higher rate of severe acute 
graft rejection [35,36]. Surprisingly, there is some evidence that
the clinical course of IBD worsens post-transplant, despite the
immunosuppression given to protect the graft from rejection. 
In different series, there is a highly variable course of IBD after
liver transplantation. In a study by Maclean et al. [35], one-third
improved, one-third remained stable and one-third worsened.
A series published by the Royal Free Hospital found an increase
in the clinical activity of the associated colitis in 8 out of 
16 patients transplanted for PSC [36]. Similar data have been
published from Birmingham with 9 out of 26 (35%) patients
noticing a worsening of their symptoms of IBD [33]. In contrast,
Gavaler et al. [37] and Shaked et al. [38] found no worsening 
of IBD symptoms post-transplant in 23 and 24 patients re-
spectively. These conflicting data may be explained, in part, 
by the differences in immunosuppressive regimens used post-
transplantation. The Royal Free and Birmingham centres usu-
ally withdraw steroids early and maintain immunosuppression
with ciclosporin or tacrolimus with or without azathioprine.
The Gavaler and Shaked reports are from units where steroids 
are used as maintenance immunosuppression. However, other
factors such as the presence of cytomegalovirus, cessation of
smoking and variable use of 5-aminosalicylate (5ASA) after
transplantation may also be important.

Recent reports suggest that PSC recurs in 30% of patients post-
transplantation after 5 years and that recurrence is commonest
in male patients with ulcerative colitis with an intact colon [39,40].

The risk of colon cancer in PSC patients increases after trans-
plantation, occurring most commonly in the early postoperative
period, and is probably associated with high-level immuno-
suppression accelerating the growth of malignant cells.
Colonoscopy with extensive mucosal biopsies is therefore 
recommended prior to transplantation and annually thereafter
in this particularly high-risk group [41–44].

Pouchitis

Patients with ulcerative colitis treated by colectomy with an ileal
reservoir (pouch) are sometimes affected by a non-specific
inflammation of the pouch (pouchitis). This complication is
much more common in patients with PSC and ulcerative colitis
(64% of patients affected) than in those with ulcerative colitis
alone (32% of patients affected) [45], and is the major com-
plication of this operation. The risk of pouchitis is not related 
to the severity of the liver disease [45]. Prior to the development
of pouch operations, the Brooke ileostomy was the most com-

Table 4 Clinical, endoscopic and histological findings that characterize
PSC-IBD.

Male predominance 

Quiescent colitis

Pancolitis 

Rectal sparing

Backwash ileitis

Pouchitis

Colorectal dysplasia/carcinoma

Different extracolonic manifestations
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monly performed operation for ulcerative colitis. In patients
with coexistent PSC, however, peristomal varices occur in
approximately 25% of cases, and bleeding from these varices can
be difficult to manage [21,46]. Although the intra- and post-
operative complication rate and mortality are comparable in the
two operations, pouchitis tends to present a less difficult man-
agement problem than recurrent peristomal variceal bleeds and,
therefore, ileal pouch–anal anastomosis is usually the operation
of choice in these patients.

Association with Crohn’s disease

PSC is associated with Crohn’s disease, although most author-
ities suggest that the prevalence is lower than for ulcerative 
colitis, and the prevalence of bile duct carcinoma is lower in
Crohn’s disease [8–10]. The explanation for these apparent 
differences in prevalence between the two inflammatory bowel
diseases is unclear, but may be related to the less frequent occur-
rence of total colonic involvement in patients with Crohn’s dis-
ease. As discussed earlier, one study from Norway has suggested
that PSC is as common in patients with colonic Crohn’s disease
as it is in ulcerative colitis [8]. Although studies to date have sug-
gested a prevalence of 1.3–13% of PSC among Crohn’s patients,
some of the patients with PSC were diagnosed as Crohn’s disease
solely on the basis of rectal sparing, which is observed in 25% 
of patients with PSC and ulcerative colitis [8–10]. This may also
explain why typical perianal disease and colonic stricturing are
said to be rarely seen in Crohn’s patients with PSC. It is likely,
therefore, that the prevalence of Crohn’s disease may have been
overestimated in PSC patients.

Small duct PSC: ‘pericholangitis’

Pericholangitis is a histological diagnostic term that has been
used to describe inflammatory reactions in the portal zones of
the liver, which are characterized by periductal inflammation
and fibrosis. For many years, the term ‘pericholangitis’ has been
synonymous with involvement of the liver in IBD [47,48]. Some
patients with pericholangitis were reported to progress to cir-
rhosis of the liver and cholangiocarcinoma [49]. However, it 
has become clear that the majority of patients with histological
pericholangitis and persistently abnormal liver function tests
will have cholangiographic appearances diagnostic of PSC at
endoscopic retrograde cholangiography [50,51]. A minority of
patients with ulcerative colitis will have persistently abnormal
liver function tests, together with histological appearances such
as concentric fibrosis, but have normal bile ducts at cholan-
giography. The term ‘small duct PSC’ has been proposed to 
replace the term ‘pericholangitis’ in this group of patients, as 
the evidence suggests that these conditions are all part of the
same disease spectrum. Wee and Ludwig [52] have described
two patients who progressed from small duct PSC to develop
extrahepatic biliary involvement diagnostic of sclerosing
cholangitis.

A number of other portal tract lesions, such as chronic peri-
portal inflammation and/or increased cellularity of portal tracts,
have also been described as ‘pericholangitis’ in patients with
ulcerative colitis [53].

In view of the confusing use of the term pericholangitis, which
has been applied to a heterogeneous mixture of hepatobiliary
disorders by different authors, it has been proposed that the
term and concept of pericholangitis should be abandoned [54].
Three recent studies from different units have shown that 
the prognosis of small duct PSC is far better than that of 
large duct disease with a higher proportion of Crohn’s (50%)
and only approximately 25% of patients progressing to large
duct disease [54,55]. Importantly, no patients developed
cholangiocarcinoma.

Autoimmune hepatitis

Autoimmune hepatitis has been reported to occur in association
with ulcerative colitis [56]. However, interface hepatitis (piece-
meal necrosis) on liver histology can accompany the classic bile
duct changes of PSC on cholangiography [12], and it seems
likely that the majority of patients with autoimmune hepatitis
and IBD will have either large or small duct PSC. The diagnosis
of autoimmune hepatitis should not be made in patients with
IBD unless cholangiography is normal. The diagnostic diffi-
culties are compounded by the presence of circulating serum
autoantibodies, such as antinuclear antibodies, smooth muscle
antibodies, antineutrophil cytoplasmic antibodies, and elevated
serum immunoglobulins in some patients with PSC [57].
Moreover, both autoimmune hepatitis and PSC are associated
with an increased prevalence of the tissue antigens human 
leukocyte antigen (HLA) B8 and HLA DR3 [31], and overlap
syndromes exist [58]. It is unclear from current evidence whether
the prevalence of autoimmune hepatitis without underlying
sclerosing cholangitis is increased in patients with IBD.

Cirrhosis

The incidence of cirrhosis associated with IBD has varied
between 1% and 5% in different series [59–62]. Most patients in
these reports are classified as having biliary cirrhosis and, as
patients with sclerosing cholangitis can present with portal
hypertension and established cirrhosis with no preceding 
symptoms, it seems likely that the majority of these patients 
will have underlying endstage PSC. However, not all patients
with cirrhosis and IBD will have PSC, and it is possible that some
cases may be due to chronic hepatitis C infection [63] associated
with previous blood transfusions. Patients with cirrhosis may
present with the typical symptoms of liver failure including
jaundice, ascites and variceal haemorrhage. Although the variceal
bleeding usually occurs from veins in the oesophagus, patients
with concomitant IBD who have undergone total proctocolec-
tomy may bleed from peristomal varices some 6–13 years after
formation of the ileostomy stoma [21].

TTOC20_03  3/10/07  9:39 AM  Page 1626



20.3 THE EFFECT OF GASTROINTESTINAL DISEASES ON THE LIVER AND BILIARY TRACT 1627

Cholangiocarcinoma

Cholangiocarcinoma in ulcerative colitis usually occurs in the
context of pre-existing PSC and is therefore associated with
longstanding total colitis. A large study from the Cleveland
Clinic has reported a prevalence rate of 0.5% [64]. The pre-
valence of cholangiocarcinoma in patients with PSC and IBD
ranges from 7% to 13% [65]. Bile duct carcinoma has been
reported in association with Crohn’s disease, but it occurs much
more rarely [66,67].

The clinical presentation of bile duct cancer is usually that 
of a progressive cholestatic jaundice. Diagnosis of cholangio-
carcinoma in the context of PSC can be extremely difficult.
Cholangiography usually reveals a particularly narrow bile duct
stricture. Brush cytology obtained endoscopically may be useful
in confirming malignancy but suffers from low sensitivity.
Computerized tomography (CT) scanning showing intrahep-
atic bile duct dilatation is suggestive but not diagnostic of mali-
gnant change. Positron emission tomography (PET) scanning
has been used with some success in the early diagnosis of small
cholangiocarcinomas and may become a useful tool in differen-
tiating benign and malignant strictures [68], although a recent
study has not been confirmatory [69].

The tumour usually pursues a progressive course, and the
prognosis is very poor, with a median survival of 9 months [70].
Liver transplantation for isolated cholangiocarcinoma occurring
in PSC, as discussed previously, has been disappointing with
rapid recurrence of tumour [71].

There has been considerable interest in developing a laboratory
test to detect early cholangiocarcinoma in patients with PSC. A
combination of the serum tumour markers carcinoembryonic
antigen (CEA) and CA19-9 was thought to be promising but
appears to lack specificity and sensitivity in detecting small
tumours [72]. There is currently no evidence that CA19-9
identifies patients at an early stage with localized cholangiocarci-
noma or biliary dysplasia who would benefit from surgery [73].

New techniques are currently being evaluated for the detec-
tion and characterization of biliary dysplasia. If vulnerable dys-
plastic tissue can be reliably identified on liver biopsy specimens,
liver transplantation should be possible to prevent the sub-
sequent development of neoplastic change. Unfortunately, the
current cytobrush specimen usually taken from suspicious areas
at endoscopic retrograde cholangiopancreatography (ERCP) is
usually inadequate for definitive diagnosis of dysplasia and
much less so for distinguishing which subjects with dysplasia are
most likely to progress quickly. Serial collection of material from
the suspicious area and genetic analysis may in the future allow
the likelihood of progression to cholangiocarcinoma to be pre-
dicted [74].

Hepatocellular carcinoma

Two case reports have described the development of fibrolamel-
lar hepatocellular cancer in male patients with ulcerative colitis

and PSC. Neither patient was cirrhotic [75,76]. In the single
patient who received a transplant, the tumour recurred in the
donor liver [76]. In common with most causes of chronic liver
disease, patients with PSC and established cirrhosis have an
increased risk of developing primary liver cell cancer [77].

Fatty change

Fatty liver or steatosis is the most common type of hepatobiliary
lesion found in patients who have IBD. It has been recorded as
occurring in 45% of patients with ulcerative colitis who undergo
colectomy [78] and in 40% of patients with Crohn’s disease 
who undergo similar surgery [79]. The presence of fatty liver is
related to the general state of health of these patients and the
severity of the underlying colitis rather than any other specific
factor. In an unselected Italian series, of 583 consecutive patients
with IBD studied by ultrasonography, fatty liver was found in
35.5% and 39.5% of patients with ulcerative colitis and Crohn’s
disease respectively [80].

The pathogenesis of fatty liver in IBD is unknown. It is prob-
ably multifactorial, secondary to causes such as poor nutrition,
drugs, bacterial and chemical toxins, and unsuspected alcohol
abuse. The steatosis is usually of the macrovesicular type, and all
types of distribution, including diffuse, periportal and centro-
lobular, have been described in patients with IBD.

There are no symptoms associated with fatty liver, although,
on abdominal examination, hepatomegaly may be detected.
Treatment of the underlying bowel disorder and improvement
in the general health of the patient will normally result in a 
resolution of the fatty change. There is no evidence that the
lesion progresses to chronic liver disease. In view of improve-
ments in the management of IBD, the incidence of fatty change
has probably fallen.

Gallstones

Patients with Crohn’s disease of the small bowel have an
increased incidence of gallstones. The reported incidence in
patients with Crohn’s ileitis, ileal resection or intestinal bypass
ranges from 13% to 34% [81–84]. However, the incidence of
gallstones in patients with ulcerative colitis and those with
Crohn’s disease confined to the colon is approximately 5% 
and does not differ from that of the general population. Total
colectomy with ileoanal anastomosis does not predispose to 
the formation of cholesterol gallstones [85]. The increased rate
of formation of gallstones in patients with inflammation or
absence of the terminal ileum is due to a reduction in bile salt
absorption, leading to depletion of the bile salt pool. As a result,
the concentration of biliary bile salts falls, and there is a relative
increase in the concentration of biliary cholesterol. Thus, bile
may become supersaturated with cholesterol, which in turn
increases cholesterol precipitation in the gallbladder and predis-
poses to the formation of cholesterol gallstones. There may be
additional factors predisposing to gallstones in these patients.
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One study has demonstrated impaired gallbladder contractibil-
ity, most marked in patients who have undergone bowel resec-
tion or who have both large and small bowel disease [86].

Amyloidosis

Hepatic amyloidosis is a rare complication, occurring in less
than 1% of patients with IBD; it is much more commonly 
associated with Crohn’s disease than ulcerative colitis. The
development of amyloid can occur in association with Crohn’s
disease involving either the small or the large bowel.

The amyloid deposition in the liver is found in the media of
portal blood vessels and in the sinusoidal wall, and eventually
leads to atrophy and disappearance of hepatocytes. In addition
to IBD, most patients who develop amyloidosis have either
extraintestinal foci of suppuration or arthropathy. In addition,
most Crohn’s disease patients who develop amyloid have chron-
ically active disease. Aggressive anti-inflammatory treatment of
the intestinal lesions probably reduces the chance of developing
systemic amyloid. More effective recent treatment probably
accounts for the reduced prevalence of amyloid. Although
regression of amyloidosis has been reported after colectomy in
the majority of patients, the prognosis is poor [87].

Granulomas

Granulomas are occasionally seen in the liver biopsy specimens
of patients with Crohn’s disease, some of whom may show 
a moderate elevation in serum alkaline phosphatase [88]. The
granulomas can be present in portal tracts as well as in the
parenchyma. The presence of hepatic granulomas in patients
with Crohn’s disease often reflects granulomas in the bowel
[88]. There have been a few isolated reports of hepatic granulo-
mas occurring in association with ulcerative colitis, but the 
relationship remains unproven. Granulomas are found in 3–4%
of liver biopsies from patients with PSC [89].

Liver abscess

Intra-abdominal abscess is a frequent complication of Crohn’s
disease. However, the development of hepatic abscess in associa-

tion with IBD is very uncommon. The abscesses are often multi-
ple and are associated with a high mortality [90]. Streptococci,
especially Streptococcus milleri, are the most frequent organisms
isolated from the abscesses [91].

Primary biliary cirrhosis

A total of 18 patients have been described with concomitant
ulcerative colitis and primary biliary cirrhosis [92]. In 13 out of
the 18 patients, the IBD occurred first. The prevalence of pri-
mary biliary cirrhosis in ulcerative colitis appears to be 30 times
higher than in the general population, and there may be a true
immunological link between the two diseases [92].

Budd–Chiari syndrome

At least five patients with active ulcerative colitis have now been
reported who have developed hepatic vein thrombosis and the
clinical symptoms and signs of Budd–Chiari syndrome. Four 
of the five had no known risk factors for venous thrombosis
[93–94]. The most recent patient reported was found to have
positive anticardiolipin antibodies [95]. There has also been one
report of Budd–Chiari syndrome in association with Crohn’s
disease [96].

Drug-induced hepatitis

There have been a few case reports of drug-induced hepatitis in
patients with IBD with mesalazine, sulphasalazine and azathio-
prine all having been implicated [97–101]. In practical terms,
however, drug toxicity is a rare cause of hepatic injury in the
context of IBD.

The effect of malabsorption syndromes
on the hepatobiliary system

There are a large number of hepatobiliary abnormalities that
may occur in patients with various malabsorptive disorders
(Table 5). The hepatobiliary abnormalities are subdivided into
those that are closely associated with the primary disease process
and those in which the liver dysfunction is due to the secondary

Table 5 Prevalence of liver test abnormalities in patients with coeliac disease.

Series Coeliac patients tested Abnormal liver Elevated transaminasesa Response to treatment,
(n) biochemistry, n (%) n (%)

Hagander et al. [104] 53/75 29 (39) Yes 19 (100)

Jacobsen et al. [106] 132 62 (47) Yes (isolated elevated ALP in 14) 24–32 (75) 

Bodé and Gudmand-Høyer [110] 50 ? (19) [sic] Yes –

Bardella et al. [107] 158 67 (42) Yes 60/67 (95)

Novacek et al. [108] 178 72 (40) Yes 64/72 (89)

Mugica et al. [119] 20 8 (40) Yes –

aIn all cases, alanine aminotransferase (ALT) > aspartate aminotransferase (AST). ALP, alkaline phosphatase.
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nutritional consequences of malabsorption rather than the pri-
mary gut disease itself. This section will concentrate mainly on
those liver abnormalities associated with primary gut disease.
The effects of malnutrition on the liver have been described in
Chapter 20.4.

Coeliac disease and the liver

Unlike IBD, the relationship between coeliac disease and liver
disease has not been extensively studied [102]. The association
was first reported by Pollock in 1977 [103]: two out of five
coeliac patients had chronic hepatitis, one of whom had cirrho-
sis and hepatoma. Subsequent studies of the incidence and exact
nature of chronic liver disorders that occur in association with
coeliac disease have been few. However, all the reports have doc-
umented frequent abnormalities in liver biochemical tests in
coeliac patients, particularly elevated transaminases (Table 5). 

In a Swedish study, Hagander et al. [104] examined the case
records of 74 consecutive adult patients with coeliac disease.
Abnormalities of liver function tests were found in 39% of the 
74 patients and histological evidence of liver injury in 16%. Liver
biopsies were obtained in 13 patients; seven of these were found
to have cirrhosis and/or chronic active hepatitis and five were
described as having ‘reactive hepatitis’. Three of the patients
with cirrhosis subsequently died of the effects of chronic liver
disease [100]. In 19 of the 29 patients with elevated serum
enzymes, several of the levels were measured before and after the
institution of a gluten-free diet. A significant reduction was
observed in many patients after gluten withdrawal.

In another early Scandinavian study from Lindberg et al.
[105], elevated aminotransferase levels were noted not only in
children with coeliac disease, but also in children with allergies
to cow’s milk and other proteins. It was suggested that the devel-
opment of hepatic dysfunction in this context was related to 
the severity of the mucosal lesion rather than the specific disease
entity. In a study of 132 patients with coeliac disease, 47% 
had elevated liver function tests [105]. Liver biopsies were per-
formed in 37 patients and findings were normal in five; non-
specific changes were described in 25 patients and chronic active
hepatitis was demonstrated in five patients [105]. It is unclear
from published data whether the incidence of chronic active
hepatitis is truly increased in patients with coeliac disease,
although both disorders are associated with the HLA B8, DR3
haplotype.

Coeliac patients with liver test abnormalities have similar
clinical features to other coeliac patients. An Italian study of 
158 consecutive adult coeliac patients compared the 67 (42%)
with elevated transaminases with those with normal tests at 
presentation (58%) [106]. The two groups were indistinguish-
able on anthropomorphic, epidemiological and histological 
criteria [106].

Improvement in the biochemical abnormalities after the
introduction of a gluten-free diet may take up to 1 year. Seventy-
two patients with elevated transaminases were followed with

sequential biochemical tests; 17 were still abnormal at 3 months,
13 at 6 months and 8 at 12 months [107]. This study is supported
by a further report of 72 out of 178 consecutive adult coeliac
patients with elevated transaminases [107]. Only eight patients
had abnormal transaminases at 1 year, and an alternative dia-
gnosis was established in all [107].

While the above and other studies have established that
untreated coeliac disease is associated with elevated liver
transaminases [108–110] (Table 5), it remains controversial
whether coeliac disease leads to chronic liver disease and liver
failure [99]. However, there is a clear association between
coeliac disease and autoimmune cholestatic liver disease. The
first report of primary biliary disease (primary biliary cirrhosis)
associated with coeliac disease in 1978 [111] has led to a num-
ber of confirmatory studies from various European countries
[112–114].

In 1988, three patients were reported with coexisting coeliac
disease and PSC; two of the patients were suffering from ulcer-
ative colitis [115] and were confirmed in other studies [116]. 
In a recent population-based study, 4732 coeliac patients were
compared with 23 620 age- and sex-matched control subjects
[117]; there was a higher prevalence of both primary biliary 
cirrhosis and PSC compared with the general population.
However, in view of the relatively low prevalence rates (0.17%
and 0.04% respectively), it was concluded that routine screening
for autoimmune cholestatic liver diseases was not justified in a
coeliac population [117].

In the converse situation, patients with chronic liver disease
appear to have a higher prevalence of coeliac disease than
expected compared with a general population [118,119]. The
prevalence was increased 15-fold in a Swedish population of
chronic liver disease patients [120] and 4–10 times in a Finnish
report [121]. Moreover, there is a suggestion from the Finnish
study that untreated or non-compliant coeliac disease may worsen
the clinical course of patients with chronic liver disease [121].

Gallbladder contractility is sluggish in untreated coeliac dis-
ease [122], probably as a result of impaired release of cholecys-
tokinin from the diseased small intestine [123]. However, there
is no evidence to suggest an increased incidence of gallstones in
coeliac disease.

Tropical sprue and hepatic dysfunction

Very few studies of liver function have been reported in patients
with tropical sprue. In one study, liver function tests and liver
biopsies were performed in eight patients with mild to severe
tropical sprue [124]. Only minimal abnormalities in liver func-
tion were noted, and no significant changes were found on 
hepatic histology.

Whipple’s disease and the liver

The liver is involved in most patients with Whipple’s disease
[125]. The characteristic macrophages positive for periodic
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acid–Schiff staining are usually seen on liver biopsy, and are
most frequently observed in the Kupffer cells [125].

Cystic fibrosis (see also Chapter 16.4)

Approximately 7–10% of patients with cystic fibrosis develop a
biliary cirrhosis, often preceded by cholestasis and fatty liver
[126]. There is an increased prevalence among male patients
bearing the haplotype B7, DR15, DQ6 [126]. A prior history of
meconium ileus is also associated with liver disease in later life
[127]. Strictures of the distal common bile duct are common
[128], but these stenoses probably do not contribute to the
development of significant liver disease. In a cholangiographic
study of 104 adult patients with cystic fibrosis, those with
significant liver disease had biliary changes confined to the intra-
hepatic biliary tree [129].

Although it is unpredictable, cirrhosis may develop between 
4 and 15 years of age, and some patients suffer from bleeding
oesophageal varices secondary to portal hypertension [130].

Treatment with high-dose ursodeoxycholic acid (18–22 mg/
kg/day [131]) has been shown to improve liver function tests, but
it has no effect on nutritional status in malnourished patients
[132]. Longer term studies are needed to assess the effects of
ursodeoxycholic acid on the prognosis of the liver disease.

Hepatobiliary disease after surgical
bypass operations for obesity

A number of surgical procedures have been tried for the treat-
ment of morbid obesity. From the mid-1950s to the mid-1970s,
the jejunoileal bypass operation was widely performed. In this
procedure, the proximal jejunum is anastomosed to the termi-
nal 10 cm of distal ileum. The subsequent profound malabsorp-
tion produces significant weight loss in the majority of patients.
However, in view of serious hepatic side-effects, the operation
has largely been abandoned and replaced by gastric procedures
that have few or no serious liver complications.

The cause of hepatic damage following jejunoileal bypass 
is unknown. A number of possible mechanisms have been
advanced including: (i) bacterial overgrowth of the isolated
intestinal segment leading to production of hepatotoxins; (ii)
malnutrition caused by the malabsorption; and (iii) miscellane-
ous causes such as concurrent viral infections or toxicity due to
anaesthetic agents. There is no convincing evidence in favour of
any of these theories.

The majority of patients undergoing jejunoileal bypass will
develop mild elevations in serum transaminases, although the
enzymes usually return to normal after stabilization of body
weight. However, approximately 5% of patients who have
undergone jejunoileal bypass will develop significant liver injury
[133]. The symptoms of liver dysfunction are non-specific and
include malaise, anorexia, nausea and vomiting.

There is often a disparity between serum biochemical tests
and the severity of hepatic injury judged histologically [134],
although patients with severe liver damage usually have hypoal-

buminaemia, coagulopathy and elevated aminotransferase and
bilirubin levels. The presence of an elevated serum bilirubin 
at 3 months following a bypass procedure is associated with a
poor prognosis; indeed, a level of 50 mmol/L or more carries a
mortality rate of 50–75% [135].

Most obese patients will have a fatty liver before surgery,
although there is no correlation between the amount of fat 
present in the liver biopsy and the degree of obesity. The severity
of fatty liver is increased by jejunoileal bypass surgery. Some
patients develop more severe liver injury with evidence of
periductular fibrosis, portal inflammation and bile duct prolif-
eration. Occasionally, a non-alcoholic steatohepatitis (NASH)-
type histological picture similar to alcoholic hepatitis may
develop, with infiltration of neutrophil polymorphs, Mallory
body formation and hepatic necrosis. The presence of pericen-
tral fibrosis often precedes the development of cirrhosis [136].
These various types of hepatic injury are sometimes seen in
obese patients who have not undergone bypass surgery, particu-
larly in the presence of diabetes mellitus and in patients who
have undergone massive small bowel resection with short bowel
syndrome [137].

Significant liver damage usually occurs within 3–12 months
after intestinal bypass [138]. Initial treatment is usually carried
out by means of hyperalimentation [139], but reanastomosis
may be required if no improvement is seen. The response of the
hepatic damage to reanastomosis is unclear [140].
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Introduction

In the late 1960s, long-term parenteral nutrition was introduced
and, within a few years, severe cholestasis with progressive hep-
atic failure was described in an infant who had been receiving
total parenteral nutrition (TPN) for 2.5 months [1,2]. The hepa-
tobiliary complications of TPN are now well recognized, and
significant advances have been made in understanding their
pathogenesis. Hepatic abnormalities generally manifest in one
of two patterns – steatosis or cholestasis – although quite often
overlap is observed. Multiple pathogenic mechanisms have been
put forward to explain these abnormalities including nutrient
excess, nutrient deficiency and bacterial overgrowth. Biliary
complications of TPN include calculous and acalculous chole-
cystitis, and gallbladder hypocontractility resulting in biliary 
stasis is thought to be the cause. While TPN is often used as a
temporary means of supplying adequate nutrition, a small 
number of patients find themselves dependent on parenteral
nutrition, and advanced liver disease can be a feared long-term
sequela, which may require liver or liver–intestinal transplanta-
tion in a minority of patients.

Prevalence of TPN-associated 
liver injury

Elevations in aminotransferase levels of 1.5- to threefold can
commonly occur during the initial 1–3 weeks of TPN, and these
generally resolve within days to weeks [3,4]. The serum bilirubin
concentration is rarely elevated during this period in adults, but
is much more commonly elevated in preterm infants. Total
serum bilirubin concentration may begin to increase in some
adults after 10 weeks or more of TPN [5]. Increases in the 
serum alkaline phosphatase concentration may be observed as
well, although this abnormality may be related in part to the
metabolic bone disease that occurs in patients who receive 
long-term TPN [6].

While early and transient abnormalities in liver chemistries
are well recognized, the more important concern is whether

long-term TPN is associated with chronic and potentially irre-
versible liver disease. Multiple case reports and case series have
suggested that patients with intestinal failure who required TPN
were at increased risk for the development of chronic liver 
disease and hepatic failure in the absence of other readily
identifiable causes [7–11].

In one study of 90 patients on long-term TPN, chronic
cholestasis occurred in 55% of patients who received TPN 
for at least 2 years, 64% at 4 years and 72% at 6 years of TPN
[12]. The prevalence of complicated liver disease was 26% at 
2 years, 39% at 4 years, 50% at 6 years and 53% at 8 years [12].
Another study reporting on 42 patients on TPN for > 1 year
showed that 15% of patients developed endstage liver disease
(ESLD) after widely varying times on TPN (range 1–20 years)
[13]. Increased duration of TPN (9.2 years vs. 6.3 years) sug-
gested an increased risk of ESLD; however, this did not reach 
statistical significance. Elevation of bilirubin did portend a poor
prognosis, with death occurring at an average of 10.8 months
from the time of elevation. Several studies suggest that indi-
viduals with the least residual intestine appear to be at greatest 
risk for the eventual development of hepatic failure and death
[9,10,12].

The prevalence of TPN-associated liver disease is much
greater in infants, particularly in those born prematurely.
Sondheimer et al. [14] reported that approximately 65% of
infants developed cholestasis, with 13% developing hepatic 
failure after only 6 weeks of TPN. Other centres have reported 
a prevalence ranging from 15% to 85%. Development of 
TPN-associated liver disease is associated with the degree of 
prematurity, underlying disease, frequency of infections and
antibiotic use, number of surgeries, as well as the number of
blood transfusions [15].

Histological patterns of liver injury

Macrovesicular steatosis is demonstrated soon after initiating
TPN in a majority of adult patients. The distribution of steatosis
is periportal initially, but can progress to become centrolobular
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or panlobular over an extended period, often accompanied by
cholestasis [16,17] (Fig. 1). Microvesicular steatosis and, rarely,
phospholipidosis can also occur in patients on long-term TPN
[12,18].

Cholestatic changes predominate in infants placed on TPN.
Centrolobular cholestasis is an early finding, often with bile 
duct proliferation and non-specific periportal inflammation.
Steatosis can also be found, although less often than in the 
adult population. Expansion of portal tracts and development of
portal fibrosis can ensue over time with increased risk of cirrho-
sis with longer duration of TPN use.

While TPN appears to be consistently shown to induce char-
acteristic histopathological abnormalities, nearly all studies do
not have a control group with similar comorbidities, which
makes it difficult to separate TPN-induced abnormalities from
abnormalities induced by the patients’ underlying medical ill-
ness that necessitates TPN. One study attempted to have a
matched control group and suggested that TPN itself did not
appear to be a risk factor for histological abnormalities but,

rather, the patients’ pre-existing liver disease and medical
comorbidities were the aetiology of any abnormalities [19].

Pathophysiology

Nutrient deficiencies

Choline
Choline is a product of the hepatic trans-sulphuration pathway
and is low in > 90% of patients who require long-term TPN [20].
Deficiency of choline in rodents results in hepatic steatosis
because of impaired very-low-density lipopolysaccharide (VLDL)
synthesis resulting in hepatic triglyceride accumulation [21].
Studies in humans have found an inverse relationship between
hepatic aminotransferase abnormalities and plasma free choline
concentration, and intravenous choline supplementation to
patients on TPN results in impressive reversal of steatosis and
improvement in liver chemistries [22–24] (Fig. 2). Methionine,
a sulphur amino acid that is the substrate for choline synthesis, 
is also metabolized to cysteine and other metabolites via the hep-
atic trans-sulphuration pathway; however, supply via the portal

Fig. 1 Histological specimens from patients on TPN demonstrating 
(a) steatosis and cholestasis and (b) steatohepatitis, cholestasis and balloon
degeneration of hepatocytes. (H&E, original magnification × 180) (courtesy
of S. Rao, Northwestern University School of Medicine).

(a)

(b)

Fig. 2 Choline supplementation results in improvement in hepatic
steatosis. Computerized tomography (CT) scan results from one sample
patient with marked steatosis on pretreatment CT (a). After 2 weeks of
intravenous choline supplementation (b), the steatosis improved and the
liver was nearly isodense relative to the spleen (reproduced with permission
from ref. 23).

(a)

(b)
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circulation appears to be required for its metabolism. One study
showed that, when methionine was infused intravenously in
normal volunteers, cysteine was nearly undetectable in blood as
opposed to when methionine had been consumed in the diet 
or administrated via a nasogastric tube [25]. It is likely that the
plasma free choline concentration is low in patients who receive
TPN because the methionine supplied intravenously via the
TPN solution is not metabolized to choline to any significant
extent, which results in choline becoming an essential nutrient
[26]. Although choline is ubiquitous in the diet, patients requir-
ing TPN for malabsorption are often unable to absorb an 
adequate amount of choline and, while lipid emulsions contain
some choline, it is not sufficient to prevent choline deficiency
[20,22,27].

Although choline deficiency appears to be necessary for the
development of TPN-associated hepatic steatosis, it is not clear
whether choline deficiency alone is sufficient to result in the
eventual development of advanced liver disease. It is possible
that a ‘second hit’ triggers progression to fibrosing steatohepa-
titis. Choline-deficient rats treated with endotoxin (LPS) exhibit
substantially increased serum hepatic aminotransferase con-
centrations and steatohepatitis on liver histology compared 
with choline-sufficient rats treated with LPS, who demonstrate
only minor increases in liver tests and no histological changes
[28].

Carnitine
Carnitine is essential for the transport of long-chain fatty acids
across the inner mitochondrial membrane for oxidation, and
hepatic steatosis develops in congenital and acquired carnitine
deficiency [29]. Plasma total and free carnitine concentrations
are decreased in patients who receive long-term TPN because
carnitine is not present in the TPN solution [30,31]. However,
carnitine concentrations are only decreased to approximately
50% of normal with TPN vs. 10% of normal in true carnitine
deficiency [29–31]. The lack of complete carnitine deficiency is
presumably related to some ability to process the precursors
(methionine and lysine) into carnitine despite their supply via
the intravenous route. Significantly, no correlation between
plasma carnitine concentration and hepatic aminotransferase
abnormalities has been observed, and carnitine supplementa-
tion improves neither hepatic aminotransferase abnormalities
nor hepatic steatosis in patients requiring long-term TPN
[32,33].

Taurine
Taurine is an amino acid supplied in neonatal TPN, although
not routinely in adults. At one point, it had been widely believed
that taurine supplementation was responsible for the decreased
incidence observed of neonatal TPN-associated liver disease
[34,35]. Recent data have shown that taurine supplementation
does not lead to a lower incidence of cholestasis, and it is 
more likely that overall improvements in neonatal critical care,
including treatment of sepsis, hypoxia, hypotension and early

enteral feeding, contributed to the previously observed decline
in the incidence of TPN-associated liver disease in the neonatal
population [36–39].

Vitamin E and selenium
It has been suggested that vitamin E deficiency may play a role in
the development of TPN-associated liver disease via increased
lipid peroxidation. However, vitamin E deficiency in patients
who require TPN is very rare, especially in patients who rou-
tinely receive lipid emulsion [40,41]. Selenium, a cofactor of
glutathione peroxidase, may be deficient in patients with cirrh-
osis, but there is no evidence that selenium deficiency plays a
role in the development of TPN-associated liver disease [42].

Nutrient excess

Carbohydrate excess
Overfeeding patients with carbohydrate may be associated with
the development of hepatic steatosis and/or cholestasis. Infusion
of > 50 kcal /kg/day as dextrose results in an increased portal
insulin:glucagon ratio and the development of hepatic steatosis
[43,44]. Mitochondrial carnitine acyltransferase, the rate-limiting
factor in fatty acid oxidation, is inhibited by the increased
insulin concentration [45]. Increased hepatic acetyl-coenzyme
A (CoA) concentration and induction of acetyl-CoA carboxy-
lase can occur with excessive carbohydrate infusion, which in
turn stimulates fatty acid synthesis [46]. Cycling TPN to an
overnight infusion is associated with a decreased risk of hepatic
dysfunction, probably related to the intermittent nature of the
increase in portal insulin concentration [47].

Lipid excess
Excess administration of lipids has also been shown to con-
tribute to TPN-induced hepatotoxicity. In one study, 10 out of
18 patients administered lipids at a rate of 3 g/kg/day developed
TPN-induced cholestasis whereas only 1 out of 17 patients
developed cholestasis at a dose of 1 g/kg/day [49]. Other studies
have shown similar results with lipid infusions > 1 g/kg/day, and
TPN infusions should routinely maintain lipid infusions at or
less than 1 g/kg/day [12,48] (Fig. 3).

Manganese, aluminium and copper
Manganese (Mn) is contained in TPN both as a contaminant
and as an additive, and several case reports describe increased
serum Mn concentrations in patients with TPN-associated
cholestasis [50–53]. Nearly all Mn excretion is via the biliary
tract, however, and it is likely that Mn retention occurs because
of cholestasis rather than as a primary cause of cholestasis [54].
Another metal, aluminium (Al), has been associated with the
development of cholestasis in rodent TPN models [55,56].
Current TPN formulations have little Al contamination, and Al
contamination is < 2% of pre-1985 levels [57]. Although the
copper contained in the multitrace metal formulation used in
TPN does not lead to hepatotoxicity, it is biliary excreted and

TTOC20_04  3/10/07  9:38 AM  Page 1636



20.4 TOTAL PARENTERAL NUTRITION (TPN)-RELATED LIVER DISEASE 1637

should be removed from the TPN solutions in patients with
significant cholestasis to prevent potential copper toxicity [58].

Phytosterols

One hypothesis for the role of lipid emulsion in the pathogenesis
of TPN-associated liver disease involves the role of plant sterols
(phytosterols) [59]. These are present in lipid emulsion, and
blood concentrations are correspondingly increased in patients
who receive TPN with lipid emulsion [60]. They have been 
primarily implicated as a cause of cholestatic liver disease; how-
ever, as biliary secretion is the primary means of excretion 
of phytosterols, their accumulation may be secondary to the
cholestatic liver disease induced by TPN itself and not the pri-
mary cause. Additionally, patients with hereditary sitosterolaemia,
a rare genetic disorder resulting in significant accumulation 
of phytosterols, do not have any increased risk of developing
cholestatic liver disease. This suggests that increased phytosterols
in patients on TPN is not the primary cause of liver dysfunction.

Bacterial overgrowth

Similar to other forms of liver disease, bacterial overgrowth with
portal endotoxaemia has been hypothesized to play a role in
TPN-associated liver disease. A small retrospective human study
suggested that metronidazole prevented elevation of liver func-
tion tests in patients on TPN for 30 days [61]. Another study

revealed a hepatoprotective effect of metronidazole in patients
placed on TPN during acute exacerbation of Crohn’s disease
[62]. One additional study found a decrease in transaminase 
levels but no change in bilirubin levels in neonates on TPN and
co-administered metronidazole for 2–3 weeks [63]. The results
from these small uncontrolled human studies as well as animal
studies suggest the possibility of some benefit from reducing the
gut flora; however, it is likely that any short-term gain derived
from antibiotic usage would be offset by the development 
of resistant organisms or deleterious side-effects from their
chronic use (i.e. neuropathy from metronidazole).

Biliary complications of TPN

Biliary complications of TPN include both acalculous and 
calculous cholecystitis. The former was first described in 1972,
and results from diminished gallbladder contractility secondary
to decreased meal-stimulated cholecystokinin (CCK) release
[64,65]. Although the exact pathogenesis of the development of
acalculous cholecystitis in TPN patients is unknown, bile stasis
and increased bile lithogenicity are clearly contributing factors
[66,67]. Acalculous cholecystitis has been reported in ~4% of
patients in one study on TPN for at least 3 months [78].

TPN-associated cholelithiasis was first described in 1980 
in preterm infants who had received 30–60 days of TPN [68].
It was later reported by Pitt et al. [69] that upwards of 40% of 
children who required home TPN, and even 25% of those who
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Fig. 3 Parenteral lipid intake of 1 g/kg/day or
more (dashed line) significantly increased the
risk of complicated TPN-related liver disease
compared with intake of less than 1 g/kg/day
(solid line) (P < 0.001) (reproduced with
permission from ref. 12).
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had never undergone ileal resection or had Crohn’s disease,
developed gallstones. Messing et al. [70] found that sludge
developed in 50% of patients who had received TPN for 4–6
weeks in the absence of any oral intake, and 100% of patients
had developed sludge by 6 weeks of TPN use. The sludge
resolved in all patients within 4 weeks of oral refeeding. The
major factor in the development of biliary sludge is biliary stasis,
resulting from incomplete CCK-stimulated gallbladder contrac-
tion [71–73]. Surprisingly, it is not cholesterol gallstones that are
produced, but predominantly calcium bilirubinate gallstones,
which is related to an increase in biliary calcium bilirubinate
concentrations during TPN [72,74,75]. Several studies have shown
that bile lithogenicity does not increase on TPN [71,76,77]. 
In one study, after maintenance on TPN for at least 3 months,
calculous cholecystitis was reported in ~19% of patients [78].

Prevention of hepatobiliary disease

The first step in avoiding TPN-induced liver disease is to min-
imize the time that patients rely on parenteral nutrition. Most
patients on chronic TPN have short gut, and aggressive manage-
ment by a gastroenterologist with particular expertise in this
area can allow for weaning of TPN in some of these cases. For
those who must remain on TPN, care must be taken accurately
to estimate their nutritional requirements. The Harris–Benedict
equation is used to calculate caloric needs in conjunction with
various ‘correction factors’ to account for the patient’s medical
condition. Lipid infusions should be kept below 1 g/kg/day, and
TPN should be cycled overnight. TPN formulations have been
modified over the years to minimize any micronutrient excess
and deficiencies.

Correction of choline deficiency by the routine addition of
choline to TPN solutions is an area of active investigation. The
results of early studies examining this possibility seem promis-
ing, and larger studies carried out over longer durations are 
warranted. While short-term studies suggest possible benefit,
long-term antibiotic administration to diminish any bacterial
overgrowth is complicated by issues of resistance and drug toxi-
city, and thus is not recommended. Ursodiol has been used in
several small studies and appears to result in improvement in
most liver biochemical profiles [79–83]. The studies generally
involve small numbers with variable doses of ursodiol and 
also lack any demonstration of histological improvement.
Nevertheless, it may ultimately have a role, particularly in the
paediatric population, where cholestasis is the predominant way
in which TPN-associated hepatobiliary disease manifests itself.

The easiest method of preventing either acalculous or calcul-
ous cholecystitis is to encourage oral food intake. Periodic oral
intake is necessary, even if there is relatively minimal caloric
intake, as continuous enteral feeding via a nasoenteric tube fails
to stimulate CCK release [84]. Prophylactic cholecystectomy has
been recommended by some, but this is generally not necessary
as virtually all patients with intestinal failure can be encouraged
to have some oral intake. One investigational approach to 

the stimulation of gallbladder contraction has included CCK
injections, although this approach is expensive, has not been
universally successful and may be associated with nausea and
abdominal discomfort [70,85,86]. Rapid bolus intravenous
amino acid infusion has also been shown to stimulate gall-
bladder contraction, although the effect is lost when the infusion
lasts more than 2 h, as is the case with normal TPN/amino acid
infusion [87–89].

Indications for liver and liver–intestinal
transplant in patients with TPN-related
liver disease

Besides hepatic complications, long-term TPN administration
can be associated with central venous complications, specifically
thrombosis and infection. At present, the indications for small
intestine transplant are: (i) frequent central line-related sepsis;
(ii) thrombosis of major central venous channels; (iii) frequent
severe dehydration; and (iv) impending or overt liver failure
[90]. While frequent line-related sepsis is presently an indica-
tion, this remains controversial as most often line infections are
preventable when patients and caregivers practise good sterile
protocols when handling their central lines. Of the indications
for small bowel transplant, the last is the only one for which 
a combined liver–small intestine transplant is necessary.
Previously, patients waiting for a liver–small intestine transplant
were dependent on their listing status on the liver transplant list.
This led to an exceptionally high mortality rate in patients on the
waiting list relative to those waiting for just livers alone [91].
UNOS (United Network for Organ Sharing) policy now dictates
that patients waiting for a combined liver–small intestine trans-
plant be transplanted according to their status on the small
intestine waiting list provided that there is no other local or
regional status 1 liver patient waiting for a liver [92]. In the 
paediatric population, combined liver–small intestine trans-
plants outnumber intestine alone (306 vs. 223 of all transplants
worldwide between 1985 and 2003) [93]. In the adult popula-
tion, isolated small intestine transplants are more common 
than combined liver–small intestine transplants (210 vs. 80 of all
transplants worldwide between 1985 and 2003) [93]. In rare 
circumstances, infants who appear certain to transition from
TPN to enteral feedings in the near future may develop endstage
liver disease necessitating transplantation before this transition
occurs. In this unique situation, isolated liver transplant may 
be sufficient so long as complete transition to enteral feedings
occurs [94]. Hepatic abnormalities and early fibrosis appear 
to be potentially reversible if isolated small intestine trans-
plant can occur before cirrhosis occurs [95]. Most instances in
which liver disease develops will require a combined liver–small
intestine transplantation. In the past, survival for combined
liver–intestine transplant was worse than for intestine alone,
largely because of the ability to remove the graft in the 
intestine-only group should there be any life-threatening graft
or immunosuppression-related complication. As the number of
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intestine and liver–intestine transplants performed has increased
in recent years, the experience with immunosuppressive regimens
has also increased, and this has translated into improved outcomes
overall and less discrepancy in outcomes between liver–intestine
and intestine transplants (Fig. 4). Since 1998, 1-year survival for
combined liver–intestine transplants is comparable to intestine
alone (59%/60% graft /patient survival for liver–intestine vs.
65%/77% graft /patient survival for intestine alone) [93].
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Introduction

This chapter briefly describes those skin disorders that also have
an impact on liver function. The hepatotoxic effects of many
treatments used in skin diseases are outlined.

Inflammatory skin diseases

Psoriasis

Psoriasis is a chronic inflammatory skin condition affecting 
2% of the world’s population. The prevalence varies from 4.6% 
of Caucasians in the USA to 0.4% within certain African and
Asian groups [1]. The characteristic lesion is a red, thickened,
scaly plaque typically affecting the scalp, extensor surfaces of 
the elbows and knees, lower back and genitals. The frequency 
of nail involvement ranges from 10% to 79% of patients in dif-
ferent studies [2,3]. Up to 39% of patients with severe psoriasis
have an associated psoriatic arthritis but, overall, approximately
7% of patients have psoriatic arthritis with the skin disease 
preceding the joint disease by an average of 10 years in 85% 
of patients.

Family studies have revealed that, if one parent is affected by
psoriasis, 16% of offspring are affected and, if both parents are
affected, then 37% of children will have the disease [4].

Psoriasis is thought to have a polygenic mode of inheritance,
and large numbers of chromosomal loci have been proposed to
confer susceptibility to the disease [5]. Positive data have only
been replicated in a few of these cases, for example the PSORS1
locus on chromosome 6p21.3. This locus, found in a region that
codes for human leukocyte antigens (HLA), is thought to be 
the major susceptibility locus, responsible for 30–50% of the
genetic contribution to the disease [6].

Excessive alcohol may exacerbate psoriasis [7]. One study
showed alcohol misuse in psoriasis patients to be as high as 
38% [8]. However, the effect of stress needs to be considered as
psoriasis may be precipitated by stress, and the disease is associ-
ated with anxiety and poor self-esteem [9]. Increased alcohol
consumption is a recognized response to stress and, therefore,
there is debate as to whether alcohol misuse is a cause or a 
consequence of psoriasis. There is also evidence that alcohol can

provoke psoriasis and that abstinence is associated with remis-
sion of the disease [10].

Alcohol is a cause of excess mortality of patients with psoriasis.
A total of 5500 patients admitted because of their psoriasis were
followed up for 22 years; 1918 deaths were observed compared
with 1211 expected from population averages, and mortality was
high for all causes of death directly related to alcohol [11].

Recent data suggests that psoriasis is an independent risk 
factor for myocardial infarction. In a recent prospective cohort
study which recruited over 130 000 psoriasis patients and 
550 000 controls, young male patients with severe psoriasis had
an adjusted relative risk of 3.10 (95% CI 1.98–4.86) for myocar-
dial infarction [see ref. 121]. Systemic risk factors include 
obesity, hypertension, dyslipidaemia and diabetes. There is 
evidence that chronic inflammation may be causative.

Generalized pustular psoriasis is a rare form of psoriasis in
which large areas of erythema are associated with numerous
pustules and lakes of pus. It can be provoked by withdrawal 
of corticosteroid therapy, infections and hypocalcaemia. Some
90% of these patients have at least one abnormal liver parameter,
with 50% being reported to have pronounced abnormalities:
jaundice (18%), γ-glutamyltransferase level higher than five
times the normal value (45%), alkaline phosphatase higher than
twice the normal value (32%) and/or aminotransferases higher
than three times the normal value (32%). These abnormalities
returned to normal at the time of remission of the pustular pso-
riasis, suggesting that these severe liver abnormalities could be
associated with severe cutaneous disease. Neutrophilic cholan-
gitis was observed on liver biopsy [12]. Psoriasis may become
erythrodermic, and this has been associated with raised bilirubin
levels or hypoalbuminaemia as a result of oligaemia, sepsis and
general toxicity [13].

Reactive systemic amyloidosis can occur as a sequitur of many
chronic inflammatory diseases, and this has been reported in
generalized psoriasis, chronic pustular psoriasis and psoriatic
arthropathy [14]. Many drugs used in the treatment of psoriasis
are hepatotoxic, and this will be discussed later in the chapter.

Lichen planus

Lichen planus is a self-limiting papular eruption that is 
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characterized by intensely pruritic violaceous papules. Oral
involvement is characterized by lace-like patterning and ulcera-
tion and may be found in up to 65% of patients [15].

Lichen planus is considered to be a T cell-mediated disease
targeting basal keratinocytes that express altered self-antigens
on their surface. It has been proposed that cytotoxic T cells 
recognize an unknown antigen on lesional keratinocytes [16]. A
tentative genetic predisposition has been suggested by familial
cases of lichen planus and a significant association with both
HLA 3 and HLA 5 [17], although others have found no such
linkage.

A cutaneous eruption similar to lichen planus may occur after
ingestion of drugs or contact with certain chemicals [18]. The
list of drugs that can induce lichenoid drug reactions include
gold, penicillamine, antimalarials, β-blockers, angiotensin-
converting enzyme (ACE) inhibitors and thiazide diuretics.

Histology of lesional skin is identical whether the disease is
idiopathic or due to a drug eruption. Patients with lichen planus
seem to be more likely to develop liver disease including chronic
active hepatitis. Raised levels of liver enzymes have been found
in 7–52% of patients [19], and a link between erosive oral lichen
planus and cirrhosis has been reported [20]. Extensive literature
has been published on the epidemiological association between
hepatitis C virus infection and lichen planus; this will be dis-
cussed in Chapter 21.6.

Primary biliary cirrhosis has been associated with lichen
planus. It was initially described in patients with primary 
biliary cirrhosis receiving treatment with penicillamine, which is
known to cause a lichenoid drug reaction [21]. However, lichen
planus was subsequently reported in patients with primary 
biliary cirrhosis unrelated to therapy [22], although this associ-
ation was recognized to occur rarely, with one large study identi-
fying 7 out of 268 patients with primary biliary cirrhosis (2.6%)
having lichen planus [23]. Concurrent oral lichen planus and
primary sclerosing cholangitis has been described [24].

The association of lichen planus with chronic active hepatitis
and primary biliary sclerosis has also been described as unusual
and possibly coincidental [25].

Sarcoidosis

Cutaneous involvement in sarcoidosis can present in 17–30% 
of patients with the non-specific erythema nodosum [26] or 
as specific skin lesions manifesting as orange-brown granulo-
matous papules, nodules that may coalesce into plaques and 
possibly infiltration of scars. There are a large number of other
manifestations of cutaneous sarcoidosis including hypopig-
mentation, ulceration, palmoplantar, ungual types and vasculitic
eruptions. Lupus pernio is a bluish-red shiny eruption that
occurs most frequently on the nose, cheeks and ears. Annular
lesions are seen in up to 18% of Caucasian patients with cuta-
neous sarcoidosis [27]. The coexistence of erythema nodosum
and bilateral hilar lymphadenopathy is associated with a good
prognosis. Up to a third of patients with sarcoid have skin

lesions that may be the only manifestation of the disease.
Sarcoidosis of the liver is discussed fully in Chapter 20.12.

Autoimmune disorders

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a multisystem auto-
immune disorder in which 80% of patients have involvement of 
the skin: butterfly rash, alopecia, photosensitivity, vasculitis,
urticaria, lupus pernio and Raynaud’s phenomenon.

Liver abnormalities are found in 56% of patients with active
SLE [28]. Most of these abnormalities are mild and subside as
the activity of the SLE decreases. The cause of raised liver
enzymes in patients with SLE is usually attributed to hepatotoxic
drugs, viral hepatitis and fatty liver. However, an autoimmune
hepatitis has been described in patients with SLE, and there 
is controversy as to whether this is a primary liver disease or a
hepatic manifestation of SLE [29].

Wegener’s granulomatosis

This is a triad of small vessel vasculitis, necrotizing granulomatous
inflammation of the respiratory tract and glomerulonephritis.
Some 40% of patients with Wegener’s granulomatosis (WG) have
involvement of the skin. The commonest lesions are papules,
nodules, vasculitis and pyoderma gangrenosum-like lesions. The
detection of antineutrophil cytoplasmic antibody directed against
proteinase-3 is highly specific for WG. Combination treatment
with corticosteroids and cytotoxic drugs or antitumour necrosis
factor antibodies is indicated, but hepatocellular carcinoma has
been described following the use of cyclophosphamide [30].
Hepatotoxicity from methotrexate is described later in this
chapter. Incomplete septal cirrhosis is part of the spectrum of
hepatoportal sclerosis, which is associated with collagen vascular
disorders and has been reported in patients with WG [31].

Polyarteritis nodosa

There is continuing debate as to whether cutaneous polyarteritis
nodosa (C-PAN) is a localized form of PAN or simply an early
manifestation of systemic PAN. C-PAN is usually a benign skin
disease (vasculitis of small and medium-sized arteries, nodules,
ulceration and livedo reticularis) with a relapsing course, but it
may present with constitutional symptoms and mild nerve and
muscle involvement [32]. Cutaneous lesions are described in
25–60% of patients with systemic PAN [33]. Hepatic arteritis
demonstrating the PAN type of arteritis has been described in
patients with PAN and other collagen disorders [34]. PAN has
also been linked to hepatic haematomas, multiple hepatic artery
aneurysms and may cause acute pancreatitis. Systemic PAN
remains a life-threatening disease necessitating long-term treat-
ment with corticosteroids with or without immunosuppressive
drugs such as azathioprine and methotrexate.
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Infectious diseases

Lyme disease

Lyme disease (LD) is caused by the spirochaete Borrelia burgdorferi,
and patients are infected by a tick bite, the most common vector
being the Ixodes tick. Some 90% of patients develop localized
LD, erythema chronicum migrans, at the site of inoculation 
usually 7–10 days after the bite. Typically, an expanding ery-
thematous circular eruption with central clearing advances at a 
rate of several centimetres a week. It may be associated with 
lymphadenopathy. Disseminated LD may present with multiple
lesions of erythema migrans and late LD with acrodermatitis
chronica atrophicans.

Mild elevation in liver function tests has been reported in 
40% of patients with LD, and this is even more likely in patients
with early disseminated LD. Gamma-glutamyltransferase and
alanine transaminase were most commonly raised, and these
normalized within 3 weeks of antibiotic treatment [35].
Occasionally, hepatic disorders have been reported as the pre-
senting complaint in patients with LD as either febrile jaundice
or a cholestatic pattern on liver function tests [36].

Bartonella

Bartonella are Gram-negative bacilli that can invade mammalian
cells, and the clinical manifestations depend on the immune 
status of the host. Bartonella henselae is a common infection of
cats causing an asymptomatic bacteraemia but, in immunocom-
petent humans, it can cause cat-scratch disease (CSD). CSD is a
benign, self-limiting infection characterized by a papule, vesicle
or pustule appearing 1–8 weeks after a cat scratch or contact
with a cat. Uncommonly, fever, urticaria or erythema nodosum
may occur. Patients often have regional lymphadenopathy, and
this can rarely be generalized. Hepatosplenic localization of CSD
has been reported in both adults and children, with liver biopsy
showing granulomatous inflammation [37,38].

Bacillary angiomatosis is a systemic infection caused by B.
henselae and B. quintana, occurring in immunocompromised
individuals, almost exclusively human immunodeficiency virus
(HIV)-infected patients. The characteristic lesion is a cutaneous
vascular tumour often mistaken for Kaposi’s sarcoma (KS). The
purple/red/skin-coloured papulonodular lesions may number
from one to over a thousand. Systemic infection commonly
involves the liver (peliosis hepatitis) and/or the spleen
(parenchymal bacillary peliosis). Hepatosplenomegaly, liver
abscesses, necrotizing splenitis and necrotizing granulomata
may occur.

Tumours

Kaposi’s sarcoma

KS is a multisystem vascular neoplasm that is now considered to

be caused by human herpes virus 8 (HHV-8). HHV-8 DNA has
been found in all forms of KS, and the viral genome has been
shown to encode for several proto-oncogenes that have the
potential for malignant transformation, although there is still
debate as to whether KS is a true or reactive neoplasm. KS is 
20 000 times more common in HIV-infected individuals and
about 300 times more common in people who are immunosup-
pressed for other reasons.

The violaceous skin lesions often begin as macules evolving
into papules, plaques and nodules. Lesions typically begin in
traumatized skin particularly at acral sites and are often associ-
ated with lymphoedema of the lower limbs. Visceral KS has been
described in all organs except the brain. Almost 85% of patients
who had died from AIDS had liver changes at post mortem, the
commonest being KS [39]. Fatal KS has also been reported in
previously HHV-8-seronegative patients who were recipients of
a liver transplant from an HHV-8-seropositive donor [40].

Mastocytosis

Mastocytosis represents a clonal proliferation of mast cell
haematopoietic progenitors caused by gain-of-function muta-
tions in the c-kit gene. Patients with the cutaneous form may 
or may not have systemic involvement and can demonstrate
spontaneous regression. Systemic mastocytosis is a persistent
disease ranging from being asymptomatic to a highly aggressive
and rapidly devastating mast cell leukaemia.

The commonest type of cutaneous mastocytosis is urticaria
pigmentosa characterized by multiple reddish-brown macules,
papules or nodules. Lesions may urticate spontaneously or after
rubbing (Darier’s sign). In children, cutaneous mastocytosis can
present as a solitary mastocytoma or as a diffuse (erythrodermic)
cutaneous mastocytosis in which there is diffuse infiltration of
the entire skin, resulting in blistering with intense pruritus.
Depending on the mast cell load, patients may also develop
flushing, abdominal pain, diarrhoea and hypotension.

The liver is frequently involved in mastocytosis ranging from
hepatomegaly (48%) and splenomegaly (41%) to severe liver
disease with ascites, which is rare and carries a poor prognosis.
Cholangitis has also been described [41]. The most common
liver function test abnormality is an elevated serum alkaline
phosphatase but amino transaminases and γ-glutamyltransferase
may also be raised [42]. Analysis of liver biopsies performed on
25 patients showed that systemic mastocytosis is commonly
associated with hepatic mast cell hyperplasia, fibrosis and, less
commonly, nodular regenerative hyperplasia, portal venopathy
and/or veno-occlusive disease. Other studies have noted similar
findings, with hepatic mast cell infiltration as a frequent finding
[43].

Histiocytoses

The histiocytoses represent a heterogeneous group of diseases
characterized by the accumulation of reactive or neoplastic 
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histiocytes in various tissues. Three histiocytes are important 
in the skin: the Langerhans cell, the mononuclear cell or
macrophage and the dermal dendrocyte. Historically, histio-
cytoses were categorised by many different names, but they are
now classified as class I histiocytoses involving the Langerhans
cell (LCH), class IIa histiocytoses involving the dermal dendro-
cyte lineage, class IIb involving cells other than Langerhans cells
and dermal dendrocytes and class III representing malignancies
of the monocyte/macrophage series of cells [44].

Cutaneous findings in LCH include a seborrhoeic dermatitis-
like eruption in which flexural lesions may ulcerate, and some
lesions may become xanthomatous. Many organs including
liver, lung, lymph and bone can become infiltrated by LCH
clonal cells that affect organ function [45]. In a large series of 
124 patients, 50% had liver disease manifested by hepatomegaly,
ascites and cholestatic jaundice due to fibrotic obstruction of 
the biliary tree [46]. Within the class IIb histiocytoses, there is 
a subset of patients with necrobiotic xanthogranuloma. These
patients have papules or nodules with a yellow, xanthomatous
hue. The lesions, commonly found periorbitally, can ulcerate.
Hepatosplenomegaly is a common finding. The majority have
an associated paraprotein, usually an IgG κ or λ, and many 
have a raised erythrocyte sedimentation rate (ESR) and are
hypocomplementaemic. Treatment is generally directed against
the associated paraproteinaemia with alkylating agents such 
as melphelan or with combinations of vinblastine, etoposide,
prednisolone, mercaptopurine and methotrexate or with oral
psoralen and long-wave ultraviolet light (PUVA) phototherapy
or radiotherapy for cutaneous disease.

Kawasaki disease

Kawasaki disease is an acute febrile vasculitis with a peak 
incidence at the age of 1–2 years; 80% of cases occur in children
aged less than 4 years. It is characterized by a widespread 
erythematous exanthem, dry, red and cracked lips, conjunctival
injection, cervical lymphadenopathy and a red tongue with
prominent papillae (‘strawberry tongue’). The rash becomes
localized on the hands and feet, which become oedematous 
and then desquamate. Associated cardiac involvement with the
development of myocarditis, pericarditis and coronary artery
aneurysms is not uncommon and must be excluded [47]. The
aetiology of Kawasaki disease is not known, but bacteria or 
bacterial superantigens have been implicated following the 
isolation of toxin-producing staphylococcal or streptococcal
strains from patients with the disorder [48].

Abdominal pain and jaundice have been described as the pre-
senting complaint in Kawasaki disease [49]. Ten to fifteen per
cent of children with Kawasaki disease develop upper abdominal
pain during their illness [50]. In one series, hepatomegaly was
noted in 15%, and a non-specific increase in serum aminotrans-
ferases was found in 31% of cases [51]. There is also a known
association with hydrops of the gallbladder, although its patho-
genesis remains unclear [52]. Three patients with Kawasaki 

disease have been reported to have had histological evidence of
intrahepatic cholangitis and necrosis of the intrahepatic bile
duct epithelium [53]. Intrahepatic cholangitis in a child who had
persistent hepatomegaly has also been reported [54]. Vasculitis,
portal inflammation, fatty degeneration and severe hepatic con-
gestion have all been reported at autopsy and could contribute
towards hepatic dysfunction [55].

Neurofibromatosis type 1

Neurofibromatosis type 1 (NF1) or von Recklinghausen’s dis-
ease is the most common neurocutaneous disorder, occurring in
1 in 2500 to 7800 persons [56]. It has an autosomal dominant
mode of inheritance, but 50% of affected individuals have NF1
as a result of a new NF1 gene mutation. The gene for this disease
has been localized to chromosome 17q11.2 [57].

Cutaneous features include café-au-lait spots, which may be
present at birth or develop during infancy, axillary freckling,
which is pathognomonic of neurofibromatosis, and cutaneous
neurofibromas, which are soft flesh-coloured papules and 
nodules. Other presentations include subcutaneous neurofi-
bromas involving nerves, nodular plexiform neurofibromas in
the subcutis involving dorsal nerve roots, and diffuse plexiform
neurofibromas, which may involve all layers of skin and pene-
trate deeply into muscle, bone and viscera. There are occasional
reports of plexiform neurofibromas involving the liver, which
may be extensive, as in the case of a 5-year-old boy who pre-
sented with a neurofibroma involving the retroperitoneum,
mesentery and liver [58], and that of a 15-year-old girl in 
whom infiltration had occurred into the porta hepatis and intra-
hepatic portal branches of the liver, leading to hepatomegaly 
and right upper quadrant tenderness [59]. Extrahepatic biliary
obstruction leading to obstructive jaundice has also been
reported [60].

Gastrointestinal stromal tumours are found both sporadically
and in association with neurofibromatosis. Liver metastases
have been reported [61].

One per cent of neurofibromatosis patients develop
phaeochromocytomas; these tumours can be situated in the 
liver themselves, but adrenal phaeochromocytomas are also
documented as causing marked abnormalities in liver function
including cholestasis. This effect, due to tumour production of
interleukin (IL)-6 and IL-1β, resolves spontaneously following
tumour resection [62,63].

Neurofibromatosis type 2

Skin manifestations in NF2 are not as common as in type 1 
disease, and liver involvement is extremely rare. The human
neurofibromatosis 2 gene encodes for a tumour suppressor 
protein called schwannomin, a member of a family of proteins
thought to link cytoskeletal elements to cell membrane contents.
Schwannomin seems not to be present in the liver, possibly
explaining the infrequency of liver involvement [64].
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Drugs

Retinoids

The synthetic retinoid acitretin has an established role in the
treatment of psoriasis, disorders of keratinization such as
Darier’s disease, severe types of ichthyosis and pityriasis rubra
pilaris. Isotretinoin is the retinoid used in the treatment of acne.
Retinoids are teratogenic, and pregnancy is contraindicated for
2 years following cessation of acitretin and for 1 month after
isotretinoin. The main side-effects are dryness of the skin and
mucous membranes causing cheilitis and conjunctivitis. Side-
effects of the retinoids are similar but, because isotretinoin is
rarely prescribed for periods longer than 1 year, subsequent
focus will be on acitretin.

In 525 patients taking acitretin in clinical trials, 66% had
increases in triglycerides > 20 mg/dL and 33% had a doubling 
in total cholesterol. Baseline lipid measurements are recom-
mended followed by regular testing until the effect on lipids is
established [65]. Hyperlipidaemia should be managed by reduc-
ing the dose of acitretin, dietary measures and lipid-lowering
drugs. Lipid levels usually normalize after stopping acitretin.

One-third of patients taking acitretin have transient and
reversible rises in aspartate aminotransferase (AST), alanine
aminotransferase (ALT) or lactate dehydrogenase (LDH) [65].
Acute hepatitis progressing to chronic liver disease is rare [66].
Liver biopsies carried out in a series of patients on etretinate 
for 2 years showed no consistent abnormalities [67]. Baseline
liver function tests are measured before acitretin or isotretinoin
and intermittently thereafter; routine liver biopsy is not recom-
mended. Alcoholics, diabetics and patients on other hepatotoxic
medication will require closer monitoring.

Methotrexate

Methotrexate has been a treatment for psoriasis since the 1950s.
The mode of action has been attributed to inhibition of DNA
synthesis and cell division of keratinocytes by competitive 
inhibition of the enzyme dihydrofolate reductase, but effects 
on T cells may be more important [68]. Use of methotrexate is 
limited by risks of myelosuppression, pulmonary fibrosis and
hepatotoxicity. Methotrexate use was linked to 164 fatalities
reported over 35 years to the Committee on the Safety of
Medicines [69]. While myelosuppression was the most com-
mon cause of mortality, eight deaths were attributed to liver
complications.

Methotrexate-induced hepatotoxicity ranges from mild hep-
atitis to fibrosis, cirrhosis and, rarely, fulminant hepatic failure.
Progression to cirrhosis in psoriatics receiving methotrexate
varies greatly in different publications from 25% to more recent
estimates of 0–4% [70]. Histological findings commence with
increased collagen in the space of Disse, progressing to fibrosis
and, eventually, micronodular cirrhosis. Fatty infiltration is not

uncommon, although hepatocellular damage is not usually a
feature.

Increased risk of liver damage on methotrexate is linked to a
high cumulative dosage, alcohol consumption in excess of 10
units per week, diabetes, obesity and older age [71]. Patients
with psoriasis who are treated with methotrexate seem to be
more susceptible to liver damage than those with rheumatoid
arthritis. This is attributed to patients with rheumatoid arthritis
taking more oral corticosteroids and having less associated 
alcohol consumption and obesity.

Monitoring of patients on methotrexate is of vital importance
and, if patients are selected beforehand and reviewed regularly,
then methotrexate has been shown to be a relatively safe therapy
[72]. Conventional serum tests of liver function are relatively
insensitive and non-specific, and may not accurately reflect the
degree of liver injury. Liver histology is still the most accurate
way of assessing methotrexate toxicity, but debate exists as to
how often liver biopsy should be performed. The American
Academy of Dermatology guidelines suggest a liver biopsy after
a cumulative dose of 1.5 g of methotrexate and thereafter at 1- to
1.5-g intervals. However, needle biopsy samples only a minute
proportion (1/50 000 of the total liver size), and sampling error
is estimated at 30%. The risk of significant morbidity following
liver biopsy is 2% and risk of mortality is 1:10 000 [73].

A non-invasive method of assessing hepatic fibrosis would be
preferable, and measurement of procollagen III aminopeptide
(PIIINP), which is produced during the synthesis of collagen
type 3 and appears to correlate with the amount of ongoing 
liver fibrosis, has been advocated as a useful marker in psoriasis
patients on methotrexate. A recent audit over 24 months in 
four UK centres compared two groups of patients, one in which
recommended biopsy guidelines were adhered to and the other
in which liver biopsy was only undertaken if there was high pre-
treatment PIIINP, or persistently raised PIIINP on methotrexate
(measured four times a year). There was a sevenfold reduction 
in the need for liver biopsies in the PIIINP group. Abnormalities
in the liver biopsy sufficient to alter management were found in
6% of patients using the recommended biopsy guidelines but 
in 20% of the group biopsied if patients had abnormal PIIINP
levels [74].

Another recent study examined the ability of PIIINP meas-
urements to identify those patients on methotrexate with 
hepatic fibrosis. Forty-six liver biopsies from 34 patients were
compared with PIIINP levels taken within 12 months of the
biopsy. A consistent increase in PIIINP level was seen across
each grade of fibrosis. No biopsy showed fibrosis if all PIIINP
levels were normal, but 50% of liver biopsies without fibrosis
had at least one abnormal PIIINP assay [75].

PIIINP is a sensitive but not a specific marker and can be
raised in arthritis, scleroderma, hyperthyroidism and during
physiological growth in childhood. Larger studies will have to 
be undertaken before definitive recommendations to substitute
regular PIIINP assays for routine liver biopsies can be made.
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Azathioprine

Azathioprine is a 6-mercaptopurine derivative immunosup-
pressive agent frequently used in dermatological practice, often
in combination with systemic steroids, as a steroid-sparing agent.
Skin diseases for which azathioprine is an established treatment
include the bullous disorders pemphigus and pemphigoid,
atopic eczema (particularly of the photosensitive type), actinic
reticuloid, systemic lupus erythematosus and dermatomyositis
[76]. Cholestasis and elevation of liver enzymes are seen only
occasionally during therapy and are usually reversible on 
withdrawal of the drug. Very rarely, azathioprine induces a
hypersensitivity reaction, which may include cholestatic jaun-
dice, portal fibrosis, hepatocellular necrosis, fever and shock
[77].

Thiopurine methyl transferase (TPMT) is an enzyme
involved in the metabolism of azathioprine and other thio-
purines. Allelic polymorphisms in the TPMT gene predict the
activity of the enzyme, such that 1 in 10 of the population are
heterozygous and have approximately 50% of normal activity,
whereas 1 in 300 are completely deficient. Patients with no
TPMT activity have grossly elevated levels of thiopurine drugs
and can develop potentially fatal myelosuppression and hepato-
toxicity [78]. Some studies found that heterozygous patients 
did not necessarily have more toxicity from azathioprine and,
hence, focused on inosine triphosphate pyrophosphatase (ITPase).
Lack of ITPase can cause toxic levels of 6-thio-ITP, which is a
metabolite of azathioprine. Polymorphism in the ITPase gene
predicts intolerance to azathioprine, although as yet it is not
measured routinely in clinical practice [79].

Ciclosporin

Ciclosporin is a treatment for a variety of disorders including
psoriasis, atopic eczema, pyoderma gangrenosum, Behçet’s dis-
ease, epidermolysis bullosa acquisita, lichen planus, pemphigus
and bullous pemphigoid. The standard dose is between 3 and 
5 mg/kg/day given in two divided doses. It is usually well tolerated.
Monitoring of renal function and blood pressure is mandatory
because long-term use of this drug in transplant recipients has
been found to cause an irreversible reduction in the glomerular
filtration rate associated with characteristic renal histopatholo-
gical changes [80]. Ciclosporin is metabolized predominantly 
by the hepatic cytochrome P-450 enzyme system with only 6%
excreted unaltered in the urine. Caution is therefore necessary
when ciclosporin is given to patients with pre-existing liver dis-
ease, as the risk of further damage is potentiated and increased
blood levels may be expected [81].

Ciclosporin may cause a rise in serum bilirubin, alkaline
phosphatase and aminotransferases. Hyperbilirubinaemia is the
most common alteration in liver function noted and occurs in
up to 50% of patients. These changes are usually asymptomatic
and return to normal on dosage reduction. Their significance is

unclear. It has been suggested that oxidative stress may cause
hepatotoxicity associated with ciclosporin, and recent animal
studies have suggested a protective effect of several antioxidants
when given with ciclosporin [82]. In addition, preliminary data
suggest that concomitant use of the recently introduced biolo-
gics with ciclosporin may lead to a lower incidence of hepatic
and renal impairment [83].

Tumour necrosis factor alpha
immunomodulators

Tumour necrosis factor alpha (TNFα) has a pathogenic role 
in rheumatoid arthritis, Crohn’s disease, psoriasis, psoriatic
arthritis, atopic dermatitis and ankylosing spondylitis. In these
diseases, TNFα blockade with either infliximab or etanercept has
been shown to be of benefit. A range of skin diseases have been
treated successfully with anti-TNFα therapy including Behçet’s
disease [84], granuloma annulare [85], hidradenitis suppurativa,
panniculitis, pyoderma gangrenosum, SAPHO (synovitis, 
acne, pustulosis, hyperostosis and osteitis) syndrome, sarcoid-
osis, subcorneal pustular dermatosis, Sweet syndrome, toxic
epidermal necrolysis and Wegener’s granulomatosis [86]. TNFα
antibodies have been used in patients with chronic hepatitis C
with no significant changes in liver enzymes, [87], but there have
been anecdotal reports of severe hepatic reactions including
jaundice, hepatitis, cholestasis, fulminant hepatitis and acute
liver failure in patients receiving infliximab [88].

Fumaric acid esters

Fumaric acid esters (FAEs) have been shown to be an effective
treatment for severe psoriasis and are now considered to be the
first-line systemic therapy in Germany. FAEs have also provided
benefit in disseminated granuloma annulare, annular elastolytic
giant cell granuloma, sarcoidosis, necrobiosis lipoidica and
granulomatous cheilitis [89]. Three-quarters of patients report
some mild side-effects, which generally do not interfere with
treatment. A quarter of patients had moderate liver enzyme 
elevation that resolved on stopping therapy [90].

Psoralens

Psoralens are photosensitizers that cross-link with DNA in 
the presence of ultraviolet light. This reaction is utilized when
psoralens are given in combination with PUVA for conditions
such as psoriasis, cutaneous T-cell lymphoma and vitiligo [91].
PUVA has been rarely associated with hepatitis [92] and is
known to induce liver microsomal enzymes [93].

Leflunomide

Leflunomide, a new oral immunomodulatory agent, is effective
for the treatment of rheumatoid arthritis. Its mechanism of
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action in suppressing inflammation is based on its inhibition 
of dihydro-orotate dehydrogenase, a key enzyme in the de novo
synthesis of pyrimidine-containing ribonucleotides. Lefluno-
mide has also been used in the treatment of psoriasis, psoriatic
arthritis, Felty syndrome, vasculitis, Sjögren syndrome, Wegener’s
granulomatosis and bullous pemphigoid [94,95]. In a recent
study of 101 patients taking leflunomide for rheumatoid arthr-
itis, 8.9% of patients had moderate or severe elevation of liver
enzymes; most occurred within the first 6 months of therapy 
and resolved during continued follow-up [96]. Although none
of these patients showed clinical signs of hepatotoxicity, there
are other reports of patients on leflunomide presenting with
acute hepatitis [97].

Dapsone

Dapsone is an antibacterial sulphonamide that was originally
used in the treatment of leprosy. More recently, it has been used
as a treatment for several other skin conditions: immunobullous
disorders (mainly dermatitis herpetiformis), pyoderma gan-
grenosum, vasculitis, Henoch Schönlein purpura, Sweet 
syndrome and Behçet’s disease. Patients on dapsone frequently
develop haematological side-effects such as haemolysis and
methaemoglobinaemia. Hepatitis has also been reported, both
alone and as part of the ‘dapsone hypersensitivity syndrome’,
which occurs in between 0.2% and 0.5% of patients [98]. It
begins with a rash and eosinophilia and, if dapsone is not
stopped immediately, patients can develop an exfoliative der-
matitis, hepatitis, hypoalbuminaemia, psychosis and death.
Both hepatocellular and cholestatic liver damage have also been
described. Patients with cholestasis may run a more benign
course. Cholangitis has also been described as part of the 
dapsone syndrome [99]. Severe cases respond well to corticos-
teroid therapy.

Terbinafine

Terbinafine is now considered to be the first-line treatment of
dermatophyte infections of the nails and may be an option for
ringworm infections when oral therapy is appropriate. The fre-
quency of adverse effects is about 10%, with gastrointestinal
symptoms being most common (nausea, diarrhoea, abdominal
pain and dyspepsia). A postmarketing surveillance study of 
25 884 patients showed a 0.2% incidence of hepatic enzyme
increases and, although hepatobiliary toxicity with terbinafine is
uncommon (1/45 000), cholestasis, liver failure and hepatorenal
syndrome have been described [100]. The pathophysiology of
liver reactions to terbinafine is unclear, possibly being idio-
syncratic or via a reactive metabolite [101].

Itraconazole

Itraconazole is a broad-spectrum triazole antimycotic used 
for topical treatment failures or as a first-line treatment for 

ringworm fungal infections, pityriasis versicolor and ony-
chomycosis. Apart from skin diseases, itraconazole is also
licensed for aspergillosis, systemic candidiasis, cryptococcosis
and histoplasmosis. The frequency of liver impairment in
patients on itraconazole ranges from 31.5% of 9228 patients 
in a recent meta-analysis [102] to 0.003% of prescriptions in a
UK study of 54 803 patients [103]. There is a lack of standard
definitions of hepatotoxicity across these studies, which may
explain the wide range described. Severe hepatotoxicity has 
been described and, recently, a patient has been reported who
developed liver failure requiring transplantation following 
itraconazole treatment for onychomycosis [104]. There is, how-
ever, a recommendation that liver function tests are required if
treatment exceeds 1 month.

Griseofulvin

Griseofulvin has been used for over 40 years in dermatophyte
infections with infrequent side-effects. However, the length 
of treatment may result in poor compliance, and the newer
faster-acting agents (itraconazole and terbinafine) are often 
the preferred option for onychomycosis. Griseofulvin is still
used regularly for tinea capitis in children. Hepatic side-effects
are rare, but reports include intrahepatic cholestasis [105], 
exacerbation of acute intermittent porphyria [106] and drug-
induced lupus erythematosus.

Minocycline

Minocycline is an antibiotic that is regularly used in the treat-
ment of acne. Although generally safe, 6% of patients taking
minocycline have been reported to develop hepatotoxicity. Two
different clinical scenarios of liver involvement are described:
autoimmune hepatitis associated with lupus-like symptoms
occurring after a median duration of exposure to minocycline of
365 days in females and 730 days in males or a hypersensitivity
reaction associated with eosinophilia and exfoliative dermatitis
occurring within 35 days of therapy [107].

Flucloxacillin

Flucloxacillin is a semi-synthetic penicillinase-resistant peni-
cillin primarily used to treat cutaneous staphylococcal infec-
tions. Flucloxacillin is a well-recognized cause of drug-induced
cholestatic hepatitis, often associated with prolonged cholestasis
and the vanishing bile duct syndrome [108]; occasional fatal
hepatic injury has also been reported [109]. A recent study of
283 097 first-time users of flucloxacillin showed that 8.5/100 000
developed cholestasis within 45 days of starting treatment, and 
a further 1.8/100 000 were affected within 90 days of starting
treatment. In the UK, flucloxacillin remains the most common
antistaphylococcal antibiotic prescribed, although in the USA,
following reports of cholestasis, dicloxacillin is increasingly used
as an alternative [110].
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Spironolactone

The aldosterone antagonist diuretic spironolactone is used in
the treatment of hirsutism and in hyperandrogenetic conditions
such as polycystic ovary syndrome as a consequence of its weak
antiandrogenetic properties. Hepatic toxicity is extremely rare
with only a few reported cases [111]. Although spironolactone
has been shown to cause tumours, including liver tumours, in
rats when used at doses 25–100 times higher than those used in
humans [112], no reported cases of spironolactone-related
tumours have been reported in humans.

Cyproterone acetate

Women suffering from acne or hirsutism, often secondary to 
the polycystic ovary syndrome, may be treated with the 
antiandrogen cyproterone acetate (CPA) in combination with
ethinylestradiol. The oral contraceptive preparation Dianette
contains a small dose of CPA (2 mg daily) and 35 µg of
ethinylestradiol; it is not recommended solely for contraception,
but should be used in women who have androgen-dependent
skin conditions. CPA is contraindicated in patients with pre-
existing liver disease. A report of 105 prostate cancer patients
taking high daily doses (150 mg) of CPA showed hepatotoxicity
in 9.5%, which resolved in 90% after stopping the CPA [113]. 
A recent case–control study of Dianette use suggested no
increase in hepatotoxicity compared with the general popula-
tion, which implies that this is a dose-dependent effect 
[114].

Several reports point towards a rare link between prolonged
use of high-dose CPA and the development of hepatocellular
carcinoma. This is most frequently reported when CPA is used
in higher doses, often for prostate carcinoma, but a healthy
female with no other risk factors has developed hepatocellular
carcinoma after 14 years of taking Dianette [115]. Progestogens
are classified by the International Agency for Research on
Cancer (IARC) as possibly carcinogenic to humans. It is sug-
gested that this results from the genotoxicity of CPA. A reactive
metabolite of CPA is produced in the liver, which forms DNA
adducts eliciting DNA repair in hepatocytes, in both rats and
humans [116].

Danazol

Danazol, an inhibitor of pituitary gonadotropin with weak
androgenic effects, is currently used in the treatment of
endometriosis, hereditary angio-oedema, systemic lupus ery-
thematosus and idiopathic thrombocytopenic purpura. Its 
hepatological side-effects have been well documented. These
include reversible elevations in serum aminotransferases,
cholestatic hepatitis [117], hepatic peliosis, hepatocellular ade-
nomas and, rarely, hepatocellular carcinoma [118]. Danazol can
induce aminolaevulinic acid (ALA) synthetase activity and,
hence, may precipitate porphyria.

Stanozolol

Stanozolol is similar in structure to danazol and is used in
chronic venous disease, Raynaud’s disease, hereditary angio-
oedema, urticaria, cryofibrinogenaemia and for the vascular
manifestations of Behçet’s disease because of its fibrinolytic
effect. Like danazol, slight elevation in liver enzymes may be seen
and porphyria precipitated [119]. Very rarely, stanozolol may
induce hepatic tumours and peliosis hepatitis with prolonged
treatment [120].
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20.6 The liver in urogenital diseases
Mónica Guevara, Vicente Arroyo and Juan Rodés

This chapter includes hepatic disturbances observed in some
urogenital diseases, such as hypernephroma and prostatic carci-
noma, as well as those associated with haemodialysis and renal
transplantation.

The nephrogenic hepatic dysfunction
syndrome

This syndrome was first described by Stauffer et al. in 1961 [1] in
five patients with hypernephroma without hepatic metastases.
These patients had abnormal standard liver function tests and
hepatomegaly, which completely disappeared upon removal of
the tumour. This syndrome has also been observed in patients
with renal sarcoma and xanthogranulomatous pyelonephritis.
Strict confirmation of this syndrome requires the following 
criteria: (i) return to normal of liver function tests after nephrec-
tomy and (ii) absence of hepatic metastases at autopsy. The 
incidence of this syndrome is unknown. The clinical picture is
characterized by the presence of hepatomegaly, fever, weight
loss, anaemia, high alkaline phosphatase, prolonged prothrom-
bin time and impaired excretion of sulphobromophthalein. In
some patients, thombocytosis may be observed, probably as a
paraneoplastic manifestation. No relationship has been found
between the development of this syndrome and the histological
characteristics of the renal cancer.

Liver biopsy shows only minimal changes, including steatosis,
spotty necrosis, moderate lymphocyte infiltration in the portal
tracts and haemosiderosis. There is no relationship between the
hepatic morphological lesions and the degree of alteration in
liver function tests. The pathogenesis of nephrogenic hepatic
dysfunction is unknown. It has been suggested that it may be due
to the presence of undetected micrometastases in the liver, with
disappearance after nephrectomy, as reported for lung meta-
stases. This, however, is unlikely as liver metastases were not
detected at necropsy in some cases. An alternative hypothesis is
that this syndrome is due to a ‘hepatotoxic hormone’ produced
by the tumour itself [2].

Recognition of this syndrome is clinically important for two
reasons: (i) renal cancer should be considered in the diagnosis of

any patient with fever, hepatomegaly, abnormal standard liver
function tests and normal or only minimally altered hepatic his-
tology; and (ii) patients with kidney tumours and abnormal
standard liver function tests do not necessarily have hepatic
metastases [3].

Haemodialysis and the liver

Patients treated with haemodialysis frequently present abnormal
standard liver function tests. Approximately 30% of haemodial-
ysis patients show mild elevation of transaminases [4]. Hepatitis
B, D and C viruses are the main cause of liver disease in such
patients. Other aetiological factors include drugs, iron overload
from repeated blood transfusions, cytomegalovirus, Epstein–
Barr virus, bacterial infections or foreign bodies. Finally, some
liver and renal diseases have a common aetiology such as amy-
loidosis, diabetes or vasculitis.

Hepatitis B

With the extensive use of haemodialysis in the 1960s, it became
apparent that viral hepatitis was a major problem associated
with this therapy [5,6]. In 1972, it was found that patients sub-
mitted to chronic haemodialysis were at great risk of acquiring
hepatitis B virus (HBV) infection [7]. Subsequently, several
studies confirmed the high incidence of HBV infection in
haemodialysis units; at least one serological HBV marker was
positive in about 40% of the patients, and chronic hepatitis B
surface (HBs) antigenaemia was found in 10–15% [8]. The
prevalence of serological markers in patients dialysed at home is
lower (5–6%), suggesting that transmission of HBV from other
patients or hospital personnel may be important in the spread 
of HBV infection in haemodialysis units. Most HBs antigen
(HBsAg) carriers are discovered before entering the haemodial-
ysis programme. However, between 5% and 10% of patients
become HBsAg positive after starting haemodialysis in spite of
preventive measures [9,10] (Table 1). Many sources, including
transfusions [11], needles [12] and dialysis machinery [13], have
been implicated in the spread of HBV infection. In 1977, the
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Centers for Disease Control and Prevention (CDC), which has
been conducting surveillance of viral hepatitis in dialysis centres
since 1969, issued recommendations to reduce the spread of
HBV within haemodialysis units. These guidelines included seg-
regation of HBsAg-positive patients by room, dialysis machine
and staff, as well as routine serological screening for HBsAg and
anti-HBs. Implementation of these recommendations reduced
the incidence of HbsAg seropositivity in dialysis units in the
USA from 3% (1976) to 0.5% (1983) for patients and from 2.6%
to 0.5% for staff [14]. In subsequent years, the prevalence of
HBV infection and its incidence among haemodialysis patients
and staff in the USA and Europe has continued to decline. 
The main factors that contributed to this declination were the
screening of blood donors for HbsAg (1972) and anti-hepatis B
core (HBc) antibodies (1987), and the introduction of erythro-
poietin (1986), which led to a diminished need for blood trans-
fusions. Vaccination of dialysis patients against HBV began in
1982; despite its undeniable role, the major decline in the inci-
dence of HBV infection was between 1976 and 1980. Currently,
active HBV vaccination is recommended for all patients with
endstage renal disease (ESRD). However, non-response or
incomplete response to standard HBV vaccines is more frequent
in these patients [15]. Thus, general precautions for the preven-
tion of viral transmission are still mandatory [16].

Despite all these preventive methods, HBV infection among
haemodialysis patients continues to be reported in developed
countries [10,17].

In the Asia–Pacific region, HBV remains a major problem. In
this region, the prevalence of HBV infection in haemodialysis
patients reflects that in the local population (8–20%) [18].

The illness resulting from HBV infection in the dialysis
patient is usually asymptomatic (shown only by elevated
transaminases and the appearance of HBsAg in the blood),
whereas relatives or staff members display a more severe course
[19]. In fact, in a multicentre study (27 countries) carried out in
Europe [20], 16 of the 778 staff members in dialysis units who
contracted hepatitis died as a consequence of acute hepatic 
failure. This different outcome between dialysed patients and
staff members may be due to immunodeficiency occurring in

renal patients compared with the normal immune response of
their healthy counterparts. Dialysis patients who develop acute
HBV infection have about a 60% chance of becoming chronic
HBsAg carriers [21]. Interestingly, only 5% of dialysis-related
cases of acute hepatitis B subsequently develop persistent eleva-
tion of aminotransferases due to chronic hepatitis. A study using
monoclonal HBs antibody suggested that the prevalence of
HBsAg in haemodialysis patients might be higher [22]. It has
been shown that active viral replication in these patients pro-
motes histological progression [23]. The high risk of chronicity
as well as progression of liver disease in haemodialysis patients
has been attributed to depressed cell-mediated immunity [24].

Liver disease in chronic HBsAg carriers receiving haemodia-
lysis is characteristically asymptomatic. Initially, the histology 
of the liver is also mild with moderate inflammatory infiltration
and liver cell necrosis. However, the course of the disease may 
be progressive, leading to more severe forms such as chronic
hepatitis and cirrhosis. This explains the high incidence of HBV
with advanced chronic liver disease found in patients treated
with haemodialysis for many years [25,26].

A recent multicentre survey [27] demonstrated that the risk of
liver cancer is significantly higher in ESRD patients treated by
dialysis compared with the general population. This is probably
related to the high prevalence of hepatitis C virus (HCV) coin-
fection in this group of patients. No difference in survival 
has been found between HBsAg-positive and HBsAg-negative
patients on dialysis in North America. Despite cirrhosis not
being a frequent complication in these patients in the developed
world, its presence significantly increases mortality in these
patients. The period for developing HBV-related complications
is probably higher than the mean life expectancy of many 
dialysis patients. Therefore, HBsAg-positive patients on dialysis
are likely to die with the infection rather than from it [17]. The
aim of antiviral therapy of HBsAg-positive renal transplant 
candidates should be prevention of cirrhosis before and after
transplant. The efficacy of interferon is poor in dialysis patients;
moreover, recommended doses for HBV infection are poorly
tolerated by patients on dialysis. This frequency of side-effects
may be attributed to various mechanisms, such as an altered

Table 1 Prevalence and seroconversion rates of HBV infection in patients on dialysis (by country).

Country Unadjusted Adjusted prevalencea Unadjusted seroconversion/ Adjusteda seroconversion/
prevalence (%) % (95% CI) 100 patient–years (%) 100 patient–years % (95% CI)

France 5 3.7 (2.9–4.7) 0.9 1.0 (0.4–3.1)

Germany 5.2 4.6 (3.6–5.8) 1.1 1.8 (0.6–4.9)

Italy 6.6 4.3 (3.4–5.4) 0.5 0.5 (0.1–0.1)

Japan 3.3 2.1 (1.6–2.6) 1.2 1.0 (0.4–2.8)

Spain 3.1 2.1 (1.6–2.7) 0.7 0.7 (0.2–2.1)

United Kingdom 0.0 0.0 0.4 0.5 (0.1–2.3)

United States 2.8 2.4 (2.1–2.7) 0.4 0.4 (0.2–0.6)

aAdjusted for the average of each of the following patient characteristics: age, gender, race, time on endstage renal disease (ESRD) and alcohol or drug abuse

in the past 12 months (reproduced with permission from ref. 10). CI, confidence interval.
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pharmacokinetic profile of interferon in chronic uraemia or
increased interferon synthesis at the end of each dialysis session
[28]. Lamivudine is a major advance in the treatment of HBV
infection before and after renal transplantation. No controlled
trials for the treatment of HBV with either lamivudine or inter-
feron in dialysis patients are currently available. Indications 
for treatment should be similar to those for immunocompetent
patients. Finally, adefovir was effective in the treatment of HBV-
induced fibrosing cholestatic hepatitis, despite the presence of
renal impairment and lamivudine resistance. However, it is just
one case that has been reported. Therefore, because of poor
results and the side-effects of interferon, nucleosides appear to
be superior to interferon in these patients [16,18,29].

Hepatitis D

Hepatitis D virus infection is not a major problem in haemodial-
ysis. Several reports have indicated the absence of hepatitis D
virus infection in HBV-infected haemodialysed patients [30].
However, hepatitis D virus infection should be considered in
these patients when there is rapidly deteriorating liver disease.

Hepatitis C

HCV infection is very common among haemodialysed patients.
This chronic viral infection can result in significant morbidity
and mortality [31]. Viral hepatitis was suspected to be prevalent
in patients with ESRD maintained on dialysis nearly three
decades ago. Development of serological testing for HBV
confirmed the high incidence among patients and staff in this
population [32]. As mentioned above, HBV infection dramat-
ically decreased with the mandatory measures initiated by the
CDC. However, many cases of liver disease in endstage renal
failure were unexplained and were named non-A, non-B hepa-
titis. Later on, with the discovery of HCV, it could be proved 
that this virus was frequent in patients with ESRD on haemo-
dialysis in the absence of the usual parenteral risk factors [32].
An average of 10–20% of chronic haemodialysis patients in 
the USA have serological evidence of chronic HCV infection.

Effective screening of blood products and the routine use 
of erythropoietin to manage anaemia in patients with ESRD 
virtually eliminated HCV transmission by blood a decade ago.
However, the prevalence of the disease varies widely from centre
to centre [31,33].

The diagnosis of chronic HCV infection can be difficult in
patients with chronic renal failure. Most of these patients have
normal serum transaminase values. As a consequence, diagnosis
of HCV infection requires sensitive and specific methods
[34–38]. The introduction of third-generation anti-HCV assays
has improved the accuracy of diagnostic testing in this popula-
tion. HCV viral load is frequently low in haemodialysis patients
with HCV infection, although polymerase chain reaction (PCR)
and branched DNA assays are positive in these patients and are
useful in the detection of seroconversion [37,39].

HCV infection is a persistent public health concern in
haemodialysis patients. Haemodialysis patients are vulnerable
to HCV infection because of the risk of exposure to HCV 
associated with the dialysis procedure. Patients with HCV infec-
tion often have minimal clinical manifestations of the disease.
However, HCV in patients with ESRD has been associated 
with greater morbidity and mortality. Moreover, these patients
develop more complications after receiving renal transplanta-
tion [40].

Despite control measures established to prevent bloodborne
virus transmission in the ESRD population, HCV persists within
haemodialysis units. Differences in community behaviour and
application of different protocols to control infection among
haemodialysis units may be responsible for this result. A recent
study has evaluated the prevalence and the incidence of HCV in
308 dialysis units in Europe, Japan and the USA. The prevalence
of HCV in haemodialysis units varies from 2.6% to 22.9%
(Table 2). Increased prevalence of HCV infection was associated
with longer time on dialysis, male gender, black race, diabetes,
HBV infection, prior renal transplant and alcohol or drug abuse
in the previous 12 months. Seroconversion occurred in 56% 
of the haemodialysis units and was related to longer time on
dialysis, human immunodeficiency virus (HIV), HBV infection
and recurrent cellulitis or gangrene. A better trained staff was

Table 2 Prevalence and seroconversion rate of HCV infection in patients on dialysis (by country).

Country Unadjusted Adjusted prevalencea Unadjusted seroconversion/ Adjusteda seroconversion/ 
prevalence (%) % (95% CI) 100 patient–years (%) 100 patient–years % (95% CI)

France 14.7 10.4 (9.7–11.2) 1.9 2 (1.4–2.8)

Germany 3.9 3.8 (3.3–4.4) 1.7 1.7 (1.2–2.5)

Italy 22.2 20.5 (19.4–21.7) 3.6 3.9 (2.9–5.2)

Japan 19.9 14.8 (14.0–15.6) 3.1 3.0 (2.3–3.9)

Spain 22.2 22.9 (21.7–24.1) 3.0 3.5 (2.5–4.8)

United Kingdom 2.7 2.6 (2.1–3.2) 1.1 1.2 (0.7–2.0)

United States 14.4 14.0 (13.6–14.5) 3.1 2.5 (2.1–2.9)

aAdjusted for age, gender, race, time on dialysis, previous transplantation, alcohol use, HCV and drug abuse in the past 12 months (reproduced with

permission from ref. 40).
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associated with lower HCV prevalence [40]. HCV infection is
less common in patients on continuous peritoneal dialysis. The
reasons for these differences have not yet been fully evaluated
[41].

The clinical features of acute HCV infection among
haemodialysis patients are similar to those of acute HBV infec-
tion. In most patients, the illness is either asymptomatic or 
associated with mild symptoms. Furthermore, in a study con-
ducted in chronic HCV infection by Pol et al. [38], only 31% 
of the patients with HCV RNA in the blood had abnormal 
liver tests. However, the clinical consequences of HCV infection
in haemodialysis patients are more severe than was initially 
considered. In three studies, liver biopsy demonstrated that the
incidence of chronic hepatitis, cirrhosis and even hepatocellular
carcinoma is relatively high. Therefore, liver biopsy is the most
accurate way of assessing the severity of liver injury in these
patients [42–44].

Despite the high prevalence of HCV infection in the
haemodialysis population, the role of antiviral therapy in dialysis
patients with HCV is still a matter of debate. Two meta-analyses
have evaluated the efficacy of interferon as monotherapy in the
haemodialysis population [45,46]. The first included 14 clinical
trials including two controlled trials [45]. The mean sustained
virological response (SVR) was 37%. The frequency of side-
effects requiring interruption of interferon was high (approxi-
mately 50%). In conclusion, the tolerance of interferon was poor
in a HCV dialysis population, although one-third of patients
achieved a SVR. The second analysed 11 studies and reached
similar conclusions [46]. Currently, it is not clear which patients
with HCV infection on dialysis should be treated with inter-
feron. It seems rational to offer treatment with interferon to
those patients with long expected survival. However, it should
be done after careful evaluation of the potential benefits and
risks of treatment [33].

A few studies with a small number of patients have evaluated
the effect of interferon plus ribavirin in these groups of patients.
Bruchfeld and coworkers identified three requirements for using
ribavirin in infected HCV patients on dialysis. First, a marked
reduction in the dose of ribavirin, second, close monitoring of
plasma ribavirin concentration and, finally, an increase in the
erythropoietin dose to compensate for the ribavirin-associated
haemolytic anaemia [47]. Further and expanded studies are
needed to determine the role of ribavirin plus interferon in the
treatment of HCV patients on dialysis.

There is little existing information on using pegylated 
interferon-α2a in the HCV haemodialysis population. A recent
study included 10 patients with HCV infection on haemodi-
alysis [48]. They had to reduce the dose of Peg-interferon in only
two cases. Even if side-effects occurred in most of the patients
(flu-like syndrome, thrombocytopenia or leucopenia), they did
not discontinue treatment. A virological response was achieved
in 87% of the cases. However, the SVR remains to be analysed.
Therefore, longer studies are needed to assess the effect of 
pegylated interferon in this population.

Other hepatic lesions

Other hepatic lesions that occasionally affect haemodialysis
patients include spontaneous liver haematoma, haemorrhagic
cholecystitis, diffuse hepatic calcification, hepatic infarction, liver
deposition of silicone, haemosiderosis and haemochromatosis.

Spontaneous haemorrhagic complications of haemodialysis
are diverse and have occasionally been observed in the liver 
and in the gallbladder. Although hepatic haematoma has been
reported in a few patients, an incidence of 1.5% has been 
published among haemodialysis patients with manifestations 
of spontaneous bleeding [49]. The clinical picture of hepatic
haematoma is characterized by upper quadrant pain, tenderness
on palpation of the liver, fever, a decrease in haematocrit and an
increase in alkaline phosphatase levels. Radioisotope scanning,
ultrasonography or computerized tomography (CT) scan pro-
vide supportive evidence of this complication. Management is
dependent on the extent and location of liver injury. Central
haematomas can simply be evacuated, whereas haematomas
causing subcapsular tear and bleeding may require partial hepa-
tectomy. Haemorrhagic cholecystitis [50] is usually associated
with right-sided abdominal pain, fever, nausea, vomiting and
leucocytosis. Radionuclide scanning is useful for confirming this
diagnosis. The treatment is cholecystectomy.

Recently, hepatic infarction was reported as developing in a
patient with systemic lupus erythematosus and chronic renal
failure treated with haemodialysis [51]. This complication is
very uncommon as haemodialysis patients have a decreased 
tendency for vascular thrombosis. However, this may not be
true in the presence of circulating antiphospholipid antibodies
as occurs in patients with systemic lupus erythematosus.

Particles of silicone have been observed in the livers of
patients treated with haemodialysis [52,53]. The hepatic lesion 
is characterized by the presence of granulomas associated with
varying degrees of inflammation and fibrosis (Fig. 1). The 

Fig. 1 Silicone deposit in the liver. Granules of a brilliant material are seen
within several multinucleated cells in a portal tract. This material was
refractile, but not refringent under polarized light (H and E × 180).
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incidence of this lesion in haemodialysis patients is about 50%.
Most of these patients are asymptomatic, although fever and
malaise may occur in some patients. It has been suggested that
hepatic silicone deposition could be a cause of chronic hepatic
dysfunction in haemodialysis patients [4].

Renal transplant and the liver

Hepatic dysfunction, recognized by increased levels of trans-
aminases, is frequently seen in renal transplant patients. In the
1970s, the reported incidence varied from 7% to 67% [54–57].
In most patients, chronic liver disease is due to hepatitis virus
infection, particularly HBV and HCV [30,58]. Other hepatic
lesions have been described resulting from renal transplantation
per se or as a consequence of immunosuppression therapy, for
example peliosis hepatis [59], idiopathic portal hypertension
[60], hepatic veno-occlusive disease [61], nodular regenerative
hyperplasia and cholestasis [62].

Hepatitis B

Renal transplantation and associated therapeutic immunosup-
pression affect the outcome of infected HBV patients [63–65].
Prospective studies using sequential liver biopsy have demon-
strated that HBV infection in renal transplant recipients usually
leads to a severe form of chronic liver disease. Pol et al. [66]
showed histological worsening of the liver during the post-
transplant period in 80% of HBV-infected patients. Such
patients may develop chronic hepatitis, cirrhosis and even 
hepatocellular carcinoma [27]. It was found that HBV renal
transplant patients had a lower post-transplant survival than
patients not infected with HBV [67], although others have
reported different results [66,68], indicating that the survival of
renal transplanted patients with HBV infection was similar to
that of patients negative for HBV.

Taken together, the above studies showed that reactivated
HBV infection is common after kidney transplantation, severe
liver disease often occurs in kidney recipients who are HBsAg
positive, and diminished survival due to chronic hepatitis B is
frequently observed [69].

On the other hand, vaccination to prevent the infection in
patients with ESRD induces a weak or absent response [10,15].
For several years, interferon was the only therapeutic option 
for this group of patients. However, there are well-documented
cases of acute allograft rejection precipitated by interferon, mak-
ing this drug unsuitable after renal transplantation. Interferon
therapy may also cause deterioration of graft function by other
mechanisms, such as direct nephrotoxicity, induction of acute
interstitial nephritis and induction of cytokines [17].

Over the past few years, with the appearance of lamivudine, 
a big change has occurred for HBV patients with ESRD. The
efficacy and safety of lamivudine monotherapy in renal trans-
plantation recipients with chronic HBV infection has been 
evaluated by a recent meta-analysis including 14 clinical trials.

The results of this meta-analysis reveal that lamivudine induced
a clearance of HBV DNA of 91% and of HBeAg of 27%.
Moreover, it was associated with normalization of alanine
aminotransferase (ALT) in 81% and the appearance of lamivu-
dine resistance in 18% of the cases. In conclusion, lamivudine 
is well tolerated, and lamivudine resistance occurred with pro-
longed therapy [71].

Gane and Pilmore [18] have recently suggested an algorithm
for management of HBsAg-positive renal transplant candidates.
This algorithm suggests that all these patients should undergo
liver biopsy before listing. Patients without chronic hepatitis can
be listed for transplant. Liver function tests should be closely
monitored after transplantation and acute dysfunction investi-
gated with liver biopsy and HBV DNA analysis. Post-transplant
HBV reactivation should be treated with lamivudine. Alternatively,
HBV reactivation can be prevented by universal lamivudine
prophylaxis in all HBsAg-positive candidates from the time of
transplant. Lamivudine should start before transplant in HBV-
positive renal transplant candidates who have HBV DNA 
> 105copies/mL and active liver disease despite haemodialysis.

In conclusion, HBV infection remains a concern in patients
with ESRD, although its transmission in haemodialysis units has
dramatically decreased over the last 30 years. Finally, the appear-
ance of lamivudine has improved the survival of patients with
HBV infection and ESRD.

Hepatitis D

Hepatitis D virus infection is an infrequent clinical condition 
in renal transplant recipients. Kharsa et al. [72] reported three
cases of fulminant hepatitis among 300 renal transplant recipi-
ents. In two of these three cases, direct staining of liver tissue
identified hepatitis D virus, indicating that this virus should be
considered as a cause of fulminant hepatitis in renal transplant
recipients.

Hepatitis C

HCV infection in dialysis patients is usually asymptomatic with
an apparently indolent course. In the majority of patients,
chronic hepatitis C is present before transplantation. However,
some patients acquire HCV during the perioperative period
from infected donor organs [31]. However, liver disease is re-
cognized as an important cause of morbidity and mortality in
renal transplant recipients, with a prevalence varying from 4%
to 38%. Liver failure has been reported to be the cause of death
in 8–28% of long-term survivors after renal transplant, chronic
HCV infection being the major cause of liver disease among
renal transplant recipients [33].

The transmission of HCV by solid organ transplantation has
been shown unequivocally. However, the transmission depends
on various factors, such as prevalence of HCV viraemia among
donors, viral HCV load, differences in organ preservation 
and other unrecognized causes. A widely shared opinion is 
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that HCV-positive kidneys should not be transplanted into
HCV-negative recipients because of the high rate of HCV infec-
tion [32]. Several studies have compared the outcome of HCV-
positive renal transplant recipients with that of HCV-negative
renal transplant recipients. Most of the studies conclude that
HCV-positive patients show a worse survival than HCV-
negative patients. It appears that therapeutic immunosuppres-
sion following renal transplant may accelerate the course of
HCV infection, leading to hepatocellular failure [32]. A similar
concern exists with regard to graft survival in renal transplanta-
tion recipients with HCV infection, with recent studies showing
reduced graft survival [18,32]. Up to now, few trials have 
evaluated the effect of interferon after renal transplantation in
patients with HCV infection. These studies report that inter-
feron is poorly tolerated in patients with renal transplantation
and has frequently had to be withdrawn. Interferon induced
renal failure in approximately 30% of patients, rejection being
the most frequent cause of renal failure in this group of patients.
Thus, the overall consensus is that interferon is best avoided in
renal transplant recipients [32,73–75]. It has been suggested
that interferon may increase the risk of acute rejection; however,
this issue is still under discussion [76]. Nevertheless, nowadays,
it is not known whether interferon is useful in the treatment of
these patients. In a preliminary report, Koenig et al. [77] found
that interferon was as effective as in non-uraemic patients,
although more side-effects were detected.

At present, HCV infection is not considered an absolute con-
traindication for renal transplantation. However, before con-
sidering renal transplantation, HCV-infected patients should 
be tested for HCV RNA and submitted to liver biopsy in order to
detect advanced liver disease at an early stage. Patients with mild
or moderate chronic hepatitis should be considered for renal
transplantation while patients with more advanced liver disease
should remain on haemodialysis, or should be considered for
kidney–liver transplantation [41].

Other hepatic lesions

One hepatic lesion that is undoubtedly related to renal trans-
plantation is peliosis hepatis, as it is not observed in haemodi-
alysed patients or in liver biopsies performed on the day of 
transplantation. This lesion consists of sinusoidal dilatation and
blood-filled spaces, without endothelial lining, located predom-
inantly in centrolobular areas. The development of this lesion 
has been related to immunosuppression therapy, particularly
azathioprine [78]. The estimated prevalence of peliosis hepatis
in renal transplant patients is 2–4% [79], and it is more frequent
in males than in females. The clinical manifestations of peliosis
hepatis in renal transplant patients are variable. In some cases, 
it is clinically latent, whereas in others, it may produce hep-
atomegaly, portal hypertension, oesophageal varices and ascites.
Renal graft rejection is relatively common in patients with 
peliosis hepatis. The prognosis of this lesion depends on the
degree of portal hypertension. In some renal transplant recipients,

it has been shown that peliosis hepatis causes severe fibros-
ing liver lesions. The course of vascular hepatic disease is not
modified by azathioprine withdrawal [80].

Idiopathic portal hypertension causing ascites, oesophageal
varices and gastrointestinal bleeding has been described in 
renal transplant patients treated with azathioprine. In all these
cases, perisinusoidal fibrosis was demonstrated by electron
microscopy. This lesion may be the cause of portal hypertension,
through a partial obstruction of hepatic sinusoids [81]. A fatal
case of partial obstruction due to nodular regenerative hyper-
plasia of the liver was reported following renal transplantation
[62,82,82].

Approximately 5% of renal transplant patients develop acute
cholestasis secondary to azathioprine therapy, which resolves
slowly after drug withdrawal. Fatal hepatic veno-occlusive dis-
ease has also been reported in a renal transplant patient receiving
azathioprine [61].

Prostatic carcinoma and the liver

In addition to hepatic metastases, which are uncommon,
patients with prostatic carcinoma may present with obstructive 
jaundice due to infiltration of the subhepatic tissues around 
the common bile duct [83] or as a consequence of a lesion
resembling sclerosing cholangitis [84]. This biliary obstruction
may improve or disappear with orchidectomy and with the
administration of diethylstilbestrol.

In about 30–50% of treated patients with prostatic cancer,
diethylstilbestrol may produce a slight increase in transaminases
within 2 weeks of starting treatment. With treatment with-
drawal, values usually return to normal. This study also showed
that 20% of patients presented a moderate increase in serum
bilirubin, which returned to basal values 1 month later. As 
several of these patients may have liver function test alterations
before treatment with estrogen, the dosage of diethylstilbestrol
should be adjusted according to liver function. In the 1970s,
cyproterone acetate was introduced in the treatment of prostatic
carcinoma. Cyproterone acetate has been used in men not only
to treat prostatic cancer but also in the treatment of hypersexu-
ality and sexual deviation, and in women for the treatment 
of severe acne and hirsutism. It has been shown that about
15–20% of patients may develop a transient and slight increase
in transaminases after 6 weeks or even several months of therapy
[85,86]. However, liver function in these patients became nor-
mal 4–9 weeks after treatment. Nonetheless, in other patients,
hepatitis was very severe [85,87–89]. The mechanism responsible
for this hepatotoxicity is under discussion. However, most
researchers recommend that hepatic function should be assessed
2 and 4 weeks after initiating therapy and every 2 months there-
after [86].

It has been reported that patients receiving cyproterone
acetate have developed hepatocellular carcinoma [86,90,91]. 
All were treated with high doses of cyproterone acetate. These
tumours were observed in prostate carcinoma patients, during
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puberty in women with Turner syndrome and in a woman
receiving cyproterone acetate in combination with an oral con-
traceptive for more than 10 years. The mechanism by which
cyproterone acetate intake may cause hepatocellular carcinoma
is, at present, not well understood. However, experimental 
studies have shown that cyproterone acetate induces DNA
adduct formation and DNA repair activities in rat hepatocytes.
In addition, these DNA adducts may accumulate in liver 
cells facilitating the development of hepatocellular carcinoma
[86,92–94].

Bladder cancer and the liver

Patients with superficial bladder cancer are usually treated 
with intravesical bacillus Calmette–Guérin (BCG). BCG is 
commonly given in three clinical settings: (i) prophylaxis in
tumour-free patients; (ii) treatment of residual tumour in
patients with papillary transitional cell carcinoma other than
carcinoma in situ; and (iii) treatment of patients with carcinoma
in situ. Long-term studies of BCG therapy have reported
favourable responses in 50–89% of patients, and it is considered
that this treatment probably exerts its antitumoral effect
through immune mechanisms or as a consequence of an
inflammatory reaction induced by the intravesical instillation 
of BCG [12]. Complications of this therapy include local side-
effects such as haematuria, cystitis, granulomatous prostatitis,
bladder contractures and renal abscess. Systemic side-effects
such as granulomatous hepatitis, pneumonitis, azotaemia and
pancytopenia have also been described [86,95]. The systemic
side-effects are believed to be the result of either a hypersensitivity
reaction to BCG or clinical illness caused by BCG mycobacteria
[96]. Liver biopsies show intrahepatic granulomas without
mycobacteria in most patients. Recently, a patient with
mycobacteraemia and granulomatous hepatitis occurring after
the initial intravesical instillation of BCG has been reported
[97]. Treatment of systemic BCG infection in acutely ill patients
with isoniazid, rifampicin and ethambutol is recommended
[95]. Granulomatous hepatitis should be considered as an
important side-effect of intravesical instillation of BCG for 
bladder cancer, and its presence should be taken into account in
any patient with persistent fever and abnormal liver function
tests after BCG instillation.
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Liver abnormalities are frequently seen in patients with haema-
tological diseases. The changes are due to liver involvement 
by the haematological disorder, the measures employed for its
treatment or a concurrent and independent disease. Occasionally,
clinical evidence of liver disease is the first manifestation of a 
primary haematological condition. This chapter summarizes 
the hepatic abnormalities found in the different haematological
diseases. Hepatic complications related to bone marrow trans-
plantation are described in Chapter 11.4.

Hodgkin’s disease

Frequency

Hepatic involvement in Hodgkin’s disease is regarded as evi-
dence of stage IV disease. Thus, it has a wide variation depending
on the duration of the disease [1]. The prevalence ranges from
5% to 14% in liver biopsies obtained at the time of diagnosis of
Hodgkin’s disease, increases to 30% during the course of disease
and becomes as high as 60% in autopsy series.

Liver infiltration is more common in the aggressive histological
subtypes of Hodgkin’s disease – the lymphocyte-depleted and
the mixed cellularity varieties. The lymphocyte-predominant type
has the lowest incidence [2]. Splenic and medullary involvement
correlates closely with the risk of hepatic involvement, and is
associated with hepatomegaly, malaise and fever. When multi-
ple nodules are found in the spleen, the likelihood of hepatic
infiltration is high [3]. There is a single instance reported of liver
infiltration in the absence of splenic Hodgkin’s disease [4].

Histology

Hepatic infiltration in Hodgkin’s disease occurs multifocally 
in the portal tracts. Sometimes, large infiltrates coalesce forming
large tumour nodules. The diagnosis of liver involvement
requires the finding of Reed–Sternberg cells, admixed with 
lymphocytes, eosinophils, plasma cells and atypical histiocytes.
Histiocytes can form non-necrotizing granulomas, which may
contain Reed–Sternberg cells or atypical mononuclear neoplastic

cells (Fig. 1) [2]. The finding of atypical histiocytes even without
Reed–Sternberg cells is highly suggestive of hepatic involve-
ment by Hodgkin’s disease. If typical cytological features of
Hodgkin’s disease are not present, deeper histological sections
and immunostaining should be performed to find characteristic
CD30- and CD15-positive neoplastic cells.

Epithelioid granulomas, either in the hepatic lobules or in the
portal tracts, may be seen in 10% of liver biopsies [5]. They often
occur in patients without involvement of the liver by Hodgkin’s
disease [6].

Non-specific inflammatory infiltrates of portal tracts are seen
in a high proportion of cases [7]. They should not be mistaken
for liver involvement by Hodgkin’s disease. Sinusoidal dilata-
tion is present in many patients with systemic (B) symptoms [8]
and reverses when disease activity is abolished by chemotherapy.
Peliosis hepatis has been documented in one patient [9].

Clinical features

Patients with liver involvement often remain asymptomatic. 

1662

20.7 The effect of haematological and
lymphatic diseases on the liver
Miguel Bruguera and Rosa Miquel

Fig. 1 Hodgkin’s disease. Nodular infiltrate in the parenchyma composed
of atypical histiocytes, eosinophils and lymphocytes (HE × 60).
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An enlarged liver is a common finding, but does not necessarily
indicate hepatic infiltration.

Jaundice is rare as an initial manifestation but relatively 
frequent in the late stages [10], resulting from extensive liver
infiltration by tumour [11] or extrahepatic biliary obstruction
produced by hilar adenopathies [12]. A few patients exhibit a
syndrome of idiopathic intrahepatic cholestasis, for which none
of the known causes of jaundice can be implicated [13,14]. A
paraneoplastic hormonal effect unrelated to the bulk of tumour
has been suggested as a cause of jaundice. In some patients 
with cholestasis, a vanishing bile duct syndrome (ductopenia)
unassociated with tumour infiltration is found in the liver
biopsy [15]. Cholestasis may remit with chemotherapy. In a 
few patients presenting with jaundice associated with fever and
severe hepatic failure (acute cholestasis of Hodgkin’s disease),
liver biopsy demonstrates tumoral infiltration in the liver with
loss of bile ducts in portal tracts [16–19]. The development of
Hodgkin’s disease several years after the diagnosis of primary
sclerosing cholangitis has been reported [20]. Exceptionally,
Hodgkin’s disease may present as fulminant hepatic failure as a
paraneoplastic manifestation of the disease [21].

Liver function tests are of little value in diagnosing liver
involvement. Increased serum alkaline phosphatase activity is
found in many patients with hepatic infiltration, but may also 
be associated with non-specific histological changes, such as
granulomas or sinusoidal dilatation [6]. An isolated elevation 
of serum alkaline phosphatase activity may represent a minor
form of the syndrome of idiopathic cholestasis of Hodgkin’s 
disease [22].

Non-Hodgkin’s lymphomas

Frequency

Liver involvement in non-Hodgkin’s lymphoma is more common
than in Hodgkin’s disease. Liver biopsies obtained at diagnosis
of lymphoma show hepatic infiltration in about 15% of the
cases. Around 100 cases have been reported in which the liver
was the only tissue affected by the lymphoma [23–29]. Primary
lymphomas of the liver account for 0.4% of all extranodal 
lymphomas. Some 21% of these patients had an infection due to
hepatitis virus [30]. Criteria for diagnosis of primary lymphoma
are: (i) absence of lymphadenopathy or splenomegaly; (ii) normal
abdominal and thoracic computerized tomographic (CT) scans;
and (iii) normal bone marrow and blood counts [31].

Histology

Hepatic infiltration is more common in low-grade B-cell 
lymphomas (small cell) than in high-grade (diffuse large B-cell,
T-cell histiocytic) lymphomas [2], but primary lymphomas of
the liver more frequently belong to the large B-cell type. The
hepatic infiltration consists of a well-circumscribed nodular and
monomorphic infiltration of portal tracts by packed malignant

cells, which may infiltrate the sinusoids when the disease evolves
to a leukaemic phase. Large tumour nodules effacing the hepatic
architecture may be observed [32,33].

Immunohistochemistry may help to characterize the lymphoid
infiltrates present in liver biopsies [34,35]. The demonstration
of monoclonality supports the diagnosis of lymphoma.

To date, fewer than 20 cases of primary hepatic marginal zone
B-cell lymphomas of MALT type (mucosa-associated lymphoid
tissue) have been described [36,37]. An underlying liver disease,
such as viral or autoimmune hepatitis or primary biliary cirrhosis,
has been found in some of them, suggesting the role of chronic
antigenic stimulation in their pathogenesis. These tumours are
characterized by a dense portal infiltrate and are CD20 positive,
with the presence of lymphoid follicles and germinal centres and
lymphoepithelial lesions of the bile ducts (Fig. 2). One case had a
stable remission after rituximab administration [37].

Epithelioid granulomas are found in up to 10% of liver 
biopsies from patients with non-Hodgkin’s lymphoma [38];
they do not indicate that the liver is affected by the lymphoma.

Clinical features

Hepatic infiltration with non-Hodgkin’s lymphoma is usually
silent. Mild to moderate elevations in serum alkaline phos-
phatase may be present. Jaundice is uncommon and, when it
occurs, is more likely to be due to extrahepatic obstruction at 
the liver hilum than to hepatic infiltration [39]. Exceptionally,
jaundice with liver failure is the first clinical manifestation of
lymphoma. The diagnosis should be suspected if there is liver
enlargement and lactic acidosis. Neither feature is seen when
acute liver failure is due to viral or toxic agents. Diagnosis must
be confirmed histologically before starting chemotherapy; liver
transplantation should be avoided [40–43]. Untreated patients
follow a rapid course to death. Liver tissue examination reveals
massive tumoral infiltration of sinusoids and replacement of

Fig. 2 Primary hepatic marginal zone B-cell lymphoma. Immunostaining
with cytokeratin 7 highlights the lymphoepithelial lesion of the portal bile
duct.
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hepatic cords by malignant cells. Lymphomas presenting as
severe hepatic failure are of various histological types, such 
as Burkitt type and small- or large-cell lymphoma [44]. Cases 
previously reported as malignant histiocytosis would probably
now be classified as large-cell lymphomas [45]. Healthy carriers
of hepatitis B virus with non-Hodgkin’s lymphoma have 
experienced severe reactivation of hepatitis B followed by liver 
failure and death after the withdrawal of chemotherapy [46,47].
Lamivudine before starting chemotherapy or treatment with 
rituximab prevents hepatitis B reactivation [48–50].

Primary lymphoma usually affects middle-aged people and
presents with abdominal pain and B symptoms (fever, weight
loss and night sweats), but without ascites or jaundice. There is a
consistent increase in serum alkaline phosphatase activity and a
less constant increase in serum aminotransferases. Ultrasound
and CT scans are not specific, and may be confused with hepato-
cellular carcinoma or metastases. The lesions are hypo- or
hyperechoic on sonography, and of low density on CT scans.
Diagnosis of lymphoma can only be achieved by liver biopsy.

One primary lymphoma of the extrahepatic bile duct has been
documented [51].

Peripheral hepatosplenic gamma/delta
T-cell lymphoma

Hepatosplenic gamma/delta T-cell lymphoma (TCL) is a rare,
aggressive subset of non-cutaneous, peripheral TCL that pre-
sents with hepatosplenomegaly without lymphadenopathy, and
medullary involvement causing cytopenia [52–55]. Liver func-
tion tests were only slightly modified. One patient presented
with jaundice mimicking acute hepatitis [56].

Diagnosis is based on the histology of the liver, which is 
characterized by sinusoidal infiltration by atypical lymphoid
cells. Neoplastic cells express the γ /δ cell receptor, suggesting
that their origin is a small population of normal liver T cells
expressing the γ /δ receptor. Tumour cells express CD3+ and 
are CD4– CD8– [57]. In the spleen, infiltration by these cells is
diffuse and predominates in the sinuses. Cytogenetic analysis
shows an isochromosome 7q [58].

Chronic lymphoid leukaemia

Patients with chronic lymphoid leukaemia often have mild to
moderate liver enlargement. Functional impairment of the liver
is a late manifestation [59]. Extensive lymphocytic infiltration 
is seen in portal tracts, sometimes associated with periportal
fibrosis that may lead to portal hypertension [60]. Nodular
regenerative hyperplasia of the liver has been reported [61].

Hairy cell leukaemia

Hairy cell leukaemia is an indolent lymphoproliferative disorder
characterized by the proliferation of mononuclear cells, which
harbour atypical hair-like cytoplasmic projections, in peripheral

blood, bone marrow, spleen, liver and, rarely, lymph nodes. The
liver is always infiltrated by leukaemic cells, which invade both
portal tracts and sinusoids [62]. They may be identified by the
halo-like clear cytoplasm around rounded or indented nuclei,
and by the demonstration of a tartrate-resistant acid phos-
phatase activity [63]. The finding of intra-acinar cavities lined 
by leukaemic cells and filled by red cells is very characteristic 
of hairy cell leukaemia [64].

Liver enlargement is found in less than 40% of patients, and
serum biochemical abnormalities are rarely seen [62].

Monoclonal gammopathies

In multiple myeloma, hepatomegaly is found in 15–40% of
cases. It is usually mild to moderate and sometimes accompan-
ied by splenomegaly; other manifestations of liver involvement
are uncommon [65,66]. Jaundice is rarely seen. Two histological
patterns of hepatic infiltration can be observed: (i) diffuse sinu-
soidal and portal tract infiltration; and (ii) large nodules simu-
lating metastatic carcinoma. Amyloid deposition is exceedingly
uncommon. There is one report of primary extramedullary 
plasmocytoma of the liver, which presented as a painful liver
with a single nodule in segment VII; it was successfully treated by
surgical resection [67].

Various liver lesions have been described in patients with
Waldenstrom’s macroglobulinaemia: infiltration of malignant
cells into portal tracts giving rise to portal hypertension [68],
massive blastic infiltration revealed by hepatic failure [69], 
amyloidosis, light-chain deposits [70], peliosis hepatis [71] and
nodular regenerative hyperplasia [72].

Acute leukaemia

Hepatic involvement in acute leukaemia is usually mild and
silent at the time the disease is diagnosed. Infiltration by
leukaemic cells is localized in portal tracts in acute lympho-
blastic leukaemia, and in portal tracts and sinusoids in acute
myeloblastic leukaemia. A slight elevation in serum alkaline
phosphatase activity and a mild to moderate liver enlargement
may be noted.

Post-transfusion chronic viral hepatitis, drug-induced hepa-
totoxicity or bacterial and fungal infections affecting the liver
may occur in patients with leukaemia. Exceptionally, massive
infiltration of the liver by leukaemic cells has presented as fulm-
inant liver failure [73]. Transfusion iron overload is a relatively
common sequela of successful management of acute leukaemia
in adults, for which routine evaluation should be performed and
for which therapeutic phlebotomy should be used as treatment
[74].

Focal hepatic candidiasis is being recognized with increasing
frequency in patients with acute leukaemia [75,76]. Clinically, it
presents as a well-tolerated and prolonged fever, unresponsive
to broad-spectrum antibiotics, when the neutropenia following
chemotherapy is returning to normal. There is hepatomegaly,
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abdominal pain and minimal liver impairment, other than a
raised serum alkaline phosphatase activity. The finding of ‘bull’s
eye’ lesions on ultrasound examination is characteristic [77]. At
laparoscopy, white nodules, 0.5–2 cm in diameter, displaying 
a nipple-like prominence can be seen on the liver surface [78].
Liver biopsy, guided by ultrasound or peritoneoscopy, reveals
yeasts and pseudohyphae of Candida spp. within a granulo-
matous reaction. Prolonged treatment with amphotericin B 
is required, often in association with other antifungal drugs.
Patients with hepatic candidiasis have been treated with cytosine
arabinoside, which often induces extensive lesions in the
mucosa of the gastrointestinal tract, favouring local invasion by
Candida spp.

Chronic myeloproliferative disorders

Myeloid metaplasia

Liver involvement in primary myelofibrosis, also termed 
agnogenic myeloid metaplasia, is common and due to any 
of the following mechanisms, individually or in combination:
extramedullary haematopoiesis, increased hepatic blood flow,
haemosiderosis secondary to either blood transfusions or 
ineffective erythropoiesis, and post-transfusion chronic viral
hepatitis.

Histology
Hepatic extramedullary haematopoiesis is found in 90–100% of
patients with myeloid metaplasia [79]. Because of this high fre-
quency, its demonstration is often used to confirm the diagnosis
of primary myelofibrosis. However, care should be taken when
patients with agnogenic myeloid metaplasia are submitted to
liver biopsy because of the risk of bleeding related to platelet 
dysfunction. A transjugular approach [80] or a ‘plugged’ percu-
taneous liver biopsy [81] should be considered.

In the early stages, extramedullary haematopoiesis is confined
to the sinusoids, whereas portal tract involvement is a feature of
more advanced disease [82]. The three haemopoietic cell lines
are usually represented, but the most commonly observed are
megakaryocytes, which are often dysplastic (Fig. 3). Sinusoidal
dilatation is found in half the cases, and it is probably related 
to the obstruction of blood flow by sinusoidal foci of haemato-
poietic cells. An increase in the reticulin network is present in
30–40% of cases. It has been attributed to some factor released
by dysplastic megakaryocytes that induces transformation of 
Ito cells into fibroblasts [83]. Haemosiderin deposition in hepa-
tocytes and Kupffer cells is always present.

Clinical features
Liver enlargement is found in nearly all patients. The size of 
the liver correlates with the stage of the disease, and increases
following splenectomy [84]. Such an increase is usually gradual
over several years, but is rapidly progressive in some patients. 
In some of the latter, fatal hepatic failure of obscure origin has

been reported after splenectomy [85,86]. Palpable splenomegaly
is also a common finding; its absence makes the diagnosis of
agnogenic myeloid metaplasia unlikely.

Ascites and oesophageal varices develop in about 7% of
patients. Portal hypertension is caused by an increased intra-
hepatic vascular resistance related to sinusoidal fibrosis, and to
infiltration by haemopoietic cells [87,88]. Nodular regenerative
hyperplasia related to an obstruction of intrahepatic portal vein
branches is another well-recognized cause of portal hyper-
tension [89].

Abnormal liver function tests can be detected in 40–60% of
patients [82]. High serum alkaline phosphatase activity is the
most common abnormality and seems to reflect the severity of
sinusoidal dilatation rather than the grade of hepatic myeloid
metaplasia.

Polycythaemia vera

Liver involvement is uncommon in polycythaemia vera.
Patients in whom the disorder evolves into myelofibrosis
develop myeloid metaplasia. Other patients may present with an
acute or chronic Budd–Chiari syndrome. Polycythaemia vera is
found in over 40% of patients with Budd–Chiari syndrome,
although this proportion may be even higher as a latent myelo-
proliferative disorder is demonstrated in many patients with
idiopathic Budd–Chiari syndrome by in vitro erythroid colony
formation in the absence of erythropoietin [90].

Chronic myeloid leukaemia

At presentation, 50% of patients display mild to moderate 
hepatomegaly, without altered liver function tests [91]. Portal
and sinusoidal infiltration by a mixed population of mature 
and immature myeloid cells is usually seen. In blastic phases of
the disease, liver enlargement increases due to the sinusoidal
infiltration by immature cells. Serum alkaline phosphatase
activity also increases.

Fig. 3 Marked sinusoidal infiltration by haemopoietic cells in idiopathic
myelofibrosis. Note the presence of bizarre megakaryocytes (HE × 375).
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A single patient has been reported in whom the initial mani-
festation of blast crisis was acute hepatic failure due to massive
infiltration of the liver by leukaemic cells [92].

Myelodysplasias

Myelodysplasias are a group of chronic haematological dis-
orders characterized by variable degrees of cytopenia in the 
presence of quantitatively normal or rich bone marrow,
dyshaemopoietic features and frequent evolution to acute
leukaemia. Hepatic involvement can occur through two mech-
anisms. In patients with sideroblastic anaemia or refractory
anaemia, the liver often shows iron deposition due to both 
frequent transfusions and increased iron absorption as a result
of decreased iron utilization by bone marrow. Infiltrative hep-
atomegaly is observed in patients with refractory anaemia with
excess of blasts or with chronic myelomonocytic leukaemia.

Haemolytic anaemias

Sickle-cell disease

Sickle-cell disease is an inherited disorder of haemoglobin 
producing chronic haemolytic anaemia with recurrent acute
haemolytic crisis. The liver is commonly involved as a result of
viral hepatitis transmitted by blood transfusion, iron overload,
jaundice due to biliary tract obstruction by gallstones, cardiac
dysfunction due to secondary haemochromatosis or a clinical
disorder unique in sickle-cell disease, termed ‘hepatic crisis’
[93]. The last presents with upper right abdominal quadrant
pain, fever, jaundice, leucocytosis and a variable elevation in
hepatic serum enzymes, mimicking acute cholecystitis. With
general supportive care, clinical improvement is seen within 
several days but, occasionally, the disease follows a fulminant
course to death. Some young patients exhibit extreme hyper-
bilirubinaemia, not associated with pain or fever. Jaundice
resolves over several weeks without permanent sequelae.

Histologically, the liver consistently shows intrasinusoidal
obliteration by sickled red blood cells and Kupffer cell erythro-
phagocytosis, which may result in impairment of intrahepatic
blood flow. Other histological changes that may be detected are
iron deposition, which is often massive, chronic hepatitis and
cirrhosis [94].

Cholelithiasis is frequently observed in patients with sickle-
cell disease (40–80%). Gallstones are related to haemolysis and
may cause cholecystitis and bile duct obstruction.

Thalassaemia

In patients with thalassaemia, major chronic liver disease is 
due to haemochromatosis related to ineffective erythropoiesis
and/or post-transfusion viral hepatitis B or C [95]. Massive 
iron deposition is found in the liver and other organs. Heart 
failure due to haemochromatosis is the main cause of death in

these patients [96]. It has been suggested that repeated blood
transfusions protect against the development of serious hepatic
disease.

Paroxysmal nocturnal haemoglobinuria

Paroxysmal nocturnal haemoglobinuria is a chronic haemolytic
anaemia related to an acquired defect in the membrane of red
cells that renders them especially sensitive to the lytic action 
of complement when blood pH falls. Besides haemolysis, the
disease is associated with a high tendency to develop venous
thrombosis. Budd–Chiari syndrome and portal vein thrombosis
are consequences of the disease [97,98]. Up to 10% of cases of
Budd–Chiari syndrome may be related to paroxysmal nocturnal
haemoglobinuria [99].

One patient with paroxysmal nocturnal haemoglobinuria
presented with abdominal pain and anicteric cholestasis.
Endoscopic retrograde cholangiopancreatography showed a
radiological pattern of sclerosing cholangitis, which was inter-
preted as ischaemic cholangiopathy [100].

Other haematological diseases

Haemophilia

Chronic viral hepatitis is common in haemophiliac patients 
who received clotting factor concentrates before the availability
of virus-inactivated factors in the mid-1980s. Up to 90% of
patients have serological markers of past or ongoing hepatitis B
virus infection; 50–70% are anti-hepatitis C virus positive, and
25% of hepatitis B carriers have hepatitis D-virus superinfection
[101–104]. Nearly 70% of patients have altered liver function
tests; in most, chronic active hepatitis or cirrhosis related to
chronic viral infection is found on liver biopsy [105]. The risk of
hepatitis is higher in patients treated on a regular basis than in
those treated according to need, and higher in those who started
treatment at an earlier age [106].

Needle liver biopsy is a hazardous procedure in these patients,
even under the cover of clotting factor concentrates, and should
be avoided [107]; however, it has been carried out without prob-
lems by some authors [108,109].

Exclusion of blood donors infected by hepatitis B and C virus,
as well as the introduction of effective viral inactivation pro-
cedures such as pasteurization of factor VIII concentrates, has
reduced the risk of hepatitis [110,111].

The efficacy and tolerability of antiviral treatment in
haemophiliacs do not differ from other patients with chronic
hepatitis [112].

Aplastic anaemia (see Chapter 21.3)

Aplastic anaemia is a rare complication of viral hepatitis. In up
to 10% of patients, the development of aplastic anaemia follows
a recent episode of hepatitis, which is rarely due to hepatitis B
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virus [113] or to hepatitis C virus [114], but is more often due 
to a still unidentified non-A, non-B, non-C virus [115,116]. The
role of parvovirus B19 is being investigated, particularly in those
patients who have developed aplastic anaemia following liver
transplantation [117,118]. When it is due to HBV, the adminis-
tration of lamivudine may be life saving [119]. A direct injury of
stem cells has been postulated for the pathogenesis of this com-
plication. Bone marrow transplantation yields similar efficacy in
patients with hepatitis-related aplastic anaemia and in those
with anaemia of unknown aetiology.

Anabolic steroids given for long periods of time as treatment
for aplastic anaemia can induce peliosis hepatis [120] and hepa-
tocellular adenoma [121].

Remission of aplastic anaemia associated with HBV infection
was obtained with lamivudine therapy [122]. One patient was
successfully treated with antilymphocyte globulin [123].

Mastocytosis

Subclinical hepatic involvement is frequent in systemic masto-
cytosis. Hepatosplenomegaly is common and due to infiltration
by mast cells. Identification of mast cells in paraffin-embedded
sections stained with haematoxylin and eosin is difficult.
Histochemical staining with Giemsa and immunostaining with
mast cell tryptase is useful for recognizing these cells. CD117
(ckit) can also help [124]. Tissue eosinophilia is often seen [125].
Portal hypertension attributed to mast cell infiltration and sinu-
soidal fibrosis has been reported occasionally [126,127]. Mast
cell infiltration of the bile duct walls may cause a cholangiopathy
radiographically similar to primary sclerosing cholangitis [128].
Mastocytosis was revealed by liver involvement, liver failure and
jaundice, in two patients [129].

Essential mixed cryoglobulinaemia

Essential mixed cryoglobulinaemia is a condition clinically 
characterized by purpura, arthralgias and glomerulonephritis,
associated with circulating mixed (IgM–IgG) cryoprecipitable
globulins. Earlier reports suggested an association of this syn-
drome with hepatitis B virus infection [130.131], but this could
not be confirmed in other studies [132].

Stronger support for an association between essential mixed
cryoglobulinaemia and hepatitis C virus infection has been
gained from recent studies [133–137], based on a high preva-
lence of anti-hepatitis C virus antibodies and hepatitis C virus
RNA in the serum cryoprecipitates of patients with essential
mixed cryoglobulinaemia. Cryoglobulinaemia is found in about
one-third of patients with chronic hepatitis C, but the propor-
tion of patients with clinical expression of essential mixed cryo-
globulinaemia is much lower [138]. The mechanisms by which
hepatitis C virus infection allows cryoprecipitable immune
complexes to deposit in vascular tissue causing tissue injury
remain to be determined. Interferon transiently improves the
biochemical and clinical manifestations of essential mixed 

cryoglobulinaemia in parallel with its effect on virological 
markers of hepatitis C virus [139].
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20.8 The liver in graft-vs.-host disease
Enric Carreras, Carmen Martínez and Miguel Bruguera

Introduction

Graft-vs.-host disease (GVHD) is not a disease per se. It is the
consequence of a physiological inflammatory response of donor
immunocompetent cells when introduced in a foreign environ-
ment. This undesired response can be observed after any trans-
plantation of organs and tissues containing immunocompetent
cells [1].

Allogeneic haematopoietic stem cell transplantation (HSCT)
is a clinical situation with a high risk of developing GVHD, which
is the major complication in HSCT. With the haematopoietic
transplant, large quantities of donor lymphocytes are intro-
duced into a severely immunodepressed foreign host with an
increased expression of adhesion molecules, cytokines and cell

surface recognition molecules. Additionally, after engraftment,
haematopoietic stem cells perpetuate the production of a popu-
lation of lymphocytes that can continue recognizing host tissues
as foreign [2– 4].

Timing, incidence, clinical manifestations and severity of
GVHD after HSCT are extremely variable depending on several
patient-, donor- and transplant-related factors (Table 1). We
use the term acute GVHD (aGVHD) to describe a distinctive 
syndrome of dermatitis, hepatitis and enteritis. Usually, these
manifestations appear soon after HSCT (within the first 100
days). The term chronic GVHD (cGVHD) describes a more
polymorphic syndrome resembling an autoimmune disease that
classically develops after day 100 [4]. Nowadays, despite this
classical description, we know that it is not exceptional for

1671

Risk factor Factors associated with higher risk of GVHD

Acute graft-vs.-host disease
Donor/recipient HLA match Antigen mismatch > allelic mismatch > full match

Type of donor Unrelated > other relatives > sibling > twin 

Donor sensitization Female with previous pregnancies or transfused donors

Donor/recipient sex match Female to male > other combinations

Conditioning regimen Myeloablative > RIC

Source of progenitors Peripheral blooda > bone marrow > cord blood

T cells of the inoculum Unmanipulated inoculum > TCD

GvHD prophylaxis No prophylaxis > CsA or MTX > CsA + MTX > TCD

Protective environment Non-LAF > LAF (only in severe aplastic anaemia)

GI decontamination None > selective > total

Chronic graft-vs.-host disease
Donor/recipient HLA match Antigen mismatch > allelic mismatch > match

Acute GvHD Present > absent

Patient age Older > younger

Source of progenitors Peripheral blood > bone marrow > cord blood

Donor lymphocyte infusion Administered > not administered

CMV serology Positive > negative

aOnly in some studies.

TCD, T-cell depletion; CsA, ciclosporin A; MTX, methotrexate; LAF, laminar air flow; GI, gastrointestinal;

RIC, reduced intensity conditioning; HLA, human leukocyte antigen; CMV, cytomegalovirus.

Table 1 Risk factors for acute and chronic
graft-vs.-host disease after HSCT.
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aGVHD to appear after day 100 and for cGVHD to appear before
this date. The use of T lymphocyte-depleted (TCD) grafts,
reduced-intensity conditioning regimens (RIC) and donor 
lymphocyte infusions (DLI) for treating mixed chimaeras and
relapses after HSCT are the main causes of this change [5–8].

Acute graft-vs.-host disease

Pathogenesis [2,3]

The earliest phase of aGVHD starts before the donor cells are
infused into the recipient. The chemoradiotherapy used as a
conditioning regimen to eradicate the population of abnormal
cells causing the disease and to immunosuppress the recipient 
to overcome graft rejection damages and activates host tissues.
Activated host cells secrete proinflammatory cytokines such as
tumour necrosis factor alpha (TNFα) and interleukin-1 (IL-1),
among others. These inflammatory cytokines increase the
expression of adhesion molecules, co-stimulatory molecules
and major histocompatibility complex antigens. This increased
expression is critical for the activation of host dendritic cells
(DCs) and other host antigen-presenting-cells (APCs), neces-
sary for the initiation of primary and secondary immune
responses. This process explains why patients receiving intensive
conditioning have a higher incidence of aGVHD than those
treated with a RIC [6,7]. Similarly, if the infusion of donor 
cells is delayed until the resolution of tissue injury, the risk of
aGVHD is lower [9].

The second phase of aGVHD consists of donor T-cell interac-
tion with APCs and their consequent activation, proliferation
and differentiation. APCs can be activated by TNFα and IL-1
but also by microbial products [as lipopolysaccharide (LPS),
peptidoglycans and other components of bacteria], which enter
into the systemic circulation from the damaged intestinal
mucosa and necrotic cells damaged during conditioning [10].
Alloantigen presentation induces activation of individual T 
cells [mainly T-helper 1 (Th1) subset] and the production of a
second step on the cytokine cascade. The main Th1 cytokines
(IL-2 and interferon-γ) seem to play a major role in further T-
cell activation, induction of cytotoxic T lymphocytes (CTLs)
and natural killer cells (NK), and priming donor and residual
host monocytes and macrophages to produce more TNFα
and IL-1. That is the reason why ciclosporin and tacrolimus,
inhibitors of IL-2 production, and monoclonal antibodies
against IL-2 receptor are effective agents for GVHD prophylaxis
and treatment [11,12].

The third phase, or target tissue destruction phase, is less well
known but seems to be mediated by cellular effectors such as
CTLs and NK cells, and local injury of inflammatory effectors
such as TNFα, IL-1 and nitric oxide. These effector cells lyse 
target cells through two mechanisms: the Fas/Fas ligand (mostly
used by CD4+ CTLs) and the perforin/granzyme (mostly used
by CD8+ CTLs) pathways [13,14]. TNFα and IL-2 can also be
produced, in addition to the previously mentioned sources, by
monocytes and macrophages stimulated by microbial products

from intestinal mucosa or skin damaged by the conditioning
regimen [9]. In this phase, TNFα recruits effector T cells, neu-
trophils and monocytes in the target organs and produces direct
tissue damage by inducing apoptosis and necrosis. The role 
of TNFα in aGVHD pathogenesis is suggested by the increased
levels observed in patients with aGVHD and by its inhibition
after the infusion of anti-TNFα monoclonal antibodies [15,16].
Despite an evident participation in this third phase of aGVHD
development, the exact role of IL-2 and nitric oxide is not well
understood. Similarly, the exact role for donor CD4+ CD25+ T
cells (regulatory T cells) is not well known, but there is evidence
that the balance between these cells and CD4+ C25– T cells
determines the outcome of aGVHD [17].

An intriguing aspect of aGVHD is why this reaction is limited
to gut, liver and skin when other organs are also susceptible to
allogeneic cellular injury. A possible explanation could be that
all of them share an extensive exposure to the previously men-
tioned endotoxin and other microbial products that can trigger
and amplify local inflammation. As first barriers to infection,
these organs have large populations of professional APCs such 
as DCs that may enhance graft-vs.-host reaction [3]. The impact
of APCs in hepatic recruitment of alloreactive donor CD8+ T
cells and subsequent development of aGVHD has been demon-
strated recently in animal models [18]. These models suggest
that macrophage inflammatory protein-1 induces migration 
of CCR5-expressing CD8+ T cells into portal areas [19]. The 
analysis of gene expression of the liver after experimental HSCT
also shows an increased expression of genes associated with 
the attraction and activation of T cells induced by TNFγ early
after transplantation [20]. Finally, during hepatic GVHD, Fas
expression on bile duct epithelial cells is upregulated, and the
administration of an anti-Fas ligand significantly blocks the 
hepatic damage in murine models, indicating that Fas ligand-
mediated cytotoxicity plays a central role in hepatic GVHD
[21,22].

Clinical aspects

The incidence of aGVHD ranges from 5% to 80% depending on
the presence or absence of the variables mentioned in Table 1
[4]. In patients receiving a myeloablative HSCT with con-
ventional GVHD prophylaxis, aGVHD usually starts after day 
15, simultaneously with haematopoietic engraftment. Hepatic
aGVHD usually follows manifestations of dermal and/or 
intestinal GVHD. Despite that, nowadays, it is not infrequent 
to observe liver or intestinal abnormalities as first (or unique)
manifestations of aGVHD [4,23].

The most usual and characteristic clinical manifestation of
dermal aGVHD is a cutaneous maculopapular exanthema.
Lesions may be pruritic or painful and red to violaceous in
colour, and usually involve palms and soles. In severe forms,
skin lesions can include generalized erythroderma and epi-
dermal necrosis. Gastrointestinal manifestations of distal small
bowel and colon include profuse diarrhoea, intestinal bleeding,
crampy abdominal pain and ileus. In its proximal or enteric
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form, gut GVHD is characterized by anorexia and dyspepsia.
Hepatic GVHD is characterized by a gradual rise in serum
bilirubin and alkaline phosphatase (AP) levels up to 20 times the
upper normal level and aminotransferases up to 10 times the
normal levels, but usually the rise in serum bilirubin greatly
exceeds serum enzyme levels [23]. Clinical data of hepatocellu-
lar failure are unusual. The most characteristic system for stag-
ing and grading aGVHD is shown in Table 2.

Cholestasis after HSCT can be attributable to many causes
(Table 3), and its differential diagnosis could be complex due 
to the difficulty in obtaining liver samples in the early phase 
after HSCT (see later). Occasionally, the presentation of hepatic
aGVHD can simulate an acute hepatitis. This has been observed

mainly after DLI or after discontinuing immunosuppression
[24,25].

Pathological findings

In the liver, aGVHD is characterized by portal hepatitis, non-
suppurative destructive cholangitis, cholestasis and endotheliitis.
In both experimental and clinical settings, histopathological and
ultrastructural studies demonstrate that the small interlobular
and marginal bile ducts at the periphery of the portal spaces 
are the preferential targets of the alloimmune reaction [26].
Characteristic liver biopsy findings of aGVHD include lympho-
cytic infiltration of small bile ducts with nuclear pleomorphism
and epithelial cell dropout. Owing to the immunosuppression of
these patients, the inflammatory infiltration can be minimal.
Parenchymal changes are usually minimal and less specific for
GVHD, but include scattered acidophilic bodies, lobular disarray
and centrolobular cholestasis (Fig. 1). If liver biopsy is performed
during the first 2 weeks after aGVHD development, the biopsy
may be non-diagnostic. In cases of hepatic aGVHD with a 
hepatitic onset, the predominant histology is one of lobular
inflammation, but there are usually abnormalities in small 
bile ducts characteristic of aGVHD [24,27]. Recently, an
extended histological analysis showed that a high level of lobular
inflammation and a low level of hepatocyte ballooning were
independently favourable prognostic factors for transplant-
related mortality, indicating that liver biopsy can be useful not

Table 2 Staging and grading of acute graft-vs.-host disease.

Target organ Stage Clinical characteristics

Skin + Maculopapular rash < 25% body surface

++ Maculopapular rash 25–50% body surface

+++ Generalized erythroderma

++++ Generalized erythroderma with desquamation and bullae

Liver + Bilirubin 2–3 mg/dL

++ Bilirubin 3.1–6 mg/dL

+++ Bilirubin 6.1–15 mg/dL

++++ Bilirubin > 15 mg/dL

Gut + Diarrhoea 500–1000 mL/day or persistent nausea

++ Diarrhoea 1000–1500 mL/day

+++ Diarrhoea > 1500 mL/day

++++ Abdominal pain with or without intestinal ileus

Overall grade Stage skin Stage liver Stage gut FI

Grade 0 0 0 0 0

Grade I + to ++ and 0 and 0 0

Grade IIa + to +++ and + and/or + +

+++ or + gastric biopsy 

Grade III ++ to +++ and ++ to +++ and/or ++ to +++ ++

Grade IV ++ to ++++ and ++ to ++++ and/or ++ to ++++ +++

aGeneralized erythroderma and proximal gastrointestinal GVHD are also considered grade II GVHD.

FI, functional impairment.

Table 3 Causes of cholestasis after HSCT.

Drug toxicity (methotrexate, ciclosporin, tacrolimus) 

Sepsis (cholangitis lenta) 

Veno-occlusive disease (sinusoidal obstruction syndrome) 

Acute graft-vs.-host disease 

Parenteral nutrition 

Biliary sludge syndrome 

Bacterial, fungal and viral infections of the liver 

Cholecystitis 

Nodular regenerative hyperplasia 

Chronic graft-vs.-host disease 

Extrahepatic biliary obstruction
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only to exclude other causes of liver injury, but also to predict
clinical outcome [28].

Treatment

Treatment of aGVHD of the liver usually involves the addition 
of methylprednisolone (2 mg/kg/day) to the prophylactic
immunosuppressive regimen already given [4]. A large retro-
spective analysis from the Seattle group showed that only 30% of
patients with liver disease had resolution of liver abnormalities
after the first-line treatment and that, in more than 30% of cases,
the response could not be evaluated due to another concomitant
liver disease [29]. The second-line treatment only improved or
resolved an additional 25% of patients; the remaining progress
to cGVHD [30]. More than 50% of patients without evidence of
aGVHD will eventually develop de novo cGVHD, which may be
seen as early as 40–50 days after HSCT [4,23].

Chronic graft-vs.-host disease

Pathogenesis [3,23,31]

Chronic GVHD is considered to be an autoimmune disease
because of its similarities to various autoimmune disorders. In
animal models of cGVHD, T cells are considered autoreactive
because they recognize common class II molecule determinants
rather than polymorphic major or minor histocompatibility
antigens. In these models, T cells produce unusual patterns of
cytokines, such as IL-4 or interferon-γ in the absence of IL-2.
These cytokines may stimulate collagen production by fibroblasts
[3]. In both experimental and clinical studies of cGVHD, thymic
atrophy, lymphocyte depletion and loss of epithelial secretory
function are observed. The autoreactive cells of cGVHD are 
associated with an impaired capacity of the thymus to delete
autoreactive T cells and induce tolerance. This thymic damage

may be a consequence of the direct toxicity of the conditioning
regimen or the thymic injury caused by aGVHD [32].

Clinical aspects

The incidence of cGVHD ranges from 30% in human leukocyte
antigen (HLA)-identical sibling transplants to 80% in one-
antigen mismatch unrelated transplants [4]. In addition to HLA,
prior aGVHD, patient age and the use of peripheral blood stem
cells for transplantation are the most important factors related
to an increased risk of cGVHD (Table 1) [33,34,35].

Onset of cGVHD can occur as early as 40–50 days after 
transplantation, but the median time for its appearance after an
HLA-identical sibling HSCT is around day 150, usually while
tapering or stopping immunosuppression. Chronic GVHD
beyond the first year is exceptional (< 5%) unless a DLI has been
carried out [4,31,36].

Chronic GVHD can be classified according to the type of
onset, staging and mortality risk. The majority of patients with
cGVHD have had prior aGVHD. In these cases, cGVHD can
evolve directly from aGVHD (progressive; 20–30%) or reap-
pear after a period of clinical resolution (quiescent; 30–40%).
Patients can develop cGVHD with no history of prior aGVHD 
(de novo; 30–40%) [31]. For cGVHD staging, the most com-
monly used system is the limited/extensive classification. This
classification, based on clinical and histological criteria, has 
been revised recently to clarify some ambiguities in the original
classification (Table 4). Usually, patients with limited cGVHD
do not require systemic treatment, whereas those with extensive
disease do [31]. Finally, several scales have been developed 
to evaluate the mortality risk of patients with cGVHD. The
Hopkins model, validated with patients from the Nebraska,
Seattle and Minnesota teams, stratifies patients according to the
presence or absence of extensive skin involvement, thrombo-
cytopenia (< 100 × 109 cells/L) and a progressive clinical onset
[37].

Chronic GVHD can affect several organs with skin and liver
being the most frequently observed. Skin involvement can be
focal or generalized in the form of erythema, maculopapular
rash, lichen planus-like lesions, scleroderma, hyperkeratosis and
desquamation, patchy hypo- and hyperpigmentation, alopecia
and nail loss, among others. Liver involvement is manifested 
by a cholestasis resembling primary biliary cirrhosis. Other
anatomical areas that can also be affected by cGVHD are
exocrine glands (ocular, oral and vaginal sicca syndrome), squa-
mous epithelium (affecting the mouth, oesophagus and genital
tract), neuromuscular system (myasthenia gravis, polymyositis)
and lungs (obliterative bronchiolitis) [4,23].

Liver involvement is present in 80% of patients with cGVHD
and frequently follows aGVHD [23]. The most characteristic
manifestation is a slowly progressive cholestasis with an increase
in serum AP, γ-glutamyltransferase and bilirubin. Serum
aminotransferase levels may also be slightly elevated. Evolution
to cirrhosis seems to be exceptional if a viral infection does not

Fig. 1 Acute graft-vs.-host disease. A portal tract shows oedema and a
mild inflammatory infiltrate composed of lymphocytes and eosinophils. 
The interlobular bile duct has a very small lumen because of the
vacuolization of the cytoplasm of cholangiocytes.
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coexist [38]. Recently, a hepatitic variant of cGVHD has been
described. It usually appears in patients without or with minimal
immunosuppression, or after receiving DLI, who present an
acute hepatitis with aminotransferase levels of more than 2000
UI [23,24,27]. In these cases, a liver biopsy is essential to make a
correct diagnosis.

Pathological findings

Histological features of cGVHD of the liver include lymphocytic
infiltration of portal tracts, degeneration and destruction of
small bile ducts, periportal fibrosis, cholestasis, piecemeal
necrosis and hepatocyte degeneration (Fig. 2) [23,26]. In its 

hepatitic form, a panlobular hepatitis is seen histologically. As
some of these features can also be observed in chronic hepatitis
C virus (HCV) infection, histological differential diagnosis may
be difficult [39]. In longstanding cGVHD of the liver, the only
histological abnormality can be a vanishing bile duct syndrome
[40].

Treatment

Treatment of extensive forms of cGVHD requires immuno-
suppressive treatment (corticosteroids, antithymocyte globulin,
azathioprine, ciclosporin, thalidomide, mofetil mycophenolate)
associated with an active antimicrobial prophylaxis [31].
Ursodeoxycholic acid, in conjunction with standard immuno-
suppression, may be useful in treating hepatic cGVHD [41]. It
has been suggested that ursodiol reduces class I HLA expression,
a target for CD8+ T cells, on hepatocytes [42]. In some cases of
severe cGVHD, liver transplantation has been performed suc-
cessfully [43].

Clinical approach to the patient with
cholestasis after HSCT

The differential diagnosis between the possible aetiologies caus-
ing cholestasis after HSCT (Table 3) can be extremely difficult.
The presence or absence of some clinical, laboratory or imaging
data can be useful when carefully evaluated (Table 5). Despite
that, in most cases, the definitive diagnosis can only be estab-
lished after a liver biopsy is performed. Liver biopsy is not usu-
ally required when hepatic abnormalities consistent with GVHD
are associated with skin or intestinal involvement confirmed by

Table 4 Original and revised classification of chronic graft-vs.-host disease.

Original Seattle classification Revised classification

Limited chronic GVHD
Localized skin involvement Oral abnormalities consistent with cGVHDa

Hepatic dysfunction due to GVHD Mild liver test abnormalitiesa,b

< Six papulosquamous plaques, macular–papular or liquenoid rash involving < 20% BSA, 

dyspigmentation involving < 20% BSA; or erythema involving < 50% BSAa

Ocular sicca (Schirmer’s test < 5 mm with no more than minimal ocular symptoms)a

Vaginal or vulvar abnormalitiesa

Extensive chronic GVHD
Any documented manifestation of cGVHD beyond limited 

cGVHD, including: 

Karnofsky or Lansky clinical score < 60%

≥ 15% weight loss

recurrent infections not due to other causes, with biopsy 

documentation of cGVHD in any organ

BSA, body surface area.
aWith a positive skin or lip biopsy and no other manifestations of cGVHD.
bAlkaline phosphatase ≤ twice the upper limit of normal, aspartate aminotransferase or alanine aminotransferase ≤ three times the upper limit of normality

and total bilirubin ≤ 1.6.

Fig. 2 Chronic graft-vs.-host disease. A small portal tract with fibrosis but
without inflammation, lacking a bile duct.
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biopsy. In the remaining cases, especially if an aggressive thera-
peutic approach is planned for its treatment, liver biopsy will be
necessary. Percutaneous or laparoscopic needle biopsies have a
high risk of bleeding during the thrombocytopenic phase after
HSCT [44]. In these cases, a transvenous liver biopsy through
the jugular vein can be obtained successfully despite very low
platelet counts [45]. This approach, when performed by an ade-
quately trained hepatic haemodynamist, permits one to measure
the hepatic venous pressure gradient (a useful datum for differ-

ential diagnosis) and to obtain adequate liver samples [45,46].
However, samples obtained by this method, in spite of being
excellent for veno-occlusive disease diagnosis, frequently have a
low number of portal tracts, making the diagnosis of GVHD
difficult [45]. Additionally, the sensitivity and specificity of liver
biopsy in GVHD diagnosis may also be considered. Liver biopsy
is not a sensitive procedure in the early phases (showing a mild
lobular hepatitis), and bile duct abnormalities are not specific to
this complication [39].

Table 5 Differential diagnosis of a cholestasis appearing after HSCT.

Aspect evaluated

Day of onset

Clinical manifestations

Laboratory findings

Imaging tests

Hemodynamic studies

aConsidering day O as the day of HSCT.
bOccasionally VOD and aGVHD can coexist [45].

ALT, alanine aminotransferase; AST, aspartate aminotransferase; AP, alkaline phosphatase; VOD, veno-occlusive disease; CsA, ciclosporin A; CMV,

cytomegalovirus; HVPG, hepatic venous pressure gradient; TPN, total parenteral nutrition.

Finding

Before day +5a

From +5 to engraftment

After engraftment (days +15 to +50)

Between days +60 and +100

After day +100

Weight gain, oedemas, ascites, painful hepatomegaly

Fever during neutropenia

Prolonged TPN

Skin rash, non-infectious diarrhoea

Persistent fever despite antibiotics and neutropenia recovery

Skin lesions, sicca syndrome

Increased PAI-1

↑ Bilirubin, normal AP

↑↑↑ Bilirubin, ↑ AP

Normal bilirubin, ↑ AP

Cholestasis + ↑ ALT/AST

Positive blood cultures

CMV antigenaemia +

Ascites, gallbladder wall thickening, reverse portal flow

Nodules

HVPG > 15 mmHg

HVPG > 10 mmHg

HVPG < 10 mmHg

Consider

Drug toxicity

Severe VOD

Mild–moderate VODb

Sepsis

Haemolysis

Acute GVHDb

Fungal/viral infection

TPN/biliary sludge

Acute GVHD

Fungal/viral infection

Early chronic GVHD

Chronic GVHD

Fungal/viral infection

Nodular regenerative hyperplasia

Extrahepatic biliary obstruction

VOD

Sepsis

Sludge

Acute GVHD

Fungal/viral infection

Chronic GVHD

VOD

CsA toxicity

Cholestasis of sepsis

Hepatosplenic candidiasis

Viral hepatitis

Hepatitic form of GVHD

Sepsis

Hepatosplenic candidiasis

CMV infection

VOD

Hepatosplenic candidiasis, nodular regenerative

hyperplasia, other infectious or tumoral causes

Severe VOD

VODb

Chronic liver disease

Other than VOD
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The most relevant entities to include in differential diagnosis
are as follows.

Veno-occlusive disease of the liver (VOD)

This complication, also labelled sinusoidal obstruction syn-
drome because of its pathogenesis, is one of the most common
causes of hepatic dysfunction after HSCT. It usually appears
early after conditioning (within the first 21 days), but some 
cases have been reported after day +30 in patients receiving an
association of alkylating agents as a conditioning regimen [47].
Classically, the diagnosis of VOD is accepted when jaundice,
painful hepatomegaly and unexplained weight gain associated
or not with ascites appear soon after HSCT [48]. In cases of
VOD that appear after day +14, the differential diagnosis with
aGVHD can be difficult, especially as both pathologies may 
coexist [45]. The presence of fluid retention, ascites or oedemas
and the absence of data for aGVHD in other target organs are
very useful in ruling out a GVHD diagnosis.

Drug toxicity

Several drugs commonly used for HSCT can produce cholestasis.
The most frequent are ciclosporin, tacrolimus, methotrexate,
estrogens, erythromycin and other macrolides, some antifungal
agents (azoles) and total parenteral nutrition. Their differential
diagnosis with other causes of cholestasis may be difficult. The
detection of increased bilirubin levels with normal AP levels as
well as high levels of parent drug and/or their metabolites can be
useful for suspecting ciclosporin or tacrolimus toxicity. In the
remaining cases, the diagnosis may be established by exclusion
or by means of a liver biopsy.

Cholangitis of sepsis

Its most frequent presentation is a sudden elevation in serum
bilirubin disproportionate to elevation of AP in a febrile patient
with clinical evidence of sepsis. Apparently, the cause of cholesta-
sis in these patients is a marked impairment of basolateral bile 
salt transporters and canalicular organic anion transporters
mediated by endotoxins [23]. The diagnosis should be based on
clinical data as liver biopsies only show a minimal and non-
specific intrahepatic cholestasis [49].

Fungal infections

Usually, invasive fungal infections produce systemic clinical
manifestations in addition to fever that permit one to establish 
a correct diagnosis. Only Candida spp. can reach the liver by
traversing the intestinal mucosa, producing fungal abscesses 
in the liver. This diagnosis can be suspected in a patient with 
persistent fever and increasing AP levels during the phase of
neutrophil recovery. However, the systematic use of prophylactic
fluconazole in HSCT has dramatically reduced the incidence of

this complication. Blood cultures, panfungal polymerase chain
reaction, magnetic resonance, computerized tomography and
ultrasonography can be useful in achieving the correct diagnosis
[50,51].

Viral infections

They do not usually represent a problem in differential diagnosis
with GVHD because of the characteristic increase in serum
aminotransferase levels. Despite that, it is always necessary to
remember that some GVHD can have a hepatitic form. These
cases are usually seen after DLI or when stopping immuno-
suppression. In this situation, only serological and molecular
viral analysis and the liver biopsy allow for a correct diagnosis
[23,24,27]. To differentiate cGVHD from chronic viral hepatitis
can be difficult because bile duct damage may be seen in both
cases [39].

Nodular regenerative hyperplasia

Nodular transformation of the liver is probably a consequence
of intrahepatic vascular damage related to cytoreductive ther-
apy. This complication has been described in many clinical 
situations other than HSCT. As these nodules produce portal
hypertension, their clinical manifestations are similar to those
observed in VOD but develop after day +100. Pathology is 
characterized by nodules of regeneration not encircled by 
fibrosis, limited by hepatocellular plates separated by dilated
sinusoids. Differential diagnosis with cGVHD should be based
on clinical manifestations and histological features [23,52].
Owing to their limited size, transvenous liver biopsies are not 
usually useful in establishing this diagnosis [45].

Total parenteral nutrition (TPN)/biliary sludge

TPN can cause mild increases in AP, bilirubin and transaminases
that usually reverse promptly when TPN is stopped. Histological
abnormalities include steatosis, steatohepatitis and cholestasis.
When these aetiologies are suspected, stopping, reducing or
changing the composition or timing of administration should be
considered [23,53]. Additionally, TPN can contribute to biliary
sludge and gallstone development.

Biliary sludge is extremely common in HSCT (100% of 
cases at autopsy) and can easily be demonstrated by ultrasound.
Although it is usually asymptomatic, it has occasionally been
related to abnormal liver enzymes and acute acalculous chole-
cystitis and pancreatitis after HSCT [23,54,55].
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Introduction

Many disorders of the endocrine system are associated with liver
abnormalities. The indolent nature of many endocrinological
diseases coupled with the propensity of these diseases to present
with protean symptoms often leads to thorough laboratory 
evaluations in search of a diagnosis. Often, abnormalities in 
liver function tests are identified, leading to an inaccurate con-
clusion of hepatic disease and a delay in the identification of the
endocrine abnormality.

The common association between abnormalities in liver
chemistries and obesity, diabetes and disorders of lipid
metabolism reflects the seminal role of the liver in energy
metabolism. One of the criteria for severe thyrotoxicosis, or
‘thyroid storm’, is elevation of serum aminotransferases; a
deficiency of glucocorticoid secretion may rarely be associated
with this pattern as well.

Treatments used to manage the panoply of endocrine diseases
may lead to liver injury or dysfunction. Sulphonylurea agents
and peroxisome proliferator-activated receptor (PPAR)γ ago-
nists used in the treatment of type 2 diabetes mellitus (DM),
thionamides utilized in hyperthyroidism and ketoconazole in
the treatment of hypercortisolism have all been associated with
liver inflammation and injury. Octreotide and other longer 
acting somatostatin analogues used in the treatment of
endocrine tumours are associated with a high risk of cholelithia-
sis. Synthetic oral androgen and estrogen compounds can be
associated with cholestasis and the development of benign and
malignant tumours of the liver.

Not surprisingly, many diseases can affect both the hepatic
and the endocrine systems. Infectious disorders such as tubercu-
losis, syphilis, human immunodeficiency virus (HIV) and 
fungal disease; granulomatous disorders such as sarcoidosis,
Langerhans cell histiocytosis and eosinophilic granulomatosis;
infiltrative diseases such as haemochromatosis, amyloidosis 
and Wilson’s disease; and haematological disorders such as 
lymphoma may present with abnormalities in both hepatic and
endocrine function. The reader is referred to Chapter 21.2 for
further insight into normal endocrine physiology.

Diabetes mellitus

DM affects 21 million individuals in the United States and has 
a prevalence of 151 million worldwide [1,2]. The vast majority 
of these individuals have type 2 DM (approximately 85%). It 
is estimated that twice this number of subjects have impaired
glucose regulation and are at risk for the development of overt
DM. Type 1 DM is an autoimmune disorder characterized by
pancreatic islet cell destruction and loss of endogenous insulin
formation and secretion. Individuals with type 1 DM have a
complete dependence on exogenous insulin and a propensity to
develop diabetic ketoacidosis if insufficient amounts of insulin
are administered. Type 2 DM is a disorder of insulin resistance at
peripheral tissues and relative insulin deficiency. Insulin resis-
tance at the level of the adipocytes leads to increased lipolysis
and the generation of free fatty acids in the plasma, which may
subsequently lead to more insulin resistance. Insulin resistance
at the level of the skeletal muscle can cause a reduction in glucose
uptake and, at the liver, an increase in glycogenolysis, both lead-
ing to hyperglycaemia.

The role of the liver in glucose metabolism

The liver is integral to normal glucose regulation. In the fasting
state, basal glucose output from the liver equals glucose utiliza-
tion by peripheral tissues such as the brain and muscle. Hepatic
glucose is generated from the breakdown of liver glycogen 
stores (glycogenolysis) or newly manufactured from other sub-
strates (gluconeogenesis). Conversely, in the postprandial state,
endogenous insulin promotes uptake of glucose into peripheral
tissues and inhibits hepatic glucose output. The liver is also 
able to generate glucose in response to hypoglycaemia via stimu-
lation by counter-regulatory epinephrine (adrenaline) and
glucagon.

The metabolic fate of a carbohydrate load presented to the
liver via the portal vein is dependent on a complex orchestration
of hormones and neuronal stimuli. Approximately 30–40% of
the glucose entering the portal vein will be taken up by the liver
and converted to glycogen stores. The major hormones involved
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in glucose metabolism by the liver are insulin and glucagon, with
contributory effects from epinephrine and efferent stimuli from
the vagal nerve. Insulin and glucagon promote opposing effects
on carbohydrate metabolism. Insulin stimulates hepatic glucose
uptake and increases glycogen formation through the activation
of glycogen synthase. Conversely, glucagon reduces net hepatic
glucose uptake and inhibits glycogen synthase and glycogen
storage. Epinephrine will increase the maximal rate of both 
glycolysis and gluconeogenesis, thus increasing net hepatic 
glucose production.

Glucose in the portal vein is detected by afferent sensors of 
the hepatic branches of the vagal nerve sending signals to the
hypothalamus. This results in modulation of the efferent firing
rate of the pancreatic and hepatic branches of the vagal nerve,
resulting in increased insulin secretion by the pancreas and
increased glucose uptake and glycogen storage by the liver.

Insulin is primarily metabolized in the liver with an approxi-
mate 50% first-pass clearance rate.

Diabetes mellitus and liver function

DM is associated with a spectrum of liver disease ranging from
innocuous elevations in liver chemistries to acute liver injury,
non-alcoholic steatohepatitis, hepatocellular carcinoma and cir-
rhosis. Much of the association between liver injury and type 1
and type 2 DM can be attributed to the effects of these disorders
on lipid and carbohydrate metabolism and the significant role
that the liver plays in this process.

Abnormalities in liver function tests
An elevation in liver chemistries above the normal reference
range is common in individuals with DM, occurring in 10–20%
of patients. Often, a cholestatic picture is seen. In a combined
series, totalling 646 individuals with both type 1 and type 2 DM,
elevations in γ-glutamyltransferase (GGT), alkaline phosphatase,
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were seen in 16.5%, 9%, 11% and 6% respectively [3–5].
Abnormalities in liver function tests were more commonly seen
in individuals with type 2 DM than in those with type 1 DM.
However, liver chemistry abnormalities are commonly seen
with diabetic ketoacidosis. In type 2 DM, no correlation was
observed between the liver abnormality and the duration of DM
and level of glycaemic control [5]. Often, the liver test abnorm-
alities were fleeting. After 6 months of observation, 50% of 
individuals had a return to normal of a previously elevated 
ALT value. The laboratory abnormalities correlated poorly with
liver histology. The aforementioned increased prevalence of
abnormal liver chemistries in individuals with type 2 DM com-
pared with those with type 1 DM may reflect the increased
prevalence of non-alcoholic fatty liver disease (NAFLD) seen
among individuals with type 2 DM (see below). Lifestyle
modifications leading to weight reduction are associated with an
improvement in insulin resistance and normalization of liver
test abnormalities [6].

Glycogen-induced hepatomegaly
Excess glycogen deposition leading to hepatomegaly was
described as one of the manifestations of Mauriac syndrome.
This disorder, caused by severe insulin deficiency with inter-
mittent administration of high doses of insulin, is character-
ized by stunted growth, truncal obesity, hyperlipidaemia and
delayed puberty [7]. With the advent of improved insulin
administration, the Mauriac syndrome is infrequent; however,
overinsulinization has also been associated with excess liver
glycogen storage and hepatomegaly [8]. Histologically, the hep-
atocytes are enlarged and engorged with glycogen deposition
throughout the cytoplasm and nucleus. Hepatomegaly is not
associated with pain and, most often, liver function tests are 
normal. Liver size improves with adjustments in insulin admin-
istration [8].

Non-alcoholic fatty liver disease and 
diabetes mellitus

NAFLD is discussed in more detail in Chapter 13. The following
discussion will briefly detail the role of DM in this disorder.

Hepatic steatosis, a benign, fatty infiltration of hepatocytes, is
common in diabetes. The frequency in type 1 DM is estimated at
4–17% [9], and is seen with increased frequency in type 2 DM,
ranging from 21% to 78% in various series and as high as 100%
in those with type 2 DM and obesity.

A number of patients with diabetes and hepatic steatosis
progress to hepatic steatohepatitis, fatty infiltration of hepato-
cytes with accompanying inflammation. Steatosis may progress
to hepatic necrosis and fibrosis, which can lead to cirrhosis 
and endstage liver disease as well as an increased incidence 
of hepatocellular carcinoma. Approximately 50% of diabetic
individuals with suspected fatty liver disease have steatohepatitis
and 19% have cirrhosis on biopsy [10–12].

The mechanisms responsible for NAFLD are incompletely
understood; it is currently the most prevalent liver disease in the
United States [13]. Insulin resistance is central to our views of
the pathogenesis of NAFLD [14]. In addition, type 2 DM is asso-
ciated with an elevation in circulating free fatty acids. Increased
lipolysis as a consequence of insulin resistance can overwhelm
the mitochondrial β-oxidation system, resulting in an increase
in circulating free fatty acids and resultant accumulation in the
liver. Fatty acids induce inflammatory cytokines which lead to
the generation of free radicals, cell injury and apoptosis [15].

Histologically, steatohepatitis may resemble alcoholic hepati-
tis with Mallory’s hyaline deposition evident in the hepatocytes,
together with periportal or perisinusoidal fibrosis. In advanced
forms, bridging fibrosis occurs with variable degrees of hepato-
cellular necrosis. There is no classic clinical picture of steatohep-
atitis. The diagnosis is suspected in diabetic individuals with
abnormalities in liver function tests that fit the clinical profile 
of older age, central obesity and no alcohol abuse. Often, 
generalized malaise or fullness in the right upper quadrant is
reported; rarely, hepatomegaly is appreciated.
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Elevated aminotransferases are the most common abnormal
pattern on liver function testing. Mild ALT elevations are more
commonly seen than AST increases. Serum alkaline phosphatase
and GGT levels are less commonly abnormal. In one series of
biopsy-proven steatohepatitis, the severity of illness indicators
included a ratio of AST to ALT greater than 1, older age, obesity
and diabetes mellitus [16].

Imaging studies may contribute to the diagnosis of hepatic
steatosis. Ultrasound images show a diffuse increase in liver
echogenicity with ‘phantom tumour’ appearance of spared areas
of fat infiltration. Retrospective studies indicate that ultrasound
has a sensitivity of 89% and specificity of 93% for the detection
of steatosis [17]. However, prospective studies indicate a cut-
off of 33% steatosis for the diagnostic accuracy of ultrasound 
[18]. Magnetic resonance imaging (MRI) can improve the
quantification of the degree of fatty infiltration [19], but only
liver biopsy can determine the extent of liver damage and pro-
vide a prognosis based on disease severity.

Hepatic steatosis for the majority of patients will remain a
benign disorder. However, a progression of the disease from
hepatic steatosis to steatohepatitis to cirrhosis and, ultimately,
hepatocellular carcinoma is well described. The factors con-
tributing to progressive liver failure are unknown, and pro-
gnosis worsens with the progression to each stage of disease.
Although the prevalence of NAFLD may be no higher in those
with diabetes than in weight-matched control subjects without
diabetes, the presence of diabetes may portend disease progres-
sion and a worse prognosis. In one study of morbidly obese sub-
jects undergoing gastric bypass, the frequency of steatohepatitis
and cirrhosis was 48% and 9.7%, respectively, in subjects with
type 2 DM, compared with 33% and 2.2% in those without dia-
betes [12]. Whether diabetes promotes worsening liver disease
or is a consequence of an inflammatory response associated 
with liver damage remains unknown. Longitudinal studies have
described disease-specific mortality as being as high as 36% [20].

The mainstay of treatment for NAFLD remains weight loss.
Weight reduction will improve insulin resistance and reverse the
pathological processes leading to hepatic fat infiltration [21–23].
However, a transient worsening of hepatic inflammation and
cirrhosis may accompany rapid weight loss [21,24,25]. A recom-
mended loss of 1.0–1.5 kg/week has been suggested; however,
the ideal rate of weight loss is not known [21].

Multiple pharmacological agents have been used to treat
NAFLD. Treatment with gemfibrizole [26], vitamin E [27],
betaine [28], ursodeoxycholic acid [29,30], pioglitazone
[31–34], rosiglitazone [35], atorvastatin [36,37] and metformin
[38,39] has been associated with improvement in elevated liver
enzymes. Readers are referred to Chapter 13 for a more detailed
analysis of such results.

Insulin-sensitizing and cholesterol-lowering drugs are logical
therapeutic choices for non-alcoholic steatohepatitis given the
role of insulin resistance and hyperlipidaemia in its pathophy-
siology. Pioglitazone use has been associated with histological

improvement in non-alcoholic steatohepatitis with varying
durations of use [32,34]. Rosiglitazone was associated with the
improvement in metabolic parameters of insulin resistance and
a reduction in hepatic fat content, inflammation and fibrosis
after 24 weeks of use [35]. Atorvastatin therapy was associated
with improved liver histology among individuals with non-
alcoholic steatohepatitis.

In individuals with type 1 DM and endstage renal disease 
on continuous ambulatory peritoneal dialysis and treated with
intraperitoneal insulin, hepatic subcapsular steatosis has been
described. It is believed to be caused by the combination of high
concentrations of insulin and glucose in proximity to the liver.

Viral hepatitis

Epidemiological studies have shown an increased risk of viral
hepatitis among individuals with DM. In Beirut, diabetes was
associated with a twofold increase in hepatitis B viral antibody
positivity [40]. Likewise, an increased prevalence of hepatitis C
is seen among individuals with DM compared with the general
population [41,42].

Many reasons have been postulated for this increased risk.
Diabetes does not adversely affect clearance of hepatitis B or C
virus. However, individuals with diabetes are more exposed to
viral contact with increased hospital admissions and more 
frequent need for needlesticks [40]. The increased prevalence 
of hepatitis C virus among individuals with diabetes is con-
founded by the increasing evidence to support a causative asso-
ciation of the virus with the development of diabetes [43–45]
(see Chapter 21.2).

Cirrhosis

Cirrhosis is a common cause of death among individuals with
diabetes. The standardized mortality ratio for cirrhosis ranks
higher than cardiovascular disease for those with diabetes com-
pared with the non-diabetic population [46]. The ratio increases
for those with more severe type 2 DM, as defined by the need for
insulin therapy.

The association between diabetes and cirrhosis is strong [13];
however, a causative link is indirect. The leading cause of crypto-
genic cirrhosis is steatohepatitis, with DM being the leading
cause of the latter. As discussed previously, the presence of dia-
betes is a risk factor for the progression of steatosis to steatohep-
atitis and cirrhosis [12]. The association is further confounded
by the increased prevalence of glucose intolerance and frank 
diabetes among those with cirrhosis [47].

Hepatocellular carcinoma

Multiple population studies have noted the association be-
tween type 2 DM and hepatocellular carcinoma. Initially, this
was described in a small cohort of Scottish individuals with 
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hepatocellular carcinoma having an incidence of diabetes four
times the rate of the general population [48]. Larger reviews of
cancer registries in Denmark and Sweden have corroborated the
converse association, reporting a fourfold higher incidence of
diabetes among those with hepatocellular carcinoma [49,50].
Other epidemiological studies have confirmed these findings
[51,52]. Still, this association requires consideration of the con-
founding fact that cirrhosis per se, a preneoplastic condition,
may result in diabetes.

Insulin has anabolic and mitogenic properties mediated
through its binding to the insulin receptor. It has been postu-
lated that higher insulin levels, such as those seen in insulin-
resistant states, may lead to greater cell proliferation and an
increased risk of mutation leading to malignancy [53,54].

Cholelithiasis

Diabetes does impart a small increased risk of gallstone devel-
opment [55–57]. The risk is higher in those with type 2 DM
compared with type 1 diabetics [58]. Prior studies estimated the
relative risk at two- to threefold; however, with adjustment for
obesity and hypertriglyceridaemia, the relative risk decreases to
1.6 [59].

Stone composition is predominantly of the cholesterol type
and does not seem to differ between the diabetic and non-
diabetic populations [60]. Treatment of diabetes may affect the
lipid concentration of bile. Insulin therapy in a cohort of Pima
Indians was associated with qualitative changes in bile acid 
composition that led to protection against stone formation [61].
Evidence supports gallbladder hypocontractility and a decreased
gallbladder ejection fraction as possible aetiological factors
[62,63]. The reason for cholecystoparesis was presumed to be
peripheral neuropathy. However, the risk of gallstone formation
is independent of diabetes severity, glycaemic control or the
presence of neuropathic complications [62].

Prior to improvements in surgical technique and periope-
rative medical management, diabetes was associated with worse
surgical outcome following gallbladder resection. More recent
operative series reveal no increase in morbidity or mortality 
following cholecystectomy among those with diabetes [64].
Nonetheless, prophylactic cholecystectomy for asymptomatic
gallstones imparts no measurable benefit when modelled in a
decision analysis [65].

Effect of pharmacological therapy for
diabetes on the liver

Insulin is a life-saving necessity for individuals with type 1 DM.
Multiple medication options are available for the treatment of
type 2 DM; these include sulphonylureas, metformin, thiazo-
lidinediones, meglitinides, alpha-glucosidase inhibitors and
insulin. Undue concern over the effects of liver injury on drug
metabolism and of the potential for therapy to induce worsening

liver function may compromise glycaemic control. In general, 
in patients experiencing acute or worsening liver failure, met-
formin should be avoided because of the increased risk of lactic
acidosis. Likewise, thiazolidinediones should be used with cau-
tion in individuals with ascites and peripheral oedema because
of the potential for these agents to cause fluid retention. Most
experts recommend initial therapy with a sulphonylurea agent
with prompt institution of insulin to achieve glycaemic control.
Insulin sensitizers, metformin and thiazolidinediones, should
be the treatment of choice for individuals with hepatic steatosis
and normal liver function.

Of the treatment options outlined, only the sulphonylurea
compounds, α-glucosidase inhibitors and the thiazolidinediones
have been associated with hepatotoxicity. The incidence of acute
liver injury is rare, reported as 1 in 10 000 person–years of treat-
ment for diabetes in a recent cohort study [66]. Specifically, the
hazard ratio for liver failure was 2.41 for individuals receiving
insulin therapy and 1.42 and 1.37 for those receiving sulphony-
lureas and metformin respectively. This information must be
considered in the appropriate context. The associated use of
these medications and liver injury may not reflect a direct toxic
effect of the drug on hepatocytes but the association between
liver damage from any cause and an increase in insulin resistance
mentioned previously.

The thiazolidinedione drugs deserve more discussion. This
class of agents activates the PPARγ receptor and leads to insulin
sensitization at peripheral target tissues. As mentioned previ-
ously, their effect on lipid metabolism and their ability to reduce
insulin resistance make them an intriguing treatment option for
NAFLD. Troglitazone, pioglitazone and rosiglitazone have been
approved for use by the Food and Drug Administration (FDA)
for the treatment of type 2 DM. Troglitazone has since been
withdrawn because of the relatively high incidence of liver fail-
ure associated with its use. The mechanism by which the drug
induces liver injury is controversial [67]. Both rosiglitazone and
pioglitazone have been associated with mild aminotransferase
elevation, most commonly ALT. Because of this, the FDA has
recommended frequent monitoring of liver enzymes with the
use of these agents, a guideline that has since been repealed given
the experiential safety of these drugs.

Sixty-eight cases of hepatitis or acute liver injury among 
individuals prescribed rosiglitazone have been reported to the
FDA, whereas pioglitazone has been associated with 37 cases [68].
Many of these reports are confounded by concomitant illness
(fatty liver) or medication use (statins).

Disorders of lipid metabolism and
obesity

The effects of disorders of lipid metabolism and obesity on 
the liver are those related to fatty infiltration of hepatocytes as
discussed previously in the section on non-alcoholic fatty liver
disease; these will be covered in detail in Chapters 2.3.2 and 13.
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Thyroid disorders

Thyroid physiology

The thyroid gland produces and secretes two iodine-containing
hormones, thyroxine (T4) and triiodothyronine (T3), under the
direct stimulation of thyroid-stimulating hormone (TSH), a gly-
copeptide secreted by thyrotrope cells in the anterior pituitary.
TSH secretion is regulated by two mechanisms. Thyrotropin-
secreting hormone (TRH), a hypothalamic peptide, stimulates
TSH secretion, while T4 and T3 directly inhibit it. The thyroid
gland is the sole producer of T4; the majority of T3 (80%) in the
circulation is derived from deiodination of T4 at peripheral 
sites, predominantly the liver and kidney. T3 is the metabolic-
ally active form of the hormone; binding of T3 to its receptor 
activates the protean biological effects of thyroid hormone.
Approximately 85 µg of T4 is secreted by the thyroid gland daily,
and 20–30 µg of T3 is produced daily. T4 and T3 circulate 
in serum in both free and protein-bound forms. The free pool 
is the biologically active component and is extremely small,
accounting for 0.03% of the total circulating T4 and 0.3% of 
the circulating T3. The majority is avidly bound to plasma 
proteins produced by the liver. Thyroxine-binding globulin
(TBG) accounts for 75% of thyroid hormone binding, while
transthyretin and albumin account for 15% and 10% of T4
binding respectively. The commonly used thyroid hormone
assays measure either the total (free and protein-bound) or the
free hormone compartments. Conditions that alter the levels of
binding proteins will affect total thyroid hormone assay results.
However, free hormone assays will remain undisturbed. The
liver is also a primary site of thyroid hormone metabolism 
and clearance. The terms hyperthyroidism and hypothyroidism
refer to states of excess or diminished thyroid hormone levels
respectively. Given the important relationship between the liver
and thyroid, it is not surprising that many disorders affect both
systems.

Hyperthyroidism

Hyperthyroidism affects nearly every organ system with multi-
ple clinical signs and symptoms. Hyperthyroidism will affect
liver metabolism, and irregularities in liver enzymes are not
uncommon. With improved diagnosis and treatment of hyper-
thyroidism, severe liver injury is rare. In one series, 76% of
hyperthyroid patients had at least one liver enzyme abnormality.
The most common clinical scenario was one of self-limited 
mild abnormalities that improved with regulation of thyroid
excess [69]. In a minority of patients, centrolobar necrosis with
perivenular fibrosis can progress to acute liver failure [70].
Usually, this occurs in the presence of accompanying thyrotoxic
cardiac arrhythmias and decompensation. The degree of hepatic
injury was postulated to be reflected by serum isocitrate 
dehydrogenase levels; this enzyme has been described as a
marker for the grading of liver damage [71]. The appearance of

hyperthyroidism in a patient with previously diagnosed liver
injury can lead to significant hepatic decompensation [72].

Mechanistically, liver injury is due to an increase in liver 
oxygen demand without an associated increase in hepatic blood
flow. Histologically, hepatocellular necrosis can be seen in 
centrolobular areas, with a pancellular inflammatory infiltrate
[73]. On electron microscopy, hyperplasia of the smooth endo-
plasmic reticulum, a decrease in cytoplasmic granules and an
increase in mitochondria has been described [74].

The laboratory pattern most frequently seen among individuals
with hyperthyroidism is an elevation in serum alkaline phos-
phatase with an estimated prevalence of 64% [75]. A significant
proportion of this enzyme is generated from bone. The more
specific serum indicators of cholestasis are less frequently 
abnormal; GGT and bilirubin elevations are seen in 17% and 
5% respectively [75]. The histological pattern is similar to that
described for hepatitis with associated centrolobular intrahep-
atitic cholestasis. Jaundice is rare and, when seen, is often a hall-
mark of concomitant liver injury or cardiac decompensation.

Thyrotoxicosis is associated with a generalized increase in
metabolic processes and produces an overall catabolic state. 
This is accompanied by an increase in hepatic gluconeogenesis
and glycogenolysis as well as protein and lipid breakdown [76].
Both hepatic cholesterol production and clearance is increased.
However, clearance rates predominate, leading to a reduction 
in serum lipid concentrations. An alteration in serum proteins
generated by the liver may be seen. Typically, serum albumin
and TBG levels are normal, and sex hormone-binding globulin
is increased in hyperthyroidism.

Thyroid storm
The clinical significance of excessive thyroid hormone depends
on the degree of thyroid hormone overproduction and the
underlying health of the patient. In its most aggressive form,
thyroid storm, hyperthyroidism consists of a constellation of
signs and symptoms of metabolic compromise associated with
high mortality. The most frequent clinical manifestations of 
thyroid storm are fever, confusion and evidence of endorgan
failure. Often tachycardia exists (heart rate > 140 beats/min)
with associated pyrexia leading to cardiac arrhythmias and 
compromise. Gastrointestinal and hepatic manifestations are
common; abdominal pain, nausea, diarrhoea, emesis and hepatic
dysfunction are frequently seen. The presence of jaundice in the
right clinical scenario (tachycardia, body temperature > 38.5°C
and elevated T4 and T3) is associated with a high specificity for
thyroid storm. Accompanying rhabdomyolysis and renal failure
may contribute to elevations in serum AST, ALT and indirect
bilirubin.

Thyroid storm is usually the result of a rapid increase in serum
thyroid hormone. Often, this is due to increased hormone pro-
duction and release or decreased hormone clearance secondary
to accompanying illness. The stress of concurrent sepsis or organ
failure may lead to a rise in serum catecholamines and an exacer-
bation of thyroid hormone effect.
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Treatment of thyroid storm is similar to treatment of other
forms of hyperthyroidism with a critical component being the
identification and treatment of the associated illness.

The effect of drugs used in the treatment of
hyperthyroidism on the liver
Select therapy for hyperthyroidism may affect liver function.
The thionamides, propylthiouracil (PTU), methimazole and
carbimazole inhibit the major steps in thyroid hormone pro-
duction and are the first line of medical therapy for hyper-
thyroidism. The true incidence of liver enzyme abnormalities 
associated with PTU use is unknown, and is difficult to separate
from the liver abnormalities seen with hyperthyroidism
described previously. However, increased serum levels of AST
and ALT are reported to occur in 30% of such patients [77]. The
rise in aminotransferases appears to be dose related and 
peaks in the initial weeks of therapy. Elevations improve over
time with decreasing doses of PTU, and enzymes diminish to
normal with attainment of euthyroidism in the vast majority of
patients. Rarely (incidence < 0.5%), fulminant hepatic failure
with histological evidence of hepatic necrosis has been reported.
Approximately 30 cases of confirmed PTU-associated toxicity
have been reported, with mortality from liver failure seen in
eight patients [77]. The aetiology is unknown; however, some
studies suggest an immune reaction to the drug via lymphocyte
sensitization [78]. Most often, liver injury was reported in the
initial months after PTU initiation. An increased female prepon-
derance was seen with a female to male ratio of 8:1. Liver injury
often responded to drug discontinuation, but progressed in a
minority despite such discontinuation. Survival from liver fail-
ure did not correlate with age, dose or duration of PTU use;
however, it correlated positively with the use of 131I radiotherapy
for thyrotoxicosis [77]. Liver function testing prior to drug 
initiation did not predict the development of PTU-associated
hepatotoxicity. Treatment consists of discontinuation of PTU,
administering alternative therapy for thyrotoxicosis, general
supportive care of liver injury and early recognition of the need
for transplantation.

Liver abnormalities are less common with methimazole and
carbimazole use and most often present as a cholestatic pattern
[79]. Elevations in alkaline phosphatase, bilirubin and GGT pre-
dominate. This is usually seen within the first weeks of therapy
and may persist despite drug discontinuation. Liver biopsy
reveals intrahepatic cholestasis.

Hypothyroidism

Nondescript symptoms such as fatigue and weight gain are com-
mon clinical manifestations of both hypothyroidism and declin-
ing liver function. In the most severe form of hypothyroidism,
myxoedema coma, an accompanying diminished sensorium
and myxoedema ascites [80] may make clinical differentiation
from liver failure even more difficult.

A modest increase in serum AST and ALT (usually more than

three times the upper limit of normal) may be seen in untreated
individuals with hypothyroidism, reported with a frequency of
84% and 60% respectively [72]. The muscle isoenzyme predom-
inates with associated elevation in serum creatinine phosphoki-
nase and aldolase levels in the majority of patients. Increased
release of these enzymes from muscle injury and decreased
clearance by the liver contribute to increased serum levels.
Serum alkaline phosphatase, bilirubin and GGT levels usually
remain normal, and aminotransferase elevations diminish with
appropriate thyroid hormone replacement.

Hypothyroidism can affect bile acid synthesis and bilirubin
metabolism. Experimentally induced hypothyroidism in the 
rat resulted in a 50% decrease in bile salt flow secretion and
enhanced hepatic bilirubin UDP-glucuronosyltransferase act-
ivity with subsequent increases in serum conjugated bilirubin 
levels [81]. In humans, cholestasis and jaundice have rarely been
reported in association with hypothyroidism. A persistence of
neonatal jaundice may suggest congenital hypothyroidism [82].
Hypothyroidism is associated with elevated serum cholesterol,
decreased biliary flow and reduced gallbladder contractility, a
triumvirate of circumstances leading to an increased incidence
of cholelithiasis. In a case–control Swedish cohort, treatment for
hypothyroidism was associated with a twofold risk of chole-
docholithiasis, probably as a result of improved gallbladder 
contractility [83].

A unique clinical finding in severe hypothyroidism is myx-
oedema ascites. The peritoneal fluid is exudative in nature with
significantly elevated protein content. Confounding data as to
the aetiology of the ascites exist. One hypothesis is that severe
hypothyroidism leads to right-sided heart failure and hepatic
congestion, supported by findings of central congestive fibrosis
on liver biopsy in some patients [84]. Another case report docu-
mented normal right heart pressures in a patient with myx-
oedema ascites. The authors concluded the serous exudates were
a result of increased vascular permeability leading to fluid collec-
tions in serosal cavities throughout the body [85]. Nevertheless,
the fluid collections resolve with appropriate thyroid hormone
replacement, and liver injury is reversed with no residual dam-
age [86].

Adrenal disease and the liver

Adrenal physiology

The adrenal cortex is responsible for the production and 
secretion of glucocorticoids, mineralocorticoids and adrenal
androgens. Cortisol is the primary glucocorticoid secreted and 
is intricately involved in caloric metabolism. Cortisol promotes
gluconeogenesis and glycogenolysis and lipid and protein
catabolism. Production of cortisol is directly influenced by
adrenocorticotropic hormone (ACTH) binding to the ACTH
receptor in the zona fasciculata of the adrenal cortex. ACTH 
is produced by corticotroph cells in the anterior pituitary and 
is under the positive stimulus of corticotrophin-releasing 
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hormone (CRH) produced by the hypothalamus. In a classic
endocrine feedback loop, cortisol negatively inhibits CRH and
ACTH secretion to maintain steady-state levels. Serum cortisol
circulates in a predominantly protein-bound form, carried by
cortisol-binding globulin and albumin, both produced in the
liver. The free steroid component is the biologically active com-
pound. States of excessive serum cortisol are known collectively
as Cushing syndrome. Hypercortisolism can be the result of
overproduction of cortisol by the adrenals, or excessive ACTH
production by pituitary corticotroph adenomas or ectopic
ACTH-secreting tumours. Cortisol deficiency may be the result
of adrenal damage (primary adrenal failure or Addison’s dis-
ease), or pituitary (secondary adrenal insufficiency) or hypotha-
lamic (tertiary adrenal insufficiency) injury. Aldosterone is the
primary mineralocorticoid produced by the zona glomerulosa
cells of the adrenal cortex. It is responsible for maintaining
plasma volume and cation homeostasis. It is primarily under 
the control of the renin–angiotensin system and is secreted in
response to renal sensors of low perfusion pressure. Aldosterone
production is independent of the hypothalamic–pituitary–
adrenal axis and therefore only becomes deficient in disorders of
primary adrenal injury.

The effects of adrenal insufficiency on the
liver

Elevations in liver aminotransferases have been reported in 
individuals with adrenal insufficiency [87,88]. Although some
patients have varying degrees of liver pathology on biopsy [87],
suggesting a hepatic origin, others have reported normal liver
histology [88]. It is believed, in the latter cases, that the excess
serum ALT and AST is primarily the skeletal muscle isoform.
Regardless of the tissue of origin, the abnormalities resolve 
with appropriate hormone replacement. The reported delay 
in bromosulphthalein elimination in patients with adrenal
insufficiency is believed to be secondary to hypovolaemia 
associated with the disorder and a subsequent decrease in hep-
atic perfusion [89].

The effects of Cushing syndrome on the liver

Hypercortisolism causes a metabolic syndrome phenotype with
insulin resistance, truncal obesity, hypertriglyceridaemia and
overt diabetes. Therefore, it is not surprising that these individuals
are at risk for the development of non-alcoholic steatohepatitis.
The development of fatty liver infiltration may be accompanied
by an elevation in serum GGT in as many as 50% of individuals
with Cushing syndrome [90]. Aminotransferase levels are usu-
ally normal but may rarely be elevated. Steatohepatitis may be
diffuse or isolated in nature. The true prevalence of non-alcoholic
steatohepatitis among individuals with hypercortisolism is
debated, with reported rates ranging from 20% to 50% [90,91].
A similar process may be seen with the administration of 
supraphysiological doses of exogenous steroids. Fat emboli to

the pulmonary and systemic vascular beds have been described
in patients with Cushing’s disease. This usually occurs during
rapid resolution of the hypercortisolaemic state and can be 
fatal [92].

Ketoconazole inhibits a number of the enzymes that catalyse
the conversion of cholesterol to cortisol and is therefore utilized
in the medical management of patients with Cushing syndrome.
The drug has been infrequently associated with severe liver
injury [92]. The more common liver assay abnormalities are
consistent with hepatocyte injury with ALT and AST elevations.
A mixed hepatocellular and cholestatic picture has also been
described with accompanying elevations in alkaline phosphatase
values. Liver necrosis and failure has been reported. Jaundice
and liver enzyme abnormalities are usually seen in the first 
10 days of therapy initiation. Transient elevations in serum
aminotransferases and alkaline phosphatase levels have been
described during the initial days of ketoconazole therapy in a
significant minority of individuals [93]. Most often, the abnorm-
alities are transient; however, they should be monitored for 
progression of worsening liver function. Liver chemistries return
to normal within months after drug cessation in the majority 
of individuals. Monitoring of liver tests has been suggested at
baseline, within the first weeks of therapy and monthly there-
after during ketoconazole use [92].

Sex hormones and the liver

Sex hormone physiology (see Chapter 21.2)

The gonads are bifunctional organs, serving as the site of sex steroid
production, primarily testosterone in the testis and estrogen 
in the ovaries, and gamete formation. The hypothalamic–
pituitary–gonadal axis regulates these functions via a series of
hormones and neurotransmitters in a closed loop feedback
mechanism. The hypothalamus regulates the release of
gonadotropin-releasing hormone (GnRH). GnRH is released in
predetermined pulses into the portal circulation to stimulate
pituitary gonadotropin synthesis and release. The GnRH pulse
frequency determines the amount and relative ratio of luteiniz-
ing hormone (LH) and follicle-stimulating hormone (FSH)
released into the systemic circulation. GnRH synthesis and
release is regulated by extrahypothalamic central nervous system
signals, systemic sex steroids and systemic peptide hormones
such as prolactin, inhibin, leptin and activin. Testosterone and
estradiol exert inhibitory effects on GnRH synthesis and release.

LH and FSH are glycoproteins secreted by the gonadotropin
cells of the anterior pituitary gland in a pulsatile fashion in
response to a GnRH stimulus. The hormones consist of two
polypeptide subunits, an α- and a β-subunit, with the α-subunit
identical in both hormones and the β-subunit imparting
specificity. LH binding to surface receptors on Leydig cells in 
the testes promotes testosterone production. LH binding to cell
receptors in the ovary promotes estrogen, progesterone and
androgen production for follicular maturation, ovulation and
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maintenance of the corpus luteum. FSH binding to Sertoli cell
receptors in the testes stimulates the production of multiple 
proteins including inhibin and activin. In conjunction with 
high local testosterone levels produced by the Leydig cells, FSH
promotes spermatogenesis and inhibits germ cell apoptosis. In
the ovary, FSH binding to its receptor on granulosa cells in the
primordial follicle similarly promotes the synthesis of multiple
proteins including inhibin and activin to promote follicular cell
duplication and maturation. Gonadotropin synthesis is stimu-
lated by pulsatile GnRH secretion, as mentioned previously.
Negative inhibition by sex hormones and their metabolites
occurs at the pituitary level. Inhibin inhibits the pituitary secre-
tion of FSH while activin promotes its synthesis. Circulating
estrogen levels affect gonadotropin hormone release in a com-
plex fashion. In general, estrogen inhibits both FSH and, to a
lesser extent, LH secretion from the gonadotrophs. However, 
at high circulating levels, estrogen exerts a positive stimulus for
LH secretion, manifest in mid-menstrual cycle as an LH surge to
promote ovulation.

Testosterone is produced in the Leydig cells via a series of
enzymatic steps under the stimulation of LH. Approximately
4–8 mg is produced daily in men to achieve serum levels ranging
from 3 to 12 µg/L. The testes also directly secrete 5α-dihy-
drotestosterone (5DHT), a more potent androgen. The majority
of 5DHT production comes from peripheral conversion of
testosterone via the action of 5α-reductase enzyme predomin-
antly in the prostate gland, but also in other peripheral tissues.
The serum levels of 5DHT are approximately 1/10th those of
serum testosterone. About 40 mg of estradiol is produced in the
adult male daily. The majority (75%) is the result of peripheral
conversion of testosterone to estradiol by the aromatase enzyme;
the rest is directly secreted by the testes. Peripheral aromatiza-
tion occurs predominantly in skin, muscle and fat. The majority
of circulating testosterone is bound to sex hormone-binding
globulin (SHBG) or albumin; the minority (2–3%) is in the free,
unbound form. Both the free and albumin-bound forms are
available for cell entry, thus known as the bioavailable portion.
Many factors affect SHBG and albumin secretion including liver
injury. Estrogens and thyroid hormone promote SHBG produc-
tion, whereas androgens and obesity (via the effects of insulin)
diminish it. Obviously, SHBG and albumin levels will influence
the percentage of testosterone circulating in the free form.
Testosterone that is not aromatized to estradiol or converted to
5DHT is metabolized to the inactive metabolites etiocholanolone
or androsterone in the liver. The liver is capable of degrading
approximately 50% of the testosterone reaching the splanchnic
circulation in men and 100% in women.

Serum estrogen levels in adult women vary depending on the
stage of the menstrual cycle. Levels are low during the early fol-
licular phase (60–100 ng/L) and higher (200–700 ng/L) during
the late luteal phase of the cycle. Estrogen is primarily formed by
peripheral conversion of androstendione. In the premenopausal
female, androstendione production is equally performed by 
the ovary and adrenal; after the menopause, ovarian production

disappears and the adrenals become the main source of the
steroid. Testosterone levels in women are 5% of those seen in
males. The ovaries secrete testosterone directly, but the majority
comes from peripheral conversion of androstendione (ovarian
androgen) and dehydroandrostendione (adrenal androgen).
Estrogen circulates in the free and protein-bound forms, with
the primary protein carriers SHBG and albumin, similar to
testosterone. Unlike testosterone, estrogen is less tightly bound
to these carriers; therefore, fluctuations in serum SHBG and
albumin concentrations do not have as great an impact on tissue
bioavailability.

The effects of sex steroids on the liver

The effects of sex steroids on the liver can range from innocuous
alterations in liver enzymes to the development of cirrhosis and
acute liver failure. Another well-documented association exists
between sex steroids and the development of both benign and
malignant hepatic tumours. There is increasing evidence that
the liver displays sexual dimorphism with stark differences in
liver pathophysiology between genders.

Anabolic steroids
The use of androgens for the treatment of haematological dis-
orders and cachexia has decreased with the development of more
specific and efficacious therapies for these conditions. However,
the misuse of anabolic androgens among competitive and non-
competitive athletes has increased to alarming numbers over the
last decade [94]. The prevalence of toxic effects following the use
of anabolic steroids is unknown due to under-reporting of use.
However, the use of anabolic androgens has increasingly been
associated with adverse outcomes including liver injury.

Oral androgens have been associated with hepatotoxicity and
cholestatic jaundice, particularly the C17 alkylated formulations
[95]. Although mild hepatic enzyme abnormalities are seen 
in the majority of individuals taking oral androgens, severe
injury is rare. Jaundice is usually accompanied by symptoms 
of anorexia, nausea, emesis and abdominal fullness, and occurs
within the first few months of initiation of oral androgen ther-
apy. Cholestasis will usually regress within months following
discontinuation of androgens, although it has rarely been asso-
ciated with progression to cirrhosis [95].

Peliosis hepatis is a rare disorder consisting of blood-filled
spaces of various sizes within the liver parenchyma. The disorder
is associated with chronic inflammatory illnesses such as tuber-
culosis and acquired immunodeficiency syndrome (AIDS). It
has also been well described in patients treated with anabolic
androgens for refractory anaemia and malignancy-induced
anorexia [96]. Reports of the development of peliosis hepatis
have been described in athletes abusing anabolic steroids,
although this association seems to be rare [97]. The condition
may be mild and asymptomatic; however, it has been associated
with hepatorenal syndrome, severe parenchymal haemorrhage
and hepatic failure [96]. Lesions display characteristic findings
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on ultrasound, computerized tomography (CT) and angio-
graphic evaluation of the liver. The aetiology of the disorder is
unknown, but a greater association with the use of C17 alkylated
androgens is seen. Severity of lesions is associated with the dose,
but not the duration, of therapy. Spontaneous regression of
lesions has been documented [98].

Androgens are associated with the development of hepatic
adenomas and hepatocellular carcinoma. Hepatic adenomas are
uncommon benign neoplasms most prevalent in women on 
oral contraceptives (see below). Although benign, adenomas 
can lead to serious consequences (see Chapter 18.1.2). Hepatic 
adenomas are highly vascular tumours and have been reported
to be associated with severe haemorrhage [99]. Often, tumours
can become large, leading to obstruction of liver parenchyma,
portal vasculature and biliary flow causing jaundice [100].
Differentiation of hepatic adenomas from hepatocellular carci-
noma requires biopsy with overlapping radiological features
between the two tumour types [101]. The probability of hepatic
adenoma transformation into a malignant tumour is unknown
and controversial, however most experts recommend close
monitoring [101]. Mutations in β-catenin may indicate an
increased risk of neoplastic transformation [102].

Males are at increased risk for the development of hepato-
cellular carcinoma (HCC) [103] and have a higher mortality 
associated with HCC compared with females. Some researchers
postulate that androgens influence the development and sever-
ity of HCC. Androgen receptors are present in normal liver 
tissue, and their expression and activation are increased in the
tumour tissue of individuals with HCC [104]. The presence 
of androgen receptors in HCC has been associated with an
increased risk of tumour recurrence and reduced survival fol-
lowing hepatic resection [104]. Five-year survival for androgen
receptor-negative individuals was reported at 55%, while the
rate for androgen receptor-positive individuals was 0%.

HCC as a consequence of androgen therapy was first reported
in an individual receiving therapy for Fanconi’s anaemia, an
autosomal recessive disorder associated with aplastic anaemia
[105]. Initially, it was believed that the risk of HCC in these
patients was secondary to a chromosomal mutation predispos-
ing them to malignancy. However, soon, cases of androgen-
associated HCC in individuals without Fanconi’s anaemia were
reported. One retrospective review of the literature reported 
21 cases of androgen-associated HCC among individuals with
Fanconi’s anaemia and 49 cases among individuals without a
diagnosis of Fanconi’s anaemia [106]. Men were at greater 
risk for the development of HCC. The dose of androgen did not
correlate with HCC risk, nor did the route of administration
(oral vs. parenteral); however, the specific androgen utilized did.
Individuals administered either oxymethalone or methyltestos-
terone had a statistically significantly greater risk of HCC 
development compared with individuals treated with danazole
therapy [106]. To date, no association between hepatic adenoma
or hepatocellular carcinoma has been described with the use of
transdermal testosterone preparations.

Estrogens
Oral contraceptives and estrogen replacement are commonly
prescribed therapies. These compounds are known to exert a
number of metabolic effects on the liver. Estrogen therapy will
affect hepatic protein synthesis and release. The best studied of
these is TBG. Estrogen therapy will increase serum TBG via a
reduction in hepatic clearance of the protein [107]. The result 
is an increase in total thyroxine and triiodothyronine serum 
values; however, free thyroid hormone levels are unchanged.
Similar effects have been described in other proteins synthesized
by the liver.

During therapy with an oral contraceptive agent, increases in
serum aminotransferase concentrations may be seen in 5–20%
of women. Abnormalities are more commonly associated with
the C17 alkylated compounds, are mild and resolve with dis-
continuation of contraception. Liver irregularities that do not
resolve warrant further investigation. Cholestasis is a known
complication of these agents. Estrogens can decrease bile flow
and secretion of bile acids, leading to a propensity for gallstone
development. The Nurses Health Study, an epidemiological
study of 96 211 women, detailed the effects of these compounds
on cholelithiasis and cholecystitis [108]. When compared with
women who never used oral contraception, current short-term
users had an age-adjusted relative risk for cholecystitis of 1.6.
The risk remained the same after 10 or more years of use but
declined with discontinuation of oral contraception. However,
the relative risk of cholecystitis remained higher among those
women who had ever used contraception compared with those
who had not (relative risk 1.2). The Heart and Estrogen/progestin
Replacement Study (HERS) reported an increase in need for 
biliary surgery of approximately 45% among users of hormonal
replacement therapy compared with non-users [109]. In a
Canadian study of 800 000 women, estrogen users were
significantly more likely to have undergone cholecystectomy
[110].

The overall rate of thromboembolic events associated with the
use of estrogen and progesterone compounds is low. However,
the risk increases with increasing age, smoking and a history of
thrombosis or disorders leading to thrombosis [111]. Hepatic vein
occlusion and the Budd–Chiari syndrome have been reported
among users of oral contraceptives [112] (see Chapter 17.3).

Hepatic adenomas are relatively rare, benign tumours; the
incidence of these lesions increases with estrogen use and dura-
tion of therapy [113,114]. Risk is increased after 5 years of 
oral contraceptive therapy [114]. The lesions are usually asymp-
tomatic and most commonly found incidentally on imaging
studies. However, due to the vascular quality of these lesions,
patients are at risk of intraperitoneal haemorrhage. Spontaneous
regression of tumours has been described with cessation of 
contraceptive therapy [114,115]. The association between oral
contraceptive use and HCC is controversial. Some studies report
a small increased risk with their use [116], while others contra-
dict this premise [117]. Risk may be gender and race specific or
depend on co-infection with hepatitis B or C virus [116,117].
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Sexual dimorphism of liver function

Gender differences in liver function and response to stimuli exist
in many species. The differentiation of fetal organs in response
to hormonal stimuli, a process termed imprinting, may result 
in a male or female pattern of organ function. Although more
pronounced in certain animal species, sexual dimorphism may
have clinical implications in humans. Gender differences in the
metabolism of certain drugs and hormones as a result of vari-
ations in enzymatic activity have been described. With regard 
to alcohol, women display much greater toxicity from alcohol
than men [118] and may exhibit a different incidence of fatty
liver, cirrhosis and hepatocellular carcinoma [119]. Differences
in hepatic lipid clearance have been well described. The com-
plete clinical impact of this phenomenon still awaits further
investigation.

The growth hormone (GH)–insulin-like
growth factor (IGF) system

Physiology

GH is a 191-amino-acid polypeptide secreted by the somato-
troph cells of the anterior pituitary. GH secretion and release 
is primarily modulated by three peptide hormones: growth 
hormone-releasing hormone (GHRH), ghrelin and somato-
statin. GHRH and ghrelin have potent stimulatory effects on GH
release, while somatostatin exhibits inhibitory effects. Although
all three hormones are synthesized and secreted by the hypo-
thalamus, somatostatin and ghrelin are distributed throughout
neural and gastrointestinal tissue.

GH does demonstrate some direct effects on tissue; however,
the majority of its effects are mediated through another set 
of hormones known as insulin-like growth factors (IGFs). The
IGFs exhibit biological growth properties on various tissues
throughout the body, and their production, primarily in the
liver, is under the direct control of GH. Two predominant 
IGFs exist. IGF-1 is a 70-amino-acid peptide with homology 
to proinsulin. IGF-2 shares significant homology with IGF-1,
but the two proteins have specific receptors underlining their
unique biological effects. The hormones are carried in serum 
by a variety of insulin-like growth hormone-binding proteins
manufactured in the liver. In addition to stimulation of growth
throughout the body, both hormones negatively inhibit the
secretion of GH from the anterior pituitary and GHRH from the
hypothalamus.

The effects of alterations in the GH–IGF-1 axis
on the liver

Acromegaly
Acromegaly is a disorder characterized by excessive GH secre-
tion, usually from a benign tumour of the anterior pituitary
somatotroph cells. The condition is associated with soft tissue

and organ growth and insulin resistance. Although hypertrophy
and growth of many organs is well described, hepatomegaly is a
relatively rare phenomenon in acromegaly and warrants further
evaluation [120].

Alkaline phosphatase elevations may be seen in patients with
acromegaly, but they most commonly originate from the bone
isozyme reflecting the high degree of bone turnover in this 
disorder. GH and IGF-1 alter the transcription of a number 
of liver-specific genes. Galactose elimination and the ability 
to excrete bromosulphthalein are increased in patients with
acromegaly, presumably because of an upregulation of the
enzymes involved in these processes [121].

Surgical excision of the GH-producing tumour is the first 
line of therapy for acromegaly. However, surgical cure rates 
vary depending on surgical expertise and tumour size and are
estimated at 50–90%. Often, radiation or medical therapy is
necessary following surgery in order to normalize serum IGF-1
levels and reduce morbidity and mortality. Somatostatin ana-
logue therapy, both short-acting preparations such as octreotide
and longer-acting analogues, is used as initial therapy for pa-
tients failing surgery or unable to tolerate surgery. These agents
have been associated with the development of cholelithiasis.
Asymptomatic echogenic gallbladder lesions, including both
sludge and gallstones, develop in about 25% of patients treated
with these medications [122]. Gallbladder injury usually occurs
within 2 years of therapy. The prevalence of cholelithiasis dur-
ing octreotide therapy may vary geographically, suggesting a
dietary or environmental predisposition to injury [123,124].
Somatostatin analogues have been shown to reduce gallbladder
contractility and biliary excretion either through direct influence
on somatostatin receptor activity or indirectly via somatostatin
inhibition of cholecystokinin, secretin, motilin, gastrin or
vasoactive intestinal peptide [125,126]. The GH receptor antag-
onist, pegvisomant, directly inhibits peripheral GH binding to
the GH receptor. It is recommended for use in patients with
acromegaly requiring medical therapy recalcitrant to somato-
statin analogues. Pegvisomant has been associated with alter-
ations in liver enzymes. In the initial clinical trial to evaluate 
the efficacy of pegvisomant, a 10-fold increase in AST and ALT
was reported in two patients (1.2% of population) [127].
Subsequently, surveillance studies in Europe have reported a
prevalence of 11–13% in the development of aminotransferase
elevations greater than three times the upper limit of normal
during therapy [128,129]. These studies are confounded by
prior therapy with somatostatin analogues and evidence of con-
comitant hepatitis C infection and gallstones in some patients.
Aminotranferase elevations returned to normal with cessation
of therapy and did not result in permanent liver injury.

GH deficiency
Growth hormone deficiency is caused by congenital defects 
in childhood or is the result of pituitary injury from tumour,
surgery or radiation. Occasionally, isolated GH deficiency is
seen in adulthood. GH deficiency of any cause is associated with
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a decrease in lean body mass and hyperlipidaemia [130]. Cross-
sectional studies in Japan have documented an increased inci-
dence of abnormalities in liver function tests among individuals
with GH deficiency. One series reported a statistically significant
increase in serum AST, ALT and GGT among individuals with
GH deficiency compared with GH-sufficient matched control
subjects [131]. In the second, liver dysfunction, defined as an
increase in serum AST, ALT or GGT greater than twice the upper
limit of normal, was reported in 12% of GH-deficient patients,
twice the rate seen in matched control subjects [132]. The 
aetiology of the liver injury was not elucidated; however, indi-
viduals with liver dysfunction had a higher incidence of obesity,
diabetes and/or hyperlipidaemia, suggesting that fatty infiltra-
tion of the liver plays a causative role.

References

1 Number of Americans with diabetes continues to increase (press

release). Atlanta, GA: Center for Disease Control and Prevention;

October 26, 2005. Available at www.cdc.gov/ad/oc/media/pressrel/

fs051026.htm.

2 Wild S, Roglic G, Green A et al. (2004) Global prevalence of diabetes:

estimates for the year 2000 and projections for 2030. Diabetes Care

27, 1047–1053.

3 Foster KJ, Griffith AH, Dewbury K et al. (1980) Liver disease in

patients with diabetes mellitus. Postgrad Med J 56, 767–772.

4 Salmela PI, Sotaniemi EA, Niemi M et al. (1984) Liver function tests

in diabetic patients. Diabetes Care 3, 248–254.

5 Orrell JM, Neithercut WD, Henderson J et al. (1990) Raised liver

associated enzyme activity and post-prandial bile acid concentrations

in sera from treated diabetic outpatients. Diabetes Res Clin Pract 10,

51–57.

6 Eriksson S, Eriksson KF, Bondesson L (1986) Nonalcoholic steato-

hepatitis in obesity: a reversible condition. Acta Med Scand 220,

83–88.

7 Najjar S, Ayash MA (1974) The Mauriac syndrome. Clin Pediatr 13,

723–725.

8 Rosenbloom A, Giordano B (1977) Chronic overtreatment of insulin

in children and adolescents. Am J Dis Child 131, 881–885.

9 Marks J, Skyler J (1999) The liver and the endocrine system. In: 

Schiff ER, Sorrell MF, Maddrey WC (eds) Schiff ’s Diseases of the Liver,

8th edn. Philadelphia: Lippincott-Raven Publishers.

10 Silverman J, Pories W, Caro J (1989) Liver pathology in diabetes 

mellitus and morbid obesity. Clinical, pathological, and biochemical

considerations. Pathol Annu 24, 275–302.

11 Silverman JF, O’Brien KF, Long S et al. (1990) Liver pathology 

in morbidly obese patients with and without diabetes. Am J

Gastroenterol 85, 1349–1355.

12 Marchesini G, Brizi M, Morselli-Labate AM et al. (2000) Association

of nonalcoholic fatty liver disease with insulin resistance. Am J Med

109, 171.

13 Bugianesi E, McCullough AJ, Marchesini G (2005) Insulin resist-

ance: a metabolic pathway to chronic liver disease. Hepatology 42,

987–1000.

14 Caldwell S, Oelsner D, Iezzoni J et al. (1999) Cryptogenic cirrhosis:

clinical characterization and risk factors for underlying disease.

Hepatology 29, 664–669.

15 Angulo P (2002) Non-alcoholic fatty liver disease. N Engl J Med 346,

1221–1231.

16 Angulo P, Keach J, Batts K et al. (1999) Independent predictors 

of liver fibrosis in patients with nonalcoholic fatty liver disease.

Hepatology 30, 1356–1362.

17 Joseph A, Saverymuttu S, al-Sam S et al. (1991) Comparison of liver

histology with ultrasonography in assessing diffuse, parenchymal

liver disease. Clin Radiol 43, 26–31.

18 Saadeh S, Younossi ZM, Remer EM et al. (2002) The utility of radio-

logical imaging in nonalcoholic fatty liver disease. Gastroenterology

123, 745–750.

19 Longo R, Polleseelo P, Ricci C et al. (1995) Proton MR spectroscopy

in quantitative in vivo determination of fat content in human liver

steatosis. J Magn Reson Imaging 5, 281–285.

20 Matteoni, C, Younossi Z, Gramlich T et al. (1999) Nonalcoholic 

fatty liver disease: a spectrum of clinical and pathological severity.

Gastroenterology 116, 1413–1419.

21 Andersen T, Gluud C, Franzmann M et al. (1991) Hepatic effects 

of dietary weight loss in morbidly obese subjects. J Hepatol 12,

224–229.

22 Luyckx FH, Desaive C, Thiry A et al. (1998) Liver abnormalities in

severely obese subjects: effect of drastic weight loss after gastroplasty.

Int J Obes Relat Metab Disord 22, 222–226.

23 Palmer M, Schaffner F (1990) Effect of weight reduction on 

hepatic abnormalities in overweight patients. Gastroenterology 99,

1408–1413.

24 Rozental B, Biava C, Spencer H et al. (1967) Liver morphology and

function tests in obesity and during total starvation. Am J Dig Dis 12,

198–208.

25 Drenick E, Simmons F, Murphy J (1970) Effect on hepatic morphology

of treatment of obesity by fasting, reducing diets, and small-bowel

bypass. N Engl J Med 282, 829–834.

26 Basaranoglu M, Acbay O, Sonsuz A (1999) A controlled trial of

gemfibrizole in the treatment of patients with non-alcoholic steato-

hepatitis (letter). J Hepatol 31, 384.

27 Lavine J (2000) Vitamin E treatment of non-alcoholic steatohepatitis

in children: a pilot study. J Pediatr 136, 734–738.

28 Abdelmalek A, Angulo P, Jorgensen R et al. (2001) Betaine, a promis-

ing new agent for patients with nonalcoholic steatohepatitis: results

of a pilot study. Am J Gastroenterol 96, 2711–2717.

29 Laurin J, Lindor KD, Crippin JS et al. (1996) Ursodeoxycholic acid or

clofibrate in the treatment of non alcohol-induced steatohepatitis: a

pilot study. Hepatology 23, 1464–1467.

30 Lindor KD, Kowdley KV, Heathcote EJ et al. (2004) Ursodeoxycholic

acid for treatment of nonalcoholic steatohepatitis: results of a 

randomized trial. Hepatology 39, 770–778.

31 Bajaj M, Suraamornkul S, Pratipanawatr T et al. (2003) Pioglitazone

reduces hepatic fat content and augments splanchnic glucose uptake

in patients with type 2 diabetes. Diabetes 52, 1364–1370.

32 Freedman R, Uwaifo G, Lutchman G et al. (2003) Changes in insulin

sensitivity and improvements in liver histology in patients with 

nonalcoholic steatohepatitis (NASH) treated with pioglitazone

(PIO) (abstract). Diabetes 52(Suppl. 1), 76A.

33 Acosta R, Molina E, O’Brien C et al. (2001) The use of pioglitazone in

nonalcoholic steatohepatitis (abstract). Gastroenterology 120(Suppl.

1), A546.

34 Sanyal AJ, Mofrad PS, Contos MJ et al. (2004) A pilot study of 

vitamin E versus vitamin E and pioglitazone for the treatment of

nonalcoholic steatohepatitis. Clin Gastroenterol Hepatol 2, 1107–1115.

TTOC20_09  3/10/07  9:41 AM  Page 1690



20.9 THE EFFECT OF ENDOCRINE DISEASES ON LIVER FUNCTION 1691

35 Neuschwander-Tetri B, Brunt E, Wehmeier K et al. (2003) Interim

results of a pilot study demonstrating the early effects of the PPAR-

gamma ligand rosiglitazone on insulin sensitivity, aminotransferases,

hepatic steatosis, and body weight in patients with non-alcoholic

steatohepatitis. J Hepatol 38, 434–440.

36 Horlander J, Kwo P, Cummings O (2001) Atorvastatin for the treat-

ment of NASH (abstract). Gastroenterology 120(Suppl.), A544.

37 Kiyici M, Gulten M, Gurel S et al. (2003) Ursodeoxycholic acid and

atorvastatin in the treatment of nonalcoholic steatohepatitis. Can J

Gastroenterol 17, 713–718.

38 Nair S, Diehl A, Perille R (2002) Metformin in non-alcoholic 

steatohepatitis: efficacy and safety: a preliminary report (abstract).

Gastroenterology 122(4 Suppl.), Abstract 4.

39 Marchesisni G, Brizi M, Bianchi G et al. (2001) Metformin in non-

alcoholic steatohepatitis (letter). Lancet 358, 893–894.

40 Khuri K, Shamma AM, Abourizk N (1985) Hepatitis B virus markers

in diabetes mellitus. Diabetes Care 8, 250–253.

41 Gray H, Wreghitt, T Stratton I et al. (1995) High prevalence of 

hepatitis C infection in Afro-Caribbean patients with Type 2 diabetes

and abnormal liver function tests. Diabet Med 12, 244–249.

42 Simo R, Hernandez C, Genesca J et al. (1996) High prevalence of 

hepatitis C virus infection in diabetic patients. Diabetes Care 19,

998–1000.

43 Lonardo A, Adinolfi L, Loria P et al. (2004) Steatosis and hepatitis 

C virus: mechanisms and significance for hepatic and extra-hepatic

disease. Gastroenterology 126, 586–597.

44 Mason A, Lau J, Hoang N et al. (1999) Association of diabetes 

mellitus and chronic hepatitis C virus infection. Hepatology 29,

328–333.

45 Allison M, Wreghitt T, Palmer C et al. (1994) Evidence for a link

between hepatitis C virus infection and diabetes mellitus in a 

cirrhotic population. J Hepatol 21, 1135–1139.

46 de Marco R, Locatelli F, Zoppini G et al. (1999) Cause-specific 

mortality in type 2 diabetes. The Verona Diabetes Study. Diabetes

Care 5, 756–761.

47 Kingston M, Ali M, Atiyeh M et al. (1984) Diabetes mellitus in

chronic active hepatitis and cirrhosis. Gastroenterology 87, 688–694.

48 Lawson D, Gray J, McKillop C et al. (1986) Diabetes mellitus and 

primary hepatocellular carcinoma. Q J Med 61, 945–955.

49 Adami H, Chow W, Nyren O et al. (1996) Excess of risk of primary

liver cancer in patients with diabetes mellitus. J Natl Cancer Inst 88,

1472–1477.

50 Wideroff L, Gridley G, Mellemkjaer L et al. (1997) Cancer incidence

in a population based cohort of patients hospitalized with diabetes

mellitus in Denmark. J Natl Cancer Inst 89, 1360–1365.

51 Fujino Y, Mizoue T, Tokui N et al. (2001) Prospective study of 

diabetes mellitus and liver cancer in Japan. Diabetes Metab Res Rev

17, 374–379.

52 El-Serag H, Tran T, Everhart J (2004) Diabetes increases the risk of

chronic liver disease and hepatocellular carcinoma. Gastroenterology

126, 460–468.

53 Ito T, Sasaki Y, Wands J (1996) Overexpression of human insulin

receptor substrate 1 induces cellular transformation with activation

of mitogen-activated protein kinases. Mol Cell Biol 16, 943–951.

54 Tanaka S, Wands J (1996) Insulin receptor 1 substrate over expres-

sion in human hepatocellular carcinoma cells prevents transforming

growth factor beta 1-induced apoptosis. Cancer Res 56, 3391–3394.

55 Lieber M (1952) The incidence of gallstones and their correlation

with other diseases. Ann Surg 135, 394–405.

56 DeSantis A, Attila A, Ginanni Corradini S et al. (1997) Gallstones and

diabetes: a case–control study in a free living population sample.

Hepatology 25, 787–790.

57 Attili A, Capocaccia R, Carulli N et al. (1997) Factors associated with

gallstone disease in the MICOL experience. Multicenter Italian Study

of Epidemiology of Cholelithiasis. Hepatology 26, 809–818.

58 Chapman B, Wilso I, Frampton C et al. (2000) Prevalence of gall-

bladder disease in diabetes mellitus. Dig Dis Sci 45, 2002–2006.

59 Haffner S, Diehl A, Mitchell B et al. (1990) Increased prevalence 

of clinical gallbladder disease in subjects with non-insulin diabetes

mellitus. Am J Epidemiol 132, 327–335.

60 Haber G, Heaton K (1979) Lipid composition of bile in diabetics and

obesity-matched controls. Gut 20, 518–522.

61 Sturdevant RA, Pearce ML, Dayton S (1973) Increased prevalence 

of cholelithiasis in men ingesting a serum-cholesterol-lowering diet.

N Engl J Med 288, 24–27.

62 Stone B, Gavaler J, Belle S et al. (1988) Impairment of gallbladder

emptying in diabetes mellitus. Gastroenterology 95, 170–176.

63 Pazzi P, Scaliarini R, Gamberini S et al. (2000) Review article: gall-

bladder motor function in diabetes mellitus. Aliment Pharmacol Ther

14(Suppl. 2), 62–65.

64 Sandler R, Maule W, Baltus M (1986) Factors associated with post-

operative complications in diabetics after biliary tract surgery.

Gastroenterology 91, 157–162.

65 Freidman L, Roberts M, Brett A et al. (1988) Management of 

asymptomatic gallstones in the diabetic patient. A decision analysis.

Ann Intern Med 109, 913–919.

66 Chan K, Truman A, Gurwitz J et al. (2003) A cohort study of the 

incidence of serious acute liver injury in diabetic patients treated 

with hypoglycemic agents. Arch Intern Med 163, 728–734.

67 Chojkier M (2005) Troglitazone and liver injury: in search of

answers. Hepatology 41, 229–230.

68 Zawadski J, Green L, Graham B (2002) Troglitazone-associated 15

month post-marketing hepatotoxicity. FDA Science Forum. Accessed

at www.cfsan.fda.gov/~frf/forum02/a187ab4.htm.

69 Beckett G, Kellett H, Gow S et al. (1985) Raised plasma glutathione 

S-transferase values in hyperthyroidism and in hypothyroid patients

receiving thyroxine replacement: evidence for hepatic damage. Br

Med J 291(6493), 427–431.

70 Sola J, Pardo-Mindan F, Zozaya J et al. (1991) Liver changes in

patients with hyperthyroidism. Liver 11, 193–199.

71 Chung Y, Jung S, Song B et al. (2001) Plasma isocitrate dehydro-

genase as a marker of centrilobular hepatic necrosis in patients with

hyperthyroidism. J Clin Gastroenterol 33, 118–122.

72 Fong T, McHutchison J, Reynolds T (1992) Hyperthyroidism and

hepatic dysfunction. J Clin Gastroenterol 14, 240–224.

73 Malik R, Hodgson H (2002) The relationship between the thyroid

gland and the liver. Q J Med 95, 559–569.

74 Klion FM, Segal R, Schaffner F (1971) The effect of altered thyroid

function on the ultrastructure of the human liver. Am J Med 50,

317–324.

75 Doran G (1978) Serum enzyme disturbances in thyrotoxicosis and

myxedema. J R Soc Med 71, 189–194.

76 Sandler MP, Robinson RP, Rabin D et al. (1983) The effect of thyroid

hormones on gluconeogenesis and forearm metabolism in man. 

J Clin Endocrinol Metab 56, 479–485.

77 Williams K, Nayak S, Becker D et al. (1997) Fifty years of experience

with propylthiouracil-associated hepatotoxicity: what have we

learned? J Clin Endocrinol Metab 82, 1727–1733.

TTOC20_09  3/10/07  9:41 AM  Page 1691



1692 20 THE LIVER IN DISEASES OF OTHER SYSTEMS

78 Seidman D, Livini E, Ilie B et al. (1986) Propylthiouracil-induced

cholestatic jaundice. Clin Toxicol 24, 353–360.

79 Ayensa C, Diazde Otazu R, Cia JM (1986) Carbimazole-induced

cholestatic hepatitis. Arch Intern Med 146, 1455.

80 Thobe N, Pilger P, Jones M (2000) Primary hypothyroidism mas-

querading as hepatic encephalopathy: case report and review of the

literature. Postgrad Med J 76, 424–426.

81 Van Steenbergen W, Fevery J, De Vos R et al. (1989) Effects of

hypothyroidism and hyperthyroidism on the hepatic transport of

bilirubin mono- and diconjugates in the Wistar rat. Hepatology 2,

314–321.

82 Labrune P, Myara A, Huguet P et al. (1992) Bilirubin uridine diphos-

phate glucuronosyltransferase hepatic activity in jaundice associated

with congenital hypothyroidism. J Pediatr Gastroenterol Nutr 1,

79–82.

83 Inkinen J, Sand J, Nordback I (2000) Association between common

bile duct stones and treated hypothyroidism. Hepatogastroenterology

47, 919–921.

84 Klein I, Levey G (1984) Unusual manifestations of hypothyroidism.

Arch Intern Med 144, 123–128.

85 Baker A, Kaplan M, Wolfe H (1972) Central congestive fibrosis of the

liver in myxedema ascites. Ann Intern Med 77, 927–929.

86 Huang M, Liaw Y (1995) Clinical associations between thyroid and

liver diseases. J Gastroenterol Hepatol 10, 344–350.

87 Olsson RG, Lindgren A, Zettergren L (1990) Liver involvement in

Addison’s disease. Am J Gastroenterol 85, 435–438.

88 Boulton R, Hamilton MI, Dhillon AP et al. (1995) Subclinical

Addison’s disease: a cause of persistent abnormalities in transami-

nase values. Gastroenterology 109, 1324–1327.

89 McIntyre N, Mulligan R, Carson E (1973) BSP Tm and S: a critical 

re-evaluation. In: Paumgartner G, Preisig R (eds) The Liver:

Quantitative Aspects of Structure and Function. Basel: Karger, 

pp. 417–427.

90 Sato T, Tajiri J, Shimada T et al. (1984) Abnormal blood chemistry

data in Cushing’s syndrome: comparison with those for fatty liver.

Endocrinol Jpn 31, 705–710.

91 Jones JP Jr, Engleman EP, Najarian JS (1965) Systemic fat embolism

after renal homotransplantation and treatment with corticosteroids.

N Engl J Med 273, 1453–1458.

92 Lake-Bakaar G, Scheuer PJ, Sherlock S (1987) Hepatic reactions 

associated with ketoconazole in the United Kingdom. Br Med J 294,

419–422.

93 McCance DR, Hadden DR, Kennedy L et al. (1987) Clinical experi-

ence with ketoconazole as a therapy for patients with Cushing’s 

syndrome. Clin Endocrinol 27, 593–599.

94 Caitlin D (1995) Anabolic steroids. In: DeGroot L (ed.) Endocrinology.

Philadelphia: Saunders, pp. 2362–2376.

95 Ishak KG, Zimmerman HJ (1987) Hepatotoxic effects of the

anabolic/androgenic steroids. Semin Liver Dis 7, 230–236.

96 Bagheri SA, Boyer JL (1974) Peliosis hepatis associated with 

androgenic-anabolic steroid therapy. A severe form of hepatic injury.

Ann Intern Med 81, 610–618.

97 Cabasso A (1994) Peliosis hepatis in a young adult bodybuilder. 

Med Sci Sports Exerc 26, 2–4.

98 Socas L, Zumbado M, Perez-Luzardo O et al. (2005) Hepatocellular

adenomas associated with anabolic androgenic steroid abuse in

bodybuilders: a report of two cases and a review of the literature. Br J

Sports Med 39, e27.

99 Hernandez-Nieto L, Bruguera M, Bombi J et al. (1977) Benign 

liver-cell adenoma associated with long-term administration of an

androgenic-anabolic steroid (methandienone). Cancer 40, 1761–1764.

100 Nakao A, Sakagami K, Nakata Y et al. (2000) Multiple hepatic adeno-

mas caused by long-term administration of androgenic steroids for

aplastic anemia in association with familial adenomatous polyposis. 

J Gastroenterol 35, 557–562.

101 Grazioli L, Federle MP, Brancatelli G et al. (2001) Hepatic adenomas:

imaging and pathologic findings. Radiographics 4, 877–892.

102 Monga M (2006) Hepatic adenomas: presumed innocent until proven

to be beta-catenin mutated. Hepatology 43, 401–404.

103 El-Serag HB (2004) Hepatocellular carcinoma: recent trends in the

United States. Gastroenterology 127(5 Suppl. 1), S27–34.

104 Nagasue N, Yu L, Yukaya H et al. (1995) Androgen and oestrogen

receptors in hepatocellular carcinoma and surrounding liver par-

enchyma: impact on intrahepatic recurrence after hepatic resection.

Br J Surg 82, 542–547.

105 Recant L, Lacy P (1965) Fanconi’s anemia and hepatic cirrhosis. Am J

Med 39, 464–475.

106 Velazquez I, Alter BP (2004) Androgens and liver tumors: Fanconi’s

anemia and non-Fanconi’s conditions. Am J Hematol 77, 257–267.

107 Ain KB, Mori Y, Refetoff S (1987) Reduced clearance rate of 

thyroxine-binding globulin (TBG) with increased sialylation: a

mechanism for estrogen-induced elevation of serum TBG concentra-

tion. J Clin Endocrinol Metab 65, 689–696.

108 Grodstein F, Colditz GA, Hunter DJ et al. (1994) A prospective study

of symptomatic gallstones in women: relation with oral contra-

ceptives and other risk factors. Obstet Gynecol 84, 207–214.

109 Hulley S, Furberg C, Barrett-Connor E et al.; HERS Research Group

(2002) Noncardiovascular disease outcomes during 6.8 years of 

hormone therapy: Heart and Estrogen/progestin Replacement Study

follow-up (HERS II). JAMA 288, 58–66.

110 Mamdani MM, Tu K, van Walraven C et al. (2000) Postmenopausal

estrogen replacement therapy and increased rates of cholecystectomy

and appendectomy. Can Med Assoc J 162, 1421–1424.

111 Nelson HD, Humphrey LL, Nygren P et al. (2002) Postmenopausal 

hormone replacement therapy: scientific review. JAMA 288, 872–881.

112 Valla D, Le MG, Poynard T et al. (1986) Risk of hepatic vein throm-

bosis in relation to recent use of oral contraceptives. A case–control

study. Gastroenterology 90, 807–811.

113 Baum JK, Bookstein JJ, Holtz F et al. (1973) Possible association

between benign hepatomas and oral contraceptives. Lancet 2, 926–929.

114 Steinbrecher UP, Lisbona R, Huang SN et al. (1981) Complete

regression of hepatocellular adenoma after withdrawal of oral con-

traceptives. Dig Dis Sci 26, 1045–1050.

115 Buhler H, Pirovino M, Akobiantz A et al. (1982) Regression of 

liver cell adenoma. A follow-up study of three consecutive patients

after discontinuation of oral contraceptive use. Gastroenterology 82,

775–782.

116 Prentice RL (1991) Epidemiologic data on exogenous hormones and

hepatocellular carcinoma and selected other cancers. Prev Med 20,

38–46.

117 Yu MW, Chang HC, Chang SC et al. (2003) Role of reproductive 

factors in hepatocellular carcinoma: impact on hepatitis B- and 

C-related risk. Hepatology 38, 1393–1400.

118 Sato N, Lindros KO, Baraona E et al. (2001) Sex difference in alcohol-

related organ injury. Alcohol Clin Exp Res 25(5 Suppl. ISBRA),

40S–45S.

119 Shimizu I (2003) Impact of oestrogens on the progression of liver 

disease. Liver Int 23, 63–69.

TTOC20_09  3/10/07  9:41 AM  Page 1692



20.9 THE EFFECT OF ENDOCRINE DISEASES ON LIVER FUNCTION 1693

120 Ezzat S (1992) Hepatobiliary and gastrointestinal manifestations of

acromegaly. Dig Dis 10, 173–180.

121 Avagnina P, Martini M, Terzolo M et al. (1996) Assessment of 

functional liver mass and plasma flow in acromegaly before and after

long-term treatment with octreotide. Metabolism 45, 109–113.

122 Melmed S, Casanueva FF, Cavagnini F et al.; Acromegaly Treatment

Consensus Workshop Participants (2002) Guidelines for acromegaly

management. J Clin Endocrinol Metab 87, 4054–4058.

123 Shi YF, Zhu XF, Harris AG et al. (1993) Prospective study of the 

long-term effects of somatostatin analog (octreotide) on gallbladder

function and gallstone formation in Chinese acromegalic patients. 

J Clin Endocrinol Metab 76, 32–37.

124 Ayuk J, Stewart SE, Stewart PM et al. (2002) Long-term safety and

efficacy of depot long-acting somatostatin analogs for the treatment

of acromegaly. J Clin Endocrinol Metab 87, 4142–4146.

125 Zhu XF, Harris AG, Yang MF et al. (1994) Effect of octreotide 

on dynamic excretion of bile in Chinese acromegalic patients

assessed by [99mTc]EHIDA hepatobiliary scan. Dig Dis Sci 39,

284–288.

126 van Liessum PA, Hopman WP, Pieters GF et al. (1989) Postprandial

gallbladder motility during long term treatment with the long-acting

somatostatin analog SMS 201–995 in acromegaly. J Clin Endocrinol

Metab 69, 557–562.

127 Trainer PJ, Drake WM, Katznelson L et al. (2000) Treatment of

acromegaly with the growth hormone-receptor antagonist pegviso-

mant. N Engl J Med 342, 1171–1177.

128 Colao A, Pivonello R, Auriemma RS et al. (2006) Efficacy of 12-

month treatment with the GH receptor antagonist pegvisomant 

in patients with acromegaly resistant to long-term, high-dose

somatostatin analog treatment: effect on IGF-I levels, tumor mass,

hypertension and glucose tolerance. Eur J Endocrinol 154, 467–477.

129 Biering H, Saller B, Bauditz J et al.; German pegvisomant invest-

igators (2006) Elevated transaminases during medical treatment 

of acromegaly: a review of the German pegvisomant surveillance 

experience and a report of a patient with histologically proven

chronic mild active hepatitis. Eur J Endocrinol 154, 213–220.

130 Salomon F, Cuneo RC, Hesp R et al. (1989) The effects of treatment

with recombinant human growth hormone on body composition

and metabolism in adults with growth hormone deficiency. N Engl J

Med 321, 1797–1803

131 Kaji H, Sakurai T, Iguchi G et al. (2002) Adult growth hormone

deficiency in Japan: results of investigation by questionnaire. Endocr J

49, 597–604.

132 Irie M, Itoh Y, Miyashita Y et al. (2004) Complications in adults with

growth hormone deficiency – a survey study in Japan. Endocr J 51,

479–485.

TTOC20_09  3/10/07  9:41 AM  Page 1693



Introduction

Hepatic manifestations of rheumatic diseases are highly hetero-
geneous in terms of their clinical, biochemical and histological
profile. In fact, a variety of rheumatic diseases affect the liver 
in addition to the drugs used in the pharmacological interven-
tions in musculoskeletal diseases. It is a challenge for physicians
involved in rheumatic and liver diseases, and a better under-
standing of the immunogenetics and pathogenesis might lead to
more rational and successful management.

Connective tissue diseases may cause abnormalities of liver
function tests as well as a variety of histological changes. The
severity of the underlying connective tissue disease influences
the course of the liver disease, and immunosuppressive treat-
ment can affect liver chemistries. Generally, the symptoms of 
the connective tissue disease dominate the clinical presentation,
and liver involvement rarely causes diagnostic or therapeutic
problems. Frequently, however, deranged liver function tests, in
conjunction with evidence of other organ involvement, may
pose major diagnostic and therapeutic challenges to the practis-
ing clinician.

This chapter will focus on liver involvement in a variety of
rheumatic diseases, including systemic lupus erythematosus,
antiphospholipid antibody syndrome, rheumatoid arthritis,
Felty syndrome, Sjögren syndrome, scleroderma and vasculitis.
The aim is to provide a resource for the hepatologist in the man-
agement of patients with rheumatic diseases in clinical practice.

Connective tissue diseases

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a disease with a complex
set of immunological abnormalities that appear to involve mul-
tiple mechanisms of dysregulation characterized by a wide range
of autoantibodies directed against both intra- and extracellular
antigens [1,2]. Anti-double-stranded (ds)DNA antibodies are
characteristic of SLE. It is often held up as the paradigm of a 
disease mediated by the deposition of immune complexes.

The revised American College of Rheumatology classification
criteria are widely used in clinical practice, as they encompass
the heterogeneous manifestations of the disease [3]. In 1997,
changes were recommended regarding the immunological dis-
order of these classification criteria, including the antiphospho-
lipid component. The presence of four or more of the criteria,
not necessarily at the same time, is sufficient to make the dia-
gnosis of SLE. The criteria are: malar (butterfly) rash; discoid
rash; photosensitivity; oral ulcers; non-erosive arthritis; serositis
(pleuritis or pericarditis); renal involvement with proteinuria or
cellular casts; haematological involvement (haemolytic anaemia
or leucopenia or lymphopenia); central nervous system in-
volvement (psychosis or epilepsy); immunological disorder
[anti-DNA or anti-smooth muscle (Sm) or LE cells or 
antiphospholipid antibodies]; and positive antinuclear anti-
body. Abnormalities of liver function are not included in the
classification criteria of SLE, and the liver is not a major target
organ for damage in this disorder [4].

SLE occurs 10 times more commonly in women than in men,
and the overall prevalence in women is approximately 100 per
100 000 individuals. There are approximately 3 million women
and 300 000 men affected worldwide [2]. The aetiopathogenesis
of this disease is complex, and it probably represents a com-
bination of genetic and environmental factors [5,6]. Target 
tissue damage is caused primarily by pathogenic autoantibodies
and immune complexes [2]. The trigger for the formation 
of immune complexes is the breakdown of tolerance to auto-
antigens, possibly as a result of microbial and viral antigenic
mimicry or an abnormality of idiotypic networks [7].

Clinically significant hepatic disease is uncommon in SLE [8].
Hepatomegaly occurs in 12–55% of patients, depending on the
series [9,10,11]. Liver enzyme elevations, usually aminotrans-
ferases, are found in 23–50% of patients with SLE at some point
[10,12]. These abnormalities have been associated with active dis-
ease and the administration of non-steroidal anti-inflammatory
drugs (NSAIDs), especially salicylates. Liver enzyme abnorm-
alities return to normal when the lupus is under control and 
the drugs are stopped. Alkaline phosphatase is usually not ele-
vated in patients with lupus, although 31% of patients in some
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historical series showed elevated serum alkaline phosphatase
values [4]. In clinical practice, haemolysis as a result of the 
disease may cause an increase in unconjugated bilirubin, and
myositis may result in an elevation in serum alanine and aspart-
ate aminotransferases. Abnormal enzyme values may be related
to microthrombi in the livers of patients with antiphospholipid
antibody syndrome [13].

Fatty change is the most common histological finding [14],
and steroid use has been implicated in patients with steatosis,
but this condition has been found in patients with lupus who
were not using these drugs [15]. Centrolobular necrosis and 
progressive fibrosis [14], as well as liver granulomas, have been
described in patients with lupus [14,16]. Liver vasculitis is very
rare but has been reported [17], as have hepatic rupture, hepatic
infarction, giant cell hepatitis, inflammation of the portal tracts
and hepatic amyloidosis [10,15,18,19].

Lupoid hepatitis is a synonym for autoimmune hepatitis, and 
is a separate entity from the hepatic features of SLE when taking
into account the clinical findings and pathological changes. 
In contrast, serological criteria alone may lead to diagnostic 
confusion as both have features of an autoimmune disorder,
such as the presence of antinuclear, anti-Sm or anticardiolipin
antibodies [4].

An association has been reported between primary biliary 
cirrhosis (PBC) and a multisystem disease consistent with SLE.
Whether this is a chance coexistence or a direct relationship 
between both diseases remains to be elucidated [12,20,21]. Also,
Budd–Chiari syndrome has rarely been described in patients
with SLE and lupus anticoagulant [22] as well as sclerosing
cholangitis [23].

NSAIDs are commonly used in patients with SLE and some-
times cause liver damage. Immunosuppressive therapy may
result in infections, both systemic and hepatic, and there is 
also an increased risk of malignancy, which may involve the
liver. The incidence of non-Hodgkin’s lymphoma is fourfold
higher in patients with lupus than in the general population
[24]. It is noteworthy that this study demonstrated that patients
with lupus were at lower risk of malignancy than patients with
rheumatoid arthritis or systemic sclerosis.

The antiphospholipid antibody syndrome

The antiphospholipid antibody syndrome is characterized by a
range of autoantibodies that bind to negatively charged phos-
pholipids (phosphatidylserine and phosphatidylcholine). This
syndrome presents clinically with recurrent thromboembolic
disease or multiple miscarriages.

Antiphospholipid antibody syndrome can occur as an iso-
lated disorder, known as primary antiphospholipid antibody
syndrome, or it can be associated with another rheumatic 
disease and known as secondary antiphospholipid antibody 
syndrome [25]. Thus, it may  be found in diverse conditions
such as SLE, Sjögren syndrome [26,27], scleroderma, vasculitis
and dermatomyositis. Drugs such as phenytoin, hydralazine,

chlorpromazine and quinidine are responsible for approximately
1/10th of patients with antiphospholipid antibodies, but not for
the syndrome.

Other manifestations of the antiphospholipid antibody 
syndrome include: (i) pulmonary hypertension; (ii) multiple
sclerosis-like syndrome, non-focal neurological symptoms and
chorea; (iii) thrombocytopenia and haemolytic anaemia; (iv)
livedo reticularis, digital gangrene and skin ulcers; (v) cardiac
valve disease; (vi) renal failure; and (vii) catastrophic vascular
occlusion syndrome [25].

In clinical practice, there are two commonly performed tests
that detect antibodies against negatively charged phospholipids.
These are the lupus anticoagulant test and the cardiolipin anti-
body test. A false-positive Venereal Disease Research Laboratory
(VDRL) test does not fulfil the laboratory criterion. Although
thrombotic complications dominate the clinical presentation, the
partial thromboplastin time is characteristically increased. One
group of antiphospholipid antibodies binds to β2-glycoprotein
1, and the presence of these antibodies may predict a worse 
clinical outcome, particularly in pregnant patients [28–30].

A variety of hepatic abnormalities may be seen in association
with antiphospholipid antibody syndrome. Budd–Chiari syn-
drome associated with hepatic vein occlusion has been reported
[22,31,32]. Thus, antiphospholipid antibody syndrome should
be excluded in any patient who presents with unexplained 
hepatic vascular thromboses [4]. In addition, inferior vena cava
obstruction [33] has been reported in patients with antiphos-
pholipid antibodies. Published reports have indicated that nodular
regenerative hyperplasia of the liver associated with SLE is 
usually related to anticardiolipin antibodies and/or lupus anti-
coagulant [34]. Therefore, Abraham et al. [8] pointed out that
the diagnosis of nodular regenerative hyperplasia should be 
considered and liver specimens obtained in patients with
antiphospholipid antibodies who develop persistently altered liver
function tests or signs and symptoms of portal hypertension.

Rheumatoid arthritis

Rheumatoid arthritis is the most common inflammatory disease
of synovial joints, affecting from 0.5% to 1% of the general 
population worldwide. It is a true multisystem disease, but joint
involvement is usually the predominant feature [35]. Although
the aetiology is unknown, it is considered to be a disease of 
multifactorial origin, including a genetic predisposition, and is
characterized by immune-driven chronic inflammation. Both T
cell-dependent and -independent processes might contribute to
disease initiation and perpetuation, with differences in disease
pathogenesis at various stages of the process.

Rheumatoid arthritis is a clinical diagnosis. The 1987
American Rheumatism Association revised criteria for the
classification of rheumatoid arthritis are widely used to establish
the diagnosis [36]. The presence of four or more of the following
criteria is sufficient to make the diagnosis: (i) morning stiffness
(lasting longer than 1 h, for more than 6 weeks); (ii) arthritis of
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three or more areas (objective swelling for more than 6 weeks);
(iii) arthritis of  hand joints; (iv) symmetrical arthritis; (v)
rheumatoid nodules; (vi) serum rheumatoid factor (the laborat-
ory method must diagnose this factor in less than 5% of control
subjects); and (vii) radiographic changes (anteroposterior wrist
and hand radiographs).

Hepatic involvement is not generally recognized as a signific-
ant extra-articular feature of rheumatoid arthritis. However,
abnormalities in liver function tests are often seen in patients
with rheumatoid arthritis, and as many as one-half of patients
with rheumatoid arthritis may have raised alkaline phosphatase
levels [37–39]. Some authors have proposed that alkaline phos-
phatase and γ-glutamyltransferase elevations in patients with
rheumatoid arthritis correlate with levels of acute-phase pro-
teins and the erythrocyte sedimentation rate [40]. Accordingly,
with control of disease activity, the test abnormalities return 
to normal. In addition, the effects of NSAIDs in the liver func-
tion tests must be differentiated from those induced by disease
activity [41]. Enzyme elevations in patients with rheumatoid
arthritis are not associated with consistent histological changes
in the liver, and the clinical significance of these abnormalities is
not clear. Furthermore, the source of alkaline phosphatase, bone
vs. liver, is somewhat controversial [4].

Liver biopsy findings in rheumatoid arthritis are non-specific.
Liver biopsies were performed on 117 unselected patients with
rheumatoid arthritis, many of whom had normal liver function
tests. Abnormal hepatic histology was found in 65%, with
steatosis present in 22% [42]. Occasionally, up to 3% of patients
with rheumatoid arthritis have hepatic fibrosis before the 
initiation of methotrexate therapy. Patients may have mild
inflammatory changes, mainly involving the portal tracts, with
occasional fat-containing hepatocytes, and scattered foci of liver
cell necrosis.

Synovial fluid of patients with rheumatoid arthritis was
shown to produce interleukin (IL)-1 and -6 in sufficient quan-
tities to induce serum amyloid A production by hepatic cells
[43]. Rheumatoid arthritis is a well-recognized cause of sec-
ondary amyloidosis [44,45], in which liver involvement is well
described.

Juvenile rheumatoid arthritis

Juvenile rheumatoid arthritis is the most frequent chronic
arthritis of children at or below the age of 16 years. Females are
more commonly affected than males. Systemic onset of juvenile
chronic rheumatoid arthritis is called Still’s disease and is 
characterized by high fever, hepatosplenomegaly, polyserositis,
coagulopathy, lymphadenopathy and rash. This subset of patients
with juvenile rheumatoid arthritis may be associated with liver
enlargement and aminotransferase elevation [46]. A true hepatitis,
not related to NSAIDs, may occur. In patients with hepatic
involvement, periportal mononuclear cell infiltration, Kupffer
cell hyperplasia and steatosis are seen. The hepatomegaly and

liver cell dysfunction regress during remission of the systemic
disease. Focal hepatic lesions have also been seen in patients 
with juvenile rheumatoid arthritis [47], as well as a macrophage
activation syndrome associated with hepatosplenomegaly and
bone marrow infiltration [48]. Adult-onset Still’s disease may
also be associated with hepatomegaly and abnormal amino-
transferase elevation [49].

Treatment of young patients with NSAIDs may also cause
liver dysfunction, although children may be more resistant to
aspirin-induced hepatotoxicity than adults [50]. The use of
methotrexate in children with juvenile rheumatoid arthritis, at
doses of 10–15 mg/week, has been shown to be at least as safe as
in adults and may become the treatment of choice in children
with this disease [51].

Felty syndrome

Felty syndrome is characterized by the triad of rheumatoid
arthritis, leucopenia and splenomegaly. Severe joint disease and
extra-articular features may be seen [52]. Mild hepatomegaly 
is common in Felty syndrome, and elevations in alkaline 
phosphatase and aminotransferases may occur. An association
between Felty syndrome, nodular regenerative hyperplasia and
portal hypertension has been described [53]. Nodular regenera-
tive hyperplasia is a diffuse hepatic regenerative process that dif-
fers from cirrhosis by not having fibrous septa [54]. Conditions
such as partial nodular transformation, focal nodular hyper-
plasia and hepatocellular adenomatosis (usually seen in young
women taking oral contraceptives) must be differentiated from
nodular regenerative hyperplasia [55,56]. In one study, 12 out of
18 patients with Felty syndrome had abnormal liver findings,
five with nodular regenerative hyperplasia and seven with portal
fibrosis or abnormal lobular architecture [57]. One-third of
these had portal hypertension, which caused bleeding in a
significant number. Only seven out of the 12 with abnormal his-
tology had abnormal biochemistry, suggesting that, in patients
with Felty syndrome, portal hypertension and oesophageal varices
should be excluded even if liver function tests are normal.

Mixed connective tissue disease

Mixed connective tissue disease is characterized by the overlap
of the clinical features of SLE, scleroderma, dermatomyositis
and polymyositis. High titres of anti-U1 RNP (ribonucleo-
protein of extractable nuclear antigen) antibodies are invariably
found. Raynaud’s phenomenon, swollen fingers, synovitis,
myositis and acrosclerosis are the clinical features included in
the diagnostic criteria.

Hepatomegaly has been described in up to 15% of patients,
but serious liver disturbance is rare. In one study, only four out
of 61 patients with mixed connective tissue disease had evidence
of liver disease [58]. Chronic active hepatitis and cirrhosis 
were documented in one patient, steatosis in another, and 
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the remaining two patients had liver congestion secondary to 
pulmonary hypertension. The presence of autoimmune hepatitis
in patients with mixed connective tissue disease should be 
suspected if anti-Sm antibodies are found, and occasional asso-
ciation with Budd–Chiari syndrome has been documented [59].

Sjögren syndrome

Sjögren syndrome is a chronic autoimmune disease of unknown
aetiology, which is characterized by lymphocytic infiltration and
destruction of epithelial exocrine glands [1]. Objective demon-
stration of dry eyes (Schirmer’s test), dry mouth (parotid flow
rate) and lymphocytic salivary gland infiltrate is required to
make the diagnosis, in addition to abnormal autoantibodies.
Both antinuclear and rheumatoid factor (IgM anti-IgG) anti-
bodies may be present in titres exceeding 1:320. The most
specific antibodies are anti-SS A (Ro) and anti-SS B (La), but
these are also seen in SLE. The accepted nomenclature for this
syndrome is as follows: primary Sjögren syndrome is best
defined as dry eyes and dry mouth secondary to autoimmune
dysfunction of the exocrine glands; secondary Sjögren syn-
drome is defined as the first definition in association with
another autoimmune connective tissue disorder. It is found in
association with rheumatoid arthritis (20%) and SLE (30%), as
well as scleroderma, among others.

The following are clinical features of Sjögren syndrome: (i)
xerostomia, keratoconjuctivitis sicca, parotid gland enlargement;
(ii) nasal and upper airway dryness, xerotrachea, pulmonary
infiltrate; (iii) arthralgias, arthritis, Raynaud’s phenomenon;
(iv) lymphadenopathy, splenomegaly; (v) renal tubular acidosis,
interstitial nephritis; and (vi) hepatitis, myositis, neuropathy,
vasculitis and B-cell lymphoma.

Hepatomegaly has been documented in 25% of patients, and
alkaline phosphatase and aminotransferase levels may also be
elevated in patients with Sjögren syndrome. Antimitochondrial
antibodies are found in approximately 10% of patients [60,61].
Positive titres for antimitochondrial antibodies are usually
accompanied by histopathological abnormalities consistent
with PBC. Thus, in the largest series to date, 300 patients with
primary Sjögren syndrome were investigated for liver disease.
Seven per cent of patients showed evidence of liver disease,
which was either subclinical (2%) or asymptomatic (5%) with
raised liver enzymes. In 6.6% of patients, antimitochondrial
antibodies were detected, and the liver biopsy analysis showed
features consistent with stage I PBC [4,8,62].

The prevalence of antibodies to hepatitis C virus (HCV) in
patients with primary Sjögren syndrome has been found to be
between 13% and 19%, with histopathological evidence of chronic
hepatitis in those who underwent a liver biopsy [4,8,63,64].

Sjögren syndrome is common in patients with chronic liver
disease and may accompany chronic active hepatitis (35%) or
cryptogenic cirrhosis (24%) [66], sclerosing cholangitis, mixed
connective tissue disease or PBC [62,65–68].

Scleroderma

Systemic sclerosis (scleroderma) is a multisystem connective 
tissue disease of unknown origin, which is more common in
women than in men [69]. It is characterized pathologically by
the overproduction of connective tissue and collagen. Patients
may present with widespread vascular damage and microvas-
cular obliteration. Among its classifications, the most frequent
subgroups, based on clinical and prognostic differences, are dif-
fuse scleroderma and limited scleroderma or CREST syndrome
(subcutaneous calcinosis, Raynaud’s phenomenon, oesophageal
dysmotility, sclerodactyly, telangiectases).

Clinically, there is a disease spectrum ranging from limited
systemic sclerosis, with skin thickening of the face, arms below
the elbow and legs below the knee, to diffuse systemic sclerosis
with widespread skin thickening. Anticentromere antibodies are
found in 50–96% of patients with limited systemic sclerosis, 
and in less than 10% of individuals with diffuse scleroderma.
Between 20% and 40% of patients with systemic sclerosis and
diffuse scleroderma have serum antibodies reactive with Scl-70
(anti-topoisomerase 1) [69,70]. Although the aetiology is
unknown and the pathogenesis remains uncertain, there is 
evidence that vascular and endothelial cell activation play an
important role in fibroblast activation [71].

The liver disease that is usually associated with scleroderma 
is PBC. This association has been well documented [72–74].
Thus, in several reviews of patients with PBC, a subset of 
patients with systemic sclerosis and particularly CREST syn-
drome has been reported [75,76]. Only 3–4% of patients 
with systemic sclerosis also have PBC, and systemic sclerosis
usually precedes the latter. The presence of antimitochondrial
antibodies in patients with systemic sclerosis should alert the
clinician to the possibility of PBC. Hepatic fibrosis may also
occur, but it is uncommon in patients with systemic sclerosis
[77].

Eosinophilic fasciitis

Eosinophilic fasciitis is an uncommon disease that may be con-
fused with scleroderma. Symmetrical swelling and induration 
of the distal parts of the limbs occurs; the hands, feet and trunk
are involved less frequently, and eosinophilia is found in 90% 
of cases. Antinuclear antibodies and thyroiditis are sometimes
associated, and patients with granulomatous or a reactive 
hepatitis have rarely been described [78–80].

Dermatomyositis/polymyositis

Liver involvement is rarely found in patients with poly/
dermatomyositis. Muscle involvement may result in enzyme
elevations, which can mistakenly be attributed to the liver.
Chronic active hepatitis, biliary cirrhosis, peliosis hepatitis 
and Wilson’s disease have been described in these patients
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[82–84]. Primary or metastatic liver disease may result in 
dermatomyositis [84,85].

Vasculitis and liver disease

Systemic vasculitis may be defined as an inflammatory disorder
of the blood vessels, which usually results in necrosis of the vessel
wall with subsequent vascular occlusion. There are a group of
diseases such as Wegener’s granulomatosis and polyarteritis
nodosa, in which vasculitis appears to represent the primary
pathology. Even when vasculitis has been associated with a
specific infection such as hepatitis B virus, the clinical features
and pathology may be diverse, ranging from polyarteritis
nodosa to localized vasculitic lesions affecting the skin and kid-
neys. Among the reports of systemic vasculitis, the liver has been
found to be more or less commonly involved in polyarteritis
nodosa, giant cell arteritis and Behçet’s disease. In addition,
other vasculitis may involve a variety of organs, and abnormal
liver function tests have occasionally been described in all types
of primary vasculitic syndromes [86–88].

Polyarteritis nodosa is a systemic, non-granulomatous vas-
culitis, affecting medium-sized and small arteries. Hepatitis 
B virus infection is found in 10–20% of patients. Liver involve-
ment is common; cirrhosis, acute and chronic hepatitis, hepatic
infarction and hepatic arteriole involvement have been docu-
mented [89,90]. Rupture of intra- or extrahepatic arterial
aneurysms may occur. Hepatomegaly may be seen in 20% of
patients, but bilirubin and liver enzyme elevations are docu-
mented in approximately 10%. Acute cholecystitis may be the
presenting manifestation of polyarteritis nodosa [91]. Patients
with hepatitis B-associated polyarteritis nodosa may deteriorate
during treatment with immunosuppressive agents such as
steroids and cyclophosphamide. In these patients, initial brief
steroid therapy may be used to control the serious complications
of polyarteritis nodosa, followed by plasma exchange and anti-
viral therapy (interferon or vidarabine) [92].

Polymyalgia rheumatica is relatively common with a reported
prevalence of 500 per 100 000 population over 50 years old 
[93]. The disease has the following characteristics [94]: (i)
patients are usually more than 50 years old; (ii) pain or stiffness
of shoulder, hip or neck; (iii) sedimentation rate of more than 
40 mm/h; (iv) rapid response to relatively low steroid dose 
(15 mg/day); and (v) exclusion of other connective tissue or 
primary muscle diseases.

Giant cell arteritis is a vasculitic disease, predominantly
affecting branches of the carotid artery, in particular the tempo-
ral artery. Peripheral arteries may be involved in 10% of patients
[95]. The prevalence of biopsy-proven giant cell arteritis  has
been reported to be 223 per 100 000 population aged 50 years 
or older [96]. Headache, temporal artery tenderness of tortuo-
sity and jaw claudication are common and specific findings.
Constitutional symptoms are present in one-half of patients,
and optical and neurological symptoms may occur in one-third
[97].

Polymyalgia rheumatica and giant cell arteritis are often asso-
ciated [98]. Patients with giant cell arteritis have polymyalgic
symptoms in approximately 30–50% of cases. The prevalence 
of giant cell arteritis in patients with polymyalgia rheumatica 
is lower, and probably occurs in 10–15% of unselected patients
[93].

The incidence of mild liver test abnormalities in patients 
with polymyalgia rheumatica or giant cell arteritis is 40–60%
[99]. Alkaline phosphatase or aminotransferase levels may be
elevated in approximately 50% of patients [100], and enzyme
levels may return to normal when the disease is treated with
steroids. Liver biopsy is usually non-specific, but steatosis, hep-
atic granulomas and portal tract inflammation have been seen
[101]. Cholestatic liver disease [102,103], arteritis of hepatic
arterioles and arterioli as well as granulomatous hepatitis have
been documented in patients with giant cell arteritis [104]. The
correlation between abnormal liver histology and biochemical
tests is poor.

Behçet’s disease is a systemic vasculitis, which occurs predom-
inantly in young men. The aetiology of this disease is unknown.
The diagnosis is confirmed by the presence of recurrent oral
ulceration with two out of the following four other criteria:
recurrent genital ulceration, typical eye lesions (uveitis or irido-
cyclitis), typical skin lesions (erythema nodosum, skin ulcers) 
or a positive pathergy test. Other systems such as the lungs, 
gastrointestinal tract, joints and veins may be involved. A necro-
tizing vasculitis involving arteries, arterioles and veins is found
[105]. Thrombosis is initiated by inflammation of veins, and
Behçet’s disease may be a more important cause of venous
occlusion than SLE [105]. The liver is rarely involved except 
in the development of hepatic vein and vena caval thrombosis,
as well as Budd–Chiari syndrome [106–108].
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Introduction

Amyloidosis is a clinical disorder caused by extracellular deposi-
tion of insoluble abnormal fibrils, derived from aggregation of
misfolded normally soluble protein. About 20 different unre-
lated proteins are known to form amyloid fibrils in vivo, which
share a pathognomonic ultrastructure. Systemic amyloidosis, in
which amyloid deposits are present in the viscera, blood vessel
walls and connective tissues, is usually fatal and is the cause 
of about 1/1000 deaths in developed countries. There are also
various localized forms of amyloidosis in which the deposits 
are confined to specific foci or to a particular organ or tissue.
These may be clinically silent or trivial, or they may be associated
with serious disease, such as haemorrhage in local respiratory 
or urogenital tract AL amyloidosis. (Amyloidosis nomenclature
comprises the letter A to designate amyloid, followed by an
abbreviation of the name of the fibril protein.) In addition, there
are important diseases associated with local amyloid deposition
in which the pathogenetic role of the amyloid remains unclear,
notably including Alzheimer’s disease, the prion disorders and
type 2 diabetes mellitus.

In addition to the fibrils, amyloid deposits always contain 
the normal plasma protein serum amyloid P component (SAP),
because it binds specifically to an as yet uncharacterized ligand
expressed by all amyloid fibrils. Radiolabelled SAP has been
developed as a specific, quantitative tracer for imaging of amy-
loid deposits scintigraphically [1]. Treatment of amyloidosis
comprises measures to support impaired organ function, includ-
ing dialysis and transplantation, along with vigorous efforts to
control underlying conditions responsible for the production 
of fibril precursors. Serial SAP scintigraphy has demonstrated
that reduction in the supply of amyloid fibril precursor proteins
leads to regression of amyloid deposits and clinical benefit in
many cases.

Pathogenesis of amyloidosis

Amyloidogenesis involves substantial refolding of the native
structures of the various amyloid precursor proteins, which

enables them to autoaggregate in a highly ordered manner to
form fibrils with a characteristic β-sheet structure [2]. Amyloid
fibrils may contain the intact amyloidogenic protein or be com-
posed of cleavage fragments. Wild-type transthyretin (TTR) is
inherently amyloidogenic and, even at normal concentrations, 
it forms amyloid fibrils in almost all individuals over 80 years,
sometimes causing senile systemic amyloidosis. The other amy-
loidogenic wild-type proteins, serum amyloid A protein (SAA)
and β2-microglobulin (β2M), form amyloid only when they
have been present at grossly supraphysiological concentration
for very prolonged periods. Aberrant proteins with enhanced
amyloidogenicity can be acquired, as with the monoclonal
immunoglobulin light chains responsible for AL amyloidosis, or
inherited as in familial amyloidosis. There is always a lag period,
often of many years, between the first appearance of a potentially
amyloidogenic protein and the deposition of clinically signific-
ant amyloid, but accumulation of amyloid can nevertheless
occur very rapidly once the process has begun, probably reflect-
ing a seeding phenomenon. Amyloidosis is exceptionally rare in
children and even young adults, and increasing age may thus
favour amyloid deposition, although the underlying mechan-
isms are not known.

All amyloid deposits contain abundant heparan sulphate 
and dermatan sulphate proteoglycans and glycosaminoglycan
chains, some of which are tightly bound to the fibrils and may
contribute to amyloid fibrillogenesis as well as stabilization 
of the fibril structure [3]. All amyloid deposits also contain 
amyloid P component, which is identical to and derived from
the normal circulating plasma protein SAP. SAP undergoes 
avid (Kd ~ 1 µmol/L), specific, calcium-dependent, reversible
binding to amyloid fibrils of all types, leading to its remarkable
specific concentration in amyloid deposits. SAP binds to both
glycosaminoglycans and protein ligands specifically present on
all types of amyloid fibril, and may also promote the formation
of and/or stabilize the fibrils. Other plasma proteins, such as
apolipoprotein E, are sometimes detectable in amyloid deposits,
but none with the universality and abundance of SAP.

The mechanisms by which amyloid deposits damage tissues
and compromise organ function are incompletely understood.

1702

20.11 Amyloidosis
Philip N. Hawkins

TTOC20_11  3/10/07  9:41 AM  Page 1702



20.11 AMYLOIDOSIS 1703

Massive deposits, which may amount to kilograms, are struc-
turally disruptive and incompatible with normal function, as are
strategically located small deposits, for example in the glomeruli
or nerves. However, the relationship between the quantity of
amyloid and organ dysfunction differs greatly between indi-
viduals, and there is a strong impression that the rate of new 
amyloid deposition is at least as important a determinant of 
progressive organ failure as the amyloid load itself. In vitro
studies have suggested that certain isolated amyloid fibrils have
cytotoxic properties.

Major unanswered questions concern the tissue distribution
and time of appearance of amyloid deposits as well as their 
variable clinical consequences. Although many features of the
various forms of amyloidosis overlap, the clinical phenotype
associated with a particular fibril type can be enormously 
variable, even between family members with identical amy-
loidogenic mutations. There are clearly major genetic or envir-
onmental factors that influence amyloidogenesis in vivo, other
than simply the presence of an adequate supply of an amyloido-
genic protein.

Clinical amyloidosis

Localized amyloidosis

The commonest form of local amyloidosis is caused by foci of
otherwise benign monoclonal B cells or plasma cells producing
monoclonal immunoglobulin light chains (L) that are deposited
as AL amyloid, most frequently in the respiratory tract, urogen-
ital tract or skin. Local amyloid composed of β-protein within 
the walls of cerebral blood vessels can be responsible for
Congophilic amyloid angiopathy causing cerebral haemorrhage
and stroke. Peptide hormones forming amyloid deposits in
benign or malignant tumours of endocrine tissue, and micro-
scopic senile amyloid deposits, composed of various different
proteins in the arterial wall, the heart, the seminal vesicles 
and the prostate, are incidental histological findings with little
evidence that the amyloid causes disease.

Acquired systemic amyloidosis

Acquired systemic amyloidosis is the cause of death in about 1 
in 1000 of the British population, and is probably much under-
diagnosed in the elderly population in which it probably occurs
most frequently. Systemic AL amyloidosis is the most serious
and commonly diagnosed form, outnumbering referrals of AA
amyloidosis to the UK National Amyloidosis Centre by fourfold.
Although less serious, dialysis related β2-microglobulin amyloi-
dosis causes much suffering in about one million patients receiv-
ing long-term renal replacement therapy worldwide. Senile
systemic amyloidosis, which predominantly involves the heart
and is often referred to as senile cardiac amyloidosis, occurs 
in about one-quarter of individuals over the age of 80 years, a
sector of the population that is ever increasing.

Systemic AA amyloidosis
Formerly known as secondary amyloidosis, this is a complica-
tion of chronic infections and inflammatory conditions charac-
terized by a sustained acute phase response in which there is
persistently increased production of serum amyloid A protein
(SAA). SAA is an apolipoprotein of high-density lipoprotein
particles, produced predominantly in the liver, and is, together
with C-reactive protein, the most dynamic acute phase protein.
SAA concentration rises from less than 5 mg/L in healthy sub-
jects to as much as 2000 mg/L at the peak of a severe acute phase
response. In rheumatoid arthritis, juvenile rheumatoid arthritis,
other inflammatory arthritides, Crohn’s disease and familial
Mediterranean fever and the various hereditary periodic fever
syndromes, the SAA concentration can remain at tens or hun-
dreds of mg/L for months and years unless the inflammatory
activity remits or is suppressed by therapy. Up to around 5% 
of individuals with sustained high SAA values may eventually
develop AA amyloidosis. In hereditary periodic fever syndromes,
the genetic bases of which are increasingly being elucidated, 
the incidence of AA amyloidosis can be much higher. A small
number of patients with AA amyloidosis have no clinically overt
inflammatory disease, although some are carriers of inherited
fever syndrome genes.

AA amyloid involves the viscera but may be widely distributed
without causing clinical symptoms. More than 95% of patients
present with non-selective proteinuria or renal failure. Kidney
size is usually normal, but may be enlarged or, in advanced cases,
reduced. Endstage chronic renal failure is the cause of death in
40–60% of cases, but acute renal failure may be precipitated by
hypotension and/or salt and water depletion following surgery,
excessive use of diuretics or intercurrent infection. The second
most common presentation is with organ enlargement, such 
as hepatosplenomegaly or occasionally thyroid goitre, with or
without overt renal abnormality, but in any case amyloid
deposits are almost always widespread at the time of presenta-
tion. Clinically significant involvement of the heart is rare, as is
liver failure, but gastrointestinal dysfunction including bleeding
is common in advanced disease.

The median duration of inflammatory disorders associated
with AA amyloidosis is 17 years, but latency can be as short as
just 1 year. The prognosis is closely related to the degree of 
renal dysfunction and the effectiveness of anti-inflammatory
treatment, although the availability of haemodialysis and renal
transplantation prevents early death from uraemia per se.

Systemic AL amyloidosis
Previously known as primary amyloidosis, this is the most com-
mon form of clinical amyloid disease in developed countries. 
AL fibrils are derived from monoclonal immunoglobulin light
chains and consist of the whole or part of the variable (VL)
domain. Almost any B-cell dyscrasia, including myeloma, 
lymphomas and macroglobulinaemia, may be complicated 
by AL amyloidosis, but over 80% of cases are associated with
subtle and otherwise ‘benign’ monoclonal gammopathies.
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Histologically, amyloid deposition occurs in up to 15% of
patients with myeloma, but usually in clinically insignificant
amounts, and about 2% of patients with ‘benign’ monoclonal
gammopathy develop clinical amyloidosis. A monoclonal para-
protein or free light chain can be detected in serum or urine by
conventional electrophoresis and immunofixation in only about
80–90% patients with AL amyloidosis, but high-sensitivity
serum free light chain assays can confirm a monoclonal gam-
mopathy in most remaining cases. Until recently, it has been
practice to diagnose apparently ‘primary’ cases of amyloidosis,
with no previous predisposing inflammatory condition or 
family history of amyloidosis, as AL type by exclusion. However,
it has lately been recognized that hereditary amyloidosis is 
often poorly penetrant and can have a late onset, so that there
may be no family history [4]. The coincident occurrence of 
a monoclonal gammopathy may then be gravely misleading, 
and it is essential to exclude all known amyloidogenic muta-
tions (see below) when immunohistochemical or biochemical
identification of the amyloid fibril protein has not given positive
results.

AL amyloid occurs equally in men and women, usually over
the age of 50 years but as early as the third decade. The clinical
manifestations are protean, as virtually any tissue other than 
the brain may be directly involved [5]. Uraemia, heart failure or
other effects of the amyloid usually cause death within 1–2 years
of diagnosis, unless the underlying B-cell clone is suppressed.
The heart is affected pathologically in up to 90% of AL patients,
in 30% of whom restrictive cardiomyopathy is the presenting
feature. Renal AL amyloid has the same manifestations as renal
AA amyloid, but the prognosis is worse. Gut involvement may
cause motility disturbances (often secondary to autonomic neu-
ropathy), malabsorption, perforation, haemorrhage or obstruc-
tion. Macroglossia occurs rarely but is almost pathognomonic.
Hyposplenism sometimes occurs in both AA and AL amyloidosis.
Painful sensory polyneuropathy with early loss of pain and 
temperature sensation followed later by motor deficits is seen 
in 10–20% of cases and carpal tunnel syndrome in 20%.
Autonomic neuropathy leading to orthostatic hypotension,
impotence and gastrointestinal disturbances may occur alone 
or together with the peripheral neuropathy, and has a very poor
prognosis. Skin involvement takes the form of papules, nodules
and plaques usually on the face and upper trunk, and involve-
ment of dermal blood vessels results in purpura occurring 
either spontaneously or after minimal trauma, and is quite 
common. Articular amyloid is rare, but the symptoms may
mimic an inflammatory polyarthritis. Infiltration of the gleno-
humeral joint and surrounding soft tissues occasionally pro-
duces the characteristic ‘shoulder pad’ sign. A rare but serious
manifestation of AL amyloid is an acquired bleeding diathesis
that may be associated with deficiency of factor X and some-
times also factor IX; this does not occur in AA amyloidosis, 
but vascular deposits in all types of systemic amyloidosis may
cause serious bleeding in the absence of a clotting factor
deficiency.

Dialysis-associated amyloidosis (Ab2M)
This is a complication of long-term dialysis for endstage renal
failure. β2-Microglobulin (β2M) is cleared and catabolized only
by the kidney and is very poorly cleared by peritoneal or
haemodialysis. In endstage renal failure, its circulating concen-
tration rises from 1–2 mg/L to around 50–70 mg/L. After 7–10
years on dialysis, Aβ2M amyloid is deposited, usually presenting
with painful and disabling deposition in and around bones and
joints. This is an intractable complication of long-term dialysis,
and is effectively treated only by renal transplantation. However
the incidence of Aβ2M is apparently now falling, possibly as a
result of the use of new dialysis membranes, cleaner dialysis
fluids and higher flux dialysis.

Senile transthyretin amyloidosis (ATTR)
Over the age of 80 years, wild-type TTR amyloid deposits in the
heart, kidneys and respiratory tract are an almost universal inci-
dental finding at autopsy, but some elderly patients with more
extensive TTR amyloid deposits in the heart develop restrictive
cardiomyopathy. This syndrome, often known as senile cardiac
amyloidosis, is untreatable other than by heart transplantation
in rare younger patients. Occasionally, genetic variants of TTR
present in a similar manner, notably including TTR Ile122 in
black Africans (see next section).

Hereditary systemic amyloidosis

This disorder is rare but can sometimes be treated very effect-
ively, and its study has provided invaluable information on 
amyloid fibrillogenesis and pathogenetic mechanisms, leading
to the development of new potentially therapeutic drugs for
amyloidosis. The most common cause of hereditary amyloidosis
is mutation in the gene for TTR, which affects around 10 000
individuals worldwide. The other amyloid fibril proteins that
cause hereditary amyloidosis are apolipoprotein AI (apoAI) and
apoAII, fibrinogen A α-chain, gelsolin and lysozyme in systemic
amyloidosis, cystatin C in the Icelandic form of hereditary 
cerebral haemorrhage with amyloidosis and β-protein in the
Dutch form of this disease. Over 80 mutations, most of which
are amyloidogenic, are known in TTR, and new amyloidogenic
mutations in the other proteins listed continue to be discovered.

Severe and ultimately fatal peripheral and/or autonomic 
neuropathy are major features of hereditary TTR amyloidosis
(familial amyloidotic polyneuropathy, FAP), but fatal cardiac
and subtle but significant renal involvement are also common.
ApoAI amyloidosis sometimes causes neuropathy, but this is not
a feature of the other hereditary types, which typically involve 
the viscera. Age of onset, distribution of amyloid deposits and
clinical presentation can vary widely both within and between
families, even with the same mutation. All the amyloidogenic
mutations are dominant, but they are variably penetrant and
there may be no family history. AL amyloidosis is sometimes
diagnosed by exclusion because rigorous positive immunohisto-
chemical identification of AL-type fibrils is not possible in some

TTOC20_11  3/10/07  9:41 AM  Page 1704



20.11 AMYLOIDOSIS 1705

cases and, without the use of the new sensitive and reliable test
for free immunoglobulin light chains in serum, the amyloid
deposits may be the only sign of monoclonal gammopathy.
There is thus scope for misdiagnosis of hereditary amyloidosis 
as AL type and the inappropriate use of dangerous cytotoxic 
regimens aimed at ablation of clonal B-cell disease. It is thus
absolutely mandatory that the amyloid fibril type is positively
identified in all systemic amyloidosis patients and/or that 
there is comprehensive testing for all known amyloidogenic
mutations.

Familial amyloidotic polyneuropathy
FAP is caused by point mutations in the gene for the plasma pro-
tein TTR and is an autosomal dominant syndrome with variable
penetrance. Symptoms typically present between the third and
seventh decades. The disease is characterized by progressive and
disabling peripheral and autonomic neuropathy and varying
degrees of visceral amyloid involvement. Severe cardiac amyloi-
dosis is common. Deposits within the vitreous of the eye 
occur in a proportion of cases and are very characteristic, 
but renal, thyroid, spleen and adrenal deposits are usually
asymptomatic. There are well-recognized foci in Portugal, 
Japan and Sweden, but FAP has been reported in most 
ethnic groups throughout the world. There is considerable 
phenotypical variation in the age of onset, rate of progression,
involvement of different systems and disease penetrance gener-
ally, although the pattern may be quite consistent within fam-
ilies. More than 80 variant forms of TTR are associated with 
FAP, the most frequent of which is Met30. TTR Ala60 is the 
most frequent cause of FAP in the British population, and usu-
ally presents after age 50 years, often with predominant cardiac
amyloidosis.

Hereditary lysozyme amyloidosis
Hereditary non-neuropathic systemic amyloidosis has been
described in association with four lysozyme variants, His67,
Thr56, Ile57 and Arg64. Most patients present in middle age
with proteinuria, very slowly progressive renal impairment 
and sometimes hepatosplenomegaly with or without purpuric
rashes. Virtually all patients have substantial gastrointestinal
amyloid deposits and, although these are often asymptomatic,
they are important as gastrointestinal haemorrhage or perfora-
tion is a frequent cause of death.

Hereditary apolipoprotein AI amyloidosis
About a dozen amyloidogenic variants are known, which vari-
ably present with massive abdominal visceral amyloid involve-
ment, predominant cardiomyopathy, hoarseness or a FAP-like
syndrome. The majority of patients eventually develop renal
failure but, despite extensive hepatic amyloid deposition, liver
function usually remains well preserved. Normal wild-type
apoAI amyloid is itself weakly amyloidogenic, and is the pre-
cursor of small amyloid deposits that occur quite frequently in
aortic atherosclerotic plaques.

Hereditary fibrinogen A alpha chain amyloidosis
Fibrinogen A alpha chain was first isolated from amyloid fibrils
in 1993. Four amyloidogenic mutations have been described 
in eight unrelated kindreds. These include Leu554 and two
frameshifting deletion mutations. However, much the com-
monest variant is Val526, which is now known to have low 
penetrance in most families. Indeed, 5% of patients referred 
to the UK National Amyloidosis Centre with a diagnosis of
acquired AL amyloidosis have been shown on further investiga-
tion to have hereditary fibrinogen A alpha chain Val526 amyloi-
dosis. Most patients present in middle age with proteinuria or
hypertension and progress to endstage renal failure over 4–10
years. Amyloid deposition is seen in the kidneys, spleen and
sometimes the liver, but is usually asymptomatic in the last 
two sites. Renal grafts frequently fail within 7 years because of
recurrent amyloidosis.

The liver in systemic amyloidosis

Amyloid can be deposited in the liver in most forms of systemic
amyloidosis, and widespread vascular deposits are almost uni-
versal [6]. The liver is also the source of many variant proteins
that cause hereditary amyloidosis. Liver function tests can
remain normal in the face of very substantial parenchymal
deposits, and even sometimes with giant amyloid hepatomegaly.
In our extensive experience of SAP scintigraphy in over 2000
patients with systemic amyloidosis, hepatic involvement has
been demonstrated in about one-fifth of patients with AA 
amyloidosis and about one-half of those with the AL type. 
It is extremely common in hereditary apoAI and lysozyme types
and has been associated with spontaneous liver rupture in 
several patients with the lysozyme His67 variant. Derangements
in liver function tests usually begin with elevations in serum
alkaline phosphatase and gamma-glutamyltransferase, followed
by variable and often modest elevations in alanine and aspartate
aminotransferases. Elevation of serum bilirubin occurs very late,
and overt jaundice is a marker of impending liver failure. Liver
biopsy is associated with some degree of haemorrhage in up to
5% of cases, and hepatic amyloidosis is always associated with
major deposits in other organs even if these are clinically silent.
Fortunately, endstage hepatic failure due to amyloidosis is
exceptionally rare, and it is virtually restricted to a small propor-
tion of patients with systemic AL type. The role of liver trans-
plantation is described below.

Diagnosis of amyloidosis

Until recently, amyloidosis was an exclusively histological dia-
gnosis, and green birefringence of deposits stained with Congo
red when viewed in cross-polarized light remains the gold stan-
dard. Immunohistochemical staining of amyloid-containing 
tissue is the simplest method for identifying the amyloid fibril
type. However, biopsies provide small samples that cannot 
provide information on the extent, localization, progression or
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regression of amyloid deposits, aspects in which histology is
complemented by whole-body radiolabelled SAP scintigraphy.

Histochemical diagnosis of amyloid

Amyloid may be an incidental finding on biopsy of the kidneys,
liver, heart, bowel, peripheral nerve, lymph node, skin, thyroid
or bone marrow. When amyloidosis is suspected clinically,
biopsy of rectum or subcutaneous fat is the least invasive
method. Amyloid is present in these sites in more than 90% 
of cases of systemic AA or AL amyloidosis. Alternatively, a 
clinically affected tissue may be biopsied directly. Many cotton
dyes, fluorochromes and metachromatic stains have been used,
but Congo red staining is the pathognomonic histochemical 
test for amyloidosis. The stain is unstable and must be freshly
prepared every 2 months or less. Section thickness of 5–10 µm
and inclusion in every staining run of a positive control tissue
containing modest amounts of amyloid are critical.

Immunohistochemistry

Although many amyloid fibril proteins can be identified
immunohistochemically, demonstration of amyloidogenic pro-
teins in tissue does not, on its own, establish the presence of
amyloid. Congo red staining and green birefringence are always
required. Commercially available antibodies to SAA and β2M
generally yield definitive results, but AL deposits are stainable
with standard antisera to κ or λ light chains in only about half of
fixed biopsies. Immunohistochemical staining of amyloid may
require pretreatment of sections with formic acid or alkaline
guanidine or deglycosylation.

Electron microscopy

Transmission electron microscopy reveals the typical fibrillar
ultrastructure of tissue amyloid deposits, but fibrils cannot
always be convincingly identified and electron microscopy alone
is not sufficient to confirm the diagnosis of amyloidosis. Isolated
purified amyloid fibrils can be imaged by negatively stained 
electron microscopy as straight, non-branching fibrils of 
indeterminate length and about 10 nm in diameter.

Non-histological investigations

Two-dimensional echocardiography showing small, concentric-
ally hypertrophied ventricles, generally impaired contraction,
dilated atria, homogeneously echogenic valves and increased
echodensity of ventricular walls is virtually diagnostic of cardiac
amyloidosis. However, clinically significant restrictive diastolic
impairment may be difficult to detect even by comprehensive
Doppler and other functional studies. Imaging after injection of
isotope-labelled, calcium-seeking tracers has poor sensitivity
and specificity and is of no routine clinical value. Recent studies
of cardiac magnetic resonance imaging seem promising.

In cases of known or suspected hereditary amyloidosis, the
gene defect must be characterized, but it remains essential to
corroborate DNA findings by confirming one way or another
that the respective protein is indeed the main constituent of the
amyloid.

A high-sensitivity, latex-enhanced serum immunoassay 
(the Freelite immunoassay) has been developed lately that can 
quantify circulating free immunoglobulin light chains with
remarkable sensitivity of < 5 mg/L. This compares with typical
detection limits of 150–500 mg/L by immunofixation and
500–2000 mg/L by electrophoresis. In a series of 262 patients
undergoing assessment at the UK National Amyloidosis Centre,
a monoclonal immunoglobulin could not be detected at presen-
tation by electrophoresis or immunofixation, in either serum 
or urine, in 21% of cases. In a further 26% of cases, monoclonal
light chains could only be detected qualitatively by imm-
unofixation. In contrast, monoclonal free immunoglobulin
light chains were quantified using the serum free light chain
immunoassay in 98% of patients. This assay has a major applica-
tion in monitoring the response to chemotherapy of the clonal
disease in patients with AL amyloidosis, enabling such treatment
to be given on a much more rational basis than previously.

SAP scintigraphy

SAP is a highly conserved, invariant plasma glycoprotein of the
pentraxin family that becomes specifically and highly concen-
trated in amyloid deposits of all types as a result of its calcium-
dependent binding to amyloid fibrils. Following intravenous
injection, radiolabelled SAP distributes between the circulating
and the amyloid-bound SAP pools in proportion to their size and
can then be imaged and quantified [7]. This safe non-invasive
method uniquely provides invaluable information on the dia-
gnosis, distribution and extent of amyloid deposits throughout
the body, and serial scans monitor progress and response to
therapy. Serial SAP scans have unequivocally demonstrated 
that amyloid deposits of all types can regress when the supply of
the respective amyloid fibril precursor protein is sufficiently
reduced. This technique is not available commercially, but is
used routinely in the UK National Amyloidosis Centre.

Management of amyloidosis

Localized amyloid masses can only be treated surgically. The
twin aims of management in systemic amyloidosis are reduction
in the supply of amyloid fibril precursor proteins so that amy-
loid deposition ceases and regression of existing deposits may
occur, and scrupulous general care, including dialysis and organ
transplantation if necessary, to keep patients alive long enough
for this to take effect. The prognosis of systemic amyloidosis
remains poor for many patients, especially those with the AL
type, in whom the diagnosis is often made late when they already
have substantial visceral and/or neural involvement, but recent
advances have greatly extended median survival. Awareness of
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the compromised functional reserve of amyloidotic organs and
extreme care to protect renal function are critically important.
Outcomes are much better in centres with specialist expertise.

Rational management has been greatly improved by the
recent availability of routine assays for circulating SAA in AA
and immunoglobulin free light chains in AL amyloidosis.
Treatment of the underlying inflammatory disorder in AA amy-
loidosis, to reduce SAA values ideally to normal, dramatically
improves survival [8]. The new biological agents that neutralize
tumour necrosis factor (TNF) and IL-1 potently suppress the
acute phase response in many patients with rheumatoid arthritis,
seronegative spondyloarthropathies, Crohn’s disease and some
hereditary periodic fever syndromes. Treatment with colchicine
prevents AA amyloidosis in familial Mediterranean fever [9].
Excision of solitary Castleman’s disease masses that produce 
IL-6 can be very effective when this condition is complicated by
AA amyloidosis.

Suppression of the B cells producing amyloidogenic mono-
clonal immunoglobulin light chains through chemotherapy 
is associated with arrest of amyloid deposition, regression of
deposits, preservation of organ function and enhanced survival
in many patients with systemic AL amyloidosis. Availability 
of the robust, sensitive, Freelite immunoassay for immuno-
globulin free light chains in serum has been one of the most 
important advances in the management of AL amyloidosis
[10,11]. The AL fibril precursor protein can now be monitored
prospectively and chemotherapy tailored accordingly. Sustained
reduction in the serum concentration of free monoclonal light 
chains reduces amyloid deposition, and suppression by 50% or
more is associated with enhanced survival. Unfortunately, many
patients with AL amyloidosis tolerate chemotherapy poorly, and
a proportion of plasma cell clones are refractory to high-dose
therapy. Oral melphalan and prednisolone are tolerated better
than more aggressive treatment, but responses are few and very
delayed. Intermediate-dose infusional chemotherapy regimes,
such as vincristin, adriamycin and dexamethasone, or melpha-
lan and dexamethasone, can induce swifter responses. High-
dose chemotherapy with peripheral stem cell rescue has recently
been used quite widely, but treatment-related mortality is
extremely high at 15–25% in this setting, especially outside 
specialist amyloidosis centres [12]. Other current approaches
include thalidomide alone or in combination chemotherapy,
rituximab in patients with CD20-positive clones, and new
agents including the proteasome inhibitor bortezomib. The 
satisfactory response to less intense chemotherapy indicates 
that high-dose regimes are excessive in some cases, but there is
currently no way to identify which individuals will tolerate and
respond best to which treatment. The key point is to sufficiently
suppress production of the amyloidogenic free light chain with-
out unacceptable toxicity, and this requires careful individual
monitoring.

At present, apart from transplantation to replace failed organs
and liver transplantation to remove the source of amyloidogenic
proteins of hepatic origin, only symptomatic treatment is avail-

able for hereditary systemic amyloidosis. The liver is the source
of plasma TTR, and over 700 liver transplants have been per-
formed for treatment of hereditary TTR amyloidosis since this
‘surgical gene therapy’ approach was introduced in 1991 [13]. In
younger patients carrying the common Met30 amyloidogenic
mutation, the outcome is generally good, with arrest of neuro-
pathy, but paradoxical acceleration of TTR amyloid deposi-
tion following liver transplantation may occur in the heart 
and certain other sites in some patients; this unexpected phe-
nomenon has been best documented in older patients with 
non-Met30 variants. A few combined heart and liver transplants
have been performed.

The livers of patients with hereditary TTR amyloidosis con-
tain only microscopic amyloid deposits in the blood vessels and
interstitial tissues, and retain normal liver function. A large number
of domino liver transplants have therefore been conducted in
recipients with various terminal liver diseases for whom normal
livers were not available. This has certainly prolonged their lives,
but the first such recipient has now developed symptomatic 
systemic TTR amyloidosis 8 years after transplantation [14].

Combined liver and kidney transplantation was dramatically
effective in patients with hereditary fibrinogen amyloidosis [15]
who had received two consecutive renal transplants and then
developed amyloidotic liver failure; several more AFib patients
have now received liver and kidney transplants. These opera-
tions have demonstrated that the liver is the sole site of synthesis
of plasma fibrinogen, but the appropriate roles of liver vs. renal
and/or combined liver plus kidney transplantation in the man-
agement of this disease have yet to be determined. Patients with
apoAI amyloidosis can develop kidney, liver and cardiac amyloi-
dosis, and several organ transplants have been performed, so far
with excellent results. In one apoAI amyloidosis patient, aged 44
years, who underwent combined heart and kidney transplanta-
tion for endstage failure 12 years ago, there are minor amyloid
deposits in the transplanted heart and kidney but no organ dys-
function despite no intervention to reduce the production of the
amyloidogenic protein. In contrast, in a patient with lysozyme
amyloidosis and a marked familial phenotype of hepatic amyloi-
dosis leading to hepatic rupture, liver transplantation was even-
tually followed by fatal reaccumulation of liver amyloid. Liver
transplantation has also been performed in a very small number
of patients with hepatic failure due to systemic AL amyloidosis,
most of whom have fared badly.

Elucidation of aspects of the molecular pathogenesis of amy-
loid and amyloidosis has generated a variety of novel approaches
to therapy. We have developed a drug that targets SAP with the
goal of eliminating SAP from amyloid deposits, in the hope that
this may reduce amyloid deposition and/or accelerate amyloid
clearance [16]. Preliminary open-label studies are in progress 
in patients with systemic amyloidosis to optimize dosing and
SAP depletion. Neurochem, Inc. have just completed a double-
blind, controlled clinical trial in AA amyloidosis of Fibrillex, 
a small-molecule glycosaminoglycan analogue aimed at block-
ing the proamyloidogenic interaction between SAA and 
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glycosaminoglycans [17]. Promising early findings have been
released, and detailed analysis of outcomes is awaited. Small-
molecule ligands that stabilize the native tetrameric structure of
TTR and prevent its fibrillogenesis are being actively inves-
tigated for prophylaxis and therapy in TTR amyloidosis. Other
strategies include stabilizing native structures of other amy-
loidogenic proteins and preventing and reversing fibrillogenesis,
as well as disrupting established deposits, using antibodies, 
synthetic peptides and small-molecule drugs. Some of these
potential new therapies may enter clinical trials within the 
next few years and offer exciting prospects for improvements in
treatment.
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20.12 Hepatic granulomas
Laura M. Kulik and Andres T. Blei

Granulomas are focal accumulations of macrophages that 
have undergone transformation into epithelioid cells. A wide
range of aetiologies can result in the presence of hepatic granulo-
mas, discovery of which on liver biopsy prompts a series of
investigations to ascertain the diagnosis. They may be present
solely in the liver or be part of a systemic illness with hepatic
repercussions.

The inciting agent responsible for the formation of hepatic
granuloma is dependent upon the nature and geographic loca-
tion of the population in whom such lesions are identified. In
most cases, this is a foreign agent, and thus granulomas can be
viewed teleologically as a means of containing the influence of 
a potentially harmful invader. Not surprisingly, the lung and
liver are the most common organs affected by granulomatous
disease, reflecting their exposure to agents in the inhaled air or
acquired via the gastrointestinal tract.

Classification of hepatic granulomas

Three approaches are simultaneously applied to the classification
of hepatic granulomas [1].

Hepatic histology

Four main types of granulomas are identified.

Non-caseating granulomas are the most common
(Fig. 1a)
These are composed of epithelioid cells and lymphocytes, gener-
ally located in the periphery of the acinus. Fusion of epithelioid
cells can lead to the formation of giant cells. Unique pathological
features within the granuloma can provide diagnostic clues.
Sarcoidosis may present asteroid bodies [2], composed of non-
collagenous filaments and myelinoid membranes. Schaumann
bodies are large concentric inclusions composed of calcium and
iron, also seen in sarcoidosis [3]. Non-caseating granulomas can
also be seen in primary biliary cirrhosis, drug-related lesions and
infectious aetiologies.

Caseating granulomas (Fig. 1b)
Here, the centre of the granulomas contains an eosinophilic
necrotic material; they are mainly observed in patients infected
with Mycobacterium tuberculosis.

Fibrin-ring granulomas (Fig. 1c)
These exhibit a central vacuolated space surrounded by a ring 
of fibrin and epithelioid cells. They are characteristically seen in
Q fever.

Lipogranulomas (Fig. 1d)
These are lipid vacuoles surrounded by lymphocytes and
macrophages. While present in patients with fatty livers, they
may reflect the effects of ingestion of mineral oil or food prod-
ucts. In the experimental animal, strain differences exist in the
formation of these lesions after feeding different hydrocarbons;
those with a lower melting point were more likely to induce
lipogranulomas [4].

Aetiological category

Five categories can be identified [1].

Immunological
In two large series from the UK, this group was the most repre-
sented, including sarcoidosis and primary biliary cirrhosis [5,6].
Other aetiologies in this group include giant cell arteritis, Wegener’s
granulomatosis, chronic granulomatous disease, idiopathic
hypogammaglobulinaemia and allergic granulomatosis.

Infectious
The frequency of this type will vary according to geographical
location. The long list of aetiologies includes viral agents 
[hepatitis C, cytomegalovirus (CMV), Epstein–Barr virus (EBV)],
mycobacterial agents [tuberculosis, Mycobacterium avium-
intracellulare in patients with acquired immune deficiency 
syndrome (AIDS), leprosy, bacillus Calmette–Guérin], bacteria
(brucellosis, typhoid fever, Whipple’s disease, tularaemia, 
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yersiniosis, cat-scratch disease), fungi (histoplasmosis, blasto-
mycosis, coccidiomycosis, candidiasis), rickettsia (Q fever), 
protozoa (leishmaniasis, toxoplasmosis, syphilis) and metazoa
(schistosomiasis, fasciolasis and viscerale larva migrans).

Medications
Probable and possible associations with a medicinal agent were
found in almost a third of cases in a series from the American
South [7]. Among implicated agents are the penicillins,
diphenylhydantoin and allopurinol. The diagnosis still requires
exclusion of other categories [8].

Neoplastic
The presence of hepatic granulomas without direct liver
involvement has been noted in patients with Hodgkin’s disease
[9] and in hypernephroma [10].

Foreign body
These are related to occupational activities, such as exposure to
beryllium. Surgical procedures may result in reactions to talc 
or suture material. Thorotrast, an α-emitting radionuclide (dis-
continued as a tool for hepatic scintigraphy), resulted in a range
of hepatic lesions, including tumours and granulomas.

Primary liver disease vs. a systemic condition

Hepatic granulomas are commonly seen in primary biliary cir-
rhosis [5,6], a condition in which other histological features 
are prominent. Granulomas may also be seen in other primary
liver conditions, including autoimmune hepatitis and primary
sclerosing cholangitis and, as noted recently, in patients with
hepatitis C viral infection [11]. A pathogenic relation to the
underlying liver disease is clearer in cases of primary biliary 
cirrhosis (small bile duct damage) than in the other aetiologies
mentioned, where conditions such as sarcoidosis and tuberculosis
need to be excluded.

Pathogenesis

The process of granuloma formation has been described as
occurring in four phases (Fig. 2). T cells contribute to the differ-
ent phases of the process [12].

Initiation

This is triggered by the inflammatory/infectious agent.
Persistent stimulation attracts macrophages; these cells 

Fig. 1 Different histological types of granulomas. (a) Photomicrograph of an epithelioid granuloma with giant cells (lower right) in a case of sarcoidosis. 
(b) Caseating granuloma in a patient with tuberculosis. Note the central eosinophilic material. (c) A case of fibrin-ring granuloma in Q fever. A central vacuole
is surrounded by a fibrin ring. (d) Lipogranuloma near a central vein in a patient who ingested mineral oil. Reproduced from Klatskin G, Conn HO (1993)
Histopathology of the Liver. Oxford: Oxford University Press, with permission from the authors and publishers.

(a)

(b)

(c)

(d)
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phagocytose (in the case of foreign bodies) or endocytose (via
receptor-mediated recognition of the infectious material) the
putative agent. After internal degradation of the material, 
peptide fragments are complexed with class II major histocom-
patibility complex molecules and transported to the cell surface,
where their display can be analysed by CD4+ cells.

Accumulation of CD4+ T cells

This play a key role in the recruitment of effector cells, including
more T cells and macrophages. Multiple mechanisms particip-
ate in the accumulation of such cells, including the release of
chemokines and cytokines via a complex regulatory network
that dictates the profiles of local chemokine expression [13]. The
amplification of the immune response is further enhanced by
the expression of other cytokines, including tumour necrosis
factor (TNF) and osteopontin (reviewed in [12]). Several clin-
ical situations highlight the importance of such T cells in the 
control of infections, as noted by the disorganized appearance 
of granulomas in patients with human immunodeficiency virus
(HIV) infection, decreasing CD4 counts and infection with
intracellular pathogens (Mycobacterium avium-intracellulare,
Histoplasma capsulatum) [14].

Effector phase

Other cells are now involved, including non-specific T cells,
eosinophils and B cells, an interaction well described in
mycobacterial infections [15]. The nature of the inciting agent

may result in the release of cytokines related to T-helper 1 (Th1)
cells [such as interferon (IFN)-γ in the case of mycobacterial
infections] or T-helper 2 (Th2) cells [as is the case of interleukin
(IL)-4, -5 and -13 related to schistosomal egg antigens] [16].
Sarcoidosis is characterized by the expression of IFN-γ, suggest-
ing that it is a dominant Th1 disorder (reviewed in [17]). This
may explain the appearance of sarcoidosis after the administra-
tion of a Th1 promoter, such as IFN-α [18].

Fibrosis

Fibrosis in granulomas can be viewed as part of the wound 
healing process. At times, however, the fibrotic response will
aggravate the clinical picture, as seen in the pulmonary or 
hepatic complications of sarcoidosis or in the development of
portal hypertension with schistosomiasis. Cytokines have been
implicated in the development of fibrosis. Transforming growth
factor (TGF)-β, which in the liver participates in the transdiffer-
entiation of hepatic stellate cells into myofibroblasts [19], has
been found in fibrotic granulomas of human sarcoidosis and
tuberculosis [20]. Cross-talk of TGF-β with other cytokines,
such as IL-13 [21], may amplify the fibrogenic response.

Specific diseases

Immunological diseases

Sarcoidosis
Several series have identified sarcoidosis as a leading cause of
hepatic granuloma [5,6,22]. Sarcoidosis is a systemic disease
characterized by non-caseating granulomas of unclear aetiology.
The liver is the third most commonly affected organ, preceded
by lung and lymphatic involvement [23]. The diagnosis of 
sarcoidosis requires identification of non-caseating granulomas
in at least two different organs and exclusion of other causes for
the lesion.

Hepatic granulomas can be identified in liver biopsy speci-
mens in 80–95% of patients with this condition, making liver
biopsy an important diagnostic tool [24]. While granulomas
may be found throughout the liver lobule, a characteristic
appearance is a cauliflower cluster-like presence within portal
tracts or in the periportal zone. The histological appearance of
the granuloma is dependent upon the degree of maturation.
With ageing, a fibrous rim may surround the granuloma and,
with healing, may lead to the formation of fibrous nodules.
Caseation is not a feature, although central fibrinoid necrosis
may be present. Damage to the bile ducts may mimic the patho-
logical findings in primary biliary cirrhosis [24–26].

The clinical consequences of hepatic sarcoidosis are variable.
However, the majority of patients are asymptomatic. An ele-
vated alkaline phosphatase, a classic feature of ‘space-occupying
lesions’, is not an invariable feature; in a series of 100 patients, 
it was elevated in over one-third [22]. Aminotransferases are
mildly increased. An elevated angiotensin-converting enzyme
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Fig. 2 Phases of granuloma formation. The text above each phase indicates
the major cellular populations that are recruited during that phase.
Reproduced from ref. 12 with permission from the authors and publishers. 
NK, natural killer.
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activity supports the diagnosis, but elevations are not exclusive
to sarcoidosis [27].

There are two distinct clinical syndromes associated with 
hepatic sarcoidosis.

Cholestasis
Small bile duct lesions are common in sarcoidosis, including 
a florid duct lesion (mimicking primary biliary cirrhosis), a 
pattern of periductal fibrosis (mimicking primary sclerosing
cholangitis) and a decrease in the number of bile ducts (duc-
topenia, mimicking the vanishing bile duct syndrome) [22]. In
the last series, an acute cholangitis picture mimicking mechan-
ical obstruction was seen in 12% of cases.

Chronic intrahepatic cholestasis may present with jaundice,
hypercholesterolaemia, pruritus and hepatosplenomegaly. This
presentation has been reported in young African American
males and may evolve into a picture of micronodular biliary-
type cirrhosis [25]. A negative antimitochondrial antibody test
supports the diagnosis of sarcoidosis. The destruction of bile
ducts has been explained by the presence of granulomas in the
portal tracts, with accompanying fibrosis to account for duc-
topenia. Extrahepatic involvement of the biliary tree is possible,
via sarcoidosis of either the hilar lymph nodes or the common
bile duct itself [28]. However, direct involvement of the bile
ducts by sarcoidosis may be possible. Laboratory responses 
to ursodeoxycholic acid [29,30] or corticosteroids [31], with a
reduction in values of alkaline phosphatase and an improve-
ment in symptoms, do not appear to prevent the progression to
cirrhosis. Liver transplantation has been performed in such
cases [32].

Portal hypertension
A review of the literature on sarcoidosis and portal hypertension
reveals 47 reported cases [33], although the exact prevalence is
unknown. Several mechanisms may be in play. These include 
an increased presinusoidal resistance to portal venous flow as 
a result of inflammation in the portal tracts and/or obliteration
of the small portal venules by granulomas [24]. An alternative
explanation lies in the development of granulomatous phlebitis
and thrombosis of the portal/hepatic veins. Examination of the
whole liver at explant or autopsy in four patients with sarcoido-
sis exhibiting fibrosis/cirrhosis or diffuse nodular hyperplasia
noted such vascular changes [34]. Chronic cholestasis leading to
cirrhosis may also result in clinical manifestations of portal
hypertension. Granulomatous disease in the hepatic veins may
lead to a Budd–Chiari-like appearance [35]; thrombosis of the
major hepatic veins is not a clinical feature.

Variceal bleeding may occur, including the development 
of haemorrhage as a presenting symptom of the disease [33].
The use of corticosteroids has no demonstrable benefit for this
complication. It has been noted that most reports of extensive
fibrosis or cirrhosis developing significant portal hypertension
were published before the identification of the hepatitis C 
virus [36].

As noted already, current therapies for hepatic sarcoidosis
offer limited relief for the clinical problems of the disease.
Corticosteroids may alleviate the acute inflammatory reaction
and decrease fever, constitutional symptoms and even the jaun-
dice associated with the acute cholangitis-like presentation. The
role of ursodeoxycholic acid appears to be quite limited. Newer
approaches to therapy have arisen from an understanding of the
basic mechanisms responsible for the disease [17]. Immuno-
suppressive drugs, such as methotrexate and azathioprine, may
be steroid sparing in subjects with continued inflammatory
activity. However, toxic hepatic reactions to methotrexate
occurred in more than 10% of patients treated with the drug for
more than 2 years [37]. Another line of potential new therapies
comes from studies of genetic variation. These indicate a role of
genetic polymorphisms of different genes in both the appear-
ance and the progression of the disease (reviewed in [38]),
including that of TNF. The effectiveness of anti-TNF agents,
such as pentoxyphylline, thalidomide and infliximab, is under
investigation. Yet another line of enquiry focuses on the first step
in the pathogenic process: inhibition of antigen presentation by
antimalarial drugs [17]. Regression of hepatic granulomas was
reported with the use of chloroquine [39].

Sarcoidosis necessitating liver transplantation is a rare event.
Reports of post-transplant outcomes are therefore limited. A
recent case–control study found no statistical difference in the
rates of acute cellular rejection, chronic rejection or de novo
autoimmune hepatitis in those transplanted for sarcoidosis
compared with transplants for other aetiologies of liver disease
[40]. Recurrent hepatic sarcoidosis after liver transplant has
been documented in four cases, including one with severe
hypercalcaemia [41]. Exacerbation of pulmonary sarcoidosis
after liver transplantation has also been documented despite
maintenance immunosuppression with calcineurin inhibitors;
the patient responded to corticosteroid therapy [42]. While 
calcineurin inhibitors may decrease the Th1 response, a factor
that could decrease the inflammatory response in granulomas, a
controlled trial of ciclosporin in pulmonary sarcoidosis did not
show a steroid-sparing effect [43].

Idiopathic hepatic granulomas
Patients with hepatic granulomas, but without an identifiable
underlying aetiology after a full diagnostic workup, are said to
have an ‘idiopathic’ cause. In a tertiary referral centre, half of 
86 cases revealed idiopathic hepatic granulomas confined to 
the liver [44]. The majority of these patients were middle-aged
females with a predominantly cholestatic profile and an overall
benign clinical course.

A subset of patients may present with systemic symptoms,
including fever, weight loss and arthralgias. It is unclear whether
these patients represent a distinct clinical entity or a variant of
sarcoidosis. Fever of unknown origin may be the clinical presen-
tation [45]. In 23 patients presenting with fever of unknown 
origin and exhibiting hepatic granulomas in western Canada,
three had Q fever, two mycobacterial disease and one 
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histoplasmosis; no aetiology was established in the rest after
almost 4 years of follow-up. In 7 of the 17 patients with no
known aetiology, the fever resolved spontaneously [46].

Treatment, as shown in this series [46], is based on immuno-
suppression, either a short- or a long-term course of corticos-
teroids, according to the nature of the therapeutic response and
the recurrence of symptoms with tapering of the medication. A
series of six febrile patients who did not respond to corticosteroid
therapy were treated with low-dose oral pulse methotrexate 
(15 mg/week). A positive clinical response was seen within 
3 months in all subjects, and hepatic granulomas were not seen
in subsequent liver biopsies [47].

Infectious diseases

The reader is referred to other sections of the textbook that 
deal with repercussions of infectious diseases on the liver 
(see Sections 9 and 10). Thus, the focus in this chapter is to 
highlight those features that surround the diagnosis of hepatic
granulomas.

Tuberculosis
The diagnosis of tuberculosis can be difficult in biopsies of 
hepatic granulomas. The lesions do not exhibit a preferential
location within the lobule, and caseation is seen in only a minor-
ity of cases in the west, although the presence of caseation may
be higher in other areas, such as South Africa [48]. Caseation can
also be seen in fungal granulomas and even in patients with
Hodgkin’s disease [49].

In a series of 96 patients presenting with tuberculosis and fea-
tures of liver disease, hepatic granulomas were seen in 96% of
cases [50]. Acid-fast bacilli were demonstrated in the granulomas
in 9% of cases. Chest radiographs were normal in 25% of cases.
Other forms of presentation of hepatic tuberculosis include
nodules (tuberculoma), abscesses and involvement of hilar
nodes. Miliary tuberculosis can be cryptic, with hepatic granulo-
mas as a sole manifestation [51].

The detection of M. tuberculosis among patients with hepatic
granulomas was reported using a polymerase chain reaction
(PCR) assay [52]. It was positive in 88% of cases vs. a 12% dia-
gnostic accuracy for conventional methods. PCR assays were
used to confirm the tuberculous aetiology of hepatic nodules
suspected to be malignant [53]. The detection of mycobacterial
DNA in clinical samples by PCR offers the promise of a rapid
diagnosis of infection; a recent review points at technical pitfalls
including DNA contamination and the presence of inhibitors of
the reaction [54].

Brucellosis
This can be an important cause of granulomas in countries that
face endemic infections, such as Spain [55]. In this series, 50% of
subjects showed epithelioid granulomas, which can present with
high aminotransferases [56]. There may be differences in the
development of granulomas according to the different subtypes,

with controversy surrounding the incidence of granulomas with
Brucella melitensis [57,58]. Coalescence of lesions can result in
the formation of a brucelloma, a mass that can be visible with
hepatic imaging techniques [59]. Diagnosis is based on serology
and blood cultures.

Granulomas in patients with HIV infection
Patients with HIV and low CD4 counts are susceptible to a wide
range of infections that may result in hepatic granulomas.
Several publications, totalling 92 patients, have documented 
the presence of hepatic granulomas in 75% of patients with
AIDS who underwent a liver biopsy [60–63]. Mycobacterial
infections are the most common aetiology. Unique histological
features of the granulomas include a paucity of lymphocytes 
and pale macrophages with striated cytoplasm, indicating 
the presence of abundant, packed Mycobacterium avium-
intracellulare. Other aetiologies for granulomas have been
reported, including cat-scratch disease [64] and leishmaniasis
[65]. Lymphomas and drug reactions are also aetiological 
factors; on occasions, no explanation is found for the hepatic
granulomas [66].

Schistosomiasis
Infection with Schistosoma mansoni and S. japonicum is a major
health problem in endemic areas [67]. The adult worms shed
their eggs into the mesenteric venules and the intestinal lumen,
and a granulomatous reaction develops around the egg in the
occluded portal venule. The development of granulomas in
schistosomiasis is modulated by several factors [68]. For exam-
ple, the different response of various mouse strains indicates a
genetic background. The induction of a Th2 response is charac-
teristic of schistosomal infection, and secretion of TGF-β and
IL-13 by such T cells is critical in the development of ‘pipestem’
fibrosis. Different egg antigens may modulate the granuloma-
tous response [69].

Portal hypertension with variceal haemorrhage is a common
clinical presentation. Egypt is a country with a high prevalence
of schistosomiasis as well as hepatitis C, the latter the result of 
an epidemic arising from efforts to eradicate the parasite [70].
Patients with both conditions have more severe liver injury, with
progression to cirrhosis.

Other infectious aetiologies

Q fever
This is a rickettsial disease, caused by Coxiella burnetti and
acquired after contact with cows, goats and sheep. The charac-
teristic ‘doughnut-like’ granuloma has a central fat vacuole 
surrounded by a fibrinoid ring, and was seen in 14/17 cases with
the infection (Fig. 1c) [71]. Other infectious and non-infectious
conditions may also cause this histological appearance (CMV,
hepatitis A, EBV, leishmaniasis, toxoplasmosis, staphylococcal
epidermidis, Hodgkin’s disease, allopurinol toxicity) [72,73].
Diagnosis is based on serology.
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Whipple’s disease
This is caused by Tropheryma whipplei. Non-caseating granulo-
mas containing periodic acid–Schiff (PAS) diastase-positive
material can be found in both the gastrointestinal tract and the
liver [74]. DNA testing may allow a rapid diagnosis.

Other
There is a long list of infectious agents that can present occasion-
ally with hepatic granulomas (reviewed in [36]). It is rare that
the liver be the sole organ affected by the condition. Special
stains of the hepatic granuloma may assist in the identification
of the infectious agent. These include the Gram stain (Brucella),
Ziehl–Neelsen stain (acid-fast bacilli), Grocott–Gomori
methenamine–silver stain (fungi), PAS stain (M. avium,
Whipple’s), Warthin–Starry silver stain (syphilis, cat-scratch
disease) and immunostaining (CMV).

Granulomas in lymphoma

Granulomas may herald the diagnosis of Hodgkin’s lymphoma,
even in the absence of clinical findings of the tumour [75,76].
They are found in approximately 10% of staging liver biopsies
[77]. Their presence is not indicative of liver infiltration but 
may represent a paraneoplastic phenomenon in response to an
altered immunity.

The presence of hepatic granulomas was reported to be a 
good prognostic sign in Hodgkin’s lymphoma [9]; a subsequent
report with a longer follow-up did not confirm this positive
trend [78].

Hepatic granulomas may also be observed in non-Hodgkin’s
lymphoma [76,79].

Primary liver/gastrointestinal conditions
associated with granulomas

Viral hepatitis
The incidence of hepatic granulomas associated with hepatitis C
is increasingly recognized. In a series of 53 patients who under-
went liver transplantation in Paris, 10% of the livers showed
granulomas, diffusely distributed within the liver [11]. Tests for
tuberculosis and brucellosis were negative, and no subsequent
infectious disease occurred after transplantation. The pathogenic
role of the virus, although suspected, was not confirmed.

A more detailed relation between hepatic granulomas, sar-
coidosis and hepatitis C was provided in a multicentre experi-
ence in Spain [18]. In a series of 68 patients, 18 treatment-naive
subjects presented mainly with pulmonary and cutaneous sar-
coidosis. In 50 patients, sarcoidosis appeared within 6 months 
of starting therapy with IFN-α alone or in combination with 
ribavarin, again with predominant cutaneous and pulmonary
involvement. The evolution of the disease in these patients was
satisfactory in the majority, although 21/50 subjects required
corticosteroid therapy. Patients with pre-existing sarcoidosis
had a more chronic, less favourable course.

Fibrin-ring hepatic granulomas have been reported in hepatitis
A infection [80].

Primary biliary cirrhosis
Clinical, histological and biochemical features are helpful in 
the differentiation between primary biliary cirrhosis (PBC) and
sarcoidosis (Table 1) [81]. Granulomas are reported in approxi-
mately 25% of patients with PBC and are located adjacent to the
interlobular bile ducts undergoing immunological destruction
[82]. They are seen more often at earlier stages of the disease and
confer a better prognosis [83].

The presence of such granulomas has fuelled the search for an
infectious aetiology for PBC. Various infectious agents have
been hypothesized to be acting as molecular mimics to the E2
structural component of the inner mitochondrial membrane
responsible for the characteristic antimitochondrial antibody
seen in PBC [84]. Candidate agents have included Escherichia
coli, Mycobacterium gordonae, Propionibacterium acnes and bet-
aretrovirus. There are a few reports of concomitant sarcoidosis
in patients with PBC [85,86].

Other
Granulomas were seen in 7% of liver explants in patients who
underwent transplantation with primary sclerosing cholangitis
(PSC); a control group of livers transplanted for PBC showed a
similar prevalence of granulomas [87]. In 13% of cases of PSC,
there was a granulomatous epithelioid response to extravasated
bile, sometimes with a foreign body reaction. The granulomas in
PSC, in contrast to PBC, were seen in all phases of the disease
and were not a feature of bile duct destruction.

Hepatic granulomas may also be seen in patients with
inflammatory bowel disease, predominantly Crohn’s disease
[88]. Colectomy may result in the resolution of the granulomas.
Medications used in the treatment of inflammatory bowel dis-
ease, such as sulphasalazine, may result in the development of
hepatic granulomas [89].

Table 1 Characteristics of primary biliary cirrhosis (PBC) and sarcoidosis.

Characteristic PBC Sarcoidosis

Gender prevalence Female Male

AMA test 95% positive –

IgM level Increased Normal

Hepatic granulomas + +++

Extrahepatic granulomas – ++

Bile duct destruction +++ +

ERCP Normal Normal

Reproduced from ref. 81, with permission.

AMA, antimitochondrial antibodies; ERCP, endoscopic retrograde

cholangiopancreatography; IgM, immunoglobulin M; +, weakly positive;

++, positive; +++, strongly positive.
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A diagnostic approach to hepatic
granulomas

Two practical approaches have been proposed to narrow the 
differential diagnosis of hepatic granulomas. An international
group of liver pathologists proposed a four-point approach [90].
1 See the cause of the granuloma (like a schistosomal egg).
2 Know the cause (medical history).
3 Suspect the cause: a combination of clinical and pathological
elements.
4 Cause is unknown. Still be certain that tuberculosis is not 
present.

Experienced hepatologists also proposed a five-point rule
[36], which in fact complements the former.
1 Obtain complementary investigation of the biopsy (e.g. 
special stains).
2 Obtain exhaustive drug history, exposure to toxic chemicals.
3 Evaluate the nature of extrahepatic signs and symptoms.
4 Serological tests and blood cultures, as appropriate.
5 Re-evaluate in 3 months.
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21.1 The effect of liver disease on the
cardiovascular system
Jens H. Henriksen and Søren Møller

Introduction

In addition to obvious signs of portal hypertension and liver
dysfunction, patients with chronic liver disease often present
clinically with signs of circulatory dysfunction [1].

The systemic circulation in advanced liver disease is hyper-
dynamic with increased heart rate and cardiac output and low 
arterial blood pressure [2,3]. Impaired cardiac performance with
prolonged Q-TC interval and dyssynchronous electrical and
mechanical function is common in patients with cirrhosis [4].

A number of neurohumoral homoeostatic systems, such as the
renin–angiotensin–aldosterone system (RAAS), the sympathetic
nervous system (SNS) and the hypothalamic/neuropituitary
release of vasopressin, are activated in the majority of patients
with advanced chronic liver disease, especially in cirrhosis [5–7].
Over the last decade, intensive research has revealed that nitric
oxide (NO), other vasodilators and the endothelin (ET) systems
are implicated in the haemodynamic derangement [3,6,8].

The retention of fluid and the formation of ascites are closely
linked to the derangement in systemic cardiovascular haemo-
dynamics, and it is evident that the abnormal distribution of the
blood volume and flow is important for the kidney dysfunction
and sodium–water retention found in advanced liver disease
[2,7].

The objective of this chapter is to outline some basic elements
of the circulatory changes in chronic liver disease with focus on
cardiac and vascular dysfunction and neurohumoral control 
of haemodynamics and distribution of blood volume. Special
attention is paid to biodynamics and bioactive substances that
may affect vasodilatation/vasoconstriction and neuroendocrine
compensation of the severe systemic circulatory dysfunction in
chronic liver disease, most characteristically found in cirrhosis.

Cardiac dysfunction

Cardiac output (CO) is increased in cirrhosis as a compensatory
response to the systemic (especially splanchnic) vasodilatation
and the presence of portal-systemic and arteriovenous shunts
[1,2,4,9]. At first glance, cardiac function may appear normal 

at rest but, under physical or pharmacological strain, cardiac
contractility becomes impaired [4,8,10,11], a condition termed
‘cirrhotic cardiomyopathy’.

Systolic dysfunction

Most patients with cirrhosis have a myocardial mass within 
the normal range. A few have increased left ventricular mass
with left eccentric and, especially, septal hypertrophy. Some
have a normal left ventricular end-diastolic volume; others 
have increased end-diastolic and end-systolic volumes and an
enlarged left atrium [4,11,12]. With respect to the right heart,
reduced, normal and increased atrial and ventricular volumes
have been reported [13]. Most often, the right ventricular 
pressure, pulmonary artery pressure and pulmonary capillary
wedged pressure are in the upper normal limit, but within the
normal range during rest. Physical and pharmacological strain
may affect the cardiac pressures. Thus, after exercise, the left
ventricular end-diastolic pressure increases, whereas the cardiac
stroke index and left ventricular ejection fraction fall, which
indicates an abnormal ventricular response to an increase in
ventricular filling pressure [4]. Aerobic exercise capacity and
maximum heart rate are reduced due to skeletal muscle waste,
autonomic dysfunction, reduced oxygen transfer, etc.

The circulation is mainly hyperdynamic in the supine patient,
becoming normal when the position changes to upright [14,15].
Some studies in postural changes suggest that an increased
preload may contribute to the increased CO in the supine posi-
tion [14]; other studies suggest a mechanism similar to that of
exercise [15]. Left ventricular ejection fraction is often normal 
at rest, but a reduced ejection fraction after standing indicates
impaired myocardial response to the erect posture [16]. The
reduced cardiac performance is probably caused by a combina-
tion of blunted heart rate response, reduced myocardial con-
tractility and wasting of skeletal muscle with impaired extraction
of and demand for peripheral oxygen.

Head-out water immersion increases the CO and central and
arterial blood volume [7]. Insertion of a transjugular intrahep-
atic portosystemic shunt (TIPS) increases the CO, as well as the
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cardiac pressures, whereas infusion of packed red blood cells
may not change these variables. After orthotopic liver transplan-
tation (OLT), CO increases initially, but later becomes normal
together with the arterial blood pressure and systemic vascular
resistance [17]. These changes may be attributed primarily to
normalization of the liver function and portal pressure. On the
other hand, liver transplantation is often associated with a high
incidence of cardiovascular complications, which is a major cause
of mortality after transplantation [18]. Identification of patients
at risk of developing cardiac failure in the post-transplantation
period is important, but difficult.

Diastolic dysfunction

Patchy fibrosis, oedema and increased heart weight may increase
the stiffness of the myocardial wall and lead to impaired left 
ventricular filling and diastolic dysfunction. Expanded blood
volume may increase the cardiac preload and thus contribute 
to overloading and impaired cardiac contractility [11]. Dextran
infusion in experimental and human cirrhosis shows limited
cardiac preload reserve with a decreased ability to modulate car-
diac performance under various loading conditions. Different
ventricular diastolic filling supports the presence of a subclinical
myocardial disease with a diastolic dysfunction, reflected on an
echocardiograph as a decreased E/A ratio (peak diastolic flow
velocity relative to peak atrial systolic flow velocity).

Conductance abnormalities and
electromechanical coupling

The fluidity of the cardiomyocyte membrane and the function of
its ion channels are impaired in cirrhosis. Ward et al. [19] have
described a decrease in K+ currents in the ventricular myocytes
of cirrhotic rats, which prolongs the Q-T interval. A prolonged
Q-T interval is often found in chronic liver disease, potentially
leading to ventricular arrhythmias and sudden cardiac death
[4,12,17]. Bernardi et al. [20] have reported a prolonged Q-T
interval, which is significantly related to the severity of the 
liver disease, plasma noradrenaline and survival. Changes in the
Q-T interval seem to revert with improved liver function, for
instance after OLT [17]. Results from our group indicate that
the frequency-adjusted Q-TC becomes partly normalized after
oral β-blocker treatment [21]. The prolonged Q-T interval in
cirrhosis should be considered as an element in the cirrhotic 
cardiomyopathy and may be of potential use in identifying
patients at risk [10,12]. Pathophysiological and clinical research
is needed to assess the prognostic and therapeutic significance of
prolonged Q-TC in chronic liver disease.

Coupling between the heart and the arterial
system

The coupling between the cardiac contractions and the arterial
system is of major importance to the amount of work performed

by the left ventricular myocardium, and thereby to the strain on
the heart [22]. The ascending aorta and aortic arc are the most
compliant systemic arteries in the body. The ability to contain
the entire stroke volume without excessive deflection in the arte-
rial systolic pressure profile is essential, especially in patients
with a large CO and stroke volume. On the other hand, too com-
pliant a central arterial system will not be able to deliver blood
promptly to the different parts of the body, but may delay the
flow to important areas of the vascular bed. Thus, the heart and
central arterial tree work together in an essential coordination 
of the oscillating blood flow. This is especially necessary when
vascular beds with highly different haemodynamic resistances
are connected to the central arterial system, as in chronic liver
disease (see later).

Consequences of changed preload and
afterload

The work of the heart is reduced in the resting cirrhotic patient
owing to a reduced afterload, but is increased by the increased
preload and CO, and cardiac failure may become manifest
under strain [23,24]. The left ventricular ejection fraction may
be reduced in patients with ascites, especially after paracentesis,
as part of a postparacentesis syndrome [11]. Normalization of
the low overall systemic vascular resistance with infusion of
vasoconstrictors produces a rise in left atrial and left ventricular
filling pressures without changing the CO. Hence, attempts to
normalize or increase the reduced cardiac afterload may unmask
a latent ventricular failure, which appears to be resistant to
inotropic drugs. Moreover, the expanded blood volume in
advanced cirrhosis may increase cardiac preload and overload
the heart with impaired cardiac contractility as the outcome
[25]. The potential effects of changes in preload in patients with
cirrhosis are illustrated in Figure 1.

Cirrhotic cardiomyopathy

The experimental data advocating the existence of cirrhotic 
cardiomyopathy derive from research by Lee et al. in chronic 
bile duct-ligated rats [10,12,26]. Moreover, animals with portal
vein ligation display abnormalities in the coupling between 
excitation and contraction of the myocytes, and extrahepatic
portal hypertension with or without liver dysfunction in
patients may lead to cardiac dysfunction [27]. Alcohol is well
known to be toxic to myocytes, and will contribute to cardiac
dysfunction [28].

The morphological basis for cirrhotic cardiomyopathy is 
cardiac hypertrophy, patchy fibrosis, subendothelial oedema
and increased myocardial weight [4] (see Fig. 2). Determinants
of diastolic dysfunction include delayed early diastolic trans-
mitral filling and increased stiffness of the myocardium. Studies 
of ventricular diastolic filling support the presence of diastolic
dysfunction, which, in ascitic patients, improves after paracen-
tesis and worsens after TIPS. In addition, peptides that reflect
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ventricular dysfunction [brain natriuretic peptide (BNP) and
proBNP] are increased in a substantial number of patients with
cirrhosis [29]. Cirrhotic patients seldom have signs of central
overfilling, as their central blood volume is either normal or
reduced (see later). Thus, increased concentrations of proBNP
and BNP are not caused by central volume overloading.
However, patients with a decreased central blood volume may
have locally expanded subcompartments, such as the left ven-
tricle [13]. Abnormal distribution of the circulating medium
may thus contribute to mask overt cardiac failure in patients
with cirrhosis.

Patients with cirrhosis have a latent systolic and a diastolic
dysfunction with reduced work capacity [8,11,23]. In some
patients, failure becomes manifest if the heart is challenged. The
type of cardiac insufficiency in cirrhosis may best be charac-
terized as a high-output failure with reduced responsiveness. 
It is likely that the systolic cardiac dysfunction in cirrhosis con-
tributes to the generally low degree of physical activity reported
in several patients. Thus, after OLT, both physical activity and
cardiac function seem to improve [17,18]. Diastolic dysfunc-
tion may be a significant factor in the development of heart 
failure and may precede systolic dysfunction in patients with 
cirrhosis. Moreover, cardiac dysfunction probably plays a role 
in the pathogenesis of sodium–fluid retention in cirrhosis (see
Chapter 7.5).

The vascular system

Background of vascular hyporeactivity

The pathogenesis of hyporeactivity of the vascular system in
chronic liver disease is still under debate. Experimental and 
clinical observations favour the presence of surplus circulating
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Fig. 1 Simplified illustration of the effects on circulation of increased and decreased afterload. (a) Normal loading. (b) Increased preload. Increased venous
return leads to increased left atrial (LA) and end-diastolic volumes (EDV) and increased stroke volume (SV) and cardiac output. (c) Decreased afterload.
Reduced systemic resistance leads to reduced end-systolic volume (ESV) and increased stroke volume and cardiac output. The circulation in cirrhosis with a
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Fig. 2 Potential pathophysiological mechanisms involved in the
development of cirrhotic cardiomyopathy. ANP, atrial natriuretic peptide;
BNP, brain natriuretic peptide; cAMP, cyclic adenosine monophosphate;
proANP, N-terminal propeptide of atrial natriuretic peptide; proBNP, 
N-terminal propeptide of brain natriuretic peptide; Q-Tc, Q-T interval from
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reticulum; TC, cardiac troponin C; G-PROT, signal protein of G type
(postreceptor defects).
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vasodilators, either escaping hepatic degradation or bypassing
the liver through portal-systemic shunting [3,8,30]. Combined
with a resistance to pressor substances, this leads to vasodilatation
with reduced splanchnic vascular resistance and abnormal dis-
tribution of the circulating blood volume [31–34]. Vasodilatation
and activation of counter-regulatory mechanisms are closely
related to the general circulatory dysfunction with impaired
reaction to circulatory challenges, such as pressor stimuli,
changes in body position and exercise [5,35]. Patients with 
cirrhosis are resistant to the pressor effect of noradrenaline,
angiotensin II and vasopressin, and there is a shift in the pressor
concentration giving 50% effect, as well as a reduction in the
maximum effect of the vasopressor [6,36,37]. This may be a
result of a change in receptor affinity, a decrease in the number
of receptors and several postreceptor defects (Fig. 3). In recent
years, research on vascular hyporeactivity has also focused on
vasodilators such as NO, glucagon, calcitonin gene-related 
peptide (CGRP), tumour necrosis factor alpha (TNFα) and
adrenomedullin [8,30,38].

The overall vascular resistance is decreased in patients with
cirrhosis. However, a closer look at the individual organs and

tissues shows areas of hypoperfusion, normal perfusion and
hyperperfusion, which demonstrate vascular beds with a high
haemodynamic resistance (the kidneys), normal resistance (the
brain) and low resistance (the splanchnic system). Studies of
regional perfusion have shown that the circulatory abnormalities
can be characterized as a universal dyscirculatory, hyperkinetic
and hyporeactive syndrome [3].

The hepatic and splanchnic circulation

The level of portal pressure is determined by the hepatic vascular
resistance and portal inflow. The raised hepatic vascular resis-
tance includes both structural and functional components.
Among the former are steatosis, fibrosis and regenerative nod-
ules. Dynamic components are cells with contractile properties,
such as hepatic stellate cells, myofibroblasts and smooth muscle
cells. Portal venous inflow is mainly determined by the degree of
splanchnic vasodilatation. In healthy subjects, the hepatic blood
flow equals the splanchnic blood flow, but patients with portal
hypertension have a substantial portosystemic collateral circula-
tion and an increased mesenteric inflow of up to several litres per
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Fig. 3 Potential pathophysiological components involved in the development of vascular hyporeactivity.
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minute. Thus, a large part of the increased cardiac output is
returned through portosystemic collaterals. Collateral blood flow
through the azygos vein is especially important, as the azygos
vein drains oesophageal varices, and an increased flow here is
associated with an increased risk of variceal bleeding. In addi-
tion, there may be portopulmonary collaterals and mesenteric
arteriolar dilations.

A defective sinusoidal endothelial NO synthase (eNOS)-
derived production of NO may be present in cirrhosis [8]. Other
endogenous vasoactive substances in the increased hepatic sinu-
soidal resistance are ET-1, AII, catecholamines and leukotrienes.
The haemodynamic imbalance with a predominantly sinusoidal
constriction is a major target for treatment (see Section 7).

The renal circulation

Renal hypoperfusion in chronic liver disease and its role in
sodium–water retention are considered elsewhere (see Chapter
7.1). However, some features of systemic haemodynamic alter-
ations are important and necessary for the low renal blood 
flow and renal dysfunction [7]. Decreased mean arterial blood
pressure and increased renal venous hydrostatic pressure, especi-
ally in patients with ascites, will reduce the effective renal per-
fusion pressure [36]. Activation of the RAAS contributes to the
decreased renal perfusion, but it may also have more complex
regulatory effects within the kidney [5]. Vasopressin does 
not change the renal perfusion substantially. Noradrenaline,
adrenaline and ET-1 are powerful renal vasoconstrictors and
important elements in the renal hypoperfusion, the right-sided
shift of autoregulation profile and sodium–water retention 
in advanced cirrhosis [36]. Local vasodilators, such as the
prostaglandins, are most probably operative in order to com-
pensate, at least in part, for the progressive renal vasoconstric-
tion seen in advanced cirrhosis.

Normalization of the low arterial blood pressure by infusion
of noradrenaline [6], midrodine, AII or vasopressin increases
renal perfusion and sodium excretion in some patients. Another
problem is the abnormal distribution of the circulating medium
with effective hypovolaemia [39] (see later). Accordingly, a
combination of prolonged administration of ornipressin or 
terlipressin and albumin infusion may reverse the renal hypo-
perfusion and dysfunction [40]. A serious problem with intensive
diuretic treatment and effective treatment of portal hyperten-
sion is the adverse effects on the systemic haemodynamics, 
as deranged systemic haemodynamics will reduce the renal
function [36]. Treatment with α-adrenergic blocking agents
and, potentially, ET-1 blockers may reverse the renal vasocon-
striction, but their effect on arterial blood pressure may overrule
beneficial local effects on the kidneys [7].

The cerebral circulation

Only a few studies have addressed cerebral perfusion in chronic
liver disease. Cerebral perfusion seems to be normal in patients

without encephalopathy, reduced in patients with early
encephalopathy, but may be both reduced and increased in
patients with cerebral oedema and hepatic coma [41]. In patients
with fulminant hepatic failure, autoregulation is absent and,
therefore, cerebral blood flow changes with the level of the 
arterial blood pressure. Autoregulation of the cerebral blood
flow is generally preserved in patients with cirrhosis, but it may
be impaired in advanced disease. In some patients, however,
regional cerebral blood flow may be impaired, and the abnorm-
alities may reverse after OLT. Acute changes in cerebral blood
flow have also been reported in relation to the insertion of TIPS.
Regulation of the cerebral circulation in patients with cirrhosis is
complex and should be made the topic of future research.

The peripheral circulation

The cutaneous and muscular blood flow may be increased in
patients with cirrhosis [3,8]. Palmar erythema, spider naevi and
potatory face were early recognized as clinical signs of cutaneous
hyperperfusion. These types of circulatory abnormalities illus-
trate capillary hyperperfusion and the presence of arterioven-
ous fistulae. Muscle blood flow may be increased, normal or 
reduced in patients with cirrhosis. Evaluation of limb blood flow
(brachial artery, femoral artery) by colour and spectral Doppler
has failed to disclose a definite hyperdynamic perfusion of the
limbs [42]. Moreover, estimates of skin blood flow by nuclear
medicine techniques have shown normal capillary skin blood
flow, and Doppler measurements of the forearm blood flow are
also normal. Venous occlusion plethysmography of the arm and
thigh (a method that measures a combination of cutaneous and
muscle blood flow) has given identical baseline values in patients
and healthy control subjects. The cutaneous and muscle circula-
tions in cirrhosis are still important topics for new research, as
recent studies of overall flow suggest that peripheral blood flow
in cirrhosis may be reduced rather than increased.

At present, it can be concluded that the CO is increased in
patients with cirrhosis and that systemic vascular beds are
hyperperfused, normoperfused and hypoperfused, but the exact
distribution of the increased CO to the various organs, tissues
and types of vessels remains to be clarified. The blood flow 
pattern will probably change as the disease advances through the
preportal hypertensive preascitic, portal hypertensive preascitic
and portal hypertensive ascitic stages to the full-blown hepato-
renal syndrome.

The pulmonary circulation

Pulmonary vascular resistance is generally decreased in cirrhosis
[43,44]. Analysis of the pulmonary circulation in relation to
lung function may be obscured by the result of heavy smoking,
which is commonly seen in patients with alcoholic liver disease.
Thus, there may be considerable elements of chronic obstructive
lung disease in addition to hepatic dysfunction, and areas with 
a high perfusion rate in relation to alveolar ventilation are 
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often present. Regular pulmonary arteriovenous shunts and
portopulmonary shunts have also been described [44].

The hepatopulmonary syndrome consists of a reduced transfer
factor, a low ventilation/perfusion ratio or pulmonary shunts,
low arterial oxygen saturation and pulmonary hyperdynamics
[45]. Increased pulmonary vascular endothelial NOS, NO-
dependent pulmonary vasodilatation and an increased expres-
sion of ET receptors have been found in experimental models,
and clinical studies show increased NO in the exhaled air of 
cirrhotic patients. The hepatopulmonary syndrome has been
reversed by successful OLT and, recently, by the insertion of
TIPS [46].

It may thus be concluded that a hyperkinetic condition with
reduced pulmonary vascular resistance is most often present in
cirrhotic patients but, when these patients do develop chronic
obstructive lung disease, pulmonary hypertension with increased
pulmonary vascular resistance may follow, as in other patients
with chronic pulmonary dysfunction.

Arterial compliance

Systemic arterial compliance (i.e. an increase in intra-arterial
volume relative to an increase in transmural arterial blood pres-
sure) is raised in patients with decompensated cirrhosis [47,48]
(Fig. 4). The altered static and dynamic characteristics of the 
wall of large arteries are closely associated with the circulatory
and homoeostatic derangement [47–49]. The changes in arterial

mechanics are reversible, at least in part. Arterial compliance is
an important determinant of the coupling between the heart and
the arterial system and of the dynamics of intravascular volume
relocation [22]. An element in the elevated arterial compliance
in advanced cirrhosis is the reduced arterial blood volume 
and blood pressure [48]. The increased arterial compliance is
directly related to the severity of the liver disease and to the cir-
culating vasodilator, CGRP, but inversely related to circulating
adrenaline, and is not related to indicators of potent vasocon-
strictor systems (SNS and ET-1) [49]. Other operative elements
in the abnormal arterial compliance are blood volume abnorm-
alities, hypoxia and abnormalities in the C-type natriuretic 
peptide (CNP), but not arterial natriuretic peptide. Arterial
compliance is not affected by β-adrenergic blockade, whereas
terlipressin almost normalizes it [37].

The arteriolar tone adjusts the level of the blood pressure 
and may thereby influence large artery compliance. Arterial
compliance depends on the properties of arterial intrinsic elastic
structures and smooth muscle, whereas arteriolar tone should
result more from the balance between vasoconstrictors and
vasodilators. Recent data suggest that the hyperdynamic circula-
tion is mainly caused by circulatory alterations in the splanchnic
area [50]. Thus, arteriolar vasodilatation would be a more loc-
alized event, whereas the elevation in arterial compliance 
may be more ‘systemic’ [48]. Arterial compliance may therefore
be an integral variable for vascular responsiveness, together with
the systemic vascular resistance. Changed dynamic and static
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Fig. 4 Illustration of arterial compliance
(COMPart) in healthy subjects and patients with
varying severity of cirrhosis. Arterial compliance
is a fundamental property of large arteries. By
definition, COMPart is a change in arterial blood
volume relative to a change in transmural
pressure [∆V/∆P(t)]. An index of COMPart is
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function of the arterial tree may contribute to the abnormal
reactions of volume and baroreceptors, and have implications
for the abnormal circulatory regulation and, potentially, for
therapy with vasoactive drugs. These aspects are, however, a
topic for further research.

In conclusion, arterial compliance is elevated in advanced 
cirrhosis. Besides a relation to age, body size, sex and the level 
of arterial blood pressure, arterial compliance is directly related
to the severity of cirrhosis and the hyperdynamic circulatory
derangement.

Dysregulation of vascular adaptation

The level of arterial blood pressure depends on the CO and 
the systemic vascular resistance. CO is primarily determined 
by venous return, heart rate and myocardial contractility. The
systemic vascular resistance is determined by blood viscosity
and the tone of the smooth muscle cells in the small arteries 
and arterioles, which are governed by complex local and central
neurohumoral factors [8]. The arterial blood pressure has a 
circadian rhythm, but is kept within its usual range by an arterial
negative feedback baroreceptor reflex and other regulatory 
systems [51]. A shifted and flat blood pressure–heart rate rela-
tion in patients with cirrhosis suggests that the regulation is
abnormal (see later).

Arteriolar vasodilatation may lead to the activation of SNS
and RAAS, increased non-osmotic release of vasopressin and
probably release of endothelins [2,3,8]. These systems may
counter-regulate the cirrhotic vasodilatation and keep the 
otherwise very low arterial blood pressure almost within the
normal range. Several studies have shown a relation between 
the degree of arterial hypotension in cirrhosis and the severity 
of hepatic dysfunction, signs of decompensation and survival
[9,52]. An abnormal diurnal variation in arterial blood pressure
and the immense activation of neurohumoral systems probably
contribute to the abnormal regulation and distribution of the
circulating medium and to sodium–fluid retention [51].

Volume distribution

Blood volume distribution

Patients with cirrhosis have increased blood and plasma volumes
[2,31]. The distribution of the blood in the various vascular 
beds is abnormal and relates to the severity of the disease [33].
Dynamic, as well as static, techniques have shown that the cen-
tral and arterial blood volume (mainly thoracic) is most often
decreased, whereas the non-central (especially the splanchnic)
blood volume is increased in patients with cirrhosis [31,34,53]
(Fig. 5). The effective arterial blood volume is decreased with

RH Lung LH

n-HCBV    4433 128 164

n-HCBV    3690 187 141

CBV    1470

Cirrhotic patients

RH Lung LH

CBV    1810

Control subjects

Fig. 5 Schematic presentation of the
differences in central (CBV), non-central 
(n-CBV) and heart blood volumes in patients
with cirrhosis and in control subjects. RH,
average right heart volume (i.e. the sum of the
mean right ventricular volume and the mean
right atrial volume); LH, average left heart
volume (i.e. the sum of the mean left
ventricular volume and the mean left atrial
volume). Note the increased n-CBV and the
decreased CBV and right heart volume in
cirrhosis. All volumes are expressed in mL.
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regard to the systemic circulatory derangement. Moreover, the
central circulation time (i.e. central blood volume relative to
CO) is substantially reduced and has a significant relation with
poorer survival in advanced cirrhosis [52,54].

Volume expansion

During volume expansion, most cirrhotic patients respond with
a further reduction in systemic vascular resistance rather than a
rise in arterial blood pressure [33,55]. Volume expansion by
relocation of the circulating medium, like isothermic head-out
water immersion, in principle provides the same volume changes
(central relocation) as in healthy subjects [7]. However, espe-
cially in decompensated cirrhosis, there may be a further fall in
the arterial blood pressure, owing to unloading of baroreceptors,
and renal salt–water excretion is prolonged and incomplete.

The infusion of oncotic material (albumin) in patients with
cirrhosis initially gives a fluid shift from the interstitial space
into the plasma volume with an expansion in the latter [55].
Albumin infusion is important in the prevention of postpara-
centesis circulating dysfunction and the circulatory dysfunction
of functional renal failure in chronic liver disease [38] (see
Chapters 7.5 and 7.6).

When considering volume expansion in terms of the severity
of the disease, certain differences become clear [33]. Irrespective
of severity, volume expansion produces an increase in the stroke
volume and CO. In early cirrhosis, there is a proportional
expansion in the central and non-central parts of the blood 
volume, whereas in late cirrhosis, expansion is mainly confined
to the non-central part, with a proportionally smaller increase 
in CO, probably because of cardiac dysfunction (cirrhotic car-
diomyopathy) and abnormal vascular compliance [33,55].

Volume and flow adaptation

Autonomic dysfunction

Evidence of autonomic defects in patients with chronic liver 
disease has emerged from various studies on haemodynamic
responses to standard cardiovascular reflex tests, such as the
Valsalva ratio, heart rate variability and isometric exercise
[16,24,56,57]. A high prevalence of autonomic dysfunction is
seen in cirrhosis with associations to liver dysfunction and 
survival [57]. The autonomic dysfunction may be temporary, as
a consequence of liver dysfunction, and may reverse after OLT.
Abnormal activity in the SNS, as well as vagal impairment, is
important for sodium–fluid retention. Blood pressure responses
to orthostasis are impaired, probably because of a blunted
baroreflex function [15,16]. Correction of autonomic dysfunc-
tion by captopril indicates that vagal dysfunction is partly caused
by neuromodulation by AII [58]. Canrenone, an aldosterone
antagonist, may normalize cardiac responses to postural changes
in compensated cirrhotic patients, which suggests that overactiv-
ity of RAAS plays a role [59].

The pathophysiological basis for the autonomic dysfunction
is unknown, but could be found within the central nervous 
system, although damage to the peripheral nerves or changes in
neurotransmission, in terms of postreceptor defects, may also be
important. At present, a multifactorial aetiology of autonomic
dysfunction in chronic liver disease seems most likely.

Homoeostasis of the arterial blood pressure

Potent vasodilators such as NO, CGRP, histamine, bradykinin
and serotonin have been implicated in the regulation of blood
pressure in chronic liver disease [8]. A significant inverse rela-
tion of the potent vasodilator adrenomedullin to arterial blood
pressure and ET suggests that these two vasoactive systems play a
role in blood pressure regulation in cirrhosis. NOS blockade
raises arterial blood pressure in cirrhotic rats. Inhibition of the
endocannabinoid CB1 receptor raises arterial blood pressure in
experimental cirrhosis, and anandamide from the monocytes 
of cirrhotic rats may contribute to the arterial hypotension
observed [30,60]. However, the significance of blood pressure
dysregulation in human cirrhosis awaits further studies.

The circulatory outcome of the decreased systemic vascular
resistance in cirrhosis is an increase in heart rate and CO and 
an expanded plasma volume with effective hypovolaemia
[6,34,61]. The arterial blood pressure is kept in the low normal
range, depending on the state of the disease, as a circulatory
compromise between vasodilating and counter-regulatory 
vasoconstricting forces affecting both vascular resistance and
compliance.

The arterial blood pressure possesses a circadian variation.
Twenty-four-hour determinations in cirrhotic patients show
that the systolic, diastolic and mean arterial blood pressures 
are substantially reduced during the day, whereas the values at
night are unexpectedly normal [51]. In cirrhosis, the drop from
daytime to nighttime and the rise from nighttime to daytime
show lower values than those in control subjects. It is known
from several diseases, such as uraemia and different types of
heart failure, that the circulation of patients classified as ‘non-
dippers’ is abnormally regulated. The combination of normal
blood pressure and increased heart rate at night suggests abnor-
mal regulation of the circulation in cirrhosis. Prolonged rest in
the supine position (as during sleep) may lessen the abnormal
distribution of the blood volume and improve the ability to
maintain a normal ‘sleeping’ arterial blood pressure, but only at
the cost of an increased heart rate and CO. The upright position
further aggravates central hypovolaemia, and normal arterial
blood pressure cannot be maintained, even when the heart rate
and CO are increased [14–16]. The negative correlation of the
arterial blood pressure with the Child score during the day and
at night confirms that the haemodynamic derangement is
related to the severity of the liver disease [52].

The low arterial blood pressure, the abnormal distribution 
of the circulating medium and the diurnal variation in arterial
blood pressure, and the marked activation of neurohumoral 
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systems contribute to the abnormal homoeostatic regulation in
patients with cirrhosis.

Homoeostasis of blood volumes

In cirrhosis, there is a progressive increase in vasopressor and
sodium–water-retaining systems from normal values to slightly
increased values in preportal hypertensive preascitic patients 
to highly increased values in ascitic patients and patients with
the hepatorenal syndrome [6,8,33,50]. However, mechanisms
and timeframes may differ from one patient to another and in
accordance with the aetiology of the cirrhosis. This is still an
important topic for future research.

The increased CO and plasma volume in cirrhosis should 
be considered secondary to the activation of neurohumoral
mechanisms consequent on arterial vasodilatation, low arterial
blood pressure and reduced central and arterial blood volume
[8]. However, a non-volume-dependent activation of the SNS
through hepatic reflexes, owing to portal hypertension, may
occur. This has been documented in animal experiments, and
there are indications of such a reflex in man [62]. Although 
the relative importance of non-volume-dependent sympathetic
activation and volume/arterial pressure-dependent activation 
of SNS and other neurohumoral systems has not been finally 
settled, the latter is probably by far the most important.

Concluding remarks and clinical
consequences

The cardiovascular dysfunction in chronic liver disease is
roughly related to the degree of portal hypertension and liver
failure and is more pronounced in patients with fluid retention
than in those without. The hyperdynamic circulation in cirrhosis
is part of a multiorgan failure and may significantly affect the
patient’s prognosis. Splanchnic vasodilation in relation to portal
hypertension is responsible for the increased CO and abnormal
distribution of blood volume, with a reduced ‘effective arterial
blood volume’ and activation of baroreceptor and volume
receptor reflexes as the outcome. The enhanced vasodilation and
counter-regulatory overactivity of vasoconstrictor systems play
a major role in the development of the multiorgan failure in 
cirrhosis with impaired function and perfusion of kidneys,
lungs, brain, skin and muscles. The cardiac function in cirrhosis
is disturbed, with an increase in the CO, heart rate and stroke
volume. Cardiac function is often impaired, owing to the pres-
ence of cirrhotic cardiomyopathy. The cirrhotic heart is both
hyperdynamic and dysfunctional, and strain may unmask latent
heart failure.

Although major questions still remain to be solved, the circu-
latory and neuroendocrine derangements play important roles
in the clinical aggravation, renal disorders with sodium–water
retention, hepatopulmonary dysfunction and circulatory react-
ivity. This aspect is important to take into account in the clinical
handling of the patient and the assessment of the prognosis. At

the moment, OLT is the only ultimate treatment, but studies 
of specific neuroendocrine agonists and antagonists show 
promising results, and these agents have a potential as future 
pharmacotherapy in the circulatory derangement, especially in
cirrhosis.
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Introduction

The liver is involved in the metabolism of many steroid and 
peptide hormones. It synthesizes plasma hormone binding 
proteins whose levels influence plasma hormone levels and 
their tissue distribution. It is a major target tissue for many hor-
mones, and it produces hormones (for example insulin-like
growth factor-1, IGF-1) that influence the synthesis and secre-
tion of hormones by other endocrine glands. It is therefore 
not surprising that the metabolic disturbance of liver disease
may cause abnormalities of neuroendocrine function and 
circulating hormone levels. Moreover, some liver disorders, 
particularly those with an autoimmune basis, may be associated
with endocrine disorders (for example autoimmune thyroid 
disease).

Abnormalities of circulating hormone levels may be due to
impaired hepatic metabolism of a hormone, to a compensatory
increase in hormone production because of tissue resistance to
its action, to abnormalities of plasma hormone binding pro-
teins, or to effects of liver disease or its treatment on hormone
secretion. The hepatologist needs to be aware of the effect of liver
disease on the endocrine system and plasma hormone levels to
enable him or her to interpret the results of endocrine tests 
correctly. In addition, it is important to recognize that certain
endocrine presentations, such as hypogonadism or glucose
intolerance, may be due to liver disease and may be the present-
ing complaint.

Glucose intolerance and diabetes in
liver disease

The liver plays a key role in glucose and insulin metabolism. In
the postabsorptive and fasted states it releases glucose (derived
from glycogen or gluconeogenesis) into the circulation for use
by other tissues. After meals it switches from net glucose pro-
duction to net glucose uptake, and stores glucose (taken up from
plasma or synthesized by gluconeogenesis) as glycogen. It thus
helps to limit the rise in plasma glucose levels after carbohydrate
ingestion while ensuring a supply of glucose to extrahepatic 

tissues in the postabsorptive and fasted states. The liver is also
the major site of insulin metabolism; about 60% of the insulin
secreted into the portal vein is removed by the liver on first pass
[1]. It is thus not surprising that abnormalities of glucose and
insulin metabolism are found in patients with liver disease. The
role of the liver in carbohydrate and insulin metabolism is 
discussed in detail in Chapter 3.2.

Prevalence of impaired glucose tolerance and
diabetes in liver disease

Most patients with cirrhosis show impaired glucose tolerance
despite normal fasting blood glucose levels, and there is a higher
prevalence of overt diabetes mellitus in cirrhotics than in the
general population. Glucose intolerance is also common in
patients with acute viral hepatitis [2], fatty liver [3], autoim-
mune chronic active hepatitis [4], and toxic liver damage [5].
Increased blood glucose levels are also seen after meals in
patients with liver disease [6].

The prevalence of impaired glucose tolerance in cirrhosis
depends on the diagnostic criteria used and the type of patients
studied. Using WHO criteria [7], impaired oral glucose toler-
ance is found in 60–80% of patients with cirrhosis (Fig. 1).
Intravenous glucose tolerance is traditionally assessed by mea-
suring the rate at which the blood glucose falls after an intra-
venous bolus of glucose. The results are expressed as the slope of
the logarithm of blood glucose concentration against time (KG).
Most studies have shown a lower KG value in cirrhotic patients
than in matched controls [8,9], even when patients with fasting
hyperglycaemia are excluded [8]. In cirrhotics with normal fast-
ing glucose levels, a good correlation was found between KG

(intravenous glucose tolerance) and oral glucose tolerance. A
direct correlation was also found in the 145 cirrhotic patients
studied by Conn et al. [10], although the inclusion of patients
with overt diabetes mellitus might have strengthened the rela-
tionship in their study. Like diabetic patients without liver 
disease, cirrhotic patients with fasting hyperglycaemia (whole
blood glucose > 6.7 mmol/L) have a KG value of less than 1.0%
per min (Fig. 2) [10].
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The prevalence of diabetes in cirrhotics is two to four times
higher than that seen in the general population [11], a relation-
ship not explained by the high prevalence of diabetes mellitus in
haemochromatosis as this is an uncommon cause of cirrhosis.
Bloodworth [12] analysed 27 050 consecutive autopsies per-
formed between 1937 and 1960 and found diabetes in 5.6% of
cirrhotics compared with 3.0% in the general population; for the
autopsies performed between 1955 and 1960 the corresponding
figures were 12% and 5.5%. These figures are in accord with the
results of numerous clinical studies reviewed by Creutzfeldt 
et al. [11]. In populations with a high prevalence and incidence
of type 2 diabetes, the frequency of diabetes in cirrhosis may be
as high as 40% [13]. It is not clear whether diabetes is associated
with cirrhosis of a particular aetiology (other than haemochro-
matosis). In many early studies alcoholic, biliary, and autoim-
mune cirrhosis were all included as ‘nutritional cirrhosis’. 
Most studies have been retrospective and inevitably suffer from

selection bias. Information on alcohol consumption, use of 
diabetogenic medications, the presence of a family history of
diabetes, and on the criteria used for the diagnosis of diabetes 
is either lacking or inadequate. Some studies have suggested a
stronger association between diabetes and alcoholic cirrhosis
[13]. However, Blanco et al. [14] found the prevalence of glucose
intolerance to be similar in alcohol-abusing and non-abusing
cirrhotics. In a study of 401 cirrhotic patients the main risk 
factors for glucose intolerance were severity of liver disease, a
family history of diabetes, and age [14]. Muller et al. [15] found
no increase in the prevalence of diabetes in cirrhotics with a 
first-degree type 2 diabetic relative. Their ‘diabetic’ cirrhotics,
however, had normal fasting blood glucose concentrations, and
the number of cirrhotics with a known diabetic relative was
small. In patients with cirrhosis due to haemochromatosis, dia-
betes is more common in those who have a first-degree relative
with diabetes.

Fig. 1 Blood glucose, serum insulin, and C-peptide levels after an overnight
fast and after ingestion of 75 g glucose at t = 0 min in seven non-diabetic
cirrhotic patients (�), eight diabetic cirrhotic patients (�), and eight normal
control subjects (�). Mean ± SEM. (Reproduced from ref. 33, with
permission.)

Fig. 2 Blood glucose and serum insulin levels after intravenous glucose 
(0.3 g/kg) at t = 0 min and intravenous tolbutamide (300 mg) at t = 20 min
in 12 non-diabetic cirrhotic patients (fasting blood glucose < 6.7 mmol/L)
(�), eight diabetic cirrhotic patients (�), and 10 normal control subjects (�).
Mean ± SEM. (Reproduced from ref. 2, with permission.)
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Overview of glucose metabolism and
mechanisms of hyperglycaemia (see Chapter 2.3.2)

In the postabsorptive and fasted states, the liver releases glucose
for use by other tissues. At rest this rate is approximately 
2 mg/kg/min and is matched by a similar rate of tissue glucose
uptake; insulin levels are low, and 75–85% of this basal glucose
uptake is insulin independent. Brain accounts for most of this
and skeletal muscle for only 15–20%.

Because insulin plays only a small role in promoting tissue
glucose uptake in the fasted state, an impairment of insulin-
mediated glucose uptake by muscle has little effect on fasting
glucose levels. Fasting hyperglycaemia is primarily due to hepatic
overproduction of glucose [16]. Most cirrhotics have normal
basal glucose production rates and fasting glucose levels despite
marked insulin resistance [17,18]. Diabetic cirrhotics with fast-
ing hyperglycaemia have increased basal hepatic glucose pro-
duction [19] which is due largely to their marked impairment 
of insulin secretion (see below); hepatic insulin resistance and
hyperglucagonaemia may also contribute to the increased hep-
atic glucose production in diabetic cirrhotics.

Insulin stimulates glucose uptake by skeletal muscle, heart
muscle, and adipocytes. It also enhances hepatic glucose uptake
by its effects on certain liver enzymes. In other tissues, glucose
uptake is not influenced by insulin. After meals or glucose inges-
tion, the rise in insulin levels suppresses glucose output by 
the liver and markedly stimulates glucose uptake by muscle; the
accompanying rise in glucose levels enhances glucose uptake (by
mass action) by insulin-dependent and non-insulin-dependent
tissues (other than brain). Hyperglycaemia also helps to sup-
press hepatic glucose output. Skeletal muscle takes up about 
50–60% of an oral glucose load; the liver accounts for 20–35%.

Most cirrhotics are resistant to the effects of insulin on glucose
metabolism. Glucose disposal during a hyperinsulinaemic glu-
cose clamp (see Chapter 2.3.2) is about 50% lower in cirrhotics
than in normal subjects [10,18]. This is mainly due to dimin-
ished muscle glucose uptake and storage as glycogen [20].
Skeletal muscle insulin insensitivity is the main cause of glucose
intolerance in non-diabetic cirrhotics, although portosystemic
shunting also plays a role by causing a small increase in the
amount of glucose entering the systemic circulation, particularly
during the first 30 min after glucose ingestion; inhibition of 
hepatic glucose output is normal. These factors are discussed 
in Chapter 2.3.2. Insulin secretory abnormalities also contribute
to glucose intolerance in non-diabetic cirrhotics. In diabetic 
cirrhotics there are striking abnormalities of insulin secretion
and the ability of glucose per se to promote tissue glucose uptake
and inhibit hepatic glucose output (‘glucose effectiveness’) is
impaired [10]. In diabetic cirrhotics not only is there a further
impairment of muscle glucose uptake but also less inhibition of
hepatic glucose output, resulting in an even greater glucose load
entering the systemic circulation and hence marked hypergly-
caemia (Fig. 1).

The total amount of glucose taken up by muscle after a glu-
cose load may be similar to that of normal subjects because later
during the glucose tolerance test the higher plasma glucose levels
and much higher insulin levels compensate for the insulin resis-
tance (Fig. 1).

Insulin secretion and clearance in liver 
disease

Fasting and postprandial plasma insulin levels are raised in
nearly all patients with cirrhosis, including those with diabetes
[8,10,17–22]. In cirrhotics hepatic extraction of insulin falls
[22,23]. In hyperinsulinaemic cirrhotics with portal hyperten-
sion arterial serum insulin levels exceeded those in the hepatic
vein [23]. This suggests that extrahepatic shunting allows a large
amount of secreted insulin to escape initial hepatic removal. The
observation that the insulin clearance defect is more marked 
for secreted insulin [22] or insulin infused into the portal vein
[24] than for insulin infused into the systemic circulation also 
suggests that reduced first-pass hepatic uptake of insulin due to
portosystemic shunting is important.

Studies using serum C-peptide levels and the C-peptide:insulin
molar ratio (during steady state) as indices of pancreatic insulin
secretion and hepatic insulin extraction, respectively (see
Chapter 2.3.2), have indicated that both hypersecretion and
decreased clearance contribute to the fasting and postprandial
hyperinsulinaemia of cirrhosis [22]; decreased clearance is
quantitatively more important. Measurements of C-peptide
(the clearance of which is normal in cirrhosis [22]) and insulin
secretion rates have drawn attention to the importance of
insulin secretory defects in the glucose intolerance of cirrhosis 
as well as in the aetiology of overt diabetes.

Insulin secretion in non-diabetic cirrhotics 
(see Chapter 2.3.2)
Non-diabetic cirrhotics have increased insulin responses to glu-
cose, and to secretagogues such as arginine and sulphonylureas.
The insulin hypersecretion appears to be due to an increase 
in the maximal secretory capacity [25] and is thus similar to 
the islet adaptation found in normoglycaemic insulin-resistant
obese subjects [26]. Cirrhotics with high insulin secretion rates
to intravenous glucose have better oral and intravenous glucose
tolerance than cirrhotics with ‘normal’ secretion rates [10,22].

For normal glucose tolerance, both the total amount of insulin
secreted and the timing are important [27]. Insulin secretion is
normally much higher after oral than intravenous glucose [28].
This ‘incretin’ effect of oral glucose is due in part to release 
of glucose-dependent insulinotropic peptide and glucagon-like
peptide-1 [7–36 amide] from the gut during glucose absorption
[29]. These gut hormones may also be important for augment-
ing the early insulin response to oral glucose (i.e. before a
marked increase in plasma glucose levels) [30]. Cirrhotics show
less enhancement of insulin secretion with oral glucose relative
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to the intravenous route, and by contrast with normal subjects
show a good correlation between insulin secretion rates after
oral and intravenous glucose [22]. Many have a blunted early 
C-peptide response to oral glucose [21,22,30] which may con-
tribute to their glucose intolerance (see Chapter 2.3.2).

The reduced ‘incretin effect’ and blunted early C-peptide
response is not due to reduced secretion of glucose-dependent
insulinotropic peptide and glucagon-like peptide-1 [7–36
amide]; fasting levels of both are higher in cirrhotics than 
controls, and both rise to higher levels after oral glucose [31]. It
is possible that some cirrhotics are resistant to the action of these
gut hormones. A parasympathetic autonomic neuropathy which
is common in cirrhosis [32] could also explain the blunted early
insulin response to oral glucose; insulin secretion is delayed and
glucose tolerance impaired after truncal vagotomy.

Most studies have contained many alcoholic cirrhotics.
Chronic alcohol abuse may result in a reversible impairment 
of insulin secretion; it may also be associated with significant
hyperinsulinaemia in the absence of cirrhosis or impaired 
glucose tolerance. However, the insulin secretory abnormalities
are not confined to alcoholic cirrhotics. Furthermore, they 
may be found in patients who have abstained from alcohol for
many months or years. The possibility that the abnormality is
secondary to malnutrition or potassium depletion should also
be considered, as correction of these abnormalities may improve
glucose tolerance (see also Chapter 2.3.2).

Insulin secretion in diabetic cirrhotics
Diabetic cirrhotics (i.e. with fasting hyperglycaemia) have a
marked impairment of insulin secretion to oral and intravenous
glucose [10] (Figs 1 and 2). More of their serum immunoreac-
tive insulin is due to proinsulin and its derivative des-31,32-
proinsulin, which may account for up to 15% of measured
‘insulin’ [33]. Insulin secretion in response to a sustained intra-
venous glucose stimulus is normally biphasic, a rapid rise in
insulin within 1–3 min of a rise in glucose level (first phase), 
followed by a return to baseline by 6–10 min, and then a gradual
increase (second phase). Once the fasting blood glucose rises
above 6.7 mmol/L, cirrhotics lose their first-phase insulin
response to an intravenous glucose stimulus [10], they may have
a prompt insulin response to other secretagogues such as intra-
venous tolbutamide or arginine, although this is lower than 
in non-diabetic cirrhotics [10] (Fig. 2). More marked fasting
hyperglycaemia is associated with loss of the insulin response to
intravenous tolbutamide as well. Measurement of insulin and 
C-peptide during sequential hyperglycaemic clamps at 12, 19,
and 28 mmol/L glucose, and in response to a maximally stimul-
ating dose of arginine at each of these glucose levels, suggested 
a marked decrease in maximal insulin secretory capacity [25].
Cirrhotics with little insulin response to non-glucose secreta-
gogues require insulin for control of their diabetes, whereas
those with a good insulin response to tolbutamide can usually be
well controlled on sulphonylureas.

The genesis of diabetes mellitus in cirrhosis

Insulin resistance is not sufficient for the development of overt
diabetes in cirrhosis. A defect of insulin secretion is also
required. This is very similar to findings in type 2 diabetes. 
In some patients this defect of insulin secretion (see above) may
arise from alcoholic damage to the pancreas, in which case 
diabetes may develop in the absence of significant liver disease 
or peripheral tissue insulin resistance. However, alcoholic pan-
creatic damage probably accounts for only a small proportion 
of cirrhotic patients who develop diabetes because most of these
patients have hyperglucagonaemia, fasting and in response to
arginine (see below); alcoholic pancreatic damage characterist-
ically causes impaired glucagon secretion [34]. Insulin deficiency
may also be due to autoimmune destruction of islet β-cells 
(type 1 diabetes) or to pancreatic islet iron deposition and 
islet β-cell loss in patients with haemochromatosis [35]. Most
patients with cirrhosis who develop diabetes probably have a
genetic predisposition to type 2 diabetes. The higher prevalence
of diabetes in cirrhotics with a family history of diabetes sup-
ports this view [14]. The abnormalities of insulin secretion
found in diabetic cirrhotic patients are very similar to those
found in patients with type 2 diabetes mellitus.

Prospective studies of normoglycaemic first-degree relatives
of type 2 diabetic patients, and studies in some populations at
high risk for type 2 diabetes, have shown that insulin resistance
and hyperinsulinaemia in non-diabetic subjects are predictive 
of subsequent diabetes [36]. It is thought that insulin resistance
induces a compensatory increase in insulin secretion and hyper-
insulinaemia to maintain normal glucose metabolism but that
diabetes eventually develops when insulin secretion becomes
impaired. It is not clear whether normal islets can fail after 
prolonged insulin resistance or whether a coexistent islet defect
is necessary. The finding of subtle abnormalities of insulin 
secretion in non-diabetic relatives of type 2 diabetic patients
supports the latter hypothesis [36]. It would seem that as in 
type 2 diabetes, insulin insensitivity in patients with cirrhosis
eventually leads to islet β-cell failure in those with a genetic 
predisposition to diabetes. Other factors, such as the effects of
alcohol or cytokine production on pancreatic islet function, may
also be important.

Management of diabetes in patients with 
liver disease

There have been no controlled studies of the short- and long-
term benefits of different treatment regimes for patients with
cirrhosis who also have diabetes, and there is a need for studies
in this area. Patients with hyperglycaemia of sufficient severity 
to cause symptoms clearly require control of their diabetes.
Diabetic cirrhotics with a good long-term prognosis are at risk 
of long-term microvascular and macrovascular complications
of diabetes. There are no good data on the prevalence of these
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complications in cirrhotics with overt diabetes. In a study of 
72 patients with diabetes and haemochromatosis aged 20 to 
70 years (mean 48 years), 12 (14%) had a history of ischaemic
heart disease compared to two of 43 patients with haemochro-
matosis without diabetes (4.7%). Diabetic retinopathy is com-
mon in diabetic haemochromatotic patients, and nephropathy
and neuropathy also occur. Diabetic complications are also 
frequent in patients who have autoimmune liver disease 
and insulin-dependent diabetes. Retinopathy, neuropathy,
nephropathy, and macrovascular disease (ischaemic heart dis-
ease/strokes) are seen in diabetic patients who develop cirrhosis,
but these complications appear to be uncommon in cirrhotics
who develop diabetes. It may be that the natural history of 
cirrhosis is such that there may be insufficient time for the devel-
opment of these complications. Kingston et al. [13], in a study 
of 49 diabetic cirrhotics (mainly due to hepatitis B), found 
neuropathy in 37% and background retinopathy in 18%. 
An angiographic study found a 27% prevalence of moderate 
or severe coronary artery disease in 37 patients over the age of 
50 with endstage liver disease undergoing liver transplantation;
diabetes was the most important risk factor [37]. The incidence
of renal dysfunction after liver transplantation may be greater 
in diabetic patients [38]. Thus, with more patients being consid-
ered for liver transplantation more attention needs to be given to
the prevention of these long-term complications of diabetes.

Diabetic patients undergoing liver transplantation have an
increased risk of bacterial and fungal infections [38]. Good 
diabetic control should diminish this risk. In patients with
severe liver disease who are not candidates for liver transplanta-
tion, the risk of long-term diabetic micro- and macrovascular
complications is not a primary consideration. However, there
are good reasons for attempting to achieve good glycaemic 
control. First, diabetes will be associated with enhanced mobili-
zation of adipose tissue fatty acids, and increased muscle protein
catabolism, as well as impaired tissue glucose utilization and
hyperglycaemia. Thus decreased effective tissue insulinization
might play a major role in the asthenia and tissue wasting that
are prominent features in many patients with chronic liver 
disease. Secondly, poorly controlled diabetes will predispose to
infection, particularly fungal infection.

Many cirrhotics have a normal fasting blood glucose level but
a 2-h blood glucose after oral glucose consistent with a diagnosis
of diabetes according to WHO criteria [7]. Serum insulin levels
in these patients are often very high, due to a combination of
delayed hypersecretion and decreased clearance. Symptomatic
reactive hypoglycaemia 3–4 h after an oral glucose load is com-
mon in this group. At present there is no evidence that these
patients will benefit from attempts to lower their postprandial
blood glucose levels, although those with reactive hypogly-
caemia will respond to dietary measures.

Patients with postprandial hyperglycaemia and only minor
increases in fasting blood glucose concentration should be
treated initially by a trial of diet. Since decreased tissue sensitiv-

ity to insulin and impaired insulin secretion are associated with
diets in which the carbohydrate content is restricted to below 
40% of energy, it is recommended that the carbohydrate 
intake should be between 45 and 55% of energy as tolerated.
This should be in the form of complexed carbohydrates with low 
glycaemic indices and rich in soluble fibre. Foods such as pulses,
oats, barley, and pasta are recommended. Small quantities of
sucrose (less than 30 g/day) may be permitted as part of a mixed
meal, but should be avoided in the form of rapidly absorbed
drinks. Such a high carbohydrate/low glycaemic index diet, rich
in soluble fibre, has been shown to lower the glucose and insulin
responses to meals in cirrhotic patients. The diet should be 
low in saturated fat (less than 10% of total energy), and with a
polyunsaturated/saturated fatty acid ratio of 1.0 or more. The
intake of total fat should be about 30–35% of total energy. In
countries where the intake of olive oil is traditionally high, a
higher intake of fat is permissible, providing this is in the form of
mono- and polyunsaturated fatty acids. These recommendations
with respect to the lipid composition of the diet, as well as being
associated with decreased cholesterol and triglyceride levels in
diabetic patients, may also improve glycaemic control, perhaps
by increasing the sensitivity to insulin.

In the event of dietary failure (persistent postprandial blood
glucose elevation with levels of 6.0 mmol/L or greater before 
the next meal) consideration should be given to additional 
measures. The two options available are treatment with an oral
hypoglycaemic agent or with insulin. Since about 55–60% of 
the digestible carbohydrates in modern western diets are in the
form of polysaccharides (starch), inhibitors of small intestinal
α-glucosidases, such as acarbose, may be tried to delay carbohy-
drate absorption. These agents have no effect on fasting blood
glucose levels but cause a dose-dependent reduction in post-
prandial blood glucose and insulin levels. Side-effects including
flatulence, diarrhoea, and abdominal pain are dose dependent
but tend to diminish with time. Treatment should be started
with small doses (25 mg with each of the three main meals).
Acarbose has little effect on the blood glucose response to inges-
tion of monosaccharides and disaccharides, and it is important
therefore that patients adhere to the dietary guidelines discussed
above (i.e. intake of complexed carbohydrate) if acarbose is to be
effective.

Biguanides (metformin) should be avoided in patients with
liver disease, particularly those who are at risk of acute com-
plications (bleeding, renal impairment, sepsis) because of the
risk of lactic acidosis. Sulphonylureas are generally well tolerated
but should be used cautiously especially in alcoholic patients
and in patients with inadequate and erratic food intake.
Hypoglycaemia is the most important adverse effect. As most
sulphonylureas are metabolized by the liver their plasma half-
life may be considerably prolonged, thus increasing the risk of
hypoglycaemia. Although glibenclamide has a plasma half-life of
only 2 to 3 h, it is an important cause of prolonged hypogly-
caemia (2–3 days) with a risk similar to that of chlorpropamide
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[39]. Fatal cases have been reported with doses as low as 2.5
mg/day. The reasons for the prolonged hypoglycaemic effect of
glibenclamide are unclear, but it may be due to an uncharacter-
ized active metabolite or accumulation of the drug in pancreatic
islets. The very slow intestinal absorption of the drug will also
result in prolonged exposure. Glibenclamide is thus best
avoided in patients with liver disease.

Tolbutamide and glipizide, which are both short acting,
rapidly absorbed, and have a low risk of hypoglycaemia when
used in standard doses, are probably the sulphonylureas of
choice in patients with liver disease. Tolbutamide has a short
duration of action (6–10 h), but may aggravate the tendency to
water retention; glipizide or gliclazide (both longer acting) are
alternatives that are usually well tolerated.

The decision to start insulin, when sulphonylureas are ineffec-
tive or poorly tolerated, will depend on the therapeutic targets
set for any particular patient. Good self-monitoring of blood
glucose concentration is of paramount importance. As fasting
blood glucose concentrations are often only modestly raised,
these patients may be best managed by a regime of multiple
injections of a short-acting insulin 30–45 min before each 
main meal; an intermediate-acting insulin may then be intro-
duced before the evening meal or at bedtime in accordance with
the blood glucose response. Patients with liver disease appear 
to be more prone to fasting and nocturnal hypoglycaemia in
association with intermediate-acting insulins. However, this is
poorly documented in formal clinical studies. Also unclear is the
extent to which hormonal and physiological counter-regulatory
mechanisms are disturbed in patients with liver disease and
whether the glucose threshold for development of neurogly-
copenic symptoms is affected by coexistent liver disease. Studies
addressing these issues would help in the clinical management of
these patients.

Glucagon

Fasting plasma glucagon levels are increased two- to sixfold in
cirrhotic patients and they show a greater rise in glucagon 
levels after intravenous arginine [40] and in response to a 
protein meal. Extremely high plasma glucagon levels may be
found in patients with fulminant hepatic failure. Unlike insulin,
glucagon is cleared mainly by the kidney; the portal:peripheral
glucagon concentration ratio is much lower than for insulin and
it has been estimated that first-pass hepatic glucagon extraction
is only about 15–25% [41]. Thus, while diminished glucagon
clearance might contribute to the higher fasting plasma glucagon
levels in cirrhotics, it cannot (given the low first-pass hepatic
extraction of glucagon) explain the greater rise in glucagon levels
that is seen within 5 min of an intravenous arginine bolus. In
keeping with the lower hepatic extraction ratio for glucagon
than for insulin, Sherwin et al. [41] showed that the metabolic
clearance rate of infused glucagon was normal in cirrhotics 
with and without portacaval shunts, and they concluded that the

hyperglucagonaemia of cirrhosis was due to increased glucagon 
secretion. However, plasma glucagon levels were higher in their
patients with surgical portocaval shunts or large varices on
endoscopy than in patients without evidence of portal systemic
shunting, who had normal glucagon levels. An increase in
glucagon levels in cirrhotics after portocaval anastomosis was
also reported by Dudley et al. [42]. These observations led to 
the idea that portosystemic shunting in cirrhosis is the major
factor that leads to increased pancreatic glucagon secretion 
and hyperglucagonaemia. Studies in rats would support this
view: hyperglucagonaemia due to increased glucagon secretion
develops after portal vein ligation [43] or portaocaval anasto-
mosis [44] in the absence of cirrhosis. However, normal
glucagon levels were found in non-cirrhotic patients with portal
vein block and extensive collaterals or surgical portosystemic
shunts, and some consider hepatocellular function to be the
major determinant of increased plasma glucagon levels [45].

Plasma glucagon levels in normal subjects are suppressed after
glucose ingestion or during an intravenous glucose infusion.
Both hyperglycaemia and hyperinsulinaemia mediate this sup-
pression. The acute glucagon response to intravenous arginine 
is also progressively attenuated as plasma glucose (and hence
insulin) levels are raised. In cirrhotic patients this regulation of
basal and stimulated glucagon levels by glucose and insulin is
disturbed. In response to oral glucose ingestion, or a moderate
increase in plasma glucose levels achieved by intravenous glu-
cose administration, the fall in plasma glucagon levels is often
less than in controls despite higher insulin and glucose levels
[31,40,42].

Failure to achieve complete suppression of plasma glucagon
levels by hyperglycaemia in many of the earlier studies may have
been due in part to an increased contribution of enteroglucagon
(molecular weight of approximately 9000 Da) to plasma
immunoreactive glucagon in cirrhosis [42]. Enteroglucagon
cross-reacts in many glucagon assays and does not undergo
acute changes in response to changes in blood glucose concen-
tration or when glucagon secretion is stimulated by amino acids.
However, even when a specific antiglucagon antibody is used,
impaired suppression of glucagon levels by hyperglycaemia is
found [40]. Complete suppression of fasting glucagon levels can
be achieved at very high glucose levels (c. 28 mmol/L); however,
while there is a progressive decrease in the acute glucagon
response to arginine with increasing glucose concentrations, the
acute response to intravenous arginine remains higher than in
normal subjects even when measured at a blood glucose concen-
tration of 28 mmol/L [40].

Fasting and stimulated glucagon levels may be much higher 
in diabetic cirrhotic patients than in matched non-diabetic 
cirrhotics [31,40]. Suppression of basal plasma glucagon levels,
and the acute glucagon response to intravenous arginine by
hyperglycaemia is markedly impaired in diabetic cirrhotics [40].
Impaired insulin secretion and chronic hyperglycaemia could
explain the more marked abnormalities of glucagon secretion in
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Fig. 3 Growth hormone (GH) secretion is regulated by hypothalamic
hormones: somatostatin inhibits and growth hormone-releasing hormone
(GHRH) stimulates GH secretion. The growth effects of GH are mostly
indirect and mediated via insulin-like growth factor-1 (IGF-1). The liver is the
main source of circulating IGF-1. IGF-1 inhibits GH secretion by inhibiting
the release of GHRH and the pituitary response to this peptide. GH secretion
is enhanced by stress, exercise, hypoglycaemia, and certain amino acids, and
inhibited by increased levels of fatty acids, ketone bodies, and glucose.
Increased GH levels in liver disease may be partly due to impaired IGF-1
production. GH has direct metabolic effects. Many of these are ‘anti-
insulin’. The high GH levels in cirrhosis may contribute to insulin resistance.
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the diabetic cirrhotics by comparison with cirrhotics without
diabetes, as similar abnormalities are found in those with type 
2 diabetes mellitus, in whom they are improved by insulin 
therapy.

The mechanism for increased glucagon secretion in cirrhosis
is unclear. Glucagon secretion is increased in non-diabetic 
cirrhotics despite increased circulating levels of insulin
[8,10,11,14,17–19,21–23,30], somatostatin, and glucagon-like
peptide-1 [7–36 amide] [30] which, together with glucose, are
the main inhibitors of islet α-cell glucagon secretion. However,
gastric inhibitory polypeptide levels are increased in cirrhosis
[30,31], and in cirrhosis the glucagonsecreting α-cells may be
more sensitive to the stimulatory effects of gastric inhibitory
polypeptide. The enhanced glucagon secretion has also been
attributed to increased ammonia levels in cirrhosis. Marchesini
et al. [46] reported increased plasma glucagon levels in cirrhotics
after intravenous administration of ammonium salts, but no
such increase was found by others. Although fasting glucagon
levels correlate with plasma ammonia levels, Kabadi and col-
leagues suggested that the increased glucagon levels may in part
explain the elevated plasma ammonia levels rather than vice
versa [47]. Another theory put forward to explain glucagon
hypersecretion in cirrhosis or liver failure is deficiency of a factor
produced by the liver that normally inhibits glucagon secretion
by islet α-cells. Secretion of this factor is believed to increase
with increasing liver glycogen content. However, the further
enhancement of glucagon secretion in cirrhosis by the presence
of diabetes does not support this hypothesis because diabetic
patients (normal or cirrhotic) characteristically have increased
liver glycogen content, particularly when poorly controlled (see
Chapter 20.9).

The significance of the abnormalities of glucagon secretion
for hepatic glucose and amino acid metabolism in cirrhosis 
is unclear. Cirrhotic patients appear relatively resistant to the
effects of glucagon: the rise in plasma cyclic AMP and glucose
[48] and hepatic glucose output in response to intravenous
glucagon are impaired (see Chapter 2.3.2). Furthermore, in 
cirrhosis there is impaired stimulation of gluconeogenesis [41]
and urea synthesis by glucagon, and resistance to its haemody-
namic effects. While low hepatic glycogen stores may account
for a smaller output of glucose from the liver in response to an
intravenous bolus or infusion of glucagon, chronically elevated
glucagon levels may also impair the acute response through
downregulation of glucagon receptors [49] and postreceptor
signalling mechanisms [50]. Increased basal glucagon levels may
be necessary for maintenance of normal fasting glucose levels 
in cirrhosis (Chapter 2.3.2) but do not appear to play a role in
glucose intolerance. This may not be true in overtly diabetic 
cirrhotics in whom increased glucagon secretion and lack 
of suppression by hyperglycaemia may contribute to their im-
paired suppression of hepatic glucose production and hyper-
glycaemia [51]. These issues are discussed in Chapter 2.3.2. 
The role of glucagon in the splanchnic hyperaemia and portal
hypertension of cirrhosis is discussed in Chapter 7.2.

Growth hormone

Normal physiology

Growth hormone is a polypeptide of 191 amino acids in humans
(molecular weight 21 500). About 5–15% of circulating growth
hormone is due to a biologically less-active 176-amino-acid 
isoform. Secretion of growth hormone from the anterior pitu-
itary is under the influence of hypothalamic regulatory peptides
(Fig. 3). Growth hormone-releasing hormone increases growth
hormone synthesis and release; somatostatin inhibits growth
hormone release. A number of other peptides synthesized and
released from the hypothalamus may also stimulate growth hor-
mone secretion, independently of growth hormone releasing
hormone, by interacting with specific receptors on the pituitary
somatotrophs, but their physiological role is at present unclear.
Insulin-like growth factors which mediate many of the growth
effects of growth hormone inhibit both the hypothalamic release
of growth hormone-releasing hormone and the pituitary
response to this peptide, thus providing a feedback control of
growth hormone secretion. In this respect insulin-like growth
factor-1 is considerably more potent than insulin-like growth
factor-2. Growth hormone itself stimulates somatostatin release
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from the hypothalamus and increases local pituitary produc-
tion of insulin-like growth factor-1, thus providing possible
short-loop autocrine or paracrine feedback control of its own 
secretion. Many neuropeptides, neurotransmitters, peripheral
hormones, and metabolites modulate growth hormone secre-
tion. It is stimulated by stress, fasting, exercise, hypoglycaemia,
and certain amino acids, especially arginine. A rapid fall in plasma
levels also stimulates growth hormone release. Conversely,
growth hormone secretion is suppressed in normal individuals
by a glucose load, and by elevated plasma non-esterified fatty
acid levels. Thyroid hormones play an important role in the 
regulation of growth hormone synthesis and secretion; growth
hormone responses to hypoglycaemia, sleep, and arginine are
impaired in patients with hypothyroidism. High levels of corti-
costeroids also impair growth hormone secretion, possibly by
increasing hypothalamic release of somatostatin.

Growth hormone secretion is pulsatile with a periodicity of 
3–4 h. Between pulses, serum growth hormone falls with a half-
life of approximately 15–20 min to very low levels (<0.5 mU/L
(<0.25 µg/L)). Physiological modulation of growth hormone
secretion is achieved by variation in the amplitude rather than
the frequency of pulses, although both amplitude and frequency
increase at puberty and decline after the age of 40 years. Pulses
are higher during the first part of the night during deep sleep, 
so that about two-thirds of growth hormone secretion occurs
during the 12-h overnight period. The liver, and to a lesser
extent the kidney, are the main sites of growth hormone 
clearance, although there is some uncertainty as to their relative
contributions. Hepatic growth hormone clearance is receptor
mediated; about 10–20% of the growth hormone delivered 
to the liver is removed during a single trans-hepatic passage.
Estimates of the contribution of the liver to total growth hor-
mone clearance vary between 50–95%.

Growth hormone in serum associates with a specific high-
affinity binding protein, which is identical to the extracellular
domain of the growth hormone receptor, from which it is
derived (in man) by proteolytic cleavage [52]. Since the liver is
the tissue with the highest abundance of growth hormone 
receptors, the liver is also the major source of growth hormone
binding protein, and plasma growth hormone binding protein
levels reflect hepatic growth hormone receptor status. In contrast
to the marked variations in growth hormone concentrations due
to pulsatile secretion, growth hormone binding protein levels
are relatively constant [53]. Normally, serum growth hormone
binding protein concentrations are similar to basal growth hor-
mone levels and some 30–50% of circulating growth hormone is
bound. The molecular size of the growth hormone–growth hor-
mone binding protein complex (80–85 kDa) prevents glomeru-
lar filtration and limits the extravascular distribution of growth
hormone. In addition, growth hormone binding protein com-
petes with cellular receptors for growth hormone binding [54].
Thus, growth hormone binding protein serves to delay growth
hormone clearance and dampen the marked oscillations in
plasma growth hormone levels. There is effective transfer of

growth hormone from growth hormone binding protein to 
hepatic growth hormone receptors because the affinity of
growth hormone binding protein for growth hormone is much
lower than that of the growth hormone receptor; high growth
hormone binding protein levels actually enhance the hepatic
effects of growth hormone in vivo (for example, insulin-like
growth factor-1 production and hence growth) by prolonging
plasma growth hormone half-life [55]. The effect of growth hor-
mone binding protein levels on growth hormone actions in
peripheral tissues that have few growth hormone receptors [56]
is unclear.

Many of the growth promoting effects of growth hormone are
mediated by insulin-like growth factor-1 and -2, although it also
has direct effects on cartilage and bone. Its anabolic actions on
protein, amino acid, and nitrogen metabolism (Chapter 2.3.3)
are both direct and via insulin-like growth factor-1. By contrast,
the ‘insulin-antagonistic’ metabolic effects, which serve to shift
fuel utilization away from glucose towards fat, are due to direct
effects of growth hormone on skeletal muscle, adipose tissue,
and hepatic metabolism. The role of growth hormone in the
insulin resistance and glucose intolerance of patients with liver
disease is discussed in Chapter 2.3.2.

Disturbances of growth hormone in liver
disease

Basal and mean daily growth hormone levels are increased in
cirrhosis [57–59] (Fig. 4). Increased growth hormone levels may
also be found in patients with acute viral hepatitis [5], chronic
active hepatitis, and in patients with schistosomal hepatic 
fibrosis and marked portal hypertension. The diurnal pattern of
serum growth hormone is markedly disturbed in patients with
cirrhosis, due primarily to an increased frequency of growth

Fig. 4 Fasting arterial plasma growth hormone, insulin-like growth factor 1
(IGF-1), and insulin-like growth factor binding proteins 1 and -3 (IGFBP-1
and -3) in 22 cirrhotic patients � (19 alcoholic, three posthepatitic; Child’s
grading: A = 6, B = 10, C = 6), and 27 normal subjects � matched for age
and sex. Mean ± SEM. *, P < 0.001 versus controls. (Data from ref. 9, with
permission.)
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hormone pulses [59]; pulse amplitude may also be increased in
some patients [59]. Daytime secretion in cirrhotics accounts for
a larger proportion of total daily growth hormone secretion.

Many patients with cirrhosis have a paradoxical increase in
serum growth hormone levels in response to an oral glucose load
[60]; stimulation of growth hormone secretion may also be seen
in response to an intravenous bolus of thyrotrophin releasing
hormone which does not normally elicit a rise in growth hor-
mone levels. These responses of serum growth hormone to oral
glucose and thyrotrophin releasing hormone are similar to those
found in many patients with acromegaly, and in patients with
poorly controlled diabetes. Samaan et al. [61] suggested that a
paradoxical rise in growth hormone after glucose ingestion was
more likely in cirrhotic patients with impaired glucose tolerance
than in those with normal glucose tolerance. However, in the
study of Conn and Daughaday [62] a paradoxical growth hor-
mone response to oral glucose was no more likely in the 
cirrhotics with overt diabetes than in those with normal or
impaired glucose tolerance, though the number of patients 
studied was small. The growth hormone response to arginine
and insulin-induced hypoglycaemia in cirrhotics may be exag-
gerated, normal, or reduced. Caution is required in the interpre-
tation of the two studies reporting a normal or subnormal
growth hormone response to insulin-induced hypoglycaemia
[63] because an equivalent hypoglycaemic stimulus was not
achieved due to insulin resistance in the cirrhotics. The increase
in growth hormone levels after glucose ingestion may contribute
to the markedly disturbed daytime growth hormone levels. In
chronic alcoholic patients without significant liver disease, the
growth hormone response to insulin-induced hypoglycaemia
may be impaired returning to normal with abstinence.

The aetiology of the increased basal growth hormone levels
and abnormal growth hormone responses to glucose and other
stimuli in cirrhosis is unclear. In general, higher serum growth
hormone levels are found in patients with liver disease who have
established cirrhosis. Cuneo et al. [59] found higher mean daily
growth hormone secretion rates in cirrhotics with poor liver
function as assessed by Child–Pugh score but in most other
studies growth hormone levels did not correlate with severity of
liver disease [58,63].

Impaired hepatic production and low circulating insulin-like
growth factor-1 levels [57–59,64] (Fig. 4), resulting in impaired
feedback inhibition of growth hormone secretion, are probably
the most important factors in the increased growth hormone
secretion in cirrhosis. In men with marked feminization associ-
ated with portosystemic shunting, estrogens may contribute 
to the abnormal growth hormone secretory patterns, since in
women growth hormone pulses are more frequent and their
basal growth hormone levels higher [65].

Hepatic growth hormone resistance
Low hepatic insulin-like growth factor-1 production despite
increased circulating growth hormone levels implies hepatic
resistance to growth hormone in patients with liver disease

[57–59]. There is little evidence that decreased hepatocyte mass
per se plays a role in the impaired insulin-like growth factor-1
production. As discussed below, many factors, particularly
nutritional state and insulin, affect the hepatic insulin-like
growth factor-1 response to growth hormone. Protein–calorie
malnutrition and insulin deficiency induce hepatic resistance 
to growth hormone by reducing the number of hepatic growth
hormone receptors and by postreceptor mechanisms [66].
Malnutrition is common in patients with chronic liver disease
and could contribute to the hepatic resistance to growth hor-
mone. Although systemic insulin levels are high in patients with
cirrhosis, portosystemic shunting and sinusoidal capillarization
may result in relative hepatic hypoinsulinaemia. Since portal
insulin delivery seems to be important for a normal insulin-like
growth factor-1 response to growth hormone [67], hepatic
hypoinsulinaemia could contribute to hepatic growth hormone
resistance, Plasma growth hormone binding protein levels, which
reflect hepatic growth hormone receptor status, are a major
determinant of the response to a given dose of growth hormone.
Growth hormone binding protein levels are reduced in cirrhosis
[57,63] and reduced growth hormone receptor expression has
been found in cirrhotic liver [68]. Thus, hepatic resistance to 
the effects of growth hormone in terms of insulin-like growth
factor-1 production may partly be due to fewer growth hormone
receptors.

Abnormalities of growth hormone action may contribute 
to the stunted growth seen in young patients with chronic liver
disease. Children with Alagille syndrome (chronic cholestasis
associated with a paucity of interlobular bile ducts, characteristic
facies, skeletal and cardiac abnormalities (Chapter 19.1) fre-
quently show growth retardation in the absence of malnutrition.
There is evidence that resistance to growth hormone may con-
tribute to their growth disturbance. Children with Alagille syn-
drome have high serum growth hormone and growth hormone
binding protein levels but their insulin-like growth factor-1 lev-
els are very low, and similar to those found in growth hormone
deficient children. Unlike growth hormone deficient children,
serum insulin-like growth factor-1 levels do not increase when
growth-retarded children with Alagille syndrome are treated
with recombinant human growth hormone [69]. This impair-
ment in the insulin-like growth factor-1 response to growth 
hormone is similar to that seen in cirrhosis but is found when
liver synthetic function is good and in the absence of portal
hypertension.

Growth hormone clearance in cirrhosis
Although the liver plays an important role in growth hormone
metabolism, evidence for delayed growth hormone clearance in
cirrhosis is inconclusive. Owens et al. [70] found a lower growth
hormone metabolic clearance rate in a very heterogeneous
group of patients with liver disease, half of whom had ascites
which might well have influenced the calculation of kinetic
parameters. Others have reported normal total and hepatic
growth hormone clearance in cirrhotics with advanced liver 
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disease [57]. The fractional hepatic extraction of growth hormone
may be enhanced when growth hormone levels increase, for
example in response to an infusion of arginine or with exercise.
This increase in hepatic growth hormone uptake is not explained
by changes in hepatic plasma flow. The most likely explanation
is an increase in the proportion of free growth hormone with
increasing plasma levels because of partial saturation of growth
hormone binding protein at growth hormone levels above 
20 mU/L (10 µg/L) [52]. This would favour binding and clear-
ance by hepatocyte growth hormone receptors; it would also
enhance renal growth hormone clearance. In view of the lower
growth hormone binding protein levels in patients with cirr-
hosis [63], one would predict saturation of growth hormone
binding proteins at growth hormone levels found in many 
fasting cirrhotics; an increase in the free growth hormone frac-
tion could explain the normal growth hormone clearance found
in cirrhosis [57].

Insulin-like growth factors and their
binding proteins

Normal physiology

Insulin-like growth factor-1 and -2 are polypeptides (c. 7.5 kDa)
similar in structure to proinsulin, with which they share about
50% homology. Insulin-like growth factor-1, and to a lesser
extent insulin-like growth factor-2, mediate many of the soma-
totrophic effects of growth hormone and play an important role
in bone metabolism (Chapter 21.9). Insulin-like growth factor-1
increases lean body mass through its effects on protein and
amino acid metabolism (Chapter 2.3.3). Both peptides have
insulin-like effects on glucose metabolism in muscle and liver.
Circulating levels of insulin-like growth factor-1 and, to a much
lesser extent, insulin-like growth factor-2 are increased by
growth hormone. Most tissues express insulin-like growth 
factor-1 and -2 but hepatocytes show the highest expression of
their mRNAs and the liver is the main source of circulating
insulin-like growth factors. Growth hormone stimulates the
transcription of the gene in hepatocytes and the release of
insulin-like growth factor-1 into the circulation, which in turn
inhibits growth hormone release from the pituitary by modulat-
ing hypothalamic factors that increase somatostatin release and
by inhibiting the pituitary somatotroph response to growth hor-
mone releasing hormone. The liver thus plays a central role in an
important endocrine feedback loop.

Regulation of hepatic insulin-like growth factor-I
production
Nutritional state and many hormones affect the hepatic insulin-
like growth factor-I response to growth hormone. Insulin is a
prerequisite for growth hormone stimulated insulin-like growth
factor-I synthesis [71]. Underinsulinized diabetic patients have
low serum insulin-like growth factor-I levels (despite high
growth hormone levels) that are increased by intensive insulin

treatment; their splanchnic output of insulin-like growth factor-
I and plasma insulin-like growth factor 1 levels increase within
hours during intravenous insulin administration [72]. Insulin
deficiency impairs the hepatic insulin-like growth factor-I
response to growth hormone by decreasing hepatic growth 
hormone receptor number and by a post-growth hormone
receptor mechanism. Insulin may also regulate insulin-like
growth factor-I production independently of growth hormone
[73]. Thyroid hormone and glucocorticoids also enhance the
insulin-like growth factor 1 response to growth hormone, while
somatostatin and estrogens are inhibitory. Hepatic insulin-like
growth factor 1 production is profoundly influenced by nutri-
tional factors. Caloric restriction, protein deficiency alone, or
protein–calorie malnutrition all result in a state of hepatic
growth hormone resistance with respect to insulin-like growth
factor 1 synthesis and secretion [74]. In addition, the quality of
protein administered (in terms of essential amino acid content)
can affect the insulin-like growth factor 1 response to refeeding
of fasted individuals.

Plasma transport of the insulin-like 
growth factors
Plasma levels of insulin-like growth factor-I and -II show little
variation over a 24-h period, despite marked fluctuations in
growth hormone levels. This constancy is in part due to their
association with specific binding proteins (IGFBPs) so that 
less than 1% of circulating insulin-like growth factor is in the
free form. Six distinct highly homologous IGFBPs have been
cloned [75]. The liver is the main site of synthesis of IGFBPs 1–4
but they are also synthesized by many tissues. About 75% 
of circulating insulin-like growth factor 1 and 2 is found in a 
150 kDa complex, the rest in complexes less than 50 kDa.
IGFBP-3 is the insulin-like growth factor binding component of
the 150 kDa complex. It has a very high affinity for the insulin-
like growth factors, and once associated with insulin-like growth
factor it also binds an acid-labile subunit to form a stable ternary
complex. The serum half-life of insulin-like growth factor in 
this 150 kDa ternary complex is 12–16 h. Unable to cross the
capillary endothelial barrier, this 150 kDa complex serves 
as the body’s main storage of insulin-like growth factors.
IGFBP-1 and IGFBP-2 are the binding proteins in the smaller 
50 kDa complexes. IGFBP-1 binds insulin-like growth factor 1
and 2 with equal affinity, while IGFBP-2 preferentially binds
insulin-like growth factor 2. IGFBP-1 and IGFBP-2 seem to have
little effect in slowing the exit of insulin-like growth factors from
the circulation and the insulin-like growth factors in this pool
disappear from the circulation with a half-life of 20–30 min
[76].

The IGFBPs play an important role in regulating tissue 
delivery of the insulin-like growth factors. They can either poten-
tiate or inhibit insulin-like growth factor action by influencing
insulin-like growth factor interaction with tissue receptors [77].
The importance of the IGFBPs becomes apparent when one
considers the insulin-like metabolic effects of the insulin-like
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growth factors. Insulin-like growth factor-1 and -2 bind with
high (approximately equal) affinity to the insulin-like growth
factor-1 receptor, which is structurally very similar to the insulin
receptor with which it seems to share many of the intracellular 
signalling pathways. Both insulin-like growth factors can also
bind with low affinity to the insulin receptor. At physiological
concentrations, the growth and insulin-like metabolic effects are
mediated via the insulin-like growth factor-1 receptor; at high
free concentrations they can also signal via the insulin receptor
[78]. Since their potency on glucose metabolism in skeletal 
muscle is 5–10% that of insulin, and the plasma concentration 
of insulin-like growth factors is about 100 nM (1000 times 
that of insulin) [79], it is evident that the hypoglycaemic poten-
tial of the circulating insulin-like growth factors is huge. Due to
sequestration of the insulin-like growth factors in the 150 kDa
ternary complex comprising the insulin-like growth factor,
IGFBP-3 and the acid-labile subunit, most of this hypogly-
caemic activity is not expressed.

Regulation of insulin-like growth factor binding
proteins (IGFBPs)
The IGFBPs are under complex hormonal and nutrient control,
providing a further level at which the tissue delivery of insulin-
like growth factors is regulated. IGFBP-1 undergoes acute 
variations in plasma levels, decreasing after meals or glucose
ingestion and rising during fasting. The liver is the main site of
IGFBP-1 production and insulin is the main regulator, inducing
a rapid inhibition of IGFBP-1 gene transcription; plasma
IGFBP-1 levels are inversely correlated with estimated portal
venous insulin concentrations [80] and splanchnic output and
plasma levels fall rapidly when insulin is infused intravenously.
Glucagon and somatostatin stimulate IGFBP-1 production. The
resulting fall in IGFBP-1 levels after meals may increase free
insulin-like growth factor-1 in the interstitium of peripheral 
target tissues, thereby promoting glucose and amino acid up-
take and inhibiting protein breakdown. IGFBP-3 and IGFBP-2
do not undergo acute changes in plasma levels in response 
to metabolic events but are regulated by growth hormone and
insulin-like growth factor-1. Growth hormone, acting via
insulin-like growth factor-1, increases the synthesis and secre-
tion of IGFBP-3 from hepatic non-parenchymal cells [81].
Malnutrition, chronic protein restriction, and growth hormone
deficiency decrease IGFBP-3 levels [74]. IGFBP-2 levels rise
within 24 h of fasting [82]. IGFBP-2 levels are increased in
growth hormone deficiency and malnutrition.

Insulin-like growth factors and their binding
proteins in liver disease

Serum insulin-like growth factor-1 and -2 levels are reduced in
patients with cirrhosis [64] (Fig. 4) and in a variety of other liver
diseases [58]. Low serum insulin-like growth factor-1 levels are
thought to be a major cause of the increased growth hormone
levels in cirrhosis through impaired feedback inhibition of

growth hormone secretion. Circulating levels of IGFBPs are also
disturbed in liver disease, with a reduction in IGFBP-3 and an
increase in IGFBP-1 and IGFBP-2 [58,82] (Fig. 4). Less of the
circulating insulin-like growth factor is found in the large 
150 kDa complex and more in the rapidly turning over smaller
complexes. There is no evidence that the binding of insulin-like
growth factor-1 to IGFBP-3 is impaired due to proteolytic cleav-
age of IGFBP-3, as has been found in poorly controlled type 1
diabetic patients and in other severely ill or malnourished
patients. Low serum insulin-like growth factor-1 levels in liver
disease are mainly due to impaired hepatic insulin-like growth
factor-2 synthesis. However, a redistribution of insulin-like
growth factors to smaller molecular weight short-lived com-
plexes, may also enhance their clearance and contribute to the
low plasma levels.

It is generally assumed that decreased hepatocellular function
is the main cause of low plasma insulin-like growth factor-1 
levels in patients with chronic liver disease. However, this 
does not explain the increased hepatic production of IGFBP-1 
in cirrhosis [57,58]. Furthermore, Donaghy and colleagues [58]
found no difference in insulin-like growth factor-1 levels
between cirrhotics in Child–Pugh groups A, B, or C, and while
IGFBP-1 levels were higher in the group B than group A 
cirrhotics, there was no further increase in the Child–Pugh
group C cirrhotics with very poor liver function. In a large group
of patients with alcoholic liver disease, serum insulin-like growth
factor-1 levels showed a stronger correlation with a composite
protein–calorie malnutrition score than with liver function sug-
gesting that malnutrition may also be an important determinant
of the low insulin-like growth factor-1 levels. In patients without
liver disease, insulin-like growth factor-1 levels provide a sensi-
tive index of acute changes in nutritional state; insulin-like
growth factor-1 levels correlate better with nitrogen balance than
do such hepatic markers as retinol binding protein and thyrox-
ine binding prealbumin. Low insulin-like growth factor-1 and
IGFBP-3 levels accompanied by high IGFBP-1 levels are found
in anorexia nervosa and other malnourished patients who 
have an acquired growth hormone resistant state [74,83].
Malnutrition may be an important determinant of the hepatic
growth hormone resistance and abnormal insulin-like growth
factor-1, IGFBP-1, and IGFBP-3 levels in chronic liver disease. It
could also underlie the prognostic value of insulin-like growth
factor-1 and IGFBP-3 for survival in alcoholic cirrhosis [84] as
nutritional state is an important prognostic factor in patients
with cirrhosis. In addition to protein–calorie malnutrition,
deficiencies of specific nutrients, such as zinc, that may occur in
some cirrhotic patients (see Chapter 23.2) may also result in
hepatic growth hormone resistance and impaired insulin-like
growth factor-1 production.

As discussed earlier, insulin plays a key role in the regulation
of plasma insulin-like growth factor-1 and IGFBP-1 levels;
through its effects on insulin-like growth factor 1 it also
influences IGFBP-3 levels. Low insulin-like growth factor-1 and
IGFBP-3 levels, and increased IGFBP-1 levels, are also found 

TTOC21_02  3/10/07  9:43 AM  Page 1742



21.2 THE EFFECT OF LIVER DISEASE ON THE ENDOCRINE SYSTEM 1743

in type 1 diabetes [85]. Studies in animals and humans have sug-
gested that the portal route of insulin delivery is important for
normal regulation of insulin-like growth factor-1 and IGFBP-1
production. In type 1 diabetic patients on subcutaneous insulin
injections, loss of the normal portal-peripheral insulin concen-
tration gradient may contribute to the abnormalities of the
insulin-like growth factor-1–growth hormone axis. In cirrhosis,
portosystemic shunting and sinusoidal capillarization may simi-
larly result in hepatic under-insulinization despite high systemic
insulin levels, and may contribute to the low insulin-like growth
factor-1 and IGFBP-3, and increased IGFBP-1 levels. Plasma
glucagon levels are increased in cirrhosis. However, since the
liver is resistant to glucagon in cirrhosis it is unlikely that
glucagon is the cause of the increased hepatic synthesis of
IGFBP-1 [57]; however, the low insulin-like growth factor-1 
levels could contribute to increased glucagon secretion in 
cirrhosis [86].

Many cells besides hepatocytes produce insulin-like growth
factor-1 and IGFBPs. It is unclear whether local tissue produc-
tion of insulin-like growth factor-1 and the IGFBPs is disturbed
in liver disease and to what extent individual tissues rely on
locally produced versus circulating insulin-like growth factor-1.
The observation that administration of a blocking antibody to
insulin-like growth factor-1 results in a transient rise in protein
turnover suggests that at least part of the effect on protein
metabolism is mediated by circulating insulin-like growth 
factor-1. In view of the frequency of malnutrition in cirrhosis
and its impact on the outcome of transplantation, insulin-like
growth factor-1 may have a place in the nutritional management
of patients with liver disease (see Chapter 2.3.3). In children with
endstage liver disease, plasma insulin-like growth factor-1 levels
are restored to normal after liver transplantation but IGFBP-1,
IGFBP-2, and IGFBP-3 levels are higher than in normal control
subjects during the first year [82]. These abnormalities corre-
lated with nutritional indices such as triceps skin-fold thickness
and mid-upper arm circumference. The increased levels of these
binding proteins may limit tissue insulin-like growth factor-1
availability and thus provide a basis for growth failure after suc-
cessful liver transplantation in some children [82].

Insulin-like growth factors and
extrapancreatic tumour hypoglycaemia

Hepatocellular carcinoma is one of the more common extrapan-
creatic tumours known to be associated with hypoglycaemia.
While hypoglycaemia may develop as a late manifestation in
patients with liver failure (Chapter 2.3.2), in patients with hepa-
tocellular carcinoma it may present relatively early, at a time
when the tumour is slow-growing and well differentiated.
Hypoglycaemia presenting early in the course of hepatocellular
carcinoma (in the absence of liver failure) is common in South-
east Asia but rare in Western countries. The hypoglycaemia in
these patients may be severe and difficult to control; as in
patients with other extrapancreatic tumours, hypoglycaemia is

due to both an impairment of hepatic glucose production and
increased glucose utilization, particularly by skeletal muscle
[87]. Serum non-esterified fatty acids and growth hormone 
levels are low during hypoglycaemia, suggesting an impaired
counterregulatory response. All these metabolic abnormalities
are found in the presence of very low, often unmeasureable,
serum insulin levels.

Megyesi and colleagues, over 20 years ago, reported increased
plasma levels of ‘non-suppressible insulin like activity’ in some
patients with extrapancreatic tumour hypoglycaemia. Insulin-
like growth factor-1 and -2 were isolated in 1976 and shown to
account for the ‘non-suppressible insulin-like activity’ in plasma.
Several groups subsequently reported modest increases of serum
insulin-like growth factor-2 levels (but low insulin-like growth
factor-1) in some but not all patients with tumour-related hypo-
glycaemia; in other series insulin-like growth factor-2 levels were
either normal or just above the normal reference range, while
insulin-like growth factor-1 levels were again low or normal
[88,89]. Normal serum insulin-like growth factor-2 levels were
often found despite evidence of increased insulin-like growth
factor-2 mRNA and insulin-like growth factor-2 protein levels 
in tumours associated with hypoglycaemia [88]. As discussed
earlier, patients with cirrhosis characteristically have low serum
insulin-like growth factor-1 and insulin-like growth factor-2 
levels. Not surprisingly therefore, in cirrhotic hepatocellular 
carcinoma patients with hypoglycaemia, serum insulin-like
growth factor-1 and -2 levels have been consistently low, and
although insulin-like growth factor-2 levels tended to be higher
in hypoglycaemic than in normoglycaemic cirrhotic hepatocel-
lular carcinoma patients, the differences were not significant.
The role of the insulin-like growth factors in hypoglycaemia
complicating hepatocellular carcinoma and other non-islet-cell
tumours thus remained unclear until recently.

There is now good evidence that tumours associated with
hypoglycaemia produce increased amounts of insulin-like
growth factor-2 precursor forms (‘big IGF-2’) with molecular
weights in the range 10–17 kDa compared to 7.5 kDa for mature
insulin-like growth factor-2, due to abnormal processing of 
pro-insulin-like growth factor-2 which contains an 89 amino
acid C-terminal extension [88–91]. A variable C-terminal
extension, and abnormal glycosylation, result in marked hetero-
geneity of ‘big IGF-2’ in sera of patients with tumour hypogly-
caemia [91]. Shapiro et al. [88] found that ‘big IGF-2’ accounted
for 48–72% of total serum insulin-like growth factor-2 in six
patients with hepatocellular carcinoma with hypoglycaemia, but
for only 6–40% in five normoglycaemic patients with hepato-
cellular carcinoma. Interestingly, increased serum levels of ‘big
IGF-2’ have also been found in chronic hepatitis B carriers with-
out evidence of tumour [90]. At the receptor level some ‘big 
IGF-2’ species may be more potent than mature insulin-like
growth factor-2 [88]; however, the main mechanism by 
which unregulated tumour production of ‘big IGF-2’ induces
hypoglycaemia is by increasing tissue insulin-like growth factor
bioavailability.
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As discussed earlier, insulin-like growth factor-1 and -2 circu-
late in plasma bound in a large 150 kDa ternary complex and
smaller 50 kDa complexes. Formation of the 150 kDa complex 
is important for sequestration of insulin-like growth factors in
the circulation. Although ‘big IGF-2’ and mature insulin-like
growth factor-2 bind equally well to IGFBP-3, in patients with
hypoglycaemia due to excessive ‘big IGF-2’ production the 
association of IGFBP-3 and its bound insulin-like growth 
factor with the acid-labile subunit to form the stable 150 kDa
ternary complex is impaired [89,91]. The result is that most
plasma insulin-like growth factor in these hypoglycaemic
patients is found in complexes of less than 50 kDa, which can
readily leave the circulation to interact with tissue insulin-like
growth factor-1 and insulin receptors. Increased action of
insulin-like growth factor-2 at the level of the hypothalamus/
pituitary leads to inhibition of growth hormone secretion; this
inhibits normal insulin-like growth factor-1 and -2 production
and aggravates the situation by decreasing plasma levels of
IGFBP-3 and the acid-labile subunit. The low growth hormone
levels may also account for the markedly increased IGFBP-2 
levels found in patients with hypoglycaemia due to ‘big IGF-2’-
producing tumours [92]; high IGFBP-2 levels may further 
promote the redistribution of insulin-like growth factor-2 
to lower molecular weight complexes. The increased tissue
bioavailability of insulin-like growth factors may account for the
occasional association of non-islet cell tumour hypoglycaemia
with acromegaloid skin changes [93].

Management
Large amounts of intravenous glucose may be required. Studies
on small numbers of patients with tumour-associated hypogly-
caemia have shown that growth hormone may be useful in the
management of these patients pending definitive treatment or in
patients with inoperable tumours. Prednisolone and glucagon
have also been used, with some success, to reduce glucose
requirements in patients with tumour-associated hypogly-
caemia. Growth hormone is important for counter-regulation
of hypoglycaemia. It is also important for the synthesis of the
protein components (IGFBP-3 and the acid-labile subunit) of 
the circulating 150-kDa insulin-like growth factor complex 
that serves to restrict access of the insulin-like growth factors 
to tissues and thereby limit their hypoglycaemic potential.
Suppression of growth hormone secretion by insulin-like
growth factor-2 may thus contribute to the hypoglycaemic 
effect of increased tissue insulin-like growth factor-2 delivery.
Prednisolone may inhibit tumour ‘big IGF-2’ production; it
increases levels of the acidlabile subunit and decreases IGFBP-2
levels and thereby increases the proportion of plasma insulin-
like growth factor 2 in the 150-kDa complex, as well as opposing
the actions of insulin (and by implication those of the insulin-
like growth factors) on hepatic glucose production and periph-
eral tissue glucose utilization. Alleviation of hypoglycaemia 
is consistently associated with a restoration of the 150-kDa
insulin-like growth factor ternary complex, regardless of

whether total or ‘big’ insulin-like growth factor-2 levels fall.
Since prednisolone and growth hormone may increase the pro-
portion of insulin-like growth factor-2 in the 150-kDa complex
by different mechanisms, their combined effects may be additive
[92].

Hypoglycaemia complicating hepatocellular carcinoma in
cirrhotic patients may be particularly difficult to manage
because of resistance to the actions of growth hormone and
glucagon that is characteristic of patients with cirrhosis. One
would predict markedly impaired responses of insulin-like
growth factor-1, IGFBP-3, and the acid-labile subunit to growth
hormone, and a subnormal glycaemic response to glucagon.
Thus, in patients with hypoglycaemia due to hepatocellular 
carcinoma complicating cirrhosis, prednisolone may be tried
first in an attempt to lower glucose requirements, though 
large doses may be needed. Targeted chemotherapy may also 
be effective, although there may be an initial worsening of 
hypoglycaemia.

Thyroid hormones

Normal physiology

Thyroid hormones are essential for normal growth and develop-
ment and play a key role in the regulation of energy metabolism,
thermogenesis, and neuromuscular activity. Although thyrox-
ine (T4) is quantitatively the main hormone secreted by the 
thyroid, thyroid hormone action is mediated by the binding 
of 3,3′,5-tri-iodothyronine (T3) to specific nuclear receptors
(Fig. 5) which in turn control the transcription of thyroid-
regulated genes [94]. Thyroxine has a much lower affinity for the
nuclear T3 receptors than T3, and should be regarded as a pro-
hormone that requires conversion to T3 by 5′ monodeiodination
of the outer ring (Fig. 6). T3 bound to nuclear receptors may
come either from the circulation or local tissue 5′ deiodination
of T4. The relative importance of these two sources varies
between tissues; skeletal muscle, liver, and kidney rely mainly 
on circulating T3, whereas more than 60% of brain and 
pituitary T3 is produced locally. Tissue thyroid status thus
depends not only on normal secretion of thyroxine but also 
on normal thyroid hormone metabolism and delivery of T3 to
nuclear T3 receptors, and on T3 receptor function.

In normal subjects the thyroid secretes about 110 nmol 
(86 µg) of T4 and 5 nmol of T3 (3 µg) each day. The deiodination
of the outer ring of T4 in extrathyroidal tissues results in the
delivery of a further 40 nmol of T3 into the circulation. About 
45 nmol of secreted T4 undergoes deiodination of the inner 
tyrosyl ring in extrahepatic tissues to produce the biologically
inactive 3,3′,5′-tri-iodothyronine (reverse T3) (Fig. 6); the
remaining 20–25 nmol of T4 undergoes oxidative deamination
or glucuronidation, sulphation, and excretion in bile. A large
proportion of unmetabolized T4 excreted in bile is reabsorbed 
in the intestine and delivered back to the liver. The liver plays 
an important role in the transport, storage, and metabolism of 

TTOC21_02  3/10/07  9:43 AM  Page 1744



21.2 THE EFFECT OF LIVER DISEASE ON THE ENDOCRINE SYSTEM 1745

thyroid hormones, and is a major target tissue for their action. 
In man 10–30% of the total extrathyroidal pool of T4 is in 
the liver. It is the main site of extrathyroidal conversion of T4

to the biologically active T3 for release into the circulation and

delivery to other tissues. It is also the main site of removal of
reverse T3 and of thyroid hormone degradation and excretion.
The liver synthesizes thyroxine-binding globulin, thyroxine-
binding prealbumin, and albumin, which bind most of the 
circulating T4 and T3 and thereby influence their total plasma
concentrations.

Thyroxine in plasma is almost completely (>99.95%), and 
T3 only slightly less (>99.5%), bound to thyroxine-binding 
globulin, thyroxine-binding prealbumin, and albumin. The
total concentration of T4 and T3 in plasma largely reflects the
concentrations and binding affinities of these three proteins.
Although thyroxine-binding globulin is the least abundant of
these, it has the highest binding affinity and is quantitatively 
the most important; 70–80% of circulating T3 and T4 are bound
to thyroxine-binding globulin, 15–20% to thyroxine-binding
prealbumin, and 5–10% to albumin (Table 1). The affinities for
T3 are lower than for T4 so that plasma concentrations of T3 are
much lower than those of T4; the molar ratio of T4 to T3 in
plasma is 50 to 100:1, even though delivery of T4 into the circu-
lation is only two to three times that of T3. The thyroid binding
proteins, by providing a large, rapidly exchangeable pool of 
circulating T4, help to ensure that the flux of T4 across cell 
membranes exceeds the rate of cellular removal of T4 and 
thus promote the equilibration of cytosolic and plasma free T4

so that the intracellular thyroid hormone concentrations, that
determine biological activity, are proportional to the free 
hormone concentrations. The free hormone concentration
within the thyrotrophin and thyroid stimulating hormone
secreting cells of the hypothalamus and anterior pituitary,
respectively, is a major determininat of thyrotrophin and 
thyroid stimulating hormone secretion, and hence thyroid 
hormone production rate.

Fig. 5 Superfamily of steroid-thyroid hormone receptors. All contain highly
homologous central DNA binding domains, a less well-conserved C-terminal
ligand binding domain, and an N-terminal hypervariable transactivation domain
that enhances the transcriptional regulatory activities of the receptor. Near the
C terminus is a highly conserved region important for receptor dimerization.
Class I receptors and the estrogen receptor form homodimers. These
homodimers with bound ligand bind to palindromic hormone response
elements (HREs) in the DNA that contain hexamers separated by three base
pairs. Class II receptors bind to direct repeat elements with hexamers
separated by 0–5 bases. They may bind as homodimers with or without
bound hormone, but can also form heterodimers with other class II
receptors (e.g. T3 and retinoic acid receptor heterodimers). Whereas class II
receptors are located in the nucleus in the absence of ligand, class I receptors
are cytosolic, and move to the nucleus following hormone binding.

Fig. 6 Thyroid hormone metabolism. T4 and
reverse T3 (rT3) share the same hepatic uptake
mechansism. In addition 5′ deioidination of T4

and rT3 is performed by the same type 1 
5′-monodeiodinase. The impaired conversion
of T4 to T3 and impaired hepatic clearance of
rT3 in liver disease may be due to decreased
hepatic uptake and/or decreased activity of the
hepatic 5′-monodeiodinase.
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Table 1 Thyroid hormone binding proteins in serum.

Serum concentration Affinity constant Serum half-life T4-binding capacity
(mg/dL) (per mole) (days) (mg/dL)

T4 T3

Thyroxine-binding globulin (TBG) 1.5 1 × 1010 5 × 108 5 20a

Thyroxine-binding prealbumin (TBPA) 25 7 × 107 2 × 107 2 200

Albumin 4000 7 × 105 1 × 105 15 2000

From ref. 107.
a Normally only about one-third of TBG in plasma contains T4.
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in plasma thyroid hormone levels vary between acute and
chronic liver disease, and are influenced by the aetiology and
severity of liver disease, the presence of intercurrent illness, 
and dietary intake. Table 2 summarizes the alterations in thyroid
function tests that may be found in euthyroid patients with liver
disease. Estimation of free T4 and T3 concentrations or their
respective free indices, together with measurement of thyroid
stimulating hormone is essential for accurate interpretation of
thyroid function tests in patients with liver disease.

Acute and chronic viral hepatitis
Plasma T4 levels rise during the course of acute viral hepatitis,
returning to normal with recovery. Plasma free T4 levels may be
normal or increased. This increase in total T4 levels is primarily
due to increased plasma levels of thyroxine-binding globulin,
which in some studies have been found to correlate with the rise
in plasma aspartate aminotransferase levels. In addition there is
impaired hepatic conversion of T4 to T3. Total T3 levels are very
variable but free T3 levels may be markedly reduced. Biologically
inactive reverse T3 levels are increased; this is probably due 
to impaired hepatic clearance of reverse T3 with an unaltered
production rate, as is found in a variety of ‘sick’ patients 
without liver disease [102] and in patients with cirrhosis 
[101]. Serum thyroid stimulating hormone levels are usually
normal, but the need for increased T4 production may be 
associated with the development of a goitre during the course 
of acute viral hepatitis; Hegedus [103] found a 50% increase in
thyroid gland volume on ultrasound in 23 patients with acute
viral hepatitis, which returned to normal 3–6 months after
recovery.

In patients with chronic viral hepatitis (chronic active or
chronic persistent hepatitis on biopsy), without evidence of
decompensation, total T4 and thyroxine-binding globulin levels
are often increased but free T4, thyroid-stimulating hormone, 
T3, and reverse T3 levels are usually normal. By contrast, in 
fulminant hepatitis plasma total T4 and T3 levels are very low, in
association with a marked impairment of thyroxine-binding
globulin (and thyroxine-binding prealbumin) synthesis; reverse
T3 levels are increased. An increase in the reverse T3/T4 ratio 
and the T4/T3 ratio was associated with a particularly poor 
prognosis.

Hepatic uptake of thyroid hormones
Studies employing [131I]T4 have shown that the liver takes up
about 5–10% of T4 during a single passage. This is much higher
than can be accounted for by the amount of free T4 delivered to
the liver, and a large proportion of T4 bound to albumin is also
available for hepatic uptake during its passage through the hep-
atic sinusoids. Because there is also a high rate of T4 efflux from
hepatocytes into sinusoidal plasma, net hepatic uptake of T4 is
low. This is evident if one considers that the metabolic clearance
rate of T4 in man is only about 0.9 mL/min, with the liver
accounting for some 35% of this; assuming an hepatic 
plasma flow of 650 mL/min one can estimate that net hepatic T4

uptake is less than 0.05% of that presented to the liver. Influx of
thyroid hormones is energy dependent and the hepatocyte intra-
cellular concentration of the free hormone has been found to be
somewhat higher than in plasma [95]. An active stereospecific
transport mechanism has been suggested; T4 and reverse T3 may
share the same uptake mechanism, while that for T3 appears 
to be different [96]. Efflux of thyroid hormones appears to be
passive and determined by the concentration gradient of the free
hormone. Some authors have suggested that hepatocyte uptake
of T3 is by passive diffusion rather than by an active transport
process.

Thyroid hormones in liver disease

Most patients with liver disease are clinically euthyroid. In 
general they have normal free T4 and free T3 levels, and a normal
or slighly elevated thyroid stimulating hormone level [97–100].
However, total circulating thyroid hormone levels may be
markedly abnormal and may complicate the biochemical diag-
nosis of thyroid disease. There are many factors that account for
the abnormalities of plasma thyroid hormone levels, including
alterations in the plasma levels of thyroid binding proteins,
altered binding of T3 and T4 to their carrier proteins, diminished
hepatic conversion of T4 to T3, and impaired hepatic clearance 
of reverse T3 [101]. Thyroxine-binding prealbumin levels are
reduced in cirrhotics in parallel with the fall in serum albumin
levels; levels fall within days in acute liver disease. Thyroxine-
binding globulin levels may be increased or decreased, depend-
ing on the aetiology and stage of liver disease. The abnormalities
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Cirrhosis
Serum total T4 levels are usually normal but may be slightly
increased or decreased in some patients in association with
increased or decreased synthesis of thyroxine-binding globu-
lin (Table 2) [97,98]. The daily production rate of T4 in patients
with alcoholic cirrhosis is normal [101] or mildly reduced.
Studies employing radiolabelled T4 showed a reduced rate of
hepatic T4 uptake and a diminished hepatic thyroid hormone
pool size in cirrhosis. The most consistent findings are decreased
serum total and free T3 levels [97,98] (reflecting diminished
hepatic conversion of T4 to T3), and an increased reverse T3 level
due to its impaired hepatic removal [101]. Serum thyroid 
stimulating hormone levels are either normal or mildly elevated.
The thyroid stimulating hormone response to thyrotrophin
releasing hormone may be normal or subnormal. Green et al.
[104], in a study of 23 cirrhotics of varying aetiology, found that
many patients had a delayed thyroid stimulating hormone
response to thyrotrophin releasing hormone, suggestive of
hypothalamic–pituitary dysfunction. Agner and colleagues
[105] found that the subnormal thyroid stimulating hormone
response to thyrotrophin releasing hormone in alcoholic 
cirrhotics was corrected by pretreatment with a dopamine-
receptor blocking agent such as metoclopramide, implying that
it may be due to increased dopaminergic inhibition of thyroid
stimulating hormone release by the pituitary.

The abnormalities of plasma T3 and reverse T3 in patients with
alcoholic cirrhosis correlate with the severity of liver damage.
Decompensated cirrhotic patients may have very low total and
free T3 levels [106]. Their total T4 levels may also be low in 
association with marked reductions in thyroxine-binding glob-
ulin and thyroxine-binding prealbumin levels. Since T3 and
reverse T3 (rT3) bind to the same plasma binding proteins, the
plasma reverse T3/T3 ratio provides a parameter that is largely
independent of binding protein levels, and reflects the impair-
ment of hepatic uptake and conversion of T4 to T3, and the
impaired hepatic removal of reverse T3 [101]. The reverse T3/T3

ratio was found to correlate well with liver function as measured
by the aminopyrine breath test. In a large heterogeneous group
of patients with endstage liver disease, Van Thiel and colleagues

found that those with a high rT3/T3 ratio were more likely to die
while awaiting liver transplantation.

The plasma thyroid hormone profile in patients with cirrhosis
resembles the low T3 syndrome (Table 2) found in many ‘sick’
patients and in normal subjects during caloric deprivation
[107,108]. It may be regarded as an adaptive hypothyroid state
that is important for preserving total body protein stores during
fasting and illness. Thus while the low T3 state in cirrhosis may
reflect diminished hepatocellular function, it may also be due to
diminished caloric intake and the same factors that determine
the low T3 levels in other sick patients. The low T3 and increased
reverse T3 levels in cirrhosis may be due to a diminished capacity
of the hepatic microsomal 5′-deiodinase (type 1) since the con-
version of T4 to T3, and the metabolism of reverse T3, are both
mediated by this enzyme. But it could also be due to impaired
hepatic uptake of T4 and reverse T3 as is seen in the low T3

syndrome associated with fasting and various non-thyroidal 
illnesses. Lim et al. [109] showed that serum from jaundiced
patients inhibited the uptake of T4 and reverse T3 by isolated rat
hepatocytes, and that bilirubin and non-esterified fatty acids in
conjunction with a low serum albumin concentration could
account for this inhibitory effect. Bilirubin and non-esterified
fatty acids added to normal serum had additive effects on hepa-
tocyte T4 uptake which correlated with the bilirubin/albumin
and non-esterified fatty acid/albumin molar ratios. Comparable
non-esterified fatty acid/albumin and bilirubin/albumin molar
ratios might be expected in many decompensated cirrhotic patients.

Autoimmune liver disease
There is an increased prevalence of autoimmune thyroid disease
in patients with autoimmune chronic active hepatitis or primary
biliary cirrhosis. Primary sclerosing cholangitis may be associ-
ated with Riedel’s thyroiditis. Hypothyroidism develops in
10–25% of patients with primary biliary cirrhosis [110]; it 
may predate the diagnosis of liver disease or occur during its
course. Thyrotoxicosis is rare in association with primary biliary
cirrhosis but common in patients with autoimmune chronic
active hepatitits. In both primary biliary cirrhosis and chronic
active hepatitis, plasma total T4 levels are often increased due to

Table 2 Alterations of serum thyroid function tests in liver disease and in the ‘low T3’ syndrome.

Total T4 Free T4 Total T3 Free T3 Total TSH TBG TBPA
reverse T3

Liver disease

Acute hepatitis ↑ ↑ ↓ ↓ ↑ ↑ ↑ ↓
Cirrhosis ↓ ↑ ↓ ↓ ↑ ↑→ ↓ ↓
PBC and CAH ↑ → ↑ ↓ → ↑ ↑ →
HCC ↑ → ↑ → ↑ ↑→ ↑ ↓

Low T3 syndrome → ↑→ ↓ ↓ ↑ → → ↓→

CAH, chronic active hepatitis; HCC, hepatocellular carcinoma; PBC, primary biliary cirrhosis; TBG, thyroxine-binding globulin; TBPA, thyroxine-binding

prealbumin; TSH, thyroid-stimulating hormone.
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increased plasma thyroxine-binding globulin levels [97,99,100].
Plasma total and free T3 levels are often low due to impaired
conversion of T4 to T3 [97,99], although Shussler and colleagues
[100] found elevated total T3 levels in chronic active hepatitis.
Plasma free T4 levels are normal. Serum thyroid-stimulating
hormone levels and thyroidal radio-iodine uptake tend to 
be low, and the thyroid-stimulating hormone response to 
thyrotrophin-releasing hormone may be subnormal, particu-
larly in patients with active liver disease [99]. Because total 
T4 levels are often increased in primary biliary cirrhosis and
patients with chronic active hepatitis, the diagnosis of hypothy-
roidism may be missed unless a free T4 and thyroid stimulating
hormone level are measured. Autoimmune thyroid disease in
these patients is associated with high titres of thyroid autoanti-
bodies (thyroid microsomal and/or thyroglobulin) and patients
with primary biliary cirrhosis will often have dimished lacrima-
tion, suggestive of sicca syndrome.

Hepatocellular carcinoma
Elevated serum total T4 levels due to increased thyroxine-
binding globulin levels may be found in up to 40% of patients
with hepatocellular carcinoma. Free T4 and T3 levels are gen-
erally normal and the patients are clinically euthyroid. The
increase in serum thyroxine-binding globulin levels is thought
to be due to increased thyroxine-binding globulin production
rather than impaired clearance, since elevated thyroxine-bind-
ing globulin levels have been found in the tumour tissue and also
in areas of the liver free of tumour in these patients, many of
whom had an active cirrhosis due to hepatitis B [111]. The circu-
lating thyroxine-binding globulin in patients with hepatocellu-
lar carcinoma often has a lower affinity for T4 which may, in
part, be due to alterations in its glycosylation state.

Drugs
Many therapeutic agents commonly used in patients with liver
disease interfere with thyroid hormone metabolism and distri-
bution. Frusemide (in large doses) may increase plasma free T4

levels by displacing T4 from thyroxine-binding globulin; serum
total T4 and T3 levels are reduced. Phenytoin may decrease
plasma total and free T4 concentrations into the hypothyroid
range in up to 30% of normal subjects; an erroneous diagnosis 
of hypothyroidism is avoided by measuring plasma thyroid-
stimulating hormone levels, which are unaffected by phenytoin.
Dopamine or glucocorticoid administration can suppress 
thyroid-stimulating hormone secretion and lower plasma T4

and T3 levels, while sulphonylureas in high dosage may inhibit
normal thyroid gland function. Propranolol inhibits the hepatic
conversion of T4 to T3. Normal subjects receiving more than 
200 mg of propranolol often have mild elevation of free T4 and 
a corresponding reduction in T3. Lipid-soluble radiographic
iodine-containing contrast media inhibit the peripheral conver-
sion of T4 to T3, and displace T4 from hepatic (and possibly
renal) storage sites, resulting in increased plasma T4 and low 
T3 levels together with an increase in plasma reverse T3. The 

conversion of T4 to T3 within pituitary thyroid stimulating 
hormone-secreting cells is also inhibited, resulting in an
increased secretion of thyroid-stimulating hormone. These hor-
monal changes are maximal after 4–7 days and persist for up to
3–4 weeks. These hormonal changes do not occur after admin-
istration of water-soluble contrast agents.

Thyroid dysfunction (hypo- or hyperthyroidism) may
develop in 3–10% of patients treated with α-interferon for
chronic viral hepatitis. Hypothyroidism is more common but
may be preceded by transient thyrotoxicosis. The risk of thyroid
dysfunction increases with duration of treatment but bears little
relationship to the dose of interferon used. It is unusual for 
thyroid disease to present in patients treated with α-interferon
for less than 8 weeks. This might explain why thyroid dysfunc-
tion is seen more commonly with interferon treatment of chronic
hepatitis C than chronic hepatitis B, for which treatment regi-
mens have generally been shorter. α-Interferon-induced thyroid
dysfunction is thought to have an autoimmune basis. In the
majority of patients there is a thyroiditis; some patients present
with features typical of Graves’ disease or Hashimoto’s. Thyroid
autoantibodies are induced in 30–50% of those treated but there
is a poor correlation with clinical thyroid dysfunction [112].
Some authors have reported that thyroid dysfunction during
interferon treatment is more likely to develop in patients with
pre-existing thyroid autoantibodies, particularly thyroid micro-
somal antibodies [113] but this was not found in other studies
[114]. It has been suggested that interferon may induce the
expression of MHC class II antigens on thyrocytes with conse-
quent activation of cytotoxic T cells directed against thyroid
cells.

Thyroid function and thyroid autoantibodies should be
checked prior to initiation of α-interferon treatment, and serum
thyroid-stimulating hormone and free T4 should be monitored
during treatment. It should be noted that thyroid autoantibod-
ies and clinical thyroid dysfunction may appear in the months
following treatment. The development of thyroid dysfunction
during interferon treatment may be associated with a rise in
serum transaminases (Chapter 20.9). In many patients thyroid
function may return to normal following interferon withdrawal
[114]. In view of this potential for recovery, radical therapy such
as thyroidectomy or 131I ablation should not be considered as
first-line treatment in thyrotoxic patients. Thyroid autoantibod-
ies eventually disappear following withdrawal of α-interferon
[112].

Parathyroid hormone and osteocalcin
(see also Chapter 21.9)

Parathyroid hormone

Parathyroid hormone (PTH) is an 84-amino-acid peptide
(molecular weight 9300). PTH synthesis and secretion are under
feedback control by the plasma (free) calcium ion concentra-
tion. Mild hypomagnesemia also stimulates PTH secretion 
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but magnesium is much less potent than calcium. Synthesis of
PTH is inhibited by high levels of α1,25-dihydroxyvitamin D3.
Biological activity of PTH resides in the N-terminal amino acids
1 to 34. PTH, together with vitamin D (see Chapter 21.9), acts 
on bone, kidney, and gut to regulate calcium homeostasis and
maintain extracellular calcium ion levels (Fig. 7). PTH acts on
the kidney to stimulate calcium reabsorption, and on bone to
increase bone resorption. Normally, bone resorption and bone
formation are tightly coupled. The kidney filters about 5–7 g of
calcium each day. Most but not all of this is reabsorbed, and
there are additional obligatory losses in sweat and from the gut.
PTH acts indirectly to enhance the intestinal absorption of dietary
calcium by increasing the renal conversion of 25-hydroxyvitamin
D3 to the active hormone α1,25-dihydroxyvitamin D3 and
thereby offset these obligatory losses. In the presence of inade-
quate dietary calcium intake or vitamin D deficiency/disturbed
metabolism (see Chapter 21.9), the overriding effects of PTH to
maintain extracellular calcium ion concentration will lead to
negative calcium balance (especially from bone).

Because about 90% of the protein-bound calcium (c. 35% of
total) is associated with albumin, total plasma calcium concen-
tration may be low in patients with liver disease and hypoalbu-
minaemia. Ionized calcium levels are usually normal but may be
low, especially in patients abusing alcohol. Low ionized calcium
levels are also found in patients with fulminant hepatic failure.
Most patients with chronic liver disease are in negative calcium
balance, and osteoporosis is very common in all forms of
chronic liver disease. Osteomalacia is rare even in patients with
cholestatic disease (Chapter 21.9). The aetiology of bone 
disease is complex. Poor nutrition and malabsorption are

important; malabsorption of calcium and phosphate are com-
mon in both cholestatic and hepatocellular liver disease. The
coupling between bone resorption and bone formation is also
disturbed.

Relevant factors may include decreased physical activity, effects
of alcohol, hypogonadism, diminished hepatic insulin-like
growth factor-1 production, and the effects of glucocorticoid
treatment in patients with autoimmune liver disease or after
liver transplantation. These are discussed in Chapter 21.9. 
PTH has also been implicated in the increased prevalence of
osteoporosis in alcoholic patients. Alcohol ingestion can acutely
inhibit the secretion of PTH, resulting in reduced ionized cal-
cium levels, hypercalciuria, and increased urinary magnesium
excretion. PTH levels may subsequently increase to supranor-
mal levels with restoration of serum calcium levels. It has been
suggested that recurrent cycles of hypoparathyroidism and
hyperparathyroidism could contribute to the development of
alcohol-related bone disease. Severe hypomagnesaemia, which
may occasionally be found in chronic alcoholic patients, can 
also produce a state of functional hypoparathyroidism and
hypocalcaemia.

Circulating PTH includes the intact, biologically active hor-
mone (PTH 1–84) and a family of closely related fragments 
that include the midportion of PTH and C-terminus of PTH and
are biologically inactive in calcium homeostasis. Intact PTH has
a very short circulating half-life (2–3 min). The liver and kidney
are the main sites of clearance, the liver accounting for about 
70% of the total. C-terminal fragments are released back into the
circulation. Their circulating half-life is longer (20–30 min)
than that of intact PTH. The main C-terminal fragments 

Fig. 7 Sites of action of PTH to maintain
extracellular calcium. Figures represent
approximate quantities of elemental calcium
transferred per 24 h. Approximately 
900–1500 g calcium is stored in bone.
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disappear from the circulation after hepatectomy. The kidney 
is the main site of clearance of C-terminal fragments and they
accumulate after nephrectomy and in patients with chronic
renal failure. Although low levels of amino-terminal fragments
may be detected in the liver and kidney, they are not released
back into the plasma, and under most circumstances intact
PTH(1–84) is the only biologically active form in plasma. The
presence of circulating biologically inactive fragments of PTH
has complicated the measurement of PTH in plasma. Most
‘mid-region’ PTH assays predominantly recognize C-terminal
fragments. While ‘mid-region’ PTH assays are reliable for the
diagnosis of primary hyperparathyroidism, serum PTH levels
obtained using these ‘mid-region’ assays in patients with altered
PTH metabolism (renal failure and liver disease) may be
difficult to interpret.

Some patients with hepatic osteomalacia may develop sec-
ondary hyperparathyroidism with increased serum PTH levels
and other evidence of increased PTH activity (increased urinary
cyclic AMP excretion, decreased tubular phosphate reabsorption,
bone histological changes of osteitis fibrosa) [115]. Increased
serum PTH levels (using a ‘mid-region’ PTH assay) were also
found in patients with primary biliary cirrhosis despite normal
or slightly elevated serum calcium and 25-hydroxyvitamin 
D3 levels [116]. These authors suggested that mild vitamin D
deficiency and secondary hyperparathyroidism may be early 
features. However, because of abnormal handling of PTH in
liver disease, caution is needed in the interpretation of serum
PTH levels. Kirch et al. [117] in a large group of cirrhotic
patients of differing aetiologies (70% alcoholic), found
increased PTH levels using a ‘mid-region’ assay but normal 
levels of the biologically active intact PTH(1–84). Levels of 
biologically inactive PTH C-terminal fragments were inversely
related to serum albumin and prothrombin times but did not
correlate with levels of intact PTH(1–84). Increased levels of 
C-terminal PTH fragments in liver disease have also been
reported by others.

Osteocalcin

Osteocalcin (bone Gla-protein) is a 49-amino-acid non-collage-
nous peptide, synthesized and secreted by bone osteoblasts. The
serum concentration is believed to reflect the rate of bone 
formation and osteoblast activity. The peptide is activated by
vitamin K-dependent carboxylation. Decreased serum osteocal-
cin levels with a relative decrease in the active carboxylated 
form were found in patients with primary biliary cirrhosis [116].
Decreased osteocalcin levels have also been found in patients
with alcoholic liver disease, cholestatic liver disease, haemochro-
matosis, and chronic active hepatitis; the lowest levels were
found in the patients with the poorest liver function. Low 
osteocalcin levels are consistent with the findings from histolog-
ical studies of bone showing that decreased bone formation is
the main cause of bone disease in cholestatic and hepatocellular
liver disease (Chapter 21.9).

Adrenal hormones

Normal physiology

The adrenal cortex secretes glucocorticoids (including cortisol,
cortisone, and 11-deoxycorticosterone), mineralocorticoids
(mainly aldosterone), and androgens. Mineralocorticoid
metabolism is discussed elsewhere. Cortisol synthesis and secre-
tion from the adrenal gland is stimulated by ACTH. Cortisol
production is influenced by the diurnal rhythm of ACTH secre-
tion, stress, and negative feedback by cortisol. Plasma ACTH
and cortisol levels peak between 07.00 and 08.00 h, assuming 
a normal sleep time from midnight to 07.30 h. Levels then fall,
interrupted by occasional secretory peaks, to reach their nadir
around midnight, rising again 2–4 h after the onset of sleep. 
This rhythm persists despite considerable perturbation of the
system, including sleep deprivation. Stress is the most important
stimulus to ACTH and cortisol release; it induces the release of
corticotrophin-releasing hormone from hypothalamic neurones
into the hypophyseal portal system to stimulate pituitary ACTH
release. The observation that the ACTH and cortisol response 
to insulin-induced hypoglycaemia is generally greater than 
that elicited by a maximally stimulating dose of corticotrophin-
releasing hormone, suggests that in addition to corticotrophin-
releasing hormone there are other releasing factors. Antidiuretic
hormone and catecholamines (but not circulating adrenaline or
noradrenaline) potentiate corticotrophin-releasing hormone-
induced ACTH release. Serotonin may also increase ACTH
release while opioids are inhibitory. An increase in plasma 
cortisol decreases ACTH release and pro-opiomelanocortin
synthesis by inhibiting hypothalamic corticotrophin-releasing
hormone synthesis and by decreasing the responsiveness of the
pituitary to corticotrophin-releasing hormone.

Plasma transport of glucocorticoids
About 80–85% of plasma cortisol is bound with high affinity to
cortisol-binding globulin, and about 10–15% with much lower
affinity to albumin. However, with increasing cortisol concen-
trations, cortisol-binding globulin becomes saturated (above c.
690 nmol/L [25 µg/L]) and a larger proportion is then associated
with albumin. Since the rate of dissociation from albumin is
more rapid than from cortisol-binding globulin, albumin-
bound cortisol is more readily available to tissues. Only the free
hormone is physiologically active. However, in the various 
tissues, the binding of cortisol from the free pool to intracellular
receptors, steroid-metabolizing enzymes and other proteins
shifts the equilibrium towards dissociation of plasma protein–
cortisol complexes, and the dissociated hormone can then be
taken up. In the liver, which has a relatively long sinusoidal 
transit time, some cortisol-binding globulin-bound cortisol
may be taken up (after its dissociation) in addition to the free
and albumin-bound hormone. The physiological mechanisms
that control the plasma cortisol level respond to the free rather
than total cortisol levels. Thus, with variations in cortisol-binding
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globulin levels, the free cortisol concentration is maintained
within the normal range even though total cortisol levels 
change.

Cortisol-binding globulin also binds corticosterone and 
prednisolone with high affinity but binding of prednisone, cor-
tisone, dexamethasone, and methylprednisolone is negligible.
Cortisol-binding globulin has a structure similar to that of 
several members of the serine protease superfamily that includes
α1-proteinase inhibitor, α1-chymotrypsin, and thyroxine-
binding globulin. The cortisol-binding globulin–cortisol com-
plex is cleaved by neutrophil-derived elastase at sites of
inflammation. Thus, in addition to serving as a reservoir of 
cortisol, and slowing its clearance, cortisol-binding globulin
may target the delivery of glucocorticoids to sites of infection
and inflammation.

Cortisol metabolism
In the liver the enzyme 11β-hydroxysteroid dehydrogenase
plays a key role in the metabolism of cortisol; it converts cortisol
to inactive cortisone. The reverse reaction is catalysed by 11-
oxosteroid reductase, and administered cortisone is largely con-
verted to active cortisol in the liver. The liver is the main site of
cortisol degradation. Hepatic conjugation of the cortisol and
cortisone metabolites with sulphate and glucuronide enhances
their water solubility and renal clearance. Normally, roughly
equivalent amounts of the conjugated metabolites of cortisol
and cortisone are excreted in the urine. Only about 1% of the
cortisol produced daily is excreted unchanged in the urine. The
plasma concentration of cortisol is about 1000 times that of
aldosterone in man; conversion of cortisol to cortisone in the
kidney collecting tubules by 11β-hydroxysteroid dehydrogenase
is important for preventing cortisol from binding to the miner-
alocorticoid receptor and causing a state of mineralocorticoid
excess [118].

Cortisol in liver disease

Plasma cortisol concentration in the morning after an overnight
fast is usually normal in patients with cirrhosis [63,119].
Cirrhotic patients with poor liver function may have low 
cortisol-binding globulin [120] and albumin levels. This may
result in low morning total cortisol levels, but the biologically
active free cortisol levels are usually normal [63]; they may 
even be somewhat higher than in matched normal subjects
though still within the normal range [120]. There may be a loss 
or blunting of the diurnal cortisol rhythm, particularly in
decompensated cirrhotics and those with alcoholic liver disease
[120] with a tendency to higher total and free cortisol levels in
the evening than in matched normal subjects. A blunting of the
diurnal cortisol rhythm may also be found in alcoholic patients
without significant liver disease. It tends to return to normal
with abstinence.

Patients with autoimmune chronic active hepatitis may have
features suggestive of Cushing syndrome, including abdominal

striae, facial mooning, acne, bruising and hirsuties, prior to
treatment with corticosteroids. There is a paucity of data on 
cortisol metabolism in these patients. Plasma cortisol levels may
be elevated but this is due to increased cortisol-binding globulin
levels. Elevated cortisol-binding globulin levels are also found 
in patients with non-autoimmune chronic active hepatitits [121].
Plasma free cortisol and urinary 24-h free cortisol excretion were
normal in the patient studied by Orbach et al. [121], and were
normally suppressed by dexamethasone (0.5 mg 6-hourly for 2
days). However, due to delayed cortisol clearance in patients
with raised cortisol-binding globulin levels there may be
impaired suppression of the morning plasma cortisol levels with
an overnight dexamethasone (1 mg) suppression test.

In keeping with the importance of the liver for cortisol
metabolism, clearance of cortisol is reduced in cirrhosis. The
clearance of synthetic glucocorticoids, prednisolone, and dex-
amethasone is also impaired. Renner et al. [122] found that 
in decompensated alcoholic cirrhotic patients prednisolone
clearance correlated directly with galactose elimination capacity,
and that with declining liver function a larger proportion of
plasma prednisolone was non-protein bound. The urinary 
cortisol metabolite profile is abnormal in cirrhosis. There is an
increase in the ratio of cortisol metabolites (tetrahydrocortisol
and its isomer 5α-tetrahydrocortisol) to tetrahydrocortisone,
irrespective of the aetiology of liver disease, implying a
deficiency of 11β-hydroxysteroid dehydrogenase [119]. Other
abnormalities include a reduction in the tetrahydrocortisol/
5α-tetrahydrocortisol ratio (due to either deficiency of 5α-
reductase or stimulation of 5β-reductase activity) and an increased
proportion of unconjugated cortisol metabolites [119].

However, the reduction in cortisol metabolism does not result
in increased plasma cortisol levels because of the negative feed-
back effect on ACTH secretion. Patients with non-alcoholic liver
disease and most alcoholic cirrhotic patients have an appropri-
ate reduction in 24-h cortisol production rate [119,120]. In 
non-abstinent patients with alcoholic liver disease 24 h cortisol
production rates are very variable; some patients show an 
appropriate reduction but others may have 24-h cortisol produc-
tion rates within or above the normal range, despite a marked
impairment of cortisol metabolism, resulting in increased
plasma cortisol levels and urinary free cortisol excretion [119].
Although, their cortisol level at around 09.00 hours may be
within the normal range, it tends to be higher than in patients
with non-alcoholic liver disease [119]. It has been suggested 
that this impairment of cortisol feedback at the hypothalamic
pituitary level in some alcoholic patients may explain the 
development of pseudo-Cushing syndrome [119].

Pseudo-Cushing syndrome

Alcohol-induced ‘pseudo-Cushing’ is an uncommon syndrome
occurring in chronic alcoholic patients. Most patients have
abnormal liver function tests. In addition to the clinical features
suggestive of Cushing syndrome, such as muscle wasting, thin

TTOC21_02  3/10/07  9:43 AM  Page 1751



1752 21 THE IMPACT OF LIVER DISEASE ON OTHER SYSTEMS

skin, bruising, abdominal striae, central obesity, moon face 
(due to parotid enlargement), hypertension, and glucose intol-
erance, biochemical findings may be identical to those found in
pituitary-dependent Cushing syndrome [123]. Plasma ACTH
and free cortisol levels are increased, there is a loss of the 
normal diurnal cortisol rhythm and impaired suppression of
plasma cortisol and ACTH levels with dexamethasone. Urinary
excretion of free cortisol and its metabolites is increased, and
there is impaired suppression of urinary free cortisol and 17-
hydroxycorticosteroids during a ‘low dose’ dexamethasone 
(0.5 mg 6-hourly for 2 days) suppression test. With ‘high dose’
dexamethasone (2.0 mg 6-hourly for 2 days) suppression of 
urinary free cortisol excretion is comparable to that in Cushing’s
disease. The abnormalities of cortisol metabolism resolve 
within days to weeks of cessation of alcohol consumption but
may cause diagnostic confusion. A corticotrophin-releasing
hormone test performed after administration of dexamethasone 
(2 mg/day for 2 days) may help in the differentiation of pseudo-
Cushing from true Cushing: in all subjects with true Cushing 
syndrome a serum cortisol level above 38 nmol/L (14 µg/L) was
found 15 min after the injection of corticotrophin-releasing
hormone [124].

The observation that plasma cortisol levels and 24-hour corti-
sol production rates tend to be higher in patients with alcoholic
cirrhosis than in patients with non-alcoholic chronic liver dis-
ease [33] has led to the suggestion that in some alcoholic patients
there is a failure to downregulate ACTH secretion in response to
increased plasma free cortisol levels arising from the impaired
hepatic metabolism of cortisol. It would appear that ethanol 
is capable of inducing resistance to the suppressive effects of 
glucocorticoids on ACTH secretion.

Cortisol response to insulin-induced
hypoglycaemia in cirrhosis

Decreased plasma ACTH and cortisol responses to insulin-
induced hypoglycaemia have been found in patients with 
endstage non-alcoholic liver disease [63] as well as in some 
alcoholic patients without significant liver disease. In alcoholics
without significant liver disease the cortisol response to ACTH 
is normal [125] but in endstage liver disease this may also be
impaired, implying both a defect at the hypothalamic–pituitary
level and an impaired response of the adrenal glands [63].
McDonald et al. found that the impairment of the plasma corti-
sol response to insulin-induced hypoglycaemia and to ACTH
was most marked in patients with the poorest liver function as
assessed by Child–Pugh score [63]. Studies in bile-duct ligated
cholestatic rats also suggested an impaired ACTH/corticos-
terone response to stress [126]. The significance of these findings
in terms of recovery from hypoglycaemia and adequacy of 
the adrenal response to stress situations such as sepsis and 
gastrointestinal bleeding is unclear. The possibility of an inade-
quate cortisol response to stress should be borne in mind when
dealing with the critically ill hypotensive patient.

Sex hormones

Normal physiology

Testosterone, the major circulating androgen in men, is syn-
thesized and secreted by the testicular Leydig cells. Normal 
daily production rate is 4–8 mg. The testes also secrete 5α-
dihydrotestosterone (50–100 µg/day), a more potent metabolite
of testosterone. However, most of the circulating 5α-
dihydrotestosterone is derived from reduction of the A ring 
of testosterone in peripheral tissues. Only a small proportion 
of the 5α-dihydrotestosterone produced in peripheral tissues 
is released into the circulation, and plasma levels do not corre-
late with peripheral formation. Normal plasma testosterone 
levels in men range from 3–12 µg/L (10–42 nmol/L), with a
mean value of 6–7 µg/L (20–24 nmol/L); plasma levels of 5α-
dihydrotestosterone are about one-tenth those of testosterone.
Less potent androgens include androstenedione, secreted by 
the testes and the adrenals, and dehydroepiandrosterone and 
its sulphate, which are mainly of adrenal origin. These weaker
androgens probably require conversion to testosterone for
androgenic activity, although less than 10% of plasma testos-
terone in men is derived from this source.

A small fraction of plasma testosterone (<1%) is converted to
estradiol, the main biologically active estrogen. Androstenedione
is the main source of the less potent estrone (Fig. 8). Skin, fat,
and muscle are the main sites of conversion, which is mediated
by a cytochrome P-450-dependent aromatase. Only a fraction 
of the peripherally produced estrogen enters the circulation.
Peripheral conversion accounts for about 70% of the estradiol
released into the circulation in men; direct testicular secretion
accounts for only 20%. Brain, including the hypothalamus, is
also an active site of conversion of testosterone to estradiol
which is involved in the regulation of gonadotrophin secretion.
Normal estradiol and estrone levels in men are below 50 ng/L
(184 pmol/L) and 60 ng/L (222 pmol/L) respectively.

In women, production of estradiol varies during the men-
strual cycle (250–500 µg/24 h): plasma levels are lower in the
early follicular phase (60–100 ng/L (0.22–0.37 nmol/L)) than 
during the luteal phase (200–700 ng/L (0.73–2.57 nmol/L)).
Estrone is produced mainly by peripheral conversion of
androstenedione. In premenopausal women the ovaries and
adrenals each contribute about 50% of total daily androstene-
dione production (3 mg/day); after the menopause ovarian 
production declines markedly and the adrenals are the main
source. In normal lean premenopausal women about 1–1.5% of
androstenedione is converted to estrone; after the menopause
this increases to 2–3% so that total estrone production 
(40 µg/day) remains unchanged. Plasma testosterone levels in
women (c. 0.35 µg/L (1.21 nmol/L)) are about 5% those found
in men. Nearly half of this comes from the ovaries. The remainder
is derived from conversion of androstenedione (c. one-third),
and to a lesser extent dehydroepiandrosterone, of adrenal origin
to testosterone in fat, muscle, and possibly liver.
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Testosterone production is stimulated by luteinizing hormone
(LH), which regulates the enzymatic steps leading to production
of testosterone from its precursor pregnenolone. LH secretion 
in turn is inhibited by testosterone in a negative feedback 
fashion, at both the hypothalamic and pituitary levels [127].
Spermatogenesis is primarily controlled by follicle stimulating
hormone (FSH), which acts on Sertoli cells to modulate the 
production of a variety of protein factors that regulate and 
coordinate sperm development; the hormone inhibin produced
by Sertoli cells exerts negative feedback control of FSH secretion.
LH acts indirectly by stimulating testosterone secretion; high
local concentrations of testosterone (50–100 µg/100 g) are 
necessary for normal spermatogenesis. Sertoli cell secretion of
androgen-binding protein (which has the same amino acid
sequence as sex hormone-binding globulin but differs in its 
carbohydrate content) into the lumen of the seminiferous
tubules helps to ensure these high local concentrations of 
testosterone. Androgen deficiency due to primary testicular 
disease is associated with elevated plasma LH levels. If spermato-
genesis is decreased, plasma FSH levels are also raised. In
hypothalamic–pituitary disease, plasma gonadotrophin levels
are low.

The liver is the main site of degradation of androgens 
and estrogens. Testosterone is degraded to water-soluble 17-
ketosteroids such as androsterone and etiocholanolone. Estro-
gens are metabolized largely by hydroxylation and oxidation
reactions. The 17-ketosteroids and estrogen metabolites are
then conjugated with sulphate or glucuronide and excreted in
the urine. The bulk (c. 70%) of the urinary 17-ketosteroids are
derived from the adrenal cortex and not from the metabolism 
of testosterone.

Sex steroid transport in blood
Circulating testosterone and 5α-dihydrotestosterone are mainly
bound to sex hormone-binding globulin (high-affinity, low-
capacity binding) and albumin (low-affinity, high-capacity
binding) with only 1–4% in the free form. Sex hormone-binding
globulin is a glycoprotein synthesized by the liver. In addition 
to testosterone, it binds estradiol with a much lower affinity.
Androstenedione, dehydroepiandrosterone, and estrone, which
lack the 17β-hydroxy group, do not bind to sex hormone-
binding globulin. Binding of androgens to sex hormone-
binding globulin slows their plasma clearance. Thus, the
metabolic clearance rate of testosterone (0.6 L/min in men 
and 0.3 L/min in women) is lower than that of androstenedione
and dehydroepiandrosterone, which circulate free or bound to
albumin and have high hepatic extraction ratios and clearance
rates (c. 1.0 L/min) that resemble splanchnic plasma flow.
Unbound testosterone and estradiol have generally been consid-
ered to be the biologically active fraction. However, because of
the low-affinity binding to albumin, the albumin-bound frac-
tion of these hormones is readily available for tissue extraction;
the sum of free plus albumin-bound testosterone provides a
good estimate of bioactive androgen.

Hepatic sex hormone-binding globulin production is
increased by estrogens and decreased by administration of
androgen. Insulin and insulin-like growth factor-1 may, how-
ever, be the major regulators [80]. Thyroid hormone also 
stimulates sex hormone-binding globulin synthesis, and levels
are low in hypothyroidism. Sex hormone-binding globulin 
levels have a major influence on plasma free testosterone levels.
An increase in sex hormone-binding globulin in response to
estrogen lowers the free testosterone level; conversely a rise in
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Fig. 8 Peripheral pathway for conversion of
androgens to estrogens. In males most blood
estradiol originates from testosterone. In liver
disease activity of the cytochrome P-450-
dependent aromatase is increased, resulting 
in increased estrone and estriol formation. 
In men with cirrhosis as much as 15% of
circulating testosterone may be derived from
androstenedione compared to 1% in 
normal men.
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testosterone lowers sex hormone-binding globulin levels and
increases the unbound testosterone fraction. Changes in sex
hormone-binding globulin levels have much less effect on 
measured estrogen levels because the affinity of sex hormone-
binding globulin for estradiol is much lower than for testos-
terone, and in men circulating estradiol levels are an order of
magnitude below the Ka of sex hormone-binding globulin for
estradiol.

In some androgen-responsive target tissues testosterone is
converted by steroid 5α-reductase to 5α-dihydrotestosterone,
which is the main cellular mediator of androgen action. In other
tissues testosterone itself is active. Thus, testosterone itself medi-
ates the anabolic actions on muscle and stimulates the female
pattern of axillary and pubic hair growth in both sexes but 
5α-dihydrotestosterone is essential for the development of
external male genitalia and the development of the full male 
pattern of facial and body hair growth and androgenic alopecia.
The intracellular androgen receptor [128] can bind testosterone
or 5α-dihydrotestosterone, but its affinity for 5α-dihydrotestos-
terone is higher. Binding of androgen to the receptor causes the
receptor to be released from an inactive complex of proteins.
The active receptor with its bound ligand then binds to specific
chromosomal DNA sequences (‘androgen response element’) 
to regulate gene expression (Fig. 5). Specificity of the response
probably depends on the formation of a complex with a number
of transcriptional factors as well as binding to the androgen
response element. In blood stem cells there is a specific 5β-
dihydrotestosterone receptor, and enhancement of red cell pro-
duction in response to erythropoietin by testosterone requires
its conversion to 5β-dihydrotestosterone [129].

Sexual dysfunction in men with liver 
disease

Cirrhosis is associated with hypogonadism and signs of femin-
ization. Hypogonadism is associated with testicular atrophy,
impotence, and loss of libido. Signs of feminization include loss
of body hair, a female distribution of body hair, a redistribution
of body fat, and gynaecomastia. Vascular spider naevi and pal-
mar erythema are also regarded by many as signs of feminiza-
tion, as they occur with increased frequency during normal
pregnancy, and may be found in men with prostatic carcinoma
treated with high doses of estrogens. Benign prostatic hypertro-
phy occurs less frequently in cirrhosis. Most published figures
(see below) concerning the prevalence of these complications
are based on studies of selected patients in hospital, and of
patients with long-standing disease. The abnormalities are more
commonly found in patients with de-compensated liver disease,
and in patients with alcoholic cirrhosis in whom they tend to 
be more pronounced than in men with cirrhosis due to other
causes [130,131]. In patients with well-compensated, non-
alcoholic liver disease gynaecomastia and sexual dysfunction are
uncommon. In haemachromatosis, however, gonadal failure
may precede the development of cirrhosis (see later).

Hypogonadism and associated hormonal changes
Hyogonadism has been reported in as many as 70–80% of men
with cirrhosis [131–135]; clinical and histological evidence of
testicular atrophy is found in over 50% of patients [130]. The
gonadal atrophy in alcoholic cirrhotic men reflects a reduction
in mass of the seminiferous tubules which account for 90–95%
of the testicular volume, and there are gross abnormalities of
seminal fluid composition. Leydig cell failure is manifest by a
marked reduction in testosterone production, and as much as
15% of circulating testosterone in cirrhotic men may be derived
from the peripheral conversion of androstenedione produced 
by the adrenals, compared to 1% in normal men. Total plasma
testosterone levels are often decreased in cirrhotic patients
[130,131,133–136], falling with increasing severity of liver dis-
ease as assessed by Child-Pugh score [134,136]. Testosterone
responses to small doses of human chorionic gonadotrophin,
which has predominant LH activity, are diminished [130].

While liver disease per se is associated with hypogonadism
[131,134–136], most studies have been conducted in alcoholic 
cirrhotic men, many of whom will have continued to consume
alcohol up to the time of investigation. Alcohol itself affects
gonadal and hypothalamic–pituitary function (Chapter 12.4).
Ethanol inhibits testosterone production by blocking 17α-
reductase and 17,20-desmolase activities which are key enzymes
in the biosynthetic pathway. Excessive alcohol intake in normal
volunteers inhibits testosterone production, resulting in
decreased testosterone levels with a secondary rise in LH; 
after 1–2 weeks of heavy alcohol intake, testosterone levels 
remain low and LH levels also become subnormal. Ethanol also
inhibits spermatogenesis; it may compete with retinol for an
alcohol dehydrogenase enzyme in the testes which is important
for converting retinol to retinal (the aldehyde form of vitamin
A) that is essential for normal spermatogenesis. Alcohol abuse,
even in the absence of liver disease, causes hypogonadism and a
variety of sexual disorders. Testosterone levels tend to be lower
in alcoholic than in non-alcoholic cirrhotic men matched for
severity of liver disease [131,137], consistent with a direct toxic
effect of alcohol on the testes. Thus, in alcoholic cirrhosis the
effects of alcohol and cirrhosis may be additive, and alcohol is
undoubtedly a factor in the high prevalence rates of hypogo-
nadism found in alcoholic cirrhotics [132,138]; sexual function
may improve with abstinence [132]. Van Thiel has suggested 
a much lower prevalence of gonadal dysfunction in men with
well-compensated non-alcoholic liver cirrhosis. In endstage
liver disease, some [135] but not all studies [137] have suggested
that the prevalence of hypogonadism may be equally high in
alcoholic and non-alcoholic cirrhotic patients. In patients with
endstage liver disease the relative importance of liver disease 
per se and such factors as nutritional state, weight loss, and inter-
current illness, all of which can produce a transient secondary
hypogonadism and biochemical androgen deficiency [138], is
unclear.

Sex hormone-binding globulin levels are increased in men
with cirrhosis [134]. Possible explanations for increased hepatic
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production of sex hormone-binding globulin in liver disease 
are the low levels of insulin-like growth factor-1 and possibly
hepatic underinsulinization due to portosystemic shunting and
capillarization of hepatic sinusoids. Abnormal glycosylation of
sex hormone-binding globulin could prolong its circulating
half-life. Because of the increased sex hormone-binding globu-
lin levels in cirrhotic men, free testosterone levels are decreased
more consistently than total testosterone levels. In patients with
very poor liver function and encephalopathy, hepatic synthesis
of sex hormone-binding globulin may be impaired resulting in
very low total testosterone levels.

There is no correlation between impotence and the low
plasma testosterone levels in patients with liver disease and
treatment with testosterone has generally been ineffective [132].
Other hormonal changes associated with cirrhosis include
increased plasma levels of androstenedione, decreased dehy-
droepiandrosterone and dehydroepiandrosterone sulphate, and
increased levels of estrone (Table 3). Plasma estradiol con-
centrations are usually normal in well-compensated disease
[130,131], but may increase with increasing severity of liver 
disease, particularly in alcoholic cirrhotics. The increase in 
estradiol levels is due to increased peripheral conversion of 
testosterone to estradiol, and not to a reduction in estradiol
metabolism; this is normal or even increased [130]. Conversion
of androstenedione to estrone is increased in cirrhosis. Adipose
tissue is an important site of aromatization of androstenedione
to estrone. This conversion may be enhanced by increased 
delivery of androstenedione to adipose tissue as a result of
decreased hepatic clearance of androstenedione in patients with
significant portosystemic shunting. Guechot et al. [139] found 
a strong correlation between the hepatic extraction ratios 
of androstenedione and indocyanine green in patients with 

alcoholic cirrhosis. However, Wang and colleagues found no
correlation between changes in sex hormone levels and the
severity of portal hypertension in patients with cirrhosis due to
hepatitis B virus infection [133].

Increased conversion of androstenedione to estrone and 
of testosterone to estradiol in cirrhosis could also be due to
altered hepatic steroid metabolism. The hepatic expression of
certain forms of cytochrome P-450 concerned with metabolism
of sex steroids shows marked gender differences. Portal vein 
ligation of male rats resulted in a marked reduction of male-
specific cytochrome P-450 isoforms, responsible for 16α- and
6β-hydroxylation of androstenedione, associated with a corre-
sponding decrease in metabolism of androstenedione via 
these pathways; the conversion of androstenedione to estradiol
increased seven- to 15-fold. The sexually dimorphic pattern of
hepatic steroid-metabolizing enzymes is in part determined 
by the pattern of hypothalamic–pituitary hormone release.
Growth hormone is known to be important; feminization of
hepatic steroid metabolism occurs in rats treated with growth
hormone. Whether the elevated growth hormone levels in many
patients with cirrhosis influence hepatic sex steroid metabolism
is unknown.

Plasma LH and FSH levels are usually normal or increased 
in patients with well-compensated cirrhosis [133,135] but are
often decreased in patients with endstage liver disease (Pugh’s
grades B and C) [133–136]. Reduced gonadotrophin produc-
tion may be a key to the development of overt hypogonadism.
Bannister et al. [140], in a small group of alcoholic cirrhotic
men, found a decreased amplitude and frequency of LH pulses,
despite normal basal LH levels, in those with overt hypogo-
nadism and testicular atrophy, but normal LH pulsatility and
raised basal LH levels in those with subclinical primary testicular

Table 3 Sex steroid hormone changes in cirrhosis.

Hormone Men Premenopausal women Postmenopausal women References

Men Women

Testerone ↓ →↓ → [140,184–192] [148,200,201]

5a-Dihydrotestosterone ↓ → ↓ [191] [149,200,201]

DHEA ↓ ↓ ↓ [184,193]

DHEA-sulphate ↓ ↓ ↓ [140,184,193] [200–202]

Androstenedione ↑ →↑ →↑↓ [140,184,192] [149,200–202]

Estrone ↑ ↑ ↑ [142,185,192] [148,149,200–202]

Estradiol →↑ ↓ → [142,184,190,192] [148,201]

Estriol ↑ ↑ ↑ [142] [148]

Progesterone ↑ ↓ ↓ [194] [148]

Luteinizing hormone ↑→↓ →↓ →↓ [140,185–188,190] [200,203]

FSH ↑→↓ →↓ →↓ [185–188,190] [200,203]

Prolactin →↑ →↑ →↑ [187,190,195,196] [200,203]

SHBG ↑ →↑ ↑→ [186,197–199] [149,201–203]

DHEA, dehydroepiandrosterone; FSH, follicle-stimulating hormone; SHBG, sex hormone-binding globulin.
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failure. Primary testicular failure is normally associated with 
elevated LH levels. Thus, normal or low plasma LH concentra-
tions in the presence of low free testosterone levels suggest a
hypothalamic–pituitary defect. The response of LH and FSH 
to gonadotrophin releasing hormone is variable [130,134,135].
Peak responses are usually normal or increased but the incre-
mental responses are often diminished in those with elevated
basal LH and FSH levels [135]; the peak LH and FSH response
may be delayed in patients with endstage liver disease, irrespec-
tive of aetiology [134]. Decreased plasma testosterone and LH
concentrations with preserved pituitary gonadotrophin responses
to gonadotrophin releasing hormone strongly suggest that
diminished LH production in ‘sick’ cirrhotics and those with
overt hypogonadism is due to a hypothalamic defect. Decreased
LH and FSH responses to clomiphene, particularly in alcoholic
cirrhotic patients is in keeping with a hypothalamic defect.
Hypothalamic dysfunction would explain the diminished pul-
satile LH secretion [140], as this depends on episodic release of
gonadotrophin-releasing hormone from hypothalamic neurones
into the pituitary portal blood.

Testicular endocrine dysfunction is improved by successful
liver transplantation in alcoholic and non-alcoholic cirrhotic
patients [134,135,141]. Sexual function may also improve in 
some patients [137]. Handelsman et al. [134] reported a progres-
sive improvement but not normalization, in sex hormone levels 
at 6 and 12 months after successful liver transplanation for 
endstage non-alcoholic liver disease. At 12 months plasma total
and free testosterone levels had increased to 71 and 66% of 
normal, sex hormone-binding globulin levels had decreased to
normal and (despite the increase in testosterone levels) basal 
LH and FSH levels increased to levels that were approximately
twice those found in normal men. Plasma estrone and
androstenedione levels also fall after transplantation [141].
Whether the residual abnormalities reflect an irreversible 
component or are due to the effects of treatment with gluco-
corticoids, cyclosporin, or other drugs is unclear.

Feminization
Clinical features of feminization, including gynaecomastia, 
loss of body hair, and a redistribution of body fat occur in 
20–50% of patients with cirrhosis. Gynaecomastia is usually
bilateral but may be unilateral. Vascular spider naevi and palmar
erythema are often regarded as signs of feminization but their
appearance in women with alcoholic hepatitis or cirrhosis who
have evidence of estrogen deficiency casts some doubt on the
role of estrogens in their pathogenesis. The plasma levels of a
number of proteins whose synthesis is enhanced by estrogens,
including sex hormone-binding globulin, prolactin, growth 
hormone, and thyroxine-binding globulin are increased in these
patients. By contrast with hypogonadism, feminization usually
occurs only in the presence of cirrhosis, although gynaecomastia
can appear in acute alcoholic hepatitis and may be found in
young men with chronic active hepatitits without cirrhosis.
Feminization may be more common in alcoholic cirrhosis than

in other forms of liver disease [130] but not all studies have
found this. It often occurs as a side-effect of spironolactone
treatment (see below).

The biochemical basis for feminization remains unclear.
Serum estradiol levels are normal in most cirrhotic men with
gynaecomastia and other feminizing features. Some studies have
suggested a relationship with plasma estrone levels [142] which
are frequently raised in cirrhotic patients. However, because 
the feminizing potency of estrone (and of estriol which is also
raised) is much less than that of estradiol the importance of
increased plasma estrone and estriol levels remain unclear.
Other metabolites of estradiol such as 16-hydroxyestrone are
increased in cirrhosis and may be biologically active. It has been
suggested that the relative concentrations of free testosterone
and estradiol levels may be more important than estradiol levels
per se. Because of the increased sex hormone-binding globulin
levels in cirrhosis, and the greater affinity of sex hormone-
binding globulin for testosterone than for estradiol, the free
testosterone:free estradiol ratio may be markedly decreased in
patients with cirrhosis, falling with increasing severity of liver
disease. The presence of abnormal isoforms of sex hormone-
binding globulin in cirrhosis may result in increased tissue avail-
ability of estradiol. Increased local estrogen synthesis in the
breast may occur from androgens (notably androstenedione)
that have escaped hepatic metabolism as a result of portosys-
temic shunting.

Altered end-organ sensitivity to sex steroids could also be a
factor leading to feminization. Increased hepatic expression of
estrogen receptors has been suggested as a potential mechanism
leading to feminization of hepatic metabolism. Alcohol increases
hepatic estrogen receptor content [143]. However, findings in
patients with cirrhosis have been conflicting. Increased hepatic
estrogen receptor concentrations in alcoholic cirrhotics, partic-
ularly those with superimposed alcoholic hepatitis, were found
by Villa et al. [144], while others found decreased levels. Hepatic
estrogen receptor concentrations are normal in patients with
non-alcoholic liver disease [144]. Low hepatic androgen receptor
levels were found in a small group of patients with cirrhosis of
varying aetiology [145]. The estrogen/androgen receptor status
of other target organs in men with hypogonadism/feminization
is unknown.

Drugs
Spironolactone is a common cause of gynaecomastia and impo-
tence in patients with and without liver disease. Spironolactone
and its metabolites act partly by reducing testosterone synthesis
by inhibiting the cytochrome P-450-dependent 17-hydroxylase
complex, and partly by binding competitively to tissue androgen
receptors. Spironolactone treatment is associated with a fall in
serum testosterone levels and a rise in estradiol levels. Except 
for the unchanged sex hormone-binding globulin levels, these
hormonal changes are similar to those found in cirrhotic
patients not treated with spironolactone. Thus, spironolactone
may contribute to hypogonadism and feminization in some
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patients. Indeed, spironolactone has been used successfully in
dosages of 100–200 mg daily for the treatment of idiopathic 
hirsutism [146]. Potassium canrenoate, which is metabolized to
canrenone (a metabolite of spironolactone), may be as good 
as spironolactone in the management of ascites, but has less 
anti-androgenic activity and may be less likely to cause gynaeco-
mastia. Many other drugs commonly used in patients with liver
disease may contribute to hypogonadism, including cimetidine
(androgen receptor antagonist), propranolol, thiazide diuretics,
glucocorticoids, sulphasalazine, and drugs that stimulate pro-
lactin secretion.

Ovarian dysfunction in women

Ovarian endocrine failure in alcoholic cirrhotic women is mani-
fested by loss of libido, irregular menses, loss of secondary sexual
characteristics such as breast and pelvic fat, and ovulatory 
failure. A paucity of developing follicles, and few or no corpora
lutea, was found at autopsy in women aged 20–40 dying of 
alcoholic cirrhosis. Menopause often occurs at an earlier age 
in cirrhotic and non-cirrhotic female alcoholic patients [147].
The pathways for steroid synthesis in the testes and ovaries are
similar and it is likely that hypogonadism in alcoholic cirrhotic
patients is in part due to direct toxic effects of alcohol on ovarian
function. However, as in men, liver disease per se is important.
Valimaki et al. [148] found no difference in ovarian size or 
follicular development by ultrasonography in alcoholic women
without significant liver disease admitted for detoxification,
compared to a matched control group. Amenorrhoea and
oligomenorrhoea are common in women with endstage non-
alcoholic liver disease. Amenorrhoea tends to be more common
in patients with cirrhosis and hepatocellular failure than in
patients with predominantly biliary disease and cholestasis.
Indeed, patients with primary biliary cirrhosis have a high fre-
quency of menorrhagia and age at menopause appears similar 
to that of control subjects [149]. Amenorrhoea is also usual in
patients presenting with autoimmune chronic active hepatitis
(with or without cirrhosis) but regular menses resume when the
liver disease is controlled by corticosteroids, and then they have
little trouble conceiving, although there may be a higher fetal
wastage. Recovery of menstruation and fertility can be expected
in the vast majority of premenopausal women with amenorrhoea
associated with endstage liver disease after successful liver trans-
plantation [150]. The need for estrogen replacement therapy
should be considered in those failing to menstruate within 1 year
of transplantation.

Hormone levels (Table 3)
Sex hormone changes in women with chronic liver disease 
have been less well characterized than in men. Premenopausal
alcoholic cirrhotic women with secondary amenorrhoea are
estrogen deficient. Their urinary total estrogen excretion is 
subnormal and similar to that found in normal postmenopausal
women; estriol makes a bigger contribution to their total 

estrogen excretion compared to normal premenopausal women
[151]. Plasma estradiol and progesterone levels are reduced, while
plasma estrone levels are increased [151]. Plasma testosterone
and androstenedione levels are usually normal.

Postmenopausal women with either alcoholic or non-
alcoholic cirrhosis have increased estradiol and estrone 
levels by comparison with normal postmenopausal women.
Their testosterone levels are generally normal and most stud-
ies have found low androstenedione, dehydroepiandrosterone
and dehydroepiandrosterone sulphate levels [147,152,153],
though increased androstenedione levels have also been found.
Grun et al. [154] found that androstenedione levels increased 
in decompensated cirrhotic patients. As in cirrhotic men, sex
hormone-binding globulin levels are often increased in alco-
holic and non-alcoholic cirrhotic women [151], and may rise
with abstinence in alcoholic cirrhotic patients [155]. Plasma
prolactin levels are generally normal in both pre- and post-
menopausal women with chronic liver disease (see below).

Hypothalamic pituitary dysfunction
Despite the low plasma estradiol levels, LH and FSH levels are
not increased in cirrhotic women; inappropriately low LH and
FSH levels are found in amenorrhoeic cirrhotic women (pre- or
postmenopausal) irrespective of the aetiology of liver disease
[156]. In response to intravenous gonadotrophin-releasing 
hormone they have a normal increase in LH and FSH levels, 
suggesting that the defect is at the level of the hypothalamus
rather than the pituitary [151,156]. In sick patients the abnor-
malities of gonadotrophin and sex hormone levels may be 
due in part to the effects of systemic illness or malnutrition.
However, liver disease per se, and possibly portosystemic shunt-
ing, are likely to be important since the abnormalities of plasma
gonadotrophin levels may be found in cirrhotic patients in the
absence of weight loss or malnutrition.

Prolactin

Increased secretion of prolactin is an important cause of hypog-
onadism and impotence in men, and of amenorrhoea in women.
Prolactin is under inhibitory hypothalamic dopaminergic regu-
lation. Prolactin inhibits hypothalamic gonadotrophin-releasing
hormone release and directly inhibits ovarian progesterone and
estradiol secretion. Thus, hyperprolactinaemia inhibits sex steroid
synthesis in both sexes. In men, prolactin inhibits testosterone
production and also decreases the activity of 5α-reductase in
peripheral tissues, resulting in impaired conversion of testos-
terone to the more potent androgen, 5α-dihydrotestosterone.
Prolactin levels are normal in most patients with liver disease
[147,151,155] although there is a very wide range, with about
8% of male and 17% of female patients having prolactin levels
above the reference range [157]. Prolactin levels are unrelated to
the aetiology of liver disease [135,155,156]. In some [156] but
not all [155] studies, hyperprolactinaemia was more commonly
found in patients with established cirrhosis than in patients with
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non-cirrhotic liver disease, and in cirrhotic men prolactin levels
correlated with the severity of liver disease as assessed by Pugh’s
grading [135]. Prolactin responses to intravenous thyrotrophin-
releasing hormone have been found to be normal [153] or
increased. Basal and stimulated prolactin levels may be 
higher in cirrhotics with encephalopathy than those without
encephalopathy.

The mechanism of hyperprolactinaemia in liver disease is
unclear. Since prolactin secretion is stimulated by an increase 
in circulating estrogen levels, the increased plasma estrone levels
in cirrhotic men (particularly those in Pugh’s grades B and C)
might be expected to play a role. However, prolactin levels do
not correlate with plasma estrogen levels. Brain delivery of 
estradiol may be enhanced in cirrhosis despite a reduction in 
the free plus albumin-bound fraction of estradiol. The presence
of abnormal isoforms of sex hormone-binding globulin in 
cirrhosis may result in increased availability of sex hormone-
binding globulin-bound estradiol.

The clinical manifestations of hypogonadism or the presence
of gynaecomastia do not correlate with plasma prolactin levels
[155]. Thus, hyperprolactinaemia cannot be invoked to explain
the high prevalence of either hypogonadism or feminization in
patients with liver disease.

Endocrine dysfunction in
haemochromatosis

Endocrine dysfunction is common in patients with haemochro-
matosis [155–161].

Diabetes

The reported prevalence of diabetes in haemochromatosis is
very variable. The differences partly reflect varying definitions 
of diabetes as well as the severity of haemochromatosis. Many
patients previously classified as having diabetes would now be
regarded as having impaired glucose tolerance [7]. Earlier diag-
nosis of patients with haemochromatosis may also account for 
a lower prevalence of diabetes in recent studies compared with
earlier reports [162]. Niederau et al. [157] in a study of 163
patients with haemochromatosis diagnosed between 1959 and
1983 found diabetes at presentation in 6% of 45 precirrhotic
patients but in 71% of 112 patients with cirrhosis. Adams et al.
[163] found that 23% of haemochromatotic patients had dia-
betes at the time of presentation.

The aetiology of diabetes in haemochromatosis is multifacto-
rial. Most patients with haemochromatosis are insulin-resistant.
This may be due to effects of cirrhosis (see above) or to iron
overload; insulin resistance is an early finding in patients with
transfusional iron overload. Patients with overt diabetes have
impaired insulin secretion. This is probably due to the heavy
iron deposition in the islet β-cells and the exocrine pancreas.
The morphology of the islets tends to be well preserved and quite
different from that in either type 1 or type 2 diabetes mellitus.
Diabetes appears to be more common in haemochromatotic

patients with a first-degree relative with diabetes [164], suggest-
ing that a genetic predisposition to diabetes may be important in
some patients.

The presence of diabetes in haemochromatotic patients is
associated with a worse prognosis [157,159,162]. Patients are 
at risk of long-term microvascular (retinopathy, neuropathy,
nephropathy) and macrovascular complications of diabetes.
Good diabetic control is important to decrease the risk of these
and to slow their progression [165]. Diabetic haemochromatotic
patients are more likely to require insulin for control of their
diabetes if they have cirrhosis: in the study of Niederau et al.
[157] 62% of those with cirrhosis were on insulin at presenta-
tion, compared to 40% of those without cirrhosis. Depletion of
body iron stores does not eliminate the need for insulin, but
insulin requirements may fall; diabetic control may also be
improved in about half of the patients treated with sulphony-
lureas or diet. Some patients on oral hypoglycaemic agents 
may be able to stop these, though diabetes may progress with
longer-term follow-up as it does in patients with non-insulin-
dependent diabetes mellitus. Over a 2-year follow-up period,
about 10% of those with normal or impaired glucose tolerance
at presentation show a deterioration of glucose tolerance despite
iron depletion. The principles of management are similar to
those outlined earlier. Some insulin-treated patients may have
diabetes that is difficult to control. Defective glucose counter-
regulation has been suggested. Some patients may have deficient
growth hormone responses [161]. However, iron deposits are
not found in the glucagon secreting islet α-cells and plasma
glucagon levels are usually increased.

Hypogonadism and gynaecomastia

Decreased gonadal function is an early and common manifesta-
tion in men with haemochromatosis [157–161]. It may antedate
the presence of liver disease and often goes unrecognized as a
manifestation of haemochromatosis [157,160]. Hypogonadism
is less common in women, presumably owing to the protective
effects of iron loss from menstruation. In men the clinical 
picture includes impotence, decreased libido, testicular atrophy,
loss of body hair, and decreased frequency of shaving. These
manifestations do not correlate with the severity of liver disease.
Gynaecomastia is uncommon in the early stages but may be pre-
sent in cirrhotic patients with portal hypertension, and may
develop during testosterone replacement therapy (see below). 
In most patients hypogonadism is due to gonadotrophin
deficiency. Plasma LH, FSH, and testosterone levels are low, 
and the LH response to gonadotrophin-releasing hormone is
impaired. There may be a normal increase in plasma testos-
terone levels in response to human chorionic gonadotrophin.
Plasma estrogens are usually normal. Sex hormone-binding
globulin levels may be normal or increased. Haemochromatotic
patients with established cirrhosis have higher sex hormone-
binding globulin levels so that their free testosterone levels may
be very low [160,161]. Although primary testicular involvement
may also be present (presumably secondary to cirrhosis), the
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pituitary defect predominates. Rarely, patients may present with
primary testicular failure, in which case low testosterone and
high LH levels may be found.

The impaired gonadotrophin production appears to be due 
to iron deposition in the pituitary gonadotrophs. Pituitary iron
deposition can be demonstrated by MRI scan [166]. By contrast,
little iron is found in the testes; when present it is in the vessel
walls rather than in the germinal epithelium. Impotence is more
common, and more severe, in diabetic haemochromatotics than
those without diabetes [160]. This may be due to associated 
diabetic autonomic neuropathy or vascular disease. Testicular
biopsy in hypogonadal patients shows atrophy of the germinal
epithelium with fewer or absent Leydig cells. The testicular
changes are not necessarily irreversible.

In most patients hypogonadism is not influenced by 
depletion of body iron stores by venesection [157,159–161].
However, in the occasional patient, venesection may lead to an
increase in plasma gonadotrophin and testosterone levels with
loss of hypogonadal symptoms [167]. Recovery of spermatogen-
esis in a patient with documented azoospermia has also been
reported. Age may be an important determinant of the potential
for recovery; all the reports of recovery of sexual function 
with iron depletion have been in patients under 45 years at 
presentation.

Management
In the absence of diabetes, symptomatic improvement and nor-
mal sexual function can be expected with androgen replacement
therapy that increases plasma testosterone levels into the normal
range [168]. In addition to maintenance of normal secondary
sexual characteristics and lean body mass, testosterone replace-
ment may be important for normal erythropoiesis. Normal 
erythropoiesis is important to allow an adequate frequency 
of venesection and de-ironing. Testosterone therapy may also 
be beneficial in relation to osteoporosis that is common in
haemochromatotic patients. Gynaecomastia occasionally develops
during treatment as a result of aromatization of testosterone 
to estradiol in peripheral tissues. Because of testosterone’s
sodium-retaining properties, fluid retention may develop 
during treatment but is usually only a problem in cirrhotic
patients with poor liver function. In view of the potential for
recovery of gonadal function following successful depletion 
of body iron stores, it is suggested that in younger men testoster-
one therapy should be interrupted at intervals to assess
gonadotrophin and testosterone production. A course of
gonadotrophin treatment may be considered in men with
hypogonadotrophic hypogonadism who desire fertility [169].

Thyroid dysfunction

Thyroid dysfunction occurs with increased frequency (8–20%)
[157]. Hypothyroidism is much more common than hyperthy-
roidism. Thyroid-stimulating hormone levels are raised, and the
thyroid-stimulating hormone response to thyrotrophin-releasing
hormone is normal [161], suggesting primary hypothyroidism.

The thyroid gland is fibrotic and loaded with iron. Iron deposi-
tion is probably the main cause of damage since an increased
prevalence of hypothyroidism is also found in patients with 
thalassaemia and iron overload [170]. However, high titres of
thyroid autoantibodies may be found in haemachromatosis;
perhaps the exposure of cellular antigens secondary to iron toxi-
city leads to further autoimmune thyroid damage. Occasional
patients may develop hypothyroidism secondary to impaired
pituitary thyroid-stimulating hormone release.

Adrenal hormones

Basal plasma cortisol and ACTH levels, and their responses 
to insulin-induced hypoglycaemia, are usually normal in
patients with haemochromatosis [161]. Thomas [171] reported
a patient with postural hypotension due to primary aldosterone
deficiency. The patient had iron deposits in the zona glomeru-
losa of the adrenal cortex with sparing of the other zones. 
Such a pattern of iron deposition appears to be common 
in haemochromatosis. However, Walsh et al. [172] in a cross-
sectional study of 19 haemochromatotics found normal cortisol
responses to ACTH and insulin-induced hypoglycaemia, and
normal regulation of plasma aldosterone levels. It would seem
that adrenocortical dysfunction is rare.

Prolactin and growth hormone

Basal prolactin levels tend to be low in hypogonadal haemochro-
matotic patients and they have a subnormal prolactin response
to intravenous thyrotrophin-releasing hormone [161]. Similarly,
basal growth hormone levels are usually normal but the growth
hormone response to insulin-induced hypoglycaemia may be
impaired [161].

Osteoporosis

The prevalence of osteoporosis is increased in haemochromato-
sis. Diamond et al. [173] found osteoporosis in 10 of 22 men
aged 35 to 62 years. Both cortical and trabecular bone density
were decreased. The abnormalities were more marked in the
haemochromatotic men with hypogonadism. However, osteo-
porosis and fractures may be found in the absence of hypo-
gonadism [174]. It is likely that many factors contribute to 
the osteopenia in these patients. In addition to androgen
deficiency, iron interference with osteoid mineralization, lower
25-hydroxyvitamin D levels, poorly controlled diabetes, and
impaired insulin-like growth factor-1 production in those with
cirrhosis or poorly controlled diabetes may all play a role.

Endocrine manifestations of liver
tumours

Primary hepatic tumours may rarely be associated with metabolic
and endocrine abnormalities resulting from tumour production
and release of hormones (or their precursors), hormone-releasing
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factors, or other substances that influence circulating levels of
active hormone produced in other tissues. Hypoglycaemia due
to tumour production of insulin-like growth factor-2 precursors
(‘big’ IGF-2) was discussed earlier.

Erythrocytosis

Hepatocellular carcinoma is one of the more common tumours
to produce erythrocytosis, which is found in up to 10% of
patients in areas with a high incidence of hepatocellular carci-
noma. There is an increase in the haemoglobin and packed 
cell volume but these may be masked by the expanded plasma
volume in many cirrhotic patients, necessitating determination
of red cell mass for diagnosis. Erythrocytosis may increase the
risk of hepatic and portal venous thrombosis that is fairly com-
mon in these patients. The increase in red cell mass is probably
due to overproduction of erythropoietin by the tumour. Raised
plasma erythropoetin levels are more commonly found than
erythrocytosis. This may be explained by the expanded plasma
volume in cirrhosis, bleeding episodes, concomitant iron 
deficiency, or hypogonadism (see above), but it could also be 
due to a lower biological activity of erythropoietin of tumour
origin. Erythropoietin production by hepatocellular carcinoma
tissue has been demonstrated by immunohistochemical stain-
ing and by demonstration of a high level of expression of 
its mRNA [175,176]. Successful resection of the tumour leads 
to a fall in erythropoietin levels and reduction in red cell 
mass [176].

Hypercalcaemia

Hypercalcaemia is found in about 10% of patients with 
primary liver tumours [177]. While it may be associated with
osteolytic metastases, in most patients it occurs in the absence of
metastatic bone deposits and appears to be due to production 
of humoral factors by the tumour. Hypercalcaemia is more
commonly associated with cholangiocarcinoma than with hepa-
tocellular carcinoma and may be particularly common with the
sclerosing variant of cholangiocarcinoma. In four hypercalcaemic
hepatocellular carcinoma patients without bony metastases
Panesar et al. [178] found low serum phosphate levels, decreased
tubular reabsorption of phosphate, increased hydroxyproline–
creatinine ratios, and increased excretion of nephrogenous
cyclic AMP, consistent with increased activity of a PTH-like 
hormone in bone and kidney; however, serum PTH levels were
suppressed. Unlike patients with hyperparathyroidism, there is a
tendency to hypochloraemic alkalosis.

Parathyroid hormone-related peptide (PTHrP) which has a
high degree of homology at the N-terminus (first 13 amino
acids) with PTH, has been identified as the main mediator of
humoral hypercalcaemia in non-haematological malignancies
[179]; this is probably also true of hypercalcaemia associated
with primary liver tumours. Knill-Jones et al. [180] demon-
strated an arterio-hepatic venous gradient for immunoreactive

PTH in a patient with cholangiocarcinoma and hypercalcaemia.
Cholangiocarcinoma but not hepatocellular carcinoma has been
shown to express PTHrP even in the absence of hypercalcaemia;
mixed types of primary liver tumour contained PTHrP only in
areas of cholangiocellular differentiation. This could explain the
higher incidence of hypercalcaemia in association with cholan-
giocarcinoma than with hepatocellular carcinoma, although
probably only a small percentage of tumours that produce
PTHrP will secrete enough biologically active material to cause
hypercalcaemia. Other factors may also play a role in some
patients; Ikeda et al. [181] reported a patient with hyper-
calcaemia who was found to have a 10-fold increase in
prostaglandin E levels in the tumour compared with adjacent
normal liver. The significance of this finding is unclear in view of
the very high rate of prostaglandin metabolism by the liver and
lungs so that circulating levels are unlikely to increase to levels
necessary for stimulation of bone resorption. Prostaglandin
production by tumour cells is probably only important in
inducing osteolysis in the region surrounding metastases in
bone. Successful tumour resection, liver transplantation [180],
or tumour embolization may restore the serum calcium to 
normal.

Isosexual precocity and gonadotrophin
secretion

Hepatoblastoma and hepatocellular carcinoma in young boys
may rarely be associated with sexual precocity. This is due 
to human chorionic gonadotrophin (hCG) production with
stimulation of testicular testosterone production. The syndrome
occurs only in males because, whereas either hCG or LH can
stimulate testicular steroid synthesis, initiation of ovarian steroid
synthesis requires FSH as well. In adult men gynaecomastia may
develop as a result of tumour production of hCG, or the conver-
sion of dehydroepiandrosterone to estrone and estradiol by the
tumour. In women, amenorrhoea with breast enlargement and
galactorrhoea has been reported; menstruation returned follow-
ing tumour resection. Production of either hCG or prolactin by
the hepatocellular carcinoma may have been responsible.

Other tumour-associated endocrine
syndromes

hCG has the same α-subunit as thyroid-stimulating hormone
and can act via the thyroid-stimulating hormone receptor to
stimulate growth of thyroid cells. In early pregnancy high 
hCG levels cause a rise in thyroid hormones. Hyperthyroidism
may rarely be associated with hepatocellular carcinoma secret-
ing very large amounts of hCG [182]. Carcinoid syndrome is
usually due to hepatic metastases but it may very rarely be 
due to a primary biliary or liver tumour. Cox et al. [183]
described a young girl with severe hypertension due to renin
production by a benign hepatoma which resolved following
tumour resection.
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Introduction

Liver diseases are associated with various abnormalities in ery-
throcytes, leukocytes and platelets. There are also lymphoprolif-
erative disorders associated with chronic viral hepatitis. These
topics are considered in this chapter. The effect of liver disease
on haemostasis is considered in Chapter 21.4 and thrombocy-
topenia due to hypersplenism in Chapter 7.10.

The liver has an important role as a haematopoietic organ in
fetal life, but there are important ontogenetic changes affecting
human haematopoiesis. Early in the fetal stage, the liver is the
main site of production of blood cells. Erythropoiesis and
megakaryopoiesis reach their maximum levels between the 13th
and 16th weeks of gestation in parenchymatous hepatic tissue
[1]. In the adult liver, extramedullary haematopoiesis only
occurs with particular pathological states such as myelofibrosis
and massive compensatory hepatic myeloid metaplasia for
myelofibrosis after splenectomy [2].

The fetal liver is also the primary site of production of
haematopoietic hormones, the glycoproteins thrombopoietin
(TPO) and erythropoietin (EPO) [3]. Whereas hepatic TPO
production, which is the primary regulator of megakaryopoiesis
and platelet function, continues in the liver lifelong [4], after
birth, the kidney takes over from the liver as the main site of 
EPO synthesis [3]. The liver does have some capacity to produce
EPO in response to haemolysis, hypoxia or in uraemia, but it
cannot substitute for the kidney’s production in patients suffer-
ing from anaemia due to chronic renal failure [5]; EPO levels
have been found to be increased after hepatitis B or C infection
by an unknown mechanism [6]. Erythrocytosis can be found in
3–12% of patients with hepatocellular carcinoma, secondary to
EPO synthesis in the tumoral tissue, but not in the surrounding
normal hepatocytes [7]. Other functions of the liver related to
erythropoiesis include production of transferrrin, storage of
iron, vitamin B12 and folate [8] (Table 1).

Anaemia and erythrocyte abnormalities

About 50–75% of patients with chronic liver disease are

anaemic, characterized by a moderate drop in haemoglobin
(Hb; 7–10 g/dL) and either normochromic normocytic or 
moderately macrocytic anaemia [9–11]. Several mechanisms
are responsible (Table 2), which can be exacerbated by 
complications such as haemolysis or haemorrhage. The most
important studies related to this were published in the 1950s 
and 1960s, with few additions in recent years.

Plasma volume is usually increased in cirrhotic patients with
cirrhosis, especially with ascites and also with longstanding
jaundice [11]. This can cause a dilutional anaemia that is par-
tially responsible for the low haemoglobin, but is only minimally
reversed by portosystemic shunting [12].

Erythropoietin production and serum levels are increased 
in anaemic cirrhotic patients compared with normal control
subjects without anaemia, whereas erythropoietin turnover is
identical [13]. However, the EPO response relative to anaemia
appears to be diminished compared with patients with chronic
anaemia and normal liver function [14]. Moreover, EPO infu-
sion does not result in a sustained increased in Hb levels in these
patients [15,16]. Bone marrow findings are compatible with
these data. Increased bone marrow red cell precursors, together
with increased peripheral erythrocytes, have been reported by
some [8,17], whereas others report normal cellularity and no
correlation with Hb levels [18].

1767

21.3 Haematological abnormalities in 
liver disease
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Table 1 Involvement of the liver in regulation of production and
destruction of platelets and red blood cells according to developmental
stage.

Developmental stage Liver activity

Fetal Major site haematopoiesis

Major site production TPO and EPO

Postnatal Major site production TPO 

Major external site of production of EPO

Storage of iron, vitamin B12 and folate

Synthesis of transferrin

Degradation of red blood cells

EPO, erythropoietin; TPO, thrombopoietin.
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The decreased bone marrow response to anaemia can be
explained by the chronic inflammation in chronic liver disease
leading to increases in inflammatory cytokines. These impair
not only iron homeostasis but also erythropoiesis, causing
blunted EPO response by erythroid progenitors [19]. Moreover,
myelosuppression by hepatitis virus C [20] and B [21] is inde-
pendent from liver cirrhosis affecting all the nucleated cells. 
For hepatitis B, a dose-dependent relationship between viral
load and myelosuppression has been reported in vitro [21].

Cirrhosis leads to portal hypertension and hypersplenism,
which, because of splenic pooling and sequestration of erythro-
cytes, is also partially responsible for the anaemia [22]. However,
its role is minor, as relief of portal hypertension and hyper-
splenism by shunt procedures (surgical or radiological) only
partially reverses the anaemia [23].

Chronic anaemia is rarely symptomatic in cirrhotic patients
on account of high peripheral oxygen extraction, but it has been
shown to lead to increased morbidity and mortality during
surgery [24].

Eythrocyte shape and function abnormalities

Macrocytosis is found in two-thirds of patients with chronic
liver disease and up to 90% of patients with alcoholic liver dis-
ease [9–11]. It is correlated with alcohol intake [25] and severity
of liver disease measured according to the Child–Pugh score.

Three types of macrocytes have been described in liver 
disease. Thin macrocytes associated with normoblastic bone
marrow correlate with the severity of liver disease and disappear
with amelioration of liver function [26]. There is an increase in
red cell diameter with little increase in mean cell volume. Targets
are cells present in cholestatic and hepatocellular jaundice which

are caused by bile acids inhibiting red cell l-cholesterol-acyl-
transferase (LCAT), resulting in an increased content of both
cholesterol and lecithin [27]. These are characterized by normal
membrane fluidity and, because the surface/volume ratio is
increased, an increased resistance to lysis occurs. True or thick
macrocytes are associated with a marked increase in mean cor-
puscular volume (MCV) and a megaloblastic bone marrow –
they are often associated with alcoholic liver disease [28].

Burr cells, also termed echinocytes, can be seen only at 
electron microscopy or on a wet blood film as spiculated cells.
These are associated with advanced liver disease and alcoholic
cirrhosis [29]. Their shape is related to saturable binding of
abnormal high-density lipopolysaccharide (HDL) lipoprotein,
which causes an excess of unesterified cholesterol in the red cell
membranes, associated with altered fluidity, resulting in spicula-
tion [30]. Burr cells disappear after liver transplantation.

In 5% of patients with severe liver disease, another form of
spiculated erythrocytes may be present characterized by evenly
spaced short projections from the membranes: acanthocytes
[31]. These result from abnormal cholesterol concentration 
and cholesterol/phospholipid ratio, resulting in a decreased sur-
face area, leading to less deformability of the membrane. The
decrease in cellular deformability results in destruction of these
cells in the spleen and extravascular haemolytic anaemia (spur
cell anaemia), which in most cases remains chronic and not
severe [29]. Cirrhosis is usually alcoholic in origin.

Folate and B12

The liver is responsible together with the gut for the storage of
folate and its conversion to tetrahydrofolate, the active form. It
is secreted in the bile and actively reabsorbed undergoing an

Underlying mechanism Clinical feature

Increased plasma volume Haemodilutional anaemia

Reduced EPO response Reduced compensatory mechanism

Increased inflammatory cytokines Blunted erythroid response to EPO

Viral infection (HBV, HCV) (immunomediated) Bone marrow suppression

Viral-induced bone marrow aplasia

Hypersplenism Increase RBC pooling and destruction

Abnormal B12 metabolism Macrocytosis

Abnormal iron metabolism

Alteration in RBC lipid content

LCAT Acanthocytosis

HDL Target cells

Haemolytic anemia

(Wilson’s disease, paroxysmal nocturnal haemoglobinuria) Non-immunomediated 

haemolytic anemia (Coomb’s negative)

(Autoimmune liver disease) Coomb’s positive haemolytic anaemia

(Spurr cell haemolytic anaemia, Zieve syndrome)

HELLP syndrome during pregnancy

EPO, erythropoietin; HDL, high-density lipoprotein; HELLP, haemolysis, elevated liver function and low

platelets; LCAT, lecithin:cholesterol acyltransferase; RBC, red blood cells.

Table 2 Cause of anaemia and erythrocyte
abnormalities in liver disease.
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enterohepatic recirculation [32]. Deficiency results in mega-
loblastic anaemia. Alcoholism impairs folate absorption from
the gut and is associated with decreased hepatic stores [33],
which are also affected by reduced intake, a situation that can
also occur in non-alcoholic cirrhosis. Hepatic necrosis, as in
acute hepatitis, may lead to release of stored hepatic folate and
increased urinary excretion [34]. The liver is also the main stor-
age compartment of vitamin B12, 90% of which is contained
inside hepatocytes (5–10 mg) [35]. Intrinsic factor is required
for absorption of B12, and it undergoes a significant enterohep-
atic circulation. In the blood, vitamin B12 is transported by
three different proteins: transcobalamin I, II and III [36]. Only
transcobalamin II can be internalized within hepatocytes. During
acute hepatitis and all forms of hepatic necrosis, increased serum
levels of vitamin B12 are seen (and transcobalamin II), due 
to release from necrotic hepatocytes [37]; with resolving acute
necrosis, concentrations return to normal. Alcohol can inhibit
B12 absorption [38]. In chronic liver disease and cirrhosis, a
reduction in the B12 liver content is seen, which results in a
decrease in serum levels in 25% of cases [37]. During acute/
chronic liver disease, there is also a reduction in capture by the
liver of vitamin B12. In fibrolamellar hepatocellular carcinoma
(HCC) and very rarely HCC, elevated serum B12 binding cap
can be found because of secretion of abnormal haptocorrin and
transcobalamin II by the tumour [39,40].

Iron metabolism

Serum iron concentration is usually low or normal with a low 
or normal total iron-binding capacity in patients with chronic
liver disease, reflecting the anaemic state due to the chronic
inflammatory process [41,42]. Early studies of iron kinetics in
cirrhotic patients showed normal iron turnover and erythrocyte
utilization, despite the anaemic state, reflecting an inadequate
bone marrow response to the anaemia [43,44]. Isolated and
non-specific increases in serum ferritin levels (an acute phase
protein) are frequently found in the absence of iron overload,
which are associated with inflammation, hepatic necrosis and
alcohol abuse [45,46]. For this reason, a normal ferritin does not
exclude iron deficiency anaemia. An increased concentration of
serum ferritin in the presence of normal transferrin saturation is
usually considered to be iron independent [47]. Alcohol tends to
suppress haematopoiesis [48] and may increase iron absorption
from the gut [49]. In chronic liver disease, there is a decrease in
transferrin synthesis; therefore, the total iron-binding capacity is
low, again failing to reflect iron stores. Secondary to the lower
concentration of transferrin in liver disease, the iron saturation
may be increased to levels seen in genetic haemochromatosis or
secondary iron overload [50]. Nearly half of the patients with
chronic viral hepatitis B or C have abnormal ferritin concentra-
tion and transferrin saturation, associated with higher than nor-
mal hepatic iron content [51]. This influences the response to
monotherapy with interferon (IFN)α, but not when combined
ribavirin and IFN therapy is given [52]. High ferritin levels 

and high hepatic iron concentration are reported in 24–50% 
of patients with non-alcoholic steatohepatitis (NASH), which 
is associated with increased fibrosis in some reports [53].
Patients with isolated hyperferritinaemia not responding to 
diet seem to be more prone to developing NASH and insulin
resistance [54].

Haemochromatosis is discussed in a separate chapter.

Viral-induced bone marrow aplasia

Acute viral hepatitis can lead to transient bone marrow suppres-
sion, resulting in a mild reduction in all cell lines [55,56].
Aplastic anaemia is a rare complication of acute viral hepatitis
with an incidence 1/1000 [57], accounting for 13% of cases of
aplastic anaemia [58]. The mechanism may be an immunolo-
gical reaction due to a breakdown in tolerance to normal tissue
after infection [59]. It typically occurs in healthy young male
subjects with strong immunological response 1–3 months after
the onset of hepatitis [60]. The presumed infectious cause of
aplastic anaemia remains uncertain. Only sporadic cases are
associated with hepatitis A [61] or B [62], while most are associ-
ated with non-A, non-E infection [63,64]. Recently, a single
report found a 32% prevalence of hepatitis G viral infection.
Hepatitis-associated aplastic anaemia can be transient and
treated with supportive measures and antibiotics [55,56]. If
severe bone marrow failure usually occurs, there is an absolute
indication for early stem cell transplantation [65]. Only a few
studies report successful treatment with high doses of methyl-
prednisolone [66,67] or antilymphocyte globulin [68].

Haemolysis in liver disease

Increased red cell destruction is almost universal with any 
type of liver disease and jaundice [69]. Haemolytic anaemia
characterized by a positive Coomb’s test is rare, associated with
autoimmune hepatitis, primary biliary cirrhosis (PBC) or pri-
mary sclerosing cholangitis (PSC) and in children with giant cell
hepatitis [70,71]. Paroxysmal nocturnal haemoglobinuria is a
haematological disorder associated with Budd–Chiari syndrome
characterized by protein expression defects in red blood cell
membranes, which can present with haemolytic anaemia [72].
Bone marrow and blood analysis with flow cytometry can be
diagnostic showing CD55 and CD59 positivity [73,74].

Mechanic haemolysis can also be found almost universally
after the creation of a transjugular intrahepatic portosystemic
shunt (TIPS) [75].

Wilson’s disease acute haemolytic
syndrome

The first recognized cases of haemolysis associated with
Wilson’s disease were described between the 1930s and 1960s in
young patients [76,77]. In some, ascites developed soon after
haemolysis, disappearing after the resolution of the haemolytic
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crisis [78]. It is caused by a sudden release of copper from 
the liver into the bloodstream, leading to severe haemolysis,
jaundice and renal impairment [79]. It can typically present 
with low haemoglobin, without any cause of bleeding, high
bilirubin levels, low haptoglobin and negative Coomb’s test.
Caeruloplasmin concentrations are often normal as it is an acute
phase protein [80], and Kayser–Fleischer rings are not always
present [79]. It can be the first presentation of Wilson’s disease
especially in young children and may have a fulminant presen-
tation although, in 75% of cases, liver transplantation is the 
therapy of choice for the fulminant presentation and severe
cases [81]. There is no established medical therapy available for
the haemolytic crisis in Wilson’s disease, but plasma exchange
can be tried [82]. The use of a molecular adsorbent recirculating
system has been reported as a bridge until liver transplantation,
but this requires confirmation [83]. Penicillamine should be
started after the resolution of the acute phase and continued for
life, as recurrent haemolytic crises can occur if the initial dosing
is lowered [78]. Siblings should be screened.

Spur cell haemolytic anaemia

Blood cells of abnormal shape (acanthocytosis), similar to those
found in abetalipoproteinaemia, may be present in blood films
of cirrhotic patients, most commonly those with alcoholic 
liver disease in association with a severe haemolytic anaemia;
echinocytes are also present [84]. The liver disease is usually
severe. Mortality is high, although the syndrome may last many
months [85]; there is no established therapy. Splenectomy and
plasma exchange have been tried, without good results [69].
Vitamin E (50–2000 IU/day) may protect polyunsaturated fatty
acids in red blood cell membranes from free radical attack and
prevent haemolysis, but there are no reports and the prognosis
in these patients still remains poor. Combined therapy with
flunarizine, pentoxifylline and cholestyramine [86] has been
successful in one case report. Liver transplantation can resolve
the haemolytic anaemia [87,88], but a recurrence has been
reported due to failure of the transplanted graft [89].

Zieve syndrome

Zieve first described this in 1958 in alcoholic liver disease [90]. It
comprises haemolytic anaemia, hyperlipoproteinaemia, jaun-
dice and abdominal pain. Serum hyperlipidaemia is usually
characterized by hypertriglyceridaemia and hypercholestero-
laemia with a type 5 pattern on electrophoresis with increased
chylomicrons [91]. Hepatic histology usually reveals fatty liver,
but the whole spectrum of alcoholic liver disease is seen [92]. 
In the acute phase, red cells have an increased content of choles-
terol and lecithin in their membranes, leading to pyruvate kinase
dysfunction and vitamin E loss, thought to be responsible for 
the haemolysis [93,94]. Diagnosis with all the criteria present is
very rare and, to date, fewer than 100 cases have been described
[95]. Alcohol withdrawal results in rapid resolution of the

haemolysis and later hyperlipidaemia. Vitamin E supplementa-
tion can protect blood cells from oxidative stress, but clinical
utility is not clear.

Haemolysis, elevated liver function and
low platelets (HELLP) syndrome and
acute fatty liver of pregnancy (AFLP)

HELLP occurs in pregnancy and is defined as the presence of
haemolysis, elevated liver enzymes and low platelets. It occurs in
0.1–0.6% of all pregnancies and in 4–12% of women with severe
pre-eclampsia [96–98]. Most present with malaise, nausea,
vomiting and right upper quadrant pain in the third trimester 
or after delivery in 30%. In 20%, there is no hypertension [99].
The aetiology is unknown, although vascular endothelial injury
appears to play a major role. It is associated with multiparous
Caucasian women. Maternal (1–3.5%) and perinatal child
(5.6–36%) mortality are increased as a result of disseminated
intravascular coagulation, abruptio placentae, acute renal fail-
ure, pulmonary oedema and subcapsular liver haematoma. The
last may rupture in 1%, leading to 16–59% mortality [100].
Early diagnosis with liver management and early delivery of 
the baby can terminate the haemolysis, but 30% of cases occur
postpartum. Liver transplantation has also been used success-
fully [101]. Some cases are associated with long-chain fatty acid
enzyme deficiency. There is an overlap with acute fatty liver of
pregnancy (AFLP) [102]. In AFLP, a blood film shows nucleated
red cells, giant platelets and even basophilic stippling. This can
help to distinguish AFLP from other disorders – red cell frag-
ments and burr cells are seen in HELLP [103].

Leukocyte abnormalities

The incidence of leucopenia in liver disease ranges from 11% to
41% [104] and is usually mild, between 1.3 and 3 × 109/L [17];
more severe leucopenia is rare. If the total white cell count is
normal, relative lymphopenia is often seen [18]. Sequestration
of leukocytes due to hypersplenism has not been substantiated;
Gurakar et al. [105] showed no pooling of new synthesized 
leukocytes after granulocyte–macrophage colony-stimulating
factor (GM-CSF) administration in cirrhotic patients. Both 
hepatitis B and C [106,107], as well as alcohol [108], induce 
suppression of lymphocyte progenitors in the bone marrow.
Alcohol also causes retardation in maturation and release of
neutrophils from the bone marrow [109]. Leucocytosis can 
be seen during cholangitis, acute alcoholic hepatitis, hepatic
abscesses and malignant disease. Atypical lymphocytes can be
found during acute viral hepatitis and mononucleosis [17].
Peripheral eosinophilia has been shown by some during the
early or asymptomatic stages of PBC (incidence 19%) [110]. The
eosinophils in PBC patients are not only increased in number,
but also in granule proteins, indicating eosinophil activation
[111]. Ursodeoxycholic acid (UDCA) therapy can greatly reduce
elevated eosinophil counts [112].
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Cirrhotic patients are prone to develop infections, but the
mechanism has been shown to be multifactorial, and not only
due to the leucopenia [113]. Humoral disturbances, which
include abnormal immunoglobulin production, a decrease in
serum opsonic activity and the presence of serum chemotaxis
inhibitors, are well described [114]. Cellular disturbances of
Kupffer cells, monocytes and lymphocytes are recognized [115].
Neutrophilic phagocytic function and intracellular killing activ-
ity are also reduced in cirrhosis, particularly in alcoholic cirrhosis
[116]. Among several mechanisms, portal systemic shunting 
of blood may be responsible for neutrophil dysfunction, as this
is also seen in extrahepatic portal hypertension with normal 
liver function, but this is disputed [117]. Whether serum from
cirrhotic patients inhibits neutrophil activation is controversial
[118,119].

Platelet abnormalities

Abnormalities in both platelet number and function are com-
mon in patients with liver disease and contribute to the impaired
haemostasis.

About one-third of cirrhotics develop thrombocytopenia,
which is usually mild to moderate (70 000–90 000/µL) and
worsens together with progression of the disease [120,121].
Thrombocytopenia is not associated with an increased risk of
bleeding from oesophageal varices or other sources, but it has
been shown to be correlated with blood loss during surgery
[122]. Usually, platelet transfusion therapy before surgery aims
to increase platelet count to > 50 × 109/L, but a lower count is
allowed if thrombocytopenia is due to accelerated platelet
destruction and if less invasive procedures are planned [17].

Blake et al. [123] showed that a platelet count > 80 × 109/L –
usually taken a as a safe limit for liver biopsy – is not predictive 
of a normal bleeding time in patients with liver cirrhosis. There
is no good correlation between bleeding time and platelet count
≤ 100 × 109/L, as there is with thrombocytopenia due to bone
marrow disorders [123].

Spleen size/platelet ratio has recently been shown to have high
predictive value for the presence of oesophageal varices in cir-
rhotic patients [124]. Thrombocytopenia is caused mainly by
hypersplenism and consequent sequestration. However, insertion
of a TIPS, although it increases platelet count, does not normalize
it [125,126], so that other mechanisms are also important.

Splenectomy is contraindicated in cirrhotic patients because
of a high mortality rate and risk of portal vein thrombosis, which
leads to more difficult surgery including liver transplantation, 
as well as an increased risk of bleeding varices [127]. Splenic
embolization aiming for a 30–50% reduction in flow can
markedly increase platelet number in cirrhotic patients awaiting
liver transplantation and in patients needing transarterial ther-
apy for hepatocellular carcinoma or antiviral therapy [128].
Recently, splenic embolization has been shown to increase not
only platelet number, but also TPO levels, suggesting a role 
for the spleen in degrading TPO. In a single paper, the role of

extrahepatic portal hypertension in thrombocytopenia showed
that it is less severe for an equivalent spleen size, compared with
cirrhotics [129]. This is related to the fact that TPO hepatic 
synthesis is essential for platelet production. Although TPO
increases in patients with thrombocytopenia and normal liver
function [130], TPO levels increase less significantly in throm-
bocytopenic patients with severe or chronic liver failure [131].
Evidence of impaired TPO synthesis is also shown by lower TPO
mRNA levels in cirrhotic liver tissue [132] and a low platelet
production in the bone marrow [133].

Hepatitis C virus (HCV), acute viral infection, alcohol abuse
and folate deficiency have a myelosuppressive action that fur-
ther reduces platelet count [134]. Consumption coagulopathy 
is not common in cirrhotics, and a low level of disseminated
intravascular coagulation (DIC) does not affect platelet count
[135,136].

Thrombocytopenia due to an immune-mediated mechanism
resulting from increased production from B cells of antibodies
binding platelet surface antigen GPIIb–IIIa and GPIb/IX [137]
has been shown in cirrhotic patients. This can lead to decreased
platelet survival and a higher reticuloendothelial destruction 
of platelets. This phenomenon has been reported in chronic
hepatitis C [137] infection as well as in autoimmune liver disease
and PBC [138]. Among 368 patients with viral-induced cirrho-
sis, elevated titres of platelet-associated immunoglobulin G were
observed in 88% of hepatitis C patients and 47% of patients with
hepatitis B [134].

Platelet function is impaired, particularly aggregation, which
worsens with the severity of liver disease, as assessed with adeno-
sine diphosphate (ADP) or reptilase tests [139]. There is an
abnormal content of arachidonic acid in platelet membranes of
cirrhotics, which induces less aggregation mediated by throm-
boxane A2. In serum from cirrhotic patients, abnormal HDL
(related to a high apolipoprotein E content) alters NO content in
the platelets, leading to abnormal aggregability [140]. In addi-
tion, a low platelet calcium content and reduced signalling
transduction after stimulus with thrombin, platelet activating
factor or U-46619 have been shown in cirrhotic patients com-
pared with control subjects, contributing to abnormal platelet
function [141]. Platelets from cirrhotics also have a defect in the
von Willebrand factor-binding domain, resulting in reduced
attachment of platelets exposed to subendothelium, i.e. defect-
ive primary haemostasis [142].

The appearance of a normal or raised platelet count in
patients with liver cirrhosis may occur in response to infection,
inflammation, neoplasia, bleeding or iron deficiency – all these
conditions should be suspected even when the count is normal
in patients with liver disease.

Immunoglobulins in liver cirrhosis 
and viral-induced mixed
cryoglobulinaemia

An increase in serum immunoglobulins (hypergammaglobuli-
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naemia) is a well-known feature of chronic liver disease [17]. It
is considered to be caused by spillover of antigens from the gut
bypassing the Kupffer cells in the damaged liver, with an
increased antibody response from organs such as the spleen
[143,144]. Additional factors exist as there are increases in
specific liver diseases. Thus, there is an increased serum IgA
mainly against acetaldehyde-derived epitopes in alcoholic liver
disease, even from a very early stage [145,146]. Hepatitis C virus
selectively increases IgG during the early stages of the disease,
compared with normal control subjects [147].

HCV can also cause stimulation and expansion of peripheral
blood B cells with naive phenotype and production of IgM with
rheumatoid factor activity [148]. These are considered to be the
main pathogenetic mechanisms of cryoglobulinaemia II and III,
which are associated with HCV in 36–54% of cases [149]. Type 
II and III (or ‘mixed’) cryoglobulinaemia are characterized by
polyclonal IgG and monoclonal or polyclonal IgM cryoprecip-
itable rheumatoid factor respectively [150]. The circulating
immune complexes deposit in small to medium-sized blood 
vessels, giving rise to purpura, arthralgia and weakness.
However, clinical signs and secondary renal failure are rare
[151]. At present, IFNα preferably in its pegylated form is the
first-choice therapy for HCV-related mixed cryoglobulinaemia
as, if sustained virological response occurs, it is accompanied by
a reduction in circulating cryoglobulin levels and remission of
symptoms [152–155]. Combination with ribavirin may be more
effective, but the effect is less than in patients with chronic HCV
infection without cryoglobulinaemia [156]. Plasmapheresis and
cryofiltration aimed at removing circulating cryoglobulin are
only indicated in patients with progressive renal failure, severe
vasculopathy or neuropathy. Recently, the anti-CD20 chimaeric
monoclonal antibody rituximab has been used, which depletes B
cells and can be used when antiviral therapy is not indicated 
(i.e. in patients with severe renal failure) as well as in the non-
responders [157,158].

HCV-associated lymphoproliferative
disorders

Franzin et al. [159], investigating the B-cell monoclonality in
patients with HCV infection, found a monoclonal population in
the peripheral blood lymphocytes of all subjects affected by
mixed cryoglobulinaemia and in 24% with chronic HCV with-
out mixed cryoglobulinaemia. These findings indicate that HCV
infection can play a role in B-cell clonal proliferation, which can
evolve from an intermediate condition to an overt malignant
lymphoproliferative disorder.

Epidemiological observation, especially from Italy, has sug-
gested an association between HCV infection and non-Hodgkin’s
lymphoma (NHL), especially the diffuse large cell lymphoma.
Chronic stimulation of B cells [160], 14:18 chromosome
translocation (dependent on viral activity) and bcl-2 overex-
pression are the trigger factors for B-cell monoclonal expansion
[161]. Antiviral therapy with IFN or IFN combined with ribavirin

can resolve low-grade NHL, providing that HCV infection is
suppressed [162]; HCV relapse is usually followed by recurrence
of lymphoma [163–165]. Recently, anti-CD20 chimaeric mono-
clonal antibody has been effective in some case reports
[166–168]. Larger therapeutic trials are needed.

Haematological abnormalities after
liver transplantation

Anaemia and haemolysis

Transient erythropoiesis occurs within the liver graft after liver
transplantation, and transmission of leukocytes, particularly
lymphocytes, leads to the coexistence of autologous and allo-
genic leukocytes, i.e. chimaerism [169].

Red cell antibodies produced by donor B lymphocytes and
immune haemolysis have been described during the first to 
second week following liver transplantation, persisting up to the
first month [170]. Haemolytic anaemia is described in about
10% who receive an incompatible ABO graft, characterized by
mild transient haemolysis, with only a few having a severe form
with renal failure [171]. Haemolysis due to D incompatibility 
in the setting of ABO-compatible liver transplantation is rare,
and only six cases have been described to date, one of them 
with longstanding antibodies persisting at 1 year after transplant
[172].

Anaemia in liver transplant recipients ranges widely from
4.3% to 28.2%, depending upon the time interval after trans-
plantation, the definition of anaemia and the immunosup-
pression regimen [170]. Immediate postoperative anaemia is
secondary to blood loss, renal insufficiency, infections or medi-
cations. However, in a significant number (almost 50%) [173],
plastic anaemia is rare, occurring in the period between 2 and 6
weeks after liver transplantation and seen in 5–33% of patients,
predominantly in children and young adults transplanted for
fulminant non-A to non-E hepatitis; cytomegalovirus (CMV)
and Epstein–Barr virus (EBV) have been described in the bone
marrow in these cases [174,175], but it is unclear whether these
are partly responsible; parvovirus B19 can be responsible in a
minority of cases [176].

Bone marrow depression due to immunosuppressive medica-
tion has been reported in 1–2% with calcineurin inhibitors, 
43% with mycophenolate mofetil and 53% with azathioprine
[177]. Iron deficiency anaemia is more common among 
paediatric liver transplant recipients [178]. When present in
adult recipients, gastrointestinal blood loss, in particular 
from colorectal cancer, should be excluded as a higher pre-
valence has been shown in solid organ-transplanted recipients
[179].

Renal insufficiency occurs in 8% at 7 years and 18% at 
13 years and may be a concomitant cause of chronic anaemia
which responds to EPO [180,181]. A description of causes of
anaemia after liver transplantation and suggested screening tests
is shown in Table 3.
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Platelet function

Thrombocytopenia is common in the early postoperative
period, mainly due to platelet activation and consumption 
following graft reperfusion [182]. Liver function in restored
thrombocytopenia resolves progressively a few days after ortho-
topic liver transplantation (OLT). Concomitantly, with restora-
tion of normal hepatic synthetic function, thrombopoietin
levels increase significantly on the first day, followed by imma-
ture bone marrow platelets after 3 days and normal circulating
platelets after 5 days [183]. Normalization of platelet count 
can be seen after 14 days in patients without splenomegaly pre-
transplant. The peak in TPO levels correlates with the pre-OLT
platelet count. Serum levels of bilirubin concentrations, cold
ischaemia time or episodes of rejection do not influence TPO
levels [184]. Persistence of thrombocytopenia can be seen in
some patients [185], but whether the degree of persistent
splenomegaly is responsible is controversial, i.e. with thrombo-
cytopenia due to bone marrow disorders.

Post-transplant lymphoproliferative disorders
(PTLD)

The incidence of post-transplant proliferative disorders is
2–10% in liver transplant recipients ranging from 2% to 3% in
adults [186,187] to more than 10% in some paediatric series
[188,189]. Tumour onset typically occurs more than 1 year after
transplantation in adults and within the first year in children,
although PTLD can occur several years after transplant. A 
retrospective study comprising 605 patients showed that 55%
had cervical abdominal or thoracic lymphoadenopathy, 25%
had a portal mass and 15% a gastrointestinal mass [190].
Histopathology, immunophenotyping and molecular studies
are necessary for diagnosis.

The risk factors for PTLD are recipient age and EBV donor/
recipient status, stable gammopathy, use of antilymphocytic
serum and tacrolimus in children [191]. The incidence of PTLD
varies according to differential aetiologies of liver disease: histio-
cytosis, PSC, alcoholic cirrhosis and HCV represent the most

Aetiology Mechanism Diagnostic test

First month
Bleeding Iron indices, imaging

Endoscopy

Sepsis Myelosuppression

Medications Myelosuppression Change medication

Haemolysis

Microangiopathic anaemia

Haemolysis ABO incompatibility Aptoglobine, Coomb’s test

K, D incompatibility

Less than 1 year
Medications Myelosuppression Change medication

Haemolysis

Microangiopathic anaemia

Aplastic anaemia FHF, viral infections Viral screening

Immunological

GVHD Bone marrow suppression

Immunological

CMV Destruction of bone marrow Serology, pp65

Stromal cells, haemolysis

Parvovirus B19 Lysis of erythroid precursors Serology

Greater than 1 year
Medications Myelosuppression Change medication

Haemolysis

Microangiopathic anaemia

Iron deficit anaemia Blood loss, tumour GI endoscopy

Renal insufficiency Decreased EPO EPO supplementation

PTLD Bone marrow suppression Chromosomal translocation, liver biopsy

Multifactorial

CMV, cytomegalovirus; EPO, erythropoietin; FHF, fulminant hepatic failure; GI, gastrointestinal; 

GVHD, graft-versus-host disease; PTLD, post-transplant lymphoproliferative disorders.

Table 3 Cause of anaemia after liver
transplantation according to the time of
presentation.
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important ones. PTLD originates in 85% of cases from B cells in
EBV-positive individuals [192,193]. During latent infection, this
virus expresses protein which can act in an oncogenic pathway
[194]. Late-onset PTLD has the same characteristics as lym-
phomas in immunocompetent patients [195].

Early PTLD may originate from donor lymphocytes and usu-
ally involves hilar structures, whereas late-onset PTLD is usually
diffuse and originates from recipient B cells [196]. A summary of
the pathogenetic mechanisms is represented in Figure 1.

No uniform therapeutic approach for PTLD exists. With-
drawal of immunosuppression, even if acute rejection can
occur, is effective especially in the early stage of the disease when
a recovered response of T cells against EBV can lead to a partial
or complete regression of PTLD [197]. There is no role for
antiviral therapy against EBV [198]. In diffuse or rapidly grow-
ing PTLD, chemotherapy is the treatment of choice, although
side-effects may limit its use [199–201]. Monoclonal antibodies
against B cells (anti-CD20, 21, 24) have also been used as rescue
therapy, after the failure of immunosuppression withdrawal 
or as a first-line therapy [202]. Approximately 40% of patients
respond, with 63% survival at 1 year. However, overall survival
remains poor, with a 40–60% mortality rate [203].
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21.4 Haemostasis in liver disease
Stephen H. Caldwell, Patrick G. Northup and Vinay Sundaram

Disorders of haemostasis constitute a traditional and integral
aspect of liver disease management (Table 1). However, older
concepts of underlying pathophysiology, common tests and
optimal treatment are no longer tenable in the face of advances
in our understanding of the normal clotting cascade, studies 
that question the significance of common clotting studies and
the emergence of new haemostatic agents. The pathogenesis 
is complicated by the presence of disordered metabolism in 
both procoagulant and anticoagulant pathways. Furthermore,
patients often have mitigating factors including portal hyper-
tension, endothelial dysfunction, abnormalities in platelet 
number and function (perhaps related to membrane lipids),
renal failure and more distinct conditions such as vitamin K
deficiency or hyperfibrinolysis (Table 2). Treating abnormal
haemostasis in liver disease patients requires clear assessment of
bleeding risk (which is often difficult with currently available
tests), careful determination of the underlying pathophysiology
and establishment of the goal of therapy. In addition, and con-
trary to common perceptions, some aspects of liver disease are
associated with a hypercoagulable state, which may be manifest
by peripheral deep vein thrombosis, portal vein thrombosis,
progression of cirrhosis to atrophy and, possibly, portopul-
monary hypertension.

Brief review of normal coagulation:
modern concepts

The current concept of coagulation integrates the traditional
concepts of ‘intrinsic’ and ‘extrinsic’ coagulation pathways, and
merges the humoral and cellular components of the normal
clotting cascade (Figs 1 and 2). Clot formation results from the

interaction of a small amount of circulating activated factor VII
(FVIIa) with tissue factor (TF), which is expressed on the surface
of exposed cells following injury to the endothelium; this is a
process that is facilitated by cell membrane phospholipid [1–3].
After the FVIIa–TF complex forms on the TF-bearing cell, clot
formation proceeds via a ‘priming’ step and a propagating or
accelerating step. The FVIIa–TF complex activates factor X,
which in turn converts prothrombin (factor II) to thrombin.
The thrombin generated during priming activates factors VIII, V
and XI and platelets. Activated platelets then serve as a scaffold
for amplification and propagation of the clotting cascade, result-
ing in a ‘burst’ of thrombin. In addition, activated platelets
(bearing activated factors VIIIa, Va and XIa) further activate 
factor X, thereby recruiting additional platelets. This generates
an increasing amount of thrombin, which converts fibrinogen 
to fibrin, ultimately resulting in clot formation. This overall 
process is regulated by the activity of the protein C–protein
S–thrombomodulin pathway (which inhibits factor V and VIII),
inactivation of FXa and thrombin by antithrombin (ATIII) and
blockade of the FVIIa–TF complex by a complex of lipoprotein-
bound TF pathway inhibitor (TFPI) and FXa [4]. Once formed,
thrombin-activatable fibrinolysis inhibitor (TAFI) protects the
clot from fibrinolysis.

1780

Table 1 Significance of coagulation in liver disease.

Prognostic scores

Bleeding risk assessment

Active bleeding and/or prophylactic measures

Table 2 Variables in coagulopathy of liver disease.

Impaired synthesis of pro- and anticoagulation factors

Portal hypertension

Endothelial dysfunction due to:

Hyperdynamic state of cirrhosis

Coexisting renal failure

Disordered lipid metabolism (thromboplastin and platelet membranes)

Thrombocytopenia

Superimposed disorders

Disseminated intravascular coagulation

Hyperfibrinolysis

Dysfibrinogenaemia

Vitamin K deficiency (antibiotic induced or nutritional)
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Tests of coagulation

A number of studies are used in the clinical setting to assess the
function of the clotting system (Table 3). The most commonly
performed tests examine the classic intrinsic and extrinsic path-
ways of coagulation: the prothrombin time (PT), the activated
partial thromboplastin time (aPTT) and the international 
normalized ratio (INR). The PT, which assesses the ‘extrinsic’
and ‘common’ pathways, provides a measurement of the time
required for clot formation in citrated plasma. It is based on the
binding of thromboplastin, a reagent composed of phospholipid
and tissue factor (TF; recombinant human or animal derived),
to factor VII. The subsequent activation of factor X bypasses 
the classic ‘intrinsic’ pathway [5]. Prolongation of the PT is 
seen with reduction in fibrinogen, FII (prothrombin) and 
factors V, VII and X [6]. The INR, introduced by the World
Health Organization in 1983, was developed to monitor

coumadin therapy and correct variation in PT due to different
thromboplastin reagents [7,8]. The INR is obtained by dividing
the patient’s PT value by the mean normal PT value, raised to 
the power of the international sensitivity index. As such, the 
INR standardizes the PT against an international reference
preparation.

Less commonly performed tests include assays for specific
factors, fibrin degradation products and bleeding time. Specific
factor assays (factor V and VII) are used to assess prognosis in
fulminant liver failure and also to help to distinguish vitamin K
deficiency (low VII, near normal V) from diminished synthesis
(decreased V and VII). The measurement of the fibrinogen level
is essential to facilitate the use of activated factor VII (see below),
and factor VIII, synthesized by endothelial cells, can be used to
distinguish DIC (low factor VIII) from hepatic failure (normal
or elevated factor VIII). Other potentially useful tests include the
thromboelastogram (TEG) and the platelet function assay. The
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Fig. 1 The classic clotting cascade includes the extrinsic and intrinsic pathways. Common in vitro tests of coagulation are often based on this concept.
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Epithelial breach

Tissue factor

Va
Priming phase

Amplification phase

Activated platelet

Fibrin
clot

Thrombin
burst

Xa

X
Vlla

X

XaVa

Vlla

Vlla Vlla

Vlla

ll

Xa

lla

lla lla

lla Vlla

IXa

Va

lla lla

Vll vWF Vllla

ll

Fig. 2 Since the development of rFVIIa, a new concept of the clotting cascade has emerged that incorporates the cellular aspects of coagulation and
emphasizes the essential role of tissue factor, which interacts with phospholipids and activated factor VII to first produce a ‘priming’ amount of thrombin
(factor II) and, then, with activated platelets, to produce a thrombin burst in an ‘amplified’ signal that augments clot formation.

TEG offers the prospect of measuring clot formation and disso-
lution in a single test (Fig. 3), but remains largely experimental.
Although the bleeding time has fallen out of favour as a clinically
useful test, other assays of platelet function may prove to be
helpful in the liver disease patient. Among these, the platelet
function assay (PFA), although it has not received a great deal of
attention in clinical practice, may be especially useful [9]. The
PFA assesses haemostasis by measuring the time until platelet
plug formation (closure time) under high shear stress in vitro
[10].

Distinguishing DIC from liver failure can be difficult.
Decreasing factor VIII (not synthesized in the liver) and falling

levels of fibrinogen and platelets over time are important indic-
ators of superimposed DIC. Factor V levels may also be helpful
as DIC is associated with severely depressed levels (10% range)
compared with synthetic dysfunction of cirrhosis (in the 40–50%
range). Dysfibrinogenaemia (excessive sialic acid content) is a
common feature of cirrhosis, but its clinical significance is
uncertain. It is detected using reptilase assays. Hyperfibrinolysis,
suspected with persistent oozing from puncture wounds, can 
be detected by decreased clot lysis time and decreased alpha-2-
antiplasmin. Although uncommon, it stands out as a unique
entity requiring recognition and specific antifibrinolytic therapy
(see below).
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Controversies in tests of coagulation in
liver disease

Several studies have drawn attention to potential problems 
with conventional tests of coagulation in liver disease patients.
Previously, it was demonstrated that the liver bleeding time
(time to cessation of surface bleeding after liver biopsy observed
laparoscopically) does not correlate with abnormalities in PT or
platelet count [11]. In addition, it was shown that the risk of
variceal bleeding does not relate to abnormalities in conven-
tional tests. In contrast, non-variceal bleeding (bleeding from
mucosa or puncture sites and haematomas) has a weak associa-
tion with low fibrinogen and abnormal normotest (similar to
the PT) activity [12]. The relationship was stronger if an index 
of fibrinolysis was integrated but, in general, the ability of the
common tests to predict bleeding was limited (Fig. 4). Adding to
the difficulty of interpreting these results, recent studies have
demonstrated that the INR tends to differ between laboratories
depending on which thromboplastin reagent is used [13,14];
such variation in the INR was shown to significantly alter the
Model for End-stage Liver Disease (MELD) cirrhosis prognosis
score (Fig. 5) [15]. In addition, the accuracy of ‘point-of-care’
INR measuring devices has been questioned [16].

The endogenous thrombin potential (ETP), derived from the
thrombin generation test, measures the amount of thrombin

Fibrinolysis

Normal

Anticoagulants/haemophilia

Platelet blockers

Hypercoagulation

DIC

Stage 1

Stage 2

Fig. 3 Thromboelastogram. These tests provide an overview of clot
formation and dissolution. Certain patterns are characteristic of different
conditions. Their use in predicting bleeding risk in liver disease has not been
extensively studied. From Wenker et al. [145].

Prothrombin time and INR (variation between laboratories may be significant)

Platelet count: correlation with bleeding risk is not reliable

Combined indices of clot formation and fibrinolysis (see Boks et al. [12])

May correlate with mucosal bleeding but are not readily available

Endogenous thrombin production (ETP) (see Tripodi et al. [17])

Demonstrates existence of balance even in cirrhosis

Needs further study to assess clinical utility

Thromboelastogram (TEG)

Cumbersome but provides information on pro- and anticoagulant systems

Needs further testing to assess clinical utility

Factor levels

Fibrinogen: levels need to be over 100–120

Factor V and VII: prognostic significance in fulminant hepatic failure, relatively less VII compared with V 

suggests vitamin K deficiency

Factor VIII: falling levels of factor VIII (made in endothelium) suggests disseminated intravascular 

coagulation

Fibrinolysis markers (availability is often limited)

Euglobulin clot lysis times

A-2 antiplasmin

Platelet function tests: bleeding time (largely abandoned), adhesion, aggregation

Platelet function analyser (PFA) detects ‘closure time’ from platelet plug formed in vitro

These have not been adequately studied in liver disease

Reptilase (snake venom) tests: detects dysfibrinogenaemia but rarely useful in liver disease

Table 3 Tests of coagulation: clinical utility.
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generated following the addition of coagulation triggers to
plasma. As the ETP accounts for levels of both procoagulant 
and anticoagulant factors, it allows for more efficient evaluation
of in vivo coagulation. Recently, Tripodi et al. [17] demonstrated
that cirrhotic patients generate similar amounts of thrombin to
normal, control individuals, as measured by ETP, when throm-
bomodulin, an activator of protein C, is added to the tested
plasma samples (Fig. 6). Although the test measures thrombin
rather than fibrin or clot, their results raise significant questions
about the way in which the coagulation system is assessed in 
cirrhosis, and how to utilize the results [18]. The ability of the
test to show equal thrombin production in cirrhosis and control
patients suggests that, as long as fibrinogen levels are adequate,
cirrhosis patients should be able to generate an adequate clot
regardless of the results of the more commonly used prothrom-
bin time or INR. However, multiple other factors influence the
net function of the haemostatic system in liver disease patients as
discussed below.
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Lysis area
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Fig. 4 (opposite) Boks et al. [12] studied multiple laboratory parameters in
liver failure patients to determine factors that could predict bleeding. An
index determined by dividing the square root of a fibrinolysis measure by the
normotest (a variant of the prothrombin time) was used to separate capillary
bleeding (CB, mucocutaneous bleeding) from non-bleeding (NB) and
variceal bleeding (VB) patients, but considerable overlap is evident in the
distribution of the composite scores.
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Fig. 5 Trotter et al. [15] recently demonstrated significant variability in the INR from different regional reference laboratories in a cohort of consecutive
patients undergoing liver transplant evaluation. The results demonstrated significant variation in the MELD score (calculated from the INR, creatinine and
bilirubin), thus potentially altering priority for liver transplantation.
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Coagulopathy in acute and chronic liver
disease

Dysfunction of the coagulation system in both acute and
chronic liver disease (Table 2) involves all aspects of the clotting
system, including the cellular limb (platelets and cells bearing
tissue factor), the humoral limb (pro- and anticoagulant factors)
and the endothelium (as a result of cirrhotic vasodilation and
renal failure). Vitamin K deficiency and impaired gamma-
carboxylation of vitamin K-dependent factors (II, VII, IX, X,
protein C and protein S) may also be present, especially in
patients with chronic cholestatic disorders. Additional bleeding
risks include thrombocytopenia (from splenic sequestration,
antibody expression or deficient thrombopoietin) [19–21],
hyperfibrinolysis [22] due to impaired clearance of tissue 
plasminogen activator (tPA), dysfibrinogenaemia [23] and/or
endothelial dysfunction possibly mediated by nitric oxide
metabolites. Uraemia, a common complication of advanced
liver disease, involves platelet dysfunction and probably con-
tributes to impaired coagulation in these patients [24,25]. 
The pathogenesis of uraemia-associated coagulopathy has 
been attributed to platelet dysfunction (see also below) and
endothelial dysfunction. As a result of these multiple variables,
determining bleeding risk in patients with liver disease is
difficult and requires clinical judgement.

Hyperfibrinolysis should be suspected when there is excessive
mucocutaneous bleeding or puncture wound oozing without
evidence of DIC (i.e. falling platelet counts). Lisman et al. [26]

showed that it is unrelated to the low levels of thrombin-activat-
able fibrinolysis inhibitor (TAFI), but that a hyperfibrinolytic
state is strikingly common in Child–Pugh C patients. In
advanced cirrhosis, diminished hepatic clearance leads to ele-
vated levels of fibrinolytic activator and plasminogen activator
inhibitor 1, causing a shift towards increased fibrinolysis [27].
Spontaneous ‘peritoneovenous shunts’ have also been suggested
as a possible explanation [28]. Although clinically apparent
hyperfibrinolysis afflicts less than 5% of hospitalized patients, 
it can be severe and persistent (Fig. 6). Useful tests to detect
hyperfibrinolysis include the euglobulin clot lysis time and 
α-2 antiplasmin levels. Other complicating factors such as DIC
[29] and spur cell haemolysis (due to disturbed lipoprotein
metabolism) may also be superimposed on the background of
synthetic dysfunction. Spur cell haemolysis, due to defective
esterification of cholesterol [30,31], has been associated with
increased platelet adherence, which may contribute at least
partly to the hypercoagulability in liver disease patients (see
below) [32,33].

The platelet in cirrhosis

Platelet abnormalities are common in liver disease (Table 4).
Hypersplenism occurs in 11–55% of cirrhotics [34] and results
in sequestration of up to 90% of serum platelets compared with
the normal 30% [35–37]. However, thrombocytopenia occurs
without splenomegaly – decreased hepatic synthesis of throm-
bopoietin (TPO) may be an explanation, although reports are
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Fig. 6 Tripodi et al. [17] postulated that
cirrhosis-associated decreased activity of
protein C (part of the anticoagulant system but
activated at a substantially slower rate by
thrombin than other procoagulant factors)
would offset the decrease in synthesis of
procoagulant factors. By adding
thrombomodulin and measuring thrombin
production, they demonstrated that stable
cirrhosis patients often have essentially normal
thrombin production even when common
tests, such as the PT or INR, are prolonged. The
results indicate that further studies are needed
to accurately predict bleeding risks in liver
disease patients.
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conflicting [38–43]. A possible explanation is that splenic
sequestration and destruction of thrombopoietin, rather than
decreased synthesis from the diseased liver, accounts for low
serum levels. Support for this concept includes a recent study 
of 33 cirrhotic patients, which demonstrated that serum TPO
correlated inversely with splenic size, but not platelet count, 
and that TPO levels increased after partial splenic embolization
[21]. Thrombocytopenia may also be induced by ethanol, which
impairs platelet production. This may result from acetaldehyde
toxicity to megakaryocytes [44], but is further complicated by
low folate levels [45].

Deficiency in platelet aggregation and platelet–vessel wall
interaction has also been demonstrated in cirrhosis [46]. Fibrin
degradation products (FDPs), which may accumulate as a result
of decreased hepatic clearance in the diseased liver, inhibit
platelet aggregation by blocking fibrinogen binding to glyco-
protein IIb–IIIa receptors [47]. On the other hand, cholesterol
loading of platelets [48–50] may lead to platelet hypercoagul-
ability. This has not been extensively studied clinically, but has
been demonstrated in vitro and warrants further investigation
[51,52]. In uraemia, platelet defects have been associated with
accumulation of toxins such as urea, guanidinosuccinic acid 
and phenols, which inhibit platelet aggregation [53]. Platelet
aggregation may be additionally impaired by diminished
platelet secretion of thromboxane A2 [54] and elevated platelet
concentrations of cyclic adenosine monophosphate (cAMP), an
inhibitor of aggregation [55]. Uraemia-induced alterations in
endothelial cells may also lead to elevated levels of prostacyclin
(PGI2) and nitric oxide (NO), both of which are produced by
endothelial cells and activate cAMP [56].

Prognostic significance of coagulation
tests

The importance of common tests of coagulation in liver disease
is most evident in prognostic scores, including the Child–Pugh
score, MELD and PELD scores, the Mayo PBC score, the
Toronto ETOH score, and King’s College and the Clichy score in
fulminant hepatic failure (Table 5). Based on its ability to predict
mortality in patients on the liver transplantation waiting list
[57,58], the MELD score has been used in the USA since 2002 as

the primary deceased donor liver allocation scheme. Derived
originally as a tool for predicting mortality after transjugular
intrahepatic portosystemic shunts (TIPS) [59], the MELD score
is heavily dependent on INR. Each integer increase in INR yields
an increase of more than five points on the MELD scale.
According to the UNOS modification of MELD, a five-point
increase in MELD score indicates a more than doubled risk of
waiting list death, independent of other factors. Several groups
of investigators have also found that abnormal coagulation
parameters, including prothrombin time and platelet count, are
predictive of worse survival after non-hepatic surgical proced-
ures in patients with cirrhosis [60–62].

Bleeding risk assessment

The relationship between the common coagulation tests and the
bleeding risk is less clear than their relationship to prognosis.
Mucosal bleeding may be associated with prolongation of the

Table 4 Platelet changes in cirrhosis.

Thrombocytopenia due to:

Splenic sequestration

Thrombopoietin metabolism

Expression of antiplatelet antibody

Ethanol

Abnormal platelet function:

Fibrin degradation products (FDPs) interfere with aggregation

Cholesterol loading may augment adhesiveness (changes lipid metabolism)

Renal failure and uraemia

Table 5 Prognostic score incorporating coagulation indices.

Child–Pugh–Turcotte score/class

Prothrombin time

Serum bilirubin

Serum albumin

Ascites

Encephalopathy

MELD/PELD (Model or Paediatric End-Stage Liver Disease score)

International normalized ratio

Serum bilirubin

Serum creatinine

Mayo PBC score

Prothrombin time

Age

Serum bilirubin

Serum albumin

Oedema

Toronto alcoholic liver disease index (CLLI)

Prothrombin time

Encephalopathy

Collateral circulation

Ascites

Oedema

Serum haemoglobin

Serum albumin

Serum bilirubin

Serum alkaline phosphatase

King’s College Criteria for fulminant hepatic failure

Prothrombin time/international normalized ratio

Arterial pH level

Serum creatinine

Encephalopathy

Clichy criteria for fulminant hepatic failure

Factor V level

Age

Encephalopathy

TTOC21_04  3/10/07  9:43 AM  Page 1786



21.4 HAEMOSTASIS IN LIVER DISEASE 1787

thrombin time (a variant of the prothrombin time) and indices
of fibrinolysis, but there is substantial overlap (Fig. 7). We pre-
viously reported wide variation between centres in acceptable 
limits for coagulation in liver biopsy [63]. The variation in
acceptable coagulation parameters prior to other invasive pro-
cedures was also demonstrated by Grabau et al. [64]. These inves-
tigators prospectively performed 1100 therapeutic paracenteses,
513 of which were performed in patients with decompensated
cirrhosis. Of these procedures, 292 (26%) were performed in
patients with an INR > 2.0, and 598 (54%) were in patients with
a platelet count of less than 50 000. Despite these abnormal coa-
gulation parameters, there were no significant bleeding events 
in any of the patients. Terjung et al. [65] performed 629 diagnostic
liver biopsies with a 1.6% major complication rate, most of
which were bleeding related. However, only 58% of all bleeding
episodes occurred in patients with a recognized bleeding risk.
The multivariate analysis showed that both administration of
platelets prior to the procedure and the presence of advanced
cirrhosis were risk factors for bleeding. Preprocedural INR was
not a predictor for bleeding in this study. Despite these conflict-
ing findings, many authorities, expert panels and professional
societies recommend routine measurement and correction of
coagulation parameters prior to all invasive procedures. These
recommendations, which largely lack supportive data, are likely
to change in the foreseeable future as our understanding of 
coagulation abnormalities evolves.

Bleeding in the liver patient: prevention
or rescue?

Therapy for coagulation disorders in liver disease patients can be
broadly divided into two categories: prophylactic therapy and
‘rescue’ therapy (Table 6). As alluded to above, acceptable pre-
procedure cutoffs for laboratory indices are commonly utilized,

(a)

(b)

(c)

Fig. 7 (opposite) (a and b). Patient with advanced cirrhosis and persistent
oozing over 2 days from a right femoral line site developed severe extensive
posterior haematoma. Hyperfibrinolysis was proven by laboratory testing,
and the bleeding responded to antifibrinolytic therapy. (c) Persistent
external oozing from an intracranial pressure monitor site without
intracranial haemorrhage in a patient with fulminant hepatic failure from
hepatitis B and suspected hyperfibrinolysis and successful treatment with
antifibrinolytic therapy.

Table 6 Management strategy: prevention or rescue.

Prevention of bleeding (preprocedure)

Advantages: prevent episode of bleeding

Disadvantages: current tests predict bleeding very poorly, complex 

coagulopathy

Rescue intervention (for active bleeding)

Advantages: more definite target

Disadvantages: unstable patient, may require specific 

tests to hone therapy
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apy, when the patient has active bleeding. Confirmation or 
repudiation of this opinion awaits further clinical studies, but
warrants consideration in current practice. Exceptions to this
practice include procedures in which bleeding is unlikely to be
detected in time to intervene before irreversible damage occurs.
This would be the case, for example, with placement of intra-
cranial pressure monitors in fulminant hepatic failure and, per-
haps, in chest tube placement. In these circumstances, it seems
reasonable to correct measures of coagulation, in spite of limited
clinical data to support the practice. Other procedures and pos-
sible interventions are noted in Table 7.

Table 7 Procedures, clinical problems and conventional management strategies (recommendations often lack substantial basis in clinical research and may
exacerbate portal hypertension if associated with volume expansion).

Problem/procedure

Diagnostic endoscopic procedures 

(with or without mucosal biopsies)

Therapeutic endoscopic procedures 

(ERCP, polypectomy, variceal ligation)

Liver biopsy

Paracentesis

Thoracentesis

Intracranial pressure monitor placement

Dental extractions and cutaneous minor 

surgical procedures

Vascular procedures (TIPS, cardiac 

catheterization)

Major surgical procedures

aRisk and intervention data are limited to rare randomized controlled trials and case–control studies. Most data are based on case reports or case series. Risk is

assessed by location and potential complications of bleeding.

ERCP, endoscopic retrograde cholangiopancreatography; ETP, endogenous thrombin production; TIPS, transjugular intrahepatic portosystemic shunt; rFVIIa,

recombinant activated factor VII.

Haemostasis riska

Minimal

Moderate

Moderate

Minimal

Moderate

High

Minimal to moderate

High

Severe

Notes

Simple diagnostic endoscopies do not usually require

aggressive haemostatic measures

Societal guidelines recommend plasma, platelet

transfusion but guidelines need re-evaluation in

light of recent work using ETP (see refs 17,18). rVIIa:

modest benefit in variceal bleed, possible role in

‘rescue’ situations. Interaction of clotting cascade

and cyanoacrylates needs further investigation

Bleeding risk is not dependent on preprocedural

parameters. Focal lesion biopsies greater risk.

Questionable benefit of prophylactic rVIIa or tract

plugging

Bleeding rate is very low even without prophylactic

intervention and not dependent on preprocedural

coagulation parameters

Limited data suggest safety of procedure. Therapeutic

riskier than diagnostic

Bleeding causes significant mortality and morbidity.

Significant decrease in risk of anasarca with rFVIIa use

over standard therapy

Overall risk minimal. Direct mucosal application of

antifibrinolytic agents most effective. Some data

for rescue rVIIa

TIPS survival corresponds to MELD score. rVIIa and

plasma decreased bleeding in children

Bleeding risk dependent on severity of liver disease.

Correction of coagulation parameters recommended.

Caution with increasing portal hypertension

through excessive volume
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but none has a sound basis. Aggressive correction of certain
indices may actually increase bleeding risk. For example, volume
expansion can raise portal pressure increasing the risk of variceal
bleeding. It is therefore not surprising that targeting conven-
tional indices of the clotting cascade to specific levels has not met
with a great deal of success in preventing bleeding. This situation
is probably more a result of inadequate targets (i.e. tests) than
the absence of risk or relevance.

Because true bleeding risk is so difficult to determine in the
liver failure patient via current tests of coagulation, the use of
procoagulant factors is probably best reserved for rescue ther-

TTOC21_04  3/10/07  9:43 AM  Page 1788



21.4 HAEMOSTASIS IN LIVER DISEASE 1789

Specific therapeutic agents

A wide variety of strategies and specific agents are now available,
each of which has advantages and disadvantages, although most
lack definitive data regarding their optimal use. Generally, a
combination of agents is utilized, but careful delineation of the
underlying pathophysiology, while not always clear, is the best
guide to the use of certain agents (Table 8).

Vitamin K

Vitamin K deficiency may occur especially with cholestatic 
illnesses and with antibiotic therapy. Relatively low levels of 
factor VII compared with factor V suggest a predominance of
vitamin K deficiency; however, some studies have demonstrated
impaired γ-carboxylation despite vitamin K treatment [66,67].
Oral replacement is typically tried initially. Subcutaneous vit-
amin K may be given, although allergic reactions may occur
[68,69], and absorption may be limited in patients with oedema.
Intravenous therapy is also available in those who are severely
coagulopathic, although this mode of treatment has been associ-
ated with hypotension and anaphylaxis [70,71].

Blood products

Blood products such as plasma, platelet concentrates and cryo-
precipitate are the most readily available form of intervention.
However, they are also among the most controversial, due pri-
marily to the poor correlation between tests of coagulation and
bleeding in liver disease patients [72]. The use of blood products
is hampered by unproven efficacy, attendant volume expansion,
risk of infection and cost. The charge per unit of blood products
varies between centres, but can be substantial. Additional expenses
include blood typing and antibody screening, premedications,
infusion-monitoring setups and management of side-effects.

With platelet administration, the expected increase in platelet
count is approximately 10 000/mm3/m2/unit [73]. Patients with
cirrhosis show a decreased response due to splenic sequestra-
tion, and target platelet levels are not uniformly agreed upon.
Side-effects of platelet transfusion rarely include infection and
fever secondary to inflammatory cytokines (seen in approximately

2% of transfusions) [74] and, even more rarely, anaphylaxis.
Fresh frozen plasma contains coagulation factors such as vit-
amin K-dependent clotting factors. Because of the short half-life
of factor VII in the circulation (approximately 6 h), repeat trans-
fusions may be necessary. Plasma infusion in liver disease is
associated with limited efficacy and a risk of volume expansion
(one unit of plasma contains 300–500 mL of water). In a retro-
spective study of 80 cirrhosis patients, 75% of patients received
2–4 units of plasma, but only 10% achieved target levels of clot-
ting indices, and fluid overload was common [75]. In addition,
the rate of transfusion-related lung injury could be as common
as 1 in 400 transfusions, with a mortality rate as high as 5–10%
[76]. Cryoprecipitates contain the cold-insoluble components
of plasma (fibronectin, fibrinogen and the von Willebrand–
factor VIII complex). In active bleeding, transfusion to increase
fibrinogen levels above 100–120 mg/dL is often recommended
prior to the use of agents such as recombinant activated fac-
tor VII (rFVIIa; see below). Cryoprecipitate transfusion has a
significant risk of transmission of viral infections including
human immunodeficiency virus (HIV), due to the inability to
undergo viral inactivation during preparation and a pool of
10–20 donors for each unit [77,78].

Recombinant activated factor VII (rFVIIa)

An extensive body of literature has developed regarding the use
of rFVIIa in liver disease patients, but lack of controlled trials
and controversial endpoints hamper interpretation of the data
[79,80]. Its major advantages are augmentation of the physio-
logical ‘thrombin burst’, activity at sites of vascular breach
where TF is exposed and its low dose volume [81]. Single doses
of rFVIIa decrease clotting time in cirrhosis patients without
increasing clot lysis time or fibrinolysis [82], indicating the 
formation of a viable clot [83]. In non-bleeding cirrhosis
patients, the half-life of rFVIIa is approximately 2.3 h, but no
data are available for bleeding patients. Bernstein et al. [84]
demonstrated that the duration of normalization of the PT 
was approximately 2, 6 and 12 h following doses of 5, 20 or 
80 µg/kg respectively (Fig. 8). rFVIIa also augments coagulation
in thrombocytopenia via enhancement of site-specific activation
of platelets that enhance thrombin generation [85].

rFVIIa has been reported in a wide variety of clinical situa-
tions among liver disease patients. Jeffers et al. [86] reported
four different doses of rFVIIa (5, 20, 80 and 120 µg/kg) in
patients undergoing laparoscopic liver biopsy, but could not
demonstrate differences in liver biopsy bleeding time, although
the agent appeared to be relatively safe. Several studies have
shown efficacy in correcting the PT INR in fulminant hepatic
failure patients undergoing intracranial pressure (ICP) monitor
placement, with doses as low as a single administration of 
40 µg/kg [87–89]. The ability to avoid volume expansion (and
secondary anasarca) in this setting is particularly attractive.
Bosch et al. [90] also showed that serial dosing in variceal bleed-
ing produced a modest reduction in rebleeding in Child–Pugh

Table 8 Specific agents and interventions.

Vitamin K

Blood products

Recombinant activated factor VII (rFVIIa) – not FDA-approved in the USA

Antifibrinolytics: e-aminocaproic acid, tranexamic acid and aprotinin

DDAVP

Augment vascular tone (antihyperdynamic state)

Haemodialysis if uraemia is present

Topical agents

Marrow stimulants

DDAVP, desmopressin, 1-deamino-8-D-arginine vasopressin.
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class B–C patients when administered in conjunction with
endoscopic therapy.

Most studies carried out thus far do not show increased bio-
chemical evidence of DIC in otherwise stable cirrhotic patients,
but both DIC and portal vein thrombosis have been observed in
one series of liver biopsy patients [84]. Myocardial infarction
has also been reported in one patient receiving concomit-
ant vasoconstricting therapy for refractory hypotension (see
MedWatch). However, a large analysis compiling subjects 
from multiple studies has shown a low complication rate in
comparison with control subjects [91]. However, the most
significant disadvantage to the use of rFVIIa is the cost.
Nonetheless, its relative expense is tempered by the costs of
other interventions and potential side-effects of the alternatives
(such as volume overexpansion, exacerbation of portal hyper-
tension and pulmonary oedema).

Antifibrinolytic agents

ε-Aminocaproic acid (EACA) and tranexamic acid (TA) are
synthetic derivatives of lysine that bind and inhibit plasmin, 
and thus inhibit fibrinogen dissolution. Aprotinin is a bovine-
derived serine protease inhibitor that inactivates kallikrein,
therefore indirectly inactivating factor XII, leading (secondarily)
to diminution of both coagulation and fibrinolysis. These agents
play a potentially significant role in treating hyperfibrinolysis in
liver failure patients. Because the oral cavity is rich in plasmino-
gen activators, there is a particular role for EACA and TA in
patients with persistent bleeding after dental extractions (Fig. 9),
where topical therapy may be effective [92,93].

Success with antifibrinolytics has also been reported in liver
transplantation [94], although there is no consensus regarding
their use. EACA is a relatively inexpensive drug, but possesses
possible side-effects including renal insufficiency and, rarely,
dysrythmia [95]. Although studies have demonstrated its role in
reducing fibrinolysis [96,97], proven benefit in the use of EACA
in liver transplantation has not been shown [98,99], TA, which is
6–10 times more potent than EACA, has conflicting evidence
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Fig. 8 Bernstein et al. [84] demonstrated
similar efficacy in correcting prothrombin time
prolongation at each of three different doses 
of rFVIIa in otherwise stable patients with
cirrhosis. However, there was a significant
difference in the duration of effect.

Fig. 9 (a and b) Patient with cirrhosis and hepatorenal syndrome with
persistent bleeding following dental extractions in preparation for liver
transplantation in spite of presurgical treatment with DDAVP. Although
systemic hyperfibrinolysis was not evident, this responded to topical
antifibrinolytics.

(a)

(b)
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regarding its efficacy. Dalmau et al.’s [99] and Boylan et al.’s
[100] controlled trials have demonstrated decreased blood
transfusion during liver transplantation with use of TA com-
pared with placebo or with EACA. Kasper et al.’s [101] invest-
igation, on the other hand, failed to show efficacy of TA on
reduction of transfusion requirements; interpretation of these
data is limited, however, as lower doses of TA were used this
study.

Intravenous aprotinin has been studied in states of active 
proteolysis (such as after cardiac surgery), but studies involving
cirrhosis patients are limited. In Porte et al.’s [102] multicentre,
prospective, double-blinded, controlled trial, 141 patients
undergoing liver transplantation were assigned into groups
given high-dose aprotinin, regular-dose aprotinin or placebo.
Total blood loss was significantly lower in the aprotinin-treated
groups (60% reduction in the high-dose group and 44% reduc-
tion in the low-dose group) than in the placebo group, and
transfusion of red blood cells was 37% lower in the high-dose
group and 20% lower in the regular-dose group, compared with
the placebo group. Further evidence in favour of aprotinin
includes Findlay et al.’s trial [103], which showed that aprotinin
significantly reduced blood transfusion in orthotopic liver
transplantation (OLT) compared with placebo. However, a
recent controlled trial comparing TA with aprotinin demon-
strated no significant difference in blood or blood product
transfusion between the two groups [104]. We are not aware of
published data regarding non-surgical haemostasis in cirrhosis
using aprotinin.

DDAVP

Desmopressin, 1-deamino-8-d-arginine vasopressin (DDAVP),
is an analogue of the antidiuretic hormone vasopressin, which
increases endogenous secretion of FVIII and von Willebrand
factor (vWF). Intravenous (0.3 µg/kg) use of DDAVP shows
rapid onset and measurable increases in factor VIII and vWF.
Side-effects include hyponatraemia (especially with repeated
doses), mild increases in systolic and diastolic blood pressure,
facial flushing and headache [105]. In non-controlled studies,
DDAVP improved bleeding times in patients with cirrhosis who
did not have coexisting thrombocytopenia [106,107]. A double-
blind, placebo-controlled, crossover study of nine patients by
Agnelli et al. [108] also demonstrated significantly improved
bleeding time and PTT, while significantly increasing levels of
factor VIII, XI and XII activity. However, de Franchis et al. [109]
performed a randomized, placebo-controlled trial of terlipressin
with and without DDAVP in the treatment of variceal bleed-
ing. This study was terminated early because of a statistically
significant higher rate of rebleeding in the DDAVP group. 
Wong et al. [110] performed a randomized, double-blinded,
placebo-controlled trial of DDAVP vs. placebo in 60 patients
undergoing liver resection surgery (43% of whom were cir-
rhotic), and were also unable to demonstrate a clear advantage

to its use. Nonetheless, this agent is commonly employed 
preprocedure in liver disease patients at particularly high risk, 
as with coexisting renal failure patients undergoing dental
extractions, line placement or liver biopsy. However, this use has
yet to be established.

Restoration of vascular tone

The role of the vascular endothelium in coagulation is underap-
preciated and understudied, especially in liver disease. Relevant
factors include prostaglandin metabolism, nitric oxide, vWF,
TF, TFPI, thrombomodulin and tissue plasminogen activator
[111]. The hyperdynamic state of cirrhosis is characterized by
loss of normal vascular tone, secondary vasodilation and low
systemic vascular resistance, thought to be mediated by nitric
oxide. Aside from variceal bleeding, we are not aware of specific
studies that have addressed the role of agents aimed at revers-
ing the hyperdynamic state (such as terlipressin, midodrine 
or octreotide) in treating the bleeding diathesis of cirrhosis.
However, the use of such agents in intractable bleeding for situ-
ations such as postoperative wound bleeding or postprocedure
bleeding, such as haemoperitoneum (involving the collateral
bed), warrants consideration and further study.

Haemodialysis

As described previously, platelet dysfunction in advanced renal
disease is partly attributed to the presence of several dialysable
uraemic toxins (see above). However, no correlation has been
found between bleeding time or platelet adhesion and serum
levels of these metabolites [112]. Nonetheless, dialysis appears to
be effective for platelet dysfunction secondary to uraemia and is
more effective if carried out three times a week rather than twice
weekly [113], with improvement in coagulation usually occur-
ring for 1–2 days after treatment [114]. Although certain platelet
abnormalities are improved after dialysis, both haemodialysis
(HD) and peritoneal dialysis (PD) may diminish platelet func-
tion. HD may cause platelet activation, from the interaction
between blood and certain cuprophane surfaces; this leads to 
a release of platelet-derived proteins and elevated circulating
reticulated platelets, indicating accelerated platelet turnover 
and increased bleeding risk [115]. PD, however, is associated
with platelet hyper-reactivity secondary to hypoalbuminaemia
[116]. Furthermore, markers of coagulation, such as thrombin–
antithrombin complexes and prothrombin fragments, are higher
in PD than in HD patients, whereas indicators of fibrinolysis,
such as plasmin–antiplasmin complexes, are found to be lower
in PD than in HD patients [117].

Topical agents

Topical agents include collagen derivatives, thrombin–fibrinogen
(fibrin glue) and, perhaps, cyanoacrylates. A detailed discussion

TTOC21_04  3/10/07  9:43 AM  Page 1791



1792 21 THE IMPACT OF LIVER DISEASE ON OTHER SYSTEMS

of these agents is beyond the scope of the present work, but 
several points are worth noting. Topical thrombin is sometimes
advocated for treating bleeding puncture wounds in liver disease
patients. However, their relative efficacy and expense warrants
consideration in this application. Plugging of the liver biopsy
tract with various derivatives of collagen has been the subject 
of several reports, which have usually indicated efficacy. We
demonstrated significant haemostasis in liver bleeding time 
in over 100 laparoscopic biopsies in pigs, using collagen as a
haemostatic plug (unpublished results). A blinded, randomized
and controlled clinical trial is now under way to determine
whether or not this agent is clinically useful in normal risk
patients undergoing liver biopsy. Efficacy of topical thrombin
has also been reported when used as an adjunct to conventional
sclerotherapy in the treatment of gastric variceal bleeding.
Whether this approach is superior to cyanoacrylate injection
remains to be established [118,119]. The use of cyanoacrylates
for gastric variceal therapy has also been the subject of a 
number of studies. The interaction of different chain length
cyanoacrylates and the clotting cascade warrants further study 
in terms of overall efficacy and safety with regard to embolic 
risk.

Marrow stimulants

Multiple case reports exist describing the use of marrow stimu-
lants in major surgery, including liver transplantation [120],
without the use of donated blood products in these patients.
Some of this experience derives from populations refusing the
transfusion of blood products due to religious or cultural beliefs
(e.g. Jehovah’s Witnesses). In patients with underlying cirrhosis,
there appears to be an inadequate response of endogenous 
erythropoietin in the presence of anaemia, with a haemoglobin
less than 12 g/dL [121,122]. However, supplemental use of ery-
thropoietin in cirrhosis patients has shown a statistical improve-
ment in platelet count and function [123]. Although marrow
stimulants are extremely costly, the safety and efficacy of the use
erythropoietin analogues has been well demonstrated in cirrho-
sis patients undergoing treatment with interferon and ribavirin
for hepatitis C. Although not studied extensively, it seems most
appropriate to consider the use of marrow stimulants in cirr-
hosis patients with chronic low-level blood loss, such as that from
portal gastropathy or gastric antral vascular ectasia (GAVE), in
order to decrease transfusion dependency. It should be noted
that adequate iron stores are required for the efficacy of these
medications.

Hypercoagulation in liver disease

Portal vein thrombosis (PVT) has long been recognized as a
complication of cirrhosis. The incidence of clinically detected
portal vein thrombosis in these patients ranges from 0.6% to
17% [124,125]. Although common, the pathophysiology of

pure portal vein thrombosis in cirrhosis patients is not well
established. In one series of 79 cirrhosis patients with PVT [126],
hepatocellular carcinoma and advanced liver disease (Childs B
or C) were the major risk factors, but a mutation in prothrom-
bin (mutation 20210) was also a significant risk compared with
matched control subjects. One half of the patients presented
with associated symptoms ranging from gastrointestinal bleed-
ing to pain related to mesenteric ischaemia. Other authors have
found the antiphospholipid antibody to be related to the devel-
opment of PVT [127]. A stronger contributor to the devel-
opment of PVT in cirrhosis patients is the increased vascular
resistance to flow associated with hepatic fibrosis and portal
hypertension. This flow resistance has been documented using
both invasive and non-invasive flow estimation techniques
[128] and is probably the primary factor in the initiation of PVT.
Because of the risk of bleeding complications and the difficulty
in following therapeutic anticoagulation levels in patients with
liver disease, the treatment or prophylaxis of PVT in cirrhosis
remains individualized and requires further study.

Excessive thrombosis may also play a more occult role in
chronic disease progression in which stable cirrhosis becomes
decompensated hepatic atrophy. Intrahepatic thrombi have
been implicated by Wanless et al. [129] in the progression of 
cirrhosis to a state of atrophy (parenchymal extinction). By
detailed examination of 61 explanted livers, the authors
observed intimal fibrosis, a marker of healed thrombosis, in a
pattern suggestive of prior thrombosis in hepatic vein and portal
vein branches in 70% and 36% respectively (Fig. 10). The size 
of involved vessel was felt to be below the level of detection of
common imaging techniques (distinguishing this process from
classical portal vein thrombosis – see above), and no relation to
underlying liver disease was detected, suggesting that the process
is common to cirrhosis in general. Experimentally, the presence
of the procoagulant factor V Leiden mutation has been shown 
to exacerbate the progression of induced hepatic injury [130]. 
In situ small vessel thrombosis also appears to be one of several
aetiological factors in the development of portopulmonary
hypertension [131–133].

Clinical experience suggests that cirrhotic patients are at risk
of venous deep vein thrombosis (DVT) and thromboembolism
(VTE), especially in the inpatient setting. This has been docu-
mented in case reports discussing the occurrence of VTE in 
hospitalized patients with non-malignant chronic liver disease
[134,135]. However, because of the lack of a clear gold standard
for diagnosing DVT or PE and multiple confounding factors, it
is difficult to assess the true risk of DVT and VTE in cirrhosis
patients. We have reviewed our own single-centre experience 
of more than 22 000 admissions over a 5-year period and found
the incidence of newly diagnosed peripheral VTE (non-portal
vein thrombosis) in hospitalized patients with cirrhosis to be
approximately 1.2% [136]. Patients with and without VTE were
not different with regard to level of coagulopathy as measured by
INR or platelet count.
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Conclusion

Coagulopathy in liver disease is extraordinarily complex and
involves diminished synthesis of both procoagulant factors and
anticoagulant factors. Platelet abnormalities, portal hyperten-
sion, endothelial dysfunction and renal failure all play important
roles in haemostasis and require consideration in determining
the best management. In addition, other definable conditions
may be superimposed, further complicating the clinical picture.
Among these, hyperfibrinolysis stands out as an infrequent 
but discrete and definable entity warranting specific therapy.
Conventional tests of coagulation clearly carry prognostic infor-
mation in liver disease patients, but recent findings suggest that
such tests are in need of refinement, and the common means of
assessing bleeding risk often lack clinical relevance and a strong
basis in clinical research.

Several recent advances have led to significant conceptual
changes in the evaluation and treatment of liver disease-related
coagulopathy. The development of recombinant factor VII

(rFVIIa) has led to a new concept of coagulation, involving the
interaction of tissue factor (TF) and factor VII, bringing
together the classical concepts of the intrinsic and extrinsic 
pathways. The interaction of TF and factor VII occurs at the site
of vessel injury, generating a small amount of thrombin, which
amplifies the original signal. The development of improved tests
to define where a particular patient exists in the spectrum 
of coagulopathy is of special interest. Potential therapeutic 
interventions require careful consideration of the underlying
pathophysiology and tailoring of the treatment to their needs.
Conventional treatments (vitamin K, plasma or cryoprecipitate)
remain important, but their use should be tempered because of
the risk of pulmonary oedema or anasarca, especially with exces-
sive plasma. Other agents, such as rFVIIa, have as yet undefined
but potentially very potent roles. The best approach, preventive
or prophylactic intervention vs. ‘rescue’ therapy in the event of
bleeding, depends to a large extent on the risk–benefit ratio of a
particular condition and intervention and remains to be fully
defined.

Cirrhotic parenchyma

Cirrhotic parenchyma with broad fibrous septa

Focal parenchymal extinction (densely fibrotic liver)

>1.0 mm

>70%<10%

Normal 10–70%

Percentage occlusion
of hepatic veins

0.6–1.0 mm Vein diameter

0.2–0.6 mm

Fig. 10 Wanless et al. [129] examined explanted liver for evidence of hepatic vein and portal vein thrombosis. The map corresponds to the cross-section of
the explanted liver and illustrates grades of hepatic vein occlusion (defined as intimal thickening) in relation to fibrosis stage. The data suggest that vascular
occlusion may precipitate organ atrophy as cirrhosis progresses from a stable state to one associated with complications of portal hypertension.
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21.5 The effect of liver disease on the
gastrointestinal tract
Roger W. Chapman and Peter W. Angus

Disorders involving every part of the gastrointestinal tract have
been described in patients with acute and chronic liver disease.
While lesions such as oesophageal varices can be clearly linked to
the direct pathophysiological effects of liver disease, in many
cases, the reasons for the association between liver disease and
the gut are less clear. This chapter describes the gastrointestinal
syndromes that can occur in patients with liver diseases, listed
according to the major organ or area involved.

Mouth

Examination of the lips and mouth may reveal a number of
abnormalities in patients with liver disease. Inspection of the
mucous membranes may detect jaundice, anaemia or dehydra-
tion; palatal petechiae indicate thrombocytopenia or septi-
caemia, while the presence of foetor hepaticus suggests hepatic
encephalopathy.

Oral xanthomas occasionally develop as a complication of
hypercholesterolaemia in patients with chronic cholestatic liver
disease. The lesions are flat, plaque-like and irregular; they may
be found under the tongue, on the buccal mucosa or in areas of
angular cheilitis [1]. Telangiectasias in and around the mouth
may give a clue to the presence of hepatic angiomas in patients
with Osler–Weber–Rendu syndrome (hereditary telangiectasia)
and are also occasionally seen in patients with primary biliary
cirrhosis and the CREST (calcinosis, Raynaud’s, (o)esophagitis,
sclerodactyly, telangiectasia) syndrome.

Many patients with primary biliary cirrhosis (20–75% in 
different studies) develop keratoconjunctivitis sicca or Sjögren
syndrome [1]. Xerostomia usually occurs late in the disease.
Apart from dryness of the mouth, patients may develop cheilosis,
buccal ulceration, fissuring of the tongue and enlargement of the
parotid salivary glands. Biopsy of the salivary glands reveals lym-
phocyte infiltration, ductal hyperplasia and acinar destruction.
As in the liver, the disease is probably initiated by immunological
damage to duct endothelium.

Oesophagus

Although varices are the most important oesophageal complica-
tion of cirrhosis, a number of other oesophageal disorders 
may occur in patients with cirrhosis (the pathophysiology and
management of varices are discussed in Chapter 7).

Gastro-oesophageal reflux is common in patients with cirr-
hosis, but its pathological importance is controversial. In patients
with massive ascites, one might expect raised intra-abdominal
pressure to predispose to reflux of gastric contents into the
oesophagus. Early studies of oesophageal sphincter pressure
measurement or short-term pH monitoring suggested that
reflux was most common in cirrhotics with ascites. Using longer
term postprandial monitoring of oesophageal pH, it was found
that episodes of acid reflux were very common and more pro-
longed in cirrhotics than in non-cirrhotics with known reflux
[2,3]; but, in contrast to previous studies, no link was found
between gastro-oesophageal reflux and the presence of ascites
[3]. As alcohol itself causes relaxation of the lower oesophageal
sphincter and impairs oesophageal acid clearance, oesophageal
reflux is likely to be more severe when alcoholic cirrhotic
patients are actively drinking.

Importantly, whether or not acid reflux is increased in 
cirrhotic patients, it does not appear to contribute to variceal
haemorrhage, as the frequency of variceal bleeding is not
influenced by the presence or severity of acid reflux [2].
Oesophageal reflux may play an important part in the pathog-
enesis of persistent oesophageal ulceration following injection
sclerotherapy or banding of oesophageal varices. These ulcers
are resistant to treatment with H2-antagonists but respond to
proton pump inhibitors [4,5].

Between 5% and 10% of patients with primary biliary cirrhosis
have evidence of scleroderma [6]. Usually, this takes the form of
the CREST syndrome, and most of these patients have positive
anticentromere antibodies [6]. Oesophageal involvement with
scleroderma results in atrophy of the muscle coats, dilatation of
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the lumen and loss of tone in the lower sphincter. The principal
symptoms are lower oesophageal dysphagia and acid reflux,
which may be complicated by peptic structure.

Endoscopic injection sclerotherapy for oesophageal varices 
in patients with cirrhosis may produce a number of local
oesophageal complications. Ulceration is common and may be
complicated by bleeding. Strictures may develop in the lower
third of the oesophagus but are usually amenable to simple
dilatation.

Endoscopic ligation, which has largely replaced sclerotherapy
in the treatment of varices, is associated with a lower risk of local
oesophageal complications. There may be temporary dysphagia
after the procedure, presumably due to partial occlusion of 
the oesophageal lumen by the banded varix. Within 1 week of
banding, strangulated varices slough, leaving shallow ulcers that
heal rapidly. Serious bleeding from these ulcers occurs in less
than 5% of patients, and the procedure rarely leads to severe
oesophageal ulceration or the development of strictures [7]. The
size of post-banding ulcers and potentially the risk of bleeding
are reduced by prophylactic treatment with pantoprazole; how-
ever, post-treatment symptoms and total ulcer numbers are not
affected [5].

Stomach and duodenum

Portal hypertensive gastropathy

After variceal haemorrhage, the gastric mucosa is the most 
common source of upper gastrointestinal bleeding in patients
with cirrhosis and portal hypertension [8,9]. In the past, gastric
mucosal bleeding in patients with liver disease was attributed 
to a range of lesions including ‘haemorrhagic gastritis’, ‘diffuse
gastric erosions’, ‘gastric red spots’ or ‘gastric petechiae’. It is
now recognized that mucosal lesions such as these are very 
common in cirrhosis, and are features of a distinct entity now
known as portal hypertensive gastropathy [10–12].

The changes in portal hypertensive gastropathy are most
marked in the mucosa of the fundus and body of the stomach.
The endoscopic appearances include a pattern of fine, erythema-
tous speckling or ‘scarlatina’-type rash, reddening and streaks
and a fine, white, reticular mosaic pattern separating red, oede-
matous mucosa with an appearance ‘like snake skin’ [10,11].
Severe gastropathy is characterized by the presence of discrete
gastric red spots (‘cherry red spots’) and areas of diffuse, hae-
morrhagic mucosal change (‘haemorrhagic gastritis’). In large
endoscopic studies of asymptomatic cirrhotic patients, more
than 50% have had features of portal hypertensive gastropathy,
the most frequent finding being the characteristic mosaic pattern
or snake skin-like appearance in the proximal stomach [12–14].

The presence of portal hypertensive gastropathy correlates
with the presence and size of oesophagogastric varices, and it is
more common in patients who have undergone variceal obliter-
ation [14,15]. It is unclear whether its severity or natural history
is related to the severity of hepatic dysfunction [14,15]. The

lesion is also commonly observed in patients with non-cirrhotic
portal hypertension or extrahepatic portal venous thrombosis
[15,16].

The pathophysiology of this condition is incompletely under-
stood. The term ‘gastritis’ was commonly used to describe the
appearance of the gastric mucosa in cirrhosis, but biopsies 
do not usually show inflammatory cell infiltration [12,17]. The
characteristic histological findings are suggestive of vascular
congestion, with dilation and tortuosity of submucosal veins
and ectasia of mucosal capillaries and venules [12]. Because the
vascular changes in portal hypertensive gastropathy are largely
submucosal, deep mucosal biopsies may be needed to demon-
strate the characteristic changes. The mucosal changes may
result from a combination of increased total gastric blood flow,
changes in blood flow distribution and stasis as a result of the
increase in portal vascular resistance and portal venous conges-
tion [18]. These changes are associated with a range of func-
tional mucosal defects that predispose the portal hypertensive
gastric mucosa to injury from agents such as aspirin, bile acids
and alcohol [11]. Once the mucosa is breached, the increase in
total gastric blood flow may contribute to the risk of significant
bleeding. No association has been found with Helicobacter pylori
infection.

The reported frequency with which portal hypertensive gas-
tropathy has apparently caused acute upper gastrointestinal
bleeding in cirrhotic patients varies widely; this may be
explained largely by variation in the timing of endoscopy and 
in the aetiology and severity of the liver disease in different 
studies [8,9,14]. In a recent large prospective study, 2.5% of
patients with gastropathy developed acute gastric bleeding dur-
ing 18 months of follow-up, and this was primarily in those with
severe lesions [14]. Chronic blood loss was observed in 10% of
patients. Bleeding from the portal hypertensive gastric mucosa
responds poorly to treatment with H2-blockers, antacids or
sucralfate [16]. Propranolol may reduce the risk of rebleeding,
and improves the endoscopic grading of portal hypertensive 
gastropathy [19]. There is some evidence that somatostatin,
octreotide and vasopressin may be effective in controlling acute
bleeding, but large controlled studies are lacking. Portocaval
shunting appears to reduce the risk of bleeding and is an effect-
ive treatment for acute haemorrhage from portal hypertensive
gastropathy [20], but the procedure is associated with consider-
able operative risks and long-term side-effects. Although no large
studies are available, several case reports have demonstrated the
efficiency of the transjugular intrahepatic portosystemic stent
shunt (TIPSS) in such cases.

A number of studies describe a less common pattern of
mucosal vascular abnormality in patients with portal hyper-
tension characterized by the presence of prominent, friable, red
lesions on the antral mucosa that radiate out from the pyloris.
This condition, referred to as gastric antral vascular ectasia
(GAVE) or ‘watermelon stomach’ [21,22], is associated with cir-
rhosis in 30% of cases, but is more commonly found in patients
without liver disease or portal hypertension [21,22]. It is clear
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that this lesion represents a separate pathological and clinical
entity to portal hypertensive gastropathy [23]. In contrast to gas-
tropathy, bleeding from GAVE is common, difficult to control
and does not respond to pharmacological therapy or portal
decompression.

Acute gastric erosions

Upper gastrointestinal bleeding is also a significant problem 
in patients with acute liver failure. These patients commonly
develop acute erosions of the oesophagus, stomach or duode-
num; the presence of abnormal clotting contributes to the risk of
bleeding. Severe upper gastrointestinal bleeding from erosions
was reportedly the cause of death in almost one-fifth of these
patients [24]. To prevent this potentially devastating complica-
tion, proton pump inhibitors or H2-antagonists should be given
routinely to reduce gastric acidity while non-steroidal anti-
inflammatory drugs must be avoided.

Peptic ulcer

The prevalence of peptic ulcer appears to be increased in cirr-
hosis: in large series, ulcers were reported in between 10% and
16% of patients with cirrhosis [25–28]. Although the prevalence
of peptic ulcer is considerably lower than this in the general
community, epidemiological studies of peptic ulcer in cirrhotics
have generally not included an adequate control group. Thus,
factors such as age, sex distribution, smoking habits and fre-
quency of upper gastrointestinal investigation of the cirrhotic
population, rather than liver disease itself, may in part explain
an apparently higher risk of peptic ulceration than in the com-
munity as a whole. As in the general population, duodenal ulcers
are more common than gastric ulcers [28], but there is some 
evidence that the normal male predominance in duodenal ulcer
is lost [27]. Although peptic ulcers appear to be common in
patients with cirrhosis, they are often asymptomatic and are
identified as the cause of only about 6–16% of acute upper 
gastrointestinal haemorrhage [8,9,25,28].

There is some evidence that the frequency of peptic ulcer
varies among different forms of liver disease. In a study of 510
patients awaiting liver transplantation, duodenal ulceration 
was found in 12.2% of alcoholics compared with 4.2% of non-
alcoholics; the prevalence of gastric ulcers was also higher in the
alcoholic group [30]. While in one early series, peptic ulcers
were found in more than 30% of patients with primary biliary
cirrhosis, a much lower incidence was reported in a more recent
series [28]. This may reflect reduced use of analgesic and anti-
inflammatory drugs in these patients. Patients treated with 
corticosteroids for autoimmune hepatitis appear to be at low
risk of developing peptic ulceration [28].

Although in animal experiments, basal and maximal stimu-
lated outputs of gastric acid are markedly increased following
the construction of a portocaval shunt, in man, there is little evid-
ence of a similar affect on acid secretion [31]. Early reports that

portocaval anastomosis increased the risk of peptic ulceration in
cirrhotic patients were not substantiated by a large, prospective,
controlled study, which showed that ulcers occurred no more
frequently in shunted patients than in control subjects with
equally advanced liver disease [26]. Moreover, this study
demonstrated that portocaval shunting did not exacerbate pre-
existing ulcers.

If cirrhosis does predispose to peptic ulceration, the mechan-
ism is unclear. It has been suggested that there may be impaired
hepatic clearance of gastrin or other compounds that stimulate
the acid secretion. Although there is little evidence that gastric
acid secretion in the cirrhotic population as a whole is increased
compared with control subjects [31], cirrhotics with duodenal
ulcers have higher gastric acid secretion than those without
ulcers. While there is increasing evidence that, in portal hyper-
tension, there is impairment of mucosal defence mechanisms
that protect the gastric mucosa from injury, it is unclear whether
portal hypertensive gastropathy contributes directly to the
development of chronic peptic ulcer. The increased rate of 
peptic ulceration in cirrhotics does not appear to be explained 
by higher rates of Helicobacter colonization [25], nor is it clear
whether eradication of Helicobacter returns the risk of peptic
ulceration in cirrhotics to that in the general population.

Pancreas

Excess alcohol causes injury in both the liver and the pancreas; it
is not surprising, therefore, that evidence of pancreatic damage
is commonly found in patients with alcoholic liver disease. In 
a recent review of 1022 patients who developed alcoholic liver 
disease, pancreatitis was found in 28% at autopsy [32]. Other
autopsy studies have found an equal or even greater prevalence
of pancreatic disease in alcoholic cirrhotics, while studies of 
pancreatic function in largely alcoholic cirrhotic populations
have reported abnormalities in 40% or more of patients. The
most common pathological finding in these patients is chronic
fibrotic pancreatitis; of these, approximately one-third have
calcific change. Acute pancreatic damage is found less com-
monly and may represent an early stage in the development of
chronic disease [32]. The presence of pancreatic damage does
not seem to be related to the severity of alcoholic liver disease.
Indeed, why some alcoholic patients develop severe pancreatitis
but have little or no liver disease, while others with advanced
alcoholic liver disease have little evidence of pancreatic damage
is unknown.

Signs of pancreatic damage are also commonly found in
patients with primary biliary cirrhosis. Abnormal pancre-
atograms are found in up to 40% of these patients, and many
have elevated serum pancreatic isoamylase or immunoreactive
trypsin [33]. Immunoreactive trypsin and the flow rates of duo-
denal juice in response to secretin–pancreozymin stimulation
are significantly reduced. As these abnormalities of pancreatic
structure and function were closely linked to the presence of
Sjögren syndrome, it was suggested that, in primary biliary 
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cirrhosis, pancreatic hyposecretion is a component of the sicca
or dry gland complex [33]. Other studies provide evidence that
cholestasis itself may inhibit exocrine pancreatic secretion in
these patients [34,35]. Overt exocrine pancreatic failure, severe
enough to produce steatorrhoea, appears to be very uncommon
[34,35].

Endoscopic pancreatography is abnormal in approximately
10–50% of those with primary sclerosing cholangitis [33]. The
changes seen on pancreatography vary from isolated strictures
of the main pancreatic duct to classical chronic pancreatitis.
However, these changes are seldom associated with clinically
significant impairment in pancreatic function.

Serum pancreatic amylase isoenzymes and pancreatic lipase
are elevated in approximately 30% of patients with fulminant
hepatic failure [36]. Although the presence of encephalopathy
makes it difficult to confirm the diagnosis of pancreatitis clin-
ically in these patients, approximately one-third are found to
have acute pancreatic damage at autopsy [37]. While in other
clinical conditions acute pancreatitis carries a significant 
mortality, at present, there is no evidence that the finding of 
‘biochemical pancreatitis’ worsens the prognosis of patients
with acute liver failure [36].

The pathogenesis of pancreatitis in fulminant hepatic failure
is not understood. The acute pancreatitis that occasionally
occurs in those with acute viral hepatitis has been attributed to
either direct or immune-mediated cytopathic effects of the virus
[37]. Although such effects may be important in those with viral
hepatitis, it does not explain the occurrence of pancreatitis in
hepatic failure caused by paracetamol overdose or halothane
toxicity [36].

Small bowel function/malabsorption

Fat malabsorption is common in patients with chronic liver 
disease. Approximately 50% of adults and more than 90% of
children with various types of cirrhosis have increased faecal fat
excretion [38,39]. Although, in most of these patients, steator-
rhoea is mild (< 15 g/day), in about 10%, there is severe steator-
rhoea with faecal fat excretion exceeding 25–30 g daily [39].

A number of factors may be responsible for fat malabsorption
in patients with liver disease. Bile acid uptake, synthesis and
secretion are all impaired in patients with significant paren-
chymal liver damage or cholestasis [39,40]. As a result, in some
patients, intraduodenal bile acid concentrations may fall to 
levels that are insufficient to achieve adequate solubilization 
and micellar incorporation of dietary lipid, cholesterol and fat-
soluble vitamins. This mechanism appears to be largely respons-
ible for steatorrhoea in patients with non-alcoholic cirrhosis 
and chronic cholestatic liver disease [34,35]. Indeed, in these
patients, fat malabsorption is usually restricted to those with
subnormal duodenal bile acid concentrations and impaired
micellar lipid incorporation [39]. Although pancreatic exocrine
secretion may be reduced in patients with primary biliary cir-
rhosis, this seems to be of far less importance in the pathogenesis

of fat malabsorption than failure of bile acid secretion, as even in
patients with severe steatorrhoea, the pancreatic output of lipase
is not sufficiently reduced to limit intestinal lipolysis [34,35].

There is little evidence that liver disease itself significantly
affects the absorptive capacity of the small bowel mucosa. A
number of investigations have failed to detect any consistent
abnormalities of small bowel structure or function in non-
alcoholic patients with portal hypertension and malabsorption.
Furthermore, in cirrhotic patients, portocaval anastomosis 
produces no substantial change in intestinal absorption of fat or
protein [41]. In contrast, the venous and lymphatic obstruction
that occurs in Budd–Chiari syndrome may cause structural
abnormalities of the small bowel mucosa and protein-losing
enteropathy.

The prevalence of coeliac disease appears to be increased in
primary biliary cirrhosis and ranges from 2% to 6% in different
studies [42,43]. It seems unlikely that this association is due to a
direct effect of the liver disease on the small bowel, nor is it likely
that coeliac disease causes primary biliary cirrhosis. The disease
responds to gluten restriction in the normal way, although liver
biochemistry often does not improve. In patients with cirrhosis,
untreated coeliac disease can produce a clinical picture that
mimics progressive liver decompensation, and the diagnosis
should be sought in this clinical setting. Whether screening for
coeliac disease is justified in all patients with primary biliary cir-
rhosis remains controversial [44]. The prevalence of the disease
has also been reported to be increased in primary sclerosing
cholangitis, but whether this is a true association is as yet unclear
[45].

In non-alcoholic cirrhotics and patients with cholestatic liver
disease, malabsorption is usually limited to fat and fat-soluble
vitamins. However, in patients with alcoholic liver disease, there
may be a mixed malabsorption syndrome, in part related to the
effects of chronic alcohol abuse on the gut and in part due to the
underlying liver disease. In actively drinking chronic alcoholics,
jejunal perfusion experiments have demonstrated marked mal-
absorption of sodium and water, and a similar effect was repro-
duced in normal volunteers following chronic infusion of the
jejunum with alcohol [46]. Alcohol has also been shown to
deplete brush border enzymes (lactose, sucrose and alkaline
phosphatase) and appears directly to inhibit absorption of 
glucose, amino acids and vitamin B12. Poor diet, malnutrition
and deficiencies in substances such as folate and magnesium
may also contribute to the impairment of intestinal absorptive
function in alcoholics.

Whatever the cause, much of the diarrhoea and malabsorption
resolves with alcohol withdrawal and adequate nutrition but, in
those with established alcoholic cirrhosis, steatorrhoea often
persists long after alcohol consumption has ceased. This may, 
in part, be due to continuing deficiency in intestinal bile acids.
However, in alcoholic cirrhotics, chronic pancreatic disease is
common and, in many of these patients, chronic severe steator-
rhoea may be primarily pancreatic in origin [32]; improvement
normally follows pancreatic enzyme replacement therapy.
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Patients with liver disease may develop deficiencies of fat-
soluble vitamins as a result of poor micellar solubilization and
absorption of these compounds; those with inadequate diets and
jaundiced patients with chronic cholestatic disease appear to 
be particularly at risk. Hepatic vitamin A stores are large, and
vitamin A deficiency is usually only seen in patients with long-
standing liver disease. Vitamin A deficiency is mainly described
in patients with primary biliary cirrhosis, the lowest levels being
found in the most severely cholestatic. Impaired dark adaptation
is the major clinical finding, while true night blindness is rel-
atively uncommon.

Low serum vitamin E is also mainly found in patients with
chronic cholestasis [47,48]. Vitamin E-deficient children with
chronic liver disease develop a typical neurological syndrome
that responds to parenteral vitamin E. However, even in patients
with primary biliary cirrhosis who have severe vitamin E
deficiency, clinically apparent neurological problems are
uncommon [47]. A sensorimotor neuropathy has been noted 
in some of these patients, but this responds poorly to vitamin 
E replacement [48].

Vitamin K stores in the body are small and readily depleted 
by poor diet and impaired absorption. Vitamin K deficiency
may be largely responsible for abnormal clotting in patients 
with cholestasis and is readily correctable with parenteral 
vitamin K. In patients with established parenchymal liver dis-
ease, there may be only a partial response to vitamin K replace-
ment, as hepatic synthesis of clotting factors is also likely to be
impaired.

Vitamin D is obtained from the diet, but can also be synthes-
ized by ultraviolet irradiation of the skin. Vitamin D deficiency
may develop in patients with chronic cholestatic or parenchymal
liver disease. Although intestinal absorption of vitamin D is
impaired in these patients, this does not fully account for this
deficiency. Poor exposure to sunlight, inadequate diet, excess
urinary loss of vitamin D metabolites and impaired vitamin 
D synthesis in the presence of jaundice may be further 
factors [49]. 25-Hydroxylation of vitamin D does not appear 
to be significantly reduced in patients with chronic liver 
disease.

Metabolic bone disease or ‘hepatic osteodystrophy’ is com-
mon in patients with chronic liver disease [49,50]. Early studies
suggested a high prevalence of osteomalacia in patients with 
cirrhosis. Recent reports, using more rigorous diagnostic 
criteria, indicate that its prevalence is relatively low [50,51].
Jaundiced patients with chronic cholestasis appear to be most at
risk. In these patients, the disease responds well to both oral 
and parenteral vitamin D. It is now evident that osteoporosis is
the major cause of bone problems in patients with chronic liver
disease [49–51]. The pathogenesis of osteoporosis in these
patients is uncertain. It is clear that it is not simply due to 
vitamin D deficiency and calcium malabsorption [50]. Hepatic
osteodystrophy is not prevented by vitamin D prophylaxis and,
at present, there are no clearly established guidelines for treat-
ment or prophylaxis.

Colon

A range of changes are described in the colonic mucosa in 
cirrhotic patients, including mucosal oedema, diffuse erythema,
erythematous telangiectatic macular lesions, spider naevi-like 
or angiodysplastic lesions and non-specific colitis. The changes
may be patchy or diffuse and, at colonoscopy, can be found in
between 30% and 50% of patients with portal hypertension. The
term ‘portal hypertensive colopathy’ has been used to describe
these mucosal lesions [52,53]. On histological examination, the
findings are similar to those of portal hypertensive gastropathy,
with the major features being dilated mucosal capillaries, a
thickened basement membrane and oedema without mucosal
inflammation [53]. Acute bleeding from the portal hypertensive
colonic mucosa is rare. Its importance as a source of chronic 
gastrointestinal bleeding or anaemia is unclear.

In large colonoscopic series, rectal varices are described in
between 40% and 80% of patients with portal hypertension
[52,53]. The wide variation in the frequency of reporting of
these lesions may reflect problems in differentiating varices 
from haemorrhoids. Haemorrhoids do not appear to be more
common in patients with portal hypertension and, in contrast 
to rectal varices, are rarely a source of major gastrointestinal 
haemorrhage. The key to differentiating rectal varices from
haemorrhoids is the finding of large, feeding, collateral veins
that commence well above the anal verge [52]. Lower gastroin-
testinal bleeding has been reported in 1–4% of patients with 
rectal varices. A number of approaches can be used to control
bleeding from rectal varices, including local sclerotherapy or
banding and portal decompression by surgery or TIPSS.

References

1 Shaffner F, Bach N (1988) Gastointestinal syndromes in primary 

biliary cirrhosis. Semin Liver Dis 8, 263–271.

2 Arsene D, Bruley des Varannes S, Galmiche JP et al. (1987) Gastro-

oesophageal reflux and alcoholic cirrhosis. J Hepatol 4, 250–258.

3 Ahmed AM, al Karawi MA, Shariq S et al. (1993) Frequency of 

gastroesophageal reflux in patients with liver cirrhosis. Hep-

atogastroenterology 40, 478–480.

4 Gimson A, Polson R. Westby D et al. (1990) Omeprazole in the man-

agement of intractable oesophageal ulceration following injection

sclerotherapy. Gastroenterology 99, 1829–1831.

5 Shaheen NJ, Stuart E, Schmitz SM et al. (2005) Pantoprazole reduces

the size of postbanding ulcers after variceal band ligation: a random-

ized, controlled trial. Hepatology 41, 588–594.

6 Watt FE, James OF, Jones DE (2004) Patterns of autoimmunity in 

primary biliary cirrhosis patients and their families: a population-

based cohort study. Q J Med 97, 397–406.

7 Laine L, Cook D (1995) Endoscopic ligation compared with scle-

rotherapy for treatment of oesophageal variceal bleeding. Ann Intern

Med 123, 280–287.

8 Mitchell CJ, Jewell DP (1977) The diagnosis of the site of upper 

gastrointestinal haemorrhage in patients with portal hypertension.

Endoscopy 9, 131–135.

TTOC21_05  3/10/07  9:42 AM  Page 1802



21.5 THE EFFECT OF LIVER DISEASE ON THE GASTROINTESTINAL TRACT 1803

32 Renner IG, Savage WT, Stace NH et al. (1984) Pancreatitis associated

with alcoholic liver disease. A review of 1022 autopsy cases. Dig Dis Sci

29, 593–599.

33 Epstein O, Chapman RWG, Lake-Bakaar C et al. (1982) The pancreas

in primary biliary cirrhosis and primary sclerosing cholangitis.

Gastroenterology 83, 1177–1182.

34 Lanspa SJ, Chan ATH, Bell JS et al. (1985) Pathogenesis of steator-

rhoea in primary biliary cirrhosis. Hepatology 5, 837–842.

35 Ros E, Garcia-Puges A, Reixach M et al. (1984) Fat digestion and

exocrine pancreatic function in primary biliary cirrhosis.

Gastroenterology 87, 180–187.

36 Ede R, Moore KP, Marshall WJ et al. (1988) Frequency of pancreatitis

in fulminant hepatic failure using isoenzyme markers. Gut 29,

778–781.

37 Ham JM, Fitzpatrick P (1973) Acute pancreatitis in patients with acute

hepatic failure. Dig Dis Sci 18, 1079–1083.

38 Linscheer WG (1970) Malabsorption in cirrhosis. Am J Clin Nutr 23,

488–942.

39 Badley BWD, Murphy GMS, Bouchier IAD et al. (1970) Diminished

micellar phase lipid in patients with chronic non-alcoholic liver dis-

ease and steatorrhoea. Gastroenterology 58, 781–789.

40 Heaton KW (1985) Bile salts. In: Wright R, Millward-Sadler GR,

Alberti KGMM et al. (eds) Liver and Biliary Disease. London: Bailliere

Tindall, pp. 283–284.

41 Fisher B (1968) Intestinal absorption and nitrogen balance following

portacaval shunt. Ann Surg 167, 41–46.

42 Volta U, Rodrigo L, Granito A et al. (2002) Celiac disease in autoim-

mune cholestatic liver disorders. Am J Gastroenterol 97, 2609– 2613.

43 Kingham JGC, Parker DR (1998) The association between primary

biliary cirrhosis and coeliac disease: a study of relative prevalences. Gut

42, 120–122.

44 Neuberger J (1999) PBC and the gut: the villi atrophy, the plot 

thickens. Gut 44, 594.

45 Lawson A, West J, Aithal GP et al. (2005) Autoimmune cholestatic

liver disease in people with coeliac disease: a population-based study

of their association. Aliment Pharmacol Ther 21, 401–405.

46 Mekhjian HS (1977) Acute and chronic effects of ethanol on fluid

transport in the human small intestine. Gastroenterology 72, 1280–1286.

47 Jeffrey GP, Muller DP, Burroughs AK et al. (1987) Vitamin E

deficiency and its clinical significance in adults with primary biliary

cirrhosis and other forms of chronic liver disease. J Hepatol 4, 307–317.

48 Munoz SJ, Heubi JE, Balistreri WF et al. (1989) Vitamin E deficiency 

in primary biliary cirrhosis: gastrointestinal malabsorption, frequency

and relationship to other lipid-soluble vitamins. Hepatology 9,

525–531.

49 Compston JE (1995) Hepatic osteodystrophy: vitamin D metabolism

in patients with liver disease. Gut 27, 1073–1090.

50 Rouillard S, Lane NE (2001) Hepatic osteodystrophy. Hepatology 33,

301–307.

51 Diamond TH, Stiel D, Lunzer M et al. (1989) Hepatic osteodystrophy.

Static and dynamic bone histomorphometry and serum Gla-protein in

80 patients with chronic liver disease. Gastroenterology 96, 213–221.

52 Ganguly S, Sarin S, Bhatia V et al. (1995) The prevalence and spectrum

of colonic lesions in patients with cirrhotic and non cirrhotic portal

hypertension. Hepatology 21, 1226–1231.

53 Viggiano TR, Gostout CJ (1992) Portal hypertensive intestinal vascu-

lopathy: a review of the clinical, endoscopic and histological features.

Am J Gastroenterol 87, 944–954.

9 Mitchell KJ, MacDougall BRD, Silk DBA et al. (1982) A prospective

reappraisal of emergency endoscopy in patients with portal hyper-

tension. Scand J Gastroenterol 17, 965–968.

10 McCormick TT, Sims J, Eyre-Brook I et al. (1985) Gastric lesions in

portal hypertension; inflammatory gastritis or congestive gastropathy.

Gut 26, 1226–1232.

11 Sarfeh IJ, Tarnawski A (1987) Gastric mucosal vasculopathy in portal

hypertension. Gastroenterology 93, 1129–1131.

12 Baxter J, Dobbs B (1988) Portal hypertensive gastropathy. J

Gastroenterol Hepatol 3, 635–644.

13 Papazian A, Braillon A, Dupas J et al. (1986) Portal hypertensive 

gastric mucosa: an endoscopic study. Gut 27, 1199–1203.

14 Primignani M, Carpinelli L, Preatoni P et al. (2000) Natural history 

of portal hypertensive gastropathy in patients with liver cirrhosis.

Gastroenterology 119, 181–187.

15 Sarin SK, Sreenivas DV, Lahoti D et al. (1992) Factors influencing

development of portal hypertensive gastropathy. Gastroenterology 102,

994–999.

16 Amarapurkar DN, Dhawan PS, Chopra K et al. (1993) Stomach in 

portal hypertension. J Assoc Phys India 41, 638–640.

17 Brown RC, Hardy GJ, Temperley JM et al. (1981) Gastritis and 

cirrhosis – no association. J Clin Pathol 134, 744–748.

18 Ohta M, Hashizumi M, Higashi H et al. (1994) Portal and gastric

mucosal haemodynamics in cirrhotic patients with portal hyperten-

sive gastropathy. Hepatology 20, 1432–1436.

19 Hosking SW, Kennedy HJ, Seddon I et al. (1987) The role of pro-

pranolol in congestive gastropathy of portal hypertension. Hepatology

7, 437–441.

20 Orloff MJ, Orloff MS, Orloff SL et al. (1995) Treatment of bleeding

from portal hypertensive gastropathy by portacaval shunt. Hepatology

21, 1011–1017.

21 Payen JL, Cales P, Voigt JJ et al. (1995) Severe portal hypertensive 

gastropathy and antral vascular ectasis are distinct entities in patients

with cirrhosis. Gastroenterology 108, 138–144.

22 Jabbari M, Cherry R, Lough JO et al. (1984) Gastric antral vascular

ectasia; the watermelon stomach. Gastroenterology 87, 1165–1170.

23 Burak KW, Lee SS, Beck PL et al. (2001) Portal hypertensive gastro-

pathy and gastric antral vascular ectasia (GAVE) syndrome. Gut 49,

866–872.

24 Bailey RJ (1976) Proceedings: A controlled trial of H2-receptor anta-

gonists in prophylaxis of bleeding from gastrointestinal erosions in 

fulminant hepatic failure. Gut 5, 389.

25 Fraser AG, Pounder RE, Burrough AK (1993) Gastric secretion and

peptic ulceration in cirrhosis. J Hepatol 19, 171–182.

26 Phillips MM, Ramsby GR, Conn HO (1975) Portocaval anastomosis

and peptic ulcer: a non-association. Gastroenterology 68, 121–131.

27 Tabaqchali S, Dawson AM (1964) Peptic ulcer and gastric secretion in

patients with liver disease. Gut 5, 417–421.

28 Kirk AP, Dooley JS, Hunt RH (1980) Peptic ulceration in patients with

chronic liver disease. Dig Dis Sci 25, 756–760.

29 Langman MJS, Cook AR (1976) Gastric and duodenal ulcer and their

associated diseases. Lancet i, 680–683.

30 Rabinovitz M, Schade RR, Dindzans V et al. (1990) Prevalence of 

duodenal ulcer in cirrhotic males referred for liver transplantation.

Does aetiology of cirrhosis make a difference? Dig Dis Sci 35, 321–326.

31 Lenz HJ, Struck T, Greten H et al. (1987) Increased sensitivity of 

gastrin acid secretion to gastric in cirrhotics with porto-caval shunt. 

J Clin Invest 79, 1120–1124.

TTOC21_05  3/10/07  9:42 AM  Page 1803



21.6 The effect of liver disease on the skin
Malcolm Rustin and Daniel Glass

Introduction

The cutaneous features of chronic liver disease are well known
and include jaundice, palmar erythema and spider naevi (see
also Chapter 5.1). Jaundice is detected first in the sclerae and
then affects the skin in a more widespread fashion. Occasionally,
jaundice needs to be distinguished from carotenaemia, lyco-
penaemia (orange staining of the palms and soles secondary to
drinking large amounts of tomato juice) and discoloration
caused by mepacrine or busulphan ingestion.

Palmar erythema starts on the hypothenar eminence in a
speckled pattern and, if the associated liver disease progresses, 
it spreads to the finger pulps and becomes more confluent.
Erythema may also be observed on the plantar aspects of the feet.
The erythema has a pulsatile nature and blanches on pressure
[1].

Patients who have multiple and disfiguring spider naevi 
can now be treated effectively with the pulsed dye laser [2].
‘Paper-money skin’ is the term used to describe fine thread-like
capillaries, which may be seen in association with spider naevi
on the upper chest and back.

Nail changes range from platonychia (loss of curvature and
flatness), clubbing, leuconychia (white nails) and transverse
white bands in cirrhosis, an azure blue discoloration of the
lunulae in Wilson’s disease to koilonychia and longitudinal 
striations in haemochromatosis.

Pruritus (see also Chapter 5.1)

Pruritus is one of the most common and distressing symptoms
associated with liver disease. It is a subjective phenomenon,
which may vary from patient to patient and occasionally be so
severe that sleep is disturbed, or it may lead to suicidal ideation.
Intractable pruritus has been an indication for liver transplanta-
tion [3].

The aetiology of pruritus remains unclear. It is postulated that
a pruritogen is produced by the liver, excreted in the bile and
accumulates in the plasma with cholestasis. Unfortunately, this
pruritogen has yet to be identified [4]. Skin changes are usually

secondary to scratching with excoriations, lichenification
(thickening of the skin), nodular prurigo or secondary infection
arising from disruption of the skin barrier.

Most patients respond to the anion exchange resin cholestyra-
mine. These resins work by binding to bile acids in the intestine,
leading to increased excretion of bile and, hence, the unknown
pruritogen [5]. The response is often temporary, and side-effects
of bloating, constipation or diarrhoea may limit the use of these
drugs.

A recent study compared skin biopsies from patients with
pruritus of cholestasis to patients with cholestasis but no 
pruritus. There was no difference in the density of mast cells 
and nerve cells in the two groups, and it was suggested that 
therapy targeted at cutaneous mast cells and nerves is unlikely 
to be of benefit in pruritus of cholestasis [6]. Antihistamines 
are occasionally helpful, possibly because of their sedative 
effect.

The pruritus of cholestasis may in part be mediated by opioid
peptides synthesized in the liver. Skin and plasma levels of these
peptides are higher in patients with itching and cholestasis [7].
Logically, opiate antagonists may have a role in the management
of pruritus of cholestasis, and both naltrexone and nalmefene
have been shown to be useful [8,9]. Opioid withdrawal symp-
toms on commencing therapy have been reported [10]. Patients
experiencing loss of pain control have necessitated withdrawal
of opiate antagonists in some cases [11].

In primary biliary cirrhosis (PBC), treatment with the 
bile acid ursodeoxycholic acid is associated with significant
improvement biochemically, but not symptomatically [12]. The
hepatic enzyme-inducing antibiotic rifampicin has been used in
the management of pruritus with good effect [13]. The mode of
action by which rifampicin relieves itching is not clear although,
interestingly, it has been shown to increase the serum concentra-
tion of bile acids [14].

Propofol, an anaesthetic agent used as a hypnotic, has also
been reported to relieve itching [15]. Other uncontrolled trials of
useful antipruritic treatments include metronidazole, photo-
therapy, carbamazepine, lidocaine, dronabinol (a cannabinoid
B1 receptor agonist), sertraline and androgens.
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results in bile duct paucity [22]. There is a wide variation in dis-
ease expression. In a recent study of 38 children with Alagille
syndrome, all had pruritus of cholestasis, 78% had jaundice, 
85% had characteristic facies, 84% had heart disease (pulmonary
stenosis, intra-auricular communication or intraventricular
communication), 76% had growth retardation, 63% had ver-
tebral abnormalities and 21% had renal disturbances. Eleven 
children (28%) had xanthomas, and all of these children had
hyperlipidaemia. Following liver transplantation, which is the
only definitive treatment, the xanthomata disappear [23].

Anderson Fabry disease

This is an X-linked disorder caused by a deficiency of α-galac-
tosidase A, resulting in accumulation of globotriaosylceramide
(GB3) within lysosomes in cells causing progressive tissue and
organ damage and early death. The first symptoms occur
between the ages of 5 and 15 years with lance-like excruciating
pains affecting the extremities, vasomotor disturbances and the
appearance shortly after puberty of multiple dark red or black
telangiectatic and occasionally scaly papules known as angioker-
atomas, which can become widespread. Angiokeratomas may be
absent or less numerous in female carriers. Other dermatolo-
gical manifestations include telangiectases of the palms, soles,
lips and buccal mucosa, acromegalic-type facies, hypohidrosis
or anhidrosis and limb lymphoedema. Patients may suffer from
recurrent fevers and corneal opacities. Renal involvement begins
as proteinuria as a teenager and usually progresses to endstage
renal failure requiring dialysis by the fourth decade. Myocytes,
cardiac conduction tissue and valves are involved resulting 
in arrhythmias and heart failure [24]. Until the recent introduc-
tion of enzyme replacement therapy, the prognosis was poor.
Although length of follow-up thus far is short, expert recom-
mendations suggest that patients should be started immediately
on one of the two α-galactosidase A replacement drugs available
[25]. Recent studies suggest that enzyme replacement therapy
decreases the amount of pain suffered by patients and arrests the
progressive organ dysfunction [26]. It is still not clear what the
optimum dosing regimen is, whether heterozygotic females
should be treated and if treatment is safe in children.

Gaucher disease

This is an autosomal recessive disorder in which deficiency of β-
glucosidase (glucocerebrosidase) results in the accumulation of
the glycolipid glucocerebroside in macrophages. There are three
subtypes; type 1 is most common and is differentiated from
types 2 and 3 by its lack of central nervous system involvement.

Type 1 Gaucher disease (94% of cases) is most common in
Jewish people of Ashkenazi descent occurring in 1/855 births.
Cutaneous features of the adult or type 1 form of Gaucher 
disease are uncommon and non-specific with diffuse brown or
yellow pigmentation secondary to haemosiderosis or deposition
of melanin. Easy tanning is characteristic, and there may be 

Congenital diseases affecting the liver
and the skin

Argininosuccinic aciduria

Argininosuccinate lyase (ASL) catalyses the reversible hydrolysis
of argininosuccinate to arginine and fumarate. Defects in the
ASL gene, found on chromosome 7, result in the autosomal
recessive disorder argininosuccinic aciduria. Mutation analysis
of the ASL gene shows considerable allelic heterogeneity [16].
ASL is an important enzyme in the urea cycle with defects lead-
ing to increased levels of arginosuccinic acid and ammonium. 
It is characterized by mental retardation, ataxia, seizures, hep-
atomegaly and liver enzyme abnormalities. The hair of affected
patients tends to be dry and brittle, and trichorrhexis nodosa
may be noted on light or electron microscopy.

Ataxia telangiectasia

Ataxia telangectasia (AT) is an autosomal recessive disorder in
which telangiectases of the skin and other cutaneous features are
associated with cerebellar degeneration, immune dysfunction,
radiosensitivity and cancer predisposition. The abnormal gene,
ataxia telangiectasia mutated on chromosome 11q22–23, encodes
for a phosphatidylinositol 3 kinase-like protein that senses early
damage to DNA and facilitates DNA repair prior to replication
[17]. Patients present with ataxia when the child begins to 
walk; conjunctival telangiectases appear later (3–6 years) and
then cutaneous telangiectases on the face, ears and flexors. Persist-
ent non-infective granulomatous lesions have been reported 
in several patients, which can ulcerate and be painful [18].
Subcutaneous fat is lost prematurely, and facial skin can become
atrophic and sclerotic. The patient’s hair commonly becomes
grey prematurely. Other dermatological features include pig-
mentary disorders (café-au-lait patches and vitiligo), hirsutism,
keratosis pilaris, seborrhoeic dermatitis, warts and acanthosis
nigricans.

There are abnormalities of humoral and cellular immunity in
AT but, despite deficiencies in immunoglobulins and reductions
in B- and T-cell numbers, severe infections are uncommon [19].
Patients and members of their families who are heterozygous 
for ATM have an increased risk of malignancy [20]. Lymphomas
(× 200 increased risk) and leukaemias (× 70 increased risk) are
the most common tumours in AT patients, and hepatocellular
carcinoma has been reported [21].

Alagille syndrome/arteriohepatic 
dysplasia 

Alagille syndrome is an autosomal dominant disorder charac-
terized by abnormal development of liver, heart, skeleton, eye,
face and, less frequently, the kidneys. It is caused by mutations in
the Jagged1 gene on chromosome 20p12, which encodes a ligand
for Notch1. Disruption in this intracellular signalling pathway
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multiple pigmented macules [27]. If marked liver involvement 
is a feature, then telangiectases may be present. Petechiae and
ecchymoses due to thrombocytopenia are seen if there is infiltra-
tion of the bone marrow or hypersplenism.

Type 2 or infantile Gaucher disease (< 1% of cases) is a more
devastating form dominated by neurological symptoms ending
with death usually within 2 years. It may present with severe
ichthyosis known as the ‘collodion baby’ where the infant is 
covered in a lamellar, hyperkeratotic membrane [28]. Type 3 
or juvenile Gaucher disease (5% of cases) has no specific skin
manifestations.

Numerous allelic mutations have been described in the β-
glucocerebrosidase gene. Homozygosity for the N370S muta-
tion was associated with type 1 disease, and the L444P mutation
was seen in severe neuronopathic type 2 disease [29]. Enzyme
replacement therapy reduces organomegaly, corrects anaemia
and thrombocytopenia, improves liver function and bone pain,
but does not ameliorate neurological complications [30].

Neonatal haemangiomatosis

This rare disorder presents at birth or shortly after with multi-
ple, dome-shaped, cutaneous haemangiomata. In the benign
form, viscera are not involved but, in the diffuse form, the liver
(64%), the central nervous system, gastrointestinal tract, lungs
(52%) and, less frequently, other organs can be involved [31].
Hepatic haemangiomas with subsequent arteriovenous shunting
may lead to high-output cardiac failure. Biliary obstruction, portal
hypertension and disseminated intravascular coagulopathy can
occur [32]. Depending on the site, size and haemodynamic con-
sequences of the lesions, untreated mortality rates of 77% have
been reported, mainly due to cardiac failure or severe bleeding
[33]. There is no standard treatment regimen, although hepatic
artery ligation or selective embolization has been used to
improve cardiac function. There have also been reports of 
the use of corticosteroids, radiotherapy and vincristine. Liver
transplantation has been described in cases of massive hepatic
haemangiomas [34].

Infections

Hepatitis B

Hepatitis B virus (HBV) infection is associated with numerous
extrahepatic features, many of which are thought to be immune
complex mediated. Polyarteritis nodosa (PAN) is a rare com-
plication of HBV infection that is more common in Caucasian
patients. This vasculitis of small and medium-sized vessels 
frequently involves the skin, presenting with nodules, ulcers 
and livedo reticularis. In the 1970s, 30% of PAN was related to
hepatitis B infection. Following the introduction of immun-
ization programmes, this is now nearer 7%. Treatment of the
underlying hepatitis results in resolution of the PAN symptoms
[35].

The serum sickness-like ‘arthritis–dermatitis’ prodrome occurs
in approximately one-third of patients acquiring HBV, usually
1–6 weeks before the onset of clinical hepatitis. Urticaria and
angio-oedema are the commonest cutaneous manifestations,
although petechiae, palpable purpura and erythema multiforme-
like lesions may occur confirming an underlying vasculitic pro-
cess [36]. At the onset of clinical hepatitis, the symptoms resolve
spontaneously with few significant sequelae [37].

In mixed essential cryoglobulinaemia, 1.8% of patients have
HBV infection [38]. Patients with this small vessel vasculitis
have a good prognosis, presenting with purpura, arthralgia and
generalized weakness, although some progress to more severe
disease affecting respiratory and renal function.

HBV infection is one of the causes of Gianotti–Crosti syn-
drome, which is a papular eruption occurring in children in
response to a viral trigger [39]. Dull red papules occur on the
thighs and buttocks, then on the arms and, finally, the face.
There is often an asymmetrical distribution. The skin lesions
fade over a period of 2–8 weeks with mild desquamation.
Generalized lymphadenopathy may be present, and mild consti-
tutional symptoms such as fever and lassitude often accompany
the rash [40]. Treatment is symptomatic.

HBV may present with palpable purpura alone [41]. Rarely,
maculopapular lichenoid eruptions and erythema nodosum
have been associated with acute HBV infection [42].

Hepatitis C

Hepatitis C virus (HCV) is associated with a number of derm-
atological disorders and, when patients present with these 
conditions, evidence of HCV infection must be sought as 
antiviral therapy may be of benefit [43].

Between 35% and 54% of patients with HCV have mixed
cryoglobulins [44]. A recent study of 231 patients with mixed
essential cryoglobulinaemia showed 92% positivity for HCV,
which is now considered to be the main causative factor of
mixed cryoglobulinaemia [45]. The cutaneous manifestations 
of mixed cryoglobulinaemia are varied and include vasculitis
with or without necrosis, urticaria, Raynaud’s phenomenon and
Sjögren syndrome.

HCV infection has been implicated in the pathogenesis of 
a subset of Sjögren syndrome; these patients are in most cases
indistinguishable from primary Sjögren syndrome. A series of
137 such patients has been reported recently, and those with
cryoglobulins (50%) had a higher incidence of cutaneous vas-
culitis (20%). It has been suggested that HCV infection should
be excluded before diagnosing primary Sjögren syndrome [46].

Polyarteritis nodosa (PAN) most commonly occurs in asso-
ciation with hepatitis B, but the prevalence of HCV has been
shown to be as high as 5–20% in patients with PAN, suggesting
that HCV may rarely be the cause of PAN [47]. Hepatitis C-
associated PAN can result in a severe life-threatening vasculitis.
Treatment with prednisolone, plasma exchanges and interferon-
α is effective in most cases. Because of different clinical features
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and management, it is important to distinguish PAN vasculitis
from that associated with mixed cryoglobulinaemia [48].

HCV infection has also been associated with porphyria
cutanea tarda (PCT). A recent meta-analysis of 50 studies
including 2167 patients showed that 50% of patients with PCT
have HCV. Seven of these studies compared PCT patients with
healthy control subjects in whom the HCV infection rate was
0.24%. There were striking geographical variations, suggesting
an environmental or genetic influence on the disease [49].
Recent data have suggested that lichen planus (LP) (see also
Chapter 5.1) may be associated with HCV-related liver disease.
A case–control series of 303 patients with histologically proven
LP showed anti-HCV IgG in 19.1% compared with 3.2% in 
the control group. A systematic review of 25 studies showed a
statistically significant difference in the proportion of HCV-
seropositive subjects among patients with LP, compared with
control subjects (odds ratio 4.80) [50]. The pathogenesis of this
relationship remains unclear.

There have been 68 cases of sarcoidosis with HCV infection
reported. The majority of these (75%) began following treat-
ment with interferon and ribavirin. Cutaneous manifestations
of sarcoid were seen in 60% [51]. Treatment with interferon 
for HCV has also been reported to cause a dermatitis in up to
25% of patients. This can usually be treated by topical corticos-
teroids and emollients without the need to stop the antiviral
medication [52]. Lastly, both HBV and HCV may present with 
a pigmented purpuric dermatosis, histologically showing a 
lymphocytic vasculitis as the only cutaneous manifestation of
disease [53].

Human immunodeficiency virus (HIV)

HIV infection (see Chapter 9.3) commonly affects the liver 
and the skin and may present in numerous ways. Certain skin
conditions are more common in HIV disease, including seb-
orrhoeic dermatitis, psoriasis, herpes infections, viral warts and
molluscum contagiosum. Kaposi’s sarcoma, an AIDS-defining
diagnosis, is discussed in Chapter 9.3.

Treatment with highly active antiretroviral therapy (HAART)
has revolutionized the prognosis of patients with HIV infection.
Unfortunately, the high number of side-effects, which often
affect the skin and the liver, can compromise compliance with
treatment regimens [54].

Rash is a common adverse effect of the non-nucleoside
reverse transcriptase inhibitors (NNRTIs), particularly nevir-
apine (NVP). Approximately 16% of patients taking this agent
experience a mild to moderate maculopapular rash, with or
without pruritus, on the trunk, face and extremities; 6.5% of
patients are more severely affected, and fewer than 1% develop
Stevens–Johnson syndrome and toxic epidermal necrolysis. 
This type of reaction typically happens in the first few weeks 
of treatment [55]. The hypersensitivity reaction observed with
NVP (characterized by rash and fever) can also include severe
transaminitis.

Transaminitis and hepatotoxicity are associated with most
other antiretroviral agents, although initially much concern
focused on protease inhibitors. Within this group of drugs, hep-
atotoxicty rates vary for each agent but, in a recent prospective
study, 30% of patients taking ritonavir had grade 3 or 4 change
in the serum levels of alanine aminotransferase and aspartate
aminotransferase. This was five times more common than for
other protease inhibitors [56].

Bacterial infections (see also Section 10)

Bacterial translocation is the passage of viable bacteria from 
the intestinal lumen to mesenteric lymph nodes and other
extraintestinal sites [57]. Cirrhotic patients are particularly sus-
ceptible to bacterial infections because of increased bacterial
translocation, possibly related to liver dysfunction and reduced
reticuloendothelial function [58]. Spontaneous bacterial peri-
tonitis is the main clinical consequence of bacterial transloca-
tion in cirrhosis, although urinary tract infections, respiratory
infections and bacteraemia may occur [59]. In bacterial sepsis, 
a cascade of inflammatory cytokines can cause decreased tissue
oxygenation and a coagulopathy. Bacterial sepsis may also 
lead to liver enzyme abnormalities and, in extreme cases, liver
failure. If disseminated intravascular coagulation (DIC) is a
sequel to infection, it may cause rapid onset of extensive 
and symmetrical purpura of the extremities. Lesser changes
include petechiae, purpuric papules, haemorrhagic bullae and
acral cyanosis.

The causal organism in spontaneous bacterial peritonitis can
be Neisseria meningitidis. Meningococcaemia is estimated to
cause a rash in between 40% and 90% of cases. Early petechial
skin lesions are caused by organisms in the capillary endothe-
lium, which, together with DIC, may cause necrosis of the 
vessel wall or thrombosis [60]. The earliest skin lesions may be
pinpoint pink macules occurring in a widespread fashion
including the palms and soles. This eruption is usually followed
by purpura. Rarely, morbilliform or urticarial eruptions may
arise in the early stages of infection [61].

Syphilis

New diagnoses of syphilis increased eightfold in the UK between
1997 and 2002 [62]. This trend is also observed in other parts of
the world. Hepatitis may occur as a manifestation of secondary
syphilis. Cutaneous signs of secondary syphilis are well known
and include a widespread, symmetrical erythematous or copper-
coloured maculopapular rash that characteristically affects the
palms and soles.

However, syphilis is the ‘great imitator’ in the skin as well as in
other systems; the lesions may be psoriasiform or pustular, or
may be so subtle that they pass unnoticed. In flexural areas, the
papules enlarge to form moist grey-white or pink discs known as
condylomata lata, which harbour large numbers of organisms
and are highly infectious. ‘Snail-track ulcers’ or superficial
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mucosal erosions form in one-third of patients with secondary
syphilis and are also highly infectious. They may be found on the
lips, tongue, oral mucosa, external genitalia, vagina or rectum.
Patchy ‘moth-eaten’ alopecia may occur, as may telogen
effluvium [63]. The Jarisch–Herxheimer reaction, which may
occur during antibiotic treatment for syphilis, can result in 
hepatotoxicity.

Lyme disease

Lyme disease is a multisystem inflammatory disease caused 
by the spirochaete Borrelia burgdorferi. The characteristic skin
eruption of early Lyme disease is known as erythema chronicum
migrans [64]. It begins as a centrifugally expanding, erythemat-
ous macular lesion with a central papule that follows the bite of
an Ixodes tick infected with the spirochaete B. burgdorferi. Over
the following few weeks, central clearing of the skin lesion may
occur. Later cutaneous manifestations include acrodermatitis
chronica atrophicans. This is a violaceous plaque that becomes
atrophic and is most commonly caused by infection with 
B. afzelii [65]. Other less specific symptoms include a macu-
lopapular rash, urticaria and malar erythema in febrile patients.
Treatment with appropriate antibiotics such as doxycycline or
amoxicillin is important to prevent secondary neurological or
cardiac sequelae.

Patients with Lyme disease have been noted to have liver 
function abnormalities in the absence of a clinical hepatitis. In
one study, 46 out of 115 patients (40%) with early Lyme disease
had abnormal liver enzymes, with an increase in γ-glutamyl
transferase (28%) and alanine transaminase (27%) as the 
most common findings [66]. Liver function test abnormalities
were more common in disseminated disease (66%); most
abnormalities were mild, asymptomatic and resolved spontane-
ously [67].

Autoimmune conditions

Primary biliary cirrhosis (PBC)

Pruritus is the most common presenting complaint occurring in
approximately 50% of cases [68]. PBC is well known as being
associated with xanthelasma and hyperpigmentation of the skin,
although these changes are less commonly seen now the disorder
is diagnosed at an earlier stage, often via routine blood testing
[69].

There is a strong association with other autoimmune con-
ditions such as scleroderma and Sjögren syndrome. Limited
cutaneous sclerosis (CREST syndrome – calcinosis, Raynaud’s
phenomenon, oesophageal hypomotility, sclerodactyly and
telangiectasia) occurs in approximately 16% of patients with
PBC and diffuse cutaneous sclerosis in 9% [70]. There have been
several case reports of PBC patients presenting with cutaneous
non-caseating granulomas and other features suggestive of 
sarcoidosis [71].

Graft-vs.-host disease

Graft-versus-host disease (GVHD) occurs in up to 50% of
patients undergoing allogeneic haematopoietic stem cell trans-
plantation. The organs most commonly affected are the skin,
gastrointestinal tract and the liver. GVHD can be divided into
acute disease, occurring within 3 months of transplantation, and
the chronic form of the disease that occurs thereafter. Chronic
GVHD can be further subdivided into lichenoid and scleroder-
matous subtypes.

Acute GVHD starts as a purplish-red maculopapular erup-
tion on the palms and soles, spreading to the face, limbs and
trunk [72]. Desquamation of the skin usually follows and, in
severe forms, toxic epidermal necrolysis may ensue. Bullous,
ulcerated and follicular forms of GVHD have all been described
[73]. Skin biopsy is a non-invasive and sensitive diagnostic test.

In chronic GVHD, the initial cutaneous manifestation is 
usually lichenoid; this may involve the oral cavity and, in 
most cases (about 85%), is a gradual development from acute
GVHD [74]. The symptoms may be generalized or localized.
The localized form can appear linear and be in a dermatomal
pattern [75]. In the late chronic phase, sclerodermatous changes
occur, and these may be complicated by ulceration, subcutane-
ous calcification, hyperpigmentation, alopecia, dystrophic nail
changes and ocular manifestations.

Treatment of acute GVHD involves the intensification of
immunosuppressive therapy with adequate topical supportive
management. In skin-limited disease, phototherapy has shown
promising results. In cutaneous chronic GVHD, corticosteroids
and ciclosporin are the mainstay of treatment with other im-
munosuppressants being added. Good response to phototherapy
has been shown in lichenoid disease, while sclerodermatous 
disease is better treated with etretinate or extracorporeal photo-
chemotherapy. Topical corticosteroids or topical tacrolimus can
be used in localized cutaneous chronic GVHD [76].

Acute and chronic GVHD with cutaneous symptoms have
also been reported following liver transplantation [77].

Neoplastic conditions

Hepatocellular carcinoma (see also Section 18)

Cutaneous conditions seen in hepatocellular carcinoma are
non-specific and include paraneoplastic syndromes such as
acanthosis nigricans, dermatomyositis, erythema gyratum
repens, mucous membrane pemphigoid, pemphigus, pemphi-
gus foliaceous and paraneoplastic acrokeratosis or Bazex 
syndrome. In the last syndrome, erythema and scaling develop
in acral sites, and nail dystrophy and hyperkeratotic plaques 
may mimic psoriasis. Pityriasis rotunda is an ichthyotic skin
condition with widespread annular scale that is more commonly
seen in patients of African or Asian origin and is particularly
linked to an underlying hepatocellular carcinoma [78]. Hepatic
manifestations of porphyria cutanea tarda include hepatocellular
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carcinoma. There are also reports of hepatocellular carcinoma
initially presenting as cutaneous metastatic nodules [79].

Carcinoid syndrome (see also Chapter 18.3.2)

Carcinoid tumours are neuroendocrine tumours derived from
enterochromaffin cells with the primary being found in the gut,
metastasizing to the liver. Skin signs of carcinoid syndrome such
as flushing do not generally occur until liver metastases have
developed. Paroxysms of flushing tend to involve the face, neck
and upper part of the trunk. Although usually spontaneous,
exertion and alcohol may trigger an attack. The flushing may
vary in colour from pink-orange to bright red and from 
purplish-blue to a blanching white. In time, persistent erythema
may develop on the face and neck, together with poikiloderma
and telangiectases.

Carcinoid tumours are able to secrete a variety of vasoactive
peptides, primarily serotonin [5-hydroxytryptamine (5-HT)],
although other polypeptides, kinins, histamine and substance 
P can be secreted. Excessive 5-hydroxylation of tryptophan by
the tumour produces large quantities of 5-hydroxytryptophan
(5-HTP), 5-HT and 5-hydroxyindolacetic acid (5-HIAA) [80].
As tryptophan is a precursor of niacin, consumption by the
tumours can result in a fall in nicotinic acid levels and pellagra
[81]. This may present with hyperkeratosis, scaling and a grey-
black hyperpigmentation of the skin that is most marked on 
the legs, forearms and trunk. Treatment with niacin causes 
resolution of these lesions.

Occasionally, carcinoid tumours metastasize to the skin pre-
senting with firm, tender nodules. Rarely, carcinoid syndrome is
associated with the development of scleroderma [82].

Surgical resection is the treatment of choice, but hepatic
metastases are often multiple and unresectable by the time 
of presentation. Chemoembolization produces a symptomatic
response in about half of patients lasting on average 1 year [83].
Long-acting somatostatin analogues such as octreotide given
intramuscularly may provide relief from the flushing [84].
Systemic chemotherapy is used in advanced tumours with vari-
able results. Symptomatic improvement with cyproheptadine,
interferon-α, radiotherapy and radiofrequency ablation of the
tumour has been reported.

Effects of immunosuppression

Liver transplantation (see Section 25)

Skin infections, infestations, malignancies and other dermatoses
are seen more frequently in patients who have received organ
transplants compared with the normal population [85]. De novo
tumours are more common following liver transplantation
(4.7–15.7% higher incidence rates). Skin cancer is the most fre-
quent malignancy observed, ranging from 6% to 70% of the
tumours [86]. In the normal population, basal cell carcinomas
(BCC) are far more common than squamous cell carcinomas

(SCC). In organ transplant patients, the BCC:SCC ratio is
reversed. A recent study examined 151 liver transplant patients
(mean follow-up 1490 days), in whom 86 skin cancers were
diagnosed in 34 patients, including 56 SCC, 23 BCC and seven
melanomas [87]. In a univariate analysis, advancing age, male
gender, red hair, brown eyes, primary sclerosing cholangitis
(PSC), ciclosporin, number of second-degree sunburns and 
frequent lifetime sun exposure were associated with the devel-
opment of new skin cancers. In a multivariate model, age, male
gender, red hair, brown eyes, PSC and ciclosporin usage were the
strongest predictors.

Overall, a threefold increase in malignancies is found in 
recipients of organ transplants compared with age-matched
control groups [88]. In addition to BCC, SCC and melanoma,
lymphoma, anogenital cancer and Kaposi’s sarcoma have all
been described. Several series are reported in which previously
human herpesvirus (HHV)-8-negative recipients developed 
terminal Kaposi’s sarcoma following liver transplantation from
HHV-8-positive donors. Treatment is by reduction in the
immunosuppressive regimen and/or chemotherapy [89,90].

Preventative measures with sun avoidance are important in
recipients of liver transplants, and a prompt biopsy of any 
suspicious skin lesion is mandatory. In view of the increased risk
of infection, unexplained skin lesions should also be stained and
cultured to look for bacterial, viral, fungal, as well as typical or
atypical mycobacterial infections [91].

Alcohol and alcoholic liver disease

Characteristic stigmata of alcoholic liver disease including spider
naevi, palmar erythema and leuconychia are widely recognized,
but these also occur in chronic liver disease from other causes.
However, vascular lesions such as spider naevi and palmar 
erythema are more common in patients with alcoholic cirrhosis
than in patients with viral or cryptogenic cirrhosis [92]. A
prospective study showed that numbers and size of spider naevi
in patients with alcoholic liver disease correlated with both the
presence and the frequency of bleeding from oesophageal
varices [93]. Patients with spider naevi greater than 15 mm in
diameter had an 80% risk of variceal bleeding.

Other signs that may be observed on examining the alcoholic
patient include gynaecomastia, scanty hair distribution over the
trunk, testicular atrophy, jaundice and pigmented erythema
[94].

Flushing and plethoric facies are linked to alcohol misuse. 
In susceptible individuals, there may be fine telangiectases and
persistent facial erythema often without spider naevi or palmar
erythema. The underlying mechanism is thought to be chronic
vasodilatation and loss of vasoregulatory control mechanisms.
Alcohol may also exacerbate, but not cause, rosacea. In particular,
it can trigger the flushing and vasomotor instability associated
with this condition.

The relationship between alcohol and psoriasis has been 
covered in Chapter 20.5.
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Cutaneous infections such as cellulitis are more common in
patients who abuse alcohol, and result from a combination of
factors including immune dysfunction, trauma, poor nutrition
and hygiene [95]. In one survey of patients attending an alcohol
misuse clinic, the incidence of chronic fungal skin infections
(tinea pedis, onychomycosis and pityriasis versicolor) was 33%
as opposed to an incidence of 5–10% in the general population
[96].

Nutritional deficiencies in patients with alcoholic liver 
disease that are severe enough to cause cutaneous manifesta-
tions are rare in the UK. Pellagra caused by niacin deficiency
presents with an erythematous and photosensitive scaly der-
matitis on the face and arms, characteristically in association
with diarrhoea and dementia. The skin changes eventually to
form a dusky, brown-red coloration, similar to resolving severe
sunburn.

Scurvy secondary to vitamin C deficiency presents with 
follicular keratoses and corkscrew hairs. Later, perifollicular
haemorrhages, stomatitis, bleeding gums, epistaxes and ecchy-
moses occur [97].

Discoid eczema appears to be more common in alcohol 
misuse and is associated with deranged liver function tests.
Atopic eczema seems to be unaffected by alcohol, but seb-
orrhoeic eczema is twice as common in alcohol abuse. Rosacea,
post-adolescent acne and porphyria cutanea tarda may also be
markers of alcohol misuse [98].

Drugs and chemicals affecting the liver
and skin

Porphyria

Of the hepatic porphyrias, the skin is affected in porphyria
cutanea tarda, variegate porphyria, hepatoerythropoietic por-
phyria and hereditary coproporphyria.

Porphyria cutanea tarda (PCT)

This is the commonest type of porphyria caused by a reduced
activity of the uroporphyrinogen decarboxylase (UROD) in the
haem biosynthetic pathway. Patients present with blistering 
on light-exposed areas predominantly on the dorsal aspect of 
the hands and face, milia formation and atrophic scarring [99].
Hyperpigmentation is a common feature, but mottled hypopig-
mentation may also occur. Skin fragility and hypertrichosis, 
initially facial and more prominent in women, may also be
noted. Sclerodermatous-like plaques, often located on the upper
chest, are a rare association.

The manifestation of PCT reflects genetic and environmental
factors. Mutations in the UROD gene on chromosome 1p34 
discriminate the rarer familial PCT (10–20%) from the more
common sporadic cases [100]. Familial PCT is inherited as an
autosomal dominant trait with incomplete penetrance; 90% of
carriers are asymptomatic. An increased frequency of hereditary

haemochromatosis gene mutations is observed in patients with
porphyria cutanea tarda. In some series, C282Y and, less com-
monly, H63D allelic mutations are reported in 60–75% of PCT
patients [101].

In susceptible people, PCT may be precipitated by alcohol
abuse, iron therapy, estrogens in the oral contraceptive pill or
hormone replacement therapy and exposure to polyhalogenated
cyclic hydrocarbons. Hepatitis C virus (HCV) is thought to be
an important aetiological factor in some patients and has been
discussed earlier.

Diagnosis rests upon increased levels of urinary uroporphyrin
and coproporphyrin or faecal isocoproporphyrin. Treatment
includes the avoidance of precipitating factors, sun avoidance
and the wearing of sunscreens, low-dose, twice-weekly chloro-
quine and venesection in patients with iron overload or HCV-
related disease [102]. Liver involvement varies from a mild rise
in aminotransferase concentrations to cirrhosis, which can
progress to hepatoma.

Variegate porphyria

Variegate porphyria (VP) is a rare, autosomal dominant disease,
characterized by a mean 50% reduction in the activity of proto-
porphyrinogen-IX oxidase (PPOX), the penultimate enzyme in
the haem synthetic pathway. The majority of patients with the
variegate porphyria trait are asymptomatic but, of those who 
are symptomatic, 50% have skin disease alone and 70% have
cutaneous involvement [103]. The neurovisceral features of 
variegate porphyria are confusional states, abdominal pain and
peripheral neuropathy. Drugs, pregnancy or reduced carbo-
hydrate intake can precipitate attacks.

Cutaneous manifestations of VP are similar to those of PCT
with blister formation on sun-exposed areas such as the face,
neck and the dorsum of the hands. The skin is fragile and may
blister after trauma. Healing leads to milia and the formation of
tissue-paper scars. Hypertrichosis also occurs, mainly confined
to the cheeks with hyper- or hypopigmentary changes. Diffuse
thickening of the hands and fingers may rarely be seen, similar to
the changes found in scleroderma.

Numerous mutations in the PPOX gene on chromosome
1q22–23 have been reported, which result in little or no function
of PPOX [104]. Interestingly, in South Africa where VP is much
more prevalent than in the rest of the world, the majority 
of patients have the same mutation and are thought to be
descended from one individual. This is the so-called ‘founder
effect’. In those individuals with a PPOX gene mutation, the
clinical penetrance is about 40% [105].

The diagnosis is made by the finding of increased faecal 
excretion of protoporphyrin and coproporphyrin. Treatment 
of acute attacks is by haem arginate infusion to reduce the 
excretion of porphyrins and carbohydrate loading to reduce the
production of porphyrins and their precursors. Supportive care
is also important. The skin lesions can be prevented by sun-
screens and sun avoidance.
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Hereditary coproporphyria

Hereditary coproporphyria (HCP) is the least common of the
autosomal dominant acute hepatic porphyrias. It results from
mutations in the CPOX gene on chromosome 3q12, which
causes a partial deficiency (about 50%) in the mitochondrial
enzyme coproporphyrinogen oxidase. There is marked eleva-
tion of faecal coproporphyrin, even between acute attacks [106].

If skin lesions caused by photosensitization by porphyrins 
are present, as occurs in 30% of patients, HCP resembles VP.
Presentation with skin lesions alone is uncommon among
patients with HCP; the few cases reported have usually been
associated with hepatobiliary dysfunction [107]. The disease is
more often symptomatic in females and may be triggered by
menstruation, pregnancy and the contraceptive pill. The treat-
ment is the same as in VP.

Hepatoerythropoietic porphyria (HEP)

HEP is the result of a profound deficiency (< 10% of normal
activity) of uroporphyrinogen decarboxylase (UROD) activity
due to autosomal recessive inheritance of mutations in the
UROD gene [108]. Typically, severe photosensitivity occurs in
the first year of life, and total sun avoidance is imperative.
Blistering occurs with marked scarring, hyperpigmentation and
sclerodermatous skin changes [109].

Alpha-1-antitrypsin deficiency

Deficiency of the protease inhibitor alpha-1-antitrypsin (see
Chapter 20.5) may rarely be associated with the cutaneous
findings of panniculitis, vasculitis, urticaria, angio-oedema,
pemphigus herpetiformis, Muir–Torre syndrome, cutis laxa,
lupus erythematosus, psoriasis and vasculitis [110].

Nodular panniculitis is the most frequent association, and
alpha-1-antitrypsin deficiency accounts for up to 14% of cases
[111]. It presents with tender, single or multiple subcutaneous
nodules, usually on the lower legs, although a more generalized
form may occur. The nodules may liquefy or ulcerate and heal
with scarring. The age of onset may be from infancy to old age.
Intravenous alpha-1-antitrypsin replacement is the most effec-
tive treatment with resolution of the panniculitis after three
weekly doses, although recurrences can occur [112]. Other
treatments reported to be effective are dapsone, doxycycline 
and minocycline in mild cases, with plasma exchange and liver
transplantation being used in appropriate cases [113].

Haemochromatosis

This disorder of iron deposition is discussed in Chapter 16.2.
The characteristic skin change is a grey-brown or ‘bronze’ 
pigmentation, particularly on the face, flexural creases and 
sun-exposed areas. This is secondary to excessive melanin 
formation.

Vinyl chloride (see also Chapter 14.1)

Industrial workers exposed to polyvinyl chloride who are HLA
DR5, B8 or DR3 positive are at risk of developing a scleroderma-
like disorder with associated Raynaud’s phenomenon [114].
Exposure to vinyl chloride has been linked to a 45-fold increased
risk of the normally rare angiosarcoma of the liver. The average
latency period before tumour development is 22 years [115].

Wilson’s disease and penicillamine treatment
(see also Chapter 16.1)

Patients with Wilson’s disease who have received long-term
treatment with D-penicillamine as a copper-chelating agent may
develop elastosis perforans serpiginosa as a rare complication.
This presents as eruptive dome-shaped or umbilicated pink/red
papules that are grouped in linear, orciform or serpiginous pat-
terns. They may be filled by a crusty or scaly plug. This disorder
is caused by the transepidermal elimination of abnormal elastic
fibres and usually arises on the back of the neck and arms.

Pseudoxanthoma elasticum-type changes with a ‘plucked-
chicken skin’ can also occur characteristically on the neck 
and axilla. These lesions may occasionally ulcerate or form 
cribriform scarring [116]. Other cutaneous side-effects of 
penicillamine are acute hypersensitivity reactions and bullous
disorders.
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It is well known that both acute and chronic liver disease (hep-
atic cirrhosis, acute and chronic Budd–Chiari syndrome, hepa-
tocellular carcinoma, alcoholic hepatitis and fulminant hepatic
failure) in addition to renal sodium and water retention may
induce hepatorenal syndrome. This association is discussed in
other sections of the book. This chapter reviews other renal dis-
turbances associated with hepatic disease: (i) acute renal failure
in obstructive jaundice; (ii) glomerular abnormalities in hepatic
cirrhosis, viral infection with hepatitis B and hepatitis C; and
(iii) renal tubular acidosis in chronic liver disease. In addition,
the influence of hepatic cirrhosis on the prostate is discussed.

Acute renal failure in obstructive
jaundice

The natural route for the excretion of bile is the biliary tract.
When this route is blocked, the kidney becomes the main excre-
tory organ for the biliary products. Therefore, the jaundiced
patient is critically dependent on the kidney for survival.
Unfortunately, kidney function may deteriorate during obstruc-
tive jaundice.

For many decades, it has been recognized that surgery in
patients with obstructive jaundice is associated with a high 
risk of acute renal failure, which contributes to postoperative
mortality. Initial studies reported an incidence of renal failure 
of 7–20%. The postoperative mortality rate for these patients
ranged from zero to 27%, with renal failure as a major con-
tributing cause in 30–40% of cases. Nowadays, however, the
rate of postoperative renal failure among patients with obstruc-
tive jaundice is lower, probably due to better treatment with
appropriate preoperative rehydration aimed at maintaining
urine flow at the time of surgery [1]. Renal failure may occur in
association with any disease causing obstruction of the biliary
tract, including calculi, tumour and chronic pancreatitis. Although
impairment in renal function usually occurs immediately after
surgery, it may also develop preoperatively. Acute renal failure
(acute tubular necrosis) in these patients is characterized by a
severely reduced endogenous creatinine clearance, high levels 
of blood urea nitrogen and serum creatinine, a urinary sodium

concentration greater than 10 mEq/day and urine-to-plasma
osmolality ratio lower than unity. Patients with jaundice who
develop acute tubular necrosis are severely ill and most have
cholangitis, sepsis and arterial hypotension.

The pathological changes found in the kidney following the
development of renal failure are non-specific. The mechanism
of renal failure in these patients remains poorly understood;
however, a number of factors including endotoxinaemia, hyper-
bilirubinaemia, increased plasma bile salts, renovascular fibrin
deposition, alteration in renal and systemic haemodynamics and
fluid depletion are implicated. It is possible that the mechan-
ism responsible for acute renal failure in obstructive jaundice is
multifactorial [2].

Endotoxinaemia

It is considered that gut-derived endotoxin may be the initial
cause of renal dysfunction in these patients, as systemic endo-
toxaemia is demonstrated in about 50% of patients in the post-
operative period, whereas renal failure is very uncommon in the
absence of endotoxaemia [3]. The effects of endotoxinaemia are
likely to be mediated by the action of several cytokines, which
impair renal function by causing changes in haemodynamics
and by a direct toxic action on the kidney. In fact, cytokines may
produce renal haemodynamic disturbances by inducing arterial
hypotension with concomitant release of renal vasoconstrictors,
and by distributing intrarenal blood flow away from the renal
cortex [4]. The renal toxic action of the cytokines may be due to
their procoagulant activity, with induction of disseminated
intravascular coagulation (DIC) that may explain the deposition
of fibrin in the renal tubules and in the glomeruli. Moreover,
cytokines may also produce intrarenal sequestration of neu-
trophils, which in turn leads to a neutrophil-mediated release 
of cytotoxins [5]. On the other hand, it has been proposed that
endotoxaemia in obstructive jaundice may induce overproduc-
tion of nitric oxide that may lead to impairment of cyclic guano-
sine monophosphate (cGMP)-associated vasodilatation and
disrupt autoregulation of the renal vascular bed. This may also
contribute to renal failure in obstructive jaundice [6].

1815

21.7 The effect of liver disease on the
urogenital tract
Mónica Guevara, Vicente Arroyo and Juan Rodés

TTOC21_07  3/10/07  9:49 AM  Page 1815



1816 21 THE IMPACT OF LIVER DISEASE ON OTHER SYSTEMS

develops in association with obstructive jaundice. At present,
the cause of this hypovolaemia is poorly understood, although 
it seems plausible that it may result from preoperative fluid
depletion. In fact, it has been shown in experimental studies that
ligation of the common bile duct is followed by a 15% fall in the
plasma volume. These changes were associated in this experi-
mental model with hypodipsia, hypophagia and an impaired
capacity to concentrate urine, suggesting that these factors are
the cause of this volume depletion. These findings have been
confirmed in human studies [2].

Therapeutic strategies

Given that obstructive jaundice predisposes the kidney to
hypoxic damage, patients with intra- or extrahepatic bile duct
obstruction are especially susceptible to acute renal failure.
Despite a significant amount of research into the pathogenesis of
renal failure in this setting, no specific therapies are available for
acute renal failure in obstructive jaundice. In patients in whom
surgery is considered to relieve obstruction, preoperative rehy-
dration is essential to prevent the development of renal failure
[9]. In addition, the administration of non-steroidal anti-
inflammatory drugs and aminoglycosides should be avoided as
these drugs may precipitate the development of renal failure. In
the past, the administration of mannitol was considered to be
the best treatment to prevent the development of renal failure in
obstructive jaundice. However, in a more recent, prospective,
controlled clinical trial, not only was it shown that perioperative
mannitol administration was ineffective, but also that it pro-
duced renal functional deterioration in the treated group com-
pared with the control group. Therefore, mannitol is of doubtful
value in the treatment of these patients. Antiendotoxin therapy,
using bile salts or lactulose, has shown conflicting results and, at
present, it is not fully accepted that the use of these drugs may
prevent renal failure in patients with jaundice [9]. In conclusion,
up to now, adequate preoperative hydration is the main treat-
ment. Biliary drainage has been used to reduce the problems
associated with obstructive jaundice as it may improve the clin-
ical condition by reversing endotoxaemia. However, it is not yet
clear whether this procedure is of benefit. Finally, haemodialysis
is required in patients with obstructive jaundice and oliguric
acute renal failure.

Glomerular abnormalities

The association between liver disease and histological glomeru-
lar abnormalities has been widely recognized over the last 25
years. The glomerular alterations observed in cirrhosis of the
liver and hepatitis B and C infection are discussed in this chapter
(Table 1). Other diseases causing hepatic and glomerular
lesions, such as schistosomiasis, malaria, infectious mononucle-
osis, Legionnaires’ disease, obstructive jaundice, biliary atresia,
amyloidosis, autoimmune chronic hepatitis, primary biliary 
cirrhosis, haemochromatosis, alpha-1-antitrypsin deficiency,

Bile constituents

With extrahepatic obstruction, jaundice is associated with the
retention of bile, of which bilirubin and bile salts constitute
major components along with cholesterol and other lipids. One
of the main predictive factors of postoperative renal impairment
and death is the presence of hyperbilirubinaemia. However,
there is little evidence to implicate bilirubin per se in the patho-
genesis or renal failure associated with obstructive jaundice. The
second important component of bile is bile salts, which seem to
potentiate renal ischaemia in several experimental models.

Coagulation disturbance

Endotoxin promotes intravascular coagulation by activating
platelets, leukocytes and complement. It has been reported that
obstructive jaundice induces impairment in endotoxin clear-
ance, which causes a low grade of DIC.

Role of vasoactive substances

It has been reported that thromboxane A2 contributes to the
impairment of renal function in patients with obstructive jaun-
dice. It induces vasoconstriction of afferent arterioles and a
decrease in glomerular filtration rate (GFR). Moreover, throm-
boxane A2 increases platelet aggregation with contraction of
mesangial cells and a reduction in the glomerular filtration 
surface with a significant reduction in GFR. On the other hand,
the administration of prostaglandin inhibitors (non-steroidal
anti-inflammatory drugs) impairs renal function in patients
with obstructive jaundice, suggesting that prostaglandins, as
vasodilator substances, may also play an important role in 
the maintenance of renal blood flow in these patients [7].
Endothelin is a potent vasoconstrictor, which has been demon-
strated to increase in patients with obstructive jaundice.

Volume depletion

In addition to the above-mentioned factors, there is another 
factor that may play an important role in the development of
acute tubular necrosis in these patients. One of the mechanisms
recently investigated is the appearance of extracellular fluid
depletion, which has been detected in experimental studies, and
patients with obstructive jaundice [8] showed a marked increase
in atrial natriuretic peptide (ANP) in the plasma of rabbits sub-
mitted to ligation of the common bile duct. In the same study, it
was demonstrated that these high levels of ANP were associated
with an increase in plasma aldosterone, renin and antidiuretic
hormone, suggesting that these hormones were produced in
response to the reduced extracellular volume, and that the raised
levels of ANP may explain the reduced vascular reactivity in
response to hypovolaemia. This predisposition to arterial
hypotension may explain the pathological changes in tubular
necrosis that are often found in the kidneys when renal failure
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nodular regenerative hyperplasia, sickle-cell disease, collagen
disease, toxaemia and acute fatty liver of pregnancy, are dis-
cussed in other chapters.

Cirrhosis

The frequency of histological glomerular abnormalities in cir-
rhosis is high. In a prospective study in unselected patients with
non-alcoholic cirrhosis in whom renal biopsy was performed 
at the time of liver transplantation, glomerular abnormalities
were observed in all the cases, although most had only minor
changes [10]. These data also suggest that glomerular histolo-
gical alterations are secondary to the hepatic dysfunction and
independent of the aetiology of cirrhosis.

The most frequent glomerular changes observed in patients
with cirrhosis are periglomerular fibrosis and hyaline thickening
of the basement membrane, hypercellularity of both endothelial
and epithelial cells and a mild to marked thickening of the
mesangium by a fibrillar material positive for periodic acid–
Schiff staining. Endothelial cells are swollen and vacuolated and
stain positively for lipids. In some cases, there is obliteration of
the glomerular lumen. This lesion has been termed ‘hepatic
glomerulosclerosis’ (Fig. 1). Ultrastructural examination reveals
the presence of electron-dense osmophilic deposits in the 
capillary wall and mesangium, thickening of the basement
membrane, an increased amount of mesangial matrix, fusion
and focal destruction of foot processes and oedema of the cyto-
plasm of podocytes. Immunofluorescence studies have drawn
attention to the relationship of these glomerular changes and the
presence of subendothelial and mesangial deposits of IgA, IgG,
IgM and complement.

Several patterns of glomerular lesions have been recognized in
hepatic cirrhosis including IgG and IgM mesangial deposition,
glomerulosclerosis devoid of immunoglobulin, proliferative
glomerulonephritis, classic membranous or membranoproli-
ferative lesions and rapidly progressive glomerulonephritis 
[11]. IgA nephropathy associated with liver disease is the most 
frequently encountered secondary form of IgA nephropathy
[12]. The pathogenesis is related to an inability to remove 

IgA-containing complex by Kupffer cells in the liver, which pre-
disposes to deposition in the kidney. Although it is preferentially
observed in patients with alcoholic liver disease, it can be seen 
in other types of liver diseases. Despite the high frequency of
glomerular IgA deposits in advanced liver disease, most patients
are asymptomatic. Patients may present with microscopic
haematuria, mild proteinuria and a mild degree of renal impair-
ment. The urinalysis revels microhaematuria and proteinuria,
which is in the nephrotic range in a small percentage of cases,
particularly in those with membranoproliferative glomeru-
lonephritis. In general, there are mild urine abnormalities in
patients with minimal glomerular lesions, whereas heavy pro-
teinuria, cylindruria and microhaematuria are associated with
severe proliferative lesions. Increased serum IgA is present in
70–90% of the patients, although high values are also found in
50% of subjects with liver cirrhosis and without nephritis.

Light microscopy findings are similar to those observed in
patients with primary IgA nephropathy. These include mes-
angial hypercellularity and an increase in mesangial matrix.

Table 1 Glomerulonephritis and liver disease.

Glomerulonephritis Liver disease Spontaneous remission Clinical signs

Membranoproliferative HCV, HBV, PSC, alpha-1- HCV and HBV often improve Renal failure at presentation, nephrotic

glomerulonephritis antitrypsin deficiency when virus is cleared syndrome, hypertension

Membranous HCV, HBV, PSC, PBC 25% Proteinuria, hypertension,

glomerulonephritis reduced glomerular filtration rate

IgA nephropathy Alcoholic cirrhosis 6–12% Proteinuria, haematuria, hypertension, renal 

insufficiency

Fibrillary nephropathy HCV Unknown Hypertension, nephrotic syndrome

HCV, hepatitis C virus; HBV, hepatitis B virus; PSC, primary sclerosing cholangitis; PBC, primary biliary cirrhosis.

Fig. 1 Light microscopy of glomerular alterations seen in hepatic cirrhosis.
The nodules in the tuft are sparsely cellular and uniformly stained: nodular
glomerulosclerosis (periodic acid–Schiff, × 336).
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Immunofluorescence reveals IgA deposits associated with IgG
and/or IgM and/or C3. IgA is the main immunoglobulin pre-
sent. At present, several therapies are suggested to improve 
the progression of IgA nephropathy; however, up to now, there
is no specific therapy for this disease. The pathogenesis of
glomerular abnormalities in patients with cirrhosis is unknown,
but probably involves immune complex deposition [13].

It is well known that there is a close relationship between
chronic infection with hepatitis C virus (HCV) and type 2 
mixed cryoglobulinaemia. Antihepatitis C viral antibody, HCV
core antigens and HCV RNA can be found in cryoglobulins and
in the renal deposits of patients with HCV infection associated
with mixed (IgG–IgM) cryoglobulinaemia. On the other hand,
it has been estimated that 50–75% of patients with ‘essential’
mixed IgG–IgM cryoglobulinaemia have underlying chronic
HCV infection (see later). These findings suggest that, in
patients with concurrent cirrhosis and HCV infection, the 
development of glomerular lesions may be explained by the
above-mentioned mechanism.

Hepatitis B virus (HBV) infection

Almost all morphological forms of renal disease including mem-
branoproliferative glomerulonephritis, mesangial proliferative
glomerulonephritis, minimal change disease, IgA nephropathy
and focal segmental glomerulosclerosis have been described in
patients with HBV infection [14].

Epidemiological, clinical and immunological evidence suggests
a causal association between HBV carriage and the development
of nephropathy. The pathogenetic mechanisms by which indi-
viduals with chronic HBV infection develop nephropathy are
not clearly defined, although immunological processes related
to immune complex deposition have been implicated [15]. Four
mechanisms have been postulated to induce renal tissue injury
by HBV: (i) cytopathic effect induced by virus infection of the
cell; (ii) tissue deposition of immune complexes of viral antigen
and host antibody; (iii) virus-induced specific immunological
effector mechanisms that damage the kidney; and (iv) indirect
effects on renal tissue mediated via virus-induced cytokines or
mediators.

The clinical manifestations of HBV-associated membranous
nephropathy infection in paediatric and adult patients tend 
to be different. In paediatric patients, nephropathy is usually
asymptomatic and is detected by routine urine and serological
screening. Another frequent clinical presentation in children 
is the nephrotic syndrome. In adults, proteinuria and the
nephrotic syndrome are the most common manifestations. The
natural history of this complication is variable. Spontaneous
regression of the nephrotic syndrome was reported in 30–60%
of cases of HBV-associated membranous nephropathy. The
remaining patients persisted with proteinuria and fluid reten-
tion. Seroconversion of anti-HBeAg is associated with remission
of proteinuria. However, in patients without clearance of the
virus, a progression to renal failure has been reported.

Therapy for HBV nephropathy has been investigated by Lai
et al. [16] who observed that corticosteroids did not improve
glomerulonephritis and, furthermore, they induced viral repli-
cation in these patients. Following these results, the effect of
antiviral therapy on renal disease has been evaluated. In this
sense, it has been reported that the use of interferon (IFN) 
in children with HBV-associated membranoproliferative
glomerulonephritis (MGN) induced a response (disappearance
of proteinuria) in 80% of the treated patients compared with a
35% response in the control group [17]. However, controlled
studies with longer follow-up are needed to recommend this
therapy more strongly.

Polyarteritis nodosa (PAN) associated with HBV infection is
more common in western countries than in Asia. These patients
present similar clinical manifestations to those patients with
idiopathic PAN, such as fever, cutaneous leucocytoclastic vas-
culitis, livedo reticularis, neuropathy, myalgias, otitis, orchitis,
arthritis and pulmonary manifestations. Symptomatic acute
hepatitis in the preceding 6 months is common, and a moderate
increase in transaminases may be detected in about half the cases
at presentation of PAN. Antineutrophil cytoplasmic antibodies
are positive in around 10% of cases. Liver biopsy reveals mode-
rate or severe chronic hepatitis. Aneurysms are more frequent 
in the coeliac and renal territories. The renal manifestations
include haematuria, proteinuria and azotaemia. Although spon-
taneous remission has been reported, it is very uncommon. The
administration of steroids and cyclophosphamide has been
shown to be useful in the treatment of these patients. However,
it should be taken into account that this therapy may increase
viral replication. Furthermore, these reports were based on
uncontrolled clinical trials. Combination therapy, with steroids
directed at the immune-mediated vasculitis and vidarabine or
IFN as antiviral therapy, has been used in these patients with
promising results; viral replication was no longer present in
about 50% of patients at the end of follow-up [18]. Recently,
Erhardt et al. [19] have documented a case report about the suc-
cessful treatment of PAN with a combination of prednisolone,
IFNα and lamivudine. However, controlled trials should be per-
formed to evaluate the usefulness of lamivudine in the treatment
of HBV-associated PAN.

Another complication that can be observed in patients with
HBV infection is the serum sickness-like syndrome. Serum 
sickness-like syndrome appears in 10–25% of patients infected
with HBV. The symptoms include fever, arthralgias, arthritis,
skin rash and, in a few patients, proteinuria that may be associ-
ated with haematuria. The outcome of this syndrome is benign,
and spontaneous resolution is the rule.

Hepatitis C virus infection

Renal involvement often occurs in HCV infection. Chronic 
hepatitis C is both an important cause and a severe complication
of chronic renal disease [20]. The most common histological
feature seen in patients with HCV-associated renal disease is
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membranoproliferative glomerulonephritis. Glomerulonephritis
is a well-documented but poorly understood complication of
chronic HCV infection [21]. It has been reported that chronic
HCV infection may account for 10–20% of all cases of prolifer-
ative glomerulonephritis. The glomerulonephritis lesion is 
characterized by distinct morphological features: endocapillary
proliferation, monocytic infiltration, double contour mem-
branes, large eosinophilic, PAS-positive intraluminal deposits
and vasculitis of small and medium-sized renal arteries [22]. The
degree of renal insufficiency varies but is usually mild. Renal 
failure dialysis is required in less than 15% of patients. However,
80% of patients have arterial hypertension at the time of presen-
tation. Patients with renal disease and HCV infection commonly
have profound proteinuria, resulting in half of these patients
showing a nephrotic syndrome [12]. Glomerulonephritis appears
to occur predominantly with type 2 cryoglobulins. These cryo-
globulins typically consist of a polyclonal IgG and a monoclonal
IgM rheumatoid factor (type 2 mixed cryoglobulinaemia).
However, in some cases, type 3 cryoglobulinaemia, which 
consists of polyclonal IgG and IgM, can also be seen. The IgM
rheumatoid factor seems to be critical in the deposition of 
these cryoglobulins in glomeruli. Some authors have suggested
that glomerulonephritis occurs in HCV infection in the absence
of cryoglobulins. However, this point needs to be confirmed.
The prevalence of membranoproliferative glomerulonephritis
in HCV infection type 2 cryoglobulinaemia is approximately
30%. This prevalence increases in studies of renal histology by
autopsy.

Patients with cryoglobulinaemia often complain of weakness,
arthralgia and purpura. Patients may also develop severe
Raynaud syndrome or leg ulcers. The clinical signs of cryoglobu-
linaemia typically precede the recognition of renal involvement
by years, although simultaneous presentation can occur.

It has been shown that treatment with IFNα, alone or in 
combination with ribavirin, may be effective in patients with
membranoproliferative glomerulonephritis and HCV infection.
In this sense, many case reports about successful therapy of
HCV-associated cryoglobulinaemic glomerulonephritis have
described improvement in creatinine clearance and reduction 
in proteinuria. Sustained virological response with a durable
improvement in renal function has been established in some
patients. Currently, several studies using pegylated IFNs are
ongoing to investigate their effect in achieving a sustained 
virological response in patients with HCV and renal disease
[12,20,22].

Renal tubular acidosis

Renal tubular acidosis is defined as the inability of the renal
tubule to acidify the urine in the presence of a normal glomeru-
lar filtration rate. Renal tubular acidosis has been classified into
two major types, distal and proximal [23]. In type 1 (distal), or
classic renal tubular acidosis, the distal tubule is unable to main-
tain the steep lumen–peritubular hydrogen ion gradient. The

distal disease can, in turn, be subdivided into hypokalaemic,
hyperkalaemic and incomplete forms. In the hypokalaemic
form, urine pH does not fall inappropriately, and acidosis is a
consequence of decreased acid excretion. This form of distal
renal tubular acidosis can be inherited, drug induced or associ-
ated with various systemic conditions. Impaired distal tubular
acidification with hyperkalaemia can be associated with min-
eralocorticoid deficiency, urinary tract obstruction and the
administration of distal diuretics (amiloride). In the incomplete
distal form, acidosis is absent, although urinary pH remains
inappropriately high following acid loading. Type 2 (proximal)
renal tubular acidosis is due to abnormal proximal tubular 
function, resulting in an impaired reabsorption of bicarbonate.
In this form more than 15% of the filtered bicarbonate load is
not reabsorbed and is excreted in the urine.

Renal tubular acidosis may occur in various liver diseases.
Type 1 has been observed in patients with autoimmune chronic
hepatitis [24], primary biliary cirrhosis [25] and alcoholic cir-
rhosis [26]. Both types have been recognized in Wilson’s disease.
Finally, an isolated acidifying defect of the proximal tubule has
been reported in paediatric patients receiving liver transplants
and treatment with FK506 [27]. Nevertheless, renal tubular 
acidosis is more common in primary biliary cirrhosis, Wilson’s
disease and alcoholic liver cirrhosis (30–57% of cases).

The clinical manifestations of patients with distal renal tubu-
lar acidosis and chronic liver disease are similar to those of
patients with renal tubular acidosis but without hepatic lesions.
Most patients, however, present an incomplete distal form.
Hence, the finding of hypokalaemia, hyperchloraemia, aci-
daemia, osteomalacia or nephrolithiasis is very infrequent. In
primary biliary cirrhosis, a decrease in plasma levels of uric acid
has been reported in relation to distal renal tubular acidosis [28].
Patients with the proximal disease may, in addition, have other
clinical manifestations, such as glycosuria, aminoaciduria and
high levels of β2-microglobulin in the urine. Whether renal
tubular acidosis increases the risk of hepatic encephalopathy 
is controversial. Theoretically, acidosis or hypokalaemia asso-
ciated with the disease facilitates renal ammoniogenesis. The
increased urinary pH may divert some of this ammonia into the
renal venous blood [29]. This hypothesis, however, has not been
confirmed by other researchers.

The pathogenesis of renal tubular acidosis associated with
chronic liver disease is not clearly understood, although several
mechanisms have been considered. It has been suggested that 
it may be related to copper deposition, especially in Wilson’s 
disease and biliary cirrhosis [25,30]. Others have postulated
immunological causes. Bile acids may be another primary cause
in the development of renal tubular acidosis in chronic liver 
disease, as they are elevated in these patients and may be toxic to
cell membranes. Magnesium deficiency may also produce the
distal disease in patients with cirrhosis. The administration of
this element reverses this abnormality. Decreased delivery of
sodium to the distal nephron appears to play a central patho-
genetic role in renal tubular acidosis in patients with alcoholic
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cirrhosis; intense activity of sodium reabsorption has been
observed in patients with this disease. The administration of
diuretics, sodium sulphate or sodium phosphate, which increase
distal sodium delivery, may produce a lowering of urine pH. 
On the other hand, there is a close relationship between distal
sodium delivery and reabsorption and the urinary excretion of
hydrogen ions [31]. Nevertheless, whether reduced delivery of
sodium is the cause of an abnormal acidification in alcoholic 
cirrhosis or an epiphenomenon that unmasks another under-
lying defect remains to be elucidated.

The prostate and alcoholic cirrhosis

Testicular atrophy, decreased testicular production, prostatic
atrophy and gynaecomastia are frequent signs of endocrine dys-
function in male patients with alcoholic cirrhosis [32]. Several
studies have shown that the incidence of benign prostatic hyper-
trophy is lower among patients with alcoholic cirrhosis than in
the general population [33]. Chronologically, benign prostatic
hypertrophy appears later in the patient with alcoholic cirrhosis
than in the normal population. Stromal hyperplasia is the most
common histological finding in patients with concurrent cir-
rhosis and benign prostatic hypertrophy, whereas in the general
population, both stromal and epithelial hyperplasia are present
equally. This is interesting because estrogens induce stromal
hyperplasia whereas androgens produce epithelial hyperplasia
[34]. Thus, the different histological pattern of prostatic hyper-
trophy in patients with cirrhosis could be related to the high
ratio of estrogen to testosterone present in the plasma of these
patients.

Interestingly enough, although the prevalence of prostatic
carcinoma is not significantly different in patients with cirrhosis
compared with normal subjects, no patient with advanced liver
disease developed prostatic cancer. However, in those patients
with cirrhosis with clinical hyperestrogenism (manifested by 
at least two of the following criteria: gynaecomastia, palmar 
erythema, spider angiomas, testicular atrophy or female hair
distribution), the incidence of prostatic carcinoma was not
reduced from that in the non-hyperestrogenic group. These
results are surprising because the response of prostatic carci-
noma to estrogens has been well recognized for many years, and
a lower incidence of prostatic carcinoma in the hyperestrogenic
group would be predicted. This interesting clinical aspect
requires further research.

References
1 Parks RW, Diamond T, McCrory DC et al. (1994) Prospective study of

postoperative renal function in obstructive jaundice and the effect of

perioperative dopamine. Br J Surg 81(3), 437–439.

2 Sitges-Serra A, Carulla X, Piera C et al. (1992) Body water com-

partments in patients with obstructive jaundice. Br J Surg 79(6),

553–536.

3 Bailey ME (1976) Endotoxin, bile salts and renal function in obstruct-

ive jaundice. Br J Surg 63(10), 774–778.

4 Yarger WE, Schrader NW, Boyd MA (1976) Intrarenal mechanisms 

of salt retention after bile duct ligation in rats. J Clin Invest 57(2),

408–418.

5 Cotran RS, Pober JS (1989) Effects of cytokines on vascular endothe-

lium: their role in vascular and immune injury. Kidney Int 35(4),

969–975.

6 Inan M, Sayek I, Tel BC et al. (1997) Role of endotoxin and nitric oxide

in the pathogenesis of renal failure in obstructive jaundice. Br J Surg

84(7), 943–947.

7 Uemura M, Tsujii T, Fukui H et al. (1989) Urinary prostaglandins and

renal function in obstructive jaundice. Scand J Gastroenterol 24(6),

705–715.

8 Valverde J, Martinez-Rodenas F, Pereira JA et al. (1992) Rapid increase

in plasma levels of atrial natriuretic peptide after common bile duct

ligation in the rabbit. Ann Surg 216(5), 554–559.

9 Uslu A, Cayci M, Nart A et al. (2005) Renal failure in obstructive 

jaundice. Hepatogastroenterology 52(61), 52–54.

10 Axelsen RA, Crawford DH, Endre ZH et al. (1995) Renal glomerular

lesions in unselected patients with cirrhosis undergoing orthotopic

liver transplantation Pathology 27(3), 237–246.

11 Newell GC (1987) Cirrhotic glomerulonephritis: incidence, morpho-

logy, clinical features, and pathogenesis. Am J Kidney Dis 9(3),

183–190.

12 Arroyo V, Cardenas A, Campistol JM et al. (2005) Acute renal failure

in liver disease. In: Davison AM, Stewart Cameron J, Grünfeld JP et al.

(eds) Oxford Textbook of Clinical Nephrology. New York: Oxford

University Press, pp. 1554–1578.

13 Kawaguchi K, Koike M (1986) Glomerular lesions associated with

liver cirrhosis: an immunohistochemical and clinicopathologic ana-

lysis. Hum Pathol 17(11), 1137–1143.

14 Bhimma R, Coovadia HM (2004) Hepatitis B virus-associated

nephropathy. Am J Nephrol 24(2), 198–211.

15 Lai KN, Ho RT, Tam JS et al. (1996) Detection of hepatitis B virus

DNA and RNA in kidneys of HBV related glomerulonephritis. Kidney

Int 50(6), 1965–1977.

16 Lai KN, Tam JS, Lin HJ et al. (1990) The therapeutic dilemma of the

usage of corticosteroid in patients with membranous nephropathy

and persistent hepatitis B virus surface antigenaemia. Nephron 54(1),

12–17.

17 Lin CY (1995) Treatment of hepatitis B virus-associated membranous

nephropathy with recombinant alpha-interferon. Kidney Int 47(1),

225–230.

18 Guillevin L, Lhote F, Leon A et al. (1993) Treatment of polyarteritis

nodosa related to hepatitis B virus with short term steroid therapy

associated with antiviral agents and plasma exchanges. A prospective

trial in 33 patients. J Rheumatol 20(2), 289–298.

19 Erhardt A, Sagir A, Guillevin L et al. (2000) Successful treatment of

hepatitis B virus associated polyarteritis nodosa with a combination 

of prednisolone, alpha-interferon and lamivudine. J Hepatol 33(4),

677–683.

20 Medina J, Garcia-Buey L, Moreno-Otero R (2004) Hepatitis C virus-

related extra-hepatic disease – aetiopathogenesis and management.

Aliment Pharmacol Ther 20(2), 129–141.

21 Carithers RL Jr (1999) Hepatitis C and renal failure. Am J Med

107(6B), 90S–94S.

22 Agnello V, De Rosa FG (2004) Extrahepatic disease manifestations of

HCV infection: some current issues. J Hepatol 40(2), 341–352.

23 Rodriguez-Soriano J, Edelmann CM Jr (1969) Renal tubular acidosis.

Annu Rev Med 20, 363–382.

TTOC21_07  3/10/07  9:49 AM  Page 1820



21.7 THE EFFECT OF LIVER DISEASE ON THE UROGENITAL TRACT 1821

29 Shear L, Bonkowsky HL, Gabuzda GJ (1969) Renal tubular acidosis 

in cirrhosis. A determinant of susceptibility to recurrent hepatic pre-

coma. N Engl J Med 280(1), 1–7.

30 Walshe JM (1968) Effect of penicillamine on failure of renal

acidification in Wilson’s disease. Lancet 1(7546), 775–778.

31 Kurtzman NA (1983) Acquired distal renal tubular acidosis. Kidney

Int 24(6), 807–819.

32 Van Thiel DH (1983) Ethanol: its adverse effects upon the 

hypothalamic–pituitary–gonadal axis. J Lab Clin Med 101(1), 21–33.

33 Frea B, Annoscia S, Stanta G et al. (1987) Correlation between liver 

cirrhosis and benign prostatic hyperplasia: a morphological study.

Urol Res 15(5), 311–314.

34 Gavaler JS, Rosenblum ER, Van Thiel DH et al. (1987) Biologically

active phytoestrogens are present in bourbon. Alcohol Clin Exp Res

11(4), 399–406.

24 Read AE, Sherlock S, Harrison CV (1963) Active ‘juvenile’ cirrhosis

considered as part of a systemic disease and the effect of corticosteroid

therapy. Gut 41, 378–393.

25 Pares A, Rimola A, Bruguera M et al. (1981) Renal tubular acidosis in

primary biliary cirrhosis. Gastroenterology 80(4), 681–686.

26 De Marchi S, Cecchin E, Basile A et al. (1993) Renal tubular dysfunc-

tion in chronic alcohol abuse – effects of abstinence. N Engl J Med

329(26), 1927–1934.

27 O’Gorman MA, Fivush B, Wise B et al. (1995) Proximal renal tubular

acidosis secondary to FK506 in pediatric liver transplant patients. Clin

Transplant 9(4), 312–316.

28 Izumi N, Hasumura Y, Takeuchi J (1983) Hypouricemia and hyper-

uricosuria as expressions of renal tubular damage in primary biliary

cirrhosis. Hepatology 3(5), 719–723.

TTOC21_07  3/10/07  9:49 AM  Page 1821



21.8 The nervous system in liver disease
Andres T. Blei

Since the description of portal–systemic encephalopathy, inter-
est in the relationship between the nervous system and the 
liver has remained high. Two excellent reviews in the 1960s 
summarized various neurological manifestations in patients
with advanced chronic liver disease [1,2]. In the meantime
abnormalities of the liver have been detected in many neurolo-
gical diseases, but only a few have been thoroughly investigated
using modern methods.

This chapter focuses on aspects that are not covered in other
sections of the book. An overview of the more important condi-
tions with references is given in Table 1, and details are added in
the text. Rare associations are summarized in Table 2.

Inborn errors of metabolism

In infants and children, different metabolic disorders of the liver
may result in more or less irreversible brain damage due, for
example, to hypoglycaemia, hyperammonaemia or hyperbiliru-
binaemia [3]. Kernicterus is the term used to describe the neu-
ropathology of bilirubin-induced brain injury [4]. Rather than
being defined on the basis of a value of elevated unconjugated
bilirubin, it is the combination of the latter with specific neuro-
logical findings that is used for diagnosis. These include a spec-
trum of neurological findings, including physical examination
(abnormal muscle tone), testing for an auditory neuropathy as
well as magnetic resonance imaging (MRI) that shows bilateral
lesions of the globus pallidus and/or subthalamic nucleus. Some
brainstem nuclei are particularly susceptible to injury, includ-
ing auditory, oculomotor and vestibular nuclei. A more subtle
bilirubin-induced neurological dysfunction has been described,
including defects such as impaired upgaze, dental enamel
hypoplasia of the deciduous teeth and a movement disorder
ranging from choreathetosis to spasticity and hypotonia.

The molecular basis for bilirubin neurotoxicity has been
reviewed recently [5]. Unconjugated bilirubin causes oxidative
damage to plasma membranes and mitochondria in both 
astrocytes and neurons, with neuronal apoptosis and necrosis
demonstrated. Active export of unconjugated bilirubin from the
brain occurs via the transporter MRP1/Mrp1, located in several

brain structures, including capillary endothelia. Variations in
the activity of the transporter have been postulated to explain
the variable expression of the disease.

Congenital hyperammonaemia

The role of urea cycle abnormalities in the genesis of congenital
hyperammonaemia is discussed elsewhere in this book (see
Chapter 2.3.7) and has been reviewed recently [6]. From a 
neurological perspective, neonatal presentations of all types of
urea cycle enzyme deficiencies [three mitochondrial (ornithine
transcarbamylase, carbamylphosphate synthetase, n-acetylglu-
tamate synthase) and three cytoplasmic (arginosuccinate lyase,
arginosuccinate synthetase and arginase)] are associated with
rapid neurological distress, severe hyperammonaemia (worse
prognosis with ammonia levels > 300 µmol/L [7]) and risk of
development of brain oedema.

For presentations beyond the neonatal period, ornithine 
transcarbamylase deficiencies predominate, an X-linked dis-
order [8]. Psychomotor retardation and recurrent episodes of
encephalopathy are predominant symptoms. Severe hyperam-
monaemias can occur in adults, such as males with hemizygous
deficiencies [9], when exposed to environmental stress (sepsis,
physical trauma) [10]. Persistent vomiting may precede the
development of encephalopathy. This can also occur in hetero-
zygote females when exposed to a high protein load [11].

Reye syndrome

Reye syndrome [12] characteristically presents with severe
hyperemesis and irritability followed by lethargy and coma. The
syndrome occurs mostly in children and usually follows 3–5
days after an influenza-like illness or varicella. Both case–control
and longitudinal studies implicate aspirin in the pathogenesis 
of Reye syndrome [13]. It is estimated, however, that less than
0.1% of children receiving aspirin for viral illness subsequently
suffer from Reye syndrome. Since 1980, curtailment of the use 
of aspirin has resulted in a marked reduction in the incidence 
of Reye syndrome in the United States [14].

1822
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Table 1 The liver in different neurological diseases.

Condition of liver

Congenital disorders of urea cycle enzymes 

(irrespective of specific enzymatic disorder)

Inborn errors of bile acid metabolism

Transient neonatal hyperammonaemia

Reye syndrome with microvesicular fatty change

Acute necrotizing encephalopathy of childhood

Alper’s disease with microvesicular fatty change,

liver cell loss, bridging fibrosis, etc.

Wilson’s disease (see Chapter 16.1)

Acute intermittent porphyria (see Chapter 16.5)

Sarcoidosis (detectable by liver biopsy)

(see Chapter 20.12)

Vitamin B1 deficiency associated with 

alcohol-related liver disease

Vitamin E deficiency due to cholestasis 

resulting from, for example:

Infantile obstructive cholangiopathy

Neurological manifestations

Multiple cerebellar heterotopias

Delayed myelination

Cerebral atrophy, microcephaly

Mental retardation

Seizures, EEG abnormalities

Coma

Pyramidal signs

Spastic paraparesis

Spastic quadriplegia

Distal muscle atrophy

Decreased vibration sense

Bucco-facio-lingual dyspraxia

Episodes of drowsiness

Lethargy, seizures, coma

Mental retardation

Spastic quadriplegia

Epilepsy

Prodromal illness (generally influenza or varicella)

Nausea, vomiting

Lethargy possibly progressing to coma

Raised intracranial pressure

Coma, convulsions, vomiting, hyperpyrexia

Progressive neuronal degeneration of childhood

Developmental delay

Intractable epilepsy and brain atrophy

Visual and sensory symptoms

Severe microcephaly

Fetal akinesia

Presentation with tremor or disturbed gait

Intellectual deterioration

Ataxia, clumsiness, choreoathetosis

Dysarthria

Multiple reversible cerebral lesions (MRI)

Acute stages

Neuropsychological impairment

Emotional disturbances

Acute peripheral neuropathy

Autonomic neuropathy (e.g. hypertension)

Latent stage

Slowed ulnar nerve conduction velocity

Progressive weakness

Central pontine myelinolysis

Parenchymatous disease of CNS; seizures

Aseptic meningitis

Cranial neuropathies

Hydrocephalus

Myopathy

Diabetes insipidus

Hemiparesis

Organic psychosis

Acute Wernicke’s encephalopathy

Reversible changes in visual evoked potentials

Hypo- to areflexia

Ophthalmoplegia, other disorders of eye movements
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To understand the pathogenesis of Reye syndrome, two fac-
tors need to be considered. First, viral infections precede the
development of Reye syndrome. Immune stimulation caused by
viral infections will influence cellular and subcellular events,
including the binding to specific Toll receptors and the activation
of specific cell signalling pathways [15]. Second, the association
with aspirin needs a basic explanation. Aspirin can result in
mitochondrial injury via initiation of the mitochondrial per-
meability transition, as seen in isolated hepatic mitochondria
[16]. The inhibition of oxidative phosphorylation decreases 
β-oxidation and specifically affects long-chain 3-hydroxyacyl-
CoA-dehydrogenase [17]. This results in the accumulation 
of long-chain fatty acids in the hepatocyte, accumulating 
microscopically as microvesicular steatosis. Nonetheless, this
explanation does not account for the development of the 
syndrome only in selected individuals. An underlying defect in
mitochondrial uncoupler proteins has been proposed [13], but
this has not yet been proven. In any case, hyperammonaemia 
is another manifestation of impaired mitochondrial activity.
Scattered cases of Reye syndrome have occurred in adults, and a
detailed case report suggests a generalized defect in intramito-
chondrial enzyme processing [18].

Cystic fibrosis

Primary biliary cirrhosis

Primary sclerosing cholangitis

Vitamin K deficiency due to cholestasis

Viral hepatitis

Acute hepatitis A, B or other

Hepatitis B vaccination

Recovery after fulminant hepatic failure

Anticonvulsant-induced liver changes 

(see Chapter 14.1)

Cirrhosis

Alcoholic

With chronic viral (usually with marked 

portal–systemic shunting)

Sclerotherapy of oesophageal varices

Table 1 (cont’d )

Condition of liver Neurological manifestations

Peripheral neuropathy with axonal dystrophy and patchy demyelination

Proximal muscle weakness, ataxia

Decreased proprioception

Psychomotor dysfunction

Cerebral haemorrhage

1 Guillain–Barré syndrome

2 Mononeuritis

3 Polyarteritis nodosa

4 Seventh cranial nerve palsy

5 Encephalitis

Spontaneous reports of

Guillain–Barré syndrome and other neurological events

Central nervous system demyelination

Permanent cortical or generalized brain atrophy

1 Cerebral atrophy with neuropsychological abnormalities, hepatic

‘dementia’ in the aged

2 Paraplegia due to demyelination of corticospinal fibres 

(not responsive to treatment of portal–systemic encephalopathy)

3 Cerebellar and basal ganglia disorder, choreoathetoid movements 

(not responsive to treatment of portal–systemic encephalopathy)

4 Pontine spongy degeneration of white matter

5 Subclinical peripheral neuropathy, reduced nerve conduction velocities

6 Encephalomyelopathy with spastic triparesis

7 Autonomic neuropathy

Irreversible paraplegia

Table 2 Rare associations of central nervous system and liver disease.

Clinical conditions

Alagille syndrome with intracranial haemorrhage

Ataxia telangiectasia with hepatocellular carcinoma

Creutzfeldt–Jakob disease and liver dysfunction

Olivopontocerebellar degeneration and liver cirrhosis

von Recklinghausen’s disease with obstructive jaundice

von Recklinghausen’s disease with haptic schwannoma and angiosarcoma

Primary biliary cirrhosis, Sjögren syndrome and recurrent transverse myelitis

Subarachnoid haemorrhage with polycystic kidneys and liver disease

Liver metastasis from intracranial meningioma

Niemann–Pick disease type C with cholestatic liver disease and ataxia, 

nystagmus, supranuclear ophthalmoplegia, spastic tetraparesis, 

choreoathetosis, seizures, dementia

Peripheral neuropathy and fatal alcoholic hepatitis-like disease due to 

amiodarone

Peripheral neuropathy and alcoholic hepatitis-like liver lesions due to 

perhexiline

Zellweger syndrome with cirrhosis and hypo- to areflexia, seizures, 

psychomotor retardation
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In the mildest form, no change in consciousness occurs, 
and patients remain only irritable to lethargic (grade 1 and 2
encephalopathy). Plasma aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) are 3–30 times normal, but
serum bilirubin is not elevated. In more severe forms of the 
disease, an agitated delirium (grade 3) may progress to frank
coma and decerebrate or decorticate posturing, hyperventila-
tion (grade 4), flaccid paralysis and respiratory failure (grade 5).
The rate of progression may be quite variable, i.e. a few hours to
a few days. In survivors, recovery of consciousness may occur
within 24–96 h, but longer lasting brain damage has also been
observed. Liver biopsy typically shows microvesicular steatosis
with little necrosis or inflammatory changes. On electron
microscopy, mitochondria are swollen and pleomorphic, the
matrix is greatly expanded, and the matrix substance thickened
and coarsely granular or flocculent [19].

Biochemical changes include mild to severe hyperammon-
aemia, depending on the severity of the syndrome. In line with
abnormal function of mitochondria, β-oxidation and glyconeo-
genesis are reduced. Increased glycolysis to cover energy
demands leads to glycogen depletion and may be followed by
hypoglycaemia. Lactic acidosis can be a prominent feature.

The diagnosis should be suspected in any child or adolescent
who develops vomiting 2–5 days after influenza-like illness or
after varicella, and early vigorous treatment should be instituted.
In mild cases, admission to hospital and generous energy supply
by intravenous glucose (10–20%) and fluid replacement is
essential. When encephalopathy develops, transfer to an inten-
sive care unit is needed, intracranial pressures should be 
monitored, and a programme to prevent excessive increases 
in intracranial pressures instituted. Hyperthermia should be
prevented and sedatives must be avoided.

Other conditions associated with acute
encephalopathy

Acute necrotizing encephalopathy of
childhood

The hallmark of this encephalopathy, proposed to be a novel
entity [20], is multiple necrotic brain lesions showing a symmet-
rical distribution. This was noted in previously healthy children
after influenza B infection, with presenting symptoms of 
coma, convulsions, vomiting, hyperpyrexia and hepatomegaly.
Aminotransferases are usually elevated. Based on the character-
istic combination of clinical and pathological findings, acute
necrotizing encephalopathy of childhood should be distinguished
from previously known encephalopathies, including Reye syn-
drome. Aspirin use is not a feature of the syndrome [21].

Alper’s disease

An unknown metabolic defect with recessive inheritance is pos-
tulated in Alper’s disease, the progressive neuronal degeneration

of childhood with liver disease. Typically, it manifests itself at the
age of 1–15 months by developmental delay and failure to thrive,
followed by intractable epilepsy, with progressive brain atrophy
on computerized tomography, particularly in occipital areas.
Liver involvement may not be conspicuous clinically but,
depending on the stage of the disease, the liver biopsy reveals a
microvesicular fatty change, ongoing liver cell necrosis, diffuse
bile duct proliferation, together with heavy liver cell loss, collapse
of plates and bridging fibrosis [22].

Organic brain syndromes

In patients with organic brain syndromes showing symptoms 
of an acute confusional state and dementia, a wide differential
diagnosis can be sought [23]. Acute intermittent porphyria 
and episodic portal–systemic encephalopathy can present with
delirium. Both may occur intermittently, and diagnosis may 
be difficult in the elderly, or if personality disorders predom-
inate clinically. The conditions are covered in Chapters 7.8 
and 16.5.

Chronic cholestasis and vitamin E
deficiency

As bile acids are essential for the absorption of fat-soluble 
vitamins, cholestasis may lead to deficiencies in vitamins A, D, E
and K. Vitamin E deficiency has been associated with a progressive
ataxic neurological syndrome in children with infantile obstruc-
tive cholangiopathy. Early signs are hypotonia and areflexia. In
addition, the advanced clinical picture includes truncal ataxia,
dysmetria, decreased vibratory sensation, decreased propriocep-
tion, gait disturbance and ophthalmoplegia [24]. Although 
the clinical manifestations tend to be more prominent as the
children grow older, particularly after 5 years [25], muscle wast-
ing, areflexia, ptosis and ataxia have been observed at 2 years of
age and earlier [26,27].

In adults, vitamin E deficiency is among entities that can 
cause impaired memory and cognition [28]. Chronic gastroin-
testinal disease inducing cholestasis and short bowel syndrome
may result in symptomatic vitamin E deficiency [29]. Clinical
manifestations include ophthalmoplegia, peripheral neuro-
pathy with axonal dystrophia, patchy demyelination, ataxia, 
proximal muscle weakness and psychomotor dysfunction. Early
diagnosis of the condition is important, because advanced
lesions may be only partially reversible. Presumably, neurolo-
gical manifestations due to vitamin E deficiency may result from
any of the cholestatic conditions, irrespective of their aetiology.

Serum vitamin E levels tend to be below 4 mg/mL, the lower
limit of the normal range. In some cases, however, they are 
normal. As vitamin E is carried with lipoproteins, serum vitamin
E levels should be expressed per total lipids. In deficiency states,
levels will then be consistently below 0.06–0.8 mg/g, the lower
limit of the normal range [30]. Oral replacement therapy 
may be unsatisfactory because of poor bioavailability [26].
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Intramuscular vitamin E substitution by repeated injections of,
for example, α-tocopherylacetate may be an emotional burden
for children. α-Tocopheryl polyethylene glycol 1000 succinate
in a final oral dose of 20 IU/kg/day has been reported to raise
vitamin E levels in cholestasis and to improve neurological 
manifestations [31].

Neuropathies associated with viral
hepatitis

Several cases of Guillain–Barré syndrome have been reported
[32], mostly related to acute hepatitis B, but also in one case
without evidence of hepatitis B. It can also occur as a com-
plication of chronic hepatitis B [33]. A case of relapsing
Guillain–Barré syndrome was associated with exacerbation of
chronic hepatitis B [36]. It has also been reported following 
fulminant viral hepatitis A [35,36]. Neurological manifestations
occurred 7 days before the onset of jaundice simultaneously
with clinical signs of acute hepatitis, 1–2 weeks after the onset 
of jaundice or up to 5 weeks after an apparently uneventful
recovery from acute hepatitis. In the case of hepatitis B, immune
complexes were found in the serum, and C3 was reduced 
during the phase of polyradiculitis, when the liver disease was 
in remission [37]. Hepatitis C has also been associated with
Guillain–Barré syndrome [38]. Neurological recovery occurred
in all patients within weeks to months.

Rare instances of mononeuritis, associated with acute hepatitis
A or B, involved the facial, trigeminal, auditory and several
peripheral nerves. The temporal relationship with the onset of
jaundice varied from –40 to +21 days. Clinical presentation of
neuritis was generally sudden and recovery slow, the latter
requiring 1 month to more than 2 years [39]. Optic neuritis was
reported in a case that recovered from acute viral hepatitis B
[40].

Polyarteritis nodosa is a systemic disease. It involves primarily
renal vessels, thereby leading to hypertension, proteinuria,
haematuria and renal failure. However, peripheral neuropathy
(mononeuritis multiplex), amyotrophy and myalgia are also 
frequent, and evidence for past or ongoing hepatitis B is found 
in about one-third of cases. Thus, the simultaneous manifesta-
tion of disease in several parts of the nervous system is the 
consequence of multiple vascular lesions rather than a specific
association. Nevertheless, a case presenting as mononeuritis
multiplex should, among other investigations, lead to a search
for hepatitis B [41].

A reversible encephalitis developed in a 7-year-old girl 5 days
after the onset of hepatitis A [42].

A postmarking surveillance for neurological adverse events
after hepatitis B vaccination revealed 10 cases of Bell’s palsy, nine
of Guillain–Barré syndrome, five each of convulsions, lumbar
radiculopathy and optic neuritis, four of transverse myelitis and
three of brachial plexus neuropathy. The study involved a
plasma-derived hepatitis B vaccine given to 850 000 people. In
view of the limitations of the spontaneous reporting used in this

study, the causal relationship between vaccination and neuro-
logical adverse events has remained questionable [43]. Central
nervous system demyelination after immunization with recom-
binant hepatitis B vaccine was examined retrospectively in the
UK. The odds noted for the development of multiple sclerosis
were 3.1 (95% C1 1.5–6.3) [44]. Cross-reactivity between 
hepatitis B surface antigen and myelin oligodendrocyte glyco-
protein may be present [45]. A review of experience of over 1 
billion doses of the vaccine, however, concludes that the pro-
cedure has an outstanding safety record [46].

Sequelae after fulminant hepatic failure

Although most survivors of fulminant hepatic failure recover
full function of the central nervous system, exceptions have been
noted. In these cases, hepatic failure was due to paracetamol
intoxication, hepatitis B or non-A, non-B hepatitis. The lesions
involved unilateral cranial nerve palsies, infarction of the right
middle cerebral artery area [47] and diffuse brain atrophy [48].
The role of cerebral oedema in the development of irreversible
lesions requires further clarification.

Neurological complications after liver
transplantation

Neurological problems are reported in 13–47% of patients 
after orthotopic liver transplantation [49]. They mostly occur 
in the early months after the procedure and are associated with
significant morbidity and mortality. Recent guidelines have
been published on the management of neurological problems in
such patients [50]. Six major areas were identified:
1 Immunosuppression neurotoxicity is mainly the result of 
calcineurin inhibitors, ciclosporin and tacrolimus, not related
directly to their blood concentration. Side-effects were con-
sidered as minor (tremor, headache, paresthesias) and major
(encephalopathy, akinetic mutism, seizures, speech disorders,
polyneuropathy and myopathy). Predisposing factors include
hypocholesterolaemia, hypomagnesaemia, hypertension and prior
hepatic encephalopathy [51]. MRI may show non-enhancing
high-resolution T2 lesions in the posterior white matter.
2 Seizures occur in up to 5% of recipients and are mainly the
result of immunosuppressant medications [52]. Other causes
include acute metabolic derangements, sudden withdrawal of
narcotic agents and hypoxic–ischaemic injury.
3 Cerebral pontine myelinolysis is a symmetrical demyelinating
lesion in the centre of the pons. It occurs in 1–8% of trans-
planted patients, and its incidence can be reduced by avoiding
the performance of the liver transplant under conditions of
severe hyponatraemia (< 125 mEq/L). An abrupt rise in serum
sodium concentration (> 10 mEq/day) should be strenuously
avoided.
4 Neuromuscular disorders can be varied. Generalized weak-
ness can be a manifestation of immunosuppression-related 
neurotoxicity, with axonal or demyelinating neuropathy, and
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13 Glasgow JF, Middleton B (2001) Reye syndrome – insights on causa-
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United States from 1981 through 1997. N Engl J Med 340, 1377–1382.
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Toll-like receptors and other pattern recognition receptors. J Mol Med
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has been reported in 1.5–10% of patients. A brachial plexopathy
can occur in up to 3% of cases and, in one instance, was most
probably caused by compression of the plexus between the 
first rib and the clavicle, the result of rib retraction for surgical
exposure [53].
5 Acute cerebrovascular disorders occur in 2–6% of recipients,
generally related to cerebral haemorrhage and usually within 2
months of surgery. Several aetiologies are possible, including
underlying vascular disease, hypertension as a complication of
immunosuppressive therapy and mycotic aneurysms.
6 Central nervous system infections occur in up to 5% of recipi-
ents and are associated with high mortality. Most infections are
due to spread from other sites. Viral infections are rare.

Anticonvulsant-induced liver 
disease

Phenytoin, carbamazepine and phenobarbital are strong inducers
of the microsomal drug-metabolizing enzyme system. Clinical
correlates are occasional slight increases in serum aminotrans-
ferases and more marked increases in γ-glutamyl transferase.
Liver biopsy generally shows hepatocytes with abundant, faintly
eosinophilic, homogeneous or finely granular cytoplasm due 
to hypertrophy of endoplasmic reticulum. Uni- or paucicellular
necrosis may be seen in some cases. These changes are con-
sidered to be adaptive and have no pathological significance.
Replacement of carbamazepine with oxcarbazepine returned
the function of the hepatic cytochrome P450 enzyme system to
normal. Valproate, ethosuximide, diazepam and clonazepam
have no enzyme-inducing properties.

Acute liver damage due to phenytoin [54] and carbamazepine
[55], although uncommon, has been well described. It may 
be hepatocellular, cholestatic or granulomatous, and is fre-
quently associated with signs of hypersensitivity [55]. The 
acute liver lesions induced by valproate strongly resemble 
Reye syndrome, with the presence of microvesicular steatosis.
Hyperammonaemia can be prominent; carnitine, by promoting
the entry of CoA into mitochondria, may assist in the reduction
of ammonia levels [56]. Vigabatrin, lamotrigine and gabapentin
are well-tolerated new antiepileptic drugs. Only the risk–benefit
ratio of felbamate has been compromised recently by fatal liver
disease in a number of patients (see Chapter 14.1).
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Introduction

Bone disease has been recognized as a complication of chronic
liver disease for many decades. The effects of liver disease on
bone are complex and, as yet, the mechanisms responsible
remain only partially defined. Of the two forms of metabolic
bone disease that may occur, namely osteoporosis and osteoma-
lacia, the former is the most common [1]. In view of the high
morbidity and mortality associated with osteoporotic fractures,
maintenance of skeletal health is of key importance in the 
management of patients with chronic liver disease, particularly
in view of the additional adverse skeletal effects of liver 
transplantation.

Osteoporosis

Definition

Osteoporosis is characterized by low bone mass and disruption
of bone architecture, resulting in reduced bone strength and
increased risk of fragility fracture, particularly in the spine, hip
and radius. The increased risk of osteoporosis associated with
chronic liver disease should be considered in the context of 
its high prevalence in the general population; in the United
Kingdom, approximately 250 000 fractures due to osteoporosis
occur annually, with an estimated cost to the health services of
£1.7 billion [2]. The incidence of fragility fractures rises with age,
and women are more commonly affected than men. The estimated
remaining lifetime risk of any fragility fracture in a 50-year-old
Caucasian woman is around 40%; in men of this age, the figure
approaches 13% [3].

Clinical manifestations

The morbidity and mortality resulting from osteoporosis are
solely attributable to fracture. Hip fractures mainly occur in very
elderly people and have a mortality at 6 months of around 20%,
whereas the incidence of Colles’ fractures of the distal radius
starts to increase around the time of the menopause and reaches

a peak at about 65 years of age. Other non-vertebral fractures
commonly associated with osteoporosis include fractures of 
the pelvis and proximal humerus. Vertebral fractures may 
be asymptomatic, and only one-third or so come to medical
attention [4]. Nevertheless, the morbidity of these fractures is
considerable and is characterized by spinal deformity, pain and
disability. A minority of patients present with acute and severe
back pain at the level of the affected vertebra, which often 
radiates around to the front of the chest or abdomen. The 
natural history of the pain is extremely variable, but some
patients continue to suffer severe pain for many years.

Vertebral fractures are the most commonly reported manifes-
tation of osteoporosis in patients with chronic liver disease. This
may reflect predominantly axial, trabecular bone loss or may be
a consequence of the shortened lifespan of these patients, many
of whom die before the ninth and tenth decades of life when hip
fractures are most common. All fragility fractures are associated
with a significantly increased risk of subsequent fracture, regard-
less of bone mineral density, emphasizing the importance of
prompt intervention.

Diagnosis and risk assessment

Measurement of bone mineral density
A number of techniques are available for the assessment of bone
mineral density. The method of choice is dual-energy X-ray
absorptiometry (DXA) because of its low radiation dose, good
precision and application to both central and appendicular
skeleton. DXA generates a bone mineral density expressed in
g/cm2 and hence provides an areal rather than a true volume
density. Measurements are most commonly made in the lumbar
spine and proximal femur; at the former site, the presence of
vertebral deformity artifactually increases bone mineral den-
sity, as may scoliosis, extraskeletal calcification and osteophytes 
and, hence, this measurement becomes less reliable in older
individuals.

The rationale for the use of bone densitometry in clinical
practice is based on the demonstration, in prospective studies, 
of a relation between bone mass and fracture risk. For every
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decrease of 1 standard deviation (SD) in bone density, fracture
risk increases two- to threefold; the strength of this association
compares favourably with that between blood pressure and
stroke or serum lipid profile and coronary heart disease [5]. In
1994, a World Health Organization study group proposed the
following classification of osteoporosis and osteopenia, based on
SD scores related to peak bone mass (T scores) [6]:
• osteopenia: T score between –1 and –2.5;
• osteoporosis: T score below –2.5;
• established osteoporosis: T score below –2.5 with one or more
fragility fractures.

These densitometric criteria apply to measurements of bone
mineral density at the spine or hip, measured by DXA, and 
are based on studies in postmenopausal women. Appropriate
criteria in men are less well established, but similar T-score
thresholds based on female reference data are often used. The
relationship between bone mineral density and fracture risk in
premenopausal women has not been established.

Clinical risk factors
Clinical risk factors that are independent of bone mineral 
density are also useful in risk assessment. These include age, a
history of previous fracture, glucocorticoid therapy, current
smoking, excessive alcohol intake, high bone turnover and low
body mass index [7]. These risk factors can be used in combina-
tion with bone mineral density values to estimate fracture 
probability and hence determine intervention thresholds in
postmenopausal women; however, the validity of this approach
has not been tested in patients with liver disease.

Radiology
Radiological osteopenia is a relatively insensitive index of low
bone mass. However, radiology plays an important part in the
diagnosis of vertebral deformities. In recent years, quantitative
approaches to the assessment of vertebral deformity have been
developed, the most commonly adopted approach being that
described by Genant et al. [8], in which fractures are graded into
mild (grade 1), moderate (grade II) and severe (grade III), 
corresponding to loss of anterior, middle and/or posterior
height of 20–25%, 25–40% and ≥ 40% respectively.

Osteoporosis associated with chronic liver
disease (Table 1)

Bone mineral density
Low bone mineral density values have been reported in associa-
tion with a large variety of liver diseases including primary 
biliary cirrhosis, chronic active hepatitis, sclerosing cholangitis,
alcoholic liver disease, cryptogenic cirrhosis, idiopathic
haemochromatosis, glycogen storage disease and primary 
hepatoma. A wide variation in the percentage of patients with
osteoporosis was reported in earlier studies, from as low as 
9% up to 60%. These reported variations reflect a variety of 
factors, including patient selection, the technique used to assess

Table 1 Pathogenesis of bone loss associated with chronic liver disease.

Vitamin D insufficiency

Calcium malabsorption

Poor nutrition, low body mass index

Hypogonadism

Glucocorticoid therapy

Reduced physical activity

Tobacco use and alcohol abuse

Increased systemic production of proresorptive cytokines, e.g. TNFa, RANKL

Reduced IGF-1 production

IGF-1, insulin-like growth factor-1; RANKL, receptor activator of NFkB

ligand; TNFa, tumour necrosis factor alpha.

bone mineral density and the diagnostic criteria used for 
osteoporosis [9].

Recent larger studies have generally confirmed an increased
prevalence of low bone mineral density values in patients with
established chronic liver disease, in both the spine and the prox-
imal femur. In a recent technical review of over 30 published
studies [10], after exclusion of newly diagnosed cases (which
may underestimate the prevalence of bone disease), the mean
pooled lumbar spine Z score was –0.68, with a T score ≤ −2.5 in
21%. In the hip, the respective figures were –0.44 and 23%. Low
bone mineral density values are seen in all diagnostic categories,
including hepatitis C and alcoholic liver disease, although the
highest prevalence has been observed in women with primary
biliary cirrhosis in some studies. In patients with endstage liver
disease awaiting transplantation, a higher prevalence of osteo-
porosis has been reported in some studies; thus, Ninkovic et al.
[11] demonstrated the presence of osteoporosis at the spine or
femoral neck in 36.6% of 243 such patients and, in the study by
Crosbie et al. [12] in 27 patients awaiting transplantation, the
corresponding figure was 41%.

Prospective studies of bone loss in patients with chronic liver
disease have yielded conflicting results, although the majority
indicate that rates of bone loss are within the normal range [10].
However, the design of many of these studies has been sub-
optimal, and further investigation is warranted.

Fracture
The prevalence of fractures has varied widely in reported studies,
many of which have been small and conducted in selected popu-
lations. In a study of 115 unselected patients with chronic liver
disease, the prevalence rates for both spinal and peripheral frac-
tures were twice those found in an age- and sex-matched control
group, hypogonadal and cirrhotic patients being at greater risk
[13]. In contrast, a recent study showed no increase in fracture
risk in a cohort of 85 women with primary biliary cirrhosis com-
pared with sex- and age-matched control subjects in the general
population [14]. However, the patients in this study had relat-
ively early liver disease, and nearly half had received hormone
replacement therapy. Furthermore, the prevalence of vertebral
fractures is likely to have been significantly underestimated as
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they were ascertained only by a questionnaire. At present, there-
fore, the important question of whether there is a significant
increase in fracture risk associated with chronic liver disease
remains unresolved and is an important area for future research.

Pathophysiology
Present evidence on the cellular pathophysiology of bone loss
associated with chronic liver disease is conflicting, but most 
data indicate that decreased bone formation contributes to bone
loss. The mean wall thickness, a measure of the amount of bone
formed within individual remodelling units, is reduced, and
decreased rates of bone formation at both tissue and cellular 
levels have been demonstrated [15,16]. Further evidence in sup-
port of reduced osteoblastic function is provided by measure-
ments of osteoid seam width and its determinants. In primary
biliary cirrhosis, most studies have reported a reduced or normal
mean osteoid seam width [17–19] which, in conjunction with
the demonstrated prolonged maturation period and normal or
low mineral apposition rate, indicates a reduced rate of matrix
synthesis. Similarly, in chronic active hepatitis, a normal mean
osteoid seam width has been reported together with a prolonged
maturation rate and reduced mineral apposition rate [16]. In
both primary biliary cirrhosis and chronic active hepatitis, 
an increased bone formation period, sigmaf, has been demon-
strated, indicating impaired function of osteoblasts rather than a
reduction in their lifespan [15,16].

Studies in alcoholic liver disease also indicate that osteoblast
dysfunction plays an important part in bone loss [20]. There is
some evidence that ethanol has direct effects on osteoblast func-
tion, indices of bone matrix formation and mineralization being
significantly lower in current drinkers than in abstainers [21].
Low serum osteocalcin has consistently been reported in alco-
holics with and without liver disease.

Whether bone resorption is increased in patients with chronic
liver disease is controversial. A normal or reduced surface extent
of resorption, consistent with low-turnover disease, has been
reported in patients with primary biliary cirrhosis, chronic active
hepatitis and alcoholic liver disease. However, an increased sur-
face extent of resorption cavities in patients with primary biliary
cirrhosis has also been reported; this does not necessarily indi-
cate an increased resorption rate, but might reflect impaired
bone formation at sites of previous resorption, a view supported
by the observation, in two of these studies, that osteoclasts were
sparse. There are relatively few data on biochemical markers 
of turnover in patients with chronic liver disease, although
increased levels of resorption markers have been reported.

In summary, there is evidence from a number of studies that
low bone turnover and remodelling imbalance, due to reduced
bone formation, play an important part in the development 
of osteoporosis in patients with chronic liver disorders.
Nevertheless, in a minority of studies, increased bone turnover
has been demonstrated [22,23]; the apparent disparity between
these and other reports may be explained by factors such as 
the severity and aetiology of the underlying liver disease, 

patient selection and drug therapy. In addition, it is possible 
that periods of increased disease activity and an associated
increase in the systemic production of proresorptive cytokines
may result in episodes of increased bone turnover and resorp-
tion [24].

Pathogenesis (Table 1)
The pathogenesis of osteoporosis associated with liver disease is
multifactorial. Glucocorticoid therapy is likely to be an import-
ant factor in some patients. Secondary hyperparathyroidism
resulting from calcium malabsorption and/or vitamin D
deficiency will also predispose to bone loss, particularly in 
cortical bone. Hypogonadism is an important pathogenetic 
factor in both men and women [13]. In alcoholic liver disease,
factors such as malnutrition and heavy tobacco consumption
may further increase bone loss, and trauma plays an important
part in the increased fracture risk that has been demonstrated in
these patients; in addition, alcohol may have a direct toxic effect
on osteoblasts. Other potential pathogenetic factors include
reduced systemic production of insulin-like growth factor-1
(IGF-1) and increased production of the osteoclastogenic
cytokine, receptor activator of NFκB ligand (RANKL) [25] and,
in viral cirrhosis, of the proresorptive cytokine tumour necrosis
factor alpha (TNFα) [26]. There is also some evidence that
hyperbilirubinaemia may impair the proliferative capacity of
osteoblasts [27].

Management of osteoporosis associated with
chronic liver disease

Risk assessment
At present, the risk factors for osteoporosis in patients with
chronic liver disease have not been well characterized, and there
is no well-established evidence base for recommendations on
bone density testing. In general, however, age, advanced histolo-
gical liver disease, hypogonadism and glucocorticoid therapy
have been associated with increased risk of osteoporosis and
may provide a basis on which to form recommendations 
(Table 2).

In view of the silent nature of many vertebral fractures 
and their prognostic significance, lateral X-rays of the thora-
columbar spine should be performed in patients with a low bone
mineral density (e.g. T score ≤ −2.5), those who are on long-
term glucocorticoid therapy, individuals undergoing assessment

Table 2 Indications for bone densitometry in patients with chronic liver
disease.

Postmenopausal women

Men aged over 65 years

Previous history of fragility fracture

Oral glucocorticoid therapy

Pretransplant assessment

Cirrhosis
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for liver transplantation and patients with significant height 
loss (> 4 cm), kyphosis or back pain suggestive of vertebral 
fracture. Sex hormone status should be ascertained in men by
measurement of serum testosterone and sex hormone-binding
protein; in women, the presence or absence of menstrual periods
is generally an adequate guide to sex hormone status, although
measurement of serum estradiol and gonadotrophin levels may
be useful in some cases. Bone function tests, including serum 
25-hydroxyvitamin D and parathyroid hormone (PTH), should
be performed.

General measures (Table 3)
A number of general measures can be recommended, based on
known risk factors for bone loss. Calcium and vitamin D supple-
mentation should be given if there is evidence of insufficient
dietary calcium intake and/or vitamin D insufficiency. A daily
intake of calcium of around 1 g/day is recommended; the dose 
of vitamin D required to normalize vitamin D status may vary
between patients, but oral vitamin D, in doses between 800 IU
daily and 50 000 IU three times weekly, is generally adequate.
Hypogonadism should be corrected; in women, transdermal
hormone replacement therapy (HRT) has been shown to have
beneficial effects on bone mineral density in postmenopausal
women without significant adverse effects on liver function
[28,29] and should be considered in hypogonadal pre-
menopausal women and perimenopausal women; in older 
postmenopausal women, intervention with alternative pharma-
cological interventions (see below) may be preferable in view 
of the adverse risk/benefit ratio of HRT. In men, few data are
available, but it seems reasonable to advocate transdermal
testosterone replacement in those with clinical evidence of
hypogonadism. In those patients treated with glucocorticoids,
the dose should be reviewed constantly and kept to a minimum.
Physical exercise should be encouraged as appropriate, and
tobacco use and alcohol use discouraged. Attention to nutrition
is important, with avoidance of malnutrition and low body mass
index.

Pharmacological interventions (Table 4)
Although there have been rapid advances in recent years in the
treatment of postmenopausal osteoporosis, few studies have
addressed the problems of treating osteoporosis in patients with
chronic liver disease, and there have been no randomized con-
trolled trials with fracture reduction as the primary outcome.

The use of pharmacological interventions in chronic liver dis-
ease is thus largely based on extrapolation of evidence obtained
in postmenopausal women with osteoporosis and, to a lesser
extent, men with osteoporosis.

Pharmacological agents that have been evaluated in 
postmenopausal osteoporosis include the bisphosphonates
etidronate and alendronate, calcitriol and calcitonin. However,
the studies have been small, and not all have been randomized or
controlled. Based on the known anti-fracture efficacy of alen-
dronate and risedronate at the spine and hip in postmenopausal
women with osteoporosis, it seems reasonable to recommend
these agents in patients with chronic liver disease who have
osteoporosis (10 mg and 5 mg once daily or 70 mg and 35 mg
once weekly respectively); if gastro-oesophageal disease is pre-
sent, intravenous infusions of pamidronate, 60 mg once every 
3 months, should be considered. Although raloxifene [30] and
strontium ranelate [31] have not been evaluated in patients with
chronic liver disease, they are a potential option where bisphos-
phonates are not tolerated. Calcium (1 g daily) and vitamin D
(400–800 IU daily) should be given as adjuncts to treatment.
Patients receiving glucocorticoids should be treated according
to national guidelines [32].

Post-transplantation bone disease (Table 5)

Since the first report of bone disease after liver transplantation,
osteoporosis has emerged as a common and serious complica-
tion of this procedure. Earlier studies revealed rapid rates of
bone loss in the first 3–6 months after transplantation, from
both the spine and the hip, with a tendency to recover in the first
1–2 years postoperatively. Some more recent studies indicate
lower rates of bone loss, probably as a result of the use of lower
doses of prednisolone for shorter periods of time [33].

Estimates of the risk of fracture after liver transplantation
have varied widely, largely as a result of patient selection, 

Table 3 Management of bone health in patients with chronic liver disease:
general measures.

Maintain good nutrition, including adequate calcium intake and vitamin 

D status

Correction of hypogonadism

Use minimum dose of glucocorticoids

Avoid tobacco use and alcohol abuse

Encourage physical exercise

Table 4 Indications for bone protective therapy in patients with chronic
liver disease.

All patients with previous fragility fracture

Patients with osteoporosis (T score ≤ –2.5) (but take age into account when 

making treatment decisions)

Patients with T score ≤ –1.5 undergoing transplantation

Treat patients on oral glucocorticoids according to national guidelines

Table 5 Characteristics of post-transplantation bone disease.

Bone loss is most rapid during the first 3–6 months postoperatively and 

affects both the spine and the proximal femur

Early bone loss is associated with increased bone turnover and resorption

Most studies show recovery of bone mineral density towards baseline values 

after 1–2 years

Fracture incidence is greatest during the first year after transplantation
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differing immunosuppressive regimens and the diagnostic 
criteria used for vertebral fracture. However, many studies have
reported a fracture incidence of around 25–30%, mainly within
the first 6–12 months after transplantation. In other studies,
lower fracture rates have been reported [34], possibly reflecting
the substantial reduction in dose and duration of glucocorticoid
therapy in recent years and a wider recognition of the import-
ance of ensuring good bone health prior to transplantation.

The pathogenesis of bone loss after transplantation is incom-
pletely understood, but the high doses of glucocorticoids used
for immunosuppression are likely to play a major role, and 
other immunosuppressive agents, particularly the calcineurin
inhibitors, also have adverse skeletal effects. Pre-existing bone
disease is another important pathogenetic factor, emphasizing
the importance of optimizing bone health prior to transplan-
tation. Other contributory factors include sex hormone
deficiency, vitamin D insufficiency, secondary hyperparathy-
roidism and immobilization [9,33]. Histomorphometric studies
indicate that the changes responsible for bone loss within the
first few months are mediated by an increase in both bone
turnover and resorption depth [35].

Management of post-transplantation bone disease involves
both optimization of skeletal health prior to transplantation and
prevention of bone loss postoperatively. With respect to the 
latter, a number of pharmacological agents have been evaluated,
but most studies have been suboptimally designed, and there are
none with robust fracture outcome data. Overall, the best results
with respect to prevention of bone loss have been obtained with
3-monthly intravenous pamidronate infusions, although much
of this evidence is derived from patients undergoing other forms
of transplantation (heart, lung and kidney).

In children undergoing liver transplantation, the available
evidence indicates that transplantation has rapid beneficial
effects on bone health, with significant increases in bone mineral
density that can be explained, at least in part, on the basis of
increased growth [36].

Rickets and osteomalacia

Definition and clinical features

Rickets and osteomalacia are conditions characterized by defec-
tive mineralization of bone. Rickets (the condition in children)
commonly leads to difficulty in walking, short stature and 
characteristic skeletal deformities, including frontal bossing,
craniotabes, visible widening of the epiphyses at the wrist and
ankle, bowing of the legs, prominence of the costochrondral
junctions, pigeon chest and spinal kyphosis.

In adults, skeletal deformities are much less common, and the
clinical symptoms and signs are frequently ill defined and non-
specific. Bone pain is the most common symptom, and proximal
muscle weakness occurs in some cases, leading to the character-
istic waddling gait, difficulty in rising from the sitting position,
in walking up and down stairs and in lifting heavy objects from a

height. Skeletal deformities such as protrusio acetabuli, coxa
vara and spinal kyphosis occur occasionally, and pathological
fractures are a late manifestation of the disease.

Diagnosis

The classical biochemical changes that occur in vitamin D
deficiency are hypocalcaemia, hypophosphataemia (provided
renal function is normal) and a raised plasma alkaline 
phosphatase. The serum 25-hydroxyvitamin D level is often
(although not invariably) low, and the serum PTH level is
increased. Specific radiological changes occur relatively early in
rickets and are generally best seen at the wrists. The lower ends of
the radius and ulna become widened, indistinct and cupped,
producing the so-called ‘frothing champagne glass’ appearance.
In contrast, characteristic radiological changes occur at a much
later stage in osteomalacia and, even in advanced disease, are by
no means invariable. There may be reduced radiodensity of
bone, coarsening of the trabecular pattern and loss of corti-
comedullary differentiation in the phalanges. Looser’s zones and
pathological fractures may occur, and phalangeal subperiosteal
resorption due to secondary hyperparathyroidism may also 
be seen.

In the absence of specific clinical, biochemical and radiolo-
gical changes, histological examination of bone may be required
to make a diagnosis. Histologically, osteomalacia is characterized
by defective mineralization that leads to the accumulation of
osteoid (unmineralized bone); the diagnostic histomorphometric
criteria of osteomalacia are increased mean osteoid seam width
together with prolongation of the mineralization lag time.

Prevalence of osteomalacia and rickets

The reported prevalence of osteomalacia in chronic liver disease
varies widely, from zero to nearly 70%. More recent studies,
which have employed strict histomorphometric criteria, have
shown that hepatic osteomalacia is rare and virtually restricted
to parts of the world, such as the United Kingdom, where ultra-
violet irradiation is low and fortification of foods with vitamin D
is uncommon [37]. Moreover, most recent studies indicate that
the prevalence is falling, possibly reflecting the trend towards
earlier diagnosis of liver disease and the resulting change in its
clinical spectrum [18].

Rickets is a relatively common complication of hepatobiliary
disease in infants and young children; in one study, radiolo-
gical evidence of rickets was reported in 59% of 21 infants with
neonatal hepatitis and in two of four with intrahepatic 
cholestasis [38]. As in adults, vitamin D deficiency has a major
pathogenetic role, although its cause differs slightly. Thus, 
malabsorption of dietary vitamin D appears to be the main cause
of vitamin D deficiency in patients with cholestatic disease
(dietary intake being the main source of the vitamin in infants),
whereas in neonatal hepatitis, impaired hepatic production of
25-hydroxyvitamin D may be a contributory factor.
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Pathogenesis of osteomalacia associated with
chronic liver disease

Vitamin D deficiency
Vitamin D deficiency is the major factor responsible for the
development of osteomalacia in chronic liver disease. A number
of studies have demonstrated low serum 25-hydroxyvitamin D
in a high proportion of patients with chronic liver disease, indi-
cating that vitamin D deficiency is common in these individuals
[39,40]. Although one report suggested that hepatic production
of 25-hydroxyvitamin D was impaired in chronic cholestatic
liver disease, most subsequent studies have shown no significant
impairment in 25-hydroxylation, although some has been
reported in patients with alcoholic liver disease.

The cause of vitamin D deficiency associated with chronic
liver disease is multifactorial; reduced exposure to sunlight 
(and hence reduced endogenous synthesis of the vitamin) and
low dietary intake are likely to contribute in many patients.
Malabsorption of vitamin D and 25-hydroxyvitamin D has 
been demonstrated in a number of studies, and treatment with
cholestyramine may further decrease absorption of the vitamin.
Other factors that may contribute include increased urinary
excretion of vitamin D metabolites in patients with cholestasis
and reduced exposure to ultraviolet irradiation and/or low
dietary vitamin D intake. In addition, there is evidence that
endogenous synthesis of vitamin D is impaired in the presence
of jaundice.

Calcium and phosphate malabsorption
Malabsorption of calcium and phosphate has been reported 
in both cholestatic and parenchymatous liver disease, and it
improves after administration of parenteral vitamin D or oral
25-hydroxyvitamin D3, indicating that malabsorption is due, at
least in part, to vitamin D deficiency. Precipitation of calcium
salts by unabsorbed fats within the intestinal lumen may also
contribute to calcium malabsorption.

Prevention and treatment of hepatic
osteomalacia

In all patients with chronic liver disease, a normal vitamin D 
status should be ensured using vitamin D supplements where
appropriate (see above). Established hepatic osteomalacia is
responsive to oral or parenteral vitamin D, calcitriol or alpha-
calcidol. Treatment with parenteral vitamin D or parenteral
1,25-dihydroxyvitamin D3 has been shown to be effective in the
healing of rickets associated with cholestatic disease.
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21.10 The effect of liver disease on
nutritional status and energy
metabolism
Michael R. Charlton

Introduction

The liver is responsible for the metabolism of many hormones
that have discordant effects on protein, carbohydrate and lipid
metabolism, including insulin, the sex hormones, insulin-like
growth factors and glucagon. It would thus be surprising if
chronic and acute liver diseases did not alter nutritional status
and amino acid and energy metabolism.

This chapter will address the following aspects of malnutri-
tion and disordered energy metabolism in liver disease:
1 prevalence and impact;
2 pathophysiology;
3 methods of assessing nutritional status in liver disease;
4 management.

Prevalence

Chronic liver disease is frequently associated with malnutrition,
the severity of which ranges from subclinical micronutrient
deficiencies (e.g. vitamins A, D, E, K and zinc) to frank 
protein–calorie malnutrition (PCM; defined as a wasting condi-
tion resulting from a diet deficient in both calories and protein).
PCM, which can be observed in all clinical stages of chronic liver
disease, is most frequently seen in patients with cirrhosis [1].
The prevalence of PCM has been noted to be as low as 20% 
for patients with compensated alcoholic liver disease in the 
community and as high as 100% in hospitalized patients with
acute alcoholic hepatitis [2]. More recent surveys report the
prevalence of PCM to range from 27% to 87% in patients with
cirrhosis.

Pathophysiology

The pathophysiology of malnutrition in liver disease is complex.
Contributing factors include diminished intake, increased
requirements (e.g. due to ascites formation and maldigestion),
altered substrate utilization (characterized by lowered re-
spiratory quotients) and altered protein and amino acid
metabolism.

Diminished nutrient intake

Of all of the factors contributing to the development of PCM 
in liver disease, inadequate nutritional intake is the easiest to
identify and correct. A particular association of alcoholic liver
disease and inadequate nutritional intake has been clearly estab-
lished [3,4]. The prevalence of inadequate nutrition among
patients with liver disease varies not only with the severity of the
disease, but also with the socioeconomic status of the patient,
with employed alcoholics tending to have lower prevalences 
and less severe nutritional deficiencies, for example [5–7].
Diminished nutrient intake is of particular interest in the con-
text of alcoholic liver disease because, although a cause and 
effect relationship has not been demonstrated, protein–calorie
malnutrition seems to precede the onset of clinically apparent
liver disease [3]. The aggregate results of four detailed analyses
of dietary intake in patients with alcoholic liver disease, includ-
ing 472 patients, are that patients with established alcoholic 
liver disease obtain an average of 48.7% of their calories from
alcohol and only 7.8% from protein [3,8–10]. When more 
than 25% of total calories are derived from alcohol, the caloric
value per gram of alcohol consumed decreases, exacerbating the
actual caloric deficit in patients with alcoholic liver disease.
[5,11].

In addition to the effects of alcohol on nutrient intake, there 
is considerable evidence that the liver plays an important role 
in the regulation of satiety [12–15]. Liver disease of any form 
has the potential to disrupt the hepatic contribution to satiety.
The mechanisms of hepatic control of appetite are thought to
include hepatic vagal afferent monitoring of hepatic glycogen
charge [16]. The reported incidence of anorexia in the setting of
chronic liver disease is high. The reported incidence of anorexia
is ~ 90% in patients with cirrhotic stage disease [17].

One of the most widely disseminated ‘pearls’ regarding nutri-
tion in patients with liver disease of any cause is the need to
restrict protein intake. The restriction of protein intake to less
than 1.0 g/kg/day greatly increases the risk of protein wasting
and negative nitrogen balance in patients with stable cirrhosis [18].
Increased protein requirements amplify the risks of net nitrogen

1836
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loss from protein restriction in patients with complications of
liver disease, such as bacterial peritonitis, variceal haemorrhage
or acute alcoholic hepatitis. Perhaps not surprisingly, the pre-
valence of malnutrition increases during hospitalization. In a
prospective study, patients admitted to hospital for the treat-
ment of alcoholic hepatitis received a mean of 50% of their 
calculated caloric and 57% of their total calculated protein
requirements [19]. While the poor protein intake in hospitalized
patients with liver disease is partly attributable to the inherent
difficulties in feeding patients with encephalopathy or the
malaise associated with acute alcoholic hepatitis, it is also in 
part iatrogenic. The prolonged periods of fasting imposed for
the myriad investigations carried out during hospitalizations
can greatly exacerbate the difficulties in maintaining intake in
patients with liver disease and should be planned to minimize
the time spent fasting. Furthermore, while protein restriction may
have a role in the management of acute hepatic encephalopathy,
there is no need for this practice in the medium- or long-term
management of patients with liver disease. Indeed, medium- or
long-term protein restriction should be avoided in this group 
of patients as there is overwhelming evidence that the incidence
of complications of liver disease increases with malnutrition
[20–25]. In the few patients who are intolerant of adequate 
protein intake in the diet, secondary to chronic hepatic
encephalopathy, consideration should be given to branched-
chain amino acids (BCAA)-enriched formulas, additional 
vegetable protein or casein supplements.

Increased energy requirements

The nutritional requirements of patients with liver disease are
often underestimated because of difficulties in assessing their
energy expenditure and utilization of ingested nutrients. Factors
that can contribute to increased nutritional requirements in 
cirrhosis include maldigestion (secondary to diminished bile
salt synthesis), with consequently impaired micelle formation,
malabsorption, portal enteropathy and increased intestinal out-
put (e.g. due to lactulose and neomycin) [26–28]. Steatorrhoea
has a prevalence of ~ 45% in patients with cirrhosis [29,30]. In
addition to the diminished delivery of bile acids to the intestinal
lumen and the reduced long-chain fatty acid absorption, pan-
creatic exocrine insufficiency is often quoted as a contributing
factor to malabsorption in patients with cirrhosis. This is
unlikely, even in patients with chronic pancreatitis, as it has been
demonstrated that 5% of normal pancreatic exocrine function 
is adequate to prevent steatorrhoea [31]. When blood levels of
alcohol exceed 100 mg/dL, the majority of alcohol metabolism
occurs through microsomal oxidation rather than dehydro-
genation (alcohol dehydrogenase has a Km of 5 mg/dL) [32].
Microsomal metabolism of alcohol involves the oxidation of
nicotinamide-adenine dinucleotide phosphate (NADPH) and is
thus an energy-consuming process. In addition, the acetate gen-
erated during alcohol metabolism requires adenosine triphos-
phate (ATP) for conversion to acetyl coenzyme A, adding to the

net energy expenditure of oxidative alcohol metabolism [33]. 
It has also been reported that alcohol has an inhibitory effect 
on mitochondrial ATP production [34]. In contrast, at lower
concentrations (< 100 mg/dL), alcohol is chiefly metabolized 
by alcohol dehydrogenase, resulting in the net production of
reduced nicotinamide-adenine dinucleotide (NADH). NADH is
utilized by mitochondria for ATP production.

There is some evidence that portal hypertension plays a role in
the pathogenesis of excessive intestinal protein losses [35–37],
including diminished losses following portocaval shunting 
[38], but the data are inconclusive. Alcohol may exacerbate this 
phenomenon, as evidenced by increased intestinal nitrogen
losses in chronic alcoholics with and without liver disease [39].
Alcohol can directly cause malabsorption of nutrients, and 
malabsorption is often exacerbated by secondary thiamine 
and folate deficiency, the absorption of which is inhibited by
alcohol [40].

Other factors contributing to increased nutritional require-
ments in patients with liver disease are the caloric cost of com-
plications of cirrhosis (e.g. spontaneous bacterial peritonitis,
repeated large-volume paracentesis and variceal haemorrhage)
and altered utilization of substrates. The effect of ascites on 
resting energy expenditure was elegantly demonstrated using
indirect calorimetry before and after large-volume paracentesis
[41]. Dolz et al. [41] found that a mean weight reduction of 
16.6 kg was associated with a 9.5% reduction in resting energy
expenditure compared with levels recorded prior to paracentesis
(P < 0.005). The presence of spontaneous bacterial peritonitis
(which was absent in the study by Dolz et al.) would add to the
metabolic cost of ascites.

There is some debate about whether, when assessed by 
indirect calorimetry, the caloric needs of patients with cirrhosis 
in general are increased when compared with control subjects
[42–49]. Perhaps the best information can be gleaned from a
large study [49] in which a heterogeneous group of 123 patients
with varied stages and aetiologies of liver disease (approximately
20% due to alcohol) were evaluated. When expressed per unit of
lean body mass, 18% of patients with cirrhosis had increased
resting energy expenditure, 51% had normal energy expenditure
compared with control subjects, and 31% had resting energy
expenditure that was significantly lower than control subjects.
The degree of increased energy requirements (hypercatabolism),
in those patients who were hypercatabolic, was seen to correlate
with diminished body cell mass but not with the aetiology or
duration of liver disease in this study. Biochemical parameters,
such as bilirubin or albumin, were not predictive of hyper-
catabolism. Increased resting energy expenditure is thus not 
a universal finding in the setting of alcoholic cirrhosis, but is
sufficiently common to require consideration when determin-
ing the nutritional requirements of these patients. Estimations
of the caloric needs of patients with alcoholic liver disease based
on the Harris–Benedict equation are frequently inaccurate,
tending to underestimate the caloric needs by 15–18% com-
pared with measurement using indirect calorimetry [46,50].
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Nutritional assessment of patients with liver disease is
difficult because many of the traditional indices of nutritional
status are altered in liver disease independently of nutritional
status, e.g. serum albumin, prothrombin time and ideal body
weight. Although several adverse outcomes are associated with
one or more indices of malnutrition, no single nutritional
parameter is able to consistently identify patients with cirrhosis
who are likely to experience poor outcome. A multivariate
approach to nutritional assessment is recommended. The sub-
jective global assessment (SGA) of nutritional status, modified
for patients with cirrhosis, is a simple, reproducible and validated
method that includes nutritional history, physical examination
and simple anthropometrics [63]. In addition, because of the
frequency of micronutrient deficiencies in this population,
serum measurements of zinc, vitamins A, D, E and prothrombin
time should also be taken periodically.

Impact of malnutrition and disordered
energy metabolism in liver disease

Among the many other functions of the liver, it is responsible 
for the metabolism of hormones that have discordant effects 
on protein metabolism, such as insulin, the sex hormones and
glucagon. Circulating glucagon levels are one of the primary
determinants of the resting metabolic rate [64,65]. When the
liver fails acutely, it is the loss of hepatic regulation of protein
metabolism that rapidly results in death. The alterations in
amino acid metabolism associated with liver diseases, including
alcoholic liver disease, are characterized by low levels of circul-
ating branched-chain (BCAA: leucine, isoleucine and valine) 
and elevated levels of circulating aromatic amino acids (AAA:
phenylalanine and tyrosine), tryptophan and methionine
[66–68]. It is widely believed that the changes in amino acid
metabolism play a role in the pathogenesis of many of the com-
plications of cirrhosis, such as portosystemic encephalopathy
[69–71].

The presence of malnutrition has been variably associated
with increased short- and long-term mortality in patients with
acute and chronic liver diseases [72,73]. Preoperative malnutri-
tion has also been reported to be associated with increased 
operative blood loss, longer length of stay in the intensive care
unit (ICU), increased mortality and higher total hospital charges
following liver transplantation [74]. Furthermore, malnutrition
is associated with its own morbidity in patients with acute and
chronic liver disease, e.g. cognitive dysfunction and dermatolo-
gical manifestations of zinc deficiency.

In this setting, nutritional therapy, particularly BCAA sup-
plementation, is an attractive concept in the prevention and
treatment of complications.

Management

While there is overwhelming evidence that the incidence of
complications of liver disease increases with malnutrition, the

Altered substrate utilization

Clinically and physiologically, cirrhosis is a condition of acceler-
ated starvation. Several studies have documented a lowered fast-
ing respiratory quotient in patients with liver disease, compared
with healthy control subjects [42,44,48,49,51,53]. Two studies
found no difference [43,54]. The mean respiratory quotient 
calculated from the combined means of all these nine studies,
including 85 patients with alcoholic liver disease, is 0.77 (n = 221)
for patients with cirrhosis vs. 0.85 (n = 105) for healthy control
subjects. Lower respiratory quotients are indicative of increased
utilization of alternative fuel substrates, i.e. protein and fat. Based
on the results of these eight studies, following an overnight fast,
patients with stable cirrhosis derive ~ 75% of their calories 
from fat. In healthy control subjects, the proportion of calories
derived from fat is ~ 35%. This diminished respiratory quotient
is chiefly secondary to increased lipid and attenuated glucose
oxidation [48,55,56]. The mechanism of this increased util-
ization of alternative fuels is unclear, although Petrides et al.
[57] have demonstrated marked insulin resistance in cirrhosis.
Insulin resistance in liver disease is associated with attenuated
hepatic glycogen production [55] and impaired muscle glycogen
synthesis [58,59]. Of note is that this early utilization of fat and
protein can be ameliorated by frequent feeding. A late evening
meal has a positive effect on nitrogen balance in patients with
cirrhosis when compared with an equicaloric diet without a late
evening meal [60].

In addition to the changes in substrate utilization that occur
secondary to cirrhosis in general, alcohol has some specific
effects. Alcohol inhibits glyceraldehyde-3-phosphate dehydro-
genase, by increasing the NADH:NAD+ ratio, resulting in 
depletion of pyruvate and oxaloacetate. As the formation of
phosphoenolpyruvate from pyruvate is the rate-limiting step 
in the gluconeogenesis pathway, alcohol exerts a net inhibitory
effect on glucose production. Inhibition of gluconeogenesis
diminishes the availability of glucose and, thereby, its utilization
as a fuel. While the increased NADH:NAD+ ratio that occurs
during alcohol metabolism should theoretically acutely increase
fatty acid oxidation, the metabolic effects of cirrhosis (including
insulin resistance) result in a net increase in free fatty acid oxida-
tion in patients with alcoholic cirrhosis, as evident from the reduced
respiratory quotient seen in these patients [42,44,48,49,51,53].

Assessment of nutritional status in liver
disease

As discussed, nutritional deficiencies are common among
patients with compensated cirrhosis and nearly ubiquitous in
patients with decompensated liver disease, e.g. patients awaiting
liver transplantation. Although protein–calorie malnutrition is
often the most clinically apparent manifestation of malnutrition
in this population, deficiencies in micronutrients, particularly
vitamins A, D, E and K [61] (by prothrombin time) and zinc
[62], are also highly prevalent.
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demonstrated no benefit [77], two found improved morbidity
but unaltered mortality [78], while the ninth found significant
improvements in both mortality and response of encephalopathy
[79]. There is thus no consensus as to the use of BCAA-enriched
supplements in the treatment of episodic hepatic encephalopathy
[80]. Conversely, these supplements appear to be of clear bene-
fit to patients with cirrhosis who exhibit evidence of hepatic
encephalopathy and who are intolerant of standard protein
sources [81].

For overt hepatic encephalopathy, acute withdrawal of pro-
tein from the diet while precipitating causes of encephalopathy
are sought has been the traditional cornerstone of therapy.
However, a recent randomized, controlled trial indicates no ill-
effects of protein feeding on the recovery from the episode of
encephalopathy [82]. The administration of a disaccharide, such
as lactulose or lactitol, has been repeatedly demonstrated to 
be effective and safe therapy [83], although the quality of the
clinical studies has recently come under criticism [84]. Zinc,
deficiency of which is a near ubiquitous finding in patients with
advanced stages of liver disease, may be supplemented empir-
ically as there is reasonable evidence that supplementation is
associated with improvement in amino acid metabolism and
clinical grade of encephalopathy [85].

Following successful reversal of hepatic encephalopathy,
nitrogen balance-maintaining quantities of standard proteins
should be reintroduced into the diet. In the unusual patient who
is not able to tolerate ≥ 1.0 g/kg/day standard proteins without
becoming encephalopathic, despite optimal pharmacological
therapy, nutritional supplementation with vegetable proteins
and, if necessary, BCAA-enriched formulas should be con-
sidered. Both these agents have been shown to produce clinical
improvement in chronic hepatic encephalopathy while allowing
adequate amounts of protein to be consumed. Medium- and
long-term protein restriction is contraindicated in patients with
cirrhosis.

Fulminant hepatic failure

Fulminant hepatic failure is associated with a one- to fourfold
increase in rates of protein catabolism, with a concomitant loss
of capacity for ammonia removal [86]. In addition, glucose
metabolism is greatly altered, a condition characterized by
diminished insulin sensitivity, high levels of insulin and glucagon
and a tendency to develop hypoglycaemia [87]. Unfortunately,
the ideal method of preventing hypoglycaemia and glucopenic
brain injury has not been established. Certainly, blood glucose
levels require frequent monitoring, and continuous infusions 
of 10–20% dextrose should be initiated following the onset of
hypoglycaemia. Almost every other facet of nutritional therapy
in the setting of fulminant hepatic failure is controversial.
Although BCAA-enriched and medium-chain triglyceride-
supplemented preparations offer theoretical advantages over
standard amino acid and lipid preparations, the relative benefits
of these nutrients in the support of patients with fulminant 

impact of nutritional therapy on outcomes in patients with liver
disease varies with the indication [21,23,24,75].

Cirrhosis-associated protein–calorie
malnutrition/sarcopenia

The multifactorial wasting condition that is so frequently
encountered in patients with Child–Pugh–Turcotte class B and
C cirrhosis predisposes to encephalopathy (skeletal muscle is 
the second largest site of ammonia metabolism) and other com-
plications of liver disease. Fortunately, muscle wasting/negative
nitrogen balance has been shown to be ameliorated by the
administration of 1.0 g/kg/day standard proteins [18]. The 
preferential early utilization of fat and protein that occurs in
patients with cirrhosis can be ameliorated by frequent feeding. A
late evening meal has been shown to have a positive effect on
nitrogen balance in patients with cirrhosis when compared with
an equicaloric diet without a late evening meal [60].

Alcoholic hepatitis

The particularly high prevalence of malnutrition among patients
with alcoholic liver disease and the association of negative nitro-
gen balance with subsequent mortality has led to a relatively
large number of clinical trials of nutritional therapies in this
group. Despite initial promise, the aggregate of the evidence sug-
gests that parenterally and/or enterally administered hyperali-
mentation (with or without BCAA-enriched preparations) does
not confer a medium- or long-term survival benefit to patients
with acute alcoholic hepatitis [76]. It is important to note, how-
ever, that patients with alcoholic hepatitis who do not achieve a
positive nitrogen balance have very poor survival rates, although
cause and effect have not been demonstrated. Administration of
a nitrogen balance-maintaining diet, using standard amino acid
mixtures/food preparations, with concomitant replacement of
potassium, phosphate, magnesium and thiamine should be con-
sidered in patients hospitalized with alcoholic liver disease.

Hepatic encephalopathy

Even subclinical hepatic encephalopathy, present in ~ 75% of
patients with cirrhosis, can attenuate quality of life and should
be treated. Lactulose administration and replacement of zinc,
when deficient, are almost always sufficient therapy. Protein
restriction is rarely necessary in the short term and never in the
medium or long term.

BCAA-enriched, aromatic amino acid-deficient nutritional
supplements are the most extensively studied and utilized nutri-
tional therapies in patients with liver disease, usually for the
treatment of portosystemic encephalopathy. This is based on 
the theory that higher levels of aromatic amino acids generate
false neurotransmitters, promoting encephalopathy. Of the 
nine published randomized, controlled trials of BCAA-enriched
formulas in the therapy of hepatic encephalopathy, six 
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hepatic failure have not been formally studied in a randomized
controlled fashion. Intuitively, patients with fulminant hepatic
failure who require prolonged hospitalization seem to merit
nutritional support and are usually given it. Such support is,
however, based on empiricism in terms of composition and route.

Liver resection

Fan and co-workers, in a large randomized, controlled study,
demonstrated that patients undergoing resection of hepatocel-
lular carcinoma, who received 14 days of perioperative intra-
venous nutritional support in addition to their oral diet,
experienced lower overall postoperative morbidity rate when
compared with a control group (34% vs. 55%; relative risk 0.66),
predominantly because of fewer septic complications [36].
There was also a reduction in the requirement for diuretic agents
to control ascites, less weight loss after hepatectomy and less
deterioration of liver function among patients receiving periop-
erative nutrition support. These benefits were seen predomi-
nantly in the patients with underlying cirrhosis who underwent
major hepatectomy. Based on these results, perioperative nutri-
tion support should be considered in patients undergoing liver
resection for hepatocellular carcinoma associated with cirrhosis.

Management guidelines

1 Nutritional deficiencies are common among patients with
liver disease, who require specific assessment of nutritional 
status on initial evaluation and then periodically as indicated.
Based on the findings of the nutritional evaluation, a care plan
should be formulated and its implementation and efficacy 
monitored.
2 Nutritional assessment should include screening for
micronutrient deficiencies. Minimal screening for micronutri-
ent deficiencies should include vitamins A, D, E and K (by 
prothrombin time) and zinc.
3 Patients with cirrhosis should divide their caloric intake into
four to six meals/day, including a late evening snack.
4 Protein restriction should be implemented only transiently
for the acute management of overt hepatic encephalopathy.
5 The only definitive indication for BCAA-enriched formulas is
in chronic encephalopathy unresponsive to pharmacotherapy.
6 Perioperative nutritional support should be considered in
patients undergoing liver resection for hepatocellular carcinoma
associated with cirrhosis.
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22.1 Paediatric liver diseases
Marianne Samyn and Giorgina Mieli-Vergani

Liver and biliary disease in infancy

Liver disease in infancy is a relatively rare but serious cause 
of morbidity and mortality. As jaundice is a common finding in
the neonatal period, the immediate priority is to differentiate
between unconjugated hyperbilirubinaemia, which is generally
a benign developmental phenomenon, and conjugated hyper-
bilirubinaemia (conjugated fraction > 20%), which is always
pathological.

However, a persistently elevated unconjugated bilirubin, 
not explained by haemolysis or other neonatological problems,
could suggest the possibility of liver-based inherited disorders 
of bilirubin metabolism such as Gilbert syndrome or Crigler–
Najjar disease. Crigler–Najjar disease type 1 results from a com-
plete deficiency of uridine diphosphate glucuronyl transferase
(UDPGT) activity, while type 2 is caused by a partial deficiency.
Both types are inherited in an autosomal recessive fashion, and
the diagnosis can be confirmed by mutation analysis, assessing
bilirubin conjugates in the bile or measuring UDPGT activity in
the liver tissue. Treatment with phenobarbital (5 mg/kg/day)
can decrease the bilirubin levels by at least 30% in type 2 disease.
In type 1, exchange transfusion and phototherapy are required
to minimize the risks of kernicterus and neurological damage.
Continuous phototherapy of sufficient intensity to keep serum
bilirubin below 340 µmol/L (20 mg/dL) is mandatory. As the
child grows older, phototherapy becomes less effective, and 
full or auxiliary liver transplantation or the recently described
hepatocyte transplantation should be considered as therapeutic
options.

Conjugated hyperbilirubinaemia, suggested by yellow urine
and stools that are not yellow or green in an infant of any age, is
pathognomonic of liver parenchyma or bile duct disease and
warrants prompt investigation, as some of its causes require
urgent treatment and/or genetic counselling.

Infantile cholestasis/neonatal hepatitis
syndrome

The terms hepatitis syndrome of infancy or neonatal hepatitis

syndrome were initially used to describe a group of disorders
causing clinical and biochemical liver dysfunction, of which 
the most distinct was conjugated hyperbilirubinaemia. The 
term hepatitis was chosen because of the frequent presence of
inflammatory changes on liver biopsy; however, the cause is 
only occasionally infective (Table 1). ‘Infantile or neonatal
cholestasis’ is probably a better name to describe this entity and
will be used throughout this chapter. The reported incidence 
of neonatal cholestasis is approximately 1:2500 live births [1],
the most common causes being, in order of frequency, biliary
atresia, idiopathic infantile cholestasis and alpha-1-antitrypsin
deficiency [2].

Bile production is dependent on the active transport of bile
acids and other osmotic compounds into the bile canaliculus
and, subsequently, on a passive process of movement of water
into the canaliculus. Active transporters at both the hepatic
basolateral membrane and the canalicular membrane play an
important role in this process. Genetic defects in these trans-
porters are recognized and identify a range of familial intrahep-
atic cholestatic diseases (see below). In liver disease and sepsis,
the expression of the transporters helps to protect the hepato-
cyte from the cytotoxic effect of the bile acids. In the fetus and
newborn, both immature bile acid synthesis and bile acid trans-
port result in decreased bile flow. Cholestasis leads to bile acid
and conjugated bilirubin retention, apparent as jaundice, hyper-
cholesterolaemia and pruritus, and to decreased bile excretion
into the intestine resulting in malabsorption of dietary long-
chain fat and fat-soluble vitamins.

Clinical presentation
The majority of babies with infantile cholestasis present with
prolonged jaundice, dark urine and pale stools within the first 
4 weeks of life, but may occasionally present as late as 4 months
of age. The second most common presentation is spontaneous
bleeding, usually secondary to vitamin K deficiency associated
with fat malabsorption, which may also cause failure to thrive
and rickets. Less commonly, babies present with hypoglycaemia
or hypoalbuminaemia. Review of the perinatal records, pregnancy,
family and past medical histories is helpful in determining the
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possible role of intrauterine infections, exposure to toxins, 
drugs or prolonged intravenous nutrition, familial, genetic or
metabolic conditions or consanguinity.

On clinical examination, hepatomegaly and splenomegaly 
are common. Facial dysmorphic features or other stigmata 
of syndromic disorders, evidence of congenital heart disease,
manifestations of intrauterine infections or cutaneous haeman-
giomata are of diagnostic value.

Management
Urgent investigations are necessary to identify disorders for
which there is a specific treatment and to prevent complications
(Table 2).

Standard tests of liver function are seldom helpful in the 
differential diagnosis.

Infective, metabolic and endocrine causes must be excluded
urgently, as the prognosis may be radically modified by early
treatment. Galactose and fructose must be excluded from the
diet until enzymatic studies have excluded galactosaemia and
fructosaemia. If the baby has received a blood transfusion, the

parents need to be tested for heterozygosity for galactosaemia,
because the enzymatic defect is detected in red blood cells.

Fat-soluble vitamins (A, D, E and K) must be prescribed to
avoid deficiencies and their complications. They can be given
orally but, in persisting cholestasis, intramuscular supplements
should be given on a monthly basis. The nutritional manage-
ment of infantile cholestasis requires a high-calorie diet contain-
ing 120–150% of the estimated average daily requirement with
an increased percentage of fat as medium-chain triglycerides
(MCTs). As mentioned above, a lactose-free formula should be
used until the diagnosis of galactosaemia is excluded.

The second priority is to identify infants requiring surgical
correction of bile duct pathologies such as biliary atresia, chole-
dochal cyst or spontaneous perforation of the bile ducts.
Observation of the stool colour is a helpful diagnostic tool, as
white or brown, but not green or yellow, stools suggest bile 
duct obstruction. Other investigations include imaging of the
liver and bile ducts by ultrasound scan and liver biopsy, 
which should both be interpreted by experienced observers. In
selected cases, when doubts persist about bile duct pathology,

Table 1 Causes of infantile cholestasis. 

Infections
Viral
Rubella

Cytomegalovirus

Herpes simplex virus

Human herpes virus-6 

Varicella zoster

Hepatitis A, B, C

Non-A–C hepatitis

Echo, Adeno, Coxsackie viruses

HIV

Rheovirus type 3

Epstein–Barr virus

Parvovirus B19

Bacterial
Syphilis

Listeria

Malaria

Tuberculosis

Parasitic Toxoplasma

Endocrine
Hypopituitarism

Diabetes insipidus

Hypoadrenalism

Hypothyroidism

Hypoparathyroidism

Chromosomal disorders
Trisomy 18, 21

Toxic 
Copper

Parenteral nutrition

Bile duct abnormalities
Biliary atresia

Choledochal cyst

Spontaneous perforation of bile ducts

Gallstones

Inspissated bile syndrome

Neonatal sclerosing cholangitis

Caroli syndrome and disease

Non-syndromic bile duct paucity

Metabolic
Alagille syndrome

Alpha-1-antitrypsin deficiency

Galactosaemia

Tyrosinaemia

Fructosaemia

Progressive familial intrahepatic cholestasis

Cystic fibrosis

Niemann–Pick type A, type C

Gaucher disease

Wolman disease

Zellweger syndrome

Carbohydrate glycoprotein deficiency

Neonatal haemochromatosis

Primary disorders of bile acid synthesis

Mitochondrial cytopathy

Miscellaneous
Haemophagocytic lymphohistiocytosis

ARC syndrome (arthrogryposis, renal tubular dysfunction and cholestasis)

Neoplasia
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magnetic resonance cholangiography (MRC), endoscopic 
retrograde cholangiography (ERC) or percutaneous cholan-
giography (PTC) can be performed in specialized centres.
Radionuclide scans are only valuable in the presence of excre-
tion of radioisotope in the gut, which excludes complete bile
duct obstruction, but do not help in differentiating between
parenchymal or bile duct disease when no bowel excretion is
observed. Phenobarbital (5 mg/kg/day) should be started 48 h
prior to the test to optimize biliary excretion.

Third-line investigations include blood tests aimed at identi-
fying rare metabolic disorders suspected on the basis of specific
clinical findings or because no other aetiology is recognized,
such as white cell enzymology and/or bone marrow aspirate for
metabolic disorders, transferrin electrophoresis for congenital
defects of glycosylation, skin and muscle biopsy for mitochon-
drial respiratory chain defects, etc.

Biliary atresia and other bile duct disorders

Biliary atresia (BA)
BA is the end result of a destructive, idiopathic, inflammatory
process affecting both intra- and extrahepatic bile ducts, leading
to fibrosis and obliteration of the biliary tract and, eventually,
biliary cirrhosis. It is the most common surgically correctable
liver disorder in infancy and affects 1/8000–15 000 live births
worldwide [3]; it is also the most frequent cause of liver trans-
plantation in children. Two forms of BA are described: (i) a
more common peri- or postnatal form, possibly a virus-induced
or virus-initiated progressive inflammatory/obliterative process
of the bile ducts; and (ii) a less common fetal or embryonic form,
with a high frequency of associated malformations, such as 
BA splenic malformation syndrome (BASM), characterized by
cardiovascular defects, polysplenia or asplenia, abdominal situs
inversus, intestinal malrotation and positional abnormalities of
the portal vein and hepatic artery [4]. The cause of BA, however,
remains unknown.

BA is a progressive disorder and, in some cases, the stools are
pigmented during the first week of life to become acholic later.
This fact not uncommonly leads inexperienced health profes-
sionals to reassure parents that complete bile duct obstruction is
unlikely. All infants with pale or acholic stools, at whatever age,
should be promptly referred to specialized centres because early
surgical treatment of BA is essential for a good outcome.

Biochemical findings are usually not helpful. An ultrasound
scan revealing an absent or abnormal gallbladder with an irregu-
lar wall [5] or, in older infants, the triangular cord sign [6] are
suggestive of BA. However, a normal gallbladder or absence 
of the triangular cord sign do not exclude BA. Histological
examination of the liver by an experienced histopathologist
leads to the correct diagnosis of BA in up to 90% of cases. Typical
histological findings are oedematous portal tracts with bile duct
proliferation and bile plugs but, in very young babies, these 
features can be much less obvious than in infants older than 
8 weeks. Alpha-1-antitrypsin deficiency can occasionally mimic
BA and therefore needs to be excluded before a firm diagnosis 
of BA is made. If the liver biopsy is ambiguous but the stools
remain acholic, further investigations such as MRC or ERC
might be indicated to assess the patency of the biliary system. 
If they are not informative, an explorative laparotomy with
intraoperative cholangiography is required. Radionuclide scans
are only useful if isotope is demonstrated in the gut, thereby
excluding BA and avoiding laparotomy.

After the diagnosis of BA is confirmed, surgical treatment
consists of a Kasai portoenterostomy, in which the fibrous tissue
at the porta hepatitis, replacing the atretic biliary structures, is
transected and a Roux-en-Y loop of jejunum is anastomosed to
the liver. The success of the operation is judged by the appear-
ance of pigment in the stools and clearance of jaundice. A recent
report on the management of BA in England and Wales shows
that the surgical outcome is improved by centralization of care
in specialized paediatric hepatology centres with expertise in

Table 2 Investigations for infantile cholestasis.

Urgent investigations
Bacterial culture of blood and urine
Urine microscopy and analysis for reducing substances
Prothrombin time/INR
Full blood count and reticulocyte count
Blood sugar, urea and creatinine
Serum electrolytes
Blood group and cross-match 

Standard investigations
Liver function tests including split bilirubin and gamma-glutamyltransferase
TORCH screen, HIV, hepatitis A, hepatitis C, hepatitis B 
Alpha-1-antitrypsin phenotype/genotype
T4, TSH, cortisol (for endocrinological problems)
Lactate, pyruvate, ammonia
Galactose-1-phosphate uridyl transferase (red blood cells)
Immunoreactive trypsin/sweat electrolytes (for cystic fibrosis)
Amino acids (serum and urine)
Succinyl acetone, organic acids (urine) (for tyrosinaemia)
Bile acids mass spectrometry (urine) (for bile acid synthesis disorders)
Direct Coombs’ test (if appropriate)
Ferritin
Cholesterol, triglycerides 

Specialized investigations (tertiary centre)
Ultrasound scan of liver
Chest X-ray/echocardiogram 
Liver biopsy
Cholangiography (selected cases) (magnetic resonance, endoscopic,

percutaneous)
Radionuclide hepatobiliary scanning following phenobarbital (limited value) 

Second-line investigations (tertiary centre)
Blood tests for rare metabolic disorders (white cell enzymology, transferrin

electrophoresis, etc.)
Bone marrow aspirate for storage disorders
Skin biopsy for fibroblast culture and enzyme analysis
Muscle biopsy (mitochondrial respiratory chain defect)

INR, international normalized ratio; TSH, thyroid-stimulating hormone; 
T4, thyroxine.
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both Kasai portoenterostomy and paediatric liver transplanta-
tion [7]. The overall 4-year survival of 148 children with BA
treated between 1999 and 2002 in the UK was 89%, and the 4-
year survival with native liver was 51% [8]. The most common
postoperative complication is cholangitis, characterized by fever,
recurrence or aggravation of jaundice and features of sepsis.
Often, however, the only symptom is fever, which should be
treated promptly with broad-spectrum antibiotics, after per-
forming blood cultures, to prevent progressive liver damage.
The incidence of cholangitis is about 30–40% at 5 years, the
majority of children having one single episode [9]. Portal hyper-
tension is present in the majority of patients already at the time
of initial surgery, but only approximately 15% will develop
upper gastrointestinal bleeding secondary to varices in child-
hood. These can usually be managed with banding or sclero-
therapy. Pulmonary arteriovenous shunting and cyanosis, 
also known as hepatopulmonary syndrome, is reported in 
BA, particularly when associated with BASM. Eleven per cent of 
BA children have normal laboratory values and no evidence of
chronic liver disease 10 or more years after Kasai portoenteros-
tomy [10]. For children with an unsuccessful Kasai portoen-
terostomy, or who develop progressive liver disease despite
successful surgery, liver transplantation is the only therapeutic
option.

Choledochal cysts
Choledochal cysts are congenital anomalies of the biliary tract
characterized by cystic dilatations of one or more segments of
the biliary tree. The most common is a fusiform dilatation of 
the common bile duct. Choledochal cysts are associated with
intermittent biliary obstruction. In the newborn period, presen-
tation can be indistinguishable from BA. Prenatal diagnosis 
of choledochal cyst warrants referral to a specialized paediatric
hepatology centre, as it could be related to BA [11]. Choledochal
cysts should be suspected in any sudden onset of cholestasis 
or cholangitis. Abdominal examination may reveal a mass.
Ultrasound scan is usually diagnostic, but often further detailed
imaging of the biliary tree is indicated (MRC, PTC, ERC) for 
a better anatomical delineation of the cyst before surgery.
Treatment is complete surgical removal of the cyst, whenever
possible, and hepaticojejunostomy to re-establish biliary drain-
age. With complete removal of the cyst, long-term prognosis is
excellent. If the cyst cannot be completely removed, cholan-
giocarcinoma can develop in the residual cystic tissue.

Spontaneous perforation of the bile duct
This rare condition usually occurs before 3 months of age. It 
presents with mild jaundice, acholic stools, failure to thrive and
abdominal distension due to ascites and, in males, bile-stained
inguinal herniae. The perforation is usually located at the junc-
tion between the cystic and the common bile duct, suggesting a
developmental weakness at this site. Paracentesis confirms the
presence of bile-stained ascites, and final diagnosis is made 
during operative cholangiography. Drainage with suture closure

of the perforation can be sufficient but, at times, a cholecysto-
jejunostomy via a Roux-en-Y loop is necessary. Prognosis is
excellent.

Neonatal sclerosing cholangitis
Neonatal sclerosing cholangitis was first described in 1987 and
later confirmed by others [12]. It presents with jaundice and
acholic stools, in contrast to other forms of sclerosing cholangitis
in childhood. The pathogenesis is unknown, but an autosomal
recessive pattern of inheritance is reported, suggesting an under-
lying metabolic abnormality. Diagnosis should be made by
cholangiography, demonstrating irregularity of both intra- and
extrahepatic bile ducts, as liver histology findings are indistin-
guishable from those of BA. The disease is usually progressive
and leads to biliary cirrhosis. Ursodeoxycholic acid (UDCA) has
been used with variable results. The prognosis is poor, particu-
larly if jaundice persists. In one series, 47% of the children died
and/or required liver transplantation [13].

Inspissated bile syndrome
Bile duct obstruction due to stones or inspissated bile in the bil-
iary tree outside the gallbladder and accompanied by proximal
bile duct dilatation can be seen in children with multifactorial
cholestasis, but sometimes also in otherwise well children.
Haemolytic disorders should be excluded. Diagnosis is made by
ultrasound scan. Initial treatment is with UDCA. If the symp-
toms persist, percutaneous or surgical flushing of the biliary 
system is indicated.

Alagille syndrome

In 1969, Alagille and colleagues described a syndrome of idio-
pathic bile duct paucity associated with cardiovascular, skeletal
and ocular anomalies [14]. Alagille syndrome (‘syndromic
paucity of intrahepatic bile ducts’, ‘arteriohepatic dysplasia’) has
an estimated incidence of 1/100 000 live births and is inherited
in an autosomal dominant fashion with variable expression.
Mutations in the human JAG1 gene on chromosome 20p12 
are associated with the syndrome. However, mutations are also
found in asymptomatic individuals and other liver conditions,
including BA [15]. Approximately 50% of Alagille syndrome
cases have new mutations, a great heterogeneity exists within
families of affected children, and Alagille syndrome has also
been described without associated JAG1 gene mutations.

Five major clinical features characterize the syndrome: (i)
chronic cholestasis, causing jaundice, pruritus, hypercholestero-
laemia and xanthoma; (ii) facial features with deep-set eyes,
small pointed chin, mild hypertelorism, overhanging forehead
and a straight nose, which is on the same plane as the forehead in
profile; (iii) vertebral arch defects on spinal radiographs; (iv)
cardiac abnormalities, most commonly peripheral pulmonary
artery stenosis; and (v) ocular abnormalities such as posterior
embryotoxon. Other common features are renal abnormalities,
growth retardation, developmental delay and pancreatic
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insufficiency. Facial features may be difficult to recognize during
the neonatal period.

Management consists of vitamin supplements, nutritional
support and control of pruritus. Long-term prognosis is uncer-
tain. Liver transplantation can be an option in cases of ongoing
severe cholestasis and pruritus, but careful assessment of the 
cardiac status is required before surgery can be considered.

Progressive familial intrahepatic cholestasis
(PFIC)

Severe forms of intrahepatic cholestasis with progressive hepa-
tocellular damage occur sporadically or on a familial basis. The
first of these disorders to be described was in the descendants of
an Amish American, Jacob Byler, and was called Byler disease
[16]. Since then, other autosomal recessive conditions due to
genetic defects leading to abnormal bile or bile transport have
been recognized.

PFIC-1 (Byler disease) and PFIC-2 (BSEP deficiency)
PFIC-1 and PIFC-2 are characterized by low gamma-glutamyl-
transferase (GGT) plasma levels. PFIC-1 is caused by mutations
in the FIC1 gene, mapped on chromosome 18, which is also
involved in benign recurrent intrahepatic cholestasis [17]. The
FIC1 protein is widely expressed, its expression being high in the
small intestine and pancreas and low on the hepatocyte canal-
icular membranes. Infants with PFIC-1 present within the first 
6 months of life with cholestasis of variable severity and at times
episodic. Other characteristics are diarrhoea, fat-soluble vitamin
deficiency and recurrent pancreatitis. Pruritus is a dominant
feature after infancy.

Bile salt export pump (BSEP) deficiency (PFIC-2) is caused 
by mutations in the ABCB11 gene, mapped on chromosome 2
[18]. BSEP is a canalicular bile acid transporter only expressed 
in the liver. Most children present during the first few months of
life with an isolated mild neonatal hepatitis. Pruritus is also a
characteristic feature.

At least in PFIC-2 disease, failure of bile acid excretion 
at the canalicular level is the reason for low serum GGT levels
and normal cholesterol levels. Hepatocellular and canalicular
cholestasis with pseudoacinar transformation are the most 
common histological findings. Giant cells are prominent dur-
ing infancy. Bile duct damage is progressive and leads to duct
paucity and eventually loss in older patients. Inflammation is
usually more severe in PFIC-2. Electron microscopy reveals
canalicular bile with a characteristic granular appearance in
PFIC-1 and more amorphous bile in BSEP deficiency.

PFIC-1 and -2 are usually progressive diseases. Management
consists of supportive medical treatment for the complications
of cholestasis, i.e. fat-soluble vitamin deficiency and pruritus.
UDCA might have a beneficial effect by increasing the hepato-
cyte excretion of endogenous bile acids and inhibiting their
intestinal reabsorption, thereby limiting their return to the liver
[19]. Surgical partial external biliary diversion or ileal exclusion

have been reported to arrest disease progression and to relieve
pruritus, but the results are not consistent [20]. Liver transplan-
tation is indicated in patients with decompensated cirrhosis or
failed diversion and severe pruritus. Although the survival rate is
excellent after transplantation, symptoms of failure to thrive,
pancreatitis and chronic diarrhoea usually persist in PFIC-1.

PFIC-3 (MDR3 deficiency)
A third type of PFIC, characterized, in contrast to type 1 and 2,
by high serum GGT levels, is associated with multidrug resist-
ance gene 3 (MDR3) deficiency due to mutations in the ABCB4
gene [21]. MDR3 is a canalicular phospholipid transporter. Its
deficiency leads to the production of highly detergent bile, which
causes portal inflammation, bile duct proliferation and fibrosis.
Clinical presentation is variable and may be delayed until adult
life. Not uncommon is a history of maternal cholestasis during
pregnancy. UDCA is reportedly of some benefit, particularly in
patients with residual protein function. If required for endstage
disease, liver transplantation completely corrects the phenotype.
Experimental data from a murine model suggest that the disease
can be ameliorated by isolated hepatocyte transplantation [22].

Bile acid synthesis disorders

Bile acids are synthesized in the liver from neutral steroids
through a complex series of chemical reactions catalysed by sev-
eral hepatic enzymes. Cholic and chenodeoxycholic acids are the
two primary bile acids in humans and most animal species and
are synthesized from cholesterol. Defects in bile acid synthesis
are rare, the most commonly reported being 3β-hydroxy-∆5-
C27-steroid dehydrogenase/isomerase deficiency, ∆4-3-oxos-
teroid 5β-reductase deficiency and 24,25-dihydroxycholanoic
cleavage enzyme deficiency. These defects have a significant
effect on hepatic and gastrointestinal function, as they lead to an
overproduction of hepatotoxic atypical bile acids proximal to
the deficient enzyme and to a lack of primary bile acid produc-
tion, essential for normal bile flow. Clinical presentation is 
with cholestasis, fat-soluble vitamin deficiency and abnormal
liver function tests, but normal or low GGT. Liver histology is
non-specific, revealing a neonatal hepatitis with inflammation.
Diagnosis is made by mass spectroscopy of bile acids in the
urine. Management consists of cholic acid administration and, if
the treatment is started before the development of cirrhosis, the
prognosis is excellent.

Multifactorial cholestasis in premature infants
[23]

Compared with older infants, very-low-birthweight neonates
have a higher risk of developing cholestasis because of more 
pronounced immaturity of bile metabolism. Additional fac-
tors are a diminished immune response to sepsis, an increased 
incidence of necrotizing enterocolitis and consequent short
bowel syndrome with bacterial overgrowth, the use of parenteral
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nutrition, drug toxicity and hypoxia. Often, a liver biopsy is 
not possible because of the small weight and serious clinical 
condition of the child; therefore, initial investigations should
concentrate on excluding metabolic disorders and other factors
contributing to cholestasis. Although BA needs to be suspected,
it is a less common cause of infant cholestasis in premature
babies. Blood tests, urine and ultrasound scan are the first line of
investigation (Table 2). UDCA is usually given until the jaundice
has resolved (dose 20–30 mg/kg/day in two or three divided
doses). If possible, parenteral nutrition should be decreased or
stopped and enteral feeding started, as it promotes enterohep-
atic circulation of bile acids and a better control of intestinal 
bacterial overgrowth. A lactose-free formula is recommended
until galactosaemia is excluded; MCT-based formulas should 
be prescribed in the presence of marked cholestasis.
Cholecystokinin has been used to promote gallbladder con-
traction, resulting in decreased serum bilirubin levels. Fat- and
water-soluble vitamin supplements should be prescribed. In the
presence of persistent cholestasis and acholic stools, further
investigations are required, as described above.

Idiopathic infantile cholestasis

In 25–30% of cases, no specific aetiology for infantile cholestasis
can be identified. Abnormal pregnancy, prematurity, intrauter-
ine growth retardation and other abnormalities have been asso-
ciated with idiopathic infantile cholestasis. Liver disease can be
severe, but long-term hepatic problems seem to occur in less
than 10%. Findings on liver histology are often non-specific
with portal and lobular inflammation, giant cell transformation
of hepatocytes and variable degrees of cholestasis. Treatment is
supportive with fat- and water-soluble vitamin supplements,
UDCA and MCT-based milk formula. Adverse prognostic 
factors include consanguinity, positive family history of liver
disease in childhood, firm hepatomegaly, acholic stools and 
biliary features on liver biopsy.

Alpha-1-antitrypsin deficiency (A1ATD)

A1ATD is the most common inherited cause of infantile liver
disease. A1AT is a glycoprotein that acts as a protease inhibitor,
thereby inhibiting inflammatory processes. It is synthesized by
hepatocytes and alveolar macrophages.

More than 90 alleles, controlled by the protease inhibitor 
(Pi) gene on chromosome 14q31–32.2, have been isolated 
and identified, the most common being PiM. Inheritance is
autosomal codominant. A1ATD, a single gene defect leading to
significantly reduced or absent serum A1AT levels, is associated
with the PiZZ, PiNulNul and PiZNul variants. The prevalence 
of the PiZ allele in the European population is between 0.5% 
and 2%. PiZZ A1ATD causes chronic liver disease in 10–20% 
of affected children. The cause of liver disease is unknown, and
genetic, environmental and physical factors are likely to be
involved. A major pathogenic mechanism in PiZZ individuals 

is believed to be aberrant ‘loop-sheet’ polymerization of the
mutant A1AT protein, leading to its abnormal folding and
inefficient export from the hepatocyte rough endoplasmic 
reticulum.

Clinical features of A1ATD are variable, some patients being
asymptomatic, some 20% developing liver disease of variable
severity and some 60% developing emphysema during adult-
hood. A1ATD should be suspected in all cases of infantile
cholestasis and in unexplained liver disease in childhood. More
than 50% of children with the PiZZ phenotype have abnormal
liver function tests, but only 10–15% develop overt liver disease,
most commonly during the first 4 months of life. Clinical pre-
sentation can mimic BA, although children with A1ATD are
more likely to fail to thrive. In about 10%, serious bleeding
diathesis is the presenting symptom. One to two per cent of PiZZ
patients present with cirrhosis in childhood or adult life, with-
out a history of infantile liver disease.

Diagnosis is made by determining the A1AT phenotype by
isoelectric focusing or agarose electrophoresis. A1AT plasma
levels can be misleading as A1AT is an acute-phase reactant, 
and its levels may be within the normal range during the early
hepatitic stage of the disease. Biliary features may be prominent
on histology and similar to those seen in BA. The distinctive
periodic acid–Schiff (PAS)-positive, diastase-resistant A1AT
globules in periportal hepatocytes are only detectable after 12
weeks of life. A diagnosis of A1ATD should be excluded by
determining the phenotype in all children with suspected BA
before surgical intervention.

There is no specific treatment for A1ATD. Supportive man-
agement with fat- and water-soluble vitamin supplements and
dietary management are indicated. If decompensation occurs,
liver transplantation is the only therapeutic option, A1ATD
being the most common indication for liver transplant among
metabolic disorders. The prognosis of liver disease in PiZZ
A1ATD is related to the presence of fibrosis and the severity and
duration of the acute hepatitis in infancy. Of the 10–15% PiZZ
infants who develop overt liver disease, 5% have rapid decom-
pensation and require liver transplantation in the first 4 years 
of life, while the hepatitis settles in 95%. Among the latter, 
25% have no further evidence of liver disease, and 25% develop
cirrhosis, requiring liver transplantation before the second
decade of life. The remainder continue to have biochemical or
clinical evidence of liver disease, which may decompensate later
[24]. Antenatal diagnosis is available, but genetic counselling is
difficult because of the varying severity of the clinical phenotype
and the difficulties in predicting the outcome.

Liver disease in childhood

Viral hepatitis – acute and chronic

Acute viral hepatitis can be caused by several hepatotropic
viruses, including hepatitis A (HAV), hepatitis B (HBV), hepati-
tis C (HCV), hepatitis D (HDV) and hepatitis E (HEV), as well
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as non-hepatotropic viruses such as Epstein–Barr virus (EBV),
cytomegalovirus, herpes simplex virus (HSV), varicella-zoster
virus, adeno- and enterovirus, rubella, parvovirus B19 and 
coxsackie B. Infected children are mostly asymptomatic; when
symptomatic, they usually present with jaundice, vomiting,
abdominal pain and lethargy. Viral hepatitis rarely causes acute
liver failure. Infection with the hepatotropic viruses HBV, HCV
and HDV can progress to chronic hepatitis.

Hepatitis A
HAV is present worldwide, especially in regions with low 
standards of sanitation. HAV infection is an acute, self-limiting
condition. The incubation period ranges from 15 to 40 days
(mean 28 days). Serum aminotransferase levels increase rapidly
and peak within 1 week of the onset of the clinical illness and can
normalize as early as 1–2 weeks later. Raised bilirubin levels are
transient and usually found during the peak in the aminotrans-
ferase levels. Prolonged cholestasis is rarely observed. Serum
anti-HAV immunoglobulin (Ig) M indicates a recent infection;
anti-HAV IgG confers immunity and indicates previous infec-
tion. Highly effective formalin-killed, whole-virus vaccines are
available. Children should be a primary target of immunization
strategies. Currently, immunization is offered to children with
an increased risk of developing complications from infection
(e.g. with chronic liver disease or before organ transplantation).

Hepatitis B
HBV infection affects 5% of the world population. Infection is
acquired parenterally and is often asymptomatic, particularly in
young children. HBV is not directly cytopathic, and liver dam-
age is secondary to the immune reaction to virally infected cells.
If the immune system is efficient, the child shows symptoms and
signs typical of acute hepatitis, including jaundice and lethargy.
If the immune response is overwhelming, the infection may lead
to fulminant hepatitis. Interestingly, fulminant hepatitis is also
observed in a small proportion of infants of anti-hepatitis B e
(HBe)-positive mothers between 1 and 4 months of age, and it is
believed to be due to HBV mutants. The probability of becom-
ing a chronic HBV carrier is particularly high if the infection
occurs early in life, when the immune system is still maturing.
To date, the majority of new HBV infections occur in infants of
hepatitis B surface antigen (HBsAg)-positive mothers, because
of either no universal implementation of HBV vaccination or no
response to the vaccine. Some 90% of infected infants become
chronic carriers. Their rate of spontaneous loss of HBeAg is 
low (yearly rate 7–16%) and of spontaneous loss of HBsAg very
low (yearly rate 0–0.6%). The likelihood of clearing the virus
depends on the degree of disease activity, being highest in
patients with biochemically and histologically active disease and
lowest in those with inactive disease. Chronic HBV infection is
associated with a high risk of developing cirrhosis and hepato-
cellular carcinoma (HCC) in both adult life and childhood. The
risk of developing HCC is particularly high in HBV perinatally
infected patients. Although no universally accepted guidelines are

available, yearly ultrasound examination and alpha-fetoprotein
(AFP) estimation are advisable to monitor the possible develop-
ment of HCC in chronically infected children, especially if they
are HBeAg positive and/or have fibrosis/cirrhosis on liver
biopsy.

HBV infection can be prevented by the use of a very effective
recombinant HBV vaccine, which unfortunately, despite WHO
recommendations, is still not used universally. For newborns of
HBeAg-positive mothers, who are at risk of becoming infected
despite vaccination, passive immunization with HBV-specific
immunoglobulin is recommended at birth in association with
the vaccine. Universal vaccination in Taiwan has reduced the
rate of chronic infection from 10% to less than 1%; in parallel, a
reduction was observed in the incidence of HCC and fulminant
hepatic failure in children [25,26]. Vaccination for HBV would
also eliminate the risk of superinfection with HDV, a virus 
that causes infection only in symbiosis with HBV and which,
although rarely affecting children, can exacerbate liver damage.

For those children who are chronically infected, antiviral
treatment trials have shown a moderate response to interferon
(IFN) or lamivudine in those patients with biochemical and 
histological evidence of active liver disease (loss of HBeAg in
30–40% of cases). A recent pilot study suggests that decreasing
the viral load with an 8-week lamivudine pretreatment followed
by a combination of IFN and lamivudine may be effective in
inducing complete viral immune control (HBsAg negativity and
anti-HBsAg seroconversion) in about 20% of children infected
during the first year of life, who are HBV immunotolerant and
have normal liver function tests, high viral load and minimal
changes on liver histology [27]. Larger trials in these patients,
who currently represent the major pool of HBV-infected chil-
dren, are warranted.

A few studies have used lamivudine/IFN association with dif-
ferent timing and combination in children with biochemically
and histologically active chronic hepatitis B [28–31]. Virological
response, defined in all as HBeAg/anti-HBe seroconversion,
clearance of HBV DNA and normalization of alanine amino-
transferase, was reported to be improved by the addition of
lamivudine in only one study [31], suggesting that this approach
may not be useful in the active phase of the disease.

Hepatitis C
The prevalence of HCV infection in children varies in different
countries, but overall is less than that in adults. In the UK and
the USA, it is < 1%. HCV infection occurs parenterally from 
the transfusion of contaminated blood or blood products or
through the use of intravenous drugs. In contrast to HBV, vert-
ical infection from HCV-positive mothers is rare, affecting 
only about 6% of infants. However, since the implementation 
of donor blood product screening for HCV, after its discovery 
in the early 1990s, childhood infection through blood products 
has decreased considerably, and the most important route of
infection has become mother-to-infant. It is estimated that 
10 000–60 000 newborn babies worldwide each year are infected
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with HCV. Breastfeeding is generally considered to be safe for
HCV-positive mothers, although HCV has been detected in
breast milk.

Diagnosis of HCV infection is made by testing for antibody 
to HCV (anti-HCV) and then by determining HCV ribonucleic
acid (RNA) positivity by polymerase chain reaction (PCR). As
the measurement of anti-HCV is not useful before the age of 
12 months, because of passive transfer of maternal antibodies
through the placenta, infantile infection should be sought by
HCV RNA PCR.

Acute HCV infection is usually asymptomatic and goes
unrecognized. Also, children with chronic HCV infection are
mainly asymptomatic, but have an as yet unquantifiable risk of
developing cirrhosis, endstage liver disease and HCC. Liver
enzymes are elevated in 40–90% of chronically infected children.
Normal liver enzymes do not equate with histologically inactive
disease. Although circulating autoantibodies are frequently pre-
sent, overt autoimmune manifestations are rare in children.

The natural history of chronic HCV infection in children is
unknown. Early studies reported a high tendency for chronicity
and evolution to cirrhosis, but more recent publications suggest
that the disease may be more benign in children than in adults.
Older age and the presence of fibrosis in an earlier liver biopsy
correlate with a higher rate of progressive fibrosis. Conversely,
younger age at the time of infection and shorter duration 
of infection correlate with milder histological findings.
Spontaneous viral clearance has been reported in both post-
transfusional and vertical HCV infection at rates varying
between 20% and 60% [32–35]. Treatment trials in a relative
small number of chronically infected children using a combina-
tion of standard interferon or pegylated interferon and ribavirin
have shown a sustained viral response in 40–50% of patients
infected with genotype 1 and 80–100% in those infected with
other genotypes [36]. Further studies using pegylated interferon
and ribavirin, or comparing pegylated interferon monotherapy
with pegylated interferon plus ribavirin, are ongoing.

Hepatitis E
Like HAV, HEV is a non-enveloped, single-stranded virus trans-
mitted through the faecal–oral route. It causes epidemics of
acute hepatitis in several parts of the world (South-East and
Central Asia, the Middle East, Africa and Mexico). IgM and IgG
can be detected by commercial assays. No treatment is available,
but most patients recover and do not develop chronic infection.

Autoimmune liver disease

In paediatrics, two forms of autoimmune liver disease are 
recognized: autoimmune hepatitis (AIH) and AIH/sclerosing
cholangitis overlap syndrome (autoimmune sclerosing cho-
langitis, ASC).

AIH (see Chapter 11.2) is a progressive inflammatory liver dis-
order, preferentially affecting females, characterized serologically
by high levels of transaminases and IgG, the presence of autoan-

tibodies and, histologically, by interface hepatitis in the absence
of a known aetiology. AIH responds satisfactorily to immuno-
suppressive treatment. At the King’s tertiary paediatric hepatol-
ogy referral centre, there has been a sevenfold increase in the
incidence of AIH over the last decade, the disease representing
approximately 10% of some 400 new referrals per year. AIH is
divided into two types according to the autoantibody profile 
(see Chapter 11.2): type 1 is positive for antinuclear (ANA)
and/or antismooth muscle (SMA) antibody; type 2 is positive 
for antiliver–kidney microsomal antibody type 1 (anti-LKM-1).
Type 1 AIH represents two-thirds of the cases. Severity of disease
is similar in the two types. Anti-LKM-1-positive patients are
younger and have a higher tendency to present with acute liver
failure, but the duration of symptoms before diagnosis and the
frequency of hepatosplenomegaly are similar in the two groups.
Both have a high frequency of associated autoimmune disorders
(about 20%) and a family history of autoimmune disease 
(40%). Associated autoimmune disorders include thyroiditis,
inflammatory bowel disease, vitiligo, insulin-dependent diabetes
and nephrotic syndrome in both types. Type 2 AIH may be 
associated with autoimmune polyendocrinopathy–candidiasis–
ectodermal dystrophy (APECED), an autosomal recessive
genetic disorder in which the liver disease is reportedly present
in some 20% of cases.

The presentation of AIH is variable [37]. Up to 40–50% of
patients present with symptoms of acute hepatitis, some 40%
with an insidious onset, characterized by progressive fatigue,
relapsing jaundice, headache, anorexia and weight loss, and
some 10% with complications of portal hypertension, such as
splenomegaly, haematemesis from oesophageal varices, bleed-
ing diathesis, chronic diarrhoea and weight loss. The disease
should therefore be suspected and excluded in all children with
symptoms and signs of prolonged or severe liver disease. The
course of disease can be fluctuating, with flares and spontaneous
remissions, a pattern that may result in delayed referral and
diagnosis. However, on physical examination, the majority of
children have clinical signs of an underlying chronic liver dis-
ease, i.e. cutaneous stigmata (spider naevi, palmar erythema,
leuconychia, striae), firm liver and splenomegaly; at ultrasound,
the liver parenchyma is often nodular and heterogeneous.

For diagnostic criteria, pathophysiology and genetics, see
Chapter 11.2.

Anti-LKM-1-positive children have higher levels of biliru-
bin and transaminases at presentation than those who are
ANA/SMA positive, and present more frequently with fulmin-
ant hepatic failure. The vast majority of patients have increased
levels of IgG, but some 20% do not, indicating that normal 
IgG values do not exclude the diagnosis of AIH. Partial IgA
deficiency is significantly more common in LKM-1-positive than
in ANA/SMA-positive patients. The severity of interface hepatitis
at diagnosis is similar in both types, but cirrhosis on initial
biopsy is more frequent in type 1 than in type 2 AIH, suggesting
a more chronic course of disease in the former. Progression to
cirrhosis during treatment is also more frequent in type 1 AIH.
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AIH is exquisitely responsive to immunosuppression. The
rapidity and degree of response depends on disease severity at
presentation. All types of presentation, apart from fulminant
hepatic failure with encephalopathy, respond to standard treat-
ment with prednisolone with or without azathioprine (see
Chapter 11.2). Despite the efficacy of standard immunosuppres-
sive treatment, severe hepatic decompensation may develop even
after many years of apparently good biochemical control, leading
to transplantation 10–15 years after diagnosis in 10% of patients.

ASC has the same prevalence as AIH type 1 in childhood. This
has been shown in a prospective study conducted over a period
of 16 years, in which all children with serological (i.e. autoanti-
bodies, high IgG levels) and histological (i.e. interface hepatitis)
features of autoimmune liver disease underwent a cholan-
giogram at the time of presentation [38]. Approximately 50% 
of these patients had alterations in the bile ducts characteristic 
of sclerosing cholangitis, although generally less advanced than
those observed in adult primary sclerosing cholangitis. A quarter
of the children with ASC, despite abnormal cholangiograms,
had no histological features suggesting bile duct involvement,
and the diagnosis of sclerosing cholangitis was only possible
because of the cholangiographic studies. Virtually all patients
were seropositive for ANA and/or SMA. Fifty-five per cent were
girls, and the mode of presentation was similar to that of typical
AIH. Inflammatory bowel disease was present in about 45% 
of children with ASC compared with about 20% of those with
typical AIH, and 90% of children with ASC had greatly increased
serum IgG levels. At the time of presentation, standard liver
function tests did not help in discriminating between AIH and
ASC, although the alkaline phosphatase/aspartate aminotrans-
ferase ratio was significantly higher in ASC. Perinuclear anti-
neutrophil nuclear antibodies (pANNA; see Chapters 11.2 and
11.3) were present in 74% of patients with ASC compared with
45% of patients with AIH type 1 and 11% of those with AIH type
2. Clinical, laboratory and histological features at presentation
of AIH type 1, AIH type 2 and ASC are shown in Table 3.
Children with ASC respond to the same immunosuppressive
schedule used in AIH, with liver test abnormalities resolving
within a few months after starting treatment in most patients.
Steroids and azathioprine, however, although beneficial in abat-
ing the parenchymal inflammatory lesion, appear to be less
effective in controlling the bile duct disease. UDCA is usually
added at a dose of 20–30 mg/kg/day, although its usefulness in
arresting the progression of ASC has not been proven. The
medium-term prognosis is good, with a reported 7-year survival
of 100%, although 15% of the patients required liver transplant
during this period of follow-up [38]. Evolution from AIH to
ASC has been documented, suggesting that AIH and ASC are
part of the same pathogenic process.

Wilson disease (WD)

WD is an autosomal recessive disorder, leading to progressive
accumulation of copper in the liver, the nervous system and

other tissues. The prevalence in almost all populations is 
1/30 000 live births. The disease results from mutations within
the ATP7B gene located on chromosome 13. Multiple mutations
have been reported, and most patients are compound heterozy-
gotes, possessing two different disease-associated variants of 
the ATP7B gene. Mutations in the ATP7B gene cause decreased
biliary excretion of copper and defective incorporation of 
copper into caeruloplasmin within the hepatocytes. In chil-
dren, WD usually presents after 3 years of age. Copper initially 
accumulates in the liver, and then circulating free copper 
(non-caeruloplasmin-bound copper) levels increase and copper
is redistributed systemically with accumulation in the nervous
system, cornea, kidneys and other organs and tissues. Children
can be asymptomatic and found to have abnormal liver function
tests incidentally. Symptomatic presentations mimic all types of
liver disease, from chronic liver disease to acute hepatitis and
fulminant hepatic failure.

The diagnosis of WD is made on the basis of a combination 
of clinical, biochemical and histochemical criteria. Kayser–
Fleischer (KF) rings, due to copper deposition in the cornea,
should be sought by slit lamp examination as they are rarely seen
with the naked eye. Although highly diagnostic when present,
KF rings are absent in up to 50% of young children with WD.
Serum caeruloplasmin levels are reduced in the majority of
patients, but may be normal in up to 20%. As caeruloplasmin is
an acute-phase reactant, levels within the normal range can be a
consequence of inflammation in WD presenting acutely. In
adults with Wilsonian acute liver failure, alkaline phosphatase
levels are disproportionately low, an alkaline phosphatase/
bilirubin ratio of < 2 being considered suggestive of WD. This
parameter is not as useful in childhood because of the increase in
bone-derived alkaline phosphatase. Urinary copper excretion
before and after penicillamine challenge is a useful diagnostic
tool, but difficult to determine in severely ill children. Baseline
urinary copper that exceeds 1 mmol/24 h and urinary copper of
> 25 µmol/24 h after the administration of two doses of 500 mg
of penicillamine at collection times 0 and 12 are highly sugges-
tive of WD [39]. A liver biopsy for histological examination 
and tissue copper quantification is often considered the gold
standard for diagnosis, but may not be sufficiently informative
because of sampling error or because of the presence of severe
fibrosis or hepatocyte necrosis. Suggestive histological findings
are fatty changes, Mallory bodies, vacuolated nuclei (which
however are also common in healthy children), fibrosis/cirrho-
sis and increased copper on rhodamine staining. The normal
hepatic copper content is < 40 µg/g dry weight, with values of 
> 250 µg/g dry weight being highly suggestive of WD. Diagnosis
by genetic mutational analysis for index cases is unsatisfactory,
owing to the polymorphism of the WD gene, but it is very useful
in identifying asymptomatic affected family members.

Liver transplantation is the only life-saving option for chil-
dren presenting with acute liver failure and encephalopathy. 
For all other presentations, copper chelation therapy with 
penicillamine or trientine (or exceptionally ammonium
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tetrathiomolybdate) or a combination of chelation and zinc
should be started as soon as possible. Penicillamine has several
side-effects (bone marrow depression, nephrotoxicity, autoim-
munity) and should be started at a low dose (5 mg/kg b.i.d.), 
and increased by 5 mg/kg/day weekly up to a maximum dose 
of 10 mg/kg b.i.d. (maximum dose 1 g b.i.d.). Trientine can be
used as an alternative to penicillamine. Neurological deteriora-

tion can be observed at the beginning of chelation therapy, but it
usually resolves during treatment. Response to therapy is vari-
able and depends on the severity of liver damage. For children
presenting with decompensated liver disease, but without
encephalopathy, a prognostic score in order to predict mortality
without transplantation was developed by Nazer et al. in 1986
and revised by Dhawan et al. in 2005 [40] (Table 4). For those

Table 3 Clinical, laboratory and histological features at presentation of autoimmune hepatitis type 1, autoimmune hepatitis type 2 and autoimmune
sclerosing cholangitis [37,38]. 

Type 1 AIH Type 2 AIH ASC

Median age (years) 11 7 12

Females (%) 75 75 55

Mode of presentation (%)

Acute hepatitis 47 40 37

Acute liver failure 3 25 0

Insidious onset 38 25 37

Complication of chronic liver disease 12 10 26

Associated immune diseases (%) 22 20 48

Inflammatory bowel disease (%) 20 12 44

Family history autoimmune disease (%) 43 40 37

Abnormal cholangiogram (%) 0 0 100

ANA/SMA (%) 100 25 96

Anti-LKM-1 (%) 0 100 4

pANCA (%) 45 11 74

Anti-SLA (%)a 58 58 41

Increased IgG level (%) 84 75 89

Partial IgA deficiency (%) 9 45 5

Low C4 level (%) 89 83 70

Increased frequency of HLA DR*0301 Yes Nob No

Increased frequency of HLA DR*0701 No Yes No

Increased frequency of HLA DR*1301 No No Yes

Interface hepatitis (%) 66 72 35

Biliary features (%) 28 6 31

Cirrhosis (%) 69 38 15

Remission after immunosuppressive treatment (%) 97 87 89

AIH, autoimmune hepatitis; ASC, autoimmune sclerosing cholangitis; ANA, antinuclear antibodies; SMA, antismooth muscle antibody; 

LKM-1, liver–kidney microsomal type 1 antibody; pANCA, perinuclear antineutrophil cytoplasmic antibody; SLA, soluble liver antigen; IgG, immunoglobulin G;

IgA, immunoglobulin A; C4, C4 component of complement; HLA, human leukocyte antigen.
aMeasured by radioligand assay.
bBut increased in HLA DR*0701-negative patients.

Table 4 New Wilson index for predicting mortality.

Score Bilirubin (mmol/L) AST (IU/L) INR WCC (109/L) Albumin (g/L)

0 < 100 < 100 < 1.3 0–6.7 > 45

1 100–150 100–150 1.3–1.6 6.8–8.3 34–44

2 151–200 151–300 1.6–1.9 8.4–10.3 25–33

3 201–300 301–400 1.9–2.4 10.4–15.3 21–24

4 > 301 > 301 > 2.5 > 15.4 < 20

AST, aspartate aminotransferase; INR, international normalized ratio; WCC, white cell count.

Score ≥ 11: 93% sensitivity and 97% specificity in predicting mortality without liver transplantation. Modified from ref. 40.
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children who respond to chelation therapy, long-term prognosis
with native liver is excellent even though liver function tests may
take a long time to normalize.

Zinc, which inhibits the intestinal absorption of copper 
and stimulates enterocyte metallothionein, has been used as
monotherapy in children with less severe liver damage and could
be a non-toxic alternative to chelation therapy in asymptomatic
siblings (zinc acetate 25 mg b.i.d., maximum dose 50 mg t.d.s.).
When used in combination with chelating agents, zinc should 
be administered on its own a few hours before or after penicil-
lamine or trientine to avoid its chelation.

Cystic fibrosis (CF) liver disease

The improving life expectancy of patients with cystic fibrosis (CF)
has led to an increased prevalence of CF-related liver disease,
which has become the third leading cause of death in this condi-
tion. The absence of the CF transmembrane conductance regu-
lator (CFTR) leads to physiochemical abnormalities in various
secretions. At the hepatobiliary level, CFTR expression occurs on
the biliary epithelium and, as a result of its absence or dysfunc-
tion, biliary secretions become concentrated and acidic, leading
to biliary obstruction and progressive periportal fibrosis [41].

Focal biliary cirrhosis is the pathognomonic hepatic lesion of
CF and can lead to multilobar biliary cirrhosis, portal hyperten-
sion and its complications. Liver disease in CF is, however, often
asymptomatic for several years and progresses quite variably 
in different patients. Poor nutrition, drug hepatotoxicity and
non-adherence might contribute to liver damage, as well as
other interventions such as abdominal surgery and parenteral
nutrition. It is thought that modifier genes might influence the
expression and severity of liver disease in CF independently
from the CFTR gene [42]. Rarely, CF-related liver disease can
present with neonatal cholestasis and, therefore, a sweat test or
measurement of immunoreactive trypsin should be included 
in the diagnostic workup of infant cholestasis.

Hepatic steatosis is also a common finding in CF, although its
pathogenesis is unclear. Suggested mechanisms include nutri-
tional deficiencies, antibiotic therapy, insulin resistance or the
effect of cytokines, induced by chronic respiratory infection, on
fatty acid oxidation or mitochondrial function [43].

Other types of liver disease such as sclerosing cholangitis,
most likely secondary to an ongoing inflammatory process in
the biliary system, have been described in CF. Interestingly, in
adults with primary sclerosing cholangitis, an increased pre-
valence of CFTR mutations has been reported [44].

Three centres, in Sweden, Italy and Canada, have reported the
incidence and epidemiology of CF-related liver disease and con-
cluded that liver disease is a relatively early complication of 
CF that, however, does not alter the clinical course in terms of
respiratory and nutritional complications [43,45,46]. The reported
prevalence of CF-related liver disease varies between 25% 
and 63%, with development of cirrhosis in 4–7.8%. A history 
of meconium ileus was identified by both Colombo et al. [45]

and Lamireau et al. [46] as a risk factor for CF liver disease, as
well as male sex and the genotype in the Italian group, and pan-
creatic insufficiency in the Canadian group. These risk factors,
however, were not confirmed in the Swedish study [43].

The diagnosis of CF-related liver disease is made on the basis
of clinical (hepatomegaly), biochemical (elevated serum amino-
transferase levels) and ultrasound (echogenicity of the liver,
splenomegaly) findings.

UDCA has been suggested to improve the liver function 
tests and the nutritional status of the patients, but long-term
longitudinal studies are required to confirm this [47].

Liver transplantation becomes an option for children with CF
who develop endstage liver disease. Initial improvement in pul-
monary function after liver transplantation has been reported,
and long-term survival is comparable to that of liver transplan-
tation performed for other conditions with no associated lung
disease [48]. Respiratory disease remains the main cause of 
morbidity and mortality after liver transplantation. Timing of
liver transplantation when lung function is still preserved and
nutritional status is good is very important.

Fatty liver disease [49,50]

Non-alcoholic fatty liver disorders (NAFLD) are increasingly
recognized in children and cover a spectrum that extends from
simple steatosis, through steatohepatitis (NASH) to cryptogenic
cirrhosis, in which steatosis might be inconspicuous. Other 
conditions, including drug hepatotoxicity and genetic and
metabolic diseases that can cause hepatic steatosis, must be
excluded. The prevalence of NAFLD at paediatric ages is increas-
ing since its first reports in the early 1980s, currently ranging
between 10% and 77% in different geographical areas among
obese children. Risk factors are obesity, diabetes, insulin resis-
tance and hypertriglyceridaemia. Only a minority of children
with these risk factors develop NASH, and a two-hit hypothesis
has been proposed. The first hit is thought to be insulin resis-
tance resulting in steatosis, followed by oxidative stress as a sec-
ond hit, with production of lipid peroxidation and activation of
inflammatory cytokines such as tumour necrosis factor (TNF)α,
which results in NASH. Children with NAFLD are generally pre-
pubertal and male. Approximately 90% are obese. There are no
characteristic symptoms, but complaints of vague abdominal
pain, lethargy and malaise are common. Acanthosis nigricans
may be present. Serum alanine aminotransferase levels are usu-
ally more elevated than aspartate aminotransferase levels, and
hypertriglyceridaemia is frequent. Fasting blood glucose is most
commonly normal, whereas fasting insulin levels are typically
elevated. Increased echogenicity is noted on ultrasound scan of
the liver. The gold standard for diagnosis remains a liver biopsy,
as it confirms the diagnosis while establishing the degree of
fibrosis and/or cirrhosis, and allows the exclusion of other con-
ditions that can result in hepatic steatosis (in particular WD).
Macrovesicular steatosis is a common finding, in contrast to 
the microvesicular steatosis that is often seen in metabolic 
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conditions. Other diagnostic histological features are hepatocyte
ballooning and mixed mild lobular inflammation [51]. The 
natural history varies according to the type and degree of histo-
logical damage. The inflammatory changes of NASH are asso-
ciated with progression to cirrhosis, whereas in the absence of
inflammation, the clinical course is benign.

Treatment of NAFLD in children is aimed at preventing the
development of fibrosis, with consequent cirrhosis and its com-
plications, and is therefore targeted at decreasing obesity, insulin
resistance and hyperlipidaemia. With regard to obesity, a slow
consistent weight loss combined with regular physical exercise
and family-based behavioural intervention is most effective.
Pharmacological agents that have been tried with variable results
in the treatment of NASH include UDCA, antioxidants (vitamin
E, N-acetylcysteine), lipid-lowering agents and drugs that reduce
hyperinsulinaemia and improve hepatic insulin resistance, such
as metformin [52]. However, no randomized controlled trials
are available for any of these therapeutic approaches. Once 
the diagnosis of NASH is made, a close follow-up is indicated.
Data on the progression to cirrhosis are limited, but, in the USA,
adolescents have been transplanted for endstage liver disease
due to NASH, and children with NAFLD have been reported to
develop HCC in adulthood. Thus, paediatric NAFLD must be
considered as a serious disease.

Fibropolycystic liver disease

Fibropolycystic liver disease comprises a heterogeneous group
of disorders histologically characterized by ‘ductal plate malfor-
mation’, caused by an aberrant remodelling of the embryonal
ductal plate during organogenesis [53]. Processes of necro-
inflammation and destruction of the immature intrahepatic 
bile ducts that accompany the ductal plate malformation 
can lead to fibrosis. These disorders are often associated with
fibrocystic anomalies in the kidneys and share the same genetic
defect. The gene was localized to chromosome region 6p21 in
1994 and described as PKHD1 in 2002; 119 different mutations
have been reported so far.

Four types of fibropolycystic liver disease have been described
depending on the order of the bile ducts affected.

Congenital hepatic fibrosis is associated with autosomal
recessive polycystic kidney disease and is characterized by ductal
plate malformation of the intrahepatic bile ducts and fibrosis.
Children most commonly present during childhood or adoles-
cence with isolated hepatomegaly or variceal bleeding secondary
to portal hypertension. In 1998, Jaeken and colleagues described
a metabolic condition, carbohydrate-deficient glycoprotein syn-
drome type 1b (CDGS Ib), characterized by congenital hepatic
fibrosis associated with cyclical vomiting, protein-losing entero-
pathy and prothrombotic tendency, as well as neurological
impairment [54]. In the presence of congenital hepatic fibrosis,
therefore, screening with transferrin isoelectrofocusing for a 
glycosylation defect is advisable. Management of symptomatic
portal hypertension includes variceal sclerotherapy or banding.

If endoscopic treatment fails to control the bleeding, a shunt
procedure is indicated. Liver transplantation is an option in
cases with poor synthetic function.

Caroli disease is caused by malformation of the larger bile
ducts and is characterized by cystic dilatation detectable by
ultrasonography. Hepatic fibrosis is absent. The clinical pres-
entation is often with recurrent episodes of cholangitis, and 
management involves aggressive antibioticotherapy. Partial
hepatectomy has been used in segmental or lobar forms [55].

In Caroli syndrome, the ductal plate malformation of larger
bile ducts is associated with hepatic fibrosis. Complications of
portal hypertension and recurrent cholangitis are common.

Von Meyenburg complexes, also known as biliary hamar-
tomas, are discrete foci of ductal plate malformations affecting
the smallest bile ducts, commonly present as an incidental
finding on liver histology.

Acute liver failure

Acute liver failure (ALF) in adults was defined by Trey and
Davidson in 1970 as ‘a potentially reversible condition, the con-
sequence of severe liver injury, in which the onset of hepatic
encephalopathy is within 8 weeks of the first symptoms of ill-
ness, in the absence of pre-existing liver disease’ [56]. As signs 
of encephalopathy are difficult to identify in children, especially
in infants, in whom encephalopathy can be a very late event in
the course of the disease, this definition is unsatisfactory in pae-
diatrics. Moreover, in children, ALF is often the first presenta-
tion of an underlying unrecognized liver disease. In 1996, the
following definition of ALF in children was suggested: ‘a rare
multisystem disorder in which severe impairment of liver 
function, with or without encephalopathy, occurs in association
with hepatocellular necrosis in a patient with no recognised
underlying chronic liver disease’ [57]. The aetiology of ALF
varies depending on the age at presentation.

ALF in the neonatal period [58]

ALF during the neonatal period is rare, but carries a 70% mortal-
ity without liver transplantation. In any neonate presenting with
a coagulopathy, neonatal liver failure should be considered. 
The most common aetiologies in the neonatal period are liver-
based metabolic conditions and perinatally acquired infections
(Table 5).

Viruses of the herpes family, adenovirus, parvovirus and 
hepatitis B can cause ALF in neonates. Also, enteroviruses, com-
prising polio, coxsackie A and B and echoviruses, have been
reported to cause multiorgan, including liver, involvement in
neonates. Herpes simplex viruses (HSV) type 1 and 2 are the most
common microbial cause of neonatal liver failure [59]. Skin lesions
are usually absent. Infected infants are typically asymptomatic at
birth and present within the first 2 weeks of life with non-specific
symptoms of poor feeding and lethargy. Coagulopathy and
severely deranged liver function are a constant finding.
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Paediatricians have a low threshold for treating these infants
with broad-spectrum antibiotics but, unfortunately, not with
aciclovir, a drug that is life saving [59]. Intravenous aciclovir
should therefore be added to the treatment of neonates present-
ing with severely deranged liver function tests and coagulopathy.
For those children whose liver damage continues despite aciclovir
treatment, transplantation has been performed successfully.

Ischaemic liver injury following sepsis and shock can present
as ALF. Usually, the liver function settles once the circulatory
problem is resolved. Vascular causes such as congestive heart
failure of any aetiology can also present as ALF. Typical signs are
ascites, hepatomegaly, coagulopathy and hypoalbuminaemia.

Metabolic disorders are a common cause of ALF in the 
neonatal period and warrant prompt diagnosis, as appropriate
management with diet or disease-specific treatment is often 
life saving. They include galactosaemia, hereditary fructose
intolerance, tyrosinaemia and mitochondrial hepatopathies (see
section on ‘Metabolic liver disease’).

Neonatal haemochromatosis (NH)
NH, a rare disorder of unknown aetiology, is the most common
cause of ALF during the neonatal period, representing 30% of all
neonatal ALF in our tertiary referral centre. Liver injury, asso-
ciated with massive iron deposition, is thought to commence 
in utero. Iron deposition is also present in extrahepatic tissues
such as pancreas, heart, thyroid and salivary glands, but spares
the reticuloendothelial system. Neonates with NH present with
ALF at birth or during the first week of life. There is an 80%
recurrence rate within families of affected children, irrespective
of having different fathers. The precise pattern of inheritance 
is unknown: there have been suggestions of an incomplete 
penetrance or gonadal mosaicism for a dominant disorder or
mitochondrial defect. Other causes such as an intrauterine viral
infection and maternal alloimmune antibodies have been sug-
gested. Maternal anaemia, oligohydramnios and megaplacenta
are common, and the obstetric history may reveal previous mis-
carriages or stillborn infants. In a series of 15 pregnant mothers
who had previously an affected baby, antenatal administration
of intravenous immunoglobulins at weekly intervals from 

18 weeks of gestation onwards reduced the severity of the 
illness in the newborn [60]. Demonstration of extrahepatic iron
deposits sparing the reticuloendothelial system confirms the
diagnosis. This can be done by performing a biopsy of the lip
salivary glands or by magnetic resonance imaging (MRI) of the
abdomen that might demonstrate the presence of iron in the
pancreas but not in the spleen. Ferritin levels are raised, but this
is a common finding in neonatal liver disease. A more reliable
test is the measurement of transferrin saturation, which is raised
to 95–100% in NH. Liver biopsy is usually contraindicated
because of coagulopathy. Moreover, it is of no great diagnostic
value as the presence of intrahepatic iron deposition is common
in all types of severe liver disease in the neonatal period. The
prognosis is poor with a mortality rate of 80–90% [61]. Single
whole blood volume exchange transfusion can be helpful in
managing the coagulopathy and in removing the possible
maternal alloantibodies suggested as playing a role in the patho-
genesis of NH.

The use of the antioxidant cocktail described in Table 6 has
been variably reported to improve outcome, but has not been
tested in controlled trials and did not alter the outcome in our
own series [61]. The only therapeutic option in severe cases is
liver transplantation, which can be performed even during the
first few days of life provided a suitable donor is found. The sur-
vival after liver transplantation is 50% in our own series [61].

Haemophagocytic lymphohistiocytosis (HLH)
HLH is a rare disorder characterized by inappropriate activation
of macrophages. Two forms have been described, a primary
autosomal recessive familial form presenting in infancy and a
secondary form usually triggered by infection in an immuno-
compromised host. The form presenting with ALF during the
neonatal period is usually the primary form. Presenting symptoms
and signs are high fever, raised triglycerides, low fibrinogen,
severe coagulopathy and pancytopenia. Haemophagocytosis
affects all organs and can be diagnosed on bone marrow aspira-
tion or cytospin from body fluids (ascites, cerebrospinal fluid).
Liver biopsy is contraindicated because of the particularly severe
coagulopathy. In the primary form, mortality is high despite
aggressive supportive treatment, chemotherapy and bone 

Table 5 Aetiology of neonatal acute liver failure (< 1 month of age) 
(39 consecutive infants seen between 1982 and 2004 at King’s College
Hospital).

Diagnosis Number %

Neonatal haemochromatosis 13 33

Herpes simplex virus infection 9 23

Haemophagocytic lymphohistiocytosis 5 13

Galactosaemia 3 8

Non-A–E hepatitis 3 8

Tyrosinaemia type 1 1 3

Echovirus infection 1 3

Others 3 8

Table 6 Antioxidant cocktail for neonatal haemochromatosis. 

Medication Dose Administration

Vitamin E 25 IU/kg/day Orally

N-acetylcysteine 100 mg/kg/day Intravenously 

Selenium 3 mg/kg/day Intravenously

Prostaglandin E1 0.4 mg/kg/h Intravenously (for 2 weeks 

maximum, if no cardiac 

contraindications)

Desferrioxamine 30 mg/kg/day Intravenously (until ferritin 

< 500 ng/mL)

TTOC22_01  3/10/07  9:51 AM  Page 1857



1858 22 THE LIVER IN SPECIFIC SETTINGS

marrow transplantation. Liver transplantation is contraindic-
ated because the disease is systemic.

Acute liver failure in infancy and childhood

The aetiology of ALF in children outside the neonatal period 
(> 1 month of age) differs according to geographical areas. 
Table 7 summarizes the most common causes of ALF in infancy
and childhood in our tertiary referral centre.

Infective causes
Hepatotropic viruses such as A, B or E, although usually associ-
ated with mild hepatitis in childhood, are the most common
causes of ALF in children in Latin America and Asia, while the
most common cause of ALF in the western world is non-A–E
hepatitis, which is diagnosed by excluding all other causes of
ALF. Other viruses such as parvovirus, EBV and HSV can also
rarely cause ALF. Severe bacterial infections, especially those
caused by Gram-negative germs, can cause ALF by inducing the
production of nitric oxide that is toxic to the liver cells and
causes reduced hepatic perfusion, hypoxia and lactic acidosis.

Drugs and toxins
Drug-induced ALF can be a dose-dependent reaction (e.g.
paracetamol) or caused by an idiosyncratic (e.g. halothane, 
isoniazid, non-steroidal anti-inflammatory drugs, antiepileptic
drugs, antibiotics) or synergistic reaction (e.g. isoniazid and
rifampicin). In 90% of cases, the drug causes a hepatitic injury,
while a cholestatic or mixed injury is rarer. Sodium valproate
toxicity can unmask an underlying mitochondrial cytopathy,
which must be sought for correct management and genetic
counselling. Paracetamol is the drug most commonly causing
ALF in the UK. A detailed history of medication intake is 
essential. Although paracetamol levels are helpful, they may be
below the risk threshold in children exposed to high doses over
time. Severe coagulopathy and hypertransaminasaemia in the

presence of mildly elevated bilirubin should raise the suspicion
of paracetamol poisoning or a metabolic disorder. Akin to
adults, the degree of coagulopathy and the presence of metabolic
acidosis, renal failure and hypoglycaemia are poor prognostic
factors [62].

Mushroom poisoning by Amanita phalloides is a common
cause of toxin-induced ALF especially in Europe, the west coast
of the USA and South Africa.

Metabolic conditions
Metabolic conditions causing ALF in children, such as WD,
tyrosinaemia and mitochondrial cytopathies, are discussed else-
where in this chapter.

Autoimmune liver disease
Autoimmune hepatitis, particularly when positive for antiliver–
kidney microsomal antibody (type 2 AIH), can cause acute liver
failure and should always be excluded because, in the absence of
encephalopathy, immunosuppressive treatment is life saving. In
the presence of encephalopathy, liver transplantation is often
the only therapeutic option.

Miscellaneous
Vascular and ischaemic conditions impairing hepatic venous
outflow (e.g. Budd–Chiari syndrome, veno-occlusive disease,
congestive heart failure) as well as haematological disorders 
such as lymphoma, leukaemia and haemophagocytic lympho-
histiocytosis (HLH) can present as ALF in childhood.

Management of ALF

Patients with ALF should be nursed in a quiet environment with
as little stimulation as possible to minimize acute increase in
intracranial pressure. Children with encephalopathy and those
without encephalopathy but an international normalized pro-
thrombin ratio (INR) greater than 4 should be admitted to the
intensive care unit for continuous monitoring. Patients should
be monitored carefully with respect to haemodynamics and
fluid management (blood pressure, urine output), metabolic
parameters (electrolytes, blood sugar) and neurological status
(presence of encephalopathy). Sedation should be avoided
unless the patient is to be mechanically ventilated, as it can inter-
fere with the monitoring of neurological status. Coagulation and
metabolic parameters, full blood count and arterial blood gases
in ventilated patients should be checked regularly. Maintenance
of nutrition is crucial, and hypoglycaemia should be avoided by
the use of intravenous glucose infusion or by ensuring adequate
enteral intake. Total fluid intake is restricted to two-thirds of 
the maintenance amount if the patient is not dehydrated. The
concept of protein intake aggravating or precipitating hepatic
encephalopathy has now been disregarded, and adequate 
calories should be provided using oral or nasogastric feeding.
Investigations to elucidate the cause of ALF should be per-
formed urgently to start appropriate treatment. Liver biopsy is

Table 7 Aetiology of acute liver failure in children > 1 month of age 
(173 consecutive children seen between 1982 and 2004 at King’s College
Hospital). 

Diagnosis Number %

Non-A–E hepatitis 63 36

Paracetamol toxicity 32 18

Autoimmune liver disease 13 7.5

Viral hepatitis 13 7.5

Toxic (other than paracetamol) 12 7

Metabolic (other than Wilson’s disease) 12 7

Wilson disease 10 6

Veno-occlusive disease 6 3.5

Hypoxia 6 3.5

Others 5 3
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only rarely useful and usually contraindicated because of severe
coagulopathy.

Complications of ALF

Encephalopathy
The most serious complication of ALF is cerebral oedema 
with resultant intracranial hypertension and encephalopathy.
Encephalopathy usually presents late in the course of the illness
and, when present, carries a poor prognosis. The conventional
grading system for encephalopathy (grade I–IV) used for adults
and older children is not applicable to babies. Signs of early
encephalopathy in babies are inconsolable crying and sleep dis-
turbance, which can progress to somnolence or irritability and,
later, to frank coma more or less responsive to painful stimuli.
The infant should be electively ventilated and sedated at the first
signs of encephalopathy. Mannitol, an osmotic diuretic that
remains the mainstay of treatment for increased intracranial
pressure in adults and older children, is not often used in babies,
for whom exchange transfusion is usually a better option.

Infection
Patients with ALF have impaired immune function. About 
60% of deaths in ALF are due to sepsis. An active uncontrolled
infection is also a relative contraindication for liver transplanta-
tion. The risk factors for infections include coexisting renal 
failure, cholestasis and treatment with thiopental. The most
common bacterial infection is due to Staphylococcus aureus, 
but streptococci or Gram-negative organisms such as coliforms
are also isolated. Deterioration of encephalopathy after an 
initial improvement, a markedly raised leukocyte count, pyrexia 
unresponsive to antibiotics and established renal failure are
strong indicators of fungal infection. Children with ALF 
should be treated from admission with broad-spectrum antibi-
otics (usually third-generation cephalosporins and aminoglyco-
side) and fluconazole. In neonates, aciclovir should always 
be added.

Coagulopathy
The prothrombin time, usually expressed as INR, is used as an
indicator of the severity of liver damage and to decide when to
list for transplantation. An INR ≥ 4 is associated with more than
90% mortality and is the main parameter used for transplant
listing. Thus, correction of coagulopathy is indicated only if the
patient is already listed for transplant or prior to invasive pro-
cedures. Significant disseminated intravascular coagulation
(DIC) is unusual in ALF. The risk of haemorrhage does not 
correlate with INR but with thrombocytopenia, which can
develop rapidly. Common sites of internal haemorrhage include
the gastrointestinal tract, nasopharynx, lungs and retroperi-
toneum. Intracranial haemorrhage is uncommon. The presence
of significant DIC usually indicates sepsis or secondary HLH.
Prophylactic ranitidine or proton pump inhibitors decrease the
incidence of gastric bleeding.

Haemodynamic complications
The early haemodynamic changes in ALF patients are similar to
those seen in the systemic inflammatory response syndrome and
reflect a state of hyperdynamic circulation with decreased systemic
peripheral vascular resistance and increased cardiac output.
Circulatory failure is a common mode of death in patients with
ALF, often complicating sepsis or multiorgan failure. Invasive
haemodynamic monitoring such as arterial blood pressure, 
central venous pressure or PICCO and oesophageal echocardio-
graphy in adults may provide early evidence of circulatory failure
and is helpful in deciding fluid management, but is usually
difficult in small infants. In the presence of persistent hypoten-
sion despite normal filling, noradrenaline (noreoinephrine) is
the inotropic agent of choice. N-Acetylcysteine has been shown
to improve parameters of oxygen metabolism.

Renal failure
Renal failure with severe oliguria often develops in ALF, 
especially in the later stages. In the paediatric population, the
incidence of renal failure is lower (10–15%) than in the adult
population (30%), but there are no studies in neonates. Renal
failure could be due either to a direct toxic effect on the kidneys,
as in paracetamol overdose, or to a complex mechanism such 
as hepatorenal syndrome or acute tubular necrosis secondary 
to ALF complications (sepsis, bleeding and/or hypotension).
Although the mechanism of renal failure is not clear, it is essen-
tial to correct intravascular hypovolaemia. Continuous filtration
or dialysis systems are associated with less haemodynamic 
instability and, consequently, less risk of aggravating latent or
established encephalopathy than intermittent haemodialysis.

Metabolic derangement
Hypoglycaemia is present in some 40% of patients with ALF.
The classic signs and symptoms of hypoglycaemia are often
masked, especially in the presence of encephalopathy; hence,
regular blood glucose monitoring is mandatory as hypogly-
caemia can worsen the encephalopathy and cause rapid 
neurological deterioration. Acid–base imbalance is common.
Metabolic acidosis is present in about 5% of patients with ALF
and is associated with poor outcome. Lactic acidosis is related to
inadequate tissue perfusion. Sometimes respiratory alkalosis or
acidosis may complicate the clinical picture.

Liver transplantation in ALF

The availability of liver transplantation has significantly
improved survival in ALF, but the procedure is contraindicated
in patients with advanced complications, such as fixed and
dilated pupils, uncontrolled sepsis and severe respiratory failure
(adult respiratory distress syndrome) or conditions not treat-
able by liver replacement, such as mitochondrial cytopathies
with neurological involvement, HLH, giant cell hepatitis with
Coombs’-positive haemolytic anaemia (which recurs after
transplant) and systemic malignancies. Advances in surgical

TTOC22_01  3/10/07  9:51 AM  Page 1859



1860 22 THE LIVER IN SPECIFIC SETTINGS

techniques have made it possible to perform liver transplanta-
tion even in newborn babies.

Auxiliary liver transplantation is used in paediatric ALF 
caused by drugs and toxins or cryptogenic ALF, after excluding
possible underlying chronic problems. The advantage of this
procedure is that, in most patients, the native liver regenerates
during the first year after transplant, allowing a decrease in and
then cessation of antirejection treatment, with consequent rejec-
tion of the transplanted liver and no need for the long-term use
of toxic immunosuppressive drugs [63].

Metabolic liver disease

Inborn errors of metabolism can present with acute or chronic
liver involvement. A review from Mexico reports a prevalence 
of 8.8% of metabolic disorders among 3630 patients referred to 
a tertiary referral centre [64].

Alpha-1-antitrypsin deficiency, Wilson disease, neonatal
haemochromatosis and cystic fibrosis have been discussed in
previous parts of this chapter.

Hereditary tyrosinaemia type 1

Deficiency of fumaryl acetoacetate hydrolase, the last enzyme in
tyrosine degradation, is responsible for this autosomal recessive
condition (chromosome 15). Tyrosinaemia is particularly com-
mon in the province of Quebec, Canada (incidence 1/16 786 live
births) [65], Scandinavia and Pakistan, but is found worldwide
(1/100 000–120 000 live births) [66]. The enzyme is mainly
expressed in the liver and kidneys, where the interaction of 
succinylacetone and its immediate precursors with sulphydryl
groups causes injury. Children can present in the neonatal
period with hepatitis and coagulopathy or later with hep-
atomegaly, ascites and coagulopathy but no jaundice. Renal
tubular dysfunction, together with liver damage, is responsible
for the development of rickets, a characteristic finding in tyrosi-
naemia. Neurological crises, due to the interaction between the
metabolites of phenylalanine and tyrosine with the synthesis of
porphyrin, present with abdominal pain, which can be followed
by polyneuropathy, weakness and even paralysis. They are 
present in up to one-third of patients. In all infants with severe
hepatitis or coagulopathy, tyrosinaemia should be excluded
because, if untreated, the liver disease is progressive with a high
mortality rate, particularly in infants presenting during the first
2 months of life (70% mortality by 24 months of age compared
with 29% for infants diagnosed between 2 and 6 months of age).
Some 40% of infants who survive to childhood develop HCC.
The presence of elevated succinylacetone levels in the urine is
pathognomonic for tyrosinaemia. Plasma tyrosine levels are 
elevated, but this is a non-specific finding in liver disease; often
phenylalanine and methionine are also elevated. A common 
laboratory finding is markedly raised AFP. Elevated levels of
AFP, however, are also non-specific as they are common in
infants with neonatal cholestasis.

Tyrosinaemia can be treated with 2-(2-nitro-4-
trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC), an
inhibitor of 4-hydroxyphenylpyruvatedioxygenase, which pre-
vents the accumulation of succinylacetone. NTBC, together
with a tyrosine-restricted diet, has significantly improved the
survival of children with tyrosinaemia [67], but the risk of HCC
persists and warrants close follow-up with imaging. Liver trans-
plantation is an option in the neonatal period when treatment
with NTBC and diet fails or later on when liver nodules are
detected and malignant transformation is suspected. Prenatal
diagnosis by genetic testing is available.

Inborn errors of carbohydrate 
metabolism

Galactosaemia [68]
Galactosaemia is an autosomal recessive disorder (chromo-
some 9p18) with over 150 mutations identified to date. The
genetic abnormality causes deficient production of galactose-
1-phosphate uridyl transferase, an enzyme involved in the 
breakdown of galactose into glucose. Accumulation of 
galactose-1-phosphate and galactitol results in toxicity affecting
the liver, eye lens, brain and kidneys. Infants can present with a
fulminant illness with hypoglycaemia, abdominal distension,
anorexia, diarrhoea and vomiting after the first ingestion of
milk. A direct correlation between galactosaemia and neonatal
Escherichia coli sepsis has been identified. Other children
develop jaundice and hepatomegaly after the first week of life
together with failure to thrive, diarrhoea and vomiting.
Haemolysis can be present. Rarely, the diagnosis is made during
childhood. Cataracts can be present in the neonatal period 
but usually develop on follow-up. Mental retardation becomes
apparent after the first few months of life. Diagnosis is made by
measuring galactose-1-phosphate uridyl transferase in red
blood cells. If the infant has been transfused, the enzyme should
be measured in the parents, and diagnosis made on the basis 
of levels compatible with heterozygosity. Detection of urinary
reducing substances can be suggestive of galactosaemia, but can
also be present in other forms of liver disease. Conversely, the
absence of reducing substances in the urine does not exclude
galactosaemia as the affected infants often vomit galactose-
containing milk. Elimination of dietary galactose is the essence
of treatment. Despite this, endogenous production of galactose
can be responsible for ongoing galactose toxicity. All infants 
presenting with ALF or conjugated hyperbilirubinaemia should
be changed to a lactose-free formula until the diagnosis of galac-
tosaemia is excluded.

Hereditary fructose intolerance [68]
Hereditary fructose intolerance is caused by fructose-1-
phosphate aldolase (aldolase B) deficiency in the liver, kidney
and intestine and is inherited in an autosomal recessive manner.
The gene is located on chromosome 9. Age at presentation
depends on the time of exposure to fructose and sucrose.
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Symptoms usually appear with the introduction of honey, fruits,
juices and vegetables to the diet. Most common symptoms are
vomiting, abdominal distension and pain, failure to thrive and
hepatomegaly, but the presentation can be variable. Elevated
serum aminotransferases, mild coagulopathy, hypoglycaemia,
hyperlacticacidaemia, hypophosphataemia and hyperuricaemia
can be present. Diagnosis is made by measuring fructose-1-
phosphate aldolase in hepatic or small intestine tissue or by
molecular genetic studies. The only effective treatment is
removal of fructose from the diet.

Glycogen storage disorders (GSD)
Glycogen is the primary carbohydrate storage compound 
in animals and, by depolymerization, it releases free glucose 
to sustain cellular processes and to maintain normal blood 
glucose concentrations during fasting. The formation and
degradation of glycogen is regulated by different enzymes,
deficiencies in which result in at least 12 forms of GSD. Types 
1, 3 and 4 GSD primarily involve the liver and will be discussed
here.

Type 1 GSD
Von Gierke originally described this clinical condition in 1929
and, in 1952, Cori and Cori identified its cause as a defect in 
glucose-6-phosphatase activity [69]. Subsequently, patients 
were subclassified into type 1a, characterized by no glucose-
6-phophatase activity, and type 1b, characterized by a normal 
glucose-6-phosphatase activity but a defect in glucose-6-
phosphate transport. Later, two further types of GSD type 1, 1c
and 1d, were described. GSD type 1c is genetically distinct from
types 1a and 1b, but has not yet been characterized at the molecu-
lar level, whereas GSD type 1d is thought to be caused by a defect
in the microsomal glucose transporter, although this remains
unproven at the moment [70]. Inheritance is autosomal 
recessive. Clinical presentation is most commonly with hep-
atomegaly, doll-like facial features, short stature and decreased
bone mineral density. Some features develop around puberty,
such as xanthomas and hepatic adenomas. GSD type 1 does not
usually lead to cirrhosis or hepatic failure. Typical biochemical
abnormalities are hypoglycaemia, lactic acidosis, hyperuri-
caemia, hypophosphataemia, hyperlipidaemia and platelet dys-
function. Neutropenia is characteristic of type 1b. Diagnosis is
made by direct assay of the hepatic enzymatic activity on fresh
liver tissue. Hepatocytes filled with glycogen are seen on liver
histology. Their characteristic strong staining with PAS dis-
appears after diastase treatment. There is no medical cure.
Treatment is supportive with an emphasis on preventing hypo-
glycaemia. A diet with high starch content can be sufficient, but
many children require continuous enteral or parenteral feeding.
A glucose–lactate profile during 4–6 h of fasting is recom-
mended to tailor dietary management. Liver transplantation can
be offered to children with particularly poor metabolic control
or complications such as the development of hepatic adenomas,
considered to be premalignant.

Type 3 GSD
This type of glycogen storage disorder is characterized by
deficiency in the debrancher enzyme amylo-1,6 glucosidase,
present in both muscle and hepatic tissue. Complete absence 
of the enzyme defines type 3a, whereas in type 3b, residual
enzyme activity is found in muscle and/or hepatic tissue.
Inheritance is autosomal recessive. The condition is particularly
common in the Middle East and in the non-Ashkenazi 
Jewish communities of north Africa. Several phenotypes have
been described, varying from childhood onset with muscle
weakness and liver involvement (usually soft hepatomegaly,
with no splenomegaly, unless in the presence of fibrotic 
evolution), isolated liver involvement during childhood, 
muscle weakness in adulthood to cardiac enlargement and 
cardiomyopathy in adulthood. There is no direct central 
nervous system involvement, although damage can follow 
hypoglycaemic attacks. Biochemical abnormalities are similar 
to type 1, but less severe. Creatine kinase is often raised.
Diagnosis is made by measuring the enzymatic activity in 
liver and muscle tissue. Liver biopsy can show progression to
fibrosis. Management consists of a supportive dietary regime
similar to that for type 1. Improvement in symptoms and delay
in progression of the disease has been reported with the use of a
high-protein diet with or without l-alanine supplementation
[71].

Type 4 GSD [72]
Deficiency in the glycogen branching enzyme 1,4-glucan-6-
glycosyl transferase causes GSD type 4 (also known as 
amylopectinosis or Andersen disease). This is a rare autosomal
recessive disorder, representing 0.3% of all glycogenoses. 
Since its first description by Andersen, many variants with 
different tissue involvements and clinical presentations have
been reported. The age of presentation can vary from the 
neonatal period to adulthood. The gene has been mapped 
on chromosome 3p14. The typical clinical presentation, as ori-
ginally described, is failure to thrive and hepatosplenomegaly
presenting early in life with rapid progression to endstage 
liver disease and death between 3 and 5 years of age. Deposition
of amylopectin can affect skeletal and cardiac muscle and ner-
vous tissue. This can lead to peripheral myopathy/neuropathy
and cardiomyopathy. Diagnosis is suspected histologically by
the detection of hepatocytes containing cytoplasmic PAS-
positive deposits (amylopectin aggregates), which appear as
finely granular material along with normal-appearing glycogen
particles on electron microscopy. The enzymatic defect can 
be measured in muscle, leukocytes, cultured skin fibroblasts 
and amniotic cells. The only effective treatment for patients 
with progressive liver disease is liver transplantation. Of 13 
children who underwent liver transplantation for GSD type 
4, one died of cardiac failure due to progressive amylopectin 
accumulation after surgery. Careful cardiac and neurological
assessments prior to considering liver transplantation are 
recommended.
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Mitochondrial hepatopathies
Mitochondria provide energy for intracellular processes of
oxidative phosphorylation throughout the body with the gener-
ation of adenosine triphosphate (ATP). Mitochondrial disorders
can affect any organ, with dysfunction in those with a high
metabolic demand, such as brain, muscle, kidney and liver,
being the most likely to cause symptoms. Mitochondrial dis-
orders affecting the liver can be caused by a primary inherited
defect, such as respiratory chain complex I–V deficiency, mito-
chondrial DNA depletion syndrome, Pearson syndrome, pri-
mary fatty acid oxidation defects and Alper syndrome, or by 
a secondary process following the adverse impact of drugs or
toxins on the mitochondrial structure. Although mitochondria
have their own unique genome, they depend on nuclear DNA
for replication and function. The mitochondrial DNA is exclu-
sively inherited from the mother. Mitochondrial disease can
present at any age but, in a paediatric series, most patients
became symptomatic before the age of 2 years, 11% with liver
disease. A combination of hypoglycaemia, multiorgan/liver fail-
ure, feeding difficulties, failure to thrive, neurological impair-
ment and pancreatic insufficiency should raise the suspicion of
mitochondrial problems and warrants further investigations.
Biochemically, lactic acidosis is present with elevated serum 
and cerebrospinal fluid lactate, as well as mild to moderate con-
jugated hyperbilirubinaemia, high levels of aminotransferases,
coagulopathy, hyperammonaemia and hypoglycaemia. Later
onset cases tend to have a milder clinical course. Investigations
for mitochondrial cytopathy include muscle biopsy and/or liver
biopsy (mitochondrial DNA and respiratory chain enzyme 
measurement), magnetic resonance scan of the brain, neuro-
physiology, ophthalmology review and echocardiogram. In 
paediatrics, diagnosis should be sought by investigating muscle
and liver mitochondrial DNA, as mutations are rarely detected
in blood samples, in contrast to adults, suggesting that child-
hood disease is more likely to result from nuclearly encoded
mutations. Tissue samples should be investigated fresh or snap
frozen in liquid nitrogen and stored at –70°C prior to analysis.
Often, a liver biopsy cannot be carried out because of coagulo-
pathy. Liver histology findings are non-specific, showing 
the presence of micro- and macrovesicular steatosis. Fibrosis
and progression to cirrhosis are seen in advanced disease.
Abnormalities in the mitochondria are detectable by electron
microscopy. In children with mitochondrial hepatopathies, the
most common causes are isolated complex I and IV defects. As
no satisfactory treatment is available, management remains 
supportive. If liver grafting is considered, possible neurological
involvement should be investigated thoroughly, as it would con-
traindicate transplantation because of inevitable progression
after surgery. For children with isolated liver disease, successful
outcome has been reported, although follow-up is limited [73].

Urea cycle defects
Clinical symptoms in urea cycle and urea cycle-related disorders
are caused by two different mechanisms. First, symptoms of

hyperammonaemia are not specific to the metabolic defect 
and include acute neurological deterioration with vasomotor
instability, apnoeas and fits. Respiratory alkalosis is usually 
present. Second, unique clinical manifestations depending on
the metabolic defect arise from excesses or deficiencies in amino
acids and/or related metabolites. Other factors such as age,
nutritional status and associated disorders, e.g. infections, may
modify the clinical symptoms. Management includes protein
restriction, arginine and/or citrulline administration and the 
use of alternative pathways to excrete nitrogen, e.g. sodium 
benzoate or sodium phenylacetate that conjugate with glycine
and glutamine respectively. Liver transplantation cures the
defect. Auxiliary liver transplantation has been used success-
fully, with the advantage of leaving the children with part of their
own livers should gene therapy become available in the future.
In ornithine transcarbamoylase deficiency, perinatal hepatocyte
transplantation has been shown to stabilize the disease and to
function as a safe bridge to orthotopic transplantation [74].

Lysosomal storage disorders
Lysosomal storage disorders include mucopolysaccharidoses,
lipidoses (Gaucher and Niemann–Pick disease), glycopro-
teinoses, mucolipidoses and cholesterol ester disease (Wolman
disease). These conditions are rare and can present in the neo-
natal period or later in childhood. Neurological involvement
with progressive dysfunction is common. Liver involvement 
can present as congenital or neonatal ascites, hepatomegaly or 
hepatosplenomegaly and conjugated jaundice in the newborn
period. The presence of vacuolated lymphocytes on a peripheral
blood smear is suggestive of a lysosomal storage disorder.
Enzymatic activity is investigated in isolated peripheral blood
leukocytes or cultured skin fibroblasts. The prognosis of most 
of these conditions is poor, although phenotypical variations 
are reported. Treatment is mainly supportive. Bone marrow
transplantation has given variable and generally unsatisfactory
results in mucopolysaccharidoses, Niemann–Pick and Gaucher
diseases. The enzymatic defects are not corrected by liver trans-
plantation. Effective, but very expensive, enzyme replacement is
available for Gaucher disease [75].

Liver tumours

Liver tumours in children are rare and account for 0.5–2% of 
all neoplasms in the paediatric age group. The Armed Forces
Institute of Pathology reported 10 types of liver tumours as seen
in 716 cases ranging from birth to the age of 20 years (Table 8)
[76]. The benign tumours, infantile haemangioendothelioma
and mesenchymal hamartoma, and the malignant hepatoblas-
toma affect children below 2 years of age more commonly.

Infantile haemangiomata

Haemangiomata are benign vascular tumours, occurring almost
exclusively in the first year of life. They are relatively common in
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the skin and mucous membranes but can affect any organ 
system. In the liver, two histological types of lesions have 
been described: capillary haemangioma (or haemangioendothe-
lioma) and cavernous haemangioma. Both types of lesion can be
present in the same histological sample. Over time, haeman-
gioendothelioma can become more cavernous in appearance as
a consequence of increasing shunts.

Hepatic haemangioendothelioma (HHE) typically undergoes
three stages, proliferation, maturation and involution, and is
characterized by the clinical triad of high-output cardiac failure,
hepatomegaly and cutaneous haemangiomata. The most com-
mon presenting features are hepatomegaly and abdominal dis-
tension, while the incidence of cutaneous haemangiomata is
variable. HHE can occur as a single tumour or can be multifocal
involving both lobes of the liver. If the patient survives the 
acute clinical phase, HHE eventually disappears. A major and, 
at times, life-threatening complication is high-output cardiac
failure, due to the presence of significant shunting. Other 
complications include Kasabach–Merritt syndrome, anaemia,
consumptive coagulopathy, obstructive jaundice, vascular mal-
formation involving other organs and, rarely, intraperitoneal
haemorrhage secondary to rupture. Hypothyroidism, associated
with increased activity of type 3 iodo-thyroxin-diodinase within
the tumour, is frequently present and requires temporary treat-
ment [77].

For the diagnosis of HHE, non-invasive imaging, such as
ultrasound scan with Doppler, computerized tomography and
magnetic resonance, have been substituted for invasive angio-
graphic studies. Needle liver biopsy is contraindicated because
of the high risk of bleeding. Liver tissue can be obtained at
laparotomy in selected cases when malignancy cannot be
excluded on imaging. Because of the spontaneous resolution of
the lesion over time, asymptomatic HHE does not warrant treat-
ment. The management of symptomatic HHE depends on its
severity. Medical treatment consists of symptomatic treatment
of high-output cardiac failure with digitalis, diuretics and, more
recently, angiotensin-converting enzyme (ACE) inhibitors.

Other treatments to try and hasten the involution of the 
lesions have included radiotherapy, corticosteroids, interferon
and chemotherapy with vincristine. Hepatic artery embolization
has been reported. Surgical management includes resection 
of the lesion by hepatic lobectomy or hepatic artery ligation,
depending on the size and localization of the lesion. Liver 
transplantation should be reserved for cases that do not respond
to any of the other treatment options.

Mesenchymal hamartoma [78]

Mesenchymal hamartoma is a rare benign tumour with a multi-
cystic appearance that typically affects children during the first 
2 years of life. It can present with symptoms of abdominal dis-
tension, but is often an incidental finding on clinical examina-
tion or imaging and is rarely associated with abdominal pain.
Biochemically, AFP can be mildly raised, but liver function tests
are usually within normal limits. Imaging with ultrasound scan,
computerized tomography and magnetic resonance shows a
multiloculated cystic tumour with a hypodense and hypovascu-
lar appearance. Final diagnosis is made on the basis of histology,
usually obtained at the time of resection. Mesenchymal hamar-
toma can occasionally be detected in prenatal ultrasound scans.
Although a benign tumour, there are reports of undifferentiated
embryonal sarcoma hiding within the mesenchymal hamartoma
mass or becoming evident after incomplete resection. There
have been reports of spontaneous regression of mesenchymal
hamartomata, but complete excision remains the therapeutic
option of choice.

Focal nodular hyperplasia (FNH)

FNH is a benign epithelial tumour, characterized by an irregular
mass with a central stellate scar containing blood vessels. The
lesion, typically well circumscribed and lobulated, can vary in
size and be single or multiple. FNH is seen in all age groups 
and more commonly in females. It has been reported in older
patients with GSD type 1. A literature review identified 86 
paediatric cases between 1966 and 1993 [79]. Half the children
complained of abdominal pain. Imaging with ultrasound scan,
computerized tomography and magnetic resonance is usually
diagnostic. Three treatment strategies have been suggested: 
conservative management with regular clinical and radiological
follow-up; surgical excision of the mass; interventional treat-
ment with embolization or ligation of the hepatic artery. There
have been no reports of malignant transformation of this benign
tumour; however, FNH associated with fibrolamellar HCC has
been reported [80].

Nodular regenerative hyperplasia (NRH)

Nodules of hyperplastic hepatocytes, compressing the interven-
ing liver parenchyma, are known as NRH. NRH is rare in the
paediatric age group and, when present, in contrast to adults, is

Table 8 Liver tumours in 716 patients from 0 to 20 years of age. 

Type of tumour %

Hepatoblastoma 28

Hepatocellular carcinoma 19

Infantile haemangioendothelioma 17

Focal nodular hyperplasia 10

Mesenchymal hamartoma 8

Undifferentiated embryonal sarcoma 7

Nodular regenerative hyperplasia 5

Hepatocellular adenoma 4

Angiosarcoma 2

Embryonal rhabdomyosarcoma 1

From American Forces Institute of Pathology 1970–1999 [76].
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not associated with neoplastic conditions. Children are often
asymptomatic, and hepatosplenomegaly is detected fortuitously.
Imaging with computerized tomography and magnetic reson-
ance usually suggests the diagnosis. NRH can involve the whole
liver and lead to portal hypertension and its complications.
Treatment of complications or shunt procedures become neces-
sary in severe cases, and liver transplantation has even been 
performed after failure of shunt surgery.

Hepatoblastoma [81]

Hepatoblastoma is an embryonic tumour derived from the
epithelial cells of the fetal liver and is characterized by rapid
growth. It is the most frequent malignant liver tumour in 
children and is most commonly diagnosed in the first 3 years of
life. There is a male preponderance. Hepatoblastoma spreads by
vascular invasion, typically in the lungs. It usually presents with
abdominal distension, abdominal pain and failure to thrive.
Anaemia and thrombocytosis are common laboratory findings.
Very high AFP levels are a useful tumour marker in the majority
of affected children and help in monitoring the response to 
therapy. The tumour can be suspected on ultrasonography, but
computerized tomography or magnetic resonance imaging is
necessary for an accurate differentiation between tumour and
normal liver tissue. A diagnostic liver biopsy should be done
percutaneously under ultrasound guidance. Epithelial and mes-
enchymal features can both be present on histology. Treatment
consists of chemotherapy and complete tumour resection by
partial hepatectomy or, if the tumour is unresectable, by liver
transplantation. The Liver Tumour Study Group of the Societé
Internationale d’Oncologie Pediatrique (SIOP) has published its
guidelines with regard to the management of hepatoblastoma,
which include pre- and postresection/transplant chemotherapy.
In the USA, the Children’s Cancer Group considers primary
resection as the preferred treatment followed by adjuvant
chemotherapy and liver transplantation for unresectable
tumours [82]. The overall prognosis of hepatoblastoma is good
if complete tumour resection is achieved. Adverse prognostic
factors are low serum AFP (< 100 ng/mL), lack of response to
chemotherapy and the presence of metastases at diagnosis.

Hepatocellular carcinoma (HCC)

HCC is rarely diagnosed in the paediatric age groups but, 
when present, is typically seen in older children/teenagers. Most
commonly, HCC develops in the presence of an underlying 
liver disease such as chronic viral hepatitis (e.g. hepatitis B) or a
metabolic disorder (e.g. tyrosinaemia or BSEP deficiency) [83].
Occasionally, HCC is diagnosed in children with no evidence 
of underlying liver disease. The typical presentation is with
abdominal pain and an abdominal mass. AFP is often elevated,
although not as much as in hepatoblastoma. Computerized
tomography and magnetic resonance imaging can help to 
determine whether tumour resection is an option. Liver biopsy

under ultrasound scan guidance is indicated if no underlying
liver pathology is present. The histologically defined fibrolamellar
variant of HCC is typically AFP negative and affects teenagers.
Treatment consists of resection, chemotherapy or combined
chemotherapy and resection, but the prognosis is very poor,
with a reported 10–20% long-term survival rate [84]. Liver
transplantation can be an option if the tumour is unresectable
but confined to the liver; however, reported experience in 
children is limited.

Inflammatory pseudotumour

Inflammatory pseudotumour is a rare lesion that can arise in
different organs and tissues, with the liver being a relatively
common site of origin. The lesion is considered benign.
Histology consists of proliferation of spindle-shaped cells,
myofibroblasts, mixed with inflammatory cells, consisting of
plasma cells, lymphocytes and occasional histiocytes. Since
1971, 15 paediatric cases have been reported in the literature,
ranging in age from 10 months to 15 years [85]. The lesion can
be solitary or multiple, and children often present with non-
specific symptoms such as fever and impaired growth and 
are found to have raised inflammatory markers. There are no
specific laboratory or radiological findings, and differential
diagnosis with FNH can be difficult on imaging. A final dia-
gnosis is made at the time of surgical resection, which is the 
most common form of treatment. Prognosis is generally good.

Portal hypertension

Portal hypertension exists when the pressure in the portal
venous system rises above 10–12 mmHg. Portal hypertension
can be a consequence of chronic liver disease or due to extrahep-
atic causes, such as portal vein thrombosis. Extrahepatic portal
hypertension is observed more commonly in children than in
adults [86]. Among children with cirrhosis, two-thirds have
varices [87]. The risk of bleeding is substantial in both cirrhotic
and non-cirrhotic children. Acute bleeding is usually managed
with a combination of pharmacological (octreotide) and endo-
scopic interventions, including sclerotherapy and banding.
With regard to primary prophylactic management, the use of
beta-blockers (propranolol) has not been studied in large ran-
domized trials in children. Prophylaxis of further bleeding with
sclerotherapy or variceal ligation decreases the rate of rebleeding
[88,89]. Liver transplantation needs to be considered in chil-
dren with chronic liver disease when variceal bleeding does 
not respond to endoscopic treatment, while in children with
extrahepatic portal hypertension and unmanageable bleeding, 
a shunt procedure is the therapeutic option.

Different types of shunts have been used in children, the most
common being a distal splenorenal shunt and, more recently,
the mesenterico-portal bypass, also known as the Rex shunt,
where the left branch of the portal vein is connected to the supe-
rior mesenteric vein, thereby restoring portal flow directly to the
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liver and preventing encephalopathy, a serious complication
after traditional portosystemic shunts [90]. For the Rex shunt,
preoperative investigations to assess the patency of the left portal
system and of the mesenteric vessels are essential, as well as
exclusion of outflow obstruction or parenchymal liver disease.
This shunt procedure is generally safe, with low postoperative
complications.

Liver transplantation

Liver transplantation (LT) has become a standard mode of treat-
ment for a wide variety of liver diseases in children. Biliary atre-
sia is by far the most common indication for LT in the paediatric
age group. Approximately 15% of LTs are performed for acute
liver failure. The median age at transplantation is 12–18 months,
with around 60% of the transplanted children being younger
than 6 years. Three-year patient and graft survival, as reported
by the SPLIT research group in the USA and Canada in 2004,
was 84% and 75% respectively [91]. Patient survival is better in
children with chronic liver disease than in those transplanted for
acute liver failure or liver tumours.

Most liver grafts are obtained from brainstem dead/heart-
beating donors; however, recently, the use of liver grafts from
non-heart-beating donors has been reported [92]. Both donor
and recipient should be ABO blood group compatible, but
preferably an identical ABO matched graft is used. Although
there is no upper age limit for liver donation, donors over 50
years of age are less commonly accepted for children. Over the
past 10 years, to overcome the shortage of size-matched donors,
particularly for small children, innovative surgical techniques
have been developed. Reduced, split and living related liver
grafts are now used routinely. In living related LT, the left lateral
segment from a healthy donor, usually a parent, is used. The
reported donor postoperative morbidity is 21% and mortality
between 0.15% and 0.5%; these figures include living related
donations for both children and adults [93]. In very small
babies, monosegment grafts have been used.

An innovative type of transplantation is auxiliary LT, in
which, after removal of part of the diseased liver, the same part
from a healthy donor liver is grafted next to the residual recipi-
ent’s liver. This technique can be used in children presenting
with acute liver failure, with the aim that the healthy graft 
maintains liver function while the native liver regenerates. If
regeneration of the native liver occurs, immunosuppression can
eventually be decreased and discontinued, leaving the child with
his/her own functioning native liver and with no need for life-
long immunosuppression [94]. It is important to establish
before this type of surgery whether liver damage is due to an
acute insult, e.g. infections or drugs, or to an acute decompensa-
tion of an underlying chronic disease, such as AIH or WD, as
only in the former is auxiliary LT indicated. Auxiliary LT is 
also performed in metabolic conditions caused by liver-based
enzymatic defects leading to serious systemic consequences, 
but with preserved liver function, e.g. Crigler–Najjar syndrome,

familial hypercholesterolaemia and urea cycle defects, as the 
segment from a healthy donor can correct the metabolic 
abnormality.

Immunosuppression

The introduction of ciclosporin in 1983 has led to a significant
improvement in survival after LT, which, from an experimental
procedure, has become a standard mode of treatment. Since
then, new immunosuppressants have been developed and are 
in current use, such as tacrolimus, sirolimus, mycophenolate
mofetil and anti-interleukin (IL)-2 receptor monoclonal anti-
bodies. Currently, in most centres, primary immunosuppression
consists of steroids and tacrolimus which, like ciclosporin, inter-
feres with IL-2 secretion, thereby inhibiting T-cell proliferation
and the generation of cytotoxic T cells. Steroids are weaned over
the first few months after LT to a minimal dose depending on
the age of the child. Some centres use a steroid-free immunosup-
pressive regimen. Side-effects of calcineurin inhibitors include
nephrotoxicity, hypertension, neurotoxicity and predisposition
to cancer (ciclosporin and tacrolimus); hirsutism and gingival
hyperplasia (ciclosporin); and diabetes (mainly tacrolimus). It is
important to assess renal function prior to LT and to continue to
monitor it after LT by measuring the glomerular filtration rate
(GFR) at regular intervals, e.g. once a year, in order to modify
the immunosuppressive treatment promptly in the presence of
early signs of renal impairment (GFR < 80 mL/min/1.73 m2). 
A significant improvement in renal function can be achieved 
by adding the immunosuppressant antiproliferative agent
mycophenolate mofetil and decreasing or stopping the cal-
cineurin inhibitors [95]. Sirolimus (rapamicin) is a triene
macrolide antibiotic that blocks T-cell activation and prolifera-
tion. Sirolimus is generally used in paediatric liver transplanta-
tion when other immunosuppressants are unable to control
rejection or in the presence of severe renal impairment. OKT3, 
a monoclonal anti-CD3 antibody, and antithymocyte globulin
(ATG) or antilymphocyte globulin (ALG) polyclonal antibodies
are useful in steroid-resistant rejection, although their use 
has decreased considerably in recent years as a result of more
powerful primary immunosuppression and because of their
association with the development of EBV-related post-LT lym-
phoproliferative disorders (PTLD) in the paediatric age group.
Simulect, a monoclonal anti-IL-2 antibody, is used either to pre-
vent rejection at the time of surgery or to treat steroid-resistant
rejection.

Complications

Surgical complications
Surgical complications include primary non-function of the
graft, hepatic artery thromobosis, portal vein thrombosis, biliary
complications and bowel perforation. Their incidence has been
decreasing over the years in parallel with improvements in 
surgical techniques.
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Infection
Infection is the most common cause of morbidity and mort-
ality after LT with a prevalence ranging from 40% to 73%.
Immunosuppression, surgery and invasive devices predispose to
infection. In the first month after LT, bacteria and fungi are the
major culprits. Appropriate immunization with live and killed
vaccines prior to transplantation and antimicrobial prophylaxis
can help in preventing infectious complications after LT.

Bacterial infections occurring immediately after LT are 
often Gram negative. Hence prophylactic antibiotics are admin-
istered. Opportunistic bacterial infections may occur, usually
between 1 and 6 months after LT, particularly in children who
receive high doses of immunosuppression. Children in whom a
Roux loop is used for biliary drainage are at risk of developing
ascending cholangitis.

The incidence of fungal infections post LT varies between
31% and 40%, most of them being intra-abdominal. Fungal
infections are associated with increased mortality; however,
most children respond well to antifungal treatment. Pre-LT 
fungal colonization and pyrexia and post-LT bacterial infection,
EBV infection and tacrolimus administration are reportedly
associated with a higher risk of fungal infection in paediatric
recipients [96]. Candida and Aspergillus species are the most
common fungal infections. Azole antifungals, such as flucona-
zole and itraconazole, or liposomal amphotericin B are used for
prophylaxis after surgery.

Viruses most likely to cause complications after LT are
cytomegalovirus (CMV), EBV, HSV and varicella zoster virus
(VZV). CMV infection occurs in up to 60% of transplanted 
children between 2 and 12 weeks after surgery. Malaise, fever,
leucopenia, thrombocytopenia and arthralgia are common
symptoms; liver function tests may deteriorate. Other com-
plications such as myocarditis, vasculitis and encephalomyelitis
have been described. Treatment consists of intravenous gancy-
clovir. Two-week prophylaxis with intravenous gancyclovir,
starting 1 week after transplant, is advisable for children who 
are CMV negative before LT and who receive the organ from 
a CMV-positive donor. CMV DNA can be monitored after
transplant to determine the onset and progression of CMV
infection.

HSV occurs in 10% of children post LT and responds well to
treatment with aciclovir. VZV can cause significant morbidity
and mortality in immunocompromised children. VZV vaccina-
tion prior to LT reduces the incidence of infection but, in the
case of direct exposure to an infected person post LT, VZV 
antibodies also need to be measured in vaccinated children and,
if negative, VZV immunoglobulins or oral aciclovir should 
be prescribed. If vesicles appear, treatment with intravenous 
aciclovir is indicated.

EBV infection can present with a spectrum ranging from a
mononucleosis-like illness to malignant lymphoma. EBV drives
an abnormal proliferation of B lymphocytes that may lead to
PTLD. The reported incidence of PTLD in large liver transplan-
tation centres ranges between 7% and 11%. Risk factors for

PTLD include young age at LT, EBV mismatch between donor
and recipient (liver from an EBV-positive donor in an EBV-
naive recipient), primary EBV infection during the first 6
months after LT, high levels of immunosuppression and the use
of antilymphocyte induction agents. Clinical features include
fever, lymphadenopathy, malaise, protein-losing enteropathy
with hypoalbuminaemia, positive faecal occult blood and
anaemia. Therapeutic options include antiviral therapy, reduc-
tion of immunosuppression, cytokine therapy, cytotoxic ther-
apy, cellular immunotherapy and anti-B-cell antibodies. The
first-line treatment is reduction of immunosuppression, thus
allowing EBV-specific T cells to regain their role in controlling
B-cell proliferation and therefore in reducing the activity of EBV
and inhibiting proliferation of EBV-infected B cells. Rituximab,
a chimeric monoclonal anti-CD20 antibody that has become
available recently, is used in some transplant centres as first-line
treatment of symptomatic PTLD. Measurement of EBV viral
load is useful in monitoring infection, but not in predicting the
onset of PTLD or its response to treatment. PTLD treatment
complications include acute and chronic rejection and increased
susceptibility to infection [97].

Rejection
Acute rejection is a common early complication after LT, occur-
ring in 40–70% of children during the first month, usually
between 5 and 15 days after surgery. Symptoms of fever and gen-
eral malaise may be present, but a rise in serum transaminase
levels is the most reliable sign. A liver biopsy should be per-
formed to confirm the diagnosis, typical histological features
being a dense periportal cellular lymphocytic and eosinophilic
infiltration with endothelitis and bile duct damage. Acute rejec-
tion is treated with high-dose intravenous methylprednisolone
(10 mg/kg/day) for three consecutive days and an increase in the
dose of maintenance calcineurin inhibitors aiming at achieving
adequate levels. In cases of steroid-resistant rejection, the main-
tenance immunosuppressive regimen may need to be altered 
by adding mycophenolate mofetil to tacrolimus. In severe cases,
the use of monoclonal or polyclonal anti-T-cell antibodies is
required.

Early chronic rejection presents within 6 weeks of LT, often
following an acute cellular rejection not responding to treat-
ment. Late chronic rejection usually occurs between 6 weeks 
and 6 months after LT and is characterized by bile duct injury.
The incidence is between 5% and 10% and is a significant cause
of graft loss. It should be suspected in the presence of marked
cholestasis with raised serum bilirubin and gamma-glutamyl-
transferase levels and pruritus, after excluding surgical compli-
cations such as anastomotic bile duct strictures or ischaemic
cholangitis, which may follow hepatic artery thrombosis. Serum
transaminases are only mildly or moderately elevated. The
pathophysiology of chronic rejection is poorly understood.
Histological features are those of loss of bile ducts and arterio-
pathy. No specific treatment is available. Increased immuno-
suppressive therapy with the use of sirolimus may reverse the
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changes in some children, but the majority progress to graft loss
and retransplantation. In approximately 25% of children who
develop chronic rejection, chronic rejection reoccurs following
retransplantation.

Late complications
With the improvement in long-term survival after LT, sec-
ondary illnesses have become more common. The main con-
tributing factor for these is immunosuppression. As mentioned
above, calcineurin inhibitors cause nephrotoxicity in 20–70% of
non-renal transplant recipients. The introduction of mycophe-
nolate mofetil can help to decrease the dose or even discontinue
the calcineurin inhibitor and thereby improve glomerular 
function.

In 1998, Kerkar et al. described an autoimmune response
against the allograft, occurring at a median time of 2 years after
LT and characterized by an increase in serum transaminase 
and immunoglobulin levels with positive autoantibodies and
features of chronic hepatitis on liver histology [98]. Treatment
of this condition, referred to as de novo AIH (see Chapter 11.2),
is the same as that used for classical AIH and consists of increas-
ing the dose of prednisolone and adding antiproliferative agents
such as azathioprine or mycophenolate mofetil.

Immunosuppression is likely to favour the growth of neoplas-
tic cells by reducing the mechanisms of immune surveillance.
Besides PTLD, described above, the most common malignancies
after LT are lymphoma, skin cancer and Kaposi sarcoma.

Other long-term physical complications include cardiovas-
cular disease, growth impairment and reduced bone mineral 
density.

Finally, chronic liver damage, possibly due to infection, silent
rejection or autoimmunity, has been demonstrated in protocol
biopsies performed 5–10 years after LT. Cirrhotic changes were
found in 15% of patients in protocol liver biopsies performed 
10 years after LT [99].

With more children surviving into adulthood after LT, the
effects of surgery and chronic immunosuppression on their
physical, sexual and psychosocial development and on the 
quality of life will need to be explored.
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Introduction

While there are no liver diseases specific to old age, the presenta-
tion, clinical course and management of liver diseases in the
elderly differ in important respects from those in younger indi-
viduals. Furthermore, age-related changes in the morphology
and function of the liver influence our understanding of the
interaction between the liver and the organism in later life.
Nowhere has this been more evident than in the advance of liver
transplantation into patients in their eighth and, very exception-
ally, ninth decades [1]. It is only in the last 10 years that interest
has grown in over 65-year-olds, despite the fact that this group
now represents up to 18% of the population in westernized
countries and Japan [2–5].

Morphology and function

Morphology

The liver attains maximum size in young adulthood and then
steadily declines in weight, not only in absolute terms but also 
in relation to body size. One study of liver volume using 
ultrasound measurement showed a decline in estimated liver
volume from 1475 mL at age 24 years to approximately 930 mL
at age 90 years – a decrease of 37%; this change is apparently
more marked in women (44%) than in men (28%) [6]. Other
non-invasive estimates have shown very similar findings [7,8].
Moreover, functional studies using scintigraphy also showed a
decrease in the hepatocyte mass in the liver [9]. The largest post-
mortem study of liver weight found a fall of 46% between the
third and tenth decades [10]. In appearance, the liver becomes a
darker brown colour due to the accumulation of fluorescent
brown-pigmented lipofuscin granules in lysosomes within the
hepatocytes. Lipofuscin is largely composed of protein; Ivy et al.
[11] and Kitani [12] suggested recently that its deposition in
liver cells, as elsewhere in the body, is due to decreased intracel-
lular proteolysis with age. Whether this is because of decreased
protease activity or an age-related modification of proteins
within the cell to make them more resistant to protease digestion

is not clear [11,12]. In ageing, many liver cells enlarge, and
nuclei show more polyploidy with increased DNA per nucleus
[13,14]. Cells contain more protein; as with the nuclei, mito-
chondria are also enlarged [15]. It has been suggested that this
increased protein is functionally inactive and represents the
accumulation of ‘junk’ within the liver cells. It is important to
emphasize, however, that observations of age-related morpho-
metric and functional alterations in experimental animals must
not be extrapolated to man.

A decreased hepatic blood flow is considered to be responsible
for age-related decrease in liver size [16]. Liver blood flow 
can only be estimated indirectly in man. Wynne et al. [6] have
used indocyanine green clearance to show that estimated liver
blood flow falls by about 35% between the third and tenth
decades. In addition, liver perfusion (liver blood flow per unit
volume of liver) also fell over this range by about 11% [6]. 
Such calculations depend upon the constancy of extraction 
of indocyanine green by the liver with advancing age [17].
Ultrasonographic studies have now confirmed these results 
[18], thus validating the magnitude of estimated decline in liver
blood flow.

Liver function tests and metabolism

Clinically relevant liver blood tests do not change with age [19].
Thus, abnormalities of serum bilirubin, serum transaminases,
hepatic alkaline phosphatase and other liver blood tests should
be regarded in the same way in an 80-year-old as in a 20-year-
old. Nonetheless, a number of dynamic measurements of liver
function probably do decline with age. Many pharmacokinetic
studies in man suggest that the clearance of drugs predomin-
antly metabolized by the cytochrome P-450 enzyme system is
reduced by between 10% and 50% with age [20,21]. It seems
probable that, when other variables (diet, smoking, sex, nutri-
tion) have been accounted for, there is a decline in cytochrome
P-450-related metabolism of between 5% and 30% from early
adulthood to senescence [22–26]. Studies in man and primates
have hitherto shown few age-related decreases in the specific
activities or affinities of individual cytochrome P-450s [27].
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Nonetheless, it is very possible that there may be differential
decline in some functions with age [28]. Galactose elimination
has been shown to decline with normal ageing; it is suggested
that this cytosolic function is reduced at the same rate as liver
size [8].

Few studies of hepatic synthetic function have been carried
out in man but, although basal urea nitrogen synthesis is un-
altered, there is a significant negative correlation between peak
urea synthesis and age [29] – an example of the widespread phe-
nomenon of the inability to respond to stress in old age. This
group has now demonstrated that hepatic conversion of 
α-amino nitrogen into urea nitrogen – functional hepatic nitro-
gen clearance – was reduced by 50% with advancing age and that
this was considerably greater than the observed age-related
decline in liver volume [30]. Recently, pseudocapillarization of
the hepatic sinusoidal endothelium has been described in the 
elderly [31]. This phenomenon seems to be related to an age-
related impairment in hepatic lipoprotein metabolism and to
atherosclerosis [32]. All these studies confirm that some hepatic
functions are independently impaired.

Response to stress

It is well recognized that the liver has remarkable powers of
regeneration. In old livers, the rate of replacement of liver cells
after injury may be reduced so that repair is probably slower
[33]. One clue as to the possible mechanism of this impaired
proliferative capacity of liver cells has been provided by the
demonstration of an age-related decline in mitogen-activated
protein kinase activity in epidermal growth factor-stimulated rat
hepatocytes [34].

Many studies in rodents have shown increased liver damage
from a standard hepatic toxin with age, for example galac-
tosamine [33], and an increased production of an inactive form
of protective enzymes in old age, for example superoxide dis-
mutase [35]. Impairment of Kupffer cell function may be another
factor affecting elderly people. Kupffer cells showed an age-
related inability to either inactivate endotoxin, leading to
increased mortality from hepatorenal failure [36], or phago-
cytose and degrade radiolabelled mitochondria, leading to an
increased susceptibility to sepsis secondary to abdominal infec-
tions [37] or to the development of a metastatic liver disease
[38]. These studies provide evidence of possible increased 
susceptibility to stress insult in old age, although there are no
directly comparable human data.

In summary, reduction in liver size and blood flow probably
accounts for much of the age-associated decline in hepatic
metabolism of xenobiotics in healthy man and, hence, in most
cases, for any reduction in dynamic liver tests. Furthermore,
there is increasing understanding of the age-related decline in
the power of the liver to regenerate after cell damage or death.
Far more important, however, may be the influence of coexis-
tent disease, current nutritional status, genetic factors and a life-
time variation in diet, smoking and alcohol consumption. The

sum of these parts leads to the far greater variance seen in 
many metabolic functions in elderly patient populations. These
factors, combined with a poorly understood age-related failure
of the homeostatic response to stress, may well form the back-
ground for the age-related features of hepatobiliary disease
described below.

Parenchymal liver disease

This chapter will seek to point out important areas in which
there are special features or differences between old and young
patients in respect to clinical liver disease and its management.

Viral hepatitis

Hepatitis A
The proportion of the older adult population without acquired
immunity to hepatitis A virus (HAV), at least among affluent
and western populations, is lower now than in previous decades
[39]. This is presumably, at least partly, a cohort effect due to
improved sanitation. Currently, in some groups, only about
50% of the over 50-year-old population possesses anti-HAV
antibodies [40]. We may, therefore, expect hepatitis A to
become more frequent in the elderly. Mortality is age related. In
Britain, while the ratio of deaths to notification of the disease
was approximately 7 per 10 000 persons aged 15–24 years, it rose
to more than 400 per 10 000 in those over 65 years [41]. Forbes
and Williams also reported that, if fulminant hepatic failure
developed, then increased age was an adverse prognostic
marker. Now that hepatitis A vaccination is widely available and
with increased travel to areas of high endemicity of the disease,
screening of elderly travellers for hepatitis A IgG antibodies and
vaccination of those who are negative is strongly indicated,
although there is some evidence of diminished serological
response to hepatitis A vaccines in older individuals [42].

Hepatitis B and D
The major risk groups for acute hepatitis B and D in Europe 
and the United States (homosexuals, intravenous drug abusers)
are not highly represented in the elderly population, but the 
disease may still occur. This disease is more cholestatic and the
clearance of hepatitis B surface antigen (HBsAg) is slower in 
the elderly but, although the short-term prognosis is unaltered,
one report of an outbreak of hepatitis B in a nursing home 
for old people reported a resultant carrier rate of 59% [43]. In
parallel with this finding, hepatitis B vaccination appears to 
be progressively more unsatisfactory in older individuals with
progressively lower antibody response. Some possible improve-
ments, such as the addition of unmethylated CpG nucleotides,
are under study [44]. Both the possible increased carrier rate 
following acute infection and the poor response to vaccination
may be due to a lack of antibody-producing B cells – presumably
a facet of the failure of the immune response in old age [45]. In
hepatitis D, progression to cirrhosis occurs in the majority of
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cases [46,47]. Antiviral therapy for chronic hepatitis B using
nucleoside analogues should be discussed on a case-by-case
basis.

Hepatitis C
An Italian study has suggested that the prevalence of hepatitis C
virus (HCV) infection in the elderly is sixfold higher than in
under 35-year-olds in the same region – unlike the findings for
HBV. Conceivably, this is a cohort effect, but the explanation is
unknown [48]. The natural history of hepatitis C in older people
is controversial. During the next 20 years, the prevalence of HCV
cirrhosis and hepatocellular carcinoma in the elderly is expected
to rise [49]. One epidemiologically based study of community-
acquired hepatitis C in the United States suggested that at least 
a proportion of mainly elderly patients have a rather benign
course [50]. In contrast, in a hospital-based study of hepatitis C
in Britain, of 25 patients presenting over age 65 years, 18 of the
20 patients who had liver biopsy showed cirrhosis (12 patients)
or cirrhosis and hepatocellular cancer (six patients) at presenta-
tion, four further patients developed hepatocellular cancer, 
and two patients died of other diseases associated with HCV
infection – non-Hodgkin’s lymphoma and fibrosing alveolitis
[51]. Putative factors for acquiring HCV were identified in less
than half.

As elderly patients with hepatitis viruses frequently present
with more cholestatic acute disease or chronic disease, which
may be further advanced than in younger subjects, all older
patients presenting with liver disease or abnormal liver function
tests must be screened for possible hepatitis B or C and, where
indicated, A, with appropriate serological tests before invasive
investigations or procedures are carried out. The place of inter-
feron treatment for elderly patients with HBV or HCV is still 
to be determined. At present, the cost–benefit equation would
not seem to favour treating elderly patients with established 
cirrhosis.

Drug-induced liver disease

Drug-induced liver disease, or at least abnormality of liver func-
tion tests, may account for as much as one-third of the over 
65-year-old patients presenting with an apparent acute hepatitis
[52]. This is perhaps not as surprising as might have been
thought because, while over 65-year-olds account for 15–18%
of the population in most European countries, the United States
and Japan, they may consume over 30% of prescribed medica-
tions and perhaps 40% of non-prescription drugs. Furthermore,
older people have more intercurrent illnesses, impaired cardiac
or renal function for example, which may directly or indirectly
potentiate the adverse effects of some drugs upon the liver. It is
still unclear whether hepatic adverse drug reactions occur with a
frequency out of proportion to the quantity of drugs prescribed
to this group. Furthermore, the relevance of minor abnormalit-
ies of liver enzymes against the potential benefits of import-
ant medications must be considered. A major Swedish study 
of hepatic adverse drug reactions that examined the effect of 

age, corrected for age-related prescribing variables, found no
increased frequency of reported adverse drug reactions nor any
increased susceptibility to severe reactions. Unfortunately, a
number of important drugs, notably halothane, were excluded
from this analysis. Two studies have found that hepatic failure
and death are more common after halothane anaesthesia in
older persons. Animal studies have indicated that this may not
be due to age-related differences in the metabolism of halothane
but is conceivably due to other age-related, intrinsic factors such
as decreased response to stress [53] or alteration in myocardial
contraction and relaxation [54]. It is also suggested that a few
other drugs, among them isoniazid, particularly in conjunction
with rifampicin, may have increased severity of liver toxicity
should it occur in an elderly patient [55]. Adverse effects of 
non-steroidal anti-inflammatory drugs – the model being
benoxaprofen – do show a clear, age-related increased frequency
as well as severity; while the mean age of individuals receiving
benoxaprofen in the United Kingdom was 59 years, the mean
age of those who sustained severe or fatal adverse drug reactions,
usually hepatic, was 75 years [56]. Overall, it is perhaps surpris-
ing that the age-related decline in the clearance of many drugs,
alluded to earlier, does not lead to more severe adverse con-
sequences. This is presumably because, while mild dose-related
abnormalities of liver enzymes may be frequent, severe adverse
reactions are usually idiosyncratic; hence, marginal age-related
declining clearance is probably not relevant.

Autoimmune liver disease

Immune surveillance breaks down in advanced age; thus,
autoimmune markers, and some autoimmune diseases,
hypothyroidism or rheumatoid arthritis for example, become
more common. The effect of advancing age upon the presenta-
tion and prognosis of the autoimmune liver diseases has been
unclear.

Primary biliary cirrhosis (PBC)

All the major prognostic studies of the natural history of PBC
have shown that increasing age is an independent prognostic
indicator, even when liver deaths alone are considered [57–59].
In a major recent epidemiological study of the incidence and
prevalence of PBC in our region, we have shown that the aver-
age age of PBC patients at presentation is now about 60 years,
although tertiary referral centres have a median referral age 
of around 55 years [60]. Of 111 new incident cases of PBC 
diagnosed over age 65 years, at a mean follow-up of 5 years, 29
(26% of the group) had died of liver-related causes. In this study,
the point prevalence of PBC in over 65-year-olds was 569 per
million, or about 1 in 1000 women in 1994. Thus, in many 
populations, up to a quarter of patients may present over age 
65 years and over one-third of prevalent cases at any one time
may be above this age, including both those with severe disease,
exceptionally requiring consideration of transplantation, and
those living into old age with prolonged mild disease.
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Moreover, liver fibrosis seems to progress slowly in PBC (50%
cirrhosis percentiles at 81 years) [61].

Autoimmune hepatitis

This has been thought to be uncommon [62]. Recently, we have
identified 12 individuals with a diagnosis of autoimmune hep-
atitis presenting over age 65 years; this was about 20% of all
patients in whom this diagnosis was made over a fixed period.
The elderly group had more severe initial histological grade, 
but their prognosis was no different from individuals presenting
under age 65 years [63]. Diagnostic scores [64] were slightly
lower in the elderly group. It is the authors’ experience that there
is a small group of autoimmune hepatitis elderly patients pre-
senting with very aggressive disease, rapidly accompanied by 
the severe complications of portal hypertension and encephalo-
pathy, with a larger group presenting with clinical autoimmune
chronic hepatitis but without the full house of diagnostic criteria
recently described by the International Association for the Study
of the Liver (IASL). Conceivably, among these may be indi-
viduals with unrecognized, drug-related, chronic hepatitis.

Alcoholic liver disease

While there are no age-related changes in the specific activity of
total hepatic alcohol dehydrogenase [65], recent careful phar-
macokinetic studies have shown that blood ethanol AUCs (areas
under the curve) among men are significantly greater in older
subjects than in younger in the oral fasted and intravenous fed
states, but not in the oral fed state. In women, there was a highly
significant difference in the oral fasted state only. The authors
suggest that the mechanism underlying the effect of age in
reducing ethanol clearance is unlikely to be related to gastric
metabolism or motility as average AUC was greater fasting than
fed irrespective of intravenous or oral administration. The age-
related difference, seen most clearly in the oral fasted state but
not in the fed state, they suggest, implies a decline in one or more
mechanisms responsible for rapid ethanol metabolism within
the first hour after ingestion [66]. A recent study in rats showed
that the combination of ethanol and ageing caused a marked
deterioration in the integrity of the hepatic mitochondrion [67].

Although presentation of alcoholic liver disease is perceived as
being most common in middle age, many patients present for
the first time at an advanced age. Thus, in the United States, one
study from Baltimore showed that the peak decade for presenta-
tion with cirrhosis was the seventh [68]. In a British series, 
28% of patients with alcoholic liver disease presented over age 
60 years and about 10% over age 70 years [69]. In France, a large
retrospective study suggested that as many as 20% of patients
were over age 70 years, and there was no difference in their 
clinical features from patients with alcoholic liver disease as a
whole [70]. In Italy, total mortality from alcoholic cirrhosis is
highest around age 55–60 years, although it is not possible to say
whether the reduced mortality thereafter merely reflects the fact
that most alcoholic patients were dead before reaching an older

age [71]. In this study, age-specific mortality from cirrhosis of all
causes in Italy rose strikingly. In our own series, older patients
had a higher proportion of symptoms and signs suggestive of
severe liver disease at presentation (ankle swelling, jaundice 
and abdominal swelling) than young ones. All patients who 
presented over age 70 years already had cirrhosis compared with
about 50% of younger patients. Prognosis was directly related 
to age. Mortality in those under 60 years at presentation was 
5% at 1 year and 24% at 3 years; in those over age 60 years at 
presentation, it was 34% at 1 year and 54% at 3 years; among
those presenting over age 70 years, 75% were dead at 1 year and
90% at 3 years. Among the oldest patients, over half developed
hepatocellular cancer. Among those without hepatocellular can-
cer, the reasons for the apparently increased severity of alcoholic
liver disease are unclear. Patient selection for referral, greater
length of history or intrinsic age-related factors could contribute
to these results.

The only study to examine alcohol withdrawal in elderly 
vs. young subjects suggested that older patients had more 
severe withdrawal and required higher doses of sedation 
(chlordiazepoxide) to control symptoms. The reasons for this
increased severity are not clear [72].

Non-alcoholic fatty liver disease (NAFLD)

NAFLD is nowadays the third commonest liver disease, present
in more than 20% of western populations and Japan [73]. The
presenting age is between the fourth and the sixth decade,
although liver complications are more often seen in the sixth to
the eighth decades of life. NAFLD is associated with insulin
resistance, diabetes mellitus, hypertriglyceridaemia and obesity
(mainly visceral). Some predictive indices for identifying indi-
viduals at risk of developing severe forms of NAFLD included
age as an independent risk factor [74]. Moreover, a recent study
showed that older age was also associated with a higher risk of
mortality in NAFLD patients [75].

Actually, there is no accepted drug treatment for NAFLD.
Early intervention should be directed at increasing physical
exercise while modestly reducing the body mass.

Other chronic liver disease

The proportion of patients with cryptogenic liver disease has
decreased with improved diagnostic tools. Nevertheless, a recent
major study of factors influencing survival in patients with 
cirrhosis has shown that the group with cryptogenic cirrhosis
had the worst prognosis and that the most important single
adverse factor in determining prognosis was increased age [76].
One possible cause of cirrhosis in later life recognized recently is
α-1-antitrypsin deficiency, usually in Z heterozygotes [77,78].
While the diagnosis of haemochromatosis is usually made in
middle-aged men, occasionally older males and females can 
present with the complications of portal hypertension or liver
failure superimposed upon evidence of cirrhosis, often associ-
ated with the development of hepatocellular cancer. In general,
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elderly patients presenting with cirrhosis usually present with, or
rapidly develop, severe complications of portal hypertension
and liver cell failure. Suspicion should be extremely high that
these patients already have, or will shortly develop, hepatocellu-
lar cancers which have, in some instances, decompensated what
has probably otherwise been long-term, well-compensated 
cirrhosis regardless of cause. The concept of senile cryptogenic
cirrhosis, favoured in years gone by, should now be discarded.

Liver transplantation in the elderly

Liver transplantation is increasingly an option for patients with
chronic liver disease over age 60 years, even age 70 years [79].
Several studies have now shown that, in selected patients over
age 60 years, overall 1-year graft and patient survival rates equal
those achieved in younger patients [80]. The important aspect is
contained in the words ‘carefully selected’. The experience of
many transplant centres is now that much extra vigilance must
be used in preoperative assessment of cardiac, respiratory and
renal function in patients over age 65 years, and that inter-
current illness or organ dysfunction aside from liver disease 
dramatically worsens prognosis. Actually, a retrospective study
of 1446 liver transplant recipients, including 241 patients older
than 60 years, showed that ‘low-risk’ elderly patients had the
same prognosis as younger patients. On the contrary, elderly
patients with ‘poor’ liver function had lower survival rates [81].
It has been suggested that a ‘bonus’ for elderly transplant recipi-
ents is that the impairment in immune function accompanying
old age reduces the incidence of allograft rejection and may
allow a lower dosage of immunosuppressive drugs [80]. It has
recently been implied that livers from older donors may impair
short-term prognosis following transplantation. For this reason,
it may be considered appropriate in future to reserve livers from
older donors for older recipients. This will be a matter for con-
siderable discussion.

Primary hepatocellular cancer

It is increasingly clear that primary hepatocellular cancer is a dis-
ease of ageing in western countries. In this respect, it is of interest
that, in experimental animals, there was an age-associated,
marked (twofold) increase in DNA bases damaged by oxidative
modification. This was similar to the modification induced by
carcinogens and seen in experimental hepatocellular cancers
[82]. In Europe, hepatocellular cancer is largely associated with
cirrhosis, regardless of cause, and probably also related to the
length of time for which an individual has had cirrhosis [83]. In
a recent UK review of 110 cases of hepatocellular cancer, almost
half presented aged 65 years or over; symptoms and signs at pre-
sentation were similar in the two age groups. At presentation,
only a quarter were previously known to have cirrhosis. This
proportion rose to over 75% after diagnosis. Survival from 
diagnosis was worse in the older age group (10.5 vs. 18.5 weeks),
the older patients having worse Okuda stage. Even in the UK, an

area with a low prevalence of HBV infection, 34% of the younger
patients showed HBV markers vs. only 23% of the older group.
Conversely, almost 40% of the old patients had underlying 
cryptogenic disease (presumed to be hepatitis C, testing not
being available) against 20% in the younger patients [84]. In an
eastern population, a similar observation has been obtained. A
Korean study of hepatocellular cancer showed that the ratio of
HBV/HCV among patients with hepatocellular cancer before
age 50 years was 29.7, whereas the ratio in patients presenting
with hepatocellular cancer over 60 years was 0.9 [85]. This dra-
matically reflects the age of acquisition of HBV (usually infancy)
in this population, whereas HCV was presumably acquired in
later life, as in Europe. Thus, among older individuals with HCV
cirrhosis, the development of hepatocellular cancer should be
anticipated and hence screened for [86].

Liver abscess

Almost 50% of patients from Europe and North America pre-
senting with pyogenic liver abscess are aged 70 years or older
[87]. Several studies now show that older patients have less
marked physical signs and present with more non-specific
symptoms, e.g. epigastric pain, weight loss, shortness of breath
and malaise [88]. In a modern setting, high-quality ultrasound
and/or computerized tomography scan together with guided
fine-needle aspiration mean that the diagnosis can be made with
increasing confidence. Nonetheless, there is not infrequently 
a differential between possible liver abscess and malignancy 
or simple cyst within the liver. Such abscesses can appear as 
multiple, space-occupying lesions. Treatment with drainage 
and antibiotics is similar in the elderly as for younger subjects;
relatively few should need laparotomy and formal surgical
drainage. Of the two major, recent series mentioned above, 
one emphasized that, in almost 50% of these patients, abscess
was associated with gallstones, but this was the case in only 25%
of the second series, whereas the second series emphasized the
relationship with diabetes in elderly patients (35%). Moreover,
diabetes and alcoholism have been identified as risk factors for
developing metastatic infections from pyogenic liver abscesses
[89]. While some recent studies have suggested increased mort-
ality in older patients with pyogenic liver abscess [90], this may
be because of a slight increase in associated malignancy among
older patients or because a proportion of liver abscess patients
are only found at autopsy. Prognosis and hospital stay for elderly
patients correctly diagnosed and managed and not associated with
malignancy is now identical to that seen in younger patients.

Gallstones and their management

Studies from all over the world show that the prevalence of 
gallstones increases with age. In Europe, the prevalence of 
gallstones/cholecystectomy in females over age 80 years may be
as much as 40%. This can, therefore, be regarded as a truly age-
related phenomenon [91–95]. There are two apparent reasons.
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First, cholesterol saturation of bile rises with age; this is due 
to increasing hepatic secretion of cholesterol in both men and
women and to decreased bile acid production (as measured by
an isotope dilution technique) [96]. Second, it is possible that
the gallbladder is less sensitive to endogenous cholecystokinin
with advancing age and, theoretically, this might lead to dimin-
ished gallbladder contraction following a meal [97]. However,
two studies have demonstrated that gallbladder contraction, as
measured by ultrasound, is unimpaired in older subjects with
fasting – maximally contracted gallbladder volumes being equal
between young and old subjects [98,99]. There was, however, a
much higher fat-stimulated plasma concentration of cholecys-
tokinin in the elderly group; the authors also suggested that 
this indicated diminished sensitivity of the gallbladder to chole-
cystokinin stimulation [98]. It has also been postulated that
duodenal juxtapapillary diverticula, whose prevalence increases
steeply with age, may be associated with biliary stasis, malfunc-
tion of the sphincter of Oddi and reflux of duodenal contents
into the common bile duct [100].

Not only do gallstones increase with age but, possibly due to
decreased response to infection, the complications of biliary
tract disease are age related and more severe in old age.

Age in relation to the management of
biliary disease

The management of biliary disease is dealt with fully elsewhere
in this volume. However, a number of observations concerning
the management of gallstone disease in old age are relevant. In
general, mortality from the treatment of all forms of biliary dis-
ease rises with advancing age, but this may be largely ascribed to
other coincident conditions. For example, in one series of over
80-year-olds treated surgically for acute cholecystitis, one-third
had diabetes mellitus compared with only 5% in a large younger
group of patients from the same centre [101]. Furthermore, it is
the impression from both the United States and Europe that
acute biliary tract disease is becoming more common in elderly
patients [102]. This may be because a higher proportion of the
population is surviving to an advanced age to experience the
complications of previously silent gallstones. In a retrospective
study carried out in the 1960s, gallbladder disease appeared to
have been an important contributor to death in 8.1% of patients
over age 70 years in whom gallstones were discovered at autopsy
[103]. Four main sets of circumstances may arise in an elderly
patient with gallstones:
1 Acute or chronic cholecystitis – gallstones only in the gall-
bladder. Mortality or morbidity from early elective operative
intervention is now said to be close to that in younger subjects.
In experienced centres, after appropriate investigation (which
may include endoscopic retrograde cholangiopancreato-
graphy), laparoscopic cholecystectomy may now be considered
a treatment of choice in non-acute cases [104]. However, con-
ventional cholecystectomy is certainly very safe and effective. 
In acute cholecystitis, early cholecystectomy with perioperative

exploration of the bile duct is recommended [105]. A long-term
study showed that endoscopic treatment without cholecystec-
tomy in elderly patients had low recurrence rates for both symp-
tomatic cholecystitis and choledocholithiasis [106].
2 Cholangitis – stones in the common bile duct. Endoscopic
sphincterotomy is recommended, and morbidity and mortality
in patients even over the age of 90 years may be little higher than
that in younger patients [107].
3 Stones in the common bile duct and in the gallbladder. This 
is more controversial; it is suggested that, particularly in very
frail old patients, endoscopic retrograde cholangiopancreato-
graphy with sphincterotomy alone may be sufficient [80,108]. 
If symptoms persist after clearance of the common bile duct, 
then cholecystectomy or percutaneous cholecystostomy and
gallstone removal may subsequently be carried out [109].
4 Asymptomatic gallstones found by chance in an elderly 
person. The management of these patients is controversial. On
the one hand, as such individuals have a relatively shorter life
expectancy, it might be argued that it is best to ‘let sleeping dogs
lie’. On the other hand, complications of occult biliary disease
are more severe in old age. The physician or surgeon should
decide each case on its merits [110]. It should be remembered
that biliary disease may present atypically in old people. The
diagnosis should be considered in any elderly person with fever,
fluctuating abnormal liver function tests and confusion [111].

Acalculus cholecystitis represents an ischaemic inflammation
of the gallbladder wall that can rapidly progress to necrosis and
perforation if left untreated. It is increasingly recognized as
occurring particularly in elderly subjects and is often related to
cardiovascular disease and atherosclerosis [112].
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The liver in normal pregnancy

During pregnancy, the uterus pushes the liver upwards so that
mild enlargement of the liver may not be palpable. Spider naevi
and palmar erythema are common. Blood volume increases
approximately 45% in the third trimester with a concomitant
increase in central venous pressure and cardiac output [1],
which is most marked at 30 weeks’ gestation. Hypertension is
defined as diastolic pressure more than 30 mmHg higher and
systolic pressure more than 15 mmHg higher than values in the
first trimester. Blood pressure falls in the second trimester and
returns to normal levels at term. Renal blood flow and glomeru-
lar filtration (measured by insulin clearance) increase by 30%
and 50% respectively [2]. Hepatic blood flow does not increase
as measured by bromosulphthalein or indocyanine green 
clearance [3], but hepatic fractional blood flow decreases [3].
Compression of the inferior vena cava increases flow in the 
azygous system so that small oesophageal varices develop in
approximately 50% of pregnant women. Gallbladder motility
decreases with an increased residual and fasting volume. The
lithogenic index of bile, hepatic cholesterol synthesis and biliary
cholesterol secretion all increase [4], whereas chenodeoxycholic
acid synthesis decreases in relation to cholic acid, with a reduced
enterohepatic recirculation of bile acids.

Haematocrit, serum urea, uric acid, albumin and total protein
values decrease. Alkaline phosphatase increases as a result of 
placental and bone isoenzymes [5]. Increases occur in the α1-,
α2- and β-globulins, fibrinogen, cholesterol, triglycerides [6]
and white cell count. No increases occur in total bilirubin, total
bile acids, aminotransferases, gammaglobulin and 5′-nucleotide
concentrations. Compared with age-matched control subjects,
total and free bilirubin concentrations are lower in all trimesters,
and conjugated bilirubin and γ-glutamyltranferase (γGT) levels are
lower in the second and third trimesters, whereas 5′-nucleotidase
is higher than normal [7]. Postprandial cholylglycine concent-
rations increase during pregnancy; pruritus occurs in about 50%
with elevated values, but in only 20% with normal values [8].

Liver histology is normal, with only non-specific reactive
changes seen: reactive Kupffer cells, variation in nuclear shape

and size, and minimal bile ductular proliferation. Electron
microscopy shows proliferation of the smooth endoscopic retic-
ulum [9]. Transplacental transmission of fetal cells occurs: male
hepatocytes were observed in future fetuses and in postpartum
women, such that normal liver has male cell microchimerism
[10].

Liver disease in pregnancy

In a clinical setting, liver diseases in pregnancy should be con-
sidered under three headings: those peculiar to pregnancy, 
those coincidental with pregnancy and pregnancy in patients
with established liver disease. The incidence of jaundice (the
most common clinical manifestation) is low, occurring in
approximately 1 in 1500 pregnancies [11] but, of abnormal liver
function tests, it is 30 per 1000 [12]. Postpartum abnormalities
in liver function can occur with normal pregnancies, but return
to normal between days 5 and 10 [13].

Investigation of liver disease during
pregnancy

Results of laboratory investigations should be interpreted with
the normal physiological changes in mind. The risks of percu-
taneous liver biopsy are not increased, and contraindications 
are the same as for non-pregnant women. A computerized
tomographic (CT) scan (8-mm computed slice, 6 cm away 
from the liver) delivers less radiation than a single postero-
anterior fetal radiograph [14]. The fetus should be shielded.
Ultrasound carries no risk.

Liver disease peculiar to pregnancy

Hyperemesis gravidarum
Nausea and vomiting frequently occur in the first trimester in
normal pregnancy [15] and are associated with faster gastric
dysrhythmias than normal [16]. When these symptoms are
unusually prolonged and intense, weight loss and dehydration
occur and jaundice (usually mild) may develop; this occurs in
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1–20/1000 pregnancies. Excessive salivation can occur, and 
60% have transient hyperthyroidism due to human chorionic
gonadotrophin (hCG) having thyroid-stimulating activity [17].
Hyperthyroidism per se may cause jaundice [18]. Thiamine
deficiency can occur and needs correction [19]. Amino-
transferase values may be raised, usually < 250 U/L [17]. The
syndrome is associated epidemiologically with mothers under
20 years of age, nulliparity, obesity and non-smokers. It is 
more frequent in patients with hydatidiform mole and with
Helicobacter pylori [20]. The mean birthweight is reduced with
severe hyperemesis gravidarum [21]. As nausea and vomiting
may be seen with acute viral hepatitis, the differential diagnosis
is important. Recurrence rarely occurs with subsequent pregn-
ancies [17].

The epidemiological risk factors are mostly associated with
high estrogen levels; gonadotrophins peak in the first trimester
and may be another pathogenetic factor. Ketonuria is more
severe (reflecting more severe starvation and dehydration) in
those with abnormal liver enzymes, but there is little correlation
[22].

Liver histology is usually normal or shows fatty change [23].
Correcting dehydration and malnutrition restores normal liver
function. Steroids are effective [24]. Ondansetron has been used
with success [17]. Severe complications include oesophageal
rupture, Wernicke’s encephalopathy, central pontine myelino-
lysis, retinal haemorrhage and spontaneous pneumomedi-
astinum [17].

Intrahepatic cholestasis of pregnancy (ICP)
This is the second most common cause of jaundice in pregn-
ancy, after acute viral hepatitis; it occurs in 0.5–1% of pregnan-
cies [7], almost always in the second or third trimester [25].
Pruritus appears first and, in very mild cases, jaundice is not seen
(pruritus gravidarum). Other causes of itching, particularly if
associated with skin lesions, need to be excluded. Most often,
jaundice follows pruritus after about 2 weeks, accompanied by
dark urine and pale stools [25]. Right upper quadrant pain and
tender hepatomegaly are unusual – alternative diagnoses need
considering. Itching can be severe, leading to sleep deprivation,
anorexia and malnutrition. The syndrome lasts for the duration
of pregnancy and resolves within 2–4 weeks of delivery with 
no sequelae. Postpartum haemorrhage may be more frequent,
perhaps related to vitamin K deficiency [25].

Serum bilirubin increases but rarely above 100 µmol/L, with
few exceptions [25]. Bile acids are raised. Aminotransferase 
values usually remain below 250 U/L but exceptions occur [26].
γGT may be normal [25]. Liver biopsy shows centrolobular
cholestasis without necrosis or inflammation, but is not neces-
sary diagnostically. The prevalence of gallstones is increased
twofold [25]. Low selenium and glutathione peroxidase activity
[27] is found, the significance of which is unclear, and also a
higher postprandial serum glucose level [28]. Various mutations
in different exons of the MDR3 biliary canalicular gene have
been described. MDR3 (ABC134) mutations lead to increased

levels of γGT, which however is not always raised [29,30];
MRD3 mutations are found in only 30% of UK cases [31].

Miscarriage, premature labour and perinatal mortality are
increased, perhaps related to maternal illness. However, no
direct relationship is found between nutritional state and fetal
prognosis [25]. Direct toxicity from bile salts crossing the pla-
centa is suggested in some studies, but not in others [25]. An
abnormal myometrial sensitivity is documented [32]. There is
abnormal variability in fetal heart rate [33]. The placenta may 
be abnormal [34] – intervillous flow decreases with cholestasis
[35]. Fetal risk appears when maternal bile acid concentrations
are < 40 µmol/L. High bile acid levels and gallstones are asso-
ciated with more severe maternal disease [36]. Glutathione 
S-transferase measurement may discriminate between ICP and
pruritus gravidarum [37], but needs further study.

Itching can be treated by antihistamines or cholestyramine;
however, they may be ineffective, and patients are often intolerant.
Vitamin K should be administered parenterally at least 6 h before
delivery. Cholestyramine exacerbates vitamin K deficiency.
Phenobarbitone has also been used [38]. Dexamethasone at 
12 mg/day for 7 days, with tapering over 3 days, improves 
pruritus and also aids fetal lung maturation [39]. S-adenosyl-l-
methionine (800 mg/day intravenously) relieves pruritus, lessens
jaundice and lowers bile acids in controlled [40] and uncon-
trolled studies, without adverse fetal effects. Ursodeoxycholic
acid (UDCA; 1 g/day) is safe and effective against pruritus and
improves liver function [41,42], independent of γGT concen-
tration [31], decreases cholate, toxic in the fetus [43], and
increases delivery at term [44]. Both pruritus and liver function
tests improve within 2 weeks. UDCA is more effective than 
S-adenosyl-l-methionine and cholestyramine [45,46]. Some
authorities recommend delivery before 38 weeks’ gestation,
whereas others only recommend induction if fetal distress
occurs or if jaundice is present at 36 weeks [47].

In a prospective study, orally administered progesterone in
early pregnancy was considered a possible trigger factor [48],
together with twin pregnancy, in vitro fertilization, prematurity
and hypertension. ICP is more common in Scandinavia and in
Araucanian Indians in Chile, and occurs in family clusters [49].
In Chilean women, there is a higher frequency of the human 
leukocyte antigen (HLA) DPB1*0402 allele, but no association
with the DPB1 allele [50]. ICP is rare in black populations. The
exact mode of transmission is not known [51].

Apart from recurrence of pruritus with subsequent pregnan-
cies, pruritus may occur with menstrual disturbances associated
with estrogen excess or with ethinylestradiol challenge or with
the oral contraceptive pill [52]. Pregnancy decreases sulphation
including that of estrogens and monohydroxy bile acids, attenu-
ating their cholestatic potential, thus possibly contributing to
the cholestasis of pregnancy [53].

Ethinylestradiol decreases the bile salt-independent fraction
of bile flow, which may be related to changes in membrane 
fluidity [54]. S-adenosyl-l-methionine may change membrane
fluidity through an increase in the methylation of the constituent
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phospholipids. It may also indirectly reduce the load of estrogen
metabolites [55]. Dexamethasone may work by suppressing
fetoplacental estrogen synthesis. UDCA modifies the bile acid
pool by increasing hydrophilic and less cytotoxic bile salts,
inhibiting the effects of cholestatic compounds on the canalicu-
lar transport of bile acids, stimulating efflux pumps [56] and
also acts in the placenta [57].

ICP is associated with other forms of intrahepatic cholestasis,
related to defects in biliary canalicular transport proteins: 50%
of women with cholestasis related to oral contraceptives have a
history of ICP [52]; benign recurrent intrahepatic cholestasis
can also occur. In arteriohepatic dysplasia, in which cholestasis
is associated with multiple organ defects, cholestasis worsens
during pregnancy [58].

Idiopathic acute fatty liver of pregnancy
The first case report was in 1934 [59], but it was described in
1857 [60]. Obstetric yellow atrophy was described as a specific
cause of jaundice in pregnancy, distinguishing it from fulminant
hepatitis (acute yellow atrophy) by the absence of liver necrosis
in the presence of microvesicular fat (within swollen hepatocytes
with central nuclei) and by periportal sparing [61]. This con-
dition is now known as acute fatty liver of pregnancy (AFLP). 
It occurs solely in the last trimester of pregnancy, usually
between the 34th and 36th weeks of gestation; earlier pre-
sentation is so exceptional that other diagnoses must be 
entertained.

Tetracycline administration gives a similar clinical and his-
tological picture in non-pregnant women [62] and in women at
any stage of pregnancy [63].

The incidence of AFLP is approximately 1 in 14 000 pregn-
ancies [64], but milder cases are probably undiagnosed. Many
cases are associated with homozygous long-chain 3-hydroxyacyl
coenzyme A (CoA) dehydrogenase deficiency in the fetus with a
heterozygote mother [65,66] who cannot metabolize the extra
free fatty acids not metabolized by the fetus. There is an associa-
tion with haemolysis, hepatic enzyme elevation and low platelets
(HELLP) syndrome [67]. A single amino acid substitution from
glutamic acid to glutamine (E474Q) [68] is present in 20%, 
and a substitution from guanosine to cytosine (G1528C) is 
present in the α subunit that catalyses the last three steps of 
β-oxidation [69]. The enzymatic activity resides on a mitochon-
drial trifunctional protein; the fetal genotype has a 49% associa-
tion with AFLP, 11% with HELLP/pre-eclampsia, 63% with
premature delivery and 43% with intrauterine growth retarda-
tion [67]. Prenatal diagnosis is possible [70]. In addition, preg-
nancy decreases in vivo mitochondrial oxidation of fatty acids 
by 25–50% in late gestation [71]. Short-chain acyl-CoA dehy-
drogenase deficiency has also been associated with AFLP [72].
Infants of mothers with AFLP should be screened [73], as dietary
intervention can help those affected.

Burroughs et al. [74], and later others, reported an increased
frequency of signs of pre-eclampsia (approximately 50%), 
and an increased incidence in primigravidae (50%) and twin

pregnancies (10–15%), features also found in toxaemia in 
pregnancy. There is a large degree of overlap and spectrum of
disease denoted as ‘hepatic toxaemia’ [75], which includes the
HELLP syndrome [75]. Male births are more common with
AFLP [74,76].

The classic presentation is of sudden onset of malaise pro-
gressing rapidly to persistent nausea, repeated vomiting, heart-
burn and upper abdominal pain, followed by jaundice, usually
within 2 weeks of the onset of symptoms, and anorexia, weight
loss and then coma. Jaundice may be mild, but is absent in less
than 10%. Persistent nausea and vomiting are the most frequent
symptoms, occurring in approximately 90%, and may also be
associated with acute pancreatitis. Haematemesis is not uncom-
mon due to oesophagitis, gastric erosions and/or ulceration 
or, very occasionally, oesophageal varices [77], and is part of a
bleeding diathesis that is often fatal.

With severe illness, there are usually stillbirths, and the
mother often died in hepatic and renal failure. However, AFLP
has a much wider spectrum with less severe cases in which
maternal and fetal mortality average 10% and 20% respectively.
Other symptoms include headaches, ankle swelling, polyuria
and polydipsia [78,79]. Transient diabetes insipidus has been
described [80]. In more severe cases, the patient may present in
labour or with antepartum haemorrhage or intrauterine death.
The obstetric complications usually parallel the severity of liver
disease.

Fever is unusual and, if present, is mild. Abdominal tenderness
is common and ascites may be present; hepatosplenomegaly 
is not usually present but occasionally the liver is palpable.
Unsuspected gastrointestinal bleeding must be looked for.
Coma ranges in severity and may be absent; flap may be present.
Peripheral oedema, hypertension or proteinuria are found in
approximately 50% of cases and may lead to an initial diagnosis
of pre-eclampsia [74]. Occasionally, AFLP is diagnosed ‘late’ as a
cause of postpartum jaundice [81].

The complications of severe AFLP are those of fulminant liver
disease; they may complicate making a diagnosis and are often
the cause of death [82]: disseminated intravascular coagulation,
hypoglycaemia, bleeding (particularly postpartum) and acute
pancreatitis. Severe oesophagitis with rupture of the oesophageal
wall [83] and oesophageal stricture have been documented [84].
Subcapsular haematoma, rupture of the liver [85] and fat emboli
[86] have been described.

Anaemia is not seen unless bleeding or disseminated intra-
vascular coagulation is present. Neutrophilia, with or without
toxic granulation, is almost universal (usually 15 × 109 cells/L or
more) and is sustained postpartum, as is thrombocytopenia
(usually less than 100 × 109 cells/L). Normoblasts, giant platelets
and target cells are seen in the blood film and give a clue to the
diagnosis, as this is not seen in viral hepatitis and is rare in 
pre-eclampsia [74]. Basophilic stippling is reported [74]; bone
marrow is hypercellular [74].

Serum aminotransferase values are rarely above 500 U/L,
except following shock or significant hypotension [76], and fall
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immediately following delivery. Bilirubin concentrations may
be markedly raised and usually peak postpartum. Gammaglobulin
concentrations and quantitative immunoglobulin are not ele-
vated or only minimally so [74]; this can help distinguish AFLP
from acute viral hepatitis. Alkaline phosphatase concentrations
are raised over and above the normal increase in pregnancy.
However, as histological placental abnormalities seen in pre-
eclampsia are not described [74] and alkaline phosphatase 
values are not lower in pre-eclampsia [5], part of the abnormal
alkaline phosphatase is hepatic in origin. Prothrombin and 
partial thromboplastin times may be increased, particularly 
if jaundice is present; skin bleeding time is increased [74].
Evidence for disseminated intravascular coagulation, decreased
fibrinogen, fragmented red cells and fibrin degradation prod-
ucts may be found [87].

Antithrombin III concentrations, which are low at delivery 
in normal pregnancy, fall further in AFLP [88] and correlate
with maternal and fetal morbidity [89]. Plasma urea, uric acid
and creatinine are usually elevated even without jaundice and
rise until delivery. Urinary sodium excretion is low [74], and
hyponatraemia and hyperkalaemia may be present. Renal func-
tion improves postpartum returning to normal at about 2 weeks.
Uric acid concentrations may increase days before symptoms 
of AFLP [90], providing a pointer towards early diagnosis [74].
Serum ammonia concentrations are high [74] and return to
normal within 48 h of delivery. There is generalized aminoaci-
daemia [74], and serum cholesterol concentrations tend to be
low or normal [74].

Pathology
Histological findings vary widely depending on the timing of
liver biopsy in relation to delivery, following which fatty infiltra-
tion resolves rapidly [74,76]. Classically, there is microvesicular
fatty infiltration, without displacement of the central hepatocyte
nuclei, most prominently around the central veins. It may
extend throughout the lobule. Macrovesicular fat may also be
seen in more severe cases.

The fat must be looked for using oil red O or other appropri-
ate fat stains in unfixed sections. Necrosis is often absent but 
can occur [74,76] and is usually seen as cell dropout. Bridging
necrosis is not seen. Lobular inflammation is usually mild but, 
if severe, can lead to a misdiagnosis of viral hepatitis [74,76].
Portal inflammation is mild. Cholestasis is frequent with
canalicular bile plugs. Hepatocytes may be ballooned without
vesicular fat, and this appears to be the initial stage of fatty
degeneration [76]. Intrasinusoidal fibrin deposits and micro-
haemorrhages [74,91] characteristic of toxaemia have been
described, but are not frequent [76]. Microvesicular fat has 
been found in livers of women with toxaemia, and some series
suggest that fatty degeneration is not infrequent in toxaemia.
Microvesicular fat is found in the HELLP syndrome [92].
Extramedullary haemopoiesis is often found and may be
responsible for the normoblasts commonly seen in blood films
[74,76].

Misinterpretation of liver biopsies, for example diagnosis of
viral hepatitis [74], may result in failure to recognize AFLP [93].
Electron microscopy confirms the fat as droplets that are not
bound to the membrane. There is also dilated endoplasmic
reticulum [77] and mitochondrial pleomorphism with para-
crystalline deposits [74], but these have been shown in normal
pregnancy [9] and pre-eclampsia [94].

Follow-up liver biopsies are normal [74,77,81]. Livers at
autopsy are macroscopically yellow and are usually shrunken,
but normal liver weights may be found [74]. Kidneys can have
fat in proximal convoluted tubules [74]. Heart and pancreas
may also show fatty infiltration. Fetal livers are normal [74].

Diagnosis
The first step is to think about the possibility of AFLP as it has
such a wide clinical spectrum. Nausea and vomiting in the last
trimester of pregnancy should always be fully investigated. As
AFLP occurs solely in the last trimester, the differential diagnosis
lies between acute or fulminant viral hepatitis, drug hepatitis or
toxaemia of pregnancy, including HELLP syndrome, as hepatic
diagnoses. Obstetric causes of renal failure should also be con-
sidered, i.e. haemolytic uraemic syndrome (HUS) and throm-
botic thrombocytopenic purpura (TTP) [95]. HUS usually
occurs postpartum and consists of renal failure and microangio-
pathic haemolytic anaemia (its principal features), as well as 
gastrointestinal bleeding, thrombocytopenia and disseminated
intravascular coagulation. TTP results in thrombocytopenia and
microangiopathic anaemia, but there are usually neurological
abnormalities (including epileptic fits) without disseminated
intravascular coagulation. These conditions may have similar
haematological and renal abnormalities as AFLP and mildly
abnormal liver function tests. HUS and TTP are causes of the
syndrome of jaundice, renal failure and a bleeding diathesis,
which also includes severe pre-eclampsia, AFLP and fulminant
hepatitis. The history may yield clues as to hepatitis contacts 
or inadvertent use of drugs. Neutrophilia is a feature of AFLP
and pre-eclampsia but not of viral hepatitis. A blood film is 
diagnostic of microangiopathic haemolytic anaemia, as seen 
in HUS, and may show a typical picture in AFLP, i.e. neutroph-
ilia, normoblasts, giant platelets and thrombocytopenia [74].
Serological markers for the acute hepatitides must be looked for.
Acute herpes hepatitis is not often considered: aminotransferase
levels are usually very high, mucocutaneous herpetic lesions should
be sought; acyclovir can cure herpes hepatitis in pregnancy [96].

Ultrasound should exclude biliary obstruction or gallstones.
A CT scan is mandatory. Fatty infiltration can be diagnosed by
CT scan [74], but it may not show fat in less severe cases [97].
The CT attenuation values are usually less than those of the
spleen, which is the converse of normal. Resolution of AFLP
returns alteration values to normal at 3 weeks postpartum [14].
Ultrasound is often normal [98].

Importantly, a CT scan may also show intrahepatic or sub-
scapular haemorrhage, which could progress to rupture [85], as
well as pancreatitis, a recognized complication of AFLP [74].
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Hepatic haemorrhages are seen in pre-eclampsia [99] and
eclampsia [100]. Nuclear magnetic resonance imaging appears
to be less sensitive [101].

If clotting and bleeding times are normal, a liver biopsy can be
performed to confirm the diagnosis, but this is rarely necessary
before delivery. A portion should be processed for fat staining
and not fixed. If haemostasis is too abnormal, a transjugular
route can be used.

Treatment of acute fatty liver of pregnancy
Immediate delivery is the key to managing AFLP and also for
toxaemia, if this is the only differential diagnosis. Resolution of
the syndrome can only begin once delivery occurs. There are no
reports of recovery before delivery. The highest frequency of
survival for both mother and baby occurs when delivery is made
by caesarean section or induced [74,102] – the fetus is usually
already mature. If symptoms of AFLP are mild, careful fetal
monitoring can be made to try to prolong gestation [75].
However, progression of maternal illness may be unpredictable
and rapid. Vaginal delivery should be attempted first. Caesarean
section may be done under spinal anaesthesia if coagulation is
close to normal; otherwise, general anaesthesia is preferable to
avoid bleeding due to spinal puncture.

The management regimen for the mother is the same as for
any case of fulminant liver failure. Hypoglycaemia may present
before delivery or postpartum and requires constant monitor-
ing. Pancreatitis may occur and, in severe AFLP, haemorrhagic
oesophagitis occurs [74,103]. Postpartum haemorrhage may 
be out of proportion to the coagulation abnormalities [104],
often occurring in the absence of disseminated intravascular
coagulation. Deficiency in antithrombin III may be responsible
[88]. Fresh frozen plasma containing high concentrations of
antithrombin III and platelets is the mainstay of treatment, both
therapeutically and prophylactically, although bleeding can be
severe despite their use [74].

Cryoprecipitate and antithrombin III have also been adminis-
tered [87]. Recombinant factor VIIa may be effective. Heparin
should not be used. Tying off the hypogastric arteries or a 
hysterectomy may be necessary [64,74].

Renal failure responds to haemodialysis or haemofiltration
[74,76]. Liver transplantation has been successful in very rare
cases in which supportive therapy following delivery does not
lead to recovery [105].

Further pregnancies
There are successful pregnancies without recurrence of AFLP
even when the pregnancy has lasted spontaneously to term
[64,74,75], but also case reports of recurrence in subsequent
pregnancies [106], due to the underlying long-chain fatty acid
metabolic defect in the fetus.

Tetracycline-induced fatty liver of pregnancy
When first reported in 1956, no association was made between
chlortetracycline administration and fatty liver [107]; this was

made in 1963 [63]. Fatty liver due to intravenous tetracycline
has occurred in the second trimester, in non-pregnant women
[62], in men, children and fetuses [108], whereas fetal liver is 
not affected by AFLP [74]. Oral tetracyclines have also been
implicated [109].

Other microvesicular fat diseases of the liver and
defects in urea cycle enzymes
AFLP shares the morphological feature of microvesicular fat
infiltration as well as several clinical features, such as hypogly-
caemia, hyperammoniaemia and coma, with a number of other
conditions. However, in Reye syndrome, seen occasionally in
adults [110], the mitochondrial changes at electron microscopy
are not those of AFLP.

Hypoglycin A (in unripe ackee fruit) inhibits mitochondrial
oxidation of long-chain fatty acids and causes Jamaican vomit-
ing sickness. Valproic acid has a chemical structure similar to
hypoglycin A and causes a similar clinical syndrome in susceptible
patients. Defects in fatty acid oxidation also cause lipid accu-
mulation in the liver. Medium-chain acyl-CoA dehydrogenase
deficiency produces a secondary deficiency in carnitine, which is
an essential cofactor in fatty acid transport into mitochondria
for oxidation. There are several syndromes leading to carnitine
deficiency [111]; pregnancy leads to relative deficiency and 
may precipitate symptoms in those with a genetic deficiency of
carnitine [112].

Other genetic defects, such as mutations at the X-chromosome
locus for ornithine carbamoyl transferase, have been shown to
cause hyperammoniac coma in the first 10 days postpartum
[113]. It occurs in otherwise healthy women who deliver infants
(usually female) who do not exhibit a homozygous deficiency in
ornithine carbamoyl transferase. It is postulated that the healthy
fetus in utero provides the enzymatic activity for the mother.
Diagnosis is made by finding raised maternal plasma ammonia
and glutamine concentrations. Early treatment with sodium
benzoate, sodium phenylacetate and arginine hydrochloride
reverses the syndrome by correcting ammonia concentrations.
The heterozygous state can be detected by an allopurinol stress
test [114] or immunocytochemical staining of duodenal biopsy
specimens [115].

Hypertension-associated liver dysfunction of
pregnancy

Pre-eclampsia and eclampsia
In developed countries, hypertension and pregnancy-induced
hypertension are still the major causes of maternal death [116].
Pre-eclampsia is diagnosed when there is rapid weight gain
indicative of oedema (often manifest by ankle oedema), together
with proteinuria and hypertension, in the second or third
trimester of pregnancy, blood pressure above 140/90 mmHg in
the absence of previous hypertension or an increase of 30 mmHg
in systolic or 15 mmHg in diastolic pressure when there is 
pre-existing hypertension [116]. Eclampsia, by definition,
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requires the occurrence of fits. In between mild pre-eclampsia
and eclampsia, there is symptomatic endorgan disease (i.e.
brain, kidney and liver), with headache, visual disturbances,
upper abdominal pain and oliguria with renal failure. Cerebral
haemorrhage is the major cause of death in eclampsia, but hep-
atic complications may account for up to 16% of deaths, usually
due to hepatic rupture [94].

The hepatic abnormalities increase with increasing severity 
of pre-eclampsia. The major symptom is epigastric or right
upper quadrant pain with a tender but usually normal-sized
liver. Surgical emergencies may be mimicked by the abdominal
symptoms [116]. With mild hypertension, 24% of patients 
have abnormal aminotranferases [116], rising to over 80% 
with severe hypertension. Bilirubin does not rise unless there 
is haemolysis or hepatic infarction. Antithrombin III concen-
trations are inversely correlated with outcome in severe pre-
eclampsia [89]. In mild pre-eclampsia, there may be no hepatic
histological abnormalities on light microscopy [117], but
immunofluorescence studies show sinusoidal fibrinogen 
deposition, which correlates with increases in aspartate ami-
notransferases [118]. In severe cases, the characteristic hepatic
lesions are fibrin deposition in the space of Disse with asso-
ciated haemorrhages, leading to hepatocyte necrosis. Periportal
haemorrhage occurs with increased severity.

In the most severe cases, large infarcts and haematomas may
develop [99], which may rupture [100]. Liver infarcts can be 
secondary to hepatic arterial thrombosis, associated with very
high aminotransferase values; they may resolve spontaneously.

The management for hepatic abnormalities is that of pre-
eclampsia. Early delivery is the key to improving both hyper-
tensive and liver complications. The liver function tests follow 
a typical pattern after delivery: aminotransferase values falling
after 24 h and bilirubin falling by 72 h, but alkaline phosphatase
and γGT rising on day 5 or 6, peaking on day 10 and returning to
normal by 8 weeks [119]. This cholestatic pattern is similar to
the recovery following an ischaemic insult. A CT or ultrasound
scan should be done to detect subclinical liver haematoma 
and infarcts [120]. The pathogenesis of the liver lesions is still
disputed. Fibrin deposition secondary to disseminated intravas-
cular coagulation is unlikely to be a major factor as only a few
patients have this. The major hypothesis is that of segmental
vasospasm progressing to a generalized vasculopathy due to
endothelial cell injury [94]. There is a microangiopathy evi-
denced by an isolated thrombocytopenia, which can develop
before hypertension [121], without significant alteration of
other coagulation factors [121]. Abnormalities in coagulation
factors have been documented in cord blood, suggesting that
fetal hepatic synthesis is impaired [122]. Eclampsia and pre-
eclampsia have a statistical association with infantile hepatoblas-
toma [123].

Liver rupture
Liver infarcts, haematomas and liver rupture in pregnancy are
associated with HELLP, severe pre-eclampsia and eclampsia in

80% of cases [124], may be more frequent if antiphospholipid
syndrome is present [125] and are also seen in AFLP [85] and
with cocaine use [126]. The first report was in 1844 [127].
Expectant management has developed in recent years as
haematomas without rupture have been recognized with ultra-
sound and CT scan [124]. The haematoma is almost always
confined to the right lobe (anterior or superior aspect), while
ruptures occur from the inferior margin. Diaphragmatic 
penetration with haemothorax has been reported, as well as 
concomitant rupture of a hepatic vein.

Rupture occurs in the third trimester or postpartum, asso-
ciated with older women and with late presentation of pre-
eclampsia. It presents with sudden abdominal pain associated
with nausea and vomiting; shock may develop very quickly
[124], mimicking a perforated viscus. Mortality in early series
was approximately 60% for both mother and baby [100], with a
lower mortality with surgical intervention [124,128], improved
to 16% in one series [129,130]. However, hepatic arterial
embolization has also been successful [131], as well as hepatic
artery ligation [132]. Recombinant factor VIIa may improve the
likelihood of correcting haemostasis [133].

Conservative management of hepatic haematomas even with
rupture [134] is now the initial therapy of choice, but very close
monitoring is required [99,134], and facilities for urgent laparo-
tomy must be available. Liver transplantation may be necessary
and is successful [135]. The baby should be delivered by cae-
sarean section [128]. Infection may develop in the haematoma
and associated infarcted area. Successful pregnancy has been
reported after hepatic rupture [136], but haemorrhage can recur
so new pregnancies need to be monitored [137].

Other causes of hepatic rupture are adenoma [138], haeman-
gioma [100], hepatocellular carcinoma [139], choriocarcinoma
[140], testicular teratomas [141] and amoebic abscesses [142].
Spontaneous rupture of large spleens also occurs in pregnancy,
mostly in the third trimester [143].

HELLP syndrome
Pregnancy-associated hypertension has a wide spectrum of
severity and so too has the presentation of liver abnormalities. A
syndrome of haemolysis, abnormal liver function tests and low
platelet levels was described [144], which was given the acronym
HELLP syndrome in 1982 [145]. This presentation can be asso-
ciated with hypertension or may precede it [146], and may be
found without proteinuria [147]. It may also occur early in preg-
nancy as a complication of the antiphospholipid syndrome
[148]. In 30% of cases, HELLP occurs postpartum [125]. Liver
infarction and haemorrhage can occur [125]. HELLP occurs
more often in older Caucasian multiparous women who present
late with pre-eclampsia [149]. Recently, placental CD95 ligand
(CD95L) was shown to act systemically to cause liver damage in
HELLP. Blockage of CD95L reduced liver damage as this is an
anti-apoptotic phenomenon. This may lead to new therapies [150].

There is a wide variation in defining criteria to report HELLP.
A well-categorized series identified 112 from 1153 patients
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(9.7%) with pre-eclampsia over 8 years [149]. The diagnosis was
made only if platelet counts were below 100 × 109/L, a blood film
showed fragmented red cells and if raised values of bilirubin, lac-
tate dehydrogenase and aspartate aminotransferase (4 standard
deviations above normal) were present. Among this group, there
were two maternal deaths, two ruptured livers and a 37% 
perinatal mortality, comprising 19% fetal mortality associated
with 20% abruptio placentae; 38% of mothers had intravascular
coagulopathy. Only one recurrence was reported. A policy of
early delivery was advocated. Another series, based simply on
increased aminotransferase values, a platelet count < 150 × 109/L
and serum haptoglobin of < 0.7 g/L, gave a 19% incidence [151].

In very severe cases, liver transplantation has been performed
[152]. However, spontaneous recovery can occur before delivery
[153]. A good outcome is possible with conservative manage-
ment [154], the use of plasma expansion, plasmapheresis,
plasmapheresis and prostacyclin and steroids administered 
pre- [155] and postpartum [156], but there is controversy
regarding their benefit [157,158].

Overlap between acute fatty liver of pregnancy 
and hypertension-associated liver dysfunction of
pregnancy (Table 1)
As discussed earlier, many patients with AFLP have signs of 
pre-eclampsia [159], thus AFLP and the hepatic dysfunction
associated with hypertension may be part of the same spectrum
or related to the same metabolic defect in long-chain 3-hydroxyacyl
CoA dehydrogenase deficiency. Indeed, both older [160] and
newer studies [94] have found fatty livers in a proportion of
eclamptics. A consecutive cohort [92] of 41 patients with pre-
eclampsia and liver dysfunction had microvesicular fat with oil

red O staining; the density of fat staining correlated with serum
urate concentration and was inversely correlated with platelet
count; only 11 had fat visible by conventional stains [92]. Others
had similar findings [161]. Although the association of AFLP
with HELLP/pre-eclampsia is suggested by the frequency of
both conditions in mothers of infants who have long-chain 
3-hydroxyacyl CoA dehydrogenase deficiency [67], the prob-
lem may be misdiagnosis of AFLP for HELLP [74,162]. Some
recommend monitoring platelet counts, as they decrease 
before manifestations of HELLP and AFLP [163]. Other syn-
dromes with similar presentations are HUS and TTP [164].

Budd–Chiari syndrome
This syndrome has an increased incidence in pregnancy, mostly
immediately postpartum but as late as 2 weeks postpartum
[165]. It is due to an increased hypercoagulability state, related
to lower antithrombin III concentrations at delivery in normal
pregnancy [88], but is likely to be associated with heterozygosity 
or homozygosity for thrombophilic defects. A thrombophilia
screen must be performed. The fetus is unaffected but maternal
mortality is high [166]. Anticoagulation is mandatory in the
long term, but emergency radiological or surgical shunting may
be needed [167]. Liver transplantation has been successful
[168]. Successful subsequent pregnancies have been reported;
only one patient had a shunt before conception [169].

Pregnancy in pre-existing liver disease

As cirrhosis is associated with amenorrhoea and anovulation,
pregnancy is rare. The amenorrhoea is due to hypothalamic–
pituitary dysfunction and is not directly related to the severity of

Table 1 Clinical features of the most frequent liver conditions during pregnancy.

Main symptoms

Hyperemesis 

gravidarum

Intrahepatic 

cholestasis

Acute fatty liver

Pre-eclampsia

HELLP

aSudden severe pain may indicate hepatic haematoma and/or rupture.

Prolonged nausea

Vomiting

Itching

Epigastric /right upper 

quadrant paina

Malaise 

Vomiting

Epigastric /right upper 

quadrant paina

Malaise 

Vomiting

Epigastric /right upper 

quadrant paina

Malaise 

Vomiting

Trimester

1st

2nd–3rd

3rd

2nd–3rd

2nd–3rd

(30% postpartum)

Bilirubin

↑

↑↑↑

↑

Normal

↑

Transaminases

↑
(< 250 IU/L)

↑
(< 250 IU/L)

↑↑
(< 500 IU/L)

↑

↑

Platelets

Normal

Normal

↓

Normal or

↓

↓↓

Other

Ketonuria

Bilirubinuria

High uric acid

Proteinuria

Hypertension or peripheral 

oedema in 50%

High uric acid

Proteinuria

Hypertension or peripheral 

oedema

Hypertension and 

proteinuria sometimes 

absent
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the liver disease [170]. Pregnancy can be sustained without
worsening of hepatic function, but there is a high fetal wastage
due to stillbirths, low birthweight babies and prematurity [171].
However, there is no increase in fetal abnormalities [172].

Unconjugated maternal bilirubin crosses the placenta and, in
cases of severe maternal jaundice, neonatal kernicterus [173] may
develop requiring exchange transfusions [174]. There is no clear
evidence for an increase in variceal bleeding but, if bleeding
occurs, the fetus may be lost. Pregnancies in patients with chronic
liver disease should be monitored closely and followed in centres
that have skills in critical neonatal care. The incidence of post-
partum haemorrhage is increased with cirrhosis, but not with
extrahepatic portal venous obstruction [171].

Chronic hepatitis
In chronic hepatitis from any cause that is mild, ovulation and
fertility are not significantly altered. Normal pregnancy has been
described in seven women during a 3- to 8-year follow-up [175].

Women with autoimmune or steroid-responsive chronic
hepatitis, properly treated, are fertile and have successful preg-
nancies, albeit with higher fetal wastage and up to 30% prem-
aturity [176]. Conception usually occurs in a period when the
necroinflammatory activity is well controlled [177]. There may
be a higher frequency of anovulatory cycles accounting for 
the infertility, which can be managed with standard measures.
There is no evidence that azathioprine is teratogenic [176,177],
but this drug is often discontinued during pregnancy. Disease
activity may improve, with disease remission during pregnancy
[178], or worsen, particularly postpartum [179]. Autoimmune
hepatitis can present postpartum [180].

Primary biliary cirrhosis
Asymptomatic primary biliary cirrhosis is often diagnosed pre-
menopausally. There is normal or increased gravidity [181]. 
The diagnosis may become apparent following pregnancy or
during the last trimester [182], accounting for persistent itching
postpartum.

Pregnancy is reported with symptomatic primary biliary 
cirrhosis [183,184]. Pruritus did not increase, but survival was
short because of the severity of liver disease. If cholestyramine is
used, vitamin K must be given before delivery. Ursodeoxycholic
acid should not be used in the first trimester and should be 
temporarily suspended if already being taken, or if conception is
planned.

Primary sclerosing cholangitis
There are few reports of pregnancy. A similar picture to primary
biliary cirrhosis exists with normal gravidity [185].

Alcoholic liver disease
The incidence of pregnancy in patients with alcoholic liver 
disease appears to be low, with very few reports of full-term
pregnancies. The exact relationship of the fetal alcohol syn-
drome to liver disease is unknown.

Familial hyperbilirubinaemia
Gilbert syndrome is unaffected by pregnancy [186]. In the
Dubin–Johnson syndrome, conjugated hyperbilirubinaemia
increases during the third trimester, returning to prepregnancy
levels after delivery [187]. In Rotor syndrome, there is no change
in bilirubin concentration [188].

Haemochromatosis and Wilson disease
In women, haemochromatosis is usually diagnosed after the
menopause. Many have had successful pregnancies before the
diagnosis was made, when a degree of iron overload, but prob-
ably no cirrhosis, was present.

Pregnancy has been reported in treated Wilson disease 
when necroinflammatory activity was controlled or absent
[189], but rarely when cirrhosis was decompensated [190]. 
d-Penicillamine, trientine or zinc sulphate treatment are safe
and must be continued during pregnancy [189,191], but a 
50% dose reduction is advocated particularly in the last
trimester to promote better wound healing in case of caes-
arean section [191]. Cessation of copper chelation has resulted
in haemolysis and worsening of liver function and even fulmi-
nant liver failure [191]. Breastfeeding is not contraindicated
[191].

Liver tumours in pregnancy
Focal nodular hyperplasia [192], adenomas, hepatocellular 
carcinoma [193] and cholangiocarcinoma [194] have all been
reported. A useful management algorithm confirms that mag-
netic resonance imaging is the most discriminatory technique
[195]. Focal nodular hyperplasia is not affected by pregnancy
and does not need therapy [192]. Adenomas are related to prior
oral contraceptive use and can enlarge, bleed and rupture during
pregnancy (30% postpartum), probably as a result of estrogen
stimulation. Pregnancy is thus contraindicated in the presence
of large adenomas ≥ 5 cm; rupture is only reported in lesions 
≥ 6.5 cm diameter [195]; small ones can be carefully observed.
Resection may be needed or embolization. Successful pregn-
ancy without recurrence has been reported [196]. The median
survival of pregnant women with hepatocellular carcinoma 
is shorter than for non-pregnant women [193]. Rupture may
occur with hepatocellular adenomas [138], hepatic gestational
choriocarcinomas [197], testicular teratomas [141] and hepatic
metastases [198].

Polycystic disease of the liver is usually not affected by preg-
nancy, but growth of cysts with increased pain is reported [199].

Haemangiomas, even giant ones, do not complicate pregnancy
or delivery, with only a single report of spontaneous rupture [200].

Hepatic porphyrias
The effect of pregnancy on the course of acute intermittent 
porphyria is unpredictable [201]. Hereditary coproporphyria
may worsen during pregnancy, but serious or fatal complica-
tions are rare, as is also the case for variegate porphyria. Perinatal
mortality is increased.
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Schistosomiasis
Hepatic schistosomiasis is a common cause of portal hyper-
tension worldwide. However, the reports of pregnancy in this 
disease are few [202].

Vascular abnormalities in the liver
Arteriovenous fistulas may lead to high-output cardiac failure as
cardiac output increases with normal pregnancy [203]. Increased
shunting, reversing after pregnancy, has been described in
hereditary haemorrhagic telangiectasia [204].

Variceal bleeding in pregnancy
Theoretically, the increase in circulating blood volume, cardiac
output, central venous pressure and azygous blood flow due 
to the pressure of the gravid uterus should increase portal pres-
sure, and thus increase the probability of variceal bleeding in
pregnant patients with varices, although the vasodilatation 
seen in pregnancy may tend to counteract this. Evidence for 
an increased risk of haemorrhage was not found in a large retro-
spective review [171], although more frequent variceal bleeding,
particularly in non-cirrhotic portal hypertension, is reported
[205].

Bleeding should be treated as in the non-pregnant patient
with the exception of vasoactive drugs, because they may cause
placental ischaemia. Particular care should be taken to prevent
hypotension. Endoscopic therapy with sclerotherapy or banding
is as successful in stopping bleeding as in non-pregnant patients
[206], and does not interfere with subsequent conception.

Shunt surgery has been performed successfully during preg-
nancy without loss of the fetus [171]. Transjugular intrahepatic
portosystemic shunt (TIPS) procedures can be performed but,
depending on fetal maturity, the radiation exposure may pre-
clude this. Pregnancy has been reported in patients after a porta-
caval shunt [207] with and without cirrhosis [171]. Prophylactic
treatment with β-blockers may be indicated if the varices are
large and have red signs, although propranolol may give rise to
some intrauterine growth retardation [208]. Rupture of splenic
artery aneurysms may be more common in pregnancy [209].

Contraception for women with chronic liver disease
Effective birth control should be used where clinically indicated.
Although many recommend avoiding oral contraceptives, there
is no evidence of increased susceptibility to side-effects in
chronic liver disease, and it remains the most effective female
contraceptive method. The possible risks must be considered
against the potential risk of pregnancy.

Liver disease not specific to pregnancy

Acute viral hepatitis
This is the most common cause of jaundice in pregnant women
[11]. For all forms of viral hepatitis except epidemic non-A,
non-B hepatitis, most of which is hepatitis E, the clinical presen-
tation, complications, course, outcome and immunoprophylaxis

are the same as in non-pregnant women. In this section, the par-
ticular problems associated with pregnancy will be addressed.

The management should be conservative. Medication should
be avoided. Serological diagnosis coupled with ultrasound is usu-
ally all that is necessary to establish a diagnosis. Amniocentesis 
is best avoided as it could be a source of infection for the fetus
[210]. There is a slight increase in prematurity [211], but no
increased risk of malformation. Obstetric management should
follow standard lines. Acute viral hepatitis may be misdiagnosed
as AFLP [74].

Hepatitis A
There is no evidence that this is more common or more severe 
in pregnancy [212]. The only risk to the fetus is if the mother is
viraemic at the time of delivery, although anti-hepatitis A virus
(HAV) antibody appears early in the illness and does cross the
placenta. Passive prophylaxis with 0.5 mL of immune serum
globulin appears to protect the infant against infection, although
there are no specific data to prove this. A single case report of
fatal relapsing viral hepatitis A has been reported during preg-
nancy following the initial attack 5 months earlier [213].

Hepatitis B
The outcome of hepatitis B in the pregnant patient is the same as
in non-pregnant women. The risk of fetal transmission depends
on the maternal viral load, being highest in Chinese patients as 
a result of the higher rate of hepatitis B e antigen (HBeAg)
seropositivity [214]; reactivation of hepatitis B virus (HBV)
infection is possible [215]. At least 90% of infants born to
HBeAg-positive mothers become infected and at least 80% 
of these become chronic hepatitis B surface antigen (HBsAg)
carriers [214]. The child is usually asymptomatic until adult life.
Lamivudine given in the last 4 weeks of pregnancy reduces
viraemia and the risk of failure of prophylaxis in the infant
[216]. Lamivudine has been continued during the first trimester
with delivery of a normal fetus [217]. All infants of HBsAg-
positive mothers should receive immunoprophylaxis indepen-
dent of maternal viraemic titre: hepatitis B immunoglobulin at
birth (0.5 mL intramuscularly), followed by HBV vaccine (10 µg)
intramuscularly within 7 days of birth and 1 and 6 months later
[218,219]. Breastfeeding is not contraindicated [210] A schedule
of vaccination at birth and at 1, 2 and 12 months results in 
higher anti-HBs titres [220]. Effective prophylaxis depends on
the identification of HBsAg-positive mothers. A screening pro-
gramme at 14 weeks’ gestation has been shown to be effective
[221]. Postexposure prophylaxis with immunoglobulin and
hepatitis B vaccine can be given safely [222].

Hepatitis C
Studies in which non-A, non-B hepatitis was diagnosed by exclu-
sion showed transmission to infants, evidenced by persistent
aminotransferase elevations over a 10-month period [223,224].
Vertical transmission occurs in infants born to anti-hepatitis 
C virus (HCV)- and anti-human immunodeficiency virus
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(HIV)-positive mothers [225], but this is rare in anti-HIV-
negative mothers, averaging about 2.5% [226], despite HCV
RNA in cord blood. Infants require screening and follow-up
according to recent guidelines [227]. Chronic hepatitis C is 
not adversely affected by pregnancy and vice versa [228].
Caesarean section is not indicated if solely anti-HCV positive.
Breastfeeding is not contraindicated [229]. With in vitro fertil-
ization in HCV RNA-positive women, HCV RNA was unde-
tectable in all media at oocyte transfer [230].

Hepatitis D
Unlike hepatitis B, this is rarely transmitted to the newborn
[231] because of low hepatitis D virus (HDV) loads. Anti-HDV
antibodies are passively transmitted to the fetus and disappear
within 3 months. Immunoprophylaxis for hepatitis B prevents
transmission of hepatitis D.

Hepatitis E
This can occur as epidemic, water-borne hepatitis in the Indian
subcontinent and northern Africa. It has a worse prognosis and
is more frequent in pregnancy, representing a major cause of
maternal mortality in developing countries. In India, mortality
was 17.3% in pregnancy, 2.1% in non-pregnant women and
2.8% in men [232] and continues to be high in pregnancy –
26.9% [233]. Infection with hepatitis E is the reason for the 
disparity in mortality between pregnant women with acute 
viral hepatitis in developed and developing countries, as it
causes a high rate of fulminant liver failure in the second 
and third trimester of pregnancy characterized by rapid-onset
encephalopathy and disseminated intravascular coagulation
[234]. The fulminant course in mothers may be due to severe
fetal hepatitis – a mirror syndrome [235]. Vertical transmission
occurs in approximately 33–50% [233,236]. Immune serum
globulin intramuscularly (0.5 mL) can be given at birth if pater-
nal hepatitis E is suspected or diagnosed. Although hepatitis E
virus (HEV) RNA is present in colostrum, breastfeeding appears
to be safe [237].

Hepatitis G
Vertical transmission has been studied and seems to be higher
than for HIV and HCV, but the clinical consequences are not
known [238].

Amoebiasis
Amoebic abscess can present in pregnancy [239]; rupture is
described [142]. Pregnancy may confer an increased susceptib-
ility to amoebiasis with an increased mortality [240], but this 
is not generally accepted. Management and treatment with
metronidazole is the same as for non-pregnant patients.

Herpes hepatitis and other infections
Herpes hepatitis is rare, but may be fulminant – mucocutaneous
lesions must be looked for, as acyclovir is an effective treatment
[96,241]. There may be a specific CT pattern of a miliary spread

of hypovascular lesions [242]. Leptospirosis has the same clin-
ical features as in non-pregnant females. Malaria may give rise 
to liver dysfunction [243]. Pyogenic abscess [244] and hydatid
cysts [245] are treated with standard measures. Albendazole
seems to be safe in pregnancy [246].

Drug toxicity
Drugs are normally avoided during pregnancy, but consump-
tion of prescribed and non-prescribed medicines or other sub-
stances is not negligible [247]. It is not known whether drug
toxicity may be more severe [248]. Tetracycline can give rise to 
a syndrome similar to AFLP (see above). Fulminant hepatitis
due to quinidine and phenylethylbarbiturate, used for obstetric
indications, is recognized [249], as well as more common drug
reactions, such as those caused by methyldopa given for hyper-
tension in pregnancy [250], chlorpromazine [251], halothane
[252], methoxyflurane [253], hydralazine [254] and isoniazid
[255]. The use of β-sympathomimetics for premature labour
has led to the use of relatively long-term drug therapy for preg-
nant women; there have been a few reports of drug-induced
hepatitis due to terbutaline [256] and ritodrine [257]. Close
monitoring is necessary to determine whether, with mild abnor-
malities of liver function, the drug could be continued to avoid
risking premature labour.

Paracetamol overdose
Paracetamol is frequently recommended for analgesia if needed
during pregnancy. Overdoses are reported, and N-acetylcysteine
given early in pregnancy is without untoward effects. The fetal
liver does not appear to be affected [258].

Biliary disease
An ultrasonographic study in 272 pregnant women updated a
previous report showing that gallbladder sludge and gallbladder
stones have a cumulative incidence of 31% and 9%, respectively,
during pregnancy, but both spontaneously disappear within 12
months of delivery in 87% and 30% respectively [259]. The risk
of developing gallstones increases in those who previously took
oral contraceptives [260], but pregnancy itself leads to gallstone
formation by stimulating cholesterol synthesis, which increases
delivery of cholesterol to the liver, and by impairing the ability 
to catabolize cholesterol to bile acid, increasing the secretion of
biliary cholesterol, reducing the cholesterol-carrying capacity of
bile and impairing contraction of the gallbladder with second-
ary stasis of bile [261].

Biliary obstruction should be managed with standard proto-
cols using endoscopic sphincterotomy and drainage, and/or
stone removal, as the first therapeutic approach [262]. Steps
must be taken to reduce fetal exposure [262]. Open [263] or
laparoscopic [264] cholecystectomy carries no extra risk in preg-
nancy, although there is increased fetal loss in the first trimester.
Cholecystitis can be mimicked by severe pre-eclampsia [265]
and the HELLP syndrome. Choledochal cyst [266] and biliary
carcinoma can occur in pregnancy [267].
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Liver transplantation and pregnancy
Normal menstrual pattern returns quickly following successful
transplantation [268], ranging between 1 [269] and 40 weeks
[268] after transplantation. This emphasizes the need for con-
traceptive advice immediately after transplantation. Ideally,
pregnancy should be deferred for 1 year following liver trans-
plantation as most complications and deaths occur in this
period. Oral contraceptives may be prescribed; there are no 
data to suggest that cholestatic reactions are more frequent in 
a transplanted liver. However, oral contraceptives can affect
ciclosporin elimination [270] and potentiate ciclosporin hepa-
totoxicity [270].

Oral contraceptives should not be used in patients trans-
planted for Budd–Chiari syndrome because of the underlying
thrombogenic tendency, even if anticoagulation is routine.
Warfarin is teratogenic and, therefore, alternative contraceptive
advice is even more important in this context [271].

Successful pregnancies are increasingly reported [272], the
first in 1978. Successful conception has occurred as early as 
4 months after transplantation.

Azathioprine is usually stopped during pregnancy; although
there is no clear evidence for teratogenicity, it may cause pancy-
topenia in infants [273]. Prednisolone is safe; large doses of
methylprednisolone given for acute cellular rejection do not
affect the fetus, although low birthweight infants have been
reported [274]. Ciclosporin and metabolites cross the placenta
[275]. Low birthweight infants occur in liver transplant recipi-
ents [276]; one intrauterine death has been attributed to
ciclosporin [268]. Fetal growth must be closely monitored.

No teratogenic effects have been described with ciclosporin 
or tacrolimus [277]. Children followed for up to 12 years have
had normal development [278]. Ciclosporin and tacrolimus 
are nephrotoxic, and almost 40% of patients taking either will
develop hypertension in pregnancy, possibly less frequently with
tacrolimus [277]. Hypertensive disease of pregnancy occurs
more frequently [279]. Plasma concentrations of calcineurin
inhibitors require careful monitoring. Mycophenolate mofetil
and sirolimus are contraindicated in pregnancy. They should be
substituted with other drugs before conception.

Pregnancy does not increase the likelihood of graft rejection.
There is a higher incidence of prematurity and low birthweight,
related to obstetric indications for early delivery, principally
pregnancy-induced hypertension, which accounts for a cae-
sarean section rate of over 50% [279].

Liver transplantation has also been performed during 
pregnancy for fulminant liver failure with the mother usually
surviving, but a high rate of fetal loss [280].

References
1 Walters WA, Lim YL (1970) Changes in the maternal cardiovascular

system during human pregnancy. Surg Gynecol Obstet 131, 765–

784.

2 Davison JM (1987) Kidney function in pregnant women. Am J

Kidney Dis 9, 248–252.

3 Robson SC, Mutch E, Boys RJ et al. (1990) Apparent liver blood flow

during pregnancy: a serial study using indocyanine green clearance.

Br J Obstet Gynaecol 97, 720–724.

4 Feingold KR, Wiley T, Moser AH et al. (1983) De novo cholestero-

genesis in pregnancy. J Lab Clin Med 101, 256–263.

5 Adeniyi FA, Olatunbosun DA (1984) Origins and significance of the

increased plasma alkaline phosphatase during normal pregnancy and

pre-eclampsia. Br J Obstet Gynaecol 91, 857–862.

6 Svanborg A, Vikrot O (1965) Plasma lipid fractions, including indi-

vidual phospholipids, at various stages of pregnancy. Acta Med Scand

178, 615–630.

7 Bacq Y, Zarka O, Brechot JF et al. (1996) Liver function tests in 

normal pregnancy: a prospective study of 103 pregnant women and

103 matched controls. Hepatology 23, 1030–1034.

8 Lunzer M, Barnes P, Byth K et al. (1986) Serum bile acid concentra-

tions during pregnancy and their relationship to obstetric cholestasis.

Gastroenterology 91, 825–829.

9 Perez V, Gorodisch S, Casavilla F et al. (1971) Ultrastructure of

human liver at the end of normal pregnancy. Am J Obstet Gynecol

110, 428–431.

10 Guettier C, Sebagh M, Buard J et al. (2005) Male cell microchimerism

in normal and diseased female livers from fetal life to adulthood.

Hepatology 42, 35–43.

11 Hammerli U (1966) Jaundice during pregnancy with special refer-

ence on recurrent jaundice during pregnancy and its differential

diagnosis. Acta Med Scand 179 (Suppl 444), 1.

12 Ch’ng CL, Morgan M, Hainsworth I et al. (2002) Prospective study of

liver dysfunction in pregnancy in southwest Wales. Gut 51, 876–880.

13 David AL, Kotecha M, Girling JC (2000) Factors influencing post-

natal liver function tests. Br J Obstet Gynaecol 107, 1421–1426.

14 Clements D, Young WT, Thornton JG et al. (1990) Imaging in acute

fatty liver of pregnancy. Case report. Br J Obstet Gynaecol 97, 631–633.

15 Jewell D (2003) Nausea and Vomiting in Early Pregnancy. Clinical

Evidence. London: BMJ Publishing Group, pp. 1561–1570.

16 Maes BD, Spitz B, Ghoos YF et al. (1999) Gastric emptying in 

hyperemesis gravidarum and non-dyspeptic pregnancy. Aliment

Pharmacol Ther 13, 237–243.

17 Kuscu NK, Koyuncu F (2002) Hyperemesis gravidarum: current

concepts and management. Postgrad Med J 78, 76–79.

18 Colin JF, Mathurin P, Durand F et al. (1994) [Hyperthyroidism: a

possible factor of cholestasis associated with hyperemesis gravidarum

of prolonged evolution]. Gastroenterol Clin Biol 18, 378–380.

19 Tesfaye S, Achari V, Yang YC et al. (1998) Pregnant, vomiting, and

going blind. Lancet 352, 1594.

20 Kocak I, Akcan Y, Ustun C et al. (1999) Helicobacter pylori serop-

ositivity in patients with hyperemesis gravidarum. Int J Gynaecol

Obstet 66, 251–254.

21 Gross S, Librach C, Cecutti A (1989) Maternal weight loss associated

with hyperemesis gravidarum: a predictor of fetal outcome. Am J

Obstet Gynecol 160, 906–909.

22 Morali GA, Braverman DZ (1990) Abnormal liver enzymes and

ketonuria in hyperemesis gravidarum. A retrospective review of 80

patients. J Clin Gastroenterol 12, 303–305.

23 Adams RH, Gordon J, Combes B (1968) Hyperemesis gravidarum. I.

Evidence of hepatic dysfunction. Obstet Gynecol 31, 659–664.

24 Safari HR, Fassett MJ, Souter IC et al. (1998) The efficacy of methyl-

prednisolone in the treatment of hyperemesis gravidarum: a ran-

domized, double-blind, controlled study. Am J Obstet Gynecol 179,

921–924.

TTOC22_03  3/10/07  9:51 AM  Page 1889



1890 22 THE LIVER IN SPECIFIC SETTINGS

25 Reyes H (1982) The enigma of intrahepatic cholestasis of pregnancy:

lessons from Chile. Hepatology 2, 87–96.

26 Wilson JA (1987) Intrahepatic cholestasis of pregnancy with marked

elevation of transaminases in a black American. Dig Dis Sci 32,

665–668.

27 Kauppila A, Korpela H, Makila UM et al. (1987) Low serum selenium

concentration and glutathione peroxidase activity in intrahepatic

cholestasis of pregnancy. Br Med J (Clin Res Ed) 294, 150–152.

28 Wojcicka-Jagodzinska J, Kuczynska-Sicinska J, Czajkowski K et al.

(1989) Carbohydrate metabolism in the course of intrahepatic

cholestasis in pregnancy. Am J Obstet Gynecol 161, 959–964.

29 Jacquemin E, Cresteil D, Manouvrier S et al. (1999) Heterozygous

non-sense mutation of the MDR3 gene in familial intrahepatic

cholestasis of pregnancy. Lancet 353, 210–211.

30 Mullenbach R, Linton KJ, Wiltshire S et al. (2003) ABCB4 gene

sequence variation in women with intrahepatic cholestasis of preg-

nancy. J Med Genet 40, e70.

31 Milkiewicz P, Gallagher R, Chambers J et al. (2003) Obstetric

cholestasis with elevated gamma glutamyl transpeptidase: incidence,

presentation and treatment. J Gastroenterol Hepatol 18, 1283–

1286.

32 Israel EJ, Guzman ML, Campos GA (1986) Maximal response to 

oxytocin of the isolated myometrium from pregnant patients with

intrahepatic cholestasis. Acta Obstet Gynecol Scand 65, 581–582.

33 Ammala P, Kariniemi V (1981) Short-term variability of fetal 

heart rate in cholestasis of pregnancy. Am J Obstet Gynecol 141,

217–220.

34 Costoya AL, Leontic EA, Rosenberg HG et al. (1980) Morphological

study of placental terminal villi in intrahepatic cholestasis of preg-

nancy: histochemistry, light and electron microscopy. Placenta 1,

361–368.

35 Kaar K, Jouppila P, Kuikka J et al. (1980) Intervillous blood flow in

normal and complicated late pregnancy measured by means of an

intravenous 133Xe method. Acta Obstet Gynecol Scand 59, 7–10.

36 Glantz A, Marschall HU, Mattsson LA (2004) Intrahepatic cholestasis

of pregnancy: relationships between bile acid levels and fetal com-

plication rates. Hepatology 40, 467–474.

37 Dann AT, Kenyon AP, Seed PT et al. (2004) Glutathione S-transferase

and liver function in intrahepatic cholestasis of pregnancy and pruri-

tus gravidarum. Hepatology 40, 1406–1414.

38 Laatikainen T (1978) Effect of cholestyramine and phenobarbital on

pruritus and serum bile acid levels in cholestasis of pregnancy. Am 

J Obstet Gynecol 132, 501–506.

39 Hirvioja ML, Tuimala R, Vuori J (1992) The treatment of intrahep-

atic cholestasis of pregnancy by dexamethasone. Br J Obstet Gynaecol

99, 109–111.

40 Frezza M, Pozzato G, Chiesa L et al. (1984) Reversal of intrahepatic

cholestasis of pregnancy in women after high dose S-adenosyl-L-

methionine administration. Hepatology 4, 274–278.

41 Palma J, Reyes H, Ribalta J et al. (1997) Ursodeoxycholic acid in the

treatment of cholestasis of pregnancy: a randomized, double-blind

study controlled with placebo. J Hepatol 27, 1022–1028.

42 Davies MH, da Silva RC, Jones SR et al. (1995) Fetal mortality asso-

ciated with cholestasis of pregnancy and the potential benefit of 

therapy with ursodeoxycholic acid. Gut 37, 580–584.

43 Brites D, Rodrigues CM (1998) Elevated levels of bile acids in

colostrum of patients with cholestasis of pregnancy are decreased 

following ursodeoxycholic acid therapy (see comments). J Hepatol

29, 743–751.

44 Zapata R, Sandoval L, Palma J et al. (2005) Ursodeoxycholic acid 

in the treatment of intrahepatic cholestasis of pregnancy. A 12-year

experience. Liver Int 25, 548–554.

45 Kondrackiene J, Beuers U, Kupcinskas L (2005) Efficacy and safety 

of ursodeoxycholic acid versus cholestyramine in intrahepatic chol-

estasis of pregnancy. Gastroenterology 129, 894–901.

46 Roncaglia N, Locatelli A, Arreghini A et al. (2004) A randomised con-

trolled trial of ursodeoxycholic acid and S-adenosyl-l-methionine in

the treatment of gestational cholestasis. Br J Obstet Gynaecol 111,

17–21.

47 Rioseco AJ, Ivankovic MB, Manzur A et al. (1994) Intrahepatic

cholestasis of pregnancy: a retrospective case–control study of 

perinatal outcome. Am J Obstet Gynecol 170, 890–895.

48 Bacq Y, Sapey T, Brechot MC et al. (1997) Intrahepatic cholestasis of

pregnancy: a French prospective study. Hepatology 26, 358–364.

49 Eloranta ML, Heinonen S, Mononen T et al. (2001) Risk of obstetric

cholestasis in sisters of index patients. Clin Genet 60, 42–45.

50 Mella JG, Roschmann E, Glasinovic JC et al. (1996) Exploring the

genetic role of the HLA-DPB1 locus in Chileans with intrahepatic

cholestasis of pregnancy. J Hepatol 24, 320–323.

51 Holzbach RT, Sivak DA, Braun WE (1983) Familial recurrent intra-

hepatic cholestasis of pregnancy: a genetic study providing evidence

for transmission of a sex-limited, dominant trait. Gastroenterology

85, 175–179.

52 Kreek MJ, Sleisenger MH (1970) Estrogen induced cholestasis due to

endogenous and exogenous hormones. Scand J Gastroenterol Suppl 7,

123–131.

53 Davies MH, Ngong JM, Yucesoy M et al. (1994) The adverse

influence of pregnancy upon sulphation: a clue to the pathogenesis of

intrahepatic cholestasis of pregnancy? J Hepatol 21, 1127–1134.

54 Simon B, Czygan P, Stiehl A et al. (1978) Bile acids and human

colonic adenylate cyclase. Gastroenterology 75, 351.

55 Schreiber AJ, Simon FR (1983) Estrogen-induced cholestasis: clues to

pathogenesis and treatment. Hepatology 3, 607–613.

56 Trauner M, Boyer JL (2003) Bile salt transporters: molecular charac-

terization, function, and regulation. Physiol Rev 83, 633–671.

57 Serrano MA, Macias RI, Vallejo M et al. (2003) Effect of ursodeoxy-

cholic acid on the impairment induced by maternal cholestasis in the

rat placenta-maternal liver tandem excretory pathway. J Pharmacol

Exp Ther 305, 515–524.

58 Romero R, Reece EA, Riely C et al. (1983) Arteriohepatic dysplasia in

pregnancy. Am J Obstet Gynecol 147, 108–109.

59 Stander H, Cadden J (1934) Acute yellow atrophy of the liver in 

pregnancy. Am J Obstet Gynecol 28, 61–69.

60 Tarnier S (1857) Note sur l’etat graisseux du foie dans la fievre 

puerperale. Comp Rendus Seances Mem Soc Biol 3, 209–214.

61 Sheehan H (1940) The pathology of acute yellow atrophy and delayed

chloroform poisoning. J Obstet Gynaecol Br Empire 47, 49–62.

62 Peters RL, Edmondson HA, Mikkelsen WP et al. (1967) Tetracycline-

induced fatty liver in nonpregnant patients. A report of six cases. Am

J Surg 113, 622–632.

63 Schultz JC, Adamson JS, Jr, Workman WW et al. (1963) Fatal liver

disease after intravenous administration of tetracycline in high

dosage. N Engl J Med 269, 999–1004.

64 Pockros PJ, Peters RL, Reynolds TB (1984) Idiopathic fatty liver of

pregnancy: findings in ten cases. Medicine (Baltimore) 63, 1–11.

65 Wilcken B, Leung KC, Hammond J et al. (1993) Pregnancy and fetal

long-chain 3-hydroxyacyl coenzyme A dehydrogenase deficiency.

Lancet 341, 407–408.

TTOC22_03  3/10/07  9:51 AM  Page 1890



22.3 LIVER DISEASES AND PREGNANCY 1891

66 Treem WR, Rinaldo P, Hale DE et al. (1994) Acute fatty liver of preg-

nancy and long-chain 3-hydroxyacyl-coenzyme A dehydrogenase

deficiency. Hepatology 19, 339–345.

67 Yang Z, Zhao Y, Bennett MJ et al. (2002) Fetal genotypes and 

pregnancy outcomes in 35 families with mitochondrial trifunctional

protein mutations. Am J Obstet Gynecol 187, 715–720.

68 Yang Z, Yamada J, Zhao Y et al. (2002) Prospective screening for

pediatric mitochondrial trifunctional protein defects in pregnancies

complicated by liver disease. J Am Med Assoc 288, 2163–2166.

69 Sims HF, Brackett JC, Powell CK et al. (1995) The molecular basis of

pediatric long chain 3-hydroxyacyl-CoA dehydrogenase deficiency

associated with maternal acute fatty liver of pregnancy. Proc Natl

Acad Sci USA 92, 841–845.

70 Nada MA, Vianey-Saban C, Roe CR et al. (1996) Prenatal diagnosis of

mitochondrial fatty acid oxidation defects. Prenat Diagn 16, 117–124.

71 Ibdah JA, Yang Z, Bennett MJ (2000) Liver disease in pregnancy and

fetal fatty acid oxidation defects. Mol Genet Metab 71, 182–189.

72 Bok LA, Vreken P, Wijburg FA et al. (2003) Short-chain Acyl-CoA

dehydrogenase deficiency: studies in a large family adding to the

complexity of the disorder. Pediatrics 112, 1152–1155.

73 Bellig LL (2004) Maternal acute fatty liver of pregnancy and 

the associated risk for long-chain 3-hydroxyacyl-coenzyme a dehy-

drogenase (LCHAD) deficiency in infants. Adv Neonatal Care 4,

26–32.

74 Burroughs AK, Seong NH, Dojcinov DM et al. (1982) Idiopathic

acute fatty liver of pregnancy in 12 patients. Q J Med 51, 481–497.

75 Riely CA, Latham PS, Romero R et al. (1987) Acute fatty liver of 

pregnancy. A reassessment based on observations in nine patients.

Ann Intern Med 106, 703–706.

76 Rolfes DB, Ishak KG (1985) Acute fatty liver of pregnancy: a clinico-

pathologic study of 35 cases. Hepatology 5, 1149–1158.

77 Duma RJ, Dowling EA, Alexander HC et al. (1965) Acute fatty liver of

pregnancy. Report of a surviving patient studied with serial liver

biopsies. Ann Intern Med 63, 851–858.

78 Bourliere M, Bernuau J, Ducrotte S et al. (1989) [Polyuria and poly-

dipsia in acute fatty liver of pregnancy. Discussion based on a case]. 

J Gynecol Obstet Biol Reprod (Paris) 18, 79–81.

79 Reyes H, Sandoval L, Wainstein A et al. (1994) Acute fatty liver of

pregnancy: a clinical study of 12 episodes in 11 patients. Gut 35,

101–106.

80 Cammu H, Velkeniers B, Charels K et al. (1987) Idiopathic acute fatty

liver of pregnancy associated with transient diabetes insipidus. Case

report. Br J Obstet Gynaecol 94, 173–178.

81 Breen KJ, Perkins KW, Mistilis SP et al. (1970) Idiopathic acute fatty

liver of pregnancy. Gut 11, 822–825.

82 Hatfield AK, Stein JH, Greenberger NJ et al. (1972) Idiopathic acute

fatty liver of pregnancy. Death from extrahepatic manifestations. Am

J Dig Dis 17, 167–178.

83 Worms R, Martin E, Bernades P et al. (1966) Une forme anatomo-

clinique particuliere de l’ictere grave de la grossesse: la steatose 

spongiocytaire aigue du foie. Soc Med Hop Paris 17, 999–1021.

84 O’Loughlin S, Sweeney EC, Keelan P (1971) Persistent hypo-

glycaemia and severe hyponatraemia in a case of acute fatty liver 

of pregnancy. J Ir Med Assoc 64, 45–49.

85 Minuk GY, Lui RC, Kelly JK (1987) Rupture of the liver associated

with acute fatty liver of pregnancy. Am J Gastroenterol 82, 457–460.

86 Jones MB (1993) Pulmonary fat emboli associated with acute fatty

liver of pregnancy. Am J Gastroenterol 88, 791–792.

87 Laursen B, Frost L, Mortensen JZ et al. (1983) Acute fatty liver of

pregnancy with complicating disseminated intravascular coagula-

tion. Acta Obstet Gynecol Scand 62, 403–407.

88 Liebman HA, McGehee WG, Patch MJ et al. (1983) Severe depression

of antithrombin III associated with disseminated intravascular coag-

ulation in women with fatty liver of pregnancy. Ann Intern Med 98,

330–333.

89 Weenink GH, Treffers PE, Vijn P et al. (1984) Antithrombin III levels

in preeclampsia correlate with maternal and fetal morbidity. Am J

Obstet Gynecol 148, 1092–1097.

90 Quigley MM (1974) Acute obstetric yellow atrophy presenting as

idiopathic hyperuricemia. South Med J 67, 142–144.

91 Hannah ME, Gonen R, Mocarski EJ et al. (1989) Elevated liver

enzymes and thrombocytopenia in the third trimester of pregnancy:

an unusual case report and a review of the literature. Am J Obstet

Gynecol 161, 322–323.

92 Minakami H, Oka N, Sato T et al. (1988) Preeclampsia: a microve-

sicular fat disease of the liver? Am J Obstet Gynecol 159, 1043–1047.

93 Bernuau J, Degott C, Nouel O et al. (1983) Non-fatal acute fatty liver

of pregnancy. Gut 24, 340–344.

94 Rolfes DB, Ishak KG (1986) Liver disease in toxemia of pregnancy.

Am J Gastroenterol 81, 1138–1144.

95 George JN (2003) The association of pregnancy with thrombotic

thrombocytopenic purpura–hemolytic uremic syndrome. Curr Opin

Hematol 10, 339–344.

96 Klein NA, Mabie WC, Shaver DC et al. (1991) Herpes simplex 

virus hepatitis in pregnancy. Two patients successfully treated with

acyclovir. Gastroenterology 100, 239–244.

97 Usta IM, Barton JR, Amon EA et al. (1994) Acute fatty liver of preg-

nancy: an experience in the diagnosis and management of fourteen

cases. Am J Obstet Gynecol 171, 1342–1347.

98 Campillo B, Bernuau J, Witz MO et al. (1986) Ultrasonography in

acute fatty liver of pregnancy. Ann Intern Med 105, 383–384.

99 Manas KJ, Welsh JD, Rankin RA et al. (1985) Hepatic hemorrhage

without rupture in preeclampsia. N Engl J Med 312, 424–426.

100 Bis KA, Waxman B (1976) Rupture of the liver associated with preg-

nancy: a review of the literature and report of 2 cases. Obstet Gynecol

Surv 31, 763–773.

101 Werth TE, Wang HH, Chopra S (1990) A 20-year-old woman with

abnormal liver-function test results in the third trimester of preg-

nancy. Gastroenterology 99, 552–558.

102 Ebert EC, Sun EA, Wright SH et al. (1984) Does early diagnosis and

delivery in acute fatty liver of pregnancy lead to improvement in

maternal and infant survival? Dig Dis Sci 29, 453–455.

103 Moldenhauer JS, O’Brien JM, Barton JR et al. (2004) Acute fatty liver

of pregnancy associated with pancreatitis: a life-threatening com-

plication. Am J Obstet Gynecol 190, 502–505.

104 Torres M, Lopez J, Tortajada G (1981) Insuficiencia hepaticaaguda

de evolucion fatal en la degeneracion grasa del higado. Gastroenterol

Hepatol 4, 188–194.

105 Ockner SA, Brunt EM, Cohn SM et al. (1990) Fulminant hepatic 

failure caused by acute fatty liver of pregnancy treated by orthotopic

liver transplantation. Hepatology 11, 59–64.

106 Barton JR, Sibai BM, Mabie WC et al. (1990) Recurrent acute fatty

liver of pregnancy. Am J Obstet Gynecol 163, 534–538.

107 Moore HC (1956) Acute fatty liver of pregnancy. J Obstet Gynaecol Br

Empire 63, 189–198.

108 Davis JS, Kaufman RH (1966) Tetracycline toxicity. A clinicopatho-

logic study with special reference to liver damage and its relationship

to pregnancy. Am J Obstet Gynecol 95, 523–529.

TTOC22_03  3/10/07  9:51 AM  Page 1891



1892 22 THE LIVER IN SPECIFIC SETTINGS

109 Wenk RE, Gebhardt FC, Bhagavan BS et al. (1981) Tetracycline-

associated fatty liver of pregnancy, including possible pregnancy risk

after chronic dermatologic use of tetracycline. J Reprod Med 26,

135–141.

110 Ede RJ, Williams R (1988) Reye’s syndrome in adults. Br Med J (Clin

Res Ed) 296, 517–518.

111 Rebouche CJ, Engel AG (1983) Carnitine metabolism and deficiency

syndromes. Mayo Clin Proc 58, 533–540.

112 Angelini C, Govoni E, Bragaglia MM et al. (1978) Carnitine defi-

ciency: acute postpartum crisis. Ann Neurol 4, 558–561.

113 Arn PH, Hauser ER, Thomas GH et al. (1990) Hyperammonemia in

women with a mutation at the ornithine carbamoyltransferase locus.

A cause of postpartum coma. N Engl J Med 322, 1652–1655.

114 Hauser ER, Finkelstein JE, Valle D et al. (1990) Allopurinol-induced

orotidinuria. A test for mutations at the ornithine carbamoyltrans-

ferase locus in women. N Engl J Med 322, 1641–1645.

115 Hamano Y, Kodama H, Fujikawa Y et al. (1988) Use of immunocyto-

chemical analysis of a duodenal biopsy specimen to identify a carrier of

ornithine transcarbamylase deficiency. N Engl J Med 318, 1521–1523.

116 Sibai B, Dekker G, Kupferminc M (2005) Pre-eclampsia. Lancet 365,

785–799.

117 Antia FP, Bharadwaj TP, Watsa MC et al. (1958) Liver in normal

pregnancy, pre-eclampsia, and eclampsia. Lancet 2, 776–778.

118 Arias F, Mancilla-Jimenez R (1976) Hepatic fibrinogen deposits 

in pre-eclampsia. Immunofluorescent evidence. N Engl J Med 295,

578–582.

119 Rowan JA, North RA (1995) Abnormal liver function tests after 

pre-eclampsia. Lancet 345, 1367.

120 Kronthal AJ, Fishman EK, Kuhlman JE et al. (1990) Hepatic infarc-

tion in preeclampsia. Radiology 177, 726–728.

121 Romero R, Mazor M, Lockwood CJ et al. (1989) Clinical significance,

prevalence, and natural history of thrombocytopenia in pregnancy-

induced hypertension. Am J Perinatol 6, 32–38.

122 Lox C, Harral A, Corrigan JJ (1990) Hepatic impairment in fetuses of

preeclamptic mothers. Biol Neonate 57, 141–143.

123 Ansell P, Mitchell CD, Roman E et al. (2005) Relationships between

perinatal and maternal characteristics and hepatoblastoma: a report

from the UKCCS. Eur J Cancer 41, 741–748.

124 Neerhof MG, Zelman W, Sullivan T (1989) Hepatic rupture in preg-

nancy. Obstet Gynecol Surv 44, 407–409.

125 Pauzner R, Dulitzky M, Carp H et al. (2003) Hepatic infarctions dur-

ing pregnancy are associated with the antiphospholipid syndrome

and in addition with complete or incomplete HELLP syndrome. 

J Thromb Haemost 1, 1758–1763.

126 Moen MD, Caliendo MJ, Marshall W et al. (1993) Hepatic rupture in

pregnancy associated with cocaine use. Obstet Gynecol 82, 687–689.

127 Abercrombie J (1844) Case of haemorrhage of the liver. Lond Med

Gazz 34, 792–795.

128 Henny CP, Lim AE, Brummelkamp WH et al. (1983) A review of the

importance of acute multidisciplinary treatment following spon-

taneous rupture of the liver capsule during pregnancy. Surg Gynecol

Obstet 156, 593–598.

129 Schwartz ML, Lien JM (1997) Spontaneous liver hematoma in preg-

nancy not clearly associated with preeclampsia: a case presentation

and literature review. Am J Obstet Gynecol 176, 1328–1332.

130 Rinehart BK, Terrone DA, Magann EF et al. (1999) Preeclampsia-

associated hepatic hemorrhage and rupture: mode of management

related to maternal and perinatal outcome. Obstet Gynecol Surv 54,

196–202.

131 Terasaki KK, Quinn MF, Lundell CJ et al. (1990) Spontaneous 

hepatic hemorrhage in preeclampsia: treatment with hepatic arterial

embolization. Radiology 174, 1039–1041.

132 Stain SC, Woodburn DA, Stephens AL et al. (1996) Spontaneous

hepatic hemorrhage associated with pregnancy. Treatment by 

hepatic arterial interruption. Ann Surg 224, 72–78.

133 Dart BW, Cockerham WT, Torres C et al. (2004) A novel use of

recombinant factor VIIa in HELLP syndrome associated with spon-

taneous hepatic rupture and abdominal compartment syndrome. 

J Trauma 57, 171–174.

134 Woodhouse DR (1986) Conservative management of spontaneous

rupture of the liver in pregnancy. Case report. Br J Obstet Gynaecol

93, 1097–1099.

135 Hunter SK, Martin M, Benda JA et al. (1995) Liver transplant after

massive spontaneous hepatic rupture in pregnancy complicated by

preeclampsia. Obstet Gynecol 85, 819–822.

136 Alleman JS, Delarue MW, Hasaart TH (1992) Successful delivery

after hepatic rupture in previous pre-eclamptic pregnancy. Eur J

Obstet Gynecol Reprod Biol 47, 76–79.

137 Greenstein D, Henderson JM, Boyer TD (1994) Liver hemorrhage:

recurrent episodes during pregnancy complicated by preeclampsia.

Gastroenterology 106, 1668–1671.

138 Hibbard LT (1976) Spontaneous rupture of the liver in pregnancy: 

a report of eight cases. Am J Obstet Gynecol 126, 334–338.

139 Roddie TW (1957) Haemorrhage from primary carcinoma of the

liver complicating pregnancy. Br Med J 44, 31.

140 Erb RE, Gibler WB (1989) Massive hemoperitoneum following 

rupture of hepatic metastases from unsuspected choriocarcinoma.

Am J Emerg Med 7, 196–198.

141 Fidas-Kamini A, Busuttil A (1987) Fatal haemoperitoneum from

ruptured hepatic metastases from testicular teratomas. Br J Urol 60,

80–81.

142 Yen SS (1964) Spontaneous rupture of the liver during pregnancy. 

A report of 2 cases. Obstet Gynecol 23, 783–787.

143 Henderson PR, Keeping JD (1979) Spontaneous rupture of the

spleen in late pregnancy. Aust NZ J Obstet Gynaecol 19, 116–118.

144 Fletcher JP (1971) Eclampsia and microangiopathic haemolytic

anaemia. Med J Aust 1, 1065–1066.

145 Weinstein L (1982) Syndrome of hemolysis, elevated liver enzymes,

and low platelet count: a severe consequence of hypertension in preg-

nancy. Am J Obstet Gynecol 142, 159–167.

146 Dantzer M, Rigaud P, Agnani G et al. (1987) [Hellp syndrome 

may precede the appearance of arterial hypertension in pregnancy

toxemia]. Rev Fr Gynecol Obstet 82, 243–245.

147 Goodlin RC, Holdt D (1981) Impending gestosis. Obstet Gynecol 58,

743–745.

148 Alsulyman OM, Castro MA, Zuckerman E et al. (1996) Preeclampsia

and liver infarction in early pregnancy associated with the antiphos-

pholipid syndrome. Obstet Gynecol 88, 644–646.

149 Sibai BM, Taslimi MM, el Nazer A et al. (1986) Maternal–perinatal

outcome associated with the syndrome of hemolysis, elevated liver

enzymes, and low platelets in severe preeclampsia-eclampsia. Am J

Obstet Gynecol 155, 501–509.

150 Strand S, Strand D, Seufert R et al. (2004) Placenta-derived CD95 

ligand causes liver damage in hemolysis, elevated liver enzymes, and

low platelet count syndrome. Gastroenterology 126, 849–858.

151 Abroug F, Boujdaria R, Nouira S et al. (1992) Hellp syndrome: 

incidence and maternal–fetal outcome – a prospective study. Intens

Care Med 18, 274–277.

TTOC22_03  3/10/07  9:51 AM  Page 1892



22.3 LIVER DISEASES AND PREGNANCY 1893

152 Shames BD, Fernandez LA, Sollinger HW et al. (2005) Liver trans-

plantation for HELLP syndrome. Liver Transpl 11, 224–228.

153 Clark SL, Phelan JR, Allen SH et al. (1986) Antepartum reversal of

hematologic abnormalities associated with the HELLP syndrome. A

report of three cases. J Reprod Med 31, 70–72.

154 MacKenna J, Dover NL, Brame RG (1983) Preeclampsia associated

with hemolysis, elevated liver enzymes, and low platelets—an obstet-

ric emergency? Obstet Gynecol 62, 751–754.

155 Magann EF, Bass D, Chauhan SP et al. (1994) Antepartum corti-

costeroids: disease stabilization in patients with the syndrome of

hemolysis, elevated liver enzymes, and low platelets (HELLP). Am 

J Obstet Gynecol 171, 1148–1153.

156 Magann EF, Perry KG, Jr, Meydrech EF et al. (1994) Postpartum cor-

ticosteroids: accelerated recovery from the syndrome of hemolysis,

elevated liver enzymes, and low platelets (HELLP). Am J Obstet

Gynecol 171, 1154–1158.

157 Matchaba P, Moodley J (2004) Corticosteroids for HELLP syndrome

in pregnancy. Cochrane Database Syst Rev CD002076.

158 Martin JN, Jr, Thigpen BD, Rose CH et al. (2003) Maternal benefit of

high-dose intravenous corticosteroid therapy for HELLP syndrome.

Am J Obstet Gynecol 189, 830–834.

159 Sibai BM (2004) Imitators of severe pre-eclampsia/eclampsia. Clin

Perinatol 31, 835-viii.

160 Sheehan H, Lynch J (1973) Pathology of Toxaemia of Pregnancy.

Edinburgh: Churchill Livingstone.

161 Dani R, Mendes GS, Medeiros JL et al. (1996) Study of the liver

changes occurring in preeclampsia and their possible pathogenetic

connection with acute fatty liver of pregnancy. Am J Gastroenterol 91,

292–294.

162 Zucker SD (2003) Is it HELLPful to consider the hanging LCHAD 

in pregnancy-associated liver disease? Gastroenterology 124, 1548–

1550.

163 Minakami H, Yamada H, Suzuki S (2002) Gestational thrombocy-

topenia and pregnancy-induced antithrombin deficiency: progenitors

to the development of the HELLP syndrome and acute fatty liver of

pregnancy. Semin Thromb Hemost 28, 515–518.

164 Barton JR, Sibai BM (2004) Diagnosis and management of hemoly-

sis, elevated liver enzymes, and low platelets syndrome. Clin Perinatol

31, 807–833, vii.

165 Ilan Y, Oren R, Shouval D (1990) Postpartum Budd–Chiari syn-

drome with prolonged hypercoagulability state. Am J Obstet Gynecol

162, 1164–1165.

166 Khuroo MS, Datta DV (1980) Budd–Chiari syndrome following

pregnancy. Report of 16 cases, with roentgenologic, hemodynamic

and histologic studies of the hepatic outflow tract. Am J Med 68,

113–121.

167 Senzolo M, Cholongitas E, Patch D et al. (2005) Update on the

classification, assessment of prognosis and therapy of Budd–Chiari

syndrome. Nature Clin Pract Gastroenterol Hepatol 2, 1–9.

168 Grant WJ, McCashland T, Botha JF et al. (2003) Acute Budd–Chiari

syndrome during pregnancy: surgical treatment and orthotopic liver

transplantation with successful completion of the pregnancy. Liver

Transpl 9, 976–979.

169 Vons C, Smadja C, Franco D et al. (1984) Successful pregnancy after

Budd–Chiari syndrome. Lancet 2, 975.

170 Cundy TF, Butler J, Pope RM et al. (1991) Amenorrhoea in women

with non-alcoholic chronic liver disease. Gut 32, 202–206.

171 Cheng YS (1977) Pregnancy in liver cirrhosis and/or portal hyper-

tension. Am J Obstet Gynecol 128, 812–822.

172 Schreyer P, Caspi E, El Hindi JM et al. (1982) Cirrhosis – pregnancy

and delivery: a review. Obstet Gynecol Surv 37, 304–312.

173 Hsia DY, Allen FH, Jr, Gellis SS et al. (1952) Erythroblastosis fetalis.

VIII. Studies of serum bilirubin in relation to kernicterus. N Engl J

Med 247, 668–671.

174 Cotton DB, Brock BJ, Schifrin BS (1981) Cirrhosis and fetal hyper-

bilirubinemia. Obstet Gynecol 57, 25S–27S.

175 Infeld DS, Borkowf HI, Varma RR (1979) Chronic-persistent hep-

atitis and pregnancy. Gastroenterology 77, 524–527.

176 Steven MM, Buckley JD, Mackay IR (1979) Pregnancy in chronic

active hepatitis. Q J Med 48, 519–531.

177 Heneghan MA, Norris SM, O’Grady JG et al. (2001) Management

and outcome of pregnancy in autoimmune hepatitis. Gut 48, 

97–102.

178 Malhotra B, Malhotra N, Deka D et al. (2002) Immunosuppressive

effect of pregnancy on autoimmune hepatitis: a case report and

review of literature. Eur J Obstet Gynecol Reprod Biol 101, 91–92.

179 Buchel E, Van Steenbergen W, Nevens F et al. (2002) Improvement

of autoimmune hepatitis during pregnancy followed by flare-up after

delivery. Am J Gastroenterol 97, 3160–3165.

180 Samuel D, Riordan S, Strasser S et al. (2004) Severe autoimmune

hepatitis first presenting in the early post partum period. Clin

Gastroenterol Hepatol 2, 622–624.

181 Parikh-Patel A, Gold E, Utts J et al. (2002) The association 

between gravidity and primary biliary cirrhosis. Ann Epidemiol 12,

264–272.

182 Rabinovitz M, Appasamy R, Finkelstein S (1995) Primary biliary 

cirrhosis diagnosed during pregnancy. Does it have a different 

outcome? Dig Dis Sci 40, 571–574.

183 Nir A, Sorokin Y, Abramovici H et al. (1989) Pregnancy and primary

biliary cirrhosis. Int J Gynaecol Obstet 28, 279–282.

184 Rudi J, Schonig T, Stremmel W (1996) [Therapy with ursodeoxy-

cholic acid in primary biliary cirrhosis in pregnancy.] Z Gastroenterol

34, 188–191.

185 Janczewska I, Olsson R, Hultcrantz R et al. (1996) Pregnancy in

patients with primary sclerosing cholangitis. Liver 16, 326–330.

186 Friedlaender P, Osler M (1967) Icterus and pregnancy. Am J Obstet

Gynecol 97, 894–900.

187 Cohen L, Lewis C, Arias IM (1972) Pregnancy, oral contraceptives,

and chronic familial jaundice with predominantly conjugated hyper-

bilirubinemia (Dubin–Johnson syndrome). Gastroenterology 62,

1182–1190.

188 Di Zoglio JD, Cardillo E (1973) The Dubin–Johnson syndrome and

pregnancy. Obstet Gynecol 42, 560–563.

189 Sinha S, Taly AB, Prashanth LK et al. (2004) Successful pregnancies

and abortions in symptomatic and asymptomatic Wilson’s disease. J

Neurol Sci 217, 37–40.

190 Nunns D, Hawthorne B, Goulding P et al. (1995) Wilson’s disease in

pregnancy. Eur J Obstet Gynecol Reprod Biol 62, 141–143.

191 Roberts EA, Schilsky ML (2003) A practice guideline on Wilson 

disease. Hepatology 37, 1475–1492.

192 Weimann A, Mossinger M, Fronhoff K et al. (1998) Pregnancy in

women with observed focal nodular hyperplasia of the liver. Lancet

351, 1251–1252.

193 Lau WY, Leung WT, Ho S et al. (1995) Hepatocellular carcinoma

during pregnancy and its comparison with other pregnancy-associated

malignancies. Cancer 75, 2669–2676.

194 Purtilo DT, Clark JV, Williams R (1975) Primary hepatic malignancy

in pregnant women. Am J Obstet Gynecol 121, 41–44.

TTOC22_03  3/10/07  9:51 AM  Page 1893



1894 22 THE LIVER IN SPECIFIC SETTINGS

195 Cobey FC, Salem RR (2004) A review of liver masses in pregnancy

and a proposed algorithm for their diagnosis and management. Am J

Surg 187, 181–191.

196 Check JH, King LC, Rakoff AE (1978) Uncomplicated pregnancy 

following oral contraceptive-induced liver hepatoma. Obstet Gynecol

52, 28S–29S.

197 Erb RE, Gibler WB (1989) Massive hemoperitoneum following 

rupture of hepatic metastases from unsuspected choriocarcinoma.

Am J Emerg Med 7, 196–198.

198 Barnard DE, Woodward KT, Yancy SG et al. (1986) Hepatic meta-

stases of choriocarcinoma: a report of 15 patients. Gynecol Oncol

25, 73–83.

199 Trujillo Carrillo JL, Alvarez M, Padilla A et al. (2004) Symptomatic

hepatic polycystic disease and pregnancy. Br J Obstet Gynaecol 111,

1146–1147.

200 Sewell JH, Weiss K (1961) Spontaneous rupture of hemangioma of

the liver. A review of the literature and presentation of illustrative

case. Arch Surg 83, 729–733.

201 Kanaan C, Veille JC, Lakin M (1989) Pregnancy and acute inter-

mittent porphyria. Obstet Gynecol Surv 44, 244–249.

202 Soto-Albors CE, Rayburn WF, Taylor L et al. (1984) Portal hyper-

tension and hypersplenism in pregnancy secondary to chronic 

schistosomiasis. A case report. J Reprod Med 29, 345–348.

203 Gong B, Baken LA, Julian TM et al. (1988) High-output heart failure

due to hepatic arteriovenous fistula during pregnancy: a case report.

Obstet Gynecol 72, 440–442.

204 Livneh A, Langevitz P, Morag B et al. (1988) Functionally reversible

hepatic arteriovenous fistulas during pregnancy in patients with

hereditary hemorrhagic telangiectasia. South Med J 81, 1047–1049.

205 Varma RR, Michelsohn NH, Borkowf HI et al. (1977) Pregnancy in

cirrhotic and noncirrhotic portal hypertension. Obstet Gynecol 50,

217–222.

206 Kochhar R, Goenka MK, Mehta SK (1990) Endoscopic sclerotherapy

during pregnancy. Am J Gastroenterol 85, 1132–1135.

207 Krol-Van Straaten J, De Maat CE (1984) Successful pregnancies in

cirrhosis of the liver before and after portacaval anastomosis. Neth J

Med 27, 14–15.

208 Rubin PC (1981) Current concepts: beta-blockers in pregnancy. 

N Engl J Med 305, 1323–1326.

209 Barrett JM, Caldwell BH (1981) Association of portal hypertension

and ruptured splenic artery aneurysm in pregnancy. Obstet Gynecol

57, 255–257.

210 Beasley RP, Stevens CE, Shiao IS et al. (1975) Evidence against breast-

feeding as a mechanism for vertical transmission of hepatitis B.

Lancet 2, 740–741.

211 Hieber JP, Dalton D, Shorey J et al. (1977) Hepatitis and pregnancy. 

J Pediatr 91, 545–549.

212 Shalev E, Bassan HM (1982) Viral hepatitis during pregnancy in

Israel. Int J Gynaecol Obstet 20, 73–78.

213 Lysy Y, Furst A, Medina A et al. (1988) Fatal relapsing viral hepatitis A

infection during pregnancy. Isr J Med Sci 24, 681–683.

214 Beasley RP, Trepo C, Stevens CE et al. (1977) The e antigen and 

vertical transmission of hepatitis B surface antigen. Am J Epidemiol

105, 94–98.

215 Rawal BK, Parida S, Watkins RP et al. (1991) Symptomatic reactiva-

tion of hepatitis B in pregnancy. Lancet 337, 364.

216 van Zonneveld M, van Nunen AB, Niesters HG et al. (2003)

Lamivudine treatment during pregnancy to prevent perinatal trans-

mission of hepatitis B virus infection. J Viral Hepat 10, 294–297.

217 Loreno M, Bo P, Senzolo M et al. (2005) Successful pregnancy in 

a liver transplant recipient treated with lamivudine for de novo 

hepatitis B in the graft. Transpl Int 17, 730–734.

218 Maupas P, Chiron JP, Barin F et al. (1981) Efficacy of hepatitis B 

vaccine in prevention of early HBsAg carrier state in children.

Controlled trial in an endemic area (Senegal). Lancet 1, 289–292.

219 Beasley RP, Hwang LY, Lee GC et al. (1983) Prevention of perinatally

transmitted hepatitis B virus infections with hepatitis B virus infec-

tions with hepatitis B immune globulin and hepatitis B vaccine.

Lancet 2, 1099–1102.

220 Anon (1991) Hepatitis B virus: a comprehensive strategy for elimi-

nating transmission in the US through universal childhood vaccina-

tion. Recommendation of the Immunization Practices Advisory

Committee. Morbidity Mortality Weekly Rep 40, 1–25.

221 Grosheide PM, Wladimiroff JW, Heijtink RA et al. (1995) Proposal

for routine antenatal screening at 14 weeks for hepatitis B surface

antigen. Dutch Study Group on Prevention of Neonatal Hepatitis. Br

Med J 311, 1197–1199.

222 Grosheide PM, Schalm SW, van Os HC et al. (1993) Immune

response to hepatitis B vaccine in pregnant women receiving 

post-exposure prophylaxis. Eur J Obstet Gynecol Reprod Biol 50,

53–58.

223 Wejstal R, Norkrans G (1989) Chronic non-A, non-B hepatitis in

pregnancy: outcome and possible transmission to the offspring.

Scand J Infect Dis 21, 485–490.

224 Plunkett BA, Grobman WA (2004) Elective cesarean delivery to pre-

vent perinatal transmission of hepatitis C virus: a cost-effectiveness

analysis. Am J Obstet Gynecol 191, 998–1003.

225 Zanetti AR, Tanzi E, Paccagnini S et al. (1995) Mother-to-infant

transmission of hepatitis C virus. Lombardy Study Group on Vertical

HCV Transmission. Lancet 345, 289–291.

226 Conte D, Fraquelli M, Prati D et al. (2000) Prevalence and clinical

course of chronic hepatitis C virus (HCV) infection and rate of HCV

vertical transmission in a cohort of 15,250 pregnant women. Hep-

atology 31, 751–755.

227 Pembrey L, Newell M, Tovo P et al. (2005) The management of HCV

infected pregnant women and their children. European paediatric

HCV network. J Hepatol 43, 515–525.

228 Floreani A, Paternoster D, Zappala F et al. (1996) Hepatitis C virus

infection in pregnancy. Br J Obstet Gynaecol 103, 325–329.

229 Polywka S, Schroter M, Feucht HH et al. (1999) Low risk of vertical

transmission of hepatitis C virus by breast milk. Clin Infect Dis 29,

1327–1329.

230 Devaux A, Soula V, Sifer C et al. (2003) Hepatitis C virus detection in

follicular fluid and culture media from HCV+ women, and viral risk

during IVF procedures. Hum Reprod 18, 2342–2349.

231 Zanetti AR, Ferroni P, Magliano EM et al. (1982) Perinatal trans-

mission of the hepatitis B virus and of the HBV-associated delta 

agent from mothers to offspring in northern Italy. J Med Virol 9,

139–148.

232 Khuroo MS, Teli MR, Skidmore S et al. (1981) Incidence and severity

of viral hepatitis in pregnancy. Am J Med 70, 252–255.

233 Kumar A, Beniwal M, Kar P et al. (2004) Hepatitis E in pregnancy. Int

J Gynaecol Obstet 85, 240–244.

234 Khuroo MS, Kamili S (2003) Aetiology and prognostic factors in

acute liver failure in India. J Viral Hepat 10, 224–231.

235 Khuroo MS, Kamili S, Saleim T et al. (2004) Severe fetal hepatitis E

virus infection is the possible cause of increased severity of hepatitis 

E infection in the mother. Am J Gastroenterol 99, S100.

TTOC22_03  3/10/07  9:51 AM  Page 1894



22.3 LIVER DISEASES AND PREGNANCY 1895

236 Singh S, Mohanty A, Joshi YK et al. (2003) Mother-to-child trans-

mission of hepatitis E virus infection. Ind J Pediatr 70, 37–39.

237 Chibber RM, Usmani MA, Al Sibai MH (2004) Should HEV infected

mothers breast feed? Arch Gynecol Obstet 270, 15–20.

238 Feucht HH, Zollner B, Polywka S et al. (1996) Vertical transmission

of hepatitis G. Lancet 347, 615–616.

239 Naidoo PM, Keeton G, Stein L et al. (1974) Hepatic amoebiasis. A

study of 32 cases in the Western Cape. S Afr Med J 48, 1159–1160.

240 Abioye AA, Edington GM (1972) Prevalence of amoebiasis at autopsy

in Ibadan. Trans R Soc Trop Med Hyg 66, 754–763.

241 Jacques SM, Qureshi F (1992) Herpes simplex virus hepatitis in 

pregnancy: a clinicopathologic study of three cases. Hum Pathol 23,

183–187.

242 Mortele KJ, Barish MA, Yucel KE (2004) Fulminant herpes hepatitis

in an immunocompetent pregnant woman: CT imaging features.

Abdom Imaging 29, 682–684.

243 Arya TV, Prasad RN (1988) Malarial hepatitis. J Assoc Phys India 36,

294–295.

244 Kopernik G, Mazor M, Leiberman JR et al. (1988) Pyogenic liver

abscess in pregnancy. Isr J Med Sci 24, 245–246.

245 Manterola C, Espinoza R, Munoz S et al. (2004) Abdominal

echinococcosis during pregnancy: clinical aspects and management

of a series of cases in Chile. Trop Doctor 34, 171–173.

246 Montes H, Soetkino R, Carr-Locke DL (2002) Hydatid disease in

pregnancy. Am J Gastroenterol 97, 1553–1555.

247 Lacroix I, Damase-Michel C, Lapeyre-Mestre M et al. (2000)

Prescription of drugs during pregnancy in France. Lancet 356,

1735–1736.

248 Wood SM, Hytten FE (1981) The fate of drugs in pregnancy. Clin

Obstet Gynaecol 8, 255–259.

249 Bourliere M, Bernuau J, Rueff B et al. (1988) Quinidine phenylethyl-

barbiturate-induced fulminant hepatitis in a pregnant woman. A

case report. J Hepatol 6, 214–216.

250 Picaud A, Walter P, de Preville G et al. (1990) [Fatal toxic hepatitis in

pregnancy. A discussion of the role of methyldopa]. J Gynecol Obstet

Biol Reprod (Paris) 19, 192–196.

251 Read AE, Harrison CV, Sherlock S (1961) Chronic chlorpromazine

jaundice: with particular reference to its relationship to primary 

biliary cirrhosis. Am J Med 31, 249–258.

252 Holden TE, Sherline DM (1972) Hepatitis and hepatic failure in

pregnancy. Obstet Gynecol 40, 586–593.

253 Rubinger D, Davidson JT, Melmed RN (1975) Hepatitis following

the use of methoxyflurane in obstetric analgesia. Anesthesiology 43,

593–595.

254 Hod M, Friedman S, Schoenfeld A et al. (1986) Hydralazine-induced

hepatitis in pregnancy. Int J Fertil 31, 352–355.

255 Franks AL, Binkin NJ, Snider DE, Jr et al. (1989) Isoniazid hepatitis

among pregnant and postpartum Hispanic patients. Public Health

Rep 104, 151–155.

256 Quinn PG, Sherman BW, Tavill AS et al. (1994) Terbutaline hepatitis

in pregnancy: report of two cases and literature review. Am J

Gastroenterol 89, 781–784.

257 De Arcos F, Gratacos E, Palacio M et al. (1996) Toxic hepatitis: a rare

complication associated with the use of ritodrine during pregnancy.

Acta Obstet Gynecol Scand 75, 340–342.

258 Ludmir J, Main DM, Landon MB et al. (1986) Maternal

acetaminophen overdose at 15 weeks of gestation. Obstet Gynecol 67,

750–751.

259 Maringhini A, Marceno MP, Lanzarone F et al. (1987) Sludge and

stones in gallbladder after pregnancy. Prevalence and risk factors. J

Hepatol 5, 218–223.

260 Evron S, Frankel M, Diamant Y (1982) Biliary disease in young

women and its association with pregnancy or oral contraceptives. Int

Surg 67, 448–450.

261 Everson GT (1993) Pregnancy and gallstones. Hepatology 17,

159–161.

262 Kahaleh M, Hartwell GD, Arseneau KO et al. (2004) Safety and

efficacy of ERCP in pregnancy. Gastrointest Endosc 60, 287–292.

263 Printen KJ, Ott RA (1978) Cholecystectomy during pregnancy. Am

Surg 44, 432–434.

264 Muench J, Albrink M, Serafini F et al. (2001) Delay in treatment of

biliary disease during pregnancy increases morbidity and can be

avoided with safe laparoscopic cholecystectomy. Am Surg 67,

539–542.

265 Friedenberg WR, Burrill RE, Young JR (1978) Severe preeclampsia

presenting as hepatobiliary disease. Wisc Med J 77, S117–S118.

266 Taylor TV, Brigg JK, Russell JG et al. (1977) Choledochal cyst of 

pregnancy. J R Coll Surg Edinb 22, 424–427.

267 Devoe LD, Moossa AR, Levin B (1983) Pregnancy complicated by

extrahepatic biliary tract carcinoma. A case report. J Reprod Med 28,

153–155.

268 Cundy TF, O’Grady JG, Williams R (1990) Recovery of menstruation

and pregnancy after liver transplantation. Gut 31, 337–338.

269 de Koning ND, Haagsma EB (1990) Normalization of menstrual 

pattern after liver transplantation: consequences for contraception.

Digestion 46, 239–241.

270 Scott JP, Higenbottam TW (1988) Adverse reactions and interactions

of cyclosporin. Med Toxicol Adverse Drug Exp 3, 107–127.

271 Hall JG, Pauli RM, Wilson KM (1980) Maternal and fetal sequelae of

anticoagulation during pregnancy. Am J Med 68, 122–140.

272 Armenti VT, Herrine SK, Radomski JS et al. (2000) Pregnancy after

liver transplantation. Liver Transpl 6, 671–685.

273 Davison JM, Dellagrammatikas H, Parkin JM (1985) Maternal 

azathioprine therapy and depressed haemopoiesis in the babies of

renal allograft patients. Br J Obstet Gynaecol 92, 233–239.

274 Reinisch JM, Simon NG, Karow WG et al. (1978) Prenatal exposure

to prednisone in humans and animals retards intrauterine growth.

Science 202, 436–438.

275 Venkataramanan R, Koneru B, Wang CC et al. (1988) Cyclosporine

and its metabolites in mother and baby. Transplantation 46,

468–469.

276 Hill NC, Morris NH, Shaw RW et al. (1991) Pregnancy after 

orthotopic liver transplantation. Case report. Br J Obstet Gynaecol 98,

719–721.

277 Jain AB, Reyes J, Marcos A et al. (2003) Pregnancy after liver trans-

plantation with tacrolimus immunosuppression: a single center’s

experience update at 13 years. Transplantation 76, 827–832.

278 Scantlebury V, Gordon R, Tzakis A et al. (1990) Childbearing after

liver transplantation. Transplantation 49, 317–321.

279 Radomski JS, Moritz MJ, Munoz SJ et al. (1995) National

Transplantation Pregnancy Registry: analysis of pregnancy outcomes

in female liver transplant recipients. Liver Transpl Surg 1, 281–284.

280 Eguchi S, Yanaga K, Fujita F et al. (2002) Living-related right lobe

liver transplantation for a patient with fulminant hepatic failure 

during the second trimester of pregnancy: report of a case.

Transplantation 73, 1970–1971.

TTOC22_03  3/10/07  9:51 AM  Page 1895



23 The management of 
liver diseases 

TTOC23_01  3/10/07  9:53 AM  Page 1897



23.1 The general management of liver
diseases
Dominique Guyader

Introduction

Taking responsibility for patients suffering from liver diseases
involves dealing with general problems related to diagnosis,
prognosis and treatment. A correct diagnosis is necessary for
appropriate management. Diagnosis algorithms are frequently
based on the acute or chronic nature of the illness. Although
often easy to establish, they can be difficult to follow, leading to
inappropriate investigations. The biochemical profile of the dis-
ease is an important clue to the diagnosis. A cholestatic presenta-
tion would suggest specific aetiologies. Clinical, laboratory and
morphological investigations often lead to a correct diagnosis
without the requirement for histological examination. The 
indication for liver biopsy has to be discussed when the diagno-
sis remains uncertain after previous investigations, or when the 
disease can progress to fibrosis and cirrhosis and the stage of
fibrosis cannot be assessed precisely using non-invasive means.
Liver biopsy can also appreciate the respective influence of dif-
ferent pathogenic factors in cases of multifactorial disease.

Along with diagnostic problems, some general problems that
concern the patient’s life will be discussed briefly in this chapter,
in order to outline a checklist of important points that are exten-
sively developed elsewhere in this textbook.

General approach to diagnosis

A correct diagnosis is extremely important because it constitutes
the basis for correct treatment of patients. The diagnostic 
process follows several steps. The following questions must be
answered.

Is the disease acute or chronic?

Acute and chronic liver diseases are very different aspects of liver
pathology. Acute injuries are usually transient and resolve spon-
taneously, although they can occasionally be severe and then
carry a risk of fulminant hepatic failure. Conversely, chronic
liver injuries are susceptible to fibrosis and can ultimately lead 
to cirrhosis. Chronic disease has specific causes. For example,

among the large number of viruses that could be responsible for
acute hepatitis, only hepatitis B, C or D viruses can chronically
infect liver cells. Therefore, the causes of acute or chronic liver
diseases being different, the required investigations are not the
same. Misclassification of the disease as acute at this stage would
lead to unnecessary investigations or, conversely, to inappropriate
delay in treatment while waiting for an improbable spontaneous
remission. Moreover, liver biopsy is not usually indicated in
acute liver disease, whereas it is a key examination for chronic
diseases, giving valuable information on the process and severity
of fibrosis.

In most cases, the distinction between acute and chronic con-
ditions is easy. An acute condition occurs in a patient with no
previous history of liver disease and previously normal liver bio-
chemistry. Concurrence of extrahepatic signs, e.g. suggesting the
preinvasive phase of viral infection, can also be helpful. Recent
exposure to a risk factor for viral transmission (travel to endemic
areas, family contact, drug injection experience, unprotected
sexual intercourse) can help to determine the onset of the dis-
ease. However, it is important to remember that many chronic
diseases can have an acute presentation or undergo reactivation.
This is particularly frequent in autoimmune hepatitis, Wilson’s
disease or at a late stage of chronic hepatitis B associated with the
hepatitis B e (HBe) antigen-negative pre-C mutant. Therefore, it
is important to look carefully at clinical signs that might indicate
a chronic form of liver injury at presentation: (i) the liver can
have a firm consistency and a thin lower edge indicating cirrho-
sis; (ii) visible abdominal circulation or palpable splenomegaly
could suggest portal hypertension; (iii) spider angiomas, palmar
erythema, and muscular or skin atrophy can reveal chronic hep-
atic insufficiency. A decrease in the prothrombin index below
85% and a decrease in platelet count below 80 000/µL are also
valuable biological signs indicating cirrhosis [1]. Echography
and endoscopy might indicate chronic disease when they show
portal hypertension signs (Section 7). In difficult situations,
non-invasive markers of liver fibrosis (serum markers or elas-
tometry) could be of interest in some conditions.

Follow-up of liver perturbations is needed when no definitive
criteria can rule out an underlying chronic liver disease, or when
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the acute hepatitis is related to a cause where a chronic course is
possible. Two points should be emphasized: (i) in some chronic
liver diseases such as chronic hepatitis C, the level of serum
transaminase activity is usually mild and fluctuates around the
upper limit of normal (ULN) values. Therefore, stringent criteria
for serum transaminase normalization must be kept; (ii) a host
of viral diseases are able to induce a slight increase in serum
transaminases, so it is sensible to check serum transaminases at
some distance from any intercurrent infection or treatment that
could interfere with the interpretation of the data. The optimal
duration of follow-up has not been established. By convention,
in patients with viral hepatitis, when liver enzymes are still 
elevated 6 months after the onset of illness, the evolution is 
considered to be chronic. Particular attention should be paid 
to hepatitis B. Reactivations of hepatitis B are frequent in HBe
antigen-negative hepatitis. It is usually associated with severe
fibrosis and cirrhosis. It is clinically difficult to distinguish reac-
tivation from acute hepatitis because the rise in serum transam-
inases is transient and anti-hepatitis B core (HBc) IgM can be
positive in both situations. The most reliable way to ascertain a
diagnosis of acute hepatitis B is to check for hepatitis B surface
(HBs) antigen negativity and/or HBs antibody appearance.

Is the disease hepatitic or cholestatic?

The biochemical expression of the illness is a key point in the
recognition of the cause of a chronic liver disease. Alcoholic and
non-alcoholic steatohepatitis and chronic active hepatitis are
usually responsible for hepatocellular death leading to a pre-
dominant rise in serum transaminases. Predominant features of
cholestasis are indicative for other mechanisms of liver injury,
and require that biliary obstruction and liver tumours are ruled
out first. Ultrasound examination is of great value in indicating
biliary obstruction when it shows bile duct dilatation. However,
it should be kept in mind that biliary dilatation may be absent in
up to 25% of cases of main bile duct stones. When symptoms
suggest cholelithiasis, sensitive and specific examinations of the
main bile duct are needed (echoendoscopy or magnetic resonance
cholangiography). Endoscopic retrograde cholangiopancre-
atography (ERCP) can also be chosen, in place of non-invasive
examination, in cases of high operative risk secondary to poor
hepatic or general condition, as this procedure can confirm the
diagnosis and also allows for immediate endoscopic treatment.
When obstructive jaundice has been ruled out, intrahepatic
cholestasis can be considered. Features of intrahepatic cholestasis
are shared by several pathophysiological processes: (i) chronic
cholangitis responsible for bile duct damage (primary biliary
cirrhosis or primary sclerosing cholangitis, autoimmune
cholangitis and drug-induced or idiopathic ductopenia); (ii)
granulomatosis (sarcoidosis); (iii) systemic diseases (amyloido-
sis, sphingolipidosis such as Gaucher’s disease, alpha-1-
antitrypsin deficiency); or (iv) diseases disturbing the normal
architecture of the liver (regenerative nodular hyperplasia). As a
rule, liver biopsy is most informative in this setting.

There are no global definitions that would allow for clear
classification of a disease as hepatitic or cholestatic. Some
attempts have been made at a classification of drug-induced
hepatitis (see Chapter 14.1). A biochemical profile has been
elaborated according to the ratio between serum levels of 
alanine aminotransferase (ALT) and alkaline phosphatase eleva-
tion, both expressed as multiples of the ULN. A hepatitic profile
was defined by an isolated rise in serum ALT > 2 ULN or by a
ratio of ALT/alkaline phosphatase ≥ 5. A cholestatic profile was
defined by an isolated rise in serum alkaline phosphatase ≥ 2
ULN or by a ratio ≤ 2. A mixed profile was defined by a rise in
both ALT and alkaline phosphatase and by a ratio of between 2
and 5 [2]. The accuracy of these arbitrary thresholds has not
been assessed.

Is a liver biopsy necessary?

Diagnosis can frequently be reached without the need for liver
biopsy. In this case, histological assessment could be indicated
for fibrosis staging or for multiple causes (for example, superim-
position of alcoholism or dysmetabolic features on chronic viral
hepatitis). Non-invasive tools (serum markers and elastometry)
can be used. Their effectiveness has been assessed in viral hep-
atitis but still needs to be studied in other settings. Several 
points need to be discussed: (i) the sensitivity of liver biopsy,
considered as the gold standard, for the diagnosis of cirrhosis 
is far from ideal, as up to 25% of cases are misclassified due to a
sampling error. Sensitivity is largely dependent on the biopsy
sample size. A size ≥ 15 mm is usually regarded as sufficient.
However, acceptable diagnostic accuracy is obtained only for
biopsy ≥ 25 mm, and reaches a plateau only when the biopsy is 
≥ 40 mm [3]. When the clinical and histological diagnoses are
conflicting, non-invasive tests such as elastometry could be
helpful; (ii) the accuracy of the available non-invasive tests
depends on the clinical issue. For a diagnosis of cirrhosis, the
accuracy of non-invasive tests is excellent. For detection of
metavir fibrosis stage ≥ 2 (i.e. the indication for interferon 
treatment in genotype 1 chronic hepatitis C), the accuracy of
non-invasive tests is lower. Therefore, it is crucial to gather and
to consider together all possible clinical, laboratory and imaging
information for the staging of fibrosis and the diagnosis of 
cirrhosis. This point is important for appropriate management
because, if a diagnosis of cirrhosis is made, then oesophageal
varices have to be checked and hepatocellular carcinoma regu-
larly screened for.

Are there extrahepatic manifestations?

Numerous conditions causing liver diseases also involve extra-
hepatic organs. Therefore, thorough physical examination 
is needed. This applies particularly to genetic and metabolic 
diseases (see Section 16). Conversely, cirrhosis, portal hyperten-
sion and hepatic failure, by themselves, can be associated 
with cardiovascular and pulmonary manifestations integrated 
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in the hepatopulmonary syndrome (see Chapter 7.7) or renal 
dysfunction. Osteoporosis is a common manifestation, par-
ticularly in cholestatic liver diseases such as primary biliary 
cirrhosis (see Chapter 21.10) and in patients suffering from 
autoimmune hepatitis on long-term steroid therapy. Decid-
ing on the proper investigations is most important as specific 
measures can be undertaken to avoid complications (see 
Section 21).

General approach to management

A correct diagnosis allows for aptimal treatment. Along with
specific treatment, some measures are non-specific and are 
general rules in liver disease management. They are extensively
developed throughout this textbook.

Is there a cofactor of liver toxicity?

In most hepatic diseases, the development of fibrosis is 
triggered by the conjunction of different factors in the liver.
Obesity, hyperlipidaemia and diabetes, all features integrated 
in the concept of insulin resistance syndrome, have been
demonstrated to enhance fibrosis progression in viral hepatitis
and haemochromatosis. Excessive intake of alcohol worsens 
the evolution of liver disease. The impact of moderate 
alcohol intake is less well established. Consequently, when 
taking charge of a patient with a liver disease, it is very im-
portant to detect those who are overweight and those with 
dyslipidaemia and glucose metabolism impairment and to take
appropriate measures. Patients should be advised to abstain
from regular intake of alcohol.

Hyperferritinaemia (HFE) is a common feature in chronic liver
diseases that has been studied extensively in hepatitis C, non-
alcoholic steatohepatitis (NASH) and alcohol-related liver dis-
eases. It is a multifactorial process linked to liver cell necrosis,
hepatic failure, portal hypertension and dysmetabolic features.
It is sometimes associated with a moderate liver iron overload,
involving hepatocytes and Kupffer cells, detectable using 
magnetic resonance imaging [4], Perl’s staining or biochemical
determination of hepatic iron. There is no consensus on the 
possible link between hepatic iron and fibrogenesis [5] in 
non-C282Y homozygous patients. The degree of iron overload
is correlated with the severity of the liver disease [6], but may 
be only the consequence (and not the cause) of the evolution 
of the disease and might be considered as a surrogate marker 
of severity. Similar concerns have been raised by the conflict-
ing association between heterozygous HFE mutations in the
haemochromatosis gene and liver iron overload or liver 
fibrogenesis. Therefore, routine iron depletion treatment (phle-
botomies) in all patients who have hyperferritinaemia cannot 
be recommended. Phlebotomies are indicated only in patients
with proven significant iron overload, after HFE genetic testing
to screen for associated genetic haemochromatosis and on an
individual basis.

Diet

There is no need for patients with either acute or chronic liver
disease to follow a specific diet (see Chapter 23.2). There is no
need to restrict fat intake. Patients with decompensated cirrhosis
have an impairment in the renal excretion of a normal sodium
intake and need a reduction in sodium intake (2–3 g/day =
30–50 mmol/day). There is no need to restrict fluid intake unless
serum sodium is < 125 mEq/mL (reflecting the impairment of
free water clearance associated with a high level of antidiuretic
hormone).

Most severely ill patients suffer from anorexia and malnutri-
tion. Deficiencies in group B vitamins are frequent in alcoholic
patients. Therefore, daily supplementation should be provided
(500 mg of vitamin B1, 100 mg of vitamin B6, 100 mg of vitamin
B3 and 5 mg of folic acid). In patients with chronic cholestasis,
liposoluble vitamins (vitamin A, D, E and K) should be given 
as needed. Supplementation with calcium and vitamin D is 
indicated in patients with osteoporosis. Transient protein restric-
tion (0.5 g/kg/day) may be proposed for patients with acute
encephalopathy but should not be maintained for more than a
few days because it worsens malnutrition which is frequent in
these patients.

Rest and physical activity

There is no justification to recommend bed rest or restriction 
of physical activities in patients with acute or chronic liver dis-
eases [7,8].

Recent studies have shown that moderate exercise increases
portal pressure and may therefore increase the risk of variceal
bleeding [9]. This is effectively prevented by propranolol treat-
ment [10]. No studies have assessed whether this particular
point is of clinical significance. In cirrhotic patients, impaired
exercise capacity related to decreased cardiac diastolic function
has also been reported [11].

Drugs and liver disease 

Patients with liver disease often need to take drugs for condi-
tions unrelated to their liver pathology (see Chapter 23.3).
Drugs should be prescribed with caution. Drugs that commonly
cause liver disease should, if possible, be avoided, as the diagno-
sis of drug-induced liver disease may be very difficult in the pres-
ence of pre-existing lesions. Furthermore, even if the incidence
of liver damage with a particular drug is no greater in patients
with chronic liver disease, one might expect a more severe reac-
tion in such patients. Among problems frequently encountered,
we will discuss only the issues of oral contraception and post-
menopausal hormone replacement therapy because they are 
frequently the subject of patient’s questions.

Use of contraceptive pill
Young women of childbearing age often ask whether they can
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take the contraceptive pill. Liver disease is widely considered as a
contraindication to such therapy, but there is still little informa-
tion on this topic. Long-term use of oral contraceptives carries
an increased, though small, risk of certain types of liver disease
(hepatic vein thrombosis, gallstones, liver adenoma or peliosis).
Estrogens induce a dose-dependant cholestasis with a decrease
in the biliary excretion of bilirubin and biliary salts. On the other
hand, estrogens could have a protective effect against the devel-
opment of fibrosis, as suggested recently in chronic hepatitis C
[12]. In the absence of clinical data, it seems sensible to avoid the
use of estro–progestogen pills in women with cholestatic disease
and in patients with vascular thrombosis or liver adenoma. In
these situations, the use of other contraceptive methods or the
use of a progestogen-only pill could be preferable.

Postmenopausal hormone replacement therapy
(HRT)
Postmenopausal HRT seems to be particularly effective in the
treatment of osteopenia related to primary biliary cirrhosis
according to the results obtained in two recent studies [13,14]
with a beneficial effect on bone mineral density and no change 
in liver function tests.

Sexual activity

In patients with cirrhosis, decreased sexual activity is considered
frequent. This is clearly the case in alcoholic liver disease, either
in women [15,16] or in men [17]. Sexual dysfunction improves
with abstinence from alcohol. In a recent study including non-
alcoholic liver diseases, measures of sexual activity were not
significantly different from control groups except for decom-
pensated Child B or C cirrhosis [18]. Although the serum level of
testosterone is decreased in decompensated cirrhosis, testosterone
replacement therapy is ineffective [17]. Sildenafil has been asso-
ciated with acute hepatitis in a case report [19] and considered to
be responsible for variceal haemorrhage in another [20].

Driving capacities

Patients with overt encephalopathy would clearly place them-
selves and others at risk if they were to drive a vehicle and have to
be discouraged from doing so. Most patients with mild forms of
chronic liver disease are capable of driving safely. However,
attention should be given to the subclinical encephalopathy
described in some cirrhotic patients and detectable only in 
the performance of psychometric tests. Previous investigations
based on neuropsychological testing suggested that driving per-
formance may be compromised in up to 85% of patients with
subclinical encephalopathy [21]. Srivastava et al. [22] studied 
15 cirrhotics using a driving test in the laboratory and driv-
ing on the road, supervised by a driving evaluator, and did 
not find significant performance differences between them and
matched control subjects, although 66% of cirrhotic patients
had abnormal psychometric tests. In a recent prospective study

using a real 90-min on-road driving test, it has been found 
that the total driving score of patients with subclinical
encephalopathy was significantly reduced in comparison with
either cirrhotic patients without subclinical encephalopathy 
or paired control subjects [23]. Although the prevalence of sub-
clinical encephalopathy in a cirrhotic population depends on
selection criteria, about 30% of patients demonstrate abnorm-
alities in the different psychometric tests used. The patients
should be informed about this possible risk.

Follow-up and prevention of
complications

Genetic disorders (see Section 16) should trigger familial screening
for identification and, if necessary, treatment of affected subjects
at a preclinical stage of the disease. In case of viral B or C hepatitis,
family members and sexual contacts have to be screened. Those
without hepatitis B markers should be vaccinated.

Periodic follow-up visits should be set up with the patient.
Coordination between the different physicians with responsibil-
ity for the patient is important for investigations and therapy.
Specific investigations have to be done at regular intervals.

Prevention of variceal haemorrhage 
(see Section 7)

All cirrhotic patients should have an upper tract endoscopy 
for the screening of oesophageal varices at the time of first pre-
sentation. Varices at high risk of bleeding require prophylactic
treatment for variceal haemorrhage (β-blockers or endoscopic
band ligation in case of contraindication or intolerance to 
β-blockers) [24]. When negative, endoscopy should be repeated
periodically. The French Consensus Conference on portal
hypertension held in 2004 suggested repeating endoscopy every
3 years in the absence of varices, every 2 years in the case of small
varices, and every year in the case of alcoholic cirrhosis or severe
hepatic insufficiency [25]. Patients at high risk of bleeding
should avoid travelling to or living in places lacking medical
facilities able to cope with emergency digestive haemorrhage.

Screening for hepatocellular carcinoma

The annual incidence of hepatocellular carcinoma in cirrhotic
patients is very high, up to 2–5% [26]. Although screening has
not yet proved to be efficient in terms of survival benefit, it is
widely accepted that cirrhotic patients should undergo screen-
ing using ultrasound and α-fetoprotein measurement every 6
months [27,28] in order to detect small lesions at a curable stage
(see Chapter 18.2). This screening is meaningful only when
curative treatment (liver transplant or surgical treatment) can
be envisaged should a small liver tumour be detected. Screening
is futile in patients with an obvious contraindication to liver
transplantation or in a Child C patient for whom any form of
treatment would not be applicable.
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Vaccination against hepatitis A and B 
(see Chapter 9.1.3)

It is sensible to propose vaccination against hepatitis A and 
hepatitis B for all patients suffering from chronic liver disease.
This is especially important if they have persistent risk factors 
for acquiring these infections (high risk behaviour or travel in
endemic areas).

The risk of fulminant hepatitis A is increased in cases of
chronic liver disease. This has been demonstrated in hepatitis B
carriers but is more controversial in patients with hepatitis C
(very high prevalence of fulminant hepatitis A in an Italian study
[29], not confirmed by other reports [30]). Few data allow us to
establish the risk in chronic liver disease of other aetiologies
[31]. It is highly probable that the risk is more closely correlated
with the severity of the underlying liver damage than with the
cause of the liver disease. The vaccine is safe in cases of liver dis-
ease, and its efficiency depends on the degree of liver damage.
Although the titre of antibodies generated by anti-hepatitis A
vaccine injection is lower in patients with chronic liver disease,
there is no difference in the rate of successful development of
efficient protection in the group of patients with chronic liver
disease (95%) in comparison with control subjects (98%) [32].
However, a report from patients with endstage liver diseases,
awaiting liver transplantation, indicated that only half of the
patients seroconverted to an immune-protected state [33].
Therefore, in that setting, it seems reasonable to measure the
effectiveness of the vaccination by the assessment of serum 
anti-hepatitis A virus (HAV) seroconversion.

Similar data are available for acquired hepatitis B. The out-
come of acute hepatitis B is difficult to establish and conflicting.
However, patients with dual chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection appear to have a worse
evolution than monoinfected patients. The efficiency of the 
vaccination is largely reduced in decompensated cirrhosis and in
transplant settings despite double-dose vaccine and reinforced
programmes [30].

Taken together, these data strongly suggest the importance of
vaccination against both viruses, in patients who are HAV and
HBc antibody negative. Because of the decreased efficiency in
late stages of the disease, it seems sensible to perform these vacci-
nations early, before cirrhosis. Combined vaccines are available.

Follow-up and liver transplantation

Despite the significant progress encountered in the past few
years in the treatment of liver diseases, there are still patients
who continue to progress towards cirrhosis and its complica-
tions. The good results achieved with liver transplantation 
in that setting have completely changed the approach to the
management of endstage liver disease.

A first quick general evaluation of the patient should point 
out evident contraindications to a liver transplant such as
advanced age, active alcohol or drug addiction despite appropriate

assistance or extrahepatic (pulmonary, cardiac, neurological,
renal) failures incompatible with major surgery. If there are no
contraindications, the patient should be told that a complete
evaluation will be done later, if the evolution of the disease
makes it necessary, before taking a final decision. Appropriate
psychological help needs to be provided to the patients and their
family. Therefore, it is crucial, from the first examination, to
avoid any treatment or abdominal surgery that could complicate
a subsequent liver transplant. Follow-up must be coordinated
between the liver transplant centre and the physician who has
taken the patient in charge in order to bring the patient to trans-
plantation in the best condition.
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The liver plays a major role in carbohydrate, protein and lipid
metabolism, being one of the key organs that incorporate 
nutrients in the body cell mass. Nutritional aspect is of 
major importance in patients with cirrhosis. In these patients,
malnutrition is common and worsens their outcome. The main
issues in the management of the patient with liver disease are 
the assessment of nutritional status, the optimal method for
meeting nutritional requirements and nutritional management
before and after liver transplantation.

Assessment of nutritional status

The assessment of nutritional status is difficult in cirrhotic
patients as fluid retention hinders the interpretation of simple
criteria such as body weight and body mass index (BMI).
Anthropometry is based on measurement of muscle circumfer-
ence and skinfold thickness. Midarm circumference (MAC) is
measured with a tape and triceps skinfold thickness (TST) with
an adipometer. Muscular midarm circumference (MMAC) is
then calculated from the equation:

MMAC (cm) = MAC (cm) − π × TST (cm)

MMAC reflects muscular mass while TST reflects fat mass.
Midarm muscle area and midarm fat area can be calculated from
MMAC and TST. The advantages of this method are low cost and
simplicity for bedside use. Limitations are inter- and intraob-
server variability. Measurements should be performed by an
experienced observer. Values are compared with those observed
in a North American reference healthy population [1,2] and
analysed taking into account age and sex. Values below the 5th
or 10th percentiles of references values are considered low and
reflect malnutrition. Anthropometry is sufficiently reliable to be
used in epidemiological studies requiring a large number of
patients. Anthropometry can also be used for the evaluation of
the effects of nutritional support. However, the interval between
two measurements should not be less than 3–4 weeks as anthro-
pometry cannot assess rapid changes in body composition.

Bioelectrical impedance analysis (BIA) is a simple, non-
invasive, inexpensive and rapid method of estimating body cell

mass. This comprises the metabolically active, and thus most
relevant, compartment in the body. BIA is an accurate and 
reliable method in patients without ascites but not in patients
with ascites [3].

Dual X-ray absorptiometry (DXA) is a safe, convenient and
non-invasive technique for assessing body composition. By
applying this method, fat mass, bone mineral content, bone
mineral density and fat-free, mineral-free mass can be estimated.
Whole body and regional (arms, legs and trunk) assessments can
be performed. DXA assessment of body composition was shown
to be accurate in cirrhotics without ascites [4,5].

Muscular performance, assessed by the measurement of 
muscle strength, can be used in the evaluation of nutritional 
status [6] as it is related to the severity of malnutrition, not to 
the severity of liver disease.

Isotopic measurement of total body potassium and total body
water, as well as in vivo neutron activation, provides accurate
analysis of body composition, but these methods are not avail-
able in clinical practice [7,8]. Plasma protein levels such as albu-
min and transthyretin, which are influenced by liver synthetic
capacity, cannot be used for nutritional assessment. Subjective
global assessment (SGA) shows an acceptable agreement with
anthropometry but fails to provide a sensitive quantitative mea-
surement of nutritional changes. A composite score including
anthropometry, creatinine excretion, lymphocyte count, recall
antigen testing, muscle function and circulating levels of various
proteins has been used to assess protein calorie malnutrition [9].

In clinical practice, the method selected for nutritional status
assessment depends on physicians’ experience and local avail-
ability. In patients with endstage liver disease, midarm muscle
circumference and handgrip strength appear to be the most 
sensitive markers [10].

Prevalence of malnutrition

The prevalence of nutritional depletion increases in both sexes
as liver function deteriorates. A severe reduction in muscular
mass is more frequent in male patients than in females, whereas
in the latter, fat mass is more frequently affected than in males.
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Fifty per cent of male Child C patients have a severe reduction 
in muscular mass, while 40% of female Child C patients have a
severe reduction in fat mass (Fig. 1) [11]. Hospitalized cirrhotic
patients have a high prevalence rate of malnutrition [12]. Ascites
is the clinical feature most strongly associated with malnutrition.
Among patients with tense ascites, muscular mass is reduced in
65% and fat mass in 48% [12]. The severity of malnutrition is
not related to the cause of cirrhosis [12].

Pathogenesis of malnutrition

Many factors are involved in the pathogenesis of malnutrition
[13]. The main factor is likely to be the inadequacy of dietary
intake. Hospitalized cirrhotic patients with advanced disease
have insufficient caloric, protein and micronutriment intake.

Among Child C patients, caloric and protein intake is lower than
required in 80% and 60% of patients respectively [12]. Several
factors may contribute to this reduced dietary intake. Alcoholic
hepatitis is characterized by enhanced secretion of cytokines
such as tumour necrosis factor (TNF)α and interleukin (IL)-6,
which have a pronounced anorectic effect. Moreover, patients
with cirrhosis have impaired gustatory acuity that is associated
with hypomagnesaemia; it has been shown that chemosensory
function is improved after restoration of hepatic function with
liver transplantation [14]. Furthermore, hyperinsulinaemia,
which is usually observed in advanced cirrhosis, could lead to a
reduction in carbohydrate intake compounded by the prefer-
ential uptake of carbohydrate. This last mechanism may result 
in enhanced signalling by the gastrointestinal glucosensors and,
in turn, contribute to hypophagia [15].

Child A Child B
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Females
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MAMA < 5th
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Child A Child B Child C
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35
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15

0
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Fig. 1 Prevalence of malnutrition in cirrhotic
patients. Percentage of males and females with
cirrhosis with a reduction in midarm muscle
area (MAMA) and midarm fat area (MAFA)
below the 5th percentile of standard for an
age- and sex-matched healthy population [11].
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The impact of malnutrition on clinical
outcome

Protein caloric malnutrition is a prognostic factor in alcoholic
hepatitis [9]. Patients below the 5th percentile for MMAC
and/or TST show significantly lower survival rates at 24-month
follow-up, compared with patients above the 5th percentile
[16]. The prognostic value of MMAC is higher than that of TST
[17]. However, as malnutrition is strongly associated with the
deterioration in liver function, it is still controversial whether
malnutrition can be considered as an independent risk factor 
for mortality. Alberino et al. [17] found that malnutrition is 
an independent predictor of survival. Merli et al. [18] reported
that a reduction in muscle mass was associated with a lower
cumulative survival in Child A or B, but not in Child C patients;
however, multivariate analysis showed that nutritional status
had no independent prognostic value.

Malnutrition is a risk factor in cirrhotic patients undergoing
surgery [19]. Moreover, a poor nutritional status has been 
associated with a higher risk of complications and mortality 
in patients undergoing liver transplantation. Table 1 shows the
impact of malnutrition on the outcome after liver transplanta-
tion in major studies. As a rule, these studies have shown that,
whatever the cause of cirrhosis, malnutrition affects the risk of
surgical complications and post-transplant infections, the length
of hospital and intensive care unit (ICU) stay and survival. It 
is worth noting that malnutrition was suggested to decrease 
the risk of acute rejection, probably owing to its immune-
suppressive effect [20].

Nutritional management

Energy and nitrogen requirements

In patients with clinically stable cirrhosis, recommended intake
for maintaining body composition is 25–30 kcal /kg/day non-
protein energy and 1.0–1.2 g/kg/day protein. In malnourished
patients at risk of fatal complications and requiring repletion,
recommended intake is 35–40 kcal /kg/day non-protein energy
and 1.5 g/kg/day protein. Ideal body weight should be used for
calculations. The ratio of glucid/ lipid in the diet must be in the
same range as in healthy people. Carbohydrate should provide
50–55% of total calories and lipid 30–35% [29]. As, in cirrhotic
patients, nutrient metabolism is shifted towards an increased
catabolism, starvation must be avoided. Indeed, a late evening
meal improves the efficiency of nitrogen metabolism in these
patients [30].

Oral nutrition can be achieved in most malnourished patients.
In hospitalized patients with a caloric intake of 40 kcal /kg/day
and a protein intake of 1.4 g/kg/day, fat mass increases within 1
month, regardless of disease severity [31]. Moreover, non-protein
respiratory quotient increases after an overnight fast, especially
in Child C patients, indicating an improved metabolic pattern
[31]. Oral supplements providing 300–500 kcal /day must be
proposed in patients when spontaneous nutritional intake
remains low. In these hospitalized cirrhotic patients, long-term
oral supplementation has been shown to be feasible and to
decrease the risk of severe infections. However, no effect on liver
function has been demonstrated [32,33].

Table 1 Malnutrition and liver transplantation.

References

Shaw et al. [20]

Moukarzel et al. [21]

Pikul et al. [22]

Ricci et al. [23]

Selberg et al. [24]

Figueiredo et al. [25]

Stephenson et al. [26]

Buyse et al. [27]

ICU, intensive care unit; BIA, bioelectrical impedance analysis; DXA, dual X-ray absorptiometry; CT, computerized tomography.

n

160

102 (paediatric 

patients)

68

436

150

53

99

84

Nutritional assessment

Clinical assessment

Height, Z score

Subjective global assessment

Clinical assessment

Anthropometry, BIA

Subjective global assessment, handgrip 

strength, DXA, plasma amino acid level

Subjective global assessment

CT scanner: transversal diameter of psoas 

and spinal muscle/height

Factors influenced by malnutrition

Survival at 6 months

Survival, infections, surgical complications, 

length of hospital stay, retransplantation

Survival, ICU stay, length of artificial respiration, 

tracheotomy, length of hospital stay

Surgical complications, ICU stay, blood usage

Survival, post-transplant infections

Post-transplant infection, ICU stay

Blood usage, length of hospital stay

Survival, risk of death before transplantation
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Specific nutriments

Plasma branched-chain amino acid (BCAA) levels are decreased
in patients with liver cirrhosis, owing to an increase in BCAA 
tissue uptake and/or catabolism. A decrease in BCAA produc-
tion from protein malnutrition worsens this derangement.
Studies of BCAA fluxes and protein turnover in cirrhotic
patients have given conflicting results, probably related to differ-
ences in patients’ characteristics, methods used and expression
of results. A number of studies have addressed the issue of BCAA
as a treatment for hepatic encephalopathy. Although their con-
clusions are conflicting, there is an overall trend towards a
beneficial effect [29]. However, no beneficial effect of BCAA on
nutritional status or liver function has ever been shown [34].

The failure to metabolize methionine in cirrhosis is due to
decreased activity of methionine adenosyltransferase, the enzyme
that converts methionine to S-adenosyl-l-methionine (SAMe)
in the presence of adenosine triphosphate (ATP). Among many
key functions in the liver, SAMe serves as a precursor for 
cysteine, one of the three amino acids of glutathione, the major
physiological defence mechanism against oxidative stress. SAMe
administration shows beneficial effects in patients with intra-
hepatic cholestasis. Moreover, long-term SAMe administration
appears to improve survival or to delay liver transplantation 
in patients with alcoholic liver cirrhosis, especially those with
less advanced liver disease [35]. Polyenylphosphatidylcholine
(PPC), an antioxidant phosphatidylcholine mixture, restores
phospholipid regeneration. PCC may be beneficial in patients
with alcoholic hepatitis, opposes fibrosis in heavy drinkers and
decreases transaminases in patients with hepatitis C [36].

Minerals and micronutriments

Salt restriction providing 2 g of NaCl/day is recommended in 
the treatment of ascites in combination with diuretics [37].
Because salt restriction may be a cause of increased alimentation
in cirrhotic patients, it must be limited to patients with ascites or
oedema. As magnesium and phosphorus deficiencies may occur
in alcoholic cirrhotic patients during alcohol withdrawal and
early abstinence, appropriate supplementation must be pro-
vided to these patients. Deficiencies in group B vitamins –
including thiamine (B1), pyridoxine (B6), niacin (PP) and folic
acid (B9) – are frequent in alcoholic patients. These deficiencies
are responsible for severe nervous system or blood disorders.
Therefore, supplementation should be initiated upon admission
in such patients, providing daily 500 mg of vitamin B1, 100 mg
of vitamin B6, 100 mg of vitamin PP and 5 mg of folic acid.
Intravenous administration is preferable in patients with clinical
signs of deficiency [38]. Patients with cholestatic diseases are at
high risk of fat-soluble vitamin deficiency (A, D, E, K). Adequate 
supplementation must be performed in these patients. Patients
with chronic liver diseases are at high risk of osteopenia owing 
to vitamin D deficiency, and supplementation with calcium and
vitamin D is recommended; however, estrogen replacement 

is more effective in improving bone mineral density in patients
with primary biliary cirrhosis [29]. Although vitamin A
deficiency may occur in alcoholic cirrhotic patients, routine
supplementation is not recommended because of potential 
hepatic toxicity of this vitamin and of interaction between alco-
hol, vitamin A and drugs [39]. Cirrhotic patients, especially those
with advanced disease, are vitamin E deficient [40]. Although
vitamin E is a most effective antioxidant agent, a beneficial 
effect of long-term supplementation of vitamin E has not been
demonstrated in these patients [41]. Zinc deficiency, which is
common in liver cirrhosis, may induce encephalopathy. Hepatic
urea production capacity has been shown to increase after 
3 months of oral zinc supplementation in parallel with an
improvement in encephalopathy [42].

Patients with encephalopathy

Possible precipitating factors such as gastrointestinal bleeding,
sepsis, drugs or renal failure must be excluded before regarding a
patient with encephalopathy as protein intolerant. In patients
with encephalopathy grade I–II, transient protein restriction
supplying 0.5 g/kg/day can be instituted but, after a few days,
adequate amounts of dietary protein should be supplied. In
patients proven to be protein intolerant despite symptomatic
treatment, oral BCAA supplementation, when available, may 
be helpful in achieving an adequate nitrogen intake. Lacteal 
proteins are recommended because of their large amounts in
BCAA. Patients in coma can be given total parenteral nutrition
regimens providing 25–30 kcal /kg/day non-protein energy
plus 1.0 g/kg/day protein using BCAA-enriched amino acid
solutions.

Artificial feeding

Artificial nutrition is required in anorectic patients who cannot
meet their nutrient requirements by oral intake ‘ad lib’. Enteral
feeding is usually preferred to parenteral feeding because of 
the severity of side-effects with the latter. Results of major con-
trolled trials of enteral nutrition in patients with liver diseases
are shown in Table 2. A majority of the patients were enrolled
because of alcoholic cirrhosis or alcoholic hepatitis. These 
studies have shown that enteral nutrition is safe and does 
not increase the risk of variceal bleeding or encephalopathy.
However, other studies suggested that enteral nutrition increases
the risk of encephalopathy in patients with portosystemic shunt-
ing, as intestinal metabolism contributes to postfeeding hyper-
ammonaemia in patients with cirrhosis [49]. Enteral nutrition
improved nutritional status in most studies and decreased 
the hospital mortality rate in one trial [44]. In patients with 
alcoholic hepatitis, enteral feeding decreased infection-related
mortality and yielded survival comparable to that achieved with
corticosteroid therapy [47]. Enteral feeding has not been used 
as extensively as the high prevalence of malnutrition and low
dietary intake would indicate in hospitalized patients with 
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cirrhosis. In the usual clinical setting, the benefits of enteral
feeding remain controversial [12]. Optimal composition of
enteral solution has not been addressed in controlled trials.
There appears to be a consensus that patients with cirrhosis
should be administered liquid enteral formulas of high energetic
density (1.5 kcal/mL) and low sodium content (40 mmol/day).

The efficacy of parenteral nutrition has been assessed in
patients with cirrhosis, alcoholic hepatitis and in a preoperative
setting. Increased survival has not been demonstrated [29]. In
patients with liver disease, parenteral nutrition is limited by 
several factors. Severe defects in clotting factors and thrombocy-
topenia may predispose to bleeding during catheter insertion.
Moreover, because of a high rate of carriage of Staphylococcus
aureus, cirrhotic patients are at high risk of infections caused by
this bacteria, a risk that is exacerbated by insertion and mainte-
nance of central venous catheters [50]. Therefore, parenteral
nutrition should only be indicated when enteral nutrition is 
not possible. Severe encephalopathy (grade III–IV) is a well-
documented indication for parenteral nutrition in cirrhotic
patients. Energy should be provided as glucose and fat in a ratio
of 65–50/35–50% of non-protein calories. Parenterally admin-
istered fat is cleared from the blood and utilized efficiently by the
majority of patients with cirrhosis. As already mentioned, there
is a trend in favour of the beneficial effects of BCAA-enriched
solutions in patients with severe encephalopathy. Otherwise,
nitrogen should be provided by conventional amino acid solu-
tions [29].

Pharmacological agents

The efficacy of some anabolic steroids has been evaluated.
Oxandrolone (40–80 mg/day), together with an adequate caloric
intake, has improved creatinin height index, total lymphocyte
count, handgrip strength and prealbumin level in moderately

malnourished patients with severe alcoholic hepatitis, whereas
this regimen in severely malnourished patients was not effective
[51]. Topical testosterone replacement therapy in patients with
endstage liver disease, irrespective of gonadal insufficiency, may
increase muscle strength and stimulate albumin synthesis [52].
Further studies in larger series of patients are needed to assess
the efficacy and the safety of this procedure. Transdermal hor-
mone replacement therapy based on estradiol and medroxypro-
gesterone in combination with daily vitamin D and calcium
supplementation increases bone mineral density in female
patients with primary biliary cirrhosis with few severe side-
effects related to the liver. In contrast, vitamin D and calcium
supplementation alone had no beneficial effect [53].

The liver is the central organ of the endocrine growth hor-
mone (GH)/insulin-like growth factor 1 (IGF-1) axis. Cirrhosis
represents a state of acquired GH resistance. GH administration
to cirrhotic patients yielded conflicting results. Short-term
administration (7 days) of GH increased the levels of IGF-1 and
IGF BP-3, the major insulin-like growth factor binding protein,
and improved cumulative nitrogen balance, although other
studies have shown that IGF-1 levels do not increase in response
to treatment with GH in children [54,55]. Further long-term
studies are needed to appraise the effects of GH in cirrhotic
patients.

Nutritional therapy in liver
transplantation

Transplant patients may exhibit considerable nitrogen losses
with a persistently negative nitrogen balance for 28 days postop-
eratively, which indicates increased protein requirements [29].
On the other hand, other macronutrient requirements in trans-
plant patients do not differ from those of surgical patients in
general. Early enteral nutrition, which can be carried out in most

Table 2 Enteral nutrition in chronic liver diseases.

References

Mendenhall et al.

[43]

Cabré et al.

[44]

Kearns et al.

[45]

De Lédinghen et al.

[46]

Cabré et al.

[47]

Le Cornu et al.

[48]

AAH, acute alcoholic hepatitis; EN, enteral nutrition; OD, oral diet.

n treatment/control

19/34

16/19

16/15

12/10

35/36

42/40

Patients

Mild or severe AAH/cirrhosis

Cirrhosis

AAH/cirrhosis

Cirrhosis after gastrointestinal 

bleeding

Severe AAH

Cirrhotic patients awaiting liver 

transplantation

Groups

EN + OD vs. OD

EN vs. OD

EN + OD vs. OD

EN + OD vs. OD

EN vs. 40 mg of 

prednisolone

EN vs. OD

Effects

Improvement in nutritional parameters

Improvement in nutritional parameters and liver function

Decrease in hospital mortality rate

Improvement in nutritional parameters and liver function

Lack of benefit

Comparable results with steroids on outcome

Improvement in nutritional status
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patients, is well tolerated; it may reduce complication rates and
costs. Short-term efficacy of early enteral feeding is comparable
with that of parenteral nutrition with regard to nutrient provi-
sion and nutritional state [56,57]. Early enteral nutrition with
solutions containing prebiotics (fibre) and probiotics (lacto-
bacillus) appears to be well tolerated and to decrease markedly
postoperative infection rates in comparison with selective bowel
decontamination combined with a standard enteral nutrition
formula [58]. Magnesium levels should be monitored as ciclo-
sporin and tacrolimus induce hypomagnesaemia [29]. In the
long term, liver transplantation induces changes in body com-
position characterized by increased fat mass and obesity, while
appetite and fat-derived energy intake increase. The liver is 
an important metabolic sensor relaying humoral and neural 
signalling via the brainstem to the hypothalamus. Suppression
of extrinsic hepatic innervation in the transplanted liver results
in a loss of humoral and neural responses being relayed via 
hepatic afferents, which in turn could affect energy homeostasis
and contribute to weight gain [59].

Conclusion

In patients with chronic liver disease, nutritional status assess-
ment allows the recognition of malnutrition and the prevention
of nutritional depletion in hospital. Nutritional support is achiev-
able using the oral route with supplements or enteral feeding.
Improvement in the nutritional management of these patients is
clearly needed. The following issues still need to be addressed:
• validation of simple tools to detect malnutrition and to assess
its severity taking into account changes in body composition
with fluid retention and liver failure;
• identification of patients most likely to benefit from enteral
nutrition and of optimal moment to initiate tube feeding;
• assessment of specific nutriment supplementation and phar-
macological agents such as anabolic steroids and GH/IGF-1;
• a better understanding of obesity as a long-term consequence
of liver transplantation, and the elaboration of a strategy for its
prevention.
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Introduction

The liver is the main site of drug biotransformation and 
excretion. Consequently, it is obvious that liver diseases may
generate considerable consequences on the elimination of 
drugs and their therapeutic and toxicological effects [1–3]. 
The consequences mainly rely on the pharmacokinetic
modifications, which themselves depend on many factors
including: the route of administration (oral, intravenous/
intramuscular, subcutaneous), the intrinsic characteristics of
the drug, its therapeutic index, the treatment duration and the
type of liver injury [1–3]. Numerous publications have focused
on the pharmacokinetic effects of liver diseases. In contrast, the
number of studies on the clinical consequences is much more
limited.

This chapter aims to review the main characteristics of drug
elimination and to describe the major clinical consequences with
their repercussions on drug prescribing.

Background on the elimination of 
drugs

Drug global elimination (clearance) results from the relative
contribution of various organs, the hepatic clearance (H Cl)
playing the main role for the majority of drugs [1–3] (see
Chapter 2.3.15). The hepatic clearance is determined by 
the liver blood flow (LBF) and the hepatic extraction rate (E).
Hepatic extraction depends on LBF, the intrinsic hepatic 
clearance (int H Cl) corresponding to liver enzyme activities 
and the fraction of the drug bound to proteins (prot. 
bound) [1–4]. These parameters are related by the following
equations:

H CI = LBF × extraction (1)

H CI = (2)

Specific for a given drug, they determine the first-pass effect.

 

LBF
int H CI  prot. bound

DSH  int H CI  prot. bound
 

×
+ ×

⎡

⎣
⎢

⎤

⎦
⎥

First-pass effect

After oral administration, the amount of drug reaching the 
systemic circulation depends on intestinal absorption and the
degree of extraction of the drug in the mesenteric circulation 
by the liver. Extraction is variable and considered as high when
representing more than 60% of the amount present in portal
blood during the first pass (Table 1) [1–3].

Hepatic metabolism

It is determined by multiple enzymatic systems, mainly by
cytochromes P-450 (CYP), aiming to transform hydrophobic
compounds into more soluble metabolites that are easier to
eliminate [5–9]. Extrahepatic enzymes also contribute to drug
metabolism [10].

Protein binding

The main protein-binding drug is albumin. Less frequently,
drugs may bind other proteins such as alpha-1-glycoproteins, as
shown for macrolides and amprenavir [4,11,12].
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Table 1 Drugs with a high first-pass effect (> 60%) [3].

Amitriptyline Maprotiline

Bromocriptine Methohexital

Clomethiazole Metoprolol

Doxepine Morphine

Diltiazem Nifedipine

Ergotamine Nitrendipine

Flumazenil Pentazocin

Fluorouracil Propafenone

Imipramine Propoxyphene, dextropropoxyphene

Isosorbide dinitrate Propranolol

Labetalol Triamteren

Lidocaine Verapamil

Zidovudine
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Influence of main liver diseases on
pharmacokinetic parameters

Type of liver injuries

From pharmacokinetic and practical points of view, liver dis-
eases can be classified into four principal categories: acute 
hepatitis, chronic liver diseases without significant fibrosis
(including viral chronic hepatitis, non-alcoholic fatty liver 
diseases), cirrhosis and cholestasis.

Acute hepatitis
Several situations may be observed according to the presence or
not of jaundice and signs of liver failure [13,14]: (i) minor acute
hepatitis mainly characterized by abnormal liver enzymes
(transaminases below 15 times the upper limit of normal 
values) with or without minor symptoms and without jaundice;
(ii) clinical acute hepatitis characterized by high transaminases
and jaundice but without any biological or clinical signs of liver
failure; (iii) severe acute hepatitis characterized by jaundice,
significant lowering of blood clotting tests (prothrombin 
time and/or factor V below 50% of normal), but without
encephalopathy; (iv) fulminant or subfulminant hepatitis char-
acterized by jaundice, biological liver failure and hepatic
encephalopathy. This condition, associated with a high risk of
fatality (on average > 80%) is a classical indication of emergency
liver transplantation whenever possible.

Chronic liver diseases without significant fibrosis 
This includes viral chronic hepatitis and non-alcoholic fatty
liver diseases (see Chapters 9.1.2 and 13). Increase in liver
enzymes remains limited with alanine aminotransferase (ALT)
or aspartate aminotransferase (AST) below five times the upper
limit of normal, without jaundice and liver failure. Prothrombin
time or factor V are above 75% of normal. Serum albumin 
level remains normal. There is no major liver fibrosis and no
sign of either portal hypertension or portosystemic shunts. Drug
pharmacokinetics are not/poorly modified and liver enzyme
activities are practically normal. Therefore, the majority of 
drugs can be administered at normal dosage. There is no 
contraindication to the administration of paracetamol or oral
contraceptives.

Cirrhosis
The main modifications in pharmacokinetic and pharmacody-
namic characteristics and clinical consequences are observed 
in cirrhosis, which may interfere practically with all the steps 
of drug disposition [1–4,15]. The intestinal permeability and
the absorption of ingested compounds are higher [16]. Venous 
portosystemic shunts increase drug systemic concentration
[17]. For drugs with very high hepatic extraction (> 90%; 
ergotamine), an extraction decrease of 10% can produce a 
100% increase in drug plasma concentration. In contrast, for
drugs with low hepatic extraction (< 20%; e.g. barbiturates), an

extraction decrease of 10% results in a small variation in drug
plasma concentration [1–4]. Drug transfer from portal blood to
hepatocytes in the space of Disse may be disturbed [18]. Drug-
metabolizing enzyme activities may be greatly decreased in 
cirrhotic patients [3,15], in particular CYP3A, CYP1A and
CYP2C19 [3,16]. CYP2D6, 2C9, 2B and 2E1 are relatively less
altered [16]. Conjugation reactions also appear to be less deterio-
rated in cirrhosis [19]. Hypoalbuminaemia is an additional 
factor that may result in the modification of the pharmacokin-
etics of drugs exhibiting high protein binding (> 80%) [3,4].

Cirrhosis severity and prognosis are still largely estimated
using the Child–Pugh classification into three classes [20]:
absence of significant liver failure (stage A with serum total
bilirubin < 35 µmol/L, serum albumin > 35 g/L, prothrombin
time or factor V > 55% of normal, no ascites, no encephalo-
pathy), with low or moderate consequences; more severe forms
(stage B and C) are associated with many more pharmacokinetic
and pharmacodynamic consequences. A new model has been
proposed recently to estimate the severity and prognosis of cir-
rhosis, named MELD (Model for Endstage Liver Disease) [21].
This model takes into account liver and also renal function. Its
relevance for pharmacological parameters remains to be assessed.

Cholestasis
Cholestasis is generally defined by an alteration in bile formation
and excretion [22]. This may result in an alteration of the 
normal transport of various endo- and xenobiotics including
bilirubin, bile salts and drugs from the sinusoidal blood to the
duodenum after passage through hepatocytes, bile canaliculi,
then small, middle and large intrahepatic bile ducts and, finally,
extrahepatic bile ducts. Therefore, the pharmacokinetic and
pharmacodynamic characteristics of numerous compounds
may be modified by several mechanisms [3]: (i) malabsorption
of compounds requiring the presence of bile salts to pass the
intestinal wall; (ii) alteration of bile excretion leading to the
accumulation of various compounds in systemic blood: biliru-
bin, but also drugs, resulting in excessive concentrations; (iii)
impaired access to the target of action (for instance the biliary tree).

Furthermore, recent investigations have shown that some
chronic cholestatic diseases are related to genetic polymor-
phisms of biliary transporters including BSEP, MDR3 and
MRP2 [23,24]. These transporting systems are also involved in
the transport of several important drugs [24]. Albeit not demon-
strated, it is conceivable that genetic defects in these receptors
may affect drug metabolism and toxicity, not only by producing
cholestasis related to chronic biliary lesions but also by the
modification of drug biliary excretion.

Influence of cirrhosis on the
susceptibility of other organs to drugs

Besides pharmacokinetic changes directly mediated by the liver,
cirrhosis can also modify the susceptibility of other organs to
some drugs. Some examples are given here.
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Brain

There is much evidence showing that the brain of cirrhotic
patients is more susceptible to some drugs. Practically all 
psychotropic agents exhibit exaggerated effects, particularly
benzodiazepines [3,25].

Kidney

Renal function is frequently altered in cirrhotic patients. 
This may increase the nephrotoxicity of some drugs such as
aminosides, non-steroidal anti-inflammatory drugs, converting
enzyme inhibitors, as well as iodinated contrast products used
for radiological purposes [3,25].

Digestive tract

Because of portal hypertension, the digestive mucosa is more
delicate. Therefore, agents attacking the gastric mucosa are par-
ticularly deleterious in cirrhotic patients, for instance aspirin
and non-steroidal anti-inflammatory drugs [3,25].

Clinical consequences

They depend on the pharmacokinetic modifications, the indi-
vidual susceptibility to drugs, the type of drug, the therapeutic
index (overall, the lower it is, the higher is the risk of clinical con-
sequences) and the metabolic pattern of the drug (therapeutic
effect and/or toxicity related to the native drug or to one of its
metabolites) [3,25]. Finally, additional modulating factors are
the individual susceptibility to the considered drug and co-
administered drugs or exposure to other xenobiotics (tobacco
smoking, alcohol intake, use of recreational compounds or some
herbal medicines).

Pharmacokinetic modifications without
clinical consequences

Antibiotics
Antibiotics of the beta-lactam family exhibit a very large thera-
peutic index so that they can be used at usual dosage in cirrhotic
patients [3,25,26].

Anti-histamine H2 receptors
This group of drugs comprising ranitidine, cimetidine and niza-
xide is not associated with particular consequences in patients
with cirrhosis [25,27], despite some modification in elimination
rate in severe forms [28]. However, the combination of cimeti-
dine and chlordiazepoxide may result in deleterious effects in
cirrhotic patients [29].

Proton pump inhibitors
This drug family, including omeprazole, lanzoprazole, panto-
prazole and rabeprazole, exhibits a very large therapeutic index

and is well tolerated in cirrhotic patients at normal dosage [25],
despite decreased elimination [30,31].

Diacerein
This compound, used for arthrosis, does not exhibit particular
pharmacokinetic and pharmacodynamic modifications in 
cirrhotic patients [32,33].

Propranolol
The case of propranolol is original. Cirrhosis is associated 
with an increase in its plasma concentration caused by both a
first-pass effect and decreased metabolic capacity [34]. How-
ever, pharmacodynamic effects are also decreased because of
decreased resistance of the sympathic system. Finally, propra-
nolol effects are not significantly modified in cirrhotic patients
on a standard dosage [25].

Encainide
This anti-arrhythmic compound requires oxidation by liver
enzymes to become an active agent. Patients with cirrhosis
exhibit lower systemic or oral clearance, resulting in marked oral
bioavailability. However, no change occurs in the levels of the
active metabolites. Therefore, dosage adjustment is not required
[35,36].

Exaggerated therapeutic effects 
(Table 2)

Vitamin K antagonists
Elimination of this drug family is decreased in large part because
of a lowered metabolic transformation by liver enzymes [25].
Liver failure results in higher plasma levels and excessive
hypocoagulation. Furthermore, cirrhotic patients are particu-
larly exposed to oesophageal and gastric mucosal injuries
because of portal hypertension. These conjugated effects make
these drugs particularly critical in patients with cirrhosis with a
high bleeding risk.

Ergotamine derivatives
The vasoconstrictive effects of these drugs are increased in cir-
rhotic patients because of lower metabolism and an increased
first-pass effect. The risk of lower limb ischaemia is high espe-
cially if the patient exhibits additional risk factors, for instance
regular smoking [3,25].

Biguanides [26]
In cirrhotic patients, metformin is associated with a higher risk
of lactic acidosis, particularly when alcohol abuse is involved
[25,37].

Hypoglycaemic sulphonylurea derivatives
There is a higher risk of hypoglycaemia in patients with liver 
failure [25]. Furthermore, deleterious haemodynamic effects
may be associated, as shown for glibenclamide [38].
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Psychotropic agents
The risk of excessive sedative effects is related both to a higher
plasma concentration of drugs and to a higher sensitivity for 
a similar dosage [3,25]. The main examples are indicated in
Table 2. This is particularly marked for benzodiazepines. These
deleterious effects may also be observed with the various 
compounds acting on the central nervous system, including
antidepressants but also antivomiting compounds. For instance,
a single tablet of metoclopramide or metopimazine can induce
encephalopathy or even coma for several days in patients with
acute liver failure.

Angiotensin-converting enzyme (ACE) 
inhibitors
Patients with hepatic failure are particular sensitive to this drug
family with a high risk of arterial hypotension and renal failure
[39]. This is well illustrated by captopril [40–42].

Decreased therapeutic effects

Azathioprine
This is a prodrug requiring metabolism by glutathione-S-
transferases into 6-mercaptopurine to be active. Therefore, the
immunosuppressive therapeutic activity of this compound may
be decreased in severe liver disease [3].

Metoclopramide
The efficiency of a drug may also be modified by another drug
without alteration in its elimination. For instance, metoclo-
pramide administration can decrease the diuretic effect of
spironolactone in patients with cirrhosis and ascites [43].

Increased non-hepatic toxicity

This may be caused by different mechanisms, including over-
dosage, increased susceptibility or modification in protein 
binding.

Caused by an overdosage (Table 3)

Isoniazid
This antituberculosis drug can be associated with a higher risk 
of peripheral neuropathy [25].

Niridazole
This anthelminthic drug is associated with a higher risk of 
neurological disorders [25].

Vitamin K antagonists → Bleeding by increased hypocoagulation

Ergotamine and derivatives → Ischaemia of limbs by increased vasoconstriction

Sulphonylurea derivatives → Hypoglycaemia

Biguanides → Lactic acidosis

Anxiolytics (especially benzodiazepines)

Carbamates

Neuroleptics → Exaggerated sedative effects

Hypnotics (in particular barbiturates) → Hepatic encephalopathy, coma

Antihistamines type H1

Antivomiting agents acting on central nervous system 

(metoclopramide and metopimazine

Angiotensin-converting enzyme inhibitors → Arterial hypotension

Captopril Renal failure

Table 3 Clinical consequences: non-hepatic toxic effects related to an
overdosage.

Isoniazid Neurological toxicity

Niridazole Neurological toxicity

Theophylline Digestive disorders

Tachycardia

Convulsions

Antiretroviral agents 

Didanosine Lactic acidosis

Indinavir–ritonavir Cutaneous, digestive, renal disorders

Efavirenz Neuropsychiatric disorders

Lopinavir Hypertriglyceridaemia   

Table 2 Clinical consequences: exaggerated
therapeutic effects.
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Theophylline
This antiasthmatic drug exhibits a narrow therapeutic index. 
An increased plasma level is rapidly associated with adverse
events including digestive disorders, tachycardia and convul-
sions [25,44].

Antiretroviral agents
In cirrhotic patients, the elimination of many antiretroviral
agents is decreased because of lower metabolic capacity. This is
illustrated by protease inhibitors (PI) because of a low CYP3A
activity, in particular nelfinavir, lopinavir and amprenavir
[45,46]. Albeit less documented, a lower elimination also 
has been reported for non-nucleosidic reverse transcriptase
inhibitors (NNRTI), in particular nevirapine [45]. Nucleosidic
reverse transcriptase inhibitors (NRTI) are not markedly metab-
olized by the liver [45]. However, in severe cirrhosis, their clear-
ance appears to be altered, as shown for zidovudine, tenofovir
and abacavir [45]. Higher plasma concentrations may result in
toxic effects. There is a particular risk of lactic acidosis, especially
with didanosine and, to a lesser extent, with stavudine and 
zalcitabine because of an inhibition of mitochondrial oxidation
[45–47]. The risk is increased in hepatitics C virus (HCV) co-
infected patients receiving ribavirin [48].

For PI, there is a particular risk of cutaneous, digestive and
renal disorders with indinavir and ritonavir combination and
more hyperlipidaemia with lopinavir [46]. For NNRTI, an
example is the increased risk of neuropsychiatric disorders with
efavirenz [45,48].

Caused by an increased susceptibility (Table 4)

Aspirin
Cirrhotic patients with portal hypertension are exposed to a
higher risk of oesophagogastric bleeding because of altered clot-
ting tests, thrombocytopathy and fragility of the upper digestive
tract mucosa [50].

Non-steroidal anti-inflammatory drugs (NSAIDs)
All NSAIDs are well known to induce digestive tract lesions. The
risk is increased in patients with portal hypertension. There is
also an increased susceptibility of renal function [39,51].

Aminosides
These antibiotics are not metabolized by the liver. However, they
increase the risk of renal damage in cirrhotic patients [39,52].

Diuretics
Diuretics such as spironolactone and furosemide are frequently
used in cirrhotic patients to treat ascites. Nevertheless, the 
therapeutic range is narrow with frequent renal failure and
hyponatraemia in the most severe cases [39,53].

Sodium beta-lactamins
The sodium association may induce water retention in cirrhotic
patients [25].

Caused by a competition in protein binding

Rifampicin
Rifampicin is strongly associated with albumin. There is 
competition in the binding to albumin between this drug and
bilirubin. This may cause jaundice due to non-conjugated
hyperbilirubinaemia [25]. This property has even been pro-
posed to help in diagnosing Gilbert syndrome [54].

Cirrhosis and the risk of drug–drug interactions
Overall, liver enzyme activity, particularly that of CYP, is less
sensitive to the effects of enzyme inducers or inhibitors. For
instance, the inducing effects of barbiturates, rifampicin and
macrolide antibiotics are decreased as well as the inhibiting
effects of cimetidine in cirrhotic patients [5,29].

Extrahepatic effects of cholestasis

Consequences occur mainly during chronic cholestasis and are
related to intestinal malabsorption or to modifications in biliary
excretion [24,25].

Intestinal malabsorption

Lipophilic vitamins [26]
The absorption of vitamins A, D, E and K may be decreased
especially in patients with chronic jaundice, which may lead to
clinical consequences. Supplementation should be considered
in such a condition.

Ciclosporin given orally
The absorption of this drug taken orally can be decreased lead-
ing to a lower therapeutic effect [3,25].

Exaggerated toxicity from an increased plasma
concentration

Ciclosporin given intravenously
When this drug is delivered by the intravenous route, its biliary
excretion may be decreased leading to exaggerated plasma 

Table 4 Clinical consequences: non-hepatic toxic effects related to an
increased susceptibility.

Aspirin Thrombopathies 

Bleeding

NSAIDs Ulcers 

Gastroduodenal bleeding 

Renal failure

Aminosides Renal failure

Diuretics Renal failure 

Hyponatraemia

TTOC23_03  3/10/07  9:52 AM  Page 1916



23.3 PRESCRIBING DRUGS IN LIVER DISEASE 1917

concentrations [3,25]. This can result in various side-effects
including diabetes, renal failure, arterial hypertension and gingi-
val disorders.

Liver diseases and risk of hepatotoxicity 
(Table 5)

Drug hepatotoxicity results from various mechanisms [55,56]. 
It is modulated by various environmental, genetic and some 
disease states [57].

The role of a pre-existing liver disease in increasing the risk of
hepatotoxicity is relatively poorly documented, probably in part
because it is particularly difficult to investigate. Nevertheless,
several situations may be considered.

Chronic alcoholic liver diseases
Small series and case reports strongly suggest that chronic alco-
holic liver diseases increase the risk of paracetamol hepatoto-
xicity. Liver damage can occur with dosages between 3 and 
10 g [56–58], which is lower than the usual toxic dose of 10 g
recorded in patients without alcohol abuse and normal nutri-
tion. The increased risk appears to be related to several factors:
the induction of CYP2E1 by chronic alcoholism, the main
enzyme transforming paracetamol into toxic metabolites, the
lower capacity to detoxify reactive metabolites related to glu-
tathione depletion secondary to undernutrition and alcohol
consumption, and a higher severity of injury in a pre-existing
damaged liver [56].

Some reports suggest an increased risk of liver injury with
antituberculosis agents and methotrexate [57,59].

Non-alcoholic fatty liver diseases
The risk of liver lesions seems to be increased for methotrexate
[57,60].

In contrast, the risk of hepatotoxicity does not appear to
increase with cholesterol-lowering agents of the statin family
[61]. For rosiglitazone, a new antidiabetes agent from the thia-
zolidinedione family, hepatotoxicity risk is also not increased.
Furthermore, recent data support the view that this drug might
improve steatosis by ameliorating diabetes and reducing insulin
resistance [62].

Chronic hepatitis related to hepatitis viruses B and C
There is an increased hepatotoxicity risk related to antiretroviral
agents, in particular didanosine [45,46,63], and for antitubercu-
losis compounds [57,59,64,65].

An increased hepatotoxicity risk might also exist for NSAIDs,
as suggested by a small case series, in particular with ibuprofen
[66]. This point deserves confirmation in further studies.

Chronic cholestasis
The risk of cholestasis with estrogens appears to be increased in
patients with primary biliary cirrhosis [24,56].

Practical recommendations in drug
prescribing

Various situations should be addressed according to the type of
liver injury and the drug considered.

Acute hepatitis

In minor acute hepatitis, there are no pharmacokinetic and
pharmacodynamic consequences. Practically all treatments may
be continued. Nevertheless, one should take into account that
potential vomiting associated with hepatitis may produce an
alteration in drug absorption. This may induce modifications 
in drug dosage and, possibly, a transient discontinuation.

In acute hepatitis associated with jaundice but without 
liver failure, one should be cautious with drugs eliminated by 
the biliary route. Toxicity or inefficacy may occur (for instance
ciclosporin).

In severe acute hepatitis, one should be very careful when 
prescribing drugs, especially those with neurosedative and
antivomiting agents.

In fulminant or subfulminant hepatitis, drug prescribing
should be limited to compounds required for survival while
awaiting liver transplantation.

Alcoholic liver diseases

Potentially hepatotoxic drugs, through the activation of  CYP2E1
and the depletion of glutathione, should be avoided, namely
paracetamol, antituberculosis compounds as well as anaesthetic
drugs of the halothane family. Methotrexate should also be

Table 5 Clinical consequences: risk of hepatotoxicity in chronic liver
diseases.

Chronic alcoholic liver diseases
Paracetamol: acute hepatocellular liver injury

Methotrexate: steatohepatitis and fibrosis

Antituberculosis agents: acute hepatocellular liver injury

Non-alcoholic fatty liver diseases

Methotrexate: increased steatohepatitis and fibrosis

Antiretroviral agents (NRTI): increased steatohepatitis?

Statins: no particular risk

Rosiglitazone: no particular risk and possible advantage

Chronic hepatitis related to hepatitis viruses B and C
Antiretroviral agents: various types of acute liver injury

Antituberculosis agents: acute hepatocellular liver injury

NSAIDs: acute hepatitis?

Chronic cholestasis
Estrogens: increased risk of cholestasis in primary biliary cirrhosis

Genetic chronic cholangitis (mutation in MDR3, MRP2): higher risk of

cholestasis with estrogens? higher toxicity of glibenclamide?

NRTI, nucleosidic reverse transcriptase inhibitors.
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avoided because of an increased risk of steatohepatitis and 
fibrosis.

Viral chronic hepatitis related to HCV and HBV

There is an increased risk of liver damage with antiretroviral
agents in patients co-infected with human immunodeficiency
virus (HIV) and hepatotopic viruses. One should be careful in
the management of drug prescribing. Blood drug monitoring
may be useful.

For antituberculosis compounds, the follow-up of liver
enzymes should be particularly well designed to detect the onset
of hepatotoxicity.

For NSAIDs, the risk of toxicity remains to be ascertained by
more data. There is no present restriction. Nevertheless, careful
monitoring is recommended.

Non-alcoholic fatty liver diseases (NAFLDs)

Some drugs that are inclined to cause NAFLDs in themselves
should be avoided as far as possible, in particular methotrexate,
corticosteroids, amiodarone, tetracycline and its derivatives.

Cirrhosis

Generally, for drugs with a high first-pass effect, as shown in
Table 1, there is a risk of overdosage when the drug is admin-
istered by the oral route. It is wise to decrease the initial dosage
and to introduce drug concentration monitoring as far as 
possible.

For drugs mainly metabolized by the liver, as shown in 
Table 6, drugs should be given with caution. The amount 
should be diminished whatever the route of administration. 
For benzodiazepines, it is safer to use compounds metabolized
by conjugation (oxazepam, bromazepam) instead of those
metabolized by CYP (diazepam).

Some drugs should be contraindicated in cirrhotic patients
because of a high risk of side-effects, particularly in patients with
stage B and C of the Child–Pugh classification (Table 7).

Prescribing antiretroviral agents in patients
with liver diseases (Table 8)

HIV–HCV or HIV–HBV co-infections increase the hepatotoxi-
city risk of drugs given for HIV [45,46,63]. This risk is increased
by two- to 10-fold in HIV–HCV co-infection [67] and by 
two- to eightfold in HIV–HBV co-infection [68]. Liver injuries
are frequently more severe and potentially fatal. Hepatitis C may
increase antiretroviral hepatotoxicity through an alteration in
their metabolism or decreased mitochondrial oxidation [69].

Furthermore, liver injuries related to HCV and HBV can be
related to the immune system. Indeed, the rapid restoration of
immune reactivity in patients with HIV treated with antiretro-
viral agents promotes the rupture of immunotolerance towards
HCV and HBV. This can result in reactivation against the liver.
Consequently, an elevation in transaminases can be observed.
HBV reactivation may be more frequent than HCV reactivation
after the onset of antiretroviral therapy. Antiretroviral treatment
should be not be discontinued when liver abnormalities remain
asymptomatic and biologically limited [45,46,63].

Table 6 Drug prescribing in cirrhosis.

Drugs to use with caution: decrease dosage whatever the administration route

For benzodiazepines, conjugated derivatives are safer (oxazepam, lorazepam)

NSAIDs ACE inhibitors

Tricyclic antidepressants Isoniazid

Vitamin K antagonists Lincomycin

Antiretroviral agents Metronidazole

Barbiturates Pefloxacin

Benzodiazepines Pyrazinamide

Carbamates Rifampicin

Clindamycin Sulphonylurea derivatives

Cyclines Theophylline

Flecainide

ACE, angiotensin-converting enzyme; NSAIDs, non-steroidal 

anti-inflammatory drugs.

Table 7 Main drugs contraindicated in severe cirrhosis (Child–Pugh stage 
B and C) and acute liver failure.

All neurosedative and psychotropic agents  Anti-vitamin K

including antivomiting compounds Aspirin

Aminosides Ergotamine

NSAIDs ACE inhibitors

Antiretroviral agents Tetracycline and derivatives

ACE, angiotensin-converting enzymes; NSAIDs, non-steroidal 

anti-inflammatory drugs.

Table 8 Recommendations for the administration of antiretroviral drugs in
cirrhotic patients.

Assessment of fibrosis extent in patients with HCV or HBV co-infection or 

alcohol intoxication

Assessment of Child–Pugh score

Avoid as much as possible the most hepatotoxic antiretroviral agents:

NRTI: stavudine, stavudine–didanosine combination

Nevirapine

PI: full-dose ritonavir

Plasma concentration monitoring of PI and NNRTI at the onset of treatment 

and adaptation if required, especially in patients with Child–Pugh B and 

C stages

Regular follow-up of liver enzymes

Avoid stopping an efficient treatment for HBV suddenly because of 

reactivation risk

NRTI, nucleosidic reverse transcriptase inhibitor; PI, protease inhibitor.
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In cirrhotic patients, the risk of complications is particularly
high in cases of viral co-infection or lipodystrophy. This is asso-
ciated with alteration in PI and NNRTI, highly metabolized 
by the liver [70,71]. Antiretroviral blood monitoring is required
to avoid overdosage [46,47,60]. Several recommendations are
listed in Table 8 [46]. Plasma concentrations of some drugs are
markedly increased in cirrhotic patients: nelfinavir (× 2.5),
amprenavir (× 2.5–4.5) or nevirapine (× 2). Liver failure con-
traindicates the administration of efevirenz, ritonavir, lopinavir,
atazanavir and abacavir. Blood level monitoring is recommended
for nevirapine, nelfinavir, amprenavir and indinavir [45,46,59].

Cholestasis

Drug prescribing recommendations are presented in Table 9.

Conclusions

Various clinical consequences may be observed with drug 
prescription in patients with liver disease. This is particularly
obvious in patients with acute liver failure or cirrhosis. In such
patients, drug prescribing requires various parameters to be
taken into account, namely the first-pass effect of the drug, its
potential liver metabolism, the therapeutic index and its poten-
tial toxicity. The benefit/risk ratio should be considered as 
well as the possibility of using an alternative treatment. Our
knowledge of the risk of clinical side-effects with drug adminis-
tration in liver disease remains very limited. Further studies are
required to address this important question.

References
1 Larrey D, Branch RA (1983) Clearance by the liver: current concepts in

understanding the hepatic disposition of drugs. Semin Liver Dis 3,

285–297.

2 Morgan DJ, McLean AJ (1995) Clinical pharmacokinetic and phar-

macodynamic considerations in patients with liver disease. Clin

Pharmacokinet 29, 370–391.

3 Bircher J, Sommer W (1999) Drug treatment in patients with liver 

disease. In: McIntyre N, Benhamou JP, Bircher J et al. (eds) 

Oxford Textbook of Hepatology. Oxford: Oxford University Press, 

pp. 1983–1994.

4 Blaschke TF (1977) Protein binding and kinetics of drugs in liver 

diseases. Clin Pharmacokinet 2, 32–44.

5 Ioannides C (ed.) (1996) Cytochromes P450. Metabolic and

Toxicological Aspects. Boca Raton, FL: CRC Press.

6 George J, Murray M, Byth K et al. (1995) Differential alterations of

cytochrome P450 proteins in livers from patients with severe chronic

liver disease. Hepatology 21, 120–128.

7 Larrey D, Pageaux GP (1997) Genetic predisposition to drug-induced

hepatotoxicity. J Hepatol 26(Suppl.2), 12–21.

8 Guillemette C (2003) Pharmacogenomics of human UDP-glucurono-

syltransferase enzymes. Pharmacogenomics J 3, 136–158.

9 Blanchard RL, Freimuth RR, Buck J et al. (2004) A proposed nomen-

clature system for the cytosolic sulfotransferase (SULT) superfamily.

Pharmacogenetics 14, 199–211.

10 Kapitulnik J, Strobel HW (1999) Extrahepatic drug metabolizing

enzymes. J Biochem Mol Toxicol 13, 227–230.

11 Dubuske LM (2005) The role of P-glycoprotein and organic anion-

transporting polypeptides in drug interactions. Drug Saf 28, 789–801.

12 Veronese L, Rautaureau J, Sadler BM et al. (2000) Single-dose 

pharmacokinetics of amprenavir, a human immunodeficiency virus

type 1 protease inhibitor, in subjects with normal or impaired hepatic

function. Antimicrob Agents Chemother 44, 821–826.

13 Bernuau J, Benhamou JP (1999) Fulminant and subfulminant liver

failure. In: Bircher J, Benhamou JR, McIntyre N et al. (eds) Oxford

Textbook of Clinical Hepatology, 2nd edn, Vol. 2. Oxford: Oxford

University Press, pp. 1341–1372.

14 Larrey D, Pageaux GP (2005) Drug-induced liver failure. Eur J Hepatol

Gastroenterol 17, 141–143.

15 Villeneuve JP, Pichette V (2004) Cytochrome P450 and liver diseases.

Curr Drug Metab 5, 273–282.

16 Zuckerman MJ, Menzies IS, Ho H et al. (2004) Assessment of intes-

tinal permeability and absorption in cirrhotic patients with ascites

using combined sugar probes. Dig Dis Sci 49, 621–626.

17 Pomier-Layrargues G, Huet PM, Villeneuve JP et al. (1986) Effect 

of portacaval shunt on drug disposition in patients with cirrhosis.

Gastroenterology 91, 163–167.

18 Le Couteur DG, Fraser R, Hilmer S et al. (2005) The hepatic sinusoid

in aging and cirrhosis: effects on hepatic substrate disposition and

drug clearance. Clin Pharmacokinet 44, 187–200.

19 Hasselstrom J, Eriksson S, Persson A et al. (1990) The metabolism and

bioavailability of morphine in patients with severe liver cirrhosis. Br J

Clin Pharmacol 29, 289–297.

20 Pugh RN, Murray-Lyon IM, Dawson JL et al. (1973) Transection 

of the oesophagus for bleeding oesophageal varices. Br J Surg 60,

646–649.

21 Durand F, Valla D (2005) Assessment of the prognosis of cirrhosis:

Child-Pugh versus MELD. J Hepatol 42, S100–S107.

22 Trauner M, Boyer JL (2004) Cholestatic syndromes. Curr Opin

Gastroenterol 20, 220–230.

23 Trauner M, Meier PJ, Boyer JL (1998) Molecular pathogenesis of

cholestasis. N Engl J Med 339, 1217–1227.

24 Jansen PLM, Müller M (2003) The role of membrane transport in

drug-induced hepatotoxicity and cholestasis. In: Kaplowitz N, DeLeve

LD (eds) Drug-induced Liver Disease. New York: Marcel Dekker, 

pp. 97–124.

25 Larrey D (1995) Prescription des médicaments dans les maladies du

foie. Hepatogastroenterology 2, 515–525.

26 Silvain C, Breux JP, Becq-Giraudon B et al. (1989) Antibiotics and 

cirrhosis. Gastroenterol Clin Biol 13, 71–79.

Table 9 Drug prescribing in chronic cholestasis.

Because of intestinal malabsorption
Ciclosporin by oral route: increase dosage

Deficiency in liposoluble vitamins A, D, E and K: administration by parenteral 

route

Increased toxicity because of overdosage
Ciclosporin by intravenous route: reduce dosage and follow plasma 

concentration

Estrogens: contraindicated

Phenothiazines: contraindicated

TTOC23_03  3/10/07  9:52 AM  Page 1919



1920 23 THE MANAGEMENT OF LIVER DISEASES

27 Kosaka Y, Tameda Y, Okita K et al. (1987) Effects of ranitidine on

plasma clearance of indocyanine green in patients with liver cirrhosis.

Gastroenterol Jpn 22, 737–742.

28 Gonzalez-Martin G, Paulos C, Veloso B et al. (1987) Ranitidine dis-

position in severe hepatic cirrhosis. Int J Clin Pharmacol Ther Toxicol

25, 139–142.

29 Nelson DC, Avant GR, Speeg KV Jr et al. (1985) The effect of cimeti-

dine on hepatic drug elimination in cirrhosis. Hepatology 5, 305–309.

30 Kumar R, Chawla YK, Garg SK et al. (2003) Pharmacokinetics of

omeprazole in patients with liver cirrhosis and extrahepatic portal

venous obstruction. Methods Find Exp Clin Pharmacol 25, 625–630.

31 Hoyumpa AM, Trevino-Alanis H, Grimes I et al. (1999) Rabeprazole:

pharmacokinetics in patients with stable, compensated cirrhosis. Clin

Ther 21, 691–701.

32 Magnard O, Louchahi K, Tod M et al. (1993) Pharmacokinetics of

diacerein in patients with liver cirrhosis. Biopharm Drug Dispos 14,

401–408.

33 Nicolas P, Tod M, Padoin C et al. (1998) Clinical pharmacokinetics of

diacerein. Clin Pharmacokinet 35, 347–359.

34 Gariepy L, Fenyves D, Kassissia I et al. (1993) Clearance by the liver 

in cirrhosis. II. Characterization of propranolol uptake with the 

multiple-indicator dilution technique. Hepatology 18, 823–831.

35 Bergstrand RH, Wang T, Roden DM et al. (1986) Encainide disposi-

tion in patients with chronic cirrhosis. Clin Pharmacol Ther 40,

148–154.

36 Wensing G, Monig H, Ohnhaus EE et al. (1991) Pharmacokinetics 

of encainide in patients with cirrhosis. Cardiovasc Drugs Ther 5,

733–739.

37 Houwerzijl EJ, Snoek WJ, van Haastert M et al. (2000) Severe lactic

acidosis due to metformin therapy in a patient with contra-indications

for metformi. Ned Tijdschr Geneeskd 144, 1923–1926 (in Dutch).

38 Moreau R, Chagneau C, Heller J et al. (2001) Hemodynamic,

metabolic and hormonal responses to oral glibenclamide in patients

with cirrhosis receiving glucose. Scand J Gastroenterol 36, 303–308.

39 Westphal JF, Brogard JM (1997) Drug administration in chronic liver

disease. Drug Saf 17, 47–73.

40 Daskalopoulos G, Pinzani M, Murray N et al. (1987) Effects of capto-

pril on renal function in patients with cirrhosis and ascites. J Hepatol 4,

330–336.

41 Gentilini P, Romanelli RG, La Villa G et al. (1993) Effects of low-dose

captopril on renal hemodynamics and function in patients with 

cirrhosis of the liver. Gastroenterology 104, 588–594.

42 Pariente EA, Bataille C, Bercoff E et al. (1985) Acute effects of captopril

on systemic and renal hemodynamics and on renal function in cir-

rhotic patients with ascites. Gastroenterology 88, 1255–1259.

43 D’Arienzo A, Ambrogio G, Di Siervi P et al. (1985) A randomized

comparison of metoclopramide and domperidone on plasma 

aldosterone concentration and on spironolactone-induced diuresis 

in ascitic cirrhotic patients. Hepatology 5, 854–857.

44 Piafsky KM, Sitar DS, Rangno RE et al. (1977) Theophylline disposi-

tion in patients with hepatic cirrhosis. N Engl J Med 296, 1495–1497.

45 Salmon-Ceron D (2004) Utilisation des antiretroviraux chez le patient

cirrhotique infecté par le VIH. Med Mal Inf 34, 14–19.

46 Nunez M, Soriano V (2005) Hepatotoxicity of antiretrovirals. Incidence,

mechanisms and management. Drug Saf 26, 53–66.

47 Mauss S, Valenti B, Torriani FJ et al. (2004) Risk factors for hepatic

decompensation in patients with HIV/HCV coinfection and liver 

cirrhosis during treatment with interferon-based therapy. AIDS 18,

21–25.

48 Salmon-Ceron D, Chauvelot-Moachon L, Abad S et al. (2001)

Mitochondrial toxic effects and ribavirin. Lancet 357, 1803–1804.

49 Becker S (2004) Liver toxicity in epidemiological cohorts. Clin Infect

Dis 38, S49–S55.

50 Planas R, Arroyo V, Rimola A et al. (1983) Acetylsalicylic acid 

suppresses the renal hemodynamic effect and reduces the diuretic

action of furosemide in cirrhosis with ascites. Gastroenterology 84,

247–252.

51 Laffi G, Daskalopoulos G, Kronborg I et al. (1986) Effects of sulindac

and ibuprofen in patients with cirrhosis and ascites. An explanation

for the renal-sparing effect of sulindac. Gastroenterology 90, 182–187.

52 Cabrera J, Arroyo V, Ballesta AM et al. (1982) Aminoglycoside

nephrotoxicity in cirrhosis. Value of urinary beta 2-microglobulin to

discriminate functional renal failure from acute tubular damage.

Gastroenterology 82, 97–105.

53 Perez-Ayuso RM, Arroyo V, Planas R et al. (1983) Randomized 

comparative study of efficacy of furosemide versus spironolactone 

in nonazotemic cirrhosis with ascites. Relationship between the

diuretic response and the activity of the renin-aldosterone system.

Gastroenterology 84, 961–968.

54 Erdil A, Kadayifci A, Ates Y et al. (2001) Rifampicin test in the dia-

gnosis of Gilbert’s syndrome. Int J Clin Pract 55, 81–83.

55 Larrey D (1997) Mechanisms of drug-induced hepatotoxicity. In:

Galmiche JP, Gournay J (eds) Recent Advances in the Pathophysiology

of Gastrointestinal and Liver Diseases. Paris: John Libbey Eurotext, 

pp. 233–241.

56 Pessayre D, Larrey D, Biour M (1999) Drug-induced liver injury. In:

McIntyre N, Benhamou JP, Bircher J et al. (eds) Oxford Textbook of

Hepatology. Oxford: Oxford University Press, pp. 1261–1341.

57 Larrey D (2002) Epidemiology and individual susceptibility to adverse

drug reactions affecting the liver. Semin Liver Dis 22, 145–155.

58 Prescott LF (2000) Paracetamol, alcohol and the liver. Br J Clin

Pharmacol 49, 291–301.

59 Brown SJ, Desmond PV (2002) Hepatotoxicity of antimicrobial

agents. Semin Liver Dis 22, 157–167.

60 Farrel G (2002) Drugs and steatohepatitis. Semin Liver Dis 22,

185–194.

61 Russo MW, Watkins PB (2004) Are patients with elevated liver tests 

at increased risk of drug-induced liver injury? Gastroenterology 126,

1477–1480.

62 Yki-Järvinen H (2004) Thiazolidinediones. N Engl J Med 351,

1106–1118.

63 Kontorinis N, Dietrich D (2003) Toxicity of non-nucleoside analogue

reverse transcriptase inhibitors. Semin Liver Dis 23, 173–181.

64 Ungo JR, Jones D, Ashkin D et al. (1998) Antituberculosis drug-

induced hepatotoxicity. The role of hepatitis C virus and the human

immunodeficiency virus. Am J Resp Crit Care Med 157, 1871–1875.

65 Wong WM, Wu PC, Yuen MF et al. (2000) Antituberculosis drug-

related liver dysfunction in chronic hepatitis B infection. Hepatology

31, 201–206.

66 Riley TR III, Smith JP (1998) Ibuprofen-induced hepatotoxicity in

patients with chronic hepatitis C: a case series. Am J Gastroenterol 93,

1563–1565.

67 Bonacini M (2004) Liver injury during highly active antiretroviral

therapy: the effect of hepatitis C coinfection. Clin Infect Dis 2004,

S104–S108.

68 Salmon-Ceron D, Lewden C, Morlat P et al. (2005) Liver disease as a

major cause of death among HIV infected patients: role of hepatitis C

and B viruses and alcohol. J Hepatol 42, 799–805.

TTOC23_03  3/10/07  9:52 AM  Page 1920



23.3 PRESCRIBING DRUGS IN LIVER DISEASE 1921

69 Kramer JR, Giordano TP, Souchek J et al. (2005) Hepatitis C coinfec-

tion increases the risk of fulminant hepatic failure in patients with HIV

in the HAART era. J Hepatol 42, 309–314.

70 Benhamou Y, Bochet M, Di Martino V et al. (1999) Liver fibrosis 

progression in human immunodeficiency virus and hepatitis C virus

coinfected patients. The Multivirc Group. Hepatology 30, 1054–

1058.

71 Aranzabal L, Casado JL, Moya J et al. (2005) Influence of liver fibrosis

on highly active antiretroviral therapy-associated hepatotoxicity in

patients with HIV and hepatitis C virus coinfection. Clin Infect Dis 40,

588–593.

TTOC23_03  3/10/07  9:52 AM  Page 1921



Selection criteria and evaluation

Selection criteria and indications for
transplantation

In the current context of organ shortage, the selection process of
candidates is based on individual concerns (the expected benefit
from transplantation), as well as collective concerns (the benefit
other candidates could derive from transplantation). It is gener-
ally agreed that only candidates who are expected to have a 1-
year probability of survival exceeding 50% after transplantation
should be considered. On the other hand, only patients who
derive a substantial benefit from transplantation compared with
their prognosis with conventional care are selected. Experience
strongly suggests that transplantation would be futile in patients
with a Child–Pugh score below 7 or a MELD score below 10–11
[1]. Most patients considered for transplantation have had at
least one decompensation episode and belong to Child’s class B
or C [2]. However, Child and MELD scores are poorly predictive
of post-transplantation survival. Therefore, there is no clear upper
limit in these scores that would contraindicate transplantation.

Liver transplantation probably represents the best therapeutic
option in the long term for patients with small hepatocellular
carcinoma (HCC), whatever the severity of the underlying liver
disease (see Chapter 18.2.1). The Milan criteria [3] (a single nodule
less than 5 cm in diameter, or two or three nodules each less than
3 cm, in the absence of macroscopic vascular invasion) are widely
used for selection. The risk of tumour recurrence increases
sharply over these limits. In cirrhotic patients with very small
nodules, it may be impossible to differentiate small HCC from
benign regenerative nodules at imaging. Therefore, it is strongly
recommended to obtain the histological confirmation of malig-
nancy for nodules of less than 2 cm before deciding on trans-
plantation in patients with otherwise compensated cirrhosis [4].

Evaluation and contraindications

A first step during evaluation is to ensure that there is no alterna-
tive to transplantation. In alcoholic patients, liver biopsy should

be performed to rule out alcoholic hepatitis, which might
improve with prolonged abstinence. Similarly, in patients with
hepatitis B virus (HBV) infection and persistent viral replica-
tion, significant improvement can be expected with antiviral
therapy (see Chapter 9.1.2).

A second step consists of checking extrahepatic conditions
increasing the risk of surgery. Besides poor compliance, severe
extrahepatic diseases may compromise the results of transplan-
tation. Severe chronic obstructive pulmonary disease, advanced
cardiovascular diseases (including degenerative complications
of diabetes) and severe renal dysfunction (although, in selected
patients, combined liver and kidney transplantation can be 
an option) represent possible contraindications. Extrahepatic
malignancies with a potential for relapse also represent con-
traindications. Routine screening for colon, breast and oropha-
ryngeal cancer is needed in patients at specific risk. In candidates
with primary sclerosing cholangitis, screening for cholangiocar-
cinoma is especially challenging (see Chapters 11.3 and 19.9).
Even small cholangiocarcinoma carries a high risk of post-
transplantation recurrence. Foci of malignant transformation
are almost impossible to identify with conventional imaging.
The diagnostic sensitivity of cholangiography combined with
brush cytology is only about 30% [5]. The accuracy of positron
emission tomography in this setting has not been clearly docu-
mented yet. Nonetheless, incidental cholangiocarcinoma is
found in less than 10% of patients transplanted for primary 
sclerosing cholangitis.

Most groups agree that, for patients over 65 years old, trans-
plantation might only be performed in highly selected cases. A
body mass index over 35 is usually regarded as a contraindication.

Liver transplantation in human immunodeficiency virus
(HIV)-infected patients has been revisited in recent years [6].
There is no general agreement on the selection criteria. In most
centres, however, only patients with undetectable HIV load,
CD4+ cell count over 150–200/µL and no history of oppor-
tunistic infections or malignancy are considered. However, a
past history of opportunistic infection having occurred prior 
to the initiation of antiretroviral therapy may not represent a
definitive contraindication.

1922

23.4 Management of pretransplant
patients
François Durand
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General measures for managing
patients on the waiting list and bridging
them to transplantation

Ascites and related complications

Spontaneous bacterial peritonitis
Spontaneous bacterial peritonitis (SBP) is a frequent cause of
deterioration in candidates for transplantation [7]. Diagnosis
and treatment of SBP are discussed in Chapter 7.5. In patients
who had SBP and received antibiotics, ascitic polymorpho-
nuclear count must be below 250/µL and culture must be 
negative before considering that patients return to eligibility 
for transplantation. It is strongly recommended that patients 
at high risk for SBP because of previous SBP episodes or ascitic
protein concentration below 10 g/L receive antibiotic prophy-
laxis until transplantation. To this end, oral quinolones are most
frequently used [7].

A controlled study has shown that albumin infusion
significantly improves survival in patients with SBP [8].
Although further studies on this issue have not been published,
the adjunction of albumin to antibiotics seems reasonable in the
pretransplantation setting.

Refractory ascites and umbilical hernia
Repeated paracentesis is the preferred therapeutic option in 
candidates for transplantation (see Chapter 7.5). Large-volume
paracentesis must be followed by the infusion of plasma ex-
panders in order to prevent post-paracentesis activation of the
renin–angiotensin system [7]. Albumin, although more expens-
ive than synthetic plasma expanders, appears to be superior to
other agents [7]. Hydroxyethylstarch should be avoided because
of a possible deterioration in renal function resulting from
osmotic nephrosis-like injury.

Independent of MELD score, hyponatraemia appears to pre-
dict waiting list mortality [9]. However, there is no evidence that
the correction of hyponatraemia improves survival. Diuretics
should be stopped when hyponatraemia or an increase in serum
creatinine develops. Fluid restriction should be avoided. Indeed,
chronic hyponatraemia is well tolerated, except for extreme values
(below 110 mmol/L), whereas fluid restriction may precipitate
renal dysfunction. Attention should focus on hyperkalaemia.
Owing to the high potassium concentration in preservation solu-
tions, patients with an elevated baseline potassium level are at risk
of developing severe hyperkalaemia at the time of reperfusion.

Transjugular intrahepatic portosystemic shunt (TIPS) is an
effective option for controlling ascites, but its impact on survival
is still unclear [10]. In most patients awaiting transplantation,
liver function is too poor to make them acceptable candidates
for TIPS. Although TIPS relieves portal hypertension, it neither
facilitates transplant procedure nor reduces blood loss [11].
TIPS misplacement may cause major technical difficulties, to 
the point of making split liver transplantation or living donor
transplantation definitely contraindicated [12].

Peritoneovenous shunting is another alternative that is lim-
ited by the possible occurrence of infections, thrombosis of 
the jugular vein and peritoneal adhesions. Extensive adhesions
(cocooning) may even compromise transplantation procedure.
Despite these limitations, peritoneovenous shunting has recently
been advocated as a safe and efficient means for improving pre-
transplantation status (renal function in particular) in patients
with refractory ascites [13].

Overall, medical treatment with repeated paracentesis and
plasma expander infusion probably represents the safest option
in patients awaiting transplantation.

Umbilical hernia, a frequent complication of refractory ascites,
can rupture or provoke intestinal strangulation, two complica-
tions that carry a high mortality rate [14]. Surgical repair when
ascites is not controlled is associated with high morbidity and
mortality rates. Patients should be educated about ulcerations as
a risk factor for rupture. Local care with gauze pads and pressure
bandage should be applied. In addition, repeated therapeutic
paracentesis should be performed in order to avoid tense ascites.

Hepatic hydrothorax
Symptomatic hepatic hydrothorax is one of the most challeng-
ing conditions in patients awaiting transplantation. Repeated
thoracenteses are poorly tolerated and may rapidly result in
severe complications including pneumothorax, haemothorax
and empyema [15]. Chest drains must be avoided as the risk of
bleeding and empyema is high. In addition, drains are often
difficult to remove once inserted because of the rapid recon-
stitution of the effusion. Peritoneovenous shunting appears to 
be inefficient. TIPS was reported to control pleural effusion 
in 45–70% of patients [16]. However, as hepatic hydrothorax is 
a complication of advanced liver disease, it can be anticipated
that most of these patients would have a poor tolerance to 
TIPS. Chemical pleurodesis under thoracoscopy can be success-
ful despite significant morbidity and mortality [17]. Therefore,
symptomatic hepatic hydrothorax may prompt transplantation
as rapidly as possible. If a prolonged waiting time is expected,
TIPS or pleurodesis can be considered.

Portal hypertension and variceal bleeding

Improvements over the last decades have resulted in a signific-
ant reduction in bleeding-related mortality in cirrhotic patients 
(see Chapter 7.3) [18]. However, variceal bleeding remains 
a possible source of deterioration or even death in patients
awaiting transplantation. Current recommendations for pri-
mary and secondary prophylaxis and treatment of active bleed-
ing can, and should, be applied in this setting [19]. TIPS can 
be considered for refractory bleeding or bleeding from gastric
varices. However, it is important to keep in mind that misplace-
ment of TIPS in the inferior vena cava or portal vein trunk
should be avoided. Again, misplacement could definitively 
contraindicate split liver transplantation or living donor 
transplantation.
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The different options for primary and secondary prophylaxis
of variceal bleeding in transplantation candidates are sum-
marized in Table 1.

Hepatorenal syndrome

The prognosis of hepatorenal syndrome is especially poor with 
a 2-week mortality rate as high as 80% (see Chapter 7.6). On 
theoretical grounds, liver transplantation represents the only
effective therapy in the long term. However, such a short life
expectancy is hardly compatible with the prolonged interval
needed for obtaining a deceased donor. Furthermore, patients
with severe pretransplant renal dysfunction are at increased risk
of early postoperative mortality.

Terlipressin, either alone or in combination with plasma vol-
ume expansion, improves or reverses renal insufficiency in the
majority of patients with hepatorenal syndrome [20]. However,
the effectiveness of terlipressin is generally transient. Therefore,
the usefulness of terlipressin for bridging hepatorenal syndrome
patients to transplantation is limited. Noradrenaline (nore-
pinephrine), another vasoconstrictive agent, is an alternative to
terlipressin that needs continuous infusion via a central venous
line under careful haemodynamic monitoring [21]. TIPS may
also improve renal function in selected patients with hepatore-
nal syndrome and relatively preserved hepatic function [22].
Unfortunately, most patients with hepatorenal syndrome are
unsuitable candidates for TIPS because of endstage liver disease.
A randomized study conducted in a small population with the
molecular adsorbent recirculating system (MARS) has suggested
that this device may improve the prognosis of hepatorenal 
syndrome [23]. However, the average survival benefit was only
20 days, a result that remains difficult to conciliate with pro-
longed waiting time.

Overall, the occurrence of hepatorenal syndrome still makes 
it unlikely that candidates will be transplanted in an elective 
setting, unless they receive prioritization. However, recent ther-
apies, terlipressin in particular, may help to bridge a minority of
patients to transplantation.

Hepatopulmonary syndrome

In liver transplant candidates, the estimated incidence of hep-
atopulmonary syndrome ranges between 4% and 25%, accord-
ing to different populations and different diagnostic criteria 
[24] (see Chapter 7.7). Hepatopulmonary syndrome should 
be systematically screened as it can be clinically unrecognized 
in patients with mild hypoxaemia and profound asthenia. In
patients with Pao2 < 70 mmHg on room air and no other 
cause of hypoxaemia, the diagnosis is based on the demonstra-
tion of pulmonary vasodilatation and shunting using 99mTc
macroaggregated lung perfusion scan and double-contrast
echocardiography.

Hepatopulmonary syndrome represents a recognized indica-
tion for liver transplantation (even in patients with compen-
sated cirrhosis) as hypoxaemia resolves in almost all cases [25].
However, the severity of hypoxaemia before transplantation 
is significantly correlated with early postoperative mortality. 
No therapy other than continuous oxygen supply has proved
effective pretransplantation. The progression of hypoxaemia is
relatively slow. It has been estimated that the decline in Pao2 is 
of about 5 mmHg/year [26].

Portopulmonary hypertension

Portopulmonary hypertension (PPHT) is characterized by the
development of pulmonary arterial hypertension [mean pul-
monary artery pressure (PAP) over 25 mmHg] with only mild or
no hypoxaemia (see Chapter 7.7). Its incidence in candidates for
transplantation is slightly lower than that of hepatopulmonary
syndrome. Systematic screening is crucial as PPHT frequently
remains asymptomatic until mean PAP exceeds 40 mmHg.
Significant pulmonary hypertension, if discovered at the time of
transplant procedure, would carry an especially high perioper-
ative risk.

Doppler echocardiography is a useful tool for screening.
PPHT must be suspected whenever calculated systolic PAP
exceeds 30–35 mmHg. However, the diagnosis should always 

Table 1 Measures for preventing first variceal bleeding or recurrence in the pretransplantation setting.

Technique Justified for primary Justified for prevention Limitations in the pretransplantation setting
prevention of recurrence

Beta-blockers Yes Yesa Noneb

Elastic band ligation Yes Yesc None
TIPS No Yes 18–78% rate of obstruction or thrombosis [49] 

Further deterioration of liver function 
Risk of encephalopathy 
Technical difficulties in case of misplacement 
Contraindication for split transplantation or living donor 
transplantation in case of misplacement

aEither alone in patients who had a first episode of bleeding while they did not receive beta-blockers previously or in combination with endoscopic treatment
in the remaining patients.
bExcept in patients with portopulmonary hypertension.
cNo advantage over beta-blockers in terms of survival.
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be confirmed by right heart catheterization. Indeed, only about
60% of those patients with high calculated systolic PAP eventu-
ally meet the criteria for PPHT on right heart catheterization. 
In the remaining patients, elevated PAP is a consequence of the
hyperdynamic state. It appears that this latter group of patients
is not at increased operative risk [27].

It is generally accepted that patients with PPHT and mean PAP
below 35 mmHg are suitable candidates for transplantation,
whereas those with mean PAP above 50 mmHg are unsuitable
because of an especially high operative risk. In patients with
mean PAP between 35 and 50 mmHg, the decision for trans-
plantation depends on the value of pulmonary vascular resistance
and cardiac output. Transplantation may be contraindicated in
those with pulmonary vascular resistance over 250 dynes/s/cm5,
whereas it might be feasible in those below this threshold value.
Decreased cardiac output secondary to marked ventricular 
dysfunction predicts additional operative risk.

In candidates with PPHT, intensive physical exercise should
be avoided. Beta-blockers should always be stopped because
they reduce cardiac output. Patients with mild hypoxaemia
should be administered oxygen because hypoxaemia induces
further pulmonary vasoconstriction. Some authors recommend
the use of anticoagulants because of the frequent observation 
of thrombotic changes within pulmonary arteries. Repeated
assessment of PAP using echocardiography and/or right heart
catheterization is recommended during waiting time as the pro-
gression of pulmonary hypertension over time is unpredictable.

In patients who fall outside the criteria for transplantation,
and in those who have been listed and experience a progressive
increase in PAP, continuous intravenous epoprostenol should
be started. Epoprostenol may help to bridge some patients to
transplantation by decreasing PAP by 30–50% and improving
systemic haemodynamics [28]. However, post-transplantation re-
versibility of PPHT is inconstant. Subcutaneous, oral and inhaled
analogues of epoprostenol are currently under investigation.

Encephalopathy

Transient, uncomplicated episodes of encephalopathy do not
preclude subsequent transplantation. Treatment of encep-
halopathy is aimed at correcting the precipitating factors (see
Chapter 7.8). The issue of chronic encephalopathy is more 
challenging. It can be an indication for transplantation by itself.
Some patients with large and longstanding portocaval shunts
may develop organic brain lesions. In these patients, some of the
manifestations, particularly extrapyramidal disorders, are not
fully reversible after transplantation. There is no clear evidence
that lactulose as well as non-absorbable antibiotics help to pre-
vent the occurrence (or the progression) of irreversible brain
damage.

Portal vein thrombosis

The reported incidence of portal vein thrombosis in patients
with endstage cirrhosis has ranged from 2% to 26% [29]. 

Extensive thrombosis involving splenic and superior mesenteric
veins is usually considered a definitive contraindication for
transplantation. Partial thrombosis, even though it does not
contraindicate transplantation, can be a source of technical
difficulties. As a result, careful assessment of splanchnic vessels
with imaging techniques is crucial. In patients with partial
thrombosis, anticoagulation (low-molecular-weight heparin
followed by vitamin K antagonists) proved effective for prevent-
ing further extension and even achieving repermeation [30].

About 7% of patients listed with patent splanchnic veins
develop de novo thrombosis while on the waiting list. The risk
increases with the duration of waiting time [30]. Anticoagula-
tion appears to be effective in patients with de novo thrombosis.
Therefore, repeated ultrasonographic examination (e.g. monthly)
until transplantation, and anticoagulation when portal vein
thrombosis is detected, can be recommended. Vitamin K antago-
nist-induced hypocoagulability can be reversed at the time of
transplantation by the administration of fresh frozen plasma.

Optimization with respect to early 
post-transplantation mortality

Nutritional status

Malnutrition, which is common in patients with endstage 
cirrhosis, obviously represents a risk factor for surgery (see
Chapters 21.10 and 23.2). Dietary restrictions should be avoided
during the pretransplantation period. Importantly, protein
restriction has no clear benefit in encephalopathy. Patients
should be encouraged to have several fractionated meals rich in
carbohydrates every day [31]. Supplemental enteral nutrition
can be used in those with limited intakes. Parenteral nutrition
should be used only when enteral feeding is impossible.

Clinical experience indicates that reversal of established 
malnutrition is unlikely with nutritional support alone. In 
contrast, effective control of refractory ascites by TIPS or peri-
toneovenous shunting can be followed by a marked improve-
ment in nutritional status within a few months.

Renal function

Owing to complex circulatory changes, cirrhotic patients are 
at high risk of developing acute renal failure, even following 
relatively benign precipitating events. Therefore, any factor with
potential for impairing renal function, in particular hypo-
volaemia, sepsis, inappropriate use of diuretics and administra-
tion of nephrotoxic agents, should be avoided. It is generally felt
that cirrhotic patients are especially at risk for contrast media-
associated nephrotoxicity. However, one study has shown that
iodinated contrast media was not associated with significant
changes in renal function tests in cirrhotic patients, even in 
those with ascites [32]. Nonetheless, adequate plasma volume
expansion and systematic administration of N-acetylcysteine, a
compound that was shown to reduce the risk of contrast media-
induced nephrotoxicity, are recommended.
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Cardiovascular diseases

Candidates for transplantation frequently have predisposing
factors for cardiovascular diseases. In addition, alcohol abuse
and genetic haemochromatosis can cause specific cardiomyo-
pathy [33]. Left ventricular function tends to be overestimated
preoperatively because of the characteristic peripheral vaso-
dilatation accompanying cirrhosis. As arterial vasodilatation
reverses after transplantation, some patients considered to have
satisfactory ventricular function at evaluation may occasionally
develop overt cardiac failure postoperatively.

A 27% incidence of moderate to severe coronary artery 
disease has been reported in candidates for transplantation over
50 years of age. Diabetes is an important risk factor. Patients
with coronary artery disease, even if moderate, may develop 
perioperative or early postoperative myocardial infarction, 
especially in the case of postreperfusion syndrome and haemo-
dynamic instability. Patients with risk factors should undergo
thallium myocardial scintigraphy before transplantation.
Percutaneous angioplasty stenting should be systematically 
considered, even in cases of asymptomatic stenosis [34].

Bacterial infections

Staphylococcus aureus is a leading cause of severe sepsis in the
early post-transplantation period. In a recent study, about 25%
of candidates had nasal carriage of S. aureus, about 20% of them
being carriers of methicillin-resistant strains. Nasal carriage 
of methicillin-resistant as well as of methicillin-susceptible
S. aureus was an independent risk factor for early postoperative
infection with the corresponding strains (risk ratio of 28 and 3.4
respectively) [35]. These findings support systematic screening
for S. aureus nasal carriers aimed at tailoring post-transplan-
tation antibiotic therapy. Nasal carriers of methicillin-resistant
S. aureus may benefit from a short course of glycopeptides in the
first postoperative days. However, pretransplantation eradica-
tion of S. aureus nasal colonization with intranasal mupirocin is
not recommended because it is unlikely to completely eradicate
colonization and may induce false-negative samples.

Optimization with respect to long-term
post-transplantation outcome

Hepatocellular carcinoma

Follow-up protocol on the waiting list
The main difficulty with transplantation and HCC comes from
the fact that the tumour is likely to progress during waiting time,
increasing in turn the risk of recurrence. Therefore, once HCC
patients are listed for transplantation, tumour progression
should be assessed regularly. It is recommended that Doppler
ultrasound be repeated at 1-month intervals and that serum 
α-fetoprotein (AFP) testing and either computerized tomogra-
phic (CT) scan or magnetic resonance imaging be performed 

at 3-month intervals [36]. A marked increase in AFP level 
with apparently stable nodules strongly suggests vascular inva-
sion. Extrahepatic metastases are uncommon in patients with
small nodules. There is no evidence that chest CT scan and bone
scan should be repeated when serum AFP and tumour size
remain stable.

Adjuvant interventions
When the expected duration of waiting time exceeds 3–6
months, adjuvant therapies should be considered. Routine
transarterial chemoembolization has not been shown to
improve post-transplant survival [37]. However, objective re-
sponse rates as high as 60% can be achieved in the short term,
and about 50% have complete tumour necrosis. In addition,
transarterial chemoembolization allows the treatment of two or
more distant nodules in a single session. Thus, this technique
might have a beneficial effect in particular subgroups of patients
and further studies are needed.

The feasibility of pretransplant percutaneous ablation can be
limited by coagulation disorders, ascites and poor visualization
at ultrasonography (Table 2). However, when feasible, radiofre-
quency ablation appears to be more effective than transarterial
chemoembolization for achieving tumour necrosis. The risk 
of needle tract seeding appears to be as low as 0.5–1.5%. There 
is still no evidence of an increased risk of post-transplantation
extrahepatic metastasis in patients treated by radiofrequency
ablation. Of note, in contrast to arterial chemoembolization,
local ablation does not prevent the occurrence and/or progres-
sion of distant malignant nodules.

In many centres, surgical resection still represents a first-line
option for treating small HCC in patients with compensated cir-
rhosis, with ‘salvage’ transplantation representing a second-line
option in case of recurrence [38]. However, in selected patients,
resection can also be used as a bridge to transplantation, an
option that has several advantages. First, resection seems to be
more effective than other techniques for controlling tumour
growth. Secondly, resection allows for detailed pathological
analysis and the identification of poor differentiation and
microvascular invasion, which are strong prognostic indicators.
This information may help in tailoring the transplantation 
decision. Thirdly, surgical resection has no deleterious impact
on the feasibility and morbidity of subsequent transplantation
[39]. In summary, when waiting time is predictably long, resec-
tion can be considered as a bridge to transplantation in patients
with compensated cirrhosis and non-central tumours. In other
patients, radiofrequency ablation should be proposed whenever
feasible. In the remaining patients, transarterial chemoembol-
ization should be considered.

Hepatitis B virus (HBV) infection

Serum HBV DNA level below 103 copies/mL (which represents
an undetectable level on branched DNA assay) is a prerequ-
isite for transplantation. Indeed, significant HBV replication 
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pretransplantation is associated with a rate of post-transplanta-
tion recurrence exceeding 80% (see Chapter 9.1.2). Unfortunately,
recurrence of HBV infection in a context of immunosuppres-
sion is especially aggressive [40]. In the minority of candidates
with decompensated cirrhosis and persistent HBV replication,
antiviral therapy has to be started. Such patients might only be
listed once HBV DNA has become undetectable on branched
immunoassay. It is generally accepted that patients with very low
replication rates who remain positive on polymerase chain reac-
tion (a more sensitive technique) do not have a contraindication
for transplantation.

The tolerance of interferon therapy is poor in cirrhotic
patients. In contrast, lamivudine and adefovir can be used safely.
Lamivudine allows a decrease in the HBV DNA level below 
400 copies/mL in more than 70% of patients [41]. The main
concern with this agent is the selection of resistant strains, which
occurs in about 10–15% of treated patients at 1 year. Hepatitis
flares can be observed at the time of breakthrough, with a rapid
deterioration in liver function. Therefore, close monitoring of
liver tests and serum HBV DNA is needed. Adefovir dipivoxil is
well tolerated at a dose of 10 mg/day, although periodic assess-
ment of renal function is needed because of the potential for
nephrotoxicity. The decrease in serum HBV DNA level tends to
be slower compared with lamivudine. However, adefovir dip-
ivoxil is effective in patients with lamivudine-resistant strains. In
the long term, the emergence of viral resistance to adefovir dip-
ivoxil appears to be infrequent: about 5% at 3 years. A proposed
strategy for pretransplantation antiviral treatment in patients
with HBV infection is shown in Figure 1. Importantly, 5–10% 

of decompensated patients with persistent HBV replication
improve with antiviral treatment to the point at which they 
can be removed from the waiting list [42]. The more recent
agents entecavir and tenofovir appear to have an excellent 
safety profile, a low rate of resistance and a more potent inhibi-
tion of HBV replication than lamivudine and adefovir dipivoxil.
More data are awaited on these agents in liver transplant 
candidates.

Hepatitis C virus (HCV) infection

Undetectable serum HCV RNA is not a prerequisite for trans-
plantation. Almost all patients with HCV-related cirrhosis have
persistent viral replication that is difficult to control as antiviral
therapies are poorly tolerated and also poorly effective in this
population (see Chapter 9.1.2). In addition, recurrence of 
HCV infection is far less aggressive than that of HBV infection.
The progression of HCV-related liver fibrosis, however, is
significantly accelerated in transplanted patients, and there is
evidence that recurrence has a deleterious impact on patient and
graft survival in the long term [43].

The tolerance of the combination of pegylated interferon 
and ribavirin in patients with decompensated cirrhosis is poor,
and optimal doses are unlikely to be achieved. Sustained re-
sponse rate is as low as 10% for genotype 1. Moreover, antiviral
treatment may precipitate further deterioration of cirrhosis.
Therefore, it has been suggested that patients with a Child–Pugh
score over 11 and/or a MELD score over 25 should not receive
antiviral treatment [44]. Overall, it is unlikely that patients with

Table 2 Adjuvant therapies in HCC patients awaiting transplantation.

Technique

Transarterial 

chemoembolization

Percutaneous ablation

Ethanol injection

Radiofrequency ablation

Surgical resection

aArterial lesions may be a source of difficulties in case of split liver or living donor transplantation.
bFor nodules less than 3 cm.
cCoagulation disorders may occasionally be reversed by the infusion of fresh frozen plasma and/or platelets transfusion before the procedure.
dThe issue of nodules larger than 5 cm may only occasionally be relevant in patients selected for transplantation.

INR, international normalized ratio.

Estimated reduction
in tumour size

40–59% [36]

70–80%b

85% [50]

Not applicable

Contraindications

Portal vein thrombosis

Child’s grade C cirrhosis

Large-volume ascites

Marked decrease in coagulation factors 

(prothrombin index below 50% or INR > 1.7)c

Low platelet count (< 50 × 109/L)c

Absence of visibility of the nodules on

echography

Child’s grade B or C cirrhosis

Bilobar tumours

Central lesions

Limitations

Possible induction of hepatic artery lesionsa

Possible deterioration of liver function

Risk of needle tract seeding (estimated

incidence of 0.5–1.5%)

Poorly effective for nodules over 5 cmd

Difficult to perform in patients with more

than two nodules

Demanding procedure with significant

morbidity

Possible source of technical difficulties

(adhesions)
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decompensated cirrhosis can be removed from the waiting list as
a result of improvement on antiviral treatment.

The issue of antiviral therapy in candidates with compensated
cirrhosis and small HCC as an indication for transplantation 
is more puzzling. These patients can be expected to tolerate 
full-dose antiviral regimens pretransplantation, to clear HCV
RNA and, consequently, not to have post-transplantation HCV
recurrence. From the few studies that have addressed this issue
[45–47] (Table 3), it can be concluded that 30–60% of treated
patients have on-treatment viral clearance and that about 
20% will remain free of recurrence after transplantation.
Interestingly, some patients still experience recurrence despite
end of treatment viral clearance. Even in the absence of decom-
pensation, on-treatment leucopenia, thrombocytopenia and
anaemia remain important limitations. For counteracting these
side-effects, administration of growth factors (erythropoietin
and/or granulocyte colony-stimulating factor) should be pre-
ferred to dose reduction as this latter strategy compromises the
efficacy of antiviral treatment.

Management in the particular setting of
living donor transplantation

Not only does living donation accelerate access to transplanta-
tion, it also offers the possibility of scheduling the procedure.
Therefore, it makes it possible to prepare some candidates with
precarious conditions more efficiently and optimize them for
transplantation. Some measures that are poorly applicable in 
the setting of deceased donor transplantation may be useful 
for bridging patients rapidly to living donor transplantation.
Patients with hepatorenal syndrome, for instance, might be
optimized and efficiently bridged to a scheduled living donor
transplantation with a short course of terlipressin. Similarly,
candidates with hepatic hydrothorax, who are at especially high
risk of death on the waiting list, can be rapidly bridged to trans-
plantation with specific interventions. Preliminary results sug-
gest that liver assist devices such as albumin dialysis might also
help to bridge some patients with advanced liver insufficiency
and precarious condition [48]. However, whether high-risk

Serum HBV DNA undetectable
with branched-DNA assay

Candidate for transplantation
with HBV-related cirrhosis

Serum HBV DNA-positive with
branched DNA assay

Documented resistance
to lamivudine

No antiviral treatment

*Dose adjustment needed in patients with renal insufficiency

No resistance to
lamivudine

Either lamivudine (100 mg/day) or
adefovir dipivoxil (10 mg/day)* until

transplantation

Adefovir dipivoxil (10 mg/day)*
until transplantation

Fig. 1 Pretransplantation antiviral treatment in candidates for transplantation with HBV-related cirrhosis.

Table 3 Pretransplantation antiviral treatment in candidates with HCV infection: results of pilot studies.

Author Year Patients Treatment Dose reduction End of treatment Absence of recurrence Absence of recurrence
or interruption viral clearance after transplantation in those with viral 

clearance

Crippin et al. [45] 2002 15 IFN (9 pts) or – 33% 0%a –

IFN + riba (6 pts)

Forns et al. [47] 2003 30 IFN + riba 63%b 30% 20% 67%

Thomas et al. [46] 2003 20 IFN 15% 60% 20% 33%

IFN, interferon; riba, ribavirin; pts, patients.
aOnly two patients were transplanted at the end of the study and none was a responder.
bDiscontinuation of treatment in 20%.
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patients should be rapidly bridged to living donor liver trans-
plantation with targeted supportive care or should rather receive
a non-extended criteria (non-‘marginal’) deceased donor liver is
still debated.
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24.1 General surgical aspects and the 
risks of liver surgery in patients 
with hepatic disease
Jacques Belghiti and Satoshi Ogata

Introduction

The main goal of hepatic resection in patients with liver tumour
is to cure the patients with low operative risk. Throughout the
past two decades, substantial improvement in perioperative 
outcome after hepatic resection has been achieved, and the 
operative mortality rate is now typically less than 5% in major
hepatobiliary centres [1–3]. Better understanding of the seg-
mental liver anatomy and improved surgical techniques in 
controlling haemorrhage are considered to be the two most
important factors that have led to the reduction in mortality. 
In a study of 747 hepatectomies performed in the 1990s in our
centre, the operative mortality rate in patients with normal livers
was 1% compared with 8% among patients with diseased
parenchyma [2]. The higher risk of liver resection in a patient
with diseased parenchyma resulted from higher risk of operative
bleeding, higher risk of postoperative complications with a risk
of liver failure because of impaired liver regeneration. The 
vast majority of hepatocellular carcinoma (HCC) develops in
patients with chronic hepatitis and cirrhosis; cholangiocarci-
noma arising from the biliary confluence results in cholestatic
liver, and an increasing number of patients with liver metastasis
of colorectal cancer are operated on after receiving chemoth-
erapeutic agents that can induce parenchymal damage [4].
Moreover, a great number of patients with these hepatobiliary
malignancies present with advanced tumours that require major
hepatic resection. Therefore, careful preoperative assessment of
liver function reserve is of paramount importance in ensuring 
a low operative mortality. In this chapter, we describe general
surgical aspects and the risks of liver surgery in patients with
hepatic disease.

Resection in cirrhotic patients

Tumour status

By far the main indication for hepatectomy in the cirrhotic liver
is HCC. The vast majority of patients with HCC have abnormal

underlying parenchyma caused by chronic hepatitis B or C viral
infection. Chronic alcohol consumption, haemochromatosis
and obesity are the other causes of chronic liver disease (CLD)
associated with HCC. It has been shown that anatomical resec-
tion (including the tumour and its portal territory) achieves bet-
ter disease-free survival than limited resection [5,6]. Therefore,
anatomical resection should be the treatment of choice. Major
hepatectomy is required in some patients with large tumours or
with small tumours deeply located. Major resection in patients
with chronic liver diseases represents the most risky situation.

Careful preoperative evaluation of tumour status is essential
for the selection of appropriate patients with HCC for hepatic
resection. In our centre, we routinely perform chest X-ray, ultra-
sonography and helical contrast computerized tomography
(CT) scan for patients with a potentially resectable HCC.
Modern helical contrast CT scan provides good assessment of
the relationship of the tumour to major intrahepatic vessels, any
satellite tumour nodules, and tumour invasion of the inferior
vena cava, main portal vein or intrahepatic venous branches.

The usual criteria for hepatic resection with regard to the
tumour status include absence of extrahepatic metastasis and
absence of tumour thrombus in the inferior vena cava or main
portal vein. Large tumour size alone should not be considered 
a contraindication for hepatic resection [7,8]. Even in the pres-
ence of cirrhotic liver, extended hepatectomy for large HCC 
is justified on condition that the liver function reserve remains
satisfactory [9]. For small HCCs ≤ 5 cm in diameter without
macroscopic vascular invasion in a Child’s A cirrhotic patient,
there is a controversy regarding whether hepatic resection or
liver transplantation should be offered. Liver transplantation
results in a better disease-free survival compared with hepatic
resection [10–12]. In the presence of severe graft shortage, 
some authors, including our group, advocate hepatic resection
as the first-line treatment for some cirrhotic patients with small
HCCs and preserved liver function, and to reserve salvage trans-
plantation for recurrence or deterioration of liver function after
hepatic resection, which appears to be a feasible and rational
strategy [13,14].

1933
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Assessment of liver function reserve

Careful assessment of liver function reserve is critical in patient
selection for hepatectomy in the cirrhotic liver to avoid post-
operative liver failure and mortality. In most western centres, 
preoperative liver function is assessed by the Child–Pugh
classification (Table 1). Whatever the extent of resection, hepa-
tectomy is contraindicated in grade C patients. Limited resec-
tion of small superficial tumours is sometimes performed in
grade B patients. However, even in grade A cirrhotic patients,
with apparently normal liver function, the risk of liver surgery 
is increased and more sophisticated quantitative liver function
tests are needed. Other centres use more sophisticated quantit-
ative liver function tests such as the indocyanine green (ICG)
clearance test [3], galactose elimination capacity [15] and lido-
caine test [16] to predict the risk of postoperative liver failure in
patients with cirrhosis. Among these measurements, the ICG
clearance test, which seems to be the best single biological test
predicting mortality after hepatectomy [3,17], is not widely used
in western countries.

The levels of serum transaminases provide a reasonable
reflection of hepatitis activity. We have clarified that a level of
transaminases more than three times normal should be consid-
ered an absolute contraindication for major hepatectomy [18].
In those patients with markedly elevated serum transaminase
levels, any hepatectomy should be avoided or deferred until the
active hepatitis is under control, with lamivudine for hepatitis 
B-related hepatitis or interferon for hepatitis C-related hepatitis.
It has been shown that a high portal pressure is associated 
with a high postoperative risk [19]. Therefore, the presence of
oesophageal varices should be considered as a contraindication
to major liver resection. Among patients with CLD, the post-
operative risk is higher in those with cirrhosis (F4 fibrosis) than
in those with F3 fibrosis [20]. Therefore, we perform a preopera-
tive liver biopsy in all candidates for major liver resection in
order to evaluate the severity of hepatitis activity and for histo-
logical grading of fibrosis. In patients with F3 or F4 fibrosis
requiring major hepatectomy, preoperative portal vein
embolization should be performed to decrease morbidity [20].

Measurement of the volume of the remnant liver after
planned resection by CT volumetry has been shown to be 

helpful in selecting patients for major hepatic resection. A small
liver remnant volume was associated with worse postoperative
liver function and a higher complication rate after extended
hepatectomy [21]. The safety limit for the remnant liver volume
in patients with normal liver, which is around 30% of the total
non-tumorous or functional liver volume, is much higher in
patients with CLD. The safety limit in terms of remnant liver
volume in patients with CLD has not been clearly documented,
and it will certainly vary depending on the severity of cirrhosis,
which could influence the regeneration capacity of this diseased
parenchyma.

Role of preoperative portal vein embolization
(PVE)

For patients who require major or extended hepatectomy but
have inadequate remnant liver volume, preoperative PVE could
be used to induce hypertrophy of the remnant liver [21,22].
There is a general concern that preoperative PVE may be less
effective in the cirrhotic liver compared with the normal liver
because of the impaired regenerative capacity of the cirrhotic
liver, as demonstrated in an early study [23]. However, a few
recent studies have demonstrated that preoperative PVE is 
effective in inducing hypertrophy of the remnant liver and
decreasing postoperative complications in patients with cir-
rhotic livers undergoing hepatic resection for HCC [20,24].

Our centre also employed PVE in selected patients with F3 
or F4 cirrhosis who were undergoing major hepatectomy. This
procedure is well tolerated, but the degree of hypertrophy varies
according to the degree of fibrosis and to the severity of cirrhosis
[25]. Absence of hypertrophy of the future liver remnant (FLR)
should be considered as an absolute contraindication for hepatic 
resection [20]. In a recent study, we showed that preoperative
sequential transarterial chemoembolization and portal emboliza-
tion increased the hypertrophy of the FLR. Additionally, we
found a clear relationship between the rate of hypertrophy and
postoperative risk after major hepatectomy in cirrhotic patients.
After right hepatectomy for HCC, all the postoperative deaths
and the majority of severe complications were experienced in 
F4 patients with < 10% increase in FLR. The vast majority of 
F3 patients had a hypertrophy rate of > 5%; none of these
patients died and only 10% had major complications. Based 
on these observations, we propose that a minimum increase of
5% in the FLR in F3 patients and a minimum increase of 10% in
the FLR in F4 patients is essential to perform right hepatectomy
with no mortality and acceptable morbidity in cirrhotic patients.
Thus, preoperative portal embolization is useful not only for
increasing safety but also for patient selection in cirrhotic
patients requiring major hepatectomy [26].

Intraoperative technique

Substantial improvement in the surgical techniques of hepatic
resection in the past decade, including less parenchymal injury,

Table 1 Pugh’s modification of Child’s grading of cirrhosis.

Measurements 1 point 2 points 3 points

Bilirubin (mmol/L) 17–34 35–50 > 50

Prothrombin time 1–3 4–6 > 6

prolongation (s)

Albumin (g/L) > 35 28–34 < 28

Ascites None Mild Moderate to severe

Encephalopathy None Grade 1 or 2 Grade 3 or 4

Child’s A, 5–6 points; B, 7–9 points; C, 10–15 points.
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has resulted in a dramatic decline in the operative mortality of
hepatic resection for HCC.

Intermittent inflow occlusion
During liver resection, reducing blood loss and transfusion 
is essential. The poor tolerance of the cirrhotic liver to warm
ischaemia has led many authors to contraindicate inflow occlu-
sion in patients with cirrhosis. However, it has been demon-
strated that intermittent inflow occlusion with periods of 15 min
of clamping and 5 min of unclamping was well tolerated [27].
This method, which minimizes intraoperative bleeding, can be
repeated safely for up to 90 min in cirrhotic patients with good
liver function.

Anterior approach
When liver tumours are large, the use of conventional tech-
niques usually requires forceful retraction and mobilization of
the liver with possible disadvantages including compression of
both right and left lobes and tumour dissemination. The ‘ante-
rior approach’ is a new technique that does not require liver
mobilization [28]. After hilar control of the vascular inflow, 
and without prior mobilization of the right lobe containing 
the tumour, the parenchymal plane is transected directly from
the anterior surface of the liver down to the anterior surface 
of the inferior vena cava (IVC). After anterior approach of the
parenchyma, and the control of all venous tributaries including
the right hepatic vein, the right lobe is mobilized and resected
without forceful retraction of both right and left lobes. This
approach reduces the intraoperative blood loss, blood transfu-
sion, hospital death rate, pulmonary metastases and recurrence
compared with the conventional approach [28]. The ‘hanging
manoeuvre’ is an extension of the anterior approach [29].
During this manoeuvre, the liver is raised away from the anterior
surface of the IVC by a tape. The anteroposterior parenchymal
transection is then facilitated by upward traction on the tape
(hanging the liver parenchyma anteriorly) placed in front of the
retrohepatic vena cava, which allows the following of a direct
plane, and facilitates exposure and haemostasis of the transected 
posterior parenchymal in front of the IVC. This technique can
be used in patients both with normal livers or CLD and is con-
traindicated for large tumours invading the vena cava and in 
the presence of multiple adhesions between the prehepatic liver
parenchyma and the anterior surface of the retrohepatic vena
cava [30].

Assessment of postoperative liver failure

Although several clinical and biological factors such as ascites,
encephalopathy, jaundice, prolonged prothrombin time, hyper-
bilirubinaemia and hypoalbuminaemia are markers of impaired
liver function, there is neither a standardized definition of 
postoperative liver failure (PLF) nor precise data on its correla-
tion with postoperative mortality. The need for standardiza-
tion of PLF is important. Prothrombin time and serum total

bilirubin level (SB), which are two biological indicators of liver
dysfunction in the Child–Pugh score (and also two of the three
components of the MELD score), are not readily usable postop-
eratively, as there is a natural impairment of liver function tests
during the first postresection days. We found that, on postop-
erative day 5, the association of prothrombin time < 50% and 
SB > 50 µml/L (the ‘50–50 criteria’) was a simple, early and
accurate predictor of more than 50% mortality rate after hepate-
ctomy [31]. Moreover, these biological criteria could be identified
early enough before clinical evidence of complications appeared,
allowing institution of specific intervention. Postoperative com-
plications including portal thrombosis, ascites and pulmonary
infection are difficult to diagnose and result in late mortality.
Early recognition of this state is an important issue allowing 
the discovery and treatment of these complications. Moreover,
such criteria might precipitate the use of a liver assist device 
with appropriate timing.

Resection in patients with obstructive
jaundice

Preoperative percutaneous transhepatic
biliary drainage (PTBD)

Obstructive jaundice is another problem found in patients
requiring major liver resection. Although this problem is com-
monly seen in patients with hilar cholangiocarcinoma (HCCC),
obstructive jaundice can also be seen in patients with HCC or 
in patients with unfavourably situated metastatic lesions that
compress the bile ducts. Several reports have shown that liver
resection in patients with complete obstructive jaundice and
cholangitis is associated with severe complications, including
intraoperative bleeding, postoperative subphrenic abscesses due
to biliary fistula and liver failure [32]. The roles of preoperative
biliary drainage are: (i) to decrease the bilirubin level; (ii) treat-
ment of biliary infection; (iii) better assessment of the extent of
carcinoma; and (iv) better hypertrophy after PVE. This tech-
nique also has adverse effects such as: (i) risk of tumour seeding;
(ii) risk of bleeding due to hepatic puncture; (iii) risk of infec-
tion; and (iv) prolongation of hospital stay. The advantage of
preoperative PTBD was not demonstrated in controlled studies
[33,34]. Although very few patients underwent liver resection 
in these controlled studies, it is likely that patients with early
jaundice could tolerate major hepatectomy without preoperat-
ive biliary drainage. Results of Japanese series showed that pre-
operative PTBD increased the resectability and tolerance after
hepatectomy [35,36]. Therefore, for 10 years, we have followed
the Japanese strategy of preoperative percutaneous biliary
drainage including better assessment with cholangiography via
PTBD.

The procedures of preoperative biliary drainage are also
debated. Although successful and complete plastic endoscopic
retrograde biliary drainage (ERBD) may achieve efficient drainage
with low morbidity and a shorter hospital stay, this procedure is
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rarely feasible in patients with complete obstruction with
involvement of the secondary biliary ducts [37]. The high qual-
ity of images provided by magnetic resonance imaging (MRI)
and technical improvement with refined catheters may increase
the indication for ERBD. MRI permits excellent visualization of
hepatic parenchymal abnormalities, as well as the visualization
of the biliary tree and vascular structures [38]. Because MRI is
non-invasive and does not involve exposure to radiation, it may
replace CT, angiography and cholangiography via PTBD.

There are two ways of performing PTBD, either unilateral 
or bilateral. Our tendency is to perform unilateral PTBD in 
the future remnant liver. When segmental cholangitis cannot 
be controlled after technically successful hemihepatic biliary
drainage, additional biliary drainage is performed to drain the
septic territory [36].

Role of preoperative portal vein embolization

In patients with obstructive jaundice considered for right 
hepatectomy with FLR < 40% of the total liver, PVE is indicated
[36]. After efficient biliary drainage decreasing the bilirubin
level to < 50 µmol/L, right PVE is performed percutaneously.
HCCC involving one portal vein and/or patients requiring cen-
tral hepatectomy (S4, S5 and S8) are not considered for PVE.
It takes over 4 weeks to resolve jaundice by PTBD and, after PVE,
it takes an additional 4 weeks for sufficient hypertrophy of FLR.

Resection in patients with fatty liver

Diabetic patients, obese patients and patients receiving
chemotherapy are all subject to developing hepatosteatosis
[37–39]. In obese patients, a fatty liver has been shown to be a
risk factor for hepatic fibrosis, cirrhosis and, potentially, for the
development of HCC [38–40]. In both the diabetic patient and
the obese patient with insulin resistance, it has been well estab-
lished that insulin is a factor associated with liver regeneration,
and that the regenerative capacity of the liver after resection is
diminished in its absence [39,41–43].

In a review of patients following major hepatectomy, 
Behrns et al. [44] have shown a significant increase in both post-
operative liver failure and death in patients with mild (< 30%
hepatocytes involved) and moderate/severe (> 30% hepato-
cytes involved) steatosis. Obesity with a body mass index (BMI)
of more than 33 and elevated preoperative bilirubin were 
both found to be risk factors for poor outcome. It has been
shown that a BMI of more than 30 and the administration 
of preoperative chemotherapy were significant indicators of
steatosis [45]. Furthermore, steatosis was an independent pre-
dictor of postoperative complications [45].

More and more patients currently undergoing liver resection
for colorectal liver metastases have previously been treated with
chemotherapy. In selected patients with unresectable meta-
stases, disease may be downstaged by systemic or intra-arterial
chemotherapy to the point that liver resection can be performed

[46]. Preoperative chemotherapy is already used in practice in
many institutions prior to resection for both synchronous (dur-
ing the delay between resections of the primary tumour and the
metastases) and metachronous (as a ‘neoadjuvant’ treatment)
resectable liver metastases, although the principle of the method
has not, to date, been formally validated. There has been a long
history of reports supporting the notion that most chemothera-
peutic agents can cause hepatic damage. Therefore, recognition
of chemotherapy-associated steatohepatitis (CASH) is required
before major resection in patients with colorectal metastasis
treated with chemotherapy [4]. According to our experience,
specific preoperative radiological or biological assessment failed
to identify histological changes. Therefore, we advocate non-
tumorous liver biopsy, and we consider PVE preoperatively 
similarly to patients with CLD. As mentioned above, this serves
to improve future liver remnant volume, but also verifies the
regenerative capacity of the fatty liver before hepatectomy.
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The objective of this chapter is to review the specific problems
posed by liver disease in terms of anaesthesia and surgery, to
define the pathophysiological consequences of hepatic damage
and to identify potential risk factors. General guidelines for drug
usage and the anaesthetic management of these patients will be
presented, together with recommendations for the management
of specific liver surgery including hepatic resection and liver
transplantation.

Risk assessment

Surgery in patients with advanced liver disease still carries a
significant risk of morbidity and mortality despite the advances
in surgery, anaesthesia and intensive care that have occurred 
in the last two decades. The risk is determined by the type of
surgery and the nature and severity of liver disease. Child–
Pugh’s classification, which reflects the functional reserve of the
liver, remains the standard by which patients with chronic liver
disease are assigned a risk assessment score preoperatively. Early
reports in the 1980s reported mortality rates as high as 80% in
patients undergoing cholecystectomy with Child’s C cirrhosis
[1]. In a retrospective analysis of risk variables of survival 
after abdominal surgery in cirrhotic patients, Garrison et al. [2]
reported serum albumin level, leucocytosis and an increased
prothrombin time to be the most sensitive indicators of peri-
operative mortality independent of the Child–Pugh score. In
their study, patients with Child class A, B and C cirrhosis had
mortality rates of 10%, 31% and 76% respectively. The most
common causes of perioperative mortality reported in all studies
were haemorrhage, sepsis and liver failure.

Surgery in patients with Child’s C cirrhosis carries a pro-
hibitively high morbidity and mortality. Child’s A cirrhosis is
thought to have a relatively low risk, but a recent retrospective
review of 50 cirrhotic patients with Child’s A classification 
undergoing total knee arthroplasty showed that, compared with
control subjects, the cirrhotic patients had significantly more
blood loss, longer hospital stays, more complications and higher
mortality. A history of hepatic decompensation or variceal
bleeding was an independent predictor of complications [3].

Improving the patient’s preoperative status can have a
significant impact on outcome and reduce perioperative 
morbidity and mortality [4]. This requires a multidisciplinary
approach and liaison between hepatologists, anaesthetists and
the surgical team. Acute hepatitis is associated with an increased
operative risk and perioperative mortality [5] and, whatever 
the underlying cause, it is always prudent to postpone elective
surgery.

Pathophysiological consequences of
liver disease

Anaesthetic implications

Cardiovascular
Advanced liver disease is associated with a hyperdynamic cir-
culation characterized by increased cardiac output (CO), low
systemic vascular resistance (SVR) and increased blood volume.
These patients also exhibit a relative insensitivity to vasocon-
strictors [6]. The magnitude of the haemodynamic changes is
related to the severity of the liver disease and results from the
impaired clearance or increased production of vasoactive sub-
stances [nitric oxide (NO), endotoxins and vasoactive peptides]
by the failing liver. In addition, there may be extensive arterio-
venous and portosystemic shunts.

Many cirrhotic patients have evidence of impaired myocar-
dial contractility [cirrhotic cardiomyopathy (CCM)] [7], which
may only become apparent when afterload is increased and the
myocardium is stressed. Cardiac function appears to be normal
at rest, as the low SVR in endstage liver disease (ESLD) enables 
a high CO to be maintained despite the reduced contractility. 
An impaired response to stress demonstrated by a fall in ejec-
tion fraction on dobutamine stress echocardiography (DSE) is
indicative of cirrhotic cardiomyopathy.

Portopulmonary hypertension (PPHTN) is a specific con-
dition characterized by an elevated pulmonary arterial pressure
(PAP) in a setting of underlying portal hypertension. The
reported incidence of PPHTN is in the range 5–10% [8]. Many
patients are asymptomatic; however, a history of dyspnoea on
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exertion is highly suggestive of pulmonary hypertension in the
absence of any other obvious cause. PPHTN can be categorised
as mild, moderate and severe. In a retrospective review of 1205
patients undergoing orthotopic liver transplantation (OLT),
mild (systolic PAP = 30–44 mmHg) and moderate (systolic PAP
= 45–59 mmHg) pulmonary hypertension did not influence
outcome following OLT. In contrast, severe PHTN (systolic
PAP > 60 mmHg) was associated with progressive right heart
failure and a mortality of 70% [9]. Transthoracic echocardio-
graphy is used for preliminary screening and diagnosis of pul-
monary hypertension. If there is evidence of PPHTN, right heart
catheterization is indicated. The reactivity of the pulmonary 
vasculature to short-acting vasodilators such as prostacyclin or
NO should also be assessed at this time, but many patients dem-
onstrate little if any response [10]. Evidence of right ventricular
hypertrophy is generally considered to be a contraindication for
transplantation.

The longstanding belief that cirrhosis is rarely associated with
coronary artery disease (CAD) has now been refuted; a preva-
lence of 27% has been reported in liver transplant candidates
over 50 years of age [11]. DSE is the most widely accepted
screening test for these patients. If significant inducible
ischaemia is observed, coronary angiography is required. Single-
vessel disease (other than left main stem) does not appear to
increase perioperative mortality. Significant CAD will require
revascularisation, ideally by interventional (stenting) rather
than surgical means.

Respiratory
Alterations in gas exchange are common in patients with ESLD.
Many patients, particularly those with alcoholic aetiology, 
are or have been smokers. Pleural effusions are found in 10% 
of cirrhotics. The presence of ascites and/or pleural effusions
reduces tidal volume, vital capacity and functional residual 
volume, and a compensatory tachypnoea often results in respir-
atory alkalosis.

Hepatopulmonary syndrome (HPS) describes the functional
changes that occur in the pulmonary vasculature in association
with cirrhosis. There is a spectrum of abnormality from mild
hypoxaemia associated with impaired hypoxic vasoconstriction
and low pulmonary vascular tone to severe hypoxaemia from
shunts and diffusion–perfusion defects. The prevalence of HPS
is variously reported as 4–20% of liver transplant candidates
[12]. Oximetry will show improvement in supine vs. upright
measurements (orthodeoxia). The hypoxaemia is usually readily
improved by 100% oxygen. The condition can be diagnosed by
contrast-enhanced echocardiography or pulmonary angiography.

Before anaesthesia and surgery are contemplated, a complete
assessment of the respiratory system must be made. Attempts
should be made to improve respiratory function with physio-
therapy, antibiotics and drainage of ascites and/or hydrothorax.
The presence of marked muscle wasting, as a result of malnutri-
tion, is an indication that the patient may require ventilatory
support postoperatively.

Renal
In the presence of chronic liver disease, there is enhanced tubular
reabsorption of sodium, increased renin–angiotensin activity,
decreased glomerular filtration rate and decreased renal cortical
perfusion. Urinary water excretion is also impaired. This com-
bination of sodium retention and water retention often results
in hyponatraemia because the water retention is proportionally
greater than the sodium retention. In addition, prerenal
insufficiency is not uncommon, owing to the use of diuretics
and the presence of tense ascites.

Hepatorenal syndrome (HRS) is a form of functional renal
failure seen in patients with endstage liver disease characterized
by an increased creatinine level, oliguria and a low urinary
sodium (< 10 mEq/L) in the presence of histologically normal
kidneys. There is a decrease in renal perfusion as a result of 
the reduced SVR and increased intrarenal vasoconstrictors
(leukotrienes, thromboxanes, endothelins). Patients with HRS
are excessively sensitive to insults such as volume depletion or
hypotension; consequently, maintenance of normovolaemia and
adequate renal perfusion pressure is critical. Vasopressors may
be necessary to maintain an adequate mean arterial pressure.
Terlipressin (glypressin), a synthetic analogue of vasopressin,
has been shown to significantly improve renal function and 
systemic haemodynamics in patients with HRS [13].

Acute tubular necrosis is more common than HRS in cirrhotic
patients. Contributory factors are surgery, a high bilirubin (> 120
µmol/L), endotoxaemia (especially Gram-negative bacteria),
the use of some aminoglycoside antibiotics, aggressive diuretic
therapy and hypotension. The benefit (or otherwise) of using
dopamine for renal protection is somewhat controversial [14].

Both blood urea concentration and serum creatinine may 
be unreliable indicators of the extent of renal dysfunction in
patients with liver disease, with misleadingly low values because
of impaired hepatic urea synthesis and reduced muscle mass due
to malnutrition. A creatinine clearance measured before major
surgery gives helpful information on renal function.

Electrolyte imbalance
Hypokalaemia is common because of diuretic therapy,
decreased intake, metabolic alkalosis, diarrhoea and vomiting,
secondary hyperaldosteronism and renal tubular defects.
Hypomagnesaemia is also common in cirrhotics and alcoholic
patients; contributory factors include poor diet, secondary
hyperaldosteronism, direct effects of alcohol on magnesium
excretion and loop diuretics.

Hyponatraemia tends to reflect the magnitude of the haemo-
dynamic changes and the severity of liver disease. Water restric-
tion and reduced diuretic dosage are usually sufficient measures
but, in cases of refractory hyponatraemia, slow correction by
haemofiltration has been advocated [15]. Rapid reversal of
hyponatraemia can result in central pontine myelinolysis [16].

Glucose homeostasis
The liver plays an essential part in glucose homeostasis.
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Hypoglycaemia is frequently severe in patients with fulminant
hepatic failure because of depletion of glycogen stores and
impaired gluconeogenesis. These patients will usually require
prophylactic dextrose infusions; hypertonic (20–50%) glucose
solutions are preferable in order to reduce the water load. 
In contrast, in chronic liver disease, mild hyperglycaemia and
glucose intolerance are usual. Insulin resistance is known to
occur at or beyond the receptor level [17]. Diabetes mellitus can
result from chronic liver disease, especially with autoimmune
chronic active hepatitis and haemochromatosis.

Acid–base disturbances
Combined respiratory and metabolic alkalosis is the commonest
acid–base abnormality seen in patients with liver disease. The
respiratory component is due to tachypnoea, and the meta-
bolic component results from hypokalaemia, vomiting and
potassium-losing diuretics. Hypochloraemic acidosis can be
caused by potassium-sparing diuretics such as spironolactone.
Hepatic metabolism of lactate plays an important part in 
normal acid–base homeostasis, with over 70% of lactate being
removed by the liver, mainly by gluconeogenesis. Marked hyper-
lactaemia (> 10 mmol/L) is a feature of fulminant liver failure 
or massive ischaemic injury, and is a grave prognostic sign.

Coagulation
Impaired haemostatic function in patients with liver disease
results from a number of factors, some or all of which may be
present, depending on the nature and severity of the underlying
disease process. These include vitamin K deficiency (factors II,
VII, IX and X), reduced hepatic synthesis of coagulation factors
and inhibitors, a low-grade disseminated intravascular coagula-
tion, enhanced fibrinolytic activity and quantitative as well as
qualitative platelet defects. Fibrinogen synthesis is abnormal in
cirrhosis with dysfibrinogenaemia. Patients with hepatocellular
disease (cirrhosis, chronic active hepatitis) have much greater
derangement of coagulation than those with cholestatic disease
[18,19]. Enhanced fibrinolysis is common in cirrhosis related to
an imbalance between high levels of tissue plasminogen activ-
ator (tPA) relative to plasminogen activator inhibitor (PAI) 
[20] and/or decreased levels of alpha-2-antiplasmin.

Hepatic encephalopathy
Hepatic encephalopathy is a neuropsychiatric disorder asso-
ciated with the accumulation of toxic substances that are not
cleared by the failing liver. There are also changes in the
blood–brain barrier, changes in neurotransmitter concentra-
tions, such as gamma-aminobutyric acid (GABA), and altered
cerebral metabolism. Although the mediators involved in the
development of encephalopathy in acute and chronic liver 
disease may be similar, there are some important differences. 
In chronic liver disease, encephalopathy is usually associated
with portosystemic shunting, and there is generally an obvious
precipitating cause such as gastrointestinal haemorrhage, pro-
tein loading, hypokalaemic alkalosis or sepsis. Cerebral oedema

is relatively unusual in chronic liver disease but occurs in up to
80% of patients with acute liver failure. Both vasogenic and cyto-
toxic mechanisms are involved. Brainstem herniation caused by
high intracranial pressure is a frequent cause of death in patients
with acute liver failure, and monitoring of intracranial pressure
is recommended if the patient is in grade IV coma or ventilated
and awaiting transplantation [21].

Liver disease and anaesthetic drugs

Severe liver disease alters the pharmacokinetics and phar-
macodynamics of many of the drugs used in anaesthesia, in
some cases in a relatively unpredictable fashion. All drugs, there-
fore, should be used with thought and a degree of caution in
patients with hepatic dysfunction [22].

General factors that can cause substantial alterations in phar-
macokinetics include: an increased distribution volume, low-
ered serum albumin with decreased protein binding, alterations
in liver blood flow and reduced drug metabolism and excretion.
In general, drugs that undergo oxidative metabolism (phase I
biotransformation) have their clearance reduced in proportion
to the other indices of quantitative liver function. These reac-
tions are mediated by cytochrome P-450 enzymes located mainly
in hepatocytes around the central vein. Drugs that are con-
jugated (phase II biotransformation) usually have normal phar-
macokinetics, even in the presence of severe liver disease [23].
Concomitant renal dysfunction in patients with advanced liver
disease can further interfere with the metabolism and elimina-
tion of drugs [24].

Benzodiazepines
Liver disease is known to enhance cerebral sensitivity to all psy-
chotropic drugs. There is upregulation of GABA receptors on
the neuronal membrane adjacent to benzodiazepine receptors
[25]. Although the central nervous depressant effect of the ben-
zodiazepines is increased and their metabolism may be altered,
benzodiazepines have a wide therapeutic index, and should not
be arbitrarily avoided if they can contribute to the therapeutic
management of the patient.

Analgesics
Alterations in the endogenous opioid system have been reported
in patients with liver disease, and morphine administration may
precipitate episodes of encephalopathy. Both morphine and 
fentanyl can safely be used in patients with mild cirrhosis. Alfen-
tanil is highly bound to alpha-1-glycoprotein, which is reduced 
in liver disease and, as its clearance is reduced and volume of 
distribution increased, its duration of action is increased.
Remifentanil is metabolized by tissue and red cell esterases and
is not dependent on hepatic function for elimination. Non-
steroidal anti-inflammatory drugs should be avoided as they can
precipitate acute renal failure in patients with cirrhosis. There is
no contraindication to the use of paracetamol (acetaminophen)
in therapeutic doses in the presence of stable chronic liver 
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disease, but caution should be exercised in patients with alcoholic
liver disease because excessive alcohol intake may potentiate the
hepatotoxic effect of paracetamol.

Neuromuscular blocking drugs (NMBs)
Plasma pseudocholinesterase concentrations are reduced in
liver disease, resulting in slightly increased duration of action of
suxamethonium and mivacurium. Atracurium is the relaxant of
choice in liver disease as its metabolism is independent of hep-
atic metabolism, occurring by Hoffman elimination and ester
hydrolysis. Steroid-based NMBs, e.g. vecuronium and rocuro-
nium, are metabolized in the liver, and their duration of action is
prolonged in liver disease. The increased volume of distribution
will cause a relative resistance to the initial dose of all relaxants.

Inhalational anaesthetics
Desflurane has many characteristics that recommend its use in
liver disease: it undergoes minimal biotransformation (< 0.2%),
the hepatic artery buffer response is maintained intact and
splanchnic blood flow is higher than with similar minimum
anaesthetic concentration (MAC) values of isoflurane [26].
Isoflurane and sevoflurane are also suitable: they have similar
haemodynamic effects and maintain the relation between hep-
atic oxygen supply and uptake better than either halothane or
enflurane [27]. It is well established that the inhalational agents
will cause a reduction in hepatic flow [28], but major changes in
hepatic blood flow are related more to the operation performed
rather than to the anaesthetic agent used [29]. Thus, provided 
an adequate perfusion pressure and oxygen delivery are main-
tained, the effects of the inhalational agents are of only minor
significance compared with the surgery itself. Halothane is best
avoided because of its known hepatotoxicity [30,31]. Recent
case reports indicate that all fluorinated anaesthetics have the
potential to cause acute hepatic damage.

Anaesthetic management of major liver
surgery

The main anaesthetic considerations include the presence of
hepatic disease, the need to protect hepatic function, altered drug
handling, electrolyte and metabolic changes, haemodynamic
disturbances as a result of surgical manipulations and the ever-
present risk of sudden and massive blood loss. In addition, there
are often major haemostatic defects resulting from impaired liver
function, compounded by the effects of dilutional coagulopathy.

Liver resection

Elective resection is usually performed to remove a solitary
metastatic tumour, most commonly from a colonic primary. In
recent years, the surgery has become more complex with multi-
ple, non-anatomical resections performed. Also, more patients
are being accepted with abnormalities of the liver parenchyma,
commonly as a complication of chemotherapy.

Full invasive monitoring [central venous pressure (CVP) and
arterial pressure lines] and adequate intravenous access (8 FG)
for rapid transfusion is mandatory. Blood loss is a major prob-
lem with some of the more difficult resections, and various tech-
niques have been developed to reduce the need for transfusion.
These include the use of lower haemoglobin transfusion triggers,
keeping the CVP low [32], and careful resection techniques using
ultrasonic dissection, an argon beam coagulator, harmonic
scalpels and tissue sealants. Vascular occlusion techniques (con-
tinuous or intermittent portal triad clamping) and total vascular
exclusion are effective in decreasing blood loss, but prolonged
ischaemia and reperfusion injury may cause liver damage. There
is some evidence that N-acetylcysteine will provide a degree of
protection from ischaemic reperfusion injury following vascular
occlusion [33]. There is also increasing interest in ischaemic pre-
conditioning to attenuate the potentially damaging effects of
vascular occlusion, and benefits have been described in patients
undergoing major resections [34,35].

Prophylactic administration of aprotinin during liver resec-
tion has been shown to reduce blood loss and transfusion
requirements [36]. Recombinant factor VIIa may be useful as
‘rescue’ therapy where there is uncontrolled blood loss; how-
ever, its prophylactic use cannot be recommended as a recent
study failed to demonstrate any difference in blood loss or trans-
fusion requirements between the treatment and the placebo
group, together with concerns that it may increase the risk 
of thrombotic events [37]. Although the coagulation profile in
patients undergoing resection is usually normal or even hyper-
coagulable, dilution coagulopathy is a risk with high-volume
transfusion. Prolongation of the prothrombin time (PT) for sev-
eral days postoperatively is common on account of the remain-
ing liver’s reduced capacity to produce clotting factors, as there
is loss of hepatic parenchyma together with variable degrees of
postresection liver dysfunction.

Analgesia
A thoracic epidural with an opiate and low-dose bupivicaine
mixture is effective for postoperative analgesia; however, as the
PT is usually increased for 2–3 days after liver resection, care
must be taken with the timing of catheter removal. It is of note
that the analgesic requirements of live related donors appear 
to be higher than in those patients undergoing resection for
tumours [38]. As a result of the longer surgical duration for
donor hepatectomy, neuroplasticity may play a role in exagger-
ated postoperative pain perception along with various psycho-
logical factors.

Orthotopic liver transplantation

Anaesthesia for liver transplantation

In the absence of encephalopathy, oral temazepam can be given
approximately 2 h preoperatively. Preoxygenation and rapid
sequence induction may be necessary in patients with tense
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ascites or obtunded neurology. Both propofol and thiopentone
are suitable induction agents. Maintenance is with an air/oxygen
mixture together with isoflurane or desflurane. Ventilation should
be set to minimize basal atelectasis (positive end-expiratory
pressure 5 cmH2O). Nitrous oxide is avoided to reduce bowel
distension, bubble formation with venovenous bypass (VVB)
and cardiovascular depression. Increasing interest in ‘fast track-
ing’ for suitable patients has led to the use of shorter acting
drugs, e.g. remifentanil. The use of epidurals in OLT for post-
operative analgesia is somewhat contentious. While coagulation
profiles may be acceptable preoperatively in certain patients 
(e.g. primary biliary cirrhosis), there is no guarantee that coagu-
lopathy will not occur subsequently. Also, the analgesic require-
ments of liver transplant patients immediately postoperatively
are usually very much less than those of patients who have
equivalent major surgery such as liver resection [39].

Cardiovascular monitoring and venous access
The requirement to infuse large volumes of fluid rapidly neces-
sitates dedicated wide-bore (e.g. Vygon 8/10 FG) transfusion
cannulae. A quad-lumen central venous catheter is used for drug
infusions and central venous monitoring. Pulmonary arterial
flotation catheters are essential in patients with known pul-
monary hypertension and can give valuable additional informa-
tion (pulmonary capillary wedge pressure, CO, SVR, myocardial
Vo2 saturation) in all patients. Less invasive techniques for 
cardiac output monitoring include oesophageal Doppler and
pulse counter analysis. Transoesophageal echocardiography
(TOE) is used increasingly in many centres for haemodynamic
assessment. Inferior vena caval pressure monitoring can give
useful information about renal perfusion pressure [40].

Specific anaesthetic problems related to liver
transplantation

Cardiovascular
Although most patients with cirrhosis have a hyperdynamic 
circulation with a high CO and a low SVR, vasopressors are not
generally required except at the time of reperfusion when these
changes may become even more profound. The anhepatic phase
is associated with significant haemodynamic changes resulting
from the cross-clamping of the inferior vena cava. This typically
causes a 50% reduction in cardiac index (CI), but mean arterial
pressure (MAP) is generally well maintained because of the
compensatory increase in SVR. Most patients tolerate cross-
clamping provided they are normovolaemic or slightly hyper-
volaemic before clamping. VVB has been shown to maintain
venous return and cardiac filling pressures during the anhepatic
phase; however, it limits rather than prevents the fall in CO [41].
Caval preservation techniques are increasingly used in many
centres with the advantage that they limit the cardiovascular
changes that occur and may reduce the need for VVB. At 
reperfusion, transient haemodynamic instability, mainly due to
systemic vasodilation, is well recognized following reperfusion

of the grafted liver. Where this effect is pronounced, it is called
‘post-reperfusion syndrome’ [42]. It is a result of the sudden
release of ischaemic metabolites, cytokines and air emboli from
the grafted liver and congested splanchnic circulation. In the
majority of patients, the changes are transient; however, in a
small percentage, the haemodynamic changes persist for sev-
eral hours and require vasopressor support.

Renal
Patients undergoing OLT are at high risk of developing post-
operative renal dysfunction. Factors that have been implicated
include pre-existing renal dysfunction, acute changes in 
intraoperative haemodynamics and pharmacological agents
influencing renal function (immunosuppressants, aminoglyco-
side antibiotics, etc.) and increased intraoperative transfusion of
blood products. Markers of decreased glomerular filtration and
tubular damage have been demonstrated in all patients during
OLT, particularly in the anhepatic period [43]. Renal protective
measures such as dopamine, mannitol and frusemide have all
been used, although their efficacy is unproven. Although there
are theoretical reasons for advocating the use of VVB (more 
stable haemodynamics and improved renal perfusion pressure)
in patients with compromised renal function, evidence to date
has failed to demonstrate any significant benefit [44].

Electrolyte and acid–base balance
Repeated analysis of blood gases and determination of ionized
calcium, magnesium, potassium, sodium and glucose are essen-
tial during liver transplantation. Although many patients pre-
sent with low potassium (< 4.0 mmol/L), this should be treated
cautiously because of the sudden increase in potassium that 
can accompany reperfusion. Hypomagnesaemia is a common
finding and may increase the risk of perioperative dysrhythmias
unless corrected. Ionized hypocalcaemia resulting from citrate
toxicity with the transfusion of large amounts of citrated blood
and products can reduce myocardial contractility causing hypo-
tension. Calcium chloride (not gluconate) should be given to
maintain the ionized calcium at levels above 1.0 mmol/L.

Lactate levels rise progressively during the anhepatic stage 
and immediately after reperfusion. If graft function is good, the
lactate acidosis will correct spontaneously within a few hours.
Persistence of lactic acidosis is indicative of seriously impaired
graft function [45].

Hypothermia
Potential causes of hypothermia during OLT include heat loss
during presurgical preparation, evaporative loss, use of veno-
venous bypass without a heat exchanger, massive fluid replace-
ment and reperfusion of the cold donor graft. Hypothermia 
(< 36°C) will exacerbate any coagulopathy. Methods of minim-
izing heat loss include the use of humidified anaesthetic gases,
warming all intravenous fluids, heated underblankets and warm
air convective warming blankets. It is of note that moderate
hypothermia has recently been advocated for cerebral protection
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in patients with acute liver failure undergoing OLT as it attenu-
ates the intracranial pressure surges that can occur during the
procedure [46].

Blood loss and transfusion
Early transplants were frequently complicated by massive blood
loss, and transfusion of 40 units or more was not unusual. By
2004, the average transfusion for OLT was 3–4 units, with up to
one third of patients receiving no red cell transfusion at all [47].
However, blood losses remain highly variable, and massive
transfusion remains a problem in a proportion of OLT cases.
Clotting data have not been found to be independent predictors
of high blood loss in a number of studies [48]. The ability to
rapidly infuse large volumes of warm transfusion fluids is cru-
cial, and there are several systems that meet this requirement,
e.g. the Fluid Management System (Belmont Instruments),
which has a fluid reservoir, air and high-pressure alarms and can
transfuse warmed fluids at rates up to 500 mL/min. Estimation
of blood loss can be difficult, and transfusion requirements
should be guided by intravascular filling pressures and serial
haematocrit estimations. Autotransfusion systems are useful in
OLT, but it is recommended that sodium citrate rather than
heparin is used in the wash solution [49].

Coagulation
The type and severity of liver disease is a major determinant 
of the nature and extent of any pre-existing coagulopathy.
Haemodilution will worsen any intrinsic haemostatic deficien-
cies. During the anhepatic period, there is a marked increase in
tPA activity due to absent hepatic clearance. Reperfusion is asso-
ciated with profound changes in coagulation, much of which is
qualitative, transient and corrects spontaneously with the onset
of graft function. Aggressive fibrinolysis can develop towards the
end of the anhepatic period and after reperfusion and, conse-
quently, the use of antifibrinolytics has been advocated in OLT.
The synthetic antifibrinolytics [ε-aminocaproic acid (EACA)
and tranexamic acid] reduce fibrinolysis, but have inconsistent
effects on blood loss. Aprotinin, a naturally occurring serine
protease inhibitor, is a potent antifibrinolytic, the mechanism of
which appears to be dose related. A randomized controlled trial
(RCT) of low-dose infusion (200 000 kIU/h) vs. control subjects
demonstrated reduced fresh frozen plasma (FFP) usage and a
reduced incidence of fibrinolysis, but no difference in red cell
usage [50]. Porte et al. [51], in a larger multicentre RCT, demon-
strated a significant reduction (40%) in intraoperative blood
loss in patients given high-dose aprotinin. There are some 
concerns about adverse effects, including anaphylaxis and the
potential (but unproven) risk of increased thromboembolic
events. Recombinant factor VIIa has also been used in OLT and
in acute liver failure. While it shortens prolonged prothrombin
times and alters clot tensile strength, further studies are required
to determine its safety in this setting [52].

A ‘heparin’ effect has also been described at the time of reper-
fusion, which may require treatment with protamine.

Coagulation monitoring
Because of the complexity of coagulation disorders and the
rapidity with which changes can occur, it is essential to monitor
coagulation serially. Conventional clotting screens (prothrom-
bin time, partial thromboplastin time and platelet count) give
little information on the quality or the stability of the blood clot,
and long turnaround times for laboratory-based tests limit their
relevance in the face of ongoing blood loss. There is considerable
variability in transfusion thresholds used for FFP and platelets
between the different centres [53]. Whole blood viscoelastic
tests of clot tensile strength [thromboelastography (TEG) and
rotational thromboelastogram (ROTEM)] have been found to
reduce the transfusion of blood and blood products in OLT
[54,55]. They provide a global analysis of the whole coagulation
process, giving information about coagulation factors, platelet
number and function and any fibrinolytic activity. Running
simultaneous heparinase and native TEGs will differentiate any
heparin effect from other concurrent coagulation defects.
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Introduction

Postoperative jaundice can be an important problem in patients
following major thoracic and abdominal surgery such as pros-
thetic heart valve replacement, bypass and aortic operations 
or trauma and burns [1–4]. Frank jaundice in patients without
pre-existing liver disease is rare (less than 1% of patients), and its
appearance should prompt a meticulous workup of the under-
lying cause. The clinical appearance of jaundice in the postoper-
ative setting often reflects a multitude of systemic insults, is 
usually isolated and is rarely associated with liver failure in
patients without pre-existing liver disease. The pathophysiology
of jaundice in postoperative patients is complex and not well
understood, and there may be multiple causative factors. So it 
is not surprising that, in numerous cases, no isolated, single
cause of jaundice can be identified, and it is more probable that
the exact aetiology will remain unclear in a high percentage 
of patients. This section outlines current pathophysiological
concepts of postoperative jaundice and provides a diagnostic
algorithm for the workup of such patients. Postoperative jaun-
dice usually subsides without specific therapeutic intervention.
Therapeutic options for postoperative jaundice are limited but
are discussed insofar as they are available.

Pathophysiological considerations

Jaundice in postoperative patients may be caused either by 
overproduction of bilirubin or by the failure of the liver to
excrete bilirubin, bile acids and other cholephiles, resulting in
cholestasis (for details, see Chapter 3.4). As both hepatocytes
and cholangiocytes participate in normal bile secretion (for
details, see Chapter 2.6.1), both cell types may be affected, and
bile secretion may be inhibited at different levels in a patient
with post-operative jaundice (summarized in Fig. 1).

Bilirubin overproduction

Blood transfusions and resorption of large haematomas may
contribute to an increased bilirubin load. As a rule of thumb,

approximately 10% of erythrocytes in a transfused unit of 
stored whole blood undergo haemolysis within 24 h. Most cases
of jaundice occur within the first 2 weeks after surgery. As 
the healthy liver has a high capacity to conjugate bilirubin 
(~ 250 mg/day, which equals the breakdown products of 50 mL
of blood), jaundice will not develop as long as bilirubin 
production does not exceed three times the normal level. 
Other conditions leading to increased bilirubin load include
haemolytic processes such as glucose-6-phosphate dehydroge-
nase deficiency, sickle cell crisis, haemoglobinopathies, autoim-
mune haemolytic anaemia, drugs and mechanical haemolysis by
heart valves.

Other causes of jaundice

Hypoxic liver injury is a common cause of postoperative 
jaundice. Although hypotension is important for ischaemic
(hypoxic) hepatitis, low perfusion pressure alone is not enough
to produce this characteristic clinical picture [5,6]. Trauma 
victims with a documented episode of hypotension longer than
15 min did not develop ischaemic (hypoxic) hepatitis in a
prospective study [5], reflecting the relative resistance of the
liver to (isolated) ischaemia and underlining the importance 
of pre-existing, in most cases right-sided, congestive heart fail-
ure in about 90% of cases of ischaemic hepatitis [7]. As patients
undergoing heart surgery usually have underlying cardiac 
disease (e.g. chronic congestive heart failure), they have an
increased risk of developing ischaemic hepatitis. Most notably, a
prolonged period of hypotension is not necessary; rather, a tran-
sient episode of hypotension may be sufficient in a predamaged
liver. It is important to stress that a shock state is not the only
cause of hypoxic hepatitis [7–9]. Chronic respiratory failure
may also make the liver vulnerable to hypoxic hepatitis (e.g.
chronic obstructive pulmonary disease, sleep apnoea syndrome)
[10]. Accidental ligation of the hepatic artery (usually during
cholecystectomy or trauma-related major abdominal surgery)
can also result in hepatic ischaemia. The relevance of reduced
oxygen tension for the development of ischaemic/hypoxic liver
injury is emphasized by the characteristic histological picture of
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centrolobular necrosis, as hepatocytes in this position are more
vulnerable to oxygen depletion.

Drug-induced liver injury in the postoperative period may pre-
sent as hepatocellular, cholestatic or mixed injury (for details,
see also Chapter 14.1). Most drug reactions are unpredictable
metabolic or immunological idiosyncrasies [11]. The majority
of cases present as hepatocellular/hepatic injury, while one-third
of cases present with cholestatic or mixed injury [12]. Some drugs
such as β-lactam antibiotics typically present with cholestasis
rather than hepatitis. In the postoperative setting, heparins,
antibiotics, analgesics and non-steroidal anti-inflammatory
drugs (NSAIDs) are among the leading causes of drug-induced
liver disease [12,13]. Historically, anaesthetics (e.g. halothane)
represented a frequent cause of drug-induced hepatitis.

Paracetamol is increasingly used as an analgesic in the post-
operative period and is a dose-dependent hepatotoxin that is
usually safe in doses below 8 g/day [14]. However, patients with
chronic alcohol consumption only tolerate considerably lower
(therapeutic) paracetamol doses (4–6 g/day) [15]. As a result of
induction of the cytochrome P-450 2E1 enzyme, these patients
generate larger quantities of the toxic metabolite of paracetamol;
moreover, depletion of glutathione stores increases susceptib-
ility to the toxic metabolite [15].

The incidence of halothane hepatitis has been estimated to be
1 per 10 000 administrations [16], but it is no longer commonly
used in Europe and the United States. The ability of anaesthetic
agents to cause liver injury is directly related to their degree of
biotransformation (halothane 20%, enflurane 2%, sevoflurane
1%, isoflurane/desflurane 0.2%) [1].

Drugs can cause bland cholestasis by direct inhibition 
and/or downregulation of hepatobiliary transport systems 

(e.g. ciclosporin A, sex steroids, glibenclamide and bosentan) 
[17]. Moreover, drug-induced cholestasis may result from dose-
independent idiosyncratic reactions that lead to inflammation-
induced cholestasis (cholestatic hepatitis). Typical examples
include amoxicillin–clavulanic acid (incidence 1:100 000),
flucloxacillin (1:15.000), macrolides and antifungal agents such
as ketoconazole and terbinafine (for details, see Chapter 14.1).
Rarely, drugs may also lead to prolonged or even chronic
cholestasis by ductopenia (vanishing bile duct syndrome),
cholelithiasis or biliary crystal formation (e.g. ceftriaxone) [18]
(for details, see Chapter 11.4).

Sepsis-induced cholestasis is predominantly linked to infec-
tions with Gram-negative bacteria [19]. Experimental evidence
obtained from endotoxin-challenged rodents suggests a critical
role for lipopolysaccharide-induced release of Kupffer cell-derived
proinflammatory cytokines (for details, see Chapter 2.7.1). The
induction of proinflammatory cytokines leads to a coordinated
reduction in the expression and function of hepatocellular
transporters involved in bile formation [18,19]. Moreover, 
hepatocyte gap and tight junction proteins may be affected 
by all these inflammatory mediators [19]. At the bile duct level,
proinflammatory cytokines and nitric oxide production may
fundamentally alter bile duct epithelial cell tight junction/
barrier function as well as ductal bile secretion and, in conse-
quence, reduce ductal bile formation [20]. Bile duct epithelial
cells could significantly contribute to the inflammatory response
of the liver in this setting and cause or perpetuate cholangitis as 
a result of the generation of a reactive phenotype of bile duct
epithelial cells [20,21].

Benign postoperative intrahepatic cholestasis (idiopathic
postoperative cholestasis) is usually seen after cardiac (10–20%)

Benign 
   intrahepatic
  ischaemia
 Sepsis
Drugs
 Viral

Proinflammatory cytokines

Kupffer
cell

Neutrophils

Cytokines

Cell death

Transporter
dysfunction

Hepatocytes

Ischaemia
Sepsis
Drugs
Cytomegalovirus

Small ducts

Cholelithiasis (lost stone)
Iatrogenic bile duct injury
Pancreatitis
Progressive sclerosing cholangitis

Large ducts

Hepatocellular
cholestasis

Ductular
cholestasis

Large duct
obstruction

Fig. 1 Overview of the different anatomical
levels of cholestasis leading to postoperative
jaundice. Cholestasis may result either from 
a functional defect in bile formation at the
hepatocellular level (hepatocellular cholestasis)
or from impairment in secretion or bile flow 
at the level of small bile ducts (ductular
cholestasis) or large ducts (large duct
obstruction). Experimental evidence suggests a
critical role for proinflammatory cytokines and
nitric oxide as Kupffer cell-derived mediators of
cholestasis at the hepatocellular and ductular
levels. Portal inflammatory infiltrates reflect the
capability of the bile duct epithelium to actively
secrete cytokines and recruit inflammatory cells
(e.g. neutrophil granulocytes), which results in
impaired ductular bile secretion and/or
portal/periductal inflammation. Possible
specific causes are listed below the different
anatomical levels of cholestasis.
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or major abdominal surgery. The syndrome was described by
Schmid et al. in 1965 [22] and is ‘characterized’ by the lack of a
specific cause for the observed conjugated hyperbilirubinaemia.
The pathophysiology of this syndrome remains poorly defined
and understood. Cholestasis most probably results from inter-
mittent hepatocellular dysfunction caused by liver ischaemia/
hypoxia (e.g. decreased hepatic blood flow due to blood loss,
anaesthetic agents and hypotension). Moreover, the dose-
dependent reduction in hepatic blood flow resulting from
anaesthetic agents may also be of relevance for the development
of hypoxic liver injury. Similar to sepsis-induced cholestasis,
Kupffer cell-derived proinflammatory cytokines [e.g. tumour
necrosis factor (TNF)α, interleukin (IL)-β, IL-6] may be 
critical in the pathogenesis of benign postoperative intrahepatic
cholestasis.

Chronic bacterial translocation and the induction of
proinflammatory cytokines, probably together with the
increased formation of toxic bile acids in the gut (such as 
lithocholic acid), may be critical for the pathogenesis of total
parenteral nutrition (TPN)-induced cholestasis [23]. It is still a
subject of controversy whether the length of the remaining 
small bowel after resection and/or the initiation or perpetuation
of a chronic inflammatory state (e.g. by the nutrition itself) 
are pathogenetically relevant factors for the development of
TPN-induced cholestasis [24–26]. Moreover, TPN may cause
jaundice via biliary complications such as acalculous cholecysti-
tis, biliary sludge leading to biliary obstruction or cholecystitis
[23].

Acalculous cholecystitis may develop in 4% of patients receiv-
ing TPN for longer than 3 months [27]. Bile stasis, increased
gallbladder wall pressure, gallbladder ischaemia (e.g. caused by
blood loss) and bacterial invasion are critical for gallbladder
injury in these patients. Prolonged hypotension during or after
major surgery may also be critical for the development of this
syndrome [28]. Acalculous cholecystitis may be caused or pre-
ceded by sepsis and is usually associated with gallbladder/bile
infection by Gram-negative bacteria in critically ill patients
(especially in diabetics and immunocompromised individuals).
Severe swelling of the gallbladder may also lead to obstruction of
the common bile duct and, in consequence, to obstructive
cholestasis.

The rare entity of progressive sclerosing cholangitis in critically
ill patients is typically observed after severe burns, septic shock
syndrome or trauma, but its pathogenesis remains poorly
understood [21,29–31]. As the bile duct epithelium is nourished
by branches of the hepatic artery, and similar pictures have 
also been observed after intra-arterial application of cytotoxic
substances, it is tempting to speculate that deprivation of the
arterial supply of bile ducts may be critical for the development
of this rare entity [2]. In addition, modified bile composition in
the sense of toxic bile (e.g. via inflammatory-induced downre-
gulation of the phospholipid export pump MDR3 and subse-
quently decreased phospholipid secretion) may be of relevance.
However, these novel concepts deserve deeper mechanistic and
clinical studies.

Postoperative jaundice may rarely be related to surgical 
problems. Bile duct injury (more common) and retained com-
mon bile duct stones following cholecystectomy and other
upper abdominal surgery may represent the primary cause.
Postoperative pancreatitis after cardiac or abdominal surgery
may also cause bile duct obstruction because of oedema of the
head of the pancreas.

Patients with pre-existing liver disease are at increased risk of
developing postoperative jaundice and acute-on-chronic liver
failure. Specific pathophysiological considerations of peri- and
postoperative problems in patients with pre-existing chronic
liver diseases are discussed elsewhere in this book (see Chap-
ters 24.1 and 24.2).

Diagnostic clues, differential diagnosis
and treatment options

A careful history and physical examination in conjunction with
assessment of the type of surgery performed, the number of
blood products transfused, significant alterations in perioper-
ative haemodynamic parameters and medications used are
mandatory in the assessment of postoperatively jaundiced
patients (see Table 1). Consideration of the clinical circum-
stances in combination with the pattern and time course of 
the abnormalities in liver chemistry is sufficient to establish 
the diagnosis in most cases. From a practical clinical point 
of view, it may be appropriate to distinguish between early 
postoperative jaundice (occurring within less than 3 weeks 
after surgery), mostly caused by overproduction of bilirubin, as
well as by sepsis-induced cholestasis, ischaemia/hypoxia-induced
hepatitis, idiopathic postoperative cholestasis and acalculous
cholecystitis, and late postoperative jaundice (occurring more
than 3 weeks after surgery), which may be related to idiosyn-
cratic drug reactions, total parenteral nutrition and, rarely, 
secondary sclerosing cholangitis (Table 1). Exclusion of 
obstructive/mechanical cholestasis by ultrasound and, rarely,
other imaging studies [computerized tomography (CT) 
scan, magnetic resonance cholangiopancreatography (MRCP), 
cholescintigraphy (HIDA scan)] is mandatory whenever a 
manifestation is seen. Whenever possible, management of 
postoperative jaundice must be primarily aimed at treatment 
of the underlying cause. Even in conditions without specific
treatment, correct diagnosis is important, as the prognostic
implications of postoperative jaundice depend on the underly-
ing cause. A potential diagnostic algorithm is summarized in
Figure 2.

Hyperbilirubinaemia due to resorption of extravasated blood
is seen more often following trauma surgery and in patients 
surviving a ruptured aortic aneurysm. Patients with massive
haemolysis or haematoma who need multiple blood trans-
fusions often have significant systemic illnesses and haemody-
namic compromise, which together with increased bilirubin
production further increases the degree of jaundice. Haemolytic
processes should be considered in patients with predominantly
unconjugated hyperbilirubinaemia (usually < 5 mg/dL), 
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Table 1 The assessment of postoperatively jaundiced patients.

Cause Clinical setting/laboratory values

Early postoperative jaundice (< 3 weeks after surgery)
Bilirubin overproduction History of blood transfusions, resorption of haematomas, history of polytrauma, haemolytic processes, 

absence of biliary obstruction, isolated increase in (mostly unconjugated) bilirubin, LDH sometimes  

elevated (haemolysis, trauma)

Ischaemic hepatitis Episode of prolonged hypoxaemia or shock; right-sided-heart failure; very high ALT levels (> 2000 U/L), 

AST/ALT ratio > 1

Sepsis-induced cholestasis Extrahepatic infections such as pneumonia or diverticulitis, infection with Gram-negative bacteria

Surgical complications Type of surgery (e.g. cholecystectomy, bile duct or hepatic surgery); dilated biliary tree on biliary imaging

Acalculous cholecystitis Right upper quadrant pain, thickened gallbladder wall on abdominal sonography, association with 

Gram-negative sepsis, diabetics or immunocompromised patients

Drug-induced (dose-dependent) History of NSAIDs, paracetamol

Benign postoperative intrahepatic cholestasis Cardiac surgery, lack of specific cause for hyperbilirubinaemia, ALT normal or only mildly elevated; 

unconjugated hyperbilirubinaemia

Late postoperative jaundice (> 3 weeks after surgery)
Drug-induced (idiosyncratic reactions) Fever, pruritus, lymphadenopathy, arthralgias, skin rash and eosinophilia, history of 

amoxicillin–clavulanic acid, macrolides, ketoconazole

Total parenteral nutrition Short bowel syndrome, remaining gut length < 50 cm

Progressive sclerosing cholangitis Severe burns or septic shock, prolonged bilirubin and AP elevations, bile duct strictures and dilatations on 

ERCP or MRCP

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ERCP, endoscopic retrograde

cholangiopancreatography; MRCP, magnetic resonance cholangiopancreatography.

Haemolytic Cholestatic

Non-obstructive Obstructive

Hepatitic

Unconjugated bilirubin Conjugated bilrubin, AP > ALT

Ultrasound, ERCP
MRCP, CT

ALT > AP

Rule out acute on chronic liver failure:
Platelet count? Liver signs? Portal hypertension?

Haemolysis
 –Congenital
  Haemoglobinopathy
  Enzyme deficiency

 –Acquired
  Immune-mediated
  Mechanical (heart valves)
  Haematomas
  Polytransfusion

Gilbert syndrome

Combined

Benign post-OP cholestasis

Sepsis

Total parenteral nutrition

Drugs
 Ciclosporin, macrolides,
 fusidic acid, b-lactam antibiotics

Cholelithiasis (lost stone)

Cholecystitis

Iatrogenic bile duct injury

Pancreatitis

Progressive sclerosing cholangitis

Ischaemia
 –Cardiac
 –Shock (non-cardiac)
 –Hepatic artery ligation
Drugs
 –Paracetamol,
  NSAIDs, heparins,
  b-lactam antibiotics,
  macrolides
 –Anaesthetics (rare)

Viral
 A, B, C, (D, E)
 CMV, EBV, HSV

Postoperative
jaundice

Fig. 2 Proposed diagnostic algorithm in patients with postoperative jaundice. It is essential first to exclude pre-existing (occult) liver disease in patients with
postoperative jaundice. From a practical point of view, haemolytic, cholestatic and hepatic enzyme patterns should be distinguished by determination of
unconjugated/conjugated bilirubin, alkaline phosphatase (AP) and alanine aminotransferase (ALT) serum levels. Biliary obstruction should be ruled out with
abdominal ultrasound in every patient. CMV, cytomegalovirus; CT, computerized tomography; EBV, Epstein–Barr virus; ERCP, endoscopic retrograde
cholangiopancreatography; HSV, herpes simplex virus; MRCP, magnetic resonance cholangiopancreatography; NSAIDs, non-steroidal anti-inflammatory drugs.
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elevated aspartate aminotransferase (AST) and lactate dehydro-
genase (LDH) (derived from decomposed blood cells), reduced
serum haptoglobin levels, coexistent anaemia, reticulocytosis
and schistocytes on peripheral blood smear in the absence 
of significantly elevated alanine aminotransferase (ALT) and
alkaline phosphatase (AP) levels. The conjugated bilirubin 
may sometimes be elevated because of the rate-limiting effect 
of hepatic bilirubin excretion into bile. Hyperbilirubinaemia
without signs of haemolysis may be related to Gilbert syndrome,
which is the most common trivial cause of postoperative hyper-
bilirubinaemia, considering that 5–10% of the population have
this benign defect in bilirubin conjugation. This condition is
typically aggravated by starvation, infection stress and sleep
deprivation (all of which are frequently present in hospitalized
patients). Serum bilirubin levels do not usually exceed 5 mg/dL
and – in contrast to increased bilirubin load resulting from
haemolysis and haematomas – the conjugated bilirubin levels
remain within the normal range. Gilbert syndrome should also
be considered after liver transplantation with persistent hyper-
bilirubinaemia resulting from transplantation of a Gilbert liver
[32]. Moreover, the presence of Gilbert syndrome in combina-
tion with an increased bilirubin load may result in higher serum
bilirubin levels up to 10 mg/dL. Gilbert syndrome does not
require specific treatment, but recognition of this entity is essen-
tial to avoid unnecessary investigations.

Ischaemic/hypoxic hepatitis should be suspected in patients
with rapid (< 24 h) increases in ALT levels to 10–100 times the
upper limit of the normal value in combination with markedly
elevated LDH levels after episodes of hypotension and respir-
atory compromise [5,6]. A key diagnostic factor is the rapid
reversibility of ischaemic hepatitis once the underlying cause is
corrected. In viral or drug-induced hepatitis, the abnormal
results subside more slowly. Usually, there is a rapid rise and fall
in AST and ALT levels, and the elevations last 3–11 days [33].
The incidence of coagulopathy and encephalopathy in ischaemic
hepatitis is low and rarely progresses to full-blown hepatic fail-
ure. Mortality is high in such patients but rarely liver related.
Another diagnostic clue is a de Ritis ratio (AST/ALT) > 1. The
diagnosis is usually based on clinical criteria but, if a liver 
biopsy is performed to rule out other causes of liver injury, cen-
trolobular necrosis is typically observed. In general, a common
denominator of patients suffering from ischaemic hepatitis is
the high incidence of underlying cardiac disease with predomin-
ance of right-sided heart failure [7–9]. Consequently, patients
undergoing cardiovascular bypass surgery are at increased risk
of ischaemic liver injury. Jaundice can occur in up to 25% of
these cases.

In contrast, benign postoperative intrahepatic cholestasis
(idiopathic postoperative cholestasis) is usually seen within 1–2
weeks after major surgery (e.g. prosthetic heart valve replace-
ment, bypass and aortic surgery) and presents with elevated
serum levels of mainly conjugated bilirubin with levels up to 
40 mg/dL but normal or mildly elevated serum aminotrans-
ferases. If a liver biopsy is performed (which is not usually the
case nowadays), it reveals a picture of bland intrahepatic

cholestasis with no or minimal hepatocellular damage. As the
name implies, the clinical course is usually benign and the
hyperbilirubinaemia resolves within days to weeks. In clinical
reality, this entity can often hardly be distinguished from
cholestasis due to inflammatory response syndrome with or
without infection/sepsis, especially in critically ill patients.

Drug-induced liver injury usually occurs later than
ischaemic/hypoxic liver injury in the postoperative patient
[11,34] as most adverse drug reactions are idiosyncratic, with a
typical latency period ranging from 2–10 weeks (immunoaller-
gic idiosyncrasies) to 6–26 weeks (metabolic idiosyncrasies).
Only a few dose-dependent hepatotoxins (e.g. paracetamol) can
cause hepatotoxicity immediately (see below). If a patient has
been taking a drug for longer than 6–12 months, it is highly
unlikely that this drug is responsible for the current liver injury
in the postoperative period. Likewise, a newly prescribed drug
rarely causes liver injury before 2–3 weeks, as mentioned above.
Consequently, another important exception to this characteristic
time course is rechallenge in a sensitized patient with a previous
episode of an immunoallergic drug reaction (e.g. β-lactam
antibiotics). It is therefore essential to consider in the differential
diagnosis drugs received within the last weeks before surgery
rather than those prescribed recently. Some drugs (e.g. anti-
biotics) may already have been discontinued at the time of 
presentation. Presenting features favouring an idiosyncratic
immunological reaction include fever, pruritus, lymphadeno-
pathy, arthralgias and eosinophilia. Clinically important causes 
of cholestatic hepatitis include amoxicillin–clavulanic acid,
flucloxacillin, macrolides and antifungals (for details, see
Chapters 14.1 and 19.1). In most cases, ALT levels are only
mildly elevated (> fivefold the upper limit, ALT/AP ratio < 2). In
a recent series on drug-induced liver injury that was based on a
nationwide cooperative network in Spain, amoxicillin–clavulanic
acid was the most common drug leading to jaundice [13]. In
general, anti-infectious drugs were the leading pharmacological
group (32%) leading to idiosyncratic liver injury in this study,
underlining the potential importance of such agents in the 
postoperative setting. In another recent cohort study in over
4000 patients during hospitalization, heparins where the leading
cause of drug-induced liver injury, followed by antibacterials,
NSAIDs, tuberculostatics and antineoplastic drugs [12].

Risk factors for halothane hepatitis include age over 30 years,
female gender, obesity and multiple exposures within short
intervals [35]. Aminotransferase levels may be markedly ele-
vated (up to 10-fold the upper limit), and severe liver injury is
associated with encephalopathy and coagulopathy. Liver biopsy
in halothane hepatitis reveals an uncharacteristic histological
picture with massive panlobular necrosis. However, liver injury
from isoflurane, sevoflurane and desflurane is much less 
common [1].

Paracetamol is frequently used in the postoperative period
but represents a dose-dependent hepatotoxin [14], which should
receive special consideration in patients with chronic alcohol
consumption and pre-existing liver disease, as these patients are
prone to paracetamol-induced liver injury.

TTOC24_03  3/10/07  9:53 AM  Page 1949



1950 24 SURGERY, ANAESTHESIA AND THE LIVER

Identification of the causative or suspected drug(s) and their
immediate withdrawal are most effective. There is no established
role for steroids in the treatment of acute drug-induced liver
injury [36], but ursodeoxycholic acid (UDCA) may be con-
sidered in cases with prolonged cholestasis (for details, see
Chapter 14.1).

Infection- and sepsis-induced cholestasis is one of the most
frequent causes of jaundice in hospitalized patients. In a recent
study, sepsis-induced cholestasis was the second leading cause of
jaundice in hospitalized patients; it was far more frequent than
drug- or viral-induced cholestasis and was surpassed only by
(malignant) biliary obstruction [37], underlining the clinical
significance of this entity. It is predominantly associated with
infections with Gram-negative bacteria (e.g. Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Haemophilus
influenzae, Proteus spp. and Bacteroides spp.) [19]. E. coli is the
most prominent causative agent, but patients suffering from
Staphylococcus aureus sepsis may have the poorest prognosis
[38]. In most cases, the primary source of infection is intra-
abdominal (e.g. diverticulitis, peritonitis), followed by pneu-
monia, endocarditis, pyelonephritis and soft-tissue abscesses.
Usually, elevations in serum bilirubin levels (< 75% conjugated
bilirubin between 5 and 10 mg/dL; uncommonly rising up to
30–50 mg/dL) are disproportionately high in the presence of
normal or minimally elevated serum AP and ALT levels and,
occasionally, there is only isolated (conjugated) hyperbilirubi-
naemia in septic patients [19]. LDH levels are usually within 
the normal range. Serum bile acid levels are typically elevated
but are rarely determined in routine clinical practice. Jaundice
usually manifests within 2 to 7 days after the beginning of bac-
teraemia. The diagnosis is based on the typical clinical picture
comprising fever in a jaundiced patient with predominately
conjugated hyperbilirubinaemia and only modest or mild eleva-
tions of ALT; the disease resolves under suitable antibiotic 
therapy. However, this syndrome may overlap with benign post-
operative intrahepatic cholestasis (see above). Histologically, 
the most prominent feature is intrahepatic cholestasis with
Kupffer cell hyperplasia, portal mononuclear cell infiltrates 
and focal hepatocyte dropout [19]. An unusual manifestation 
of sepsis-associated cholestasis is characterized by periductal
cholangiocytes (cholangitis lenta) and inspissated bile within
periportal ductules; such patients have higher mortality [39].
Liver biopsy is not required for the diagnosis of sepsis-related
jaundice. Persistent or increasing hyperbilirubinaemia may be
indicative of ongoing or inadequately treated infection and is
associated with the worst outcome. Persistently high AP and 
γ-glutamyltransferase (GGT) levels should raise the clinical 
suspicion of the rare entity of progressive sclerosing cholangitis
due to sepsis (see below).

Management is primarily focused on treatment of the under-
lying infection, which also results in resolution of cholestasis. In
the absence of sepsis, the prognosis of cholestasis accompanying
extrahepatic bacterial infections is good [40]. In contrast, in the
clinical setting of sepsis, the development of jaundice is a bad

prognostic sign, and serum bilirubin levels correlate positively
with lethality and the numbers of extrahepatic organ failures.
However, these patients usually die of extrahepatic causes (e.g.
cardiac or respiratory failure) and not liver failure [40]. The use
of UDCA in sepsis-associated cholestasis is under investigation
in ongoing trials and cannot yet be generally recommended. 
In addition, there may be a potential role for treatment with
extracorporeal liver support devices (e.g. the MARS system) in
critically ill patients with jaundice [41], but this has to be 
further confirmed by controlled studies.

TPN-induced cholestasis is rarely observed in adult patients
with short-term administration of TPN, but is frequently seen 
in premature or low-weight-for-age children and may occur in
adults as a result of long-term TPN (> 3 months) administration
(e.g. due to short bowel syndrome, intestinal resections in Crohn’s
disease). Abnormal liver chemistry findings can develop within
3–4 weeks of exposure to TPN. Elevations in ALT are most 
frequent under TPN, while jaundice is rare. TPN may also 
cause non-alcoholic steatohepatitis (NASH) (for details, see
Chapter 20.4). After small bowel resection, the length of the
remnant bowel (< 50 cm) may critically determine the develop-
ment and degree of TPN-induced liver disease [24]. TPN-induced
cholestasis is often associated with progressive elevation of AP
and bilirubin levels, which level off despite continued TPN
administration. Patients with TPN-induced cholestasis resulting
from short bowel syndrome may rapidly progress to liver cirr-
hosis [23].

UDCA and metronidazole may have beneficial effects in the
treatment of TPN-induced cholestasis [42–44], although larger
studies are needed because the existing data are controversial
[45]. Avoidance of excessive calories and nutritional deficien-
cies is essential. Patients with TPN-induced cholestasis result-
ing from short bowel syndrome with a remaining gut length 
of less than 50 cm may progress rapidly to liver cirrhosis, and 
combined gut and liver transplantation may represent the only
therapeutic option.

Acalculous cholecystitis is a rare cause of cholestasis and 
jaundice. Risk factors for acalculous cholecystitis include male
gender, major surgery, prolonged hypotension, trauma, burns,
TPN longer than 3 months, mechanical ventilation and renal
failure [27,28]. Fever, right upper quadrant pain, leucocytosis,
and mildly elevated ALT and AP levels are typical symptoms. A
sonographic grading system may help to discriminate acalculous
cholecystitis from other forms of gallbladder wall thickening
[major criteria: gallbladder wall thickness > 4 mm, gallbladder
distension with longitudinal measurement > 10 cm and
transversal dimension > 4 cm, presence of echogenic bile
(sludge), pericholecystitic fluid] [46]. However, the diagnosis 
of acalculous cholecystitis is a clinical challenge despite sono-
graphic grading and relies heavily on the clinical presentation
and the diagnostic abilities of the observer [47]. This, together
with the low incidence of the syndrome, may contribute to the
often delayed diagnosis and its high mortality rate (47% in a 
10-year retrospective single centre study identifying 15 cases
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during 5804 cardiovascular operations) [28]. In that study, 
prolonged hypotension occurred in 13 patients, Gram-negative
septicaemia in 12 and fever in every case. Importantly, 13
patients showed jaundice and/or elevated AP levels. Because of
differences in local imaging modalities, it is difficult to recom-
mend a single diagnostic algorithm. However, considering 
acalculous cholecystitis in the differential diagnosis of jaundice
in every critically ill postoperative patient offers the best chance
of making a timely diagnosis and decision for surgery.

Acalculous cholecystitis is best treated surgically (either
laparoscopically or conventionally) in most cases, although
there are an increasing number of anecdotal reports on novel
treatment strategies such as decompression by fine-needle
puncture and instillation of antibiotics into the gallbladder 
in these patients. These novel treatment modalities cannot be
generally recommended, but may be suitable for multimorbid
or critically ill patients with a high operative risk.

Progressive sclerosing cholangitis may develop rarely in
patients after severe burns, septic shock or trauma [29–31], but
it is more frequently the case that surgical trauma from cholecys-
tectomy or lost intraductal stones and recurrent pancreatitis
cause secondary sclerosing cholangitis [48]. Secondary scleros-
ing cholangitis not primarily related to an outflow obstruction
should therefore be a diagnosis by exclusion. Typically, these
patients show rising levels of AP and deep jaundice over 
weeks and months, but the time course and pattern may vary
significantly between affected individuals [30,31]. Interestingly,
bilirubin levels decreased spontaneously in five out of five
patients within 2–6 months in a case series of posttraumatic 
progressive sclerosing cholangitis, despite the fact that four out
of five developed liver cirrhosis and died of liver-related causes
[31]. In a series of nine patients with progressive sclerosing
cholangitis after a septic shock (five burn injury, two poly-
trauma), four out of nine patients rapidly developed liver 
cirrhosis and five out of nine patients died within a follow-up
period of 35 months. Abdominal ultrasound usually shows no
dilated bile ducts, as small bile ducts are more often involved.
The diagnosis is usually suspected in patients with rising levels 
of GGT, AP and bilirubin and a compatible clinical history of
trauma, severe burns and septic shock. Confirmation is based 
on endoscopic retrograde cholangiopancreatography (ERCP),
which usually shows severe intrahepatic stenoses and rarefac-
tions of the small bile ducts [29]. If a liver biopsy is performed,
the histological picture shows ductular proliferation, portal lym-
phocytic inflammatory infiltration and portal and periductular
fibrosis. This rare syndrome usually has a poor prognosis [29–31].

Orthotopic liver transplantation is the only therapeutic
option as endoscopic duct dilatation as well as UDCA treatment
are of limited efficacy, and patients rapidly develop liver cirr-
hosis and frequently die of liver-related causes [29,30].

The surgical history may be the diagnostic clue in patients with
extrahepatic cholestasis due to surgical problems/complications.
Patients with biliary strictures or leaks or retained bile duct
stones may present with fever, right upper quadrant pain and

jaundice within 2–14 days after surgery. Bacterial cholangitis
with superimposed sepsis and the formation of liver abscesses
may occur. In addition, biliary ascites and secondary biliary 
cirrhosis may be the consequence of bile duct leak and stricture.
Abdominal ultrasonography and CT scanning are the tests of
choice in such patients. If ultrasound shows evidence of a biliary
obstruction, ERCP or, if ERCP is technically impossible, MRCP
should be ordered. If a T-tube is present, T-tube cholangio-
graphy is the test of choice.

Therapeutically, bile duct leaks and retained stones can 
usually be managed by ERCP, whereas bile duct transection
requires open surgical repair.

Acute icteric viral hepatitis in the postoperative setting is very
uncommon and of little clinical importance because of modern
screening of blood products and the length of the incubation
period.

Postoperative problems in patients with acute or chronic liver
disease and following liver transplantation are discussed in their
specific chapters (for details, see Chapters 25.3 and 24.1).
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Liver trauma

Introduction

Trauma is one of the leading causes of death in the western
world with a disproportionate number of victims being in the
younger age group. About 10% of all trauma-related deaths are
due to abdominal trauma. The liver is one of the most frequently
injured intra-abdominal organs despite its supposed protected
location under the rib cage. The management of liver trauma 
has undergone a paradigm shift over the last two decades with
the emphasis changing from surgical management to predomin-
antly non-operative management. Improvements in resuscita-
tion, advances in imaging and liberal use of interventional 
radiology have all contributed to the success of non-operative
management. Despite these advances, the management of com-
plex liver injuries can still be challenging, and surgery to the
injured liver can be a formidable undertaking. Severe hepatic
injuries are still associated with significant morbidity and mort-
ality. Furthermore, liver trauma is often part of polytrauma, and
extrahepatic injury management complicates established liver
trauma treatment protocols. Associated injuries may be present
in up to 65–70% of liver trauma patients.

Data from level 3 trauma centres in the USA and tertiary cen-
tres in the UK suggest that the number of liver trauma admis-
sions have increased gradually over the last 20 years. The relative
incidence of blunt and penetrating trauma varies according to
the geographical location. In South Africa, penetrating injury
accounts for nearly two-thirds of the liver trauma. In western
Europe, blunt trauma constitutes 80–90% of all liver injuries. 
As the number of penetrating injuries remains constant, the
incidence of blunt trauma has gradually increased and now
accounts for nearly three-quarters of all liver trauma. The gen-
der distribution has also changed with an increasing percentage
of liver trauma victims being women. A recent study from
Louisville, USA, looked at the distribution of severe liver injuries
over a 25-year period. They found that the percentage of severe
liver injury, grade 4 or above, has remained constant contribut-
ing to 15–20% of all liver injuries.

Mechanisms of injuries

The two main causes of injuries are penetrating and blunt
trauma. Stab injuries and gunshot injuries are the commonest
causes of penetrating injuries to the liver. Gunshot injuries are
further complicated by secondary effects including a cavitation
effect as the bullet traverses the liver substance.

Blunt trauma causes either compressive forces or a decelera-
tion injury. Compressive forces can result in damage from blows
to the solid organ against a fixed object such as the spine result-
ing in a subcapsular haematoma. The central portion of the liver
is most often affected by such injuries. Deceleration injuries
result in stretching and tearing, often causing laceration of the
relatively thin capsule and parenchyma at the site of attachments
to the diaphragm. Furthermore, hepatic veins are relatively
unprotected compared with the portal structures and, as such,
are susceptible to injury and tearing. Intrahepatic inferior vena
cava injuries are uncommon but are associated with high 
morbidity and mortality.

Classification of injury severity (Table 1)

The classification of liver injuries is based on operative or radio-
logical findings. Several classifications have been used in the 
literature, and the most commonly used one is the hepatic injury
severity scale (HIS). The HIS is based on the organ injury scale
(OIS), which was proposed by the American Association for
Surgery of Trauma (AAST) in 1989 and revised in 1994. The HIS
ranges from grade 1 to grade 6 and incorporates computerized
tomography (CT) and operative findings to determine the extent
of injury. The grading system helps in the prediction of the 
success of non-operative management of injuries.

Initial patient assessment

Initial assessment and management should follow recom-
mended guidelines according to the principles of advanced
trauma life support (ATLS). This involves maintaining a clear
airway and fluid resuscitation with ventilatory and circulatory 
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support as required. Blood products must be available for all
patients if required. Initial assessment should be followed by
assessment of the extent of injuries, both abdominal and extra-
abdominal, and the response to fluid resuscitation. Multisystem
trauma frequently complicates liver trauma management and
needs to be assessed and managed simultaneously. The major
causes of mortality in this patient group are associated injuries,
and the assessment of patients with synchronous head and
spinal cord injuries is often quite challenging. The main aim of
this initial assessment is to determine those patients who require
urgent laparotomy.

Liver injury should be suspected in patients with evidence of
blunt trauma or open wounds to the right upper quadrant or
epigastrium. Distant entry and exit gunshot wounds to the body
and trunk may also cause significant liver injury. Haemorrhage
is the major cause of death in patients with liver trauma. Patients
presenting with irreversible shock with evidence of intra-
abdominal bleeding or evisceration require immediate laparo-
tomy. Similar principles apply for both blunt and penetrating
liver trauma. The occurrence of signs of peritonitis in patients
with blunt or penetrating trauma would suggest a potential
bowel perforation, which would also necessitate laparotomy.
However, in this situation, bowel perforation is quite often
confirmed by contrast CT scan showing extravasation of con-
trast before proceeding to laparotomy.

Investigation and diagnosis

Repeated examination and clinical assessment is obligatory, and
haemodynamic stability is the most important determinant for
conservative treatment of blunt and penetrating trauma. Serial
haemoglobin measurements may help in determining blood loss
following liver injury, but can be misleading in the face of poly-
trauma. Further investigations are dependent upon the clinical
circumstances (Table 2).

Ultrasound
Focused abdominal ultrasonography for trauma (FAST) is a

simple method for assessing intra-abdominal injuries in the
emergency room. It relies on quickly identifying haemoperi-
toneum in abdominal trauma and should include examination
of the perihepatic space, Morrison’s pouch, perisplenic region
and paracolic gutters. In addition, ultrasound can also identify
site-specific organ injuries. Injury to solid organs such as the
liver, spleen and kidneys can be identified from heterogeneity 
in the echo texture of the organ in question. Surrounding
haematomas can be identified as echogenic or hypoechoic areas.
Ultrasound in abdominal trauma was first described by
Kristensen et al. in 1971 in the diagnosis of splenic haematoma.
Experience with ultrasonics expanded during the 1980s and
1990s in Europe and gradually in the USA over the last decade.
Its advantages include the portability of the equipment allowing
a quick diagnosis to be proven in the Accident and Emergency
department. It also has great accuracy in determining the pres-
ence of a haemoperitoneum. Several recent prospective studies
show that ultrasound has a sensitivity of 82–88% and a
specificity of 99% in detecting haemoperitoneum, although it is
limited by operator dependency. However, when the ultrasound
findings were compared with CT and/or laparotomy, the sensit-
ivity at first was found to be lower than in previous studies. This

Table 1 The Hepatic Injury Severity (HIS) classification.

Grade Description of injury

1 Haematoma Subcapsular, non-expanding, < 10% surface area

Laceration Capsular tear, non-bleeding, < 1 cm parenchymal depth

2 Haematoma Subcapsular, non-expanding, 10–50% surface; or intraparenchymal, non-expanding, < 2 cm diameter

Laceration Capsular tear, active bleeding, 1–3 cm parenchymal depth, < 10 cm length

3 Haematoma Subcapsular, > 50% surface area or expanding; ruptured subcapsular haematoma with active bleeding;

intraparenchymal haematoma > 2 cm

Laceration > 3 cm parenchymal depth

4 Haematoma Ruptured intraparenchymal haematoma with active bleeding

Laceration Parenchymal disruption > 25–50% hepatic lobe

5 Laceration Parenchymal disruption > 50% hepatic lobe

Vascular Juxtahepatic venous injuries

6 Vascular Hepatic avulsion

Table 2 Investigations for liver trauma.

1 FAST

2 MDCT

3 DPL

4 Laparoscopy

5 Angiography ± embolization

6 MRI/MRCP/ERCP

FAST, focused abdominal ultrasonography for trauma; MDCT, multidetector

computerized tomography; DPL, diagnostic peritoneal lavage; 

MRI, magnetic resonance imaging; MRCP, magnetic resonance

cholangiopancreatography; ERCP, endoscopic retrograde

cholangiopancreatography.
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is presumed to be due to contained haematomas in the solid
organs not resulting in free haemoperitoneum. Therefore, one
should remember that a negative ultrasound does not exclude
solid organ injury. Ultrasound is also a poor investigation for
diagnosis of other intra-abdominal injuries to the diaphragm,
pancreas and mesentery.

CT scan
CT has become the imaging modality of choice for abdominal
trauma in haemodynamically stable patients (Fig. 1). Current
generation multidetector CT (MDCT) scanners allow an accu-
rate delineation of the grade or extent of injury to the liver 
and the presence or absence of other intra-abdominal injury.
Haemoperitoneum as well as injuries to liver, spleen, pancreas,
diaphragm, kidneys, gallbladder, mesentery and bowel can eas-
ily be identified by CT scan. CT scans also have the added advan-
tage of being less operator dependent and are not limited by
superficial wounds or subcutaneous emphysema. In polytrauma
victims, CT scans allow assessment of intracranial, thoracic,
pelvic and vertebral injuries more accurately. It is important to
remember that CT scans of the head need to be performed
before abdominal scans as contrast injection may result in 
misinterpretation of head scans. The current generation of CT
scans also allows dynamic contrast injection, which enables
visualization of extravasation of contrast from active bleeding
sites. Findings like this help in determining the need for inter-
ventional procedures such as angiography.

Diagnostic peritoneal lavage (DPL)
With widespread usage of CT scans and the current trend
towards non-operative management, the use of DPL has
decreased in most centres.

Diagnostic laparoscopy
Diagnostic laparoscopy has been used in both penetrating and
blunt abdominal trauma with varying results. It seems unlikely
that diagnostic laparoscopy will provide a significant tool in the
management of liver trauma.

Angiography
Intra-arterial digital subtraction angiography (IADSA) is an
important part of the investigation of a stable patient which 
can lead on to potential therapeutic intervention if indicated
(Fig. 2b). This will be elaborated upon in the next section.

Fig. 1 CT scan showing the consequence of blunt hepatic trauma
following a road traffic accident. The majority of the right lobe of the liver is
damaged. This case was successfully managed conservatively.

(a)

(b)

Fig. 2 (a) CT scan showing evidence of free intraperitoneal blood following
blunt hepatic trauma. (b) The haemodynamic stability of the patient meant
that the continuing bleeding could be treated by angiography and selective
embolization.
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MRI/MRCP
Magnetic resonance imaging (MRI) and magnetic resonance
cholangiopancreatography (MRCP) may be useful investiga-
tions after the acute phase when late biliary and vascular com-
plications develop.

Management

Initial assessment and response to resuscitation provide the
information on which to base a plan for treatment.
Haemodynamic instability despite adequate resuscitation is an
indication for immediate operative intervention. However, the
majority of patients with liver trauma are either haemodynam-
ically stable at presentation or respond to fluid resuscitation. 
In these patients, non-operative management is the mainstay of
treatment. Stable patients require CT scan to assess the extent of
injuries to the liver and other organ systems. The management
of associated injuries, both intra- and extra-abdominal may
need to take priority over liver injury based on findings from 
CT scan.

Conservative management of stable patients
Stable liver injury patients are initially admitted into an inten-
sive care unit/high-dependency unit (ICU/HDU) after CT scan.
The Leeds protocol for conservative management includes serial
monitoring of haemoglobin, pain relief, antibiotics, use of pro-
ton pump inhibitors, deep vein thrombosis (DVT) prophylaxis
and bed rest for 48–72 h. Further interventions in these patients
may include management of other injuries, percutaneous
drainage of collections and haemoperitoneum (in case of sym-
ptomatic compartment syndrome), MRCP for biliary compli-
cations and angiography for vascular complications including 
late bleeding necessitating continuing blood transfusion. The
success of conservative management in blunt hepatic trauma is
evident from our own figures. We found a significant reduction
in the proportion of patients requiring surgery for liver injury 
in both our own unit (from 7 out of 16 patients in 1992–1996 
to 7 out of 55 in 1997–2001; P = 0.017, chi-squared test) and 
in referring hospitals (from 6 out of 12 to 8 out of 50; P = 0.014,
chi-squared test). The success of conservative treatment is also
dependent upon the grade of injury (Table 3).

Indication for operative management
Indications for immediate surgery include haemodynamic
instability despite adequate resuscitation and obvious periton-
itis, as well as the failure of non-operative management. Most
liver units consider a blood transfusion requirement of 4 units
or more over 24 h as a criterion for the failure of conservative
management. However, with the improvements in intensive
care facilities and interventional angiography, the 4-unit cri-
terion needs to be revisited. The authors’ view is that continuing
transfusion requirement is an indication for angiography rather
than surgical intervention, and surgery should be reserved only
for haemodynamically unstable patients or when angiography
fails (Table 4).

Technical aspects of operative management
With the increasing success of non-operative management, 
surgical intervention for liver trauma has become an infrequent
event in patients with major and complex injuries.

Successful operative management depends on a number of
factors (Table 5, Fig. 3).

Damage control surgery
The major causes of mortality in patients undergoing surgery for
liver trauma are acidosis, hypothermia and coagulopathy result-
ing from massive blood transfusion. Therefore, the initial aim of
surgical intervention is to quickly control bleeding and enteric
leaks. This is often best performed by perihepatic packing after
adequate exposure. Occasionally, bleeding may be completely
controlled by specific measures such as suturing of hepatic 

Table 3 Success of non-operative management.

Authors Study period No. of total patients with % patients managed Mortality rate of
liver injury conservatively conservative group (%)

Hollands and Little 1979–1989 236 23 1.8

Coughlin et al. 1992–2001 71 70 2

Croce et al. – 136 100 –

Pachter et al. 1990–1995 404 98.5 0.4 (liver-related death)

Table 4 Indications for surgical intervention.

1 Haemodynamic instability despite adequate resuscitation

2 Peritonitis

3 Failure of non-operative management

a) Continuing need for blood transfusion

b) Hollow viscous injury (delayed presentation)

c) Uncontrolled bile leak

d) Delayed haemorrhage and failure of angiography

4 Long-term complications including biliary strictures
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vessels. This is more often appropriate if the initial surgery is
performed at a tertiary trauma unit. Use of synthetic materials
such as mesh for abdominal closure may be required following
perihepatic packing, thus reducing the associated problems 
of abdominal compartment syndrome. The packs are usually
removed 24–48 h after the initial surgery following referral to
the tertiary unit. Haemostasis is often achieved by the time of the
second laparotomy following the removal of packs. However,
additional measures that may be needed for haemostasis 
include suturing of bleeding vessels, non-anatomical resectional
debridement of liver and, occasionally, further repacking. The
operative management of retrohepatic venous injuries is the
most challenging, and this may require total vascular isolation of
the liver with or without veno-venous bypass. In rare instances,
one may need to consider total hepatectomy with transplanta-
tion when a suitable donor liver is available.

Abdominal compartment syndrome

The abdominal compartment syndrome represents the patho-
physiological consequence of a raised intra-abdominal pressure.
The magnitude of this syndrome and the involvement of the 
various organs depend on the level of the intra-abdominal pres-
sure. Normal intra-abdominal pressure ranges between 0 and 

5 mmHg. Current methodology for intra-abdominal pressure
assessment relies on the measurement of bladder pressure.
Alternative methods include indirect estimations of inferior
vena cava pressure, rectal and gastric pressure measurements
and direct measurement of the intra-abdominal pressure by
direct puncture. At pressures of between 15 and 25 mmHg, 
the full syndrome may be observed, but it usually responds to
aggressive fluid resuscitation, although surgical decompression
should be considered. At high pressures (> 25 mmHg), surgical
decompression associated with fluid resuscitation and transient
use of vasoconstrictive agents is mandatory. In appropriate 
circumstances, percutaneous drainage of haemoperitoneum 
can improve compartment syndrome and also the systemic
inflammatory response.

Complications of liver trauma

Irrespective of the initial management (non-operative or 
operative), these patients may develop both early and late 
complications that require intervention (Table 6). Delayed or
secondary haemorrhage is an infrequent complication and 
can usually be diagnosed by contrast CT and managed with
angiographic embolization. Angiographic embolization is also
used for late complications such as haemobilia and arterial 
portal shunts. Most collections can be managed by percutaneous
drainage. Similar drainage would be required for managing bile
leaks. Persistent leaks need further investigations including
MRCP and subsequent management with intervention modali-
ties including endoscopic retrograde cholangiopancreatography
(ERCP). Biliary strictures can be a troublesome late complica-
tion of liver trauma. Extrahepatic strictures can be managed by
surgical reconstruction or stenting. Diffuse strictures are more
challenging, are frequently ischaemic and can lead to secondary
biliary cirrhosis.

Conclusion

The management of liver trauma has moved on from surgery 
to non-operative management. Surgery is needed in a small 

Table 5 Factors required for successful operative intervention for hepatic
injury.

1 Referral and definitive management in tertiary centres

2 Availability of experienced surgical, anaesthetic, ICU, angiographic and 

endoscopic hepatobiliary services

3 Prompt correction of coagulopathy, hypothermia and acidosis

4 Damage control surgery with perihepatic packing and control of enteric 

leaks

5 Intensive peri- and postoperative management in ICU

6 Prompt recognition and treatment of the abdominal compartment 

syndrome

7 Experience in management of open wounds

ICU, intensive care unit.

Assessment and
resuscitation

Unstable

IADSA+/–
embolisation

HDU/ICU
observation

Laparotomy

Haemodynamically
unstable

Extravastion of
contrast

Haemodynamically
stable

No extravasation
of contrast

CT scan

Fig. 3 Algorithm for the management of blunt
liver trauma.
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percentage of patients, and they are best managed in specialist
units with a multidisciplinary approach.

Biliary trauma

Introduction

Biliary trauma is an infrequent complication of blunt and pene-
trating abdominal trauma. The presentation and management
of biliary trauma in this context has already been discussed. The
majority of biliary trauma seen in clinical practice is iatrogenic
in nature, affecting the extrahepatic biliary tree. The commonest
cause of iatrogenic biliary trauma is cholecystectomy (open 
and laparoscopic). The infrequent causes of iatrogenic biliary
trauma include liver resections, bile duct surgery, gastroduo-
denal surgery, pancreatic head surgery and endoscopic biliary
intervention. The incidence of biliary tract injury during chole-
cystectomy has been reported to range from 0.2% to 0.6%. 
Data from large series suggest that the incidence is similar with
open and laparoscopic cholecystectomy and is associated with 
a significant deleterious effect upon the patients’ quality of life.
The remaining part of the chapter focuses on injuries following
cholecystectomy.

Mechanisms of injury

Bile duct injury during open cholecystectomy and laparoscopic
cholecystectomy can be caused by a number of factors. These
could be described as minor injuries including bile leak from the
cystic duct stump to major injuries such as excision of the entire
extrahepatic biliary tree due to misidentification of anatomical
structures. Some of these injuries could be further complicated
by concomitant vascular injury to hepatic artery and portal
venous branches. In relation to the immediate causes, biliary
tract injury may present late as stricture due to ischaemic
injuries (Table 7).

Classification (Fig. 4)

Bismuth et al. proposed a classification for bile duct injury that
was widely used up until the laparoscopic cholecystectomy era.
Some of the unusual mechanisms of injury unique to laparo-
scopic cholecystectomy necessitated a further classification.
Strasberg et al. proposed a new classification that incorporated
Bismuth’s classification and has been widely accepted.

Presentation

Bile duct injury following cholecystectomy can present early or
late and either as a leak or as jaundice depending on the mechan-
ism and type of injury. Early bile duct injury can be recognized 
at the time of surgery or soon afterwards with bile leak, biliary
peritonitis or jaundice. Identification at the time of surgery 
can be from a review of the anatomy following initial dissection,
bile leak or operative cholangiogram. Controversy surrounds the
exact role of the cholangiogram in preventing bile duct injury. It
is considered that an operative cholangiogram may limit the
extent of bile duct injury if not prevent it. Late presentations are
usually in the form of obstructive jaundice from strictures or of
chronic unresolved sepsis in the right upper quadrant.

Investigations

The choice of investigation depends on the timing of presenta-
tion. The gold standard investigation is a ‘cholangiogram’ allow-
ing identification of the type and extent of the injury. Other
ancillary investigations would be required depending on the
clinical presentation.

Cholangiogram
Cholangiograms can be obtained either intraoperatively or 
postoperatively (Fig. 5). Postoperative cholangiograms include
direct visualization with tubulograms or a fistulogram, ERCP
and percutaneous transhepatic cholangioscopy (PTC) or indi-
rect visualization with MRCP. A cholangiogram will enable
visualization of the biliary tree identifying bile leaks and absent
ducts. MRCP also has an added advantage of also showing 
discontinuous ducts.

Ultrasound
Ultrasound is the standard investigation for intra-abdominal
collections and the identification of a dilated biliary tree.
Doppler ultrasound enables the identification of concomitant
major vascular injury. Ultrasound can also be used for the per-
cutaneous placement of drains in the management of intra-
abdominal collections.

Table 6 Late complications.

1 Secondary haemorrhage

2 Sepsis – intra-abdominal collections or abscesses

3 Haemobilia and sepsis – intra-abdominal collections or abscesses

4 Bile leaks

5 Biliary stricture and its consequences

Table 7 Immediate and late causes of iatrogenic biliary trauma.

Immediate
1 Misidentification resulting in stenting and classic injury

2 Difficult anatomy due to scarring or inflammation

3 Anatomical anomalies

4 Deep dissection into the gallbladder bed with injury to the duct of 

Luschka

5 Cystic duct leaks

Late
1 Diathermy injury with pericholedochal vascular plexus injury

2 Hepatic arterial injury and its consequences
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CT scans
CT scans provide similar information to ultrasound but can also
be used when more complex collections are present. Additional
information that can be gained from CT scan includes evidence
of liver ischaemia/infarction or abscess formation.

HIDA scans
Hepatoiminodiacetic acid (HIDA) scans (cholescintigraphy)
can occasionally be of help in incipient bile leaks and fistulas
before proceeding to invasive investigations.

Liver biopsy
Chronic biliary obstruction can lead to fibrosis and secondary

biliary cirrhosis. It is prudent to biopsy the liver at the time of
surgical repair to quantify the extent of the damage.

Management

Management options for bile duct injury include conservative,
endoscopic and percutaneous biliary interventions, surgical
reconstruction of the bile duct and, occasionally, liver resection
and transplantation.

Conservative management
Conservative management usually involves the drainage of
small subhepatic collections from minor bile leaks that settle

A

C

E1 E2

> 2 cm < 2 cm

B

D

E3

E4 E5

Fig. 4 Classification of bile duct injuries
(Strasberg et al.). Strasberg et al. made Bismuth
et al.’s classification much more comprehensive
by including a number of other types of
laparoscopic extrahepatic bile duct injuries.
Injuries are classified from type A to type E.
Type E injuries are further classified as
Bismuth’s classification into E1 to E5 
(1, stricture > 2 cm from the confluence of the
hepatic ducts; 2, stricture < 2 cm from the
confluence with the remnant of the common
hepatic duct (CHD); 3, stricture flush with 
the confluence with the confluence intact; 
4, stricture involves the confluence; 5, stricture
involving an aberrant right sectoral hepatic
duct, with or without a concomitant CHD
stricture). Type A injuries include bile leaks from
injured minor ducts, e.g. cystic duct and duct of
Luschka. Type B denotes occlusion of part of
the biliary tree, invariably the aberrant right
sectoral hepatic duct. Type C represents
transection without ligation of the right
sectoral hepatic duct. Type D involves a lateral
injury to an extrahepatic bile duct, potentially
requiring a major reconstruction.
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with time. Segmental bile duct ligation can be managed conser-
vatively as long as it is not complicated by sepsis. Internal biliary
fistulas into the duodenum or stomach can develop following
major bile duct injury and can be treated conservatively as long
as there is good drainage. This is more appropriate in patients
considered to be poor surgical candidates.

Endoscopic biliary treatment
Endoscopic biliary intervention is the mainstay of treatment for
persistent bile leak from a cystic duct stump, leaks from a duct of
Luschka and leaks resulting from injury to the lateral wall of the
common hepatic duct. It is also useful in segmental bile duct
leaks if the leaking duct is in continuity with the main biliary 
system. Endoscopic intervention usually involves placement of 
a plastic stent across the sphincter of Oddi with or without
sphincterotomy. The endoscopic treatment is often performed
in conjunction with good percutaneous drainage of intra-
abdominal collections. Chronic biliary strictures of the common
hepatic and common bile duct can also be managed with endo-
scopic stenting. This usually requires multiple interventions,
balloon dilatation and placement of multiple stents at the 
same time.

With excellent long-term results of biliary reconstructive
surgery and the possibility of developing secondary biliary 
cirrhosis, even with partial obstruction, endoscopic and percu-
taneous treatments should be reserved for patients unfit for
surgery or as a temporizing measure.

Surgery
Surgery is a gold standard treatment for major bile duct injury
(Fig. 6). Immediate reconstruction is indicated for major
injuries at the time of cholecystectomy if expertise is available. 

If the expertise is not available locally, these patients need to be
referred promptly to a specialist centre for biliary surgery.
Published data from major centres confirm better outcomes
when the first reconstructive surgery was performed at a tertiary
centre compared with repair at the time of injury by non-
specialists. Early reconstruction is usually indicated in most
patients. Controversy exists as to the timing of surgery in
patients with major bile leaks and local sepsis. In patients with
significant local sepsis, adequate drainage with multiple drains
either operatively or percutaneously remains the standard treat-
ment. The resulting controlled biliary fistula enables safe staged
surgical management. The standard surgical treatment involves
a Roux-en-Y hepaticojejunostomy. Intrahepatic strictures would
necessitate further surgical correction. Unilobar strictures could
be managed with hemi- or extended hemihepatectomy along
with reconstruction of the hepatic duct of the remaining half of
the liver. However, bilobar extensive intrahepatic duct strictur-
ing may be amenable only to transplantation (Tables 8 and 9).

Fig. 5 ERCP showing a lateral injury to an extrahepatic bile duct. Despite a
significant leak, endoscopic stenting stopped the leak.

Left main
hepatic duct

Fig. 6 The Hepp–Couinaud biliary reconstruction. This technique
capitalizes on the extrahepatic course of the left main hepatic duct. The left
main duct has a rich blood supply that is not put at risk by the precipitating
iatrogenic injury. 
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Outcome

Success rates depend upon the extent of the injury. Five-year
success rates of 90% have been reported for surgical reconstruc-
tion with the majority of restructuring occurring in the first 2
years. Therefore, this patient group needs close follow-up at 
3-month intervals in the first 2 years with liver function tests 
and ultrasound scan. They should then be followed up on a 
6-monthly basis for the next 3 years and annually thereafter
(Table 10).
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Table 8 Principles of surgical reconstruction.

1 Good vascular supply to remnant bile duct. 60-cm Roux loop

2 Mucosa to mucosa anastomosis

3 Tension-free anastomosis

4 Wide opening of the bile duct (by spatulating or extension of the 

anastomosis to include the left hepatic duct)

5 Anti-colic or retro-colic

6 Liver biopsy

Table 9 Risk factors for poor surgical outcome.

Local Inflammation

Lack of bile duct dilatation

Level of injury

Multiple attempts

Fibrosis or portal hypertension

Intrahepatic strictures/stones

Experience of surgeon

Table 10 Success of biliary reconstruction.

Author No. Successful Mean follow-up
outcome (%) (months)

Chapman et al. 122 76 86

Lillemoe et al. 142 90.8 57.5
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25.1 Surgical techniques

25.1.1 Liver transplantation
Peter Neuhaus

Liver transplantation consists of four surgical steps, with each
step requiring knowledge, surgical skill and experience. In the
beginning, donor hepatectomy, liver preservation, recipient
hepatectomy and recipient transplantation were therefore per-
formed by the same surgical team but, nowadays, in a regulated
organ allocation process, the liver is often harvested by local 
surgeons unknown to the transplant surgeon. This demands 
not only confidence and trust, but also meaningful documenta-
tion and communication between the donor and recipient team.

The quality and suitability of the graft can only be completely
judged by the donor surgeon. The donor intensive care status,
the extent of previous injuries, biochemistry changes and the
macroscopic appearance of the liver after opening the abdomen
are as important as the judgement of the surgeon on the homo-
geneity of liver perfusion, the consistency of the liver tissue
before, during and after perfusion, and the colour and estimated

fat content (Fig. 1). The size of the organ must be estimated in
comparison with the donor’s body weight, and any anatomical
abnormalities, especially of the arterial supply, must be noted.
Most, but not all, centres prefer to have a biopsy.

The harvesting of the liver can be done in two different ways:
1 En bloc in situ perfusion and harvesting.
2 Step by step mobilization and isolation of the liver and the
hilar structures.

En bloc harvesting and preservation

After opening the abdomen and careful inspection of all organs,
the vena cava and abdominal aorta are exposed and taped just
above the bifurcation. Large-bore canulas are inserted into both
vessels and tied. Clamping of the supracoeliac aorta is per-
formed, and the vena cava is incised below and above the liver.
At the same time, perfusion of the aorta is started, and the blood
is drained from the vena cava. Four to six litres of University of
Wisconsin (UW) solution are infused until all organs are pale
and cold (with the aid of ice slush placed into the abdomen).

1965

Fig. 1 (a) Metabolic activation with mild cellular infiltration. (b) Macrovesicular fatty changes in a liver transplant donor.

(a) (b)
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Then perfusion is stopped and the liver is excised in a bloodless 
field. Usually, the pancreas is not used, as the pancreas can be
damaged during excision of the liver.

Full isolation of the liver before
preservation

Another approach is the careful and meticulous dissection of all
anatomical structures with intact circulation. The liver is fully
mobilized from the retroperitoneum, and the vena cava above
and below the liver is encircled. Then the bile duct is dissected,
tied and divided just above the pancreas. The bile duct is flushed,
and the cystic duct is ligated and divided. The gallbladder is
removed, and haemostasis is achieved in the gallbladder bed.
Now a careful dissection is done at the right side of the portal
vein to identify an accessory right hepatic artery, which can arise
in 20% of cases from the mesenteric artery. Similarly, an acces-
sory left hepatic artery can be found in the minor omentum 
arising from the gastric artery.

When the anatomy is normal, the right gastric artery and 
the gastroduodenal artery are dissected next and ligated well
away from the common hepatic artery. Then the portal vein
stem is identified and dissected free for about 2 cm. According 
to the surgeon’s preference, the dissection can then be carried 
on to the common hepatic and splenic artery and down the
coeliac trunk to the aorta. If the pancreas is not suitable for
transplantation, the mesenteric artery is divided or clamped in
order not to have too much venous backflow from the mesen-
teric veins.

After dissecting the renal vessels and, if necessary, the pancre-
atic organ, perfusion of the liver is started via the aorta and 
portal vein. The vena cava is cut at the level of the diaphragm 
and above the renal veins. After the aortic perfusion has been
stopped, dissection of the coeliac trunk down to the aorta can 
be completed, and the artery can be excised with or without an
aortic patch. We always perform the back table perfusion of the
hepatic artery under high arterial pressure to avoid insufficient
perfusion of the capillaries around the bile duct. We again flush
the bile duct with 250 mL of preservation solution and leave the
splenic artery open with about a 1-cm stump. The liver is packed
in three plastic bags and transported in an ice box. Details of
anatomical or surgical points of interest are noted and attached
to the donor report form.

The maintenance of organ viability during harvesting and
preservation is an important prerequisite for outcome after liver
transplantation. The organ procurement and initial perfusion
techniques are key factors leading to improvement in organ
preservation. Good organ preservation starts with an effective
blood washout and a rapid decrease in temperature. It is known
that, during dissection and preparation, arterial spasms and
minor liver trauma cannot be avoided. Therefore, en bloc har-
vesting and preservation seems to be advantageous. On the other
hand, direct perfusion of the hepatic artery and portal vein with-
out all the other arterial and portal venous branches ensures a

more rapid perfusion and cooling. According to some surgeons,
ischaemic-type biliary lesions are thus better avoided.

Most commonly used for organ preservation is the UW 
solution and the histidine/tryptophan/ketoglutarate (HTK)
solution. Preservation solutions are formulated to prevent the
four classical effects of hypothermia: cell swelling, impaired
energy metabolism, acidosis and accumulation of precursors 
of reactive oxygen intermediates. More than 15 years ago, UW
solution became the standard liver preservation solution and is
still regarded as the favourite solution for long-term graft
preservation. Of concern, however, is the high potassium con-
tent and the high viscosity of the solution. HTK solution, on the
other hand, was originally introduced as a cardioplegic solution
for protection in the mild hypothermic range, and was later
adapted to cold preservation of organs. Based on extracellular
fluid composition, HTK uses only the intrinsic components his-
tidine, tryptophan and ketoglutarate. HTK and UW solutions
have been used with equal efficacy in experimental and clinical
settings of liver preservation, provided that the storage period
does not exceed 10–12 h. Compared with UW, HTK is increas-
ingly used especially in short preservation periods, e.g. living
donor liver transplantations, because of its practical and eco-
nomical advantages [1].

A number of additional pharmacological agents can be 
used to improve preservation results and diminish ischaemia–
reperfusion injury. Phenoxybenzamine and prostaglandins for
donor and recipient, methyprednisolone, aprotinin, antilympho/
thymocyte globulin (ATG) and free oxygen radical scavengers
are also being used. The problem in standard clinical use is that
there is no consensus between different organ transplant teams
and donor and recipient clinics on the use of such agents.

The recipient hepatectomy

When the donor liver has been perfused and harvested, the
recipient operation can usually begin. In most centres, the
abdomen is opened through an upper transverse incision with
an upward extension to the xyphoid. Collateral veins in the
abdominal wall are carefully ligated, and retractors are used to
give access to the liver and the suprahepatic vena cava. If a veno-
venous bypass is used, the saphenous vein and axillary vein of
the left leg and arm should be prepared and taped. Careful
inspection and palpation of the liver and other abdominal
organs are necessary to identify additional pathology, especially
hepatocellular carcinoma in cirrhotic patients, which was not
known before. The dissection starts at the hilum of the liver with
identification of the common and proper hepatic and the gastro-
duodenal arteries. Usually, one or two lymph nodes lying on top
of the artery must be removed. The proper hepatic artery or
right and left hepatic artery are then ligated and divided. Early
dissection of the arteries may save some bleeding later. Next, the
common bile duct is identified and the cystic duct divided. The
hepatic duct is then divided in the liver hilum and suture ligated;
the lower part can either be ligated or the vessels at the open end
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may only be coagulated. Then the bile duct together with its sur-
rounding connective tissue containing blood vessels is dissected
away from the portal vein. Next the portal vein is completely 
dissected free, but the lymph nodes on the right and left of the
portal vein do not need to be removed completely; thus, damage
to the pancreas is avoided.

If a bypass is used, it can now be put into place, and the further
mobilization and dissection of the liver and the vena cava can be
performed with running bypass. The liver is now carefully mob-
ilized from above, and the vena cava and the three liver veins are
identified. The vena cava above the liver is dissected free from
both sides and encircled with a linen tape. Similarly, the vena
cava below the liver is dissected and taped. Here, it is necessary
to find the right suprarenal vein and divide it between two liga-
tures. The vena cava can then be clamped with a Satinsky clamp
below the liver, and with an especially curved clamp above the
liver including the diaphragm. The liver is then removed from
the body including the posterior vena cava. By using the piggy-
back procedure, the retrohepatic vena cava stays in place (see
below).

After complete hemostasis is achieved in the retroperitoneum
and at the diaphragm, which can be done with light coagulation,
argon beam or bipolar electrocautery and with fine sutures, the
new liver can now be implanted.

The recipient transplantation

During the standard operation, the vena cava above the liver is
first anastomosed with a running 4-0 Prolene suture. Then the
inferior vena cava is similarly sutured, but the anterior suture is
left untied, and a small tube is inserted between the stitches for
later drainage (Fig. 2).

Depending on whether simultaneous or sequential reperfu-
sion of portal vein and hepatic artery is preferred, the portal vein
or the hepatic artery is anastomosed first. We prefer simultane-
ous reperfusion of hepatic artery and portal vein, and therefore
anastomose the hepatic artery first when using the veno-venous
bypass. Usually, the common hepatic and gastroduodenal arter-
ies are clamped with a Baby-Satinsky clamp, the proper hepatic
artery is divided, and the common hepatic artery is incised. At
the donor hepatic artery, a patch is created from the coeliac
trunk and the splenic artery, which is then anastomosed to the
recipient’s common hepatic artery at the division into proper
hepatic and gastroduodenal artery with a 7-0 Prolene running
suture. If the recipient’s hepatic artery is too small, the anasto-
mosis can be moved to the coeliac trunk, or an interposition
graft of donor iliac artery coming from the supracoeliac aorta or
the infrarenal aorta may be used.

Patients with coeliac axis stenosis may also suffer from inade-
quate blood flow. The median arcuate ligament syndrome has
been described as affecting arterial inflow after orthotopic liver
transplantation (OLT). In these cases, a dissection of the arcuate
ligament or the use of a donor iliac arterial conduit from the
infrarenal or supracoeliac aorta is advisable (Fig. 3). However,

these techniques are associated with an increased rate of hepatic
artery stenosis and thrombosis. Anatomical variations requiring
back table arterial reconstructions are common and have no
influence on long-term outcome [2–4]. Arterial steal syndrome
after liver transplantation related to the splenic artery has been
reported in only limited series. Patients present with elevated
transaminases and deteriorating liver function, usually over the
long term after transplantation, which is mainly caused by
ischaemic damage [5]. In these cases, embolization or operative
narrowing of the splenic artery is the appropriate treatment
option.

After removing the portal vein bypass tube and flushing 
the portal vein, both donor and recipient vessels are trimmed
and brought together under gentle tension. The end-to-end

Portal vein with portal
vein bypass

Anastomosis of the
inferior vena cava in a
standard transplantation.

Fig. 2 Anastomosis of the infrahepatic vena cava in a standard liver
transplantation with replacement of the intrahepatic vena cava. During the
anhepatic phase, a motor-driven veno-venous bypass is used.

Interposition of
an iliac artery
conduit

Supracoeliac aorta

Fig. 3 Hepatic artery inflow reconstruction with interposition of an iliac
artery to the supracoeliac aorta; the second branch may be used for portal
arterialization.
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anastomosis is performed with 6-0 Prolene sutures. Thereafter,
the blood flow is opened to both artery and portal vein, and
about 400–500 mL of cold perfusate and blood is drained from
the infrahepatic vena cava until the suture is tied and the supra-
hepatic vena cava clamp removed.

The anastomosis sites, the parenchyma and the gallbladder
bed are inspected for bleeding and are temporarily packed with
small gauzes. The bypass can then be removed, and the vena
saphena and the vena axillaris can be ligated without problems.

Portal vein thrombosis is a recognized complication of end-
stage liver disease. Its incidence is estimated to range between
2% and 20% [6]. Although portal vein thrombosis is no longer
considered a contraindication for OLT, it is still regarded as 
a high-risk condition because the results obtained in these
patients may not be similar to those in patients without portal
vein thrombosis. When complete and extensive portal vein
thrombosis with involvement of the mesenteric and splenic
veins is present, alternative techniques such as cavoportal 
transposition or arterialization [7] of the portal vein are used.
However, these techniques are associated with an increased 
risk of morbidity and mortality. In most cases, thromboen-
dovenectomy in the liver transplant recipient is possible and
allows a safe portal anastomosis. In a recent study of 64 patients
with portal vein thrombosis prior to liver transplantation, a
thromboendovenectomy was possible in 56, seven patients
received a venous graft from the superior mesenteric vein, and
one patient a cavoportal hemitransposition [8]. Only blood
transfusions and long surgery were significant factors compared
with patients with no portal vein thrombosis, which shows that
portal vein thrombosis is no longer a contraindication for OLT.

Piggy-back technique

The piggy-back technique was developed to avoid the use of
veno-venous bypass and congestion of the lower abdomen with
impaired venous return after hepatectomy. Here, during the
recipient hepatectomy, the liver must be carefully dissected free
from the vena cava, and the small hepatic veins must be suture
ligated step by step. Finally, only the portal vein and the three
hepatic veins remain. In the case of a good collateralization,
either the portal vein can be clamped or a temporary portocaval
shunt can be performed. The three liver veins are divided behind
vascular clamps, and the orifices are carefully oversewn with
running Prolene sutures which must not narrow the vena cava.

During implantation of the new liver, the donor vena cava is
closed below and above the liver with either suture or stapler,
and then longitudinally incised. The recipient’s vena cava is 
partially clamped with a long Satinsky clamp, and the front wall
is longitudinally incised corresponding to the donor cava inci-
sion. After positioning of the liver, a side-to-side anastomosis of
both vena cavae with 4-0 running Prolene sutures is performed
(Fig. 4). Then the portocaval shunt, if present, is clamped and
divided, and the portal vein anastomosis is performed in an 
end-to-end fashion. In this situation, the clamps are usually
removed, and reperfusion is only done with portal blood.

The most common technique of revascularization of the graft
in liver transplantation is initial reperfusion via the portal vein
and subsequent reconstruction of the arterial branches. The
choice of this order is based on the experience that portal venous
blood flow alone is sufficient for adequate liver perfusion.
However, this technique carries some disadvantages, which are,

Incision of the recipient vena cava
in the piggy-back technique

(a) (b)

Side-to-side anastomosis of the vena cava after
completing the back wall of the anastomosis

Fig. 4 (a) The recipient’s vena cava is incised longitudinally corresponding to the donor cava incision. (b) Side-to-side anastomosis of the vena cava after
suturing the back wall of the anastomosis.
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first, the fast rewarming of the graft with only rarely oxygenated
blood and, secondly, the lack of perfusion of the bile ducts,
which depends exclusively on arterial blood supply, and the pos-
sible risk of the development of ischaemic-type biliary lesions. A
number of studies advise a reverse order of reperfusion to reduce
the warm ischaemic time of the liver. First arterial reperfusion
followed by portal reperfusion has been associated with lower
blood transfusion requirements, more stable haemodynamics
and lower peak values of transaminases; however, a recent study
could not confirm this claim [9].

The piggy-back procedure without the use of veno-venous
bypass has now become the accepted standard in most liver
transplant centres worldwide. Most patients tolerate temporary
clamping very well, but the bypass should, however, still be
available if severe instability results after a short clamping period.
In cirrhotic patients with portosystemic collaterals, a temporary
portocaval shunt is unnecessary. Even without collaterals, our
experience in liver surgery with 30–60 min Pringle manoeuvre
shows that temporary portal occlusion is well tolerated. In our
experience, the bypass was mostly advantageous for anaesthesi-
ological management. Good blood return from the lower half of
the body, complete decompression of the portal venous system
and the possibility of warming the blood and the patient to 37oC
by extracorporeal heat exchange were the advantages of the
bypass. The additional time, wounds and mechanical risks of 
the bypass had to be weighed against the advantages.

Piggy-back technique and standard vena cava replacement
result in vena cava stenosis in 2.5–6% of cases, with venous
outflow obstruction due to rotation of the liver or anastomotic
stricture. This may present with liver allograft dysfunction,
ascites formation and impairment of renal function. In an analy-
sis of more than 1000 patients, symptoms occurred during the
first 48 h after liver grafting [10,11]. Cava stenosis carries a high
risk of mortality and, although hepatic outflow obstruction
occurs in both standard and piggy-back techniques, it was seen
more commonly in the piggy-back technique.

Recent publications have shown that the initial problems of
the piggy-back technique with the anastomosis on the combined
orifice of the hepatic veins could be overcome with long side-to-
side anastomosis of both the vena cavae.

Bile duct anastomosis

Biliary complications are the ‘Achilles heel’ of liver transplanta-
tion and contribute significantly towards morbidity and mortality.
Biliary complications have been reported still to occur relatively
constantly in approximately 10–15% of all deceased donor full-
size liver transplantations.

After complete revascularization of the liver, the anastomosis
of the bile duct is performed. It can be done either as direct duct-
to-duct anastomosis or as hepaticocholedochojejunostomy with
a Roux-en-Y loop.

Direct bile duct anastomosis can be performed as end-to-end
or as side-to-side anastomosis (Fig. 5). Most centres use a direct

duct-to-duct anastomosis with fine interrupted absorbable
sutures or, after an oblique incision of both bile ducts, the 
anastomosis is performed with a continuous running suture. A
T-tube may or may not be used. Various studies could not show

Fig. 5 (a) Schematic presentation of a side-to-side anastomosis of the
common bile duct with insertion of a T-tube. (b) Cholangiography of a side-
to-side choledocho-choledochostomy 6 weeks after liver transplantation.

(a)

(b)
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an advantage for the T-tube, although it allows monitoring of
the quantity and quality of the bile.

In our centre, we prefer side-to-side anastomosis, where both
bile ducts are laterally incised over 10–12 mm, then suture ligated
at the end and anastomosed with fine running absorbable sutures.
As we see fewer than 5% biliary leakages and stenosis, it seems
favourable to us to perform a wide anastomosis of the bile duct
in a lateral area where arterial perfusion is not compromised.

Randomized trials could not identify any differences in 
complication rates with regard to the type of anastomosis 
(side-to-side anastomosis compared with end-to-end) [12]. The
management of bile duct complications after liver transplanta-
tion requires a multidisciplinary approach. Interventional or
endoscopic treatment options have to be weighed against 
surgical intervention.

Especially in patients with biliary disease such as primary scle-
rosing cholangitis or when the recipient’s bile duct is not suitable
for anastomosis for other reasons, a biliary enteric end-to-side
anastomosis with a 40–50 cm Roux-en-Y loop is created. In this
situation, the bile duct anastomosis should be placed 6–8 mm
below the bile duct bifurcation.

At the end of the operation, drains are placed around the liver.
Attention should be given to the closure of the large abdominal
wound, because incisional hernias, especially after the
Mercedes-star incision, are quite frequent.
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25.1.2 Split-liver transplantation
Ramón Charco, Josp Fuster Obregón, Constantino Fondevila and 
Juan Carlos García-Valdecasas

Introduction

Liver transplantation is the treatment of choice for the majority
of terminal liver diseases [1]. However, the great problem is that
the number of patients requiring a transplant far exceeds the
number of donors, a fact that is of concern in the United States
and some European countries where the donation rate is low.
This lack of organs is worse in the context of paediatric liver
transplantation, with the added difficulty of finding donors with
adequate weight and size for a particular recipient. In the past,
waiting-list mortality reached 50% [2]. In 1984, Bismuth and
Houssin [3] cut an adult liver to adapt the size of the graft and be
able to transplant a child (reduced liver). This practice, in which
a large portion of the liver is discarded, clearly prejudices the
pool of adult donors.

Pichlmayr et al., in 1987 [4], were the first to transplant two
recipients with a single liver. In this way, the liver parenchyma
that used to be systematically rejected in reduced liver trans-
plants can be utilized. The concept of split-liver transplantation
is based on dividing a liver into two parts, conserving the vascu-
lobiliary pedicles of each part and, consequently, their venous
drainage, and thus being able to transplant an adult and a child;
later, Bismuth et al. used the technique to transplant two adults
[5]. The split transplant was developed further by the Broelsch
group in Chicago [6] and European paediatric teams. In the
1990s, its development boomed, in both the number of cases
performed worldwide and the improvements in technique and
results [7]. In countries with a good rate of cadaveric donors,
split-liver transplantation has resolved paediatric waiting lists
and reduced the need for live donors in paediatric liver trans-
plants [8].

The donor liver is divided into two grafts: the left lateral seg-
ments (II, III) for the child and the right lobe with segment IV
for the adult (Fig. 1a). This combination, which increases the
paediatric donor pool, does not prejudice the adult recipients
and is associated with excellent survival [9]. The number of 
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divisions for transplanting two adults has been increasing in
recent years. The early experiences published by the Bismuth
group showed inferior results with the left graft [10]. However,
the application of the technique and experience in live donation
for adults [11] have led to improvements in the technique result-
ing in split transplants for two adults. In these cases, the right liver
(segments V–VIII) will be for the heaviest adult recipient and
the left liver (segments I–IV) for the lightest recipient (Fig. 1b).

The split method for two adults has also been combined with
the domino technique. The aim is to transplant a patient with
familial metabolic polyneuropathy with a cadaveric donor and
divide the liver graft with the metabolic defect to transplant two
patients [12].

Donor selection

The majority of groups select donors for the split. These should
be excellent donors who have short intensive care unit stay, 
minimum inotropic support, serum sodium levels below 160
mEq/dL, normal bilirubin, small transaminase elevations and
no cardiac arrest [13]. The availability of an imaging technique
such as echography is essential to assess liver parenchyma,
examine vascular distribution and rule out significant steatosis.
Each centre, according to its experience, waiting list load and
type of bipartition (two adults or child and adult), is more or less
strict when applying the acceptance criteria and marking the
limits for dividing a liver.

It is estimated that the proportion of livers suitable for 
bipartition could reach 15% of current donors [14]. The lack of
donors has led to a steady increase in the number of patients
(children and adults) transplanted in Europe with a partial
cadaveric graft [15].

Surgical technique in the donor liver

The bipartition technique can be performed in two modes: 
ex situ bipartition on bench surgery or in situ bipartition during
the surgical procedure in the donor.

Ex situ bipartition

The partition is performed during bench surgery. It usually lasts
2–3 h as the vasculobiliary pedicles have to be divided, and the
cut surface of both grafts must be completely sealed. Two grafts
will be obtained: the right lobe with the right portal vein, right
hepatic artery, main biliary tract and the vena cava that will be
transplanted into the heaviest recipient; and the left lobe of the
left lateral segments (II–III) depending on the size of the recipi-
ent, with the portal vein, coeliac trunk, left hepatic duct and left
hepatic vein. If the left lobe is involved, the vena cava should
accompany the left graft and the right hepatic vein the right
graft. Although not mandatory, the coeliac trunk can be left with
the right part of the graft [16,17] (Fig. 2).

In situ bipartition

The procedure is the same as in the live donor. It varies depend-
ing on whether the division is to be to the right of the falciform
ligament (II, III and IV) or to the left (II, III) [18]. The technique
consists of dissection of the portal vein and hepatic artery as far
as its bifurcation. In general, the right vena porta is left with the
main trunk, while the left portal vein is sectioned at its origin or
more distally, respecting at all times the collaterals of segment IV
if segment IV remains with the right lobe. The hepatic artery
usually has variants. On most occasions, the left hepatic artery is
left with the coeliac trunk, the right hepatic artery is sectioned at
its source, and the orifice is sutured. However, in cases of bipar-
tition to the left of the falciform ligament (left lateral segment),
the coeliac trunk is usually left with the right graft. In short, the
frequent anatomical variation of hepatic artery vascularization
and the type of bipartition will mark the arterial division site.
The right and middle hepatic veins will provide drainage to the
right graft of the adult, and dissection of the left hepatic vein may
cause an area of stenosis at the origin of the middle hepatic vein
for which a segment of vena cava can be utilized as a patch to
widen the orifice (ex situ). The left hepatic vein will drain the
paediatric graft.

VII VIII
IV

II–III

V

VII VIII
IV

II–III

VI V

(a)

Extended
right graft

Lateral
left segment

Right lobe Left lobe

(b)

VI

Fig. 1 Usual cutting lines used in split liver.
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Table 1 Main characteristics of the technique in situ or ex situ.

In situ Ex situ

Logistic advantages of distribution Yes No

Vascularization identification Better Worse

Section surface haemostasis Better Worse

Ischaemic time Short Long

Donor surgery Long Short

Bench surgery manipulation/handling Minimum Major

Haemodynamic stability Essential Non-essential

Donor centre problems Yes No

Expert surgeon Yes No

1972 25 LIVER TRANSPLANTATION

As a solution to these problems and to guarantee optimum
venous drainage of both hemilivers, Rogiers proposed the split
cava technique, which consists of dividing the vena cava longitu-
dinally, leaving a segment of the vena cava with the right part
and a further segment with the left part so that venous drainage
is guaranteed, including that of the caudate lobe [19,20].

The biliary tract is dissected directly on the left hilar plaque,
and the left hepatic duct is cut after the exit of the bile duct from
segment IV. Once the vascular and biliary structures have been
identified and sectioned, the liver parenchyma is sectioned,
either to the left of the falciform ligament (segments II–III) or to
its right (left hepatic lobe) using a meticulous dissection with 
ligature of intraparenchymatous vasculobiliary structures of the
transection area. Once the transection has been made in situ,
adequate haemostasis of the transected area is confirmed, result-
ing in two grafts ready for implantation [20] (Fig. 3).

Controversy exists as to the technique of choice. The advan-
tages and disadvantages of both techniques are shown in Table 1.
Good results are obtained with both techniques provided the
teams are experienced and donors and recipients are carefully
selected. Most groups advocate the in situ division although, if
the division is for an adult and a child and both transplants 
can begin simultaneously without either of the grafts having to
be sent to another centre, the ex situ bipartition is an excellent
solution.

It is advisable to choose stable recipients from the waiting list
and avoid urgent cases as far as possible [16]. Although the grafts
obtained by bipartition stem from excellent donors, it most be
remembered that we are transplanting sufficient liver mass but
much less than that usually transplanted with a whole liver graft
in the case of division for two adults. This is not the case in a pae-
diatric split, where the liver mass transplanted is usually two or
three times that which would correspond by weight and size. As
a general rule, if the possibility of performing a split transplant
to two adults is considered, the technique of choice will be in
situ. Normally, the liver mass to be transplanted in relation to
the weight of the recipients (split for two adults) tends to be at
the extreme limit and, therefore, any factor that negatively affects
graft quality, e.g. long preservation time, excessive handling dur-
ing bench surgery or steatosis, should be strictly avoided.

Surgical technique in the recipient

The surgical technique in the paediatric recipient generally
requires a hepatectomy with inferior vena cava preservation.
Implantation of the left lateral segment is performed using anas-
tomosis of the left hepatic vein of the graft to the stump made
with two or three hepatic veins of the recipient or of the vena
cava with the suture of the ostium of the right hepatic vein in the
case of the left lobe. The portal anastomosis between the left por-
tal vein of the graft and the recipient’s portal vein is performed
end-to-end and with sufficient length to permit displacement
and accommodation of the graft towards the optimum position
on the right. It is advisable to perform the arterial anastomosis
prior to declamping to avoid as far as possible hypoperfusion of
the graft, which occurs when the liver is luxated. This anastomo-
sis is normally performed between the recipient’s hepatic artery
and the donor’s coeliac trunk. When the need for a greater cali-
bre anastomosis that ensures adequate graft perfusion is consid-
ered, the coeliac trunk of the donor can be directly anastomosed
to the recipient’s aorta or by interposition of an iliac graft.
Revascularization of the graft is preferable after the portal and
arterial anastomoses have been made. The biliary tract anasto-
mosis is performed between the left hepatic duct of the donor
and Roux-en-Y jejunal loop, with a transanastomotic suture
being left at all times [16].

The technique used in adults does not differ from a complete
liver implant with preserved inferior vena cava. The right hep-
atic vein or the vena cava is anastomosed with the ostium suture
of the left hepatic vein to the stump made with the three hepatic
veins of the recipient. The portal anastomosis is end-to-end, and
the arterial anastomosis is between the right hepatic artery of 
the graft or the coeliac trunk, lengthened on occasions using 
an iliac graft, and the hepatic artery of the recipient, usually at
the level of the gastroduodenal bifurcation. Revascularization
can be after either portal anastomosis or the portal–arterial

Fig. 2 Split-liver graft for adult and child.
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anastomosis. The biliary anastomosis is made end-to-end
between the hepatic duct of the graft and the hepatic duct of the
recipient with or without suture. If the recipient’s bile duct is not
adequate, a Roux-en-Y is performed [16,18] (Fig. 4).

The surgical technique in the recipient is not a fixed tech-
nique, but is subject to a multitude of variants depending on the
anatomical variation of the donor and recipient, the technique
followed in the donor (ex situ or in situ), the type of division
(two adults or child and adult), the experience of the surgical
team, etc.

Immunosuppression

Immunosuppression in split-liver transplantation is basically
the same as in whole cadaveric transplants. Our experience, 
and that of other authors, shows blood anticalcineurinic levels
attained in adult recipients transplanted with a partial graft from
a live donor to be higher than those reached with the complete
cadaveric transplant [21–23]. Several theories exist to explain
such high levels. The recipient of a partial graft has a lower distri-
bution volume compared with the complete graft recipient and,
on having substantially lesser liver mass, the liver metabolization
of these drugs will also be lower, which gives rise to higher blood
levels of the drug [21–23]. Thus, it seems reasonable for these
patients, recipients of a partial graft (right or left lobe), to receive
lower initial doses of anticalcineurinics with the aim of minimiz-
ing the toxicity derived from supratherapeutic levels.

Graft size in split-liver transplantation

It is fundamental to ensure sufficient functional liver mass in
this type of transplant. Generally, when the weight ratio between
donor and paediatric recipient lies between 5 and 10:1, we will
use segments II–III. Should the ratio be lower, the whole left
hepatic lobe can be used.

In general, particularly when the split-liver transplant is for
two adults, the liver mass to be transplanted should be calculated
as in a live donor transplant [24]. Sixty per cent of the liver mass
would correspond to the right, 10–15% to segment IV and the
rest to segments II–III.

Several studies have shown the good results obtained with
hepatic bipartition and its application in two adults. If we ana-
lyse the results of the Paul Brousse Hospital, one of the largest
centres with experience in these techniques, they show split-liver
transplant for two adults to be a feasible procedure, although
they imply a greater number of biliary complications, a higher
rate of primary malfunction and lower survival at 2 years com-
pared with whole cadaveric transplant [10]. These differences
are due mainly to worse survival with the left lobe transplant. 
In this study, factors influencing graft survival were the degree 
of steatosis, days of hospitalization and the ratio between 
donor liver and recipient body weight [graft body weight ratio
(GBWR)] < 1%. Factors influencing patient survival were again
steatosis, indication for transplant when the patient was hospi-
talized and prolonged hospital stay [10].

Thus, if we wish to transplant patients successfully with a 
partial graft from a split liver, especially if it is the left lobe, 
we should choose recipients with Child status A or B, no portal
hypertension or significant vascular anomalies and, if pos-
sible, no previous supramesocolic compartment surgery [25].
Furthermore, we should avoid patients with fulminant failure,
and it will be fundamental for the size of the recipient to be ade-
quate for the graft [25]. For this, we must ensure that GBWR is 
≥ 1%. The majority of studies demonstrate that the lower the
GBWR, the greater the possibility of small-for-size syndrome
appearing; this is a clinical syndrome characterized by the onset

Fig. 3 In situ split.

Fig. 4 Revascularizated left graft.
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of cholestasis, ascites and, finally, coagulopathy [26]. It is a cause
of graft loss. A study from the University of Kyoto, where more
than 250 partial liver transplants from live donors were studied,
showed that graft survival with a GBWR of 1–5% was 80% at 5
years, dropping to 50% if GBWR was < 1% [25]. One notable
aspect is that partial grafts from split donors are usually from
cadaveric donors. Thus, unlike partial grafts from live donors,
they suffer all the metabolic changes typical of brain death and,
furthermore, cold ischaemia time is longer, at least the same as
that of the cadaveric donor. A further negative aspect is that, 
in most hospitals, only echography is available as an imaging
method able to assess the steatosis and the distribution of liver
mass in both lobes. In the cadaveric donor, it is difficult to have
hepatic volumetry available prior to surgery in order accurately
to ascertain the volume of each lobe. For this reason, in the split
transplant, we must estimate that a liver of approximately 1500 g
would correspond to a 75-kg patient, which represents a left lobe
of 600 g. In such cases, it is recommended to choose recipients
under 55 kg to achieve a good donor weight–recipient weight
ratio ensuring a GBWR ≥ 1%. Consequently, it is essential to
draw up a list of potential recipients of partial grafts from the left
lobe.

In the case of a split transplant for two adults performed at our
own hospital, we combined the split and domino techniques.
The patient was a 45-year-old man with a familial amyloidotic
polyneuropathy who had been included on the waiting list for 
a liver transplant. Given that the patient weighed 75 kg, we
decided to divide his liver to be able to transplant two patients
on the list. Angiomagnetic resonance imaging showed no biliary
or vascular anatomical variants that would contraindicate the
division. Furthermore, it was possible to calculate the mass of
both lobes and select the two most suitable recipients from the
waiting list [27].

Results of split-liver transplant

Initially, the results with this type of transplant were poor. There
were a large number of complications owing to the lack of donor
and recipient selection and technical problems. Gradually, the
results began to improve. The first series of split-liver trans-
plants published was that from Chicago [2] and, in 1995, the first
European series accumulated between 1990 and 1993 was pub-
lished [27]. It comprised 98 grafts transplanted in 53 children
and 42 adults. Survival of the chosen patients at 6 months was
72% in adults and 89% in children. Vascular complication rates
were 15%, biliary 19% and retransplant 19%.

To date, the results have improved notably. Although the
number of complications is higher, graft survival at 1 year in
most series is currently 60–80%, results similar to those
obtained with whole liver. Overall survival of all split transplants
included in the European Liver Transplant Registry is 65% at 1
year and 59% at 5 years [15]. In US centres, such as the
University of California (UCLA) with a high volume of split
transplants, survival at 1 year is 79% [28].

Adult–child

Division of a graft for an adult and a child constitutes 80–90% of
all partitions. In the majority of series, results of paediatric grafts
are excellent, although survival in adult recipients is somewhat
lower (Table 2) [29–34].

Adult–adult

Experience with this type of division is much more limited.
Although the survival achieved is similar to that with the whole
graft, provided donor and recipient are appropriately selected,

Table 2 Results adult–child.

Author [ref.] Centre Year n Technique Graft survival (%) Patient survival (%)

Left lateral segment
Sauer et al. [29] Berlin 2001 18 Ex situ 87 93

Broering et al. [30] Hamburg 2001 49 Mixed 76 82

Deshpande et al. [31] London 2002 80 Ex situ 88 93

Yersiz et al. [32] Los Angeles 2003 92 In situ 68 78

Gridelli et al. [33] Bergamo 2003 90 Mixed 86 94

Cescon et al. [34] Multicentric 2005 37 In situ 81 83

Right hepatic lobe
Sauer et al. [29] Berlin 2001 18 Mixed 90 90

Broering et al. [30] Hamburg 2001 40 Mixed 74 80

Yersiz et al. [32] Los Angeles 2003 71 In situ 69 78

Cescon et al. [34] Multicentric 2005 20 In situ 84 89
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this type of partition is aggravated by a greater number of com-
plications (Table 3) [19,35,36].

Future prospects

In 2002, Boillot et al. [37] published the case of a patient success-
fully transplanted with a partial graft and GBWR of 0.61%. One
of the reasons for excellent liver function was the modulation of
portal flow with a mesenteric–cava shunt and occlusion of the
superior mesenteric vein with a ligature proximal to the deriva-
tion. Thus, the hepatic venous flow comprised only the flow
arriving through the splenic and inferior mesenteric veins.
Clinical studies indicate that, in most cases, the liver failure that
occurs in ‘small-for-size’ grafts is largely due to excessive portal
flow. These grafts receive all the portal–mesenteric flow in the
same way as a whole graft [25,38,39]. Experimental studies in
pigs show that raised portal pressure may negatively influence
the results of partial liver transplant with a GBWR < 0.8%. A
publication from the University of Tsukuba [40] studied the
effect of portal hypertension on liver transplant results in an
experimental porcine model of partial liver transplant with an
extremely reduced graft (GBWR = 0.6%). Two animal groups
were designed for the study: one transplanted with a latero-
lateral portocaval shunt and the other transplanted without a
portocaval shunt. In the portocaval group, a significant decrease
in portal pressure was observed and better survival of the an-
imals in the immediate postoperative period. In the group of 
animals without a portocaval shunt, in which portal pressure
was high, only one survived the postoperative period.

From these results, it seems evident that modulation of portal
flow, and consequently of portal pressure, clearly influences the
results of partial liver transplants. This could constitute a line of
research enabling transplantation of patients over 55–60 kg with
a left partial graft without the appearance of the small-for-size
syndrome.

Split-liver transplantation for a child and an adult is currently
used by experienced transplant teams, with excellent results.
When the division is used to transplant two adults, the tech-
nique is considered to be feasible and safe, provided good donor
and recipient selection is guaranteed.
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25.1.3 The surgical technique of living
donor liver transplantation using the
right hepatic lobe
Igal Kam, James Trotter and Gregory T. Everson

Living donor liver transplantation (LDLT) has emerged as a
potential option for patients needing liver transplantation for
endstage liver disease [1]. The goal of this chapter is to discuss
key surgical and clinical issues in the performance of donor right
hepatic lobectomy and implantation of the right hepatic lobe
into a recipient.

The first successful LDLT was reported in 1990 by Strong et al.
[2]. In this early report, LDLT was limited to transplantation of 
a parent’s left lateral segment into their child. The smaller left 
lateral segment provides sufficient hepatic mass for children or
even very small adults, but transplantation of the larger left or
right hepatic lobe was necessary to provide adequate hepatic
function for larger adults. The first successful adult-to-adult
LDLT, using a left lobe graft, was reported by Makuuchi et al. in
1993 [3]. The first right lobe LDLT, from mother to child, was
reported by Yamaguchi et al. in 1993 [4]; although left lobe
donation was planned, anatomical variations precluded left 
lobe and favoured right lobe transplantation. The first use of
extended right lobe LDLT was reported by Lo et al. in 1997 [5],
and the first successful adult-to-adult LDLT using the right 
hepatic lobe in the western hemisphere was reported by Wachs
et al. in 1998 [6]. The first western series of adult-to-adult LDLT
using right lobe grafts was published by Marcos et al. in 1999 [7].
Currently, the preferred technique for adult-to-adult LDLT in
nearly all liver transplant centres worldwide involves use of the
donor’s right hepatic lobe.

LDLT peaked in 2001 in the USA when 512 LDLTs were per-
formed, representing 10% of overall activity in liver transplanta-
tion [8]. During this period of heightened activity, there was a
highly publicized death of a donor in New York [9]. Since then,
LDLT activity has declined to approximately 350 cases annually,
representing approximately 5% of all liver transplantations.

General aspects

LDLT requires the combined efforts of a highly skilled team of
surgeons and anaesthesiologists. In general, patient survival
after all types of liver transplantation is highest in centres per-
forming 20 or more transplants each year [10]. Surgical exper-
tise and experience are particularly critical in LDLT where,

TTOC25_01  3/10/07  10:06 AM  Page 1976



25.1 SURGICAL TECHNIQUES 1977

optimally, two skilled surgical teams are required for simultane-
ous performance of donor and recipient procedures. A report
from the National Institutes of Health A2ALL (Adult-to-Adult
Living donor Liver transplant) study indicates that LDLT has a
steep ‘learning curve’, and that most complications, including
mortality, occur within the first 20 cases [11]. We suggest that
LDLT should only be performed in transplant centres where the
surgeons are vastly experienced in liver transplantation and
major liver surgery. Preferably, surgery should be performed
coordinately, with separate donor and recipient teams, to max-
imize the efficiency of the procedure. The ultimate impact of
LDLT as an accepted treatment modality for patients with end-
stage liver disease depends largely on the rates of morbidity and
mortality of donors.

Donor evaluation

The potential LDLT donor must be in excellent medical and psy-
chological condition. The specific tests and sequence of testing
vary from centre to centre. At our institution, we have three
phases of donor evaluation [1]. First, potential recipients are
identified (see discussion above), and financial clearance is
obtained from the recipient’s insurance carrier. Potential
donors should have an identical or compatible blood type and a
long-term stable personal relationship with the potential recipi-
ent. Volunteers interested in pursuing LDLT must contact the
transplant centre to undergo an initial screening to determine
whether there are obvious contraindications to donation. The
following information is obtained from the potential donor: age,
height, weight, brief medical, surgical and psychiatric history,
current medications, current smoking status and nature of rela-
tionship with recipient. Laboratory tests are obtained (serum
electrolytes, complete cell count, liver function tests, hepatitis C
antibody, hepatitis B surface antigen and hepatitis B core anti-
body). Potential donors who pass this initial screening process
are then offered the second phase of donor evaluation.

The second phase of evaluation is to determine whether the
potential donor is medically, surgically and psychologically fit 
to donate. Initial medical evaluation is performed after the
potential donor has scheduled an appointment. This evaluation
should be performed by a transplant hepatologist so that the
risks and benefits of the donation and transplantation may be
fully explained to the donor. This evaluation includes complete
medical history, physical examination, electrocardiogram, chest
radiograph and blood tests. The patient is also scheduled for a
surgical, psychosocial and psychiatric evaluation and abdominal
radiological imaging, either computerized tomography (CT) or
magnetic resonance imaging (MRI).

Potential donors may require a third phase of evaluation,
which could include endoscopic retrograde cholangiopancre-
atography (ERCP), angiogram and liver biopsy. At our centre,
we have performed liver biopsy when the donor has a history of
alcohol excess, suggestion of steatosis on abdominal MRI or risk
factors for steatosis, such as body mass index > 28 kg/cm2.

The potential donor and recipient (see section on ‘Recipient
evaluation’ below) are then presented to the Patient Selection
Committee, approved, and the recipient placed on the United
Network for Organ Sharing (UNOS) waiting list for liver trans-
plantation. LDLT is typically scheduled within a few weeks of
completion of the evaluation.

Donor surgery

Our team’s approach to LDLT has been described previously
[1,6,12,13]. The optimal setting for performance of LDLT
involves two highly skilled surgical teams, one committed to the
donor surgery and the other committed to the recipient surgery,
operating coordinately in adjacent suites. Prior to surgery, in the
preoperative holding area, anaesthesiologists place an epidural
catheter to provide spinal anaesthesia to control postoperative
pain. The epidural is not used during the operative procedure.
After transfer to the operating room and induction of anaesthe-
sia, a central indwelling intravenous catheter is placed and, 
in some cases, but not all, an arterial line is used. Surgery is 
conducted in three phases: dissection of the liver, parenchymal
transection and removal of the right lobe graft.

Phase I: dissection of the liver

Access to the liver is achieved via right subcostal incision with
midline extension and subcostal retraction. After the abdomen
has been exposed, the surgeon must confirm the preoperative
assessment of the liver, vessels and bile ducts by careful inspec-
tion and palpation (Fig. 1). Dissection begins with the

Fig. 1 At donor laparotomy, the liver, gallbladder and major hilar
structures are carefully dissected and exposed. Retractors are used to gain
optimum exposure. The usual line of resection (dotted line) is situated just
medial to the gallbladder bed bisecting the right and left lobes of the liver.
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identification and division of the falciform ligament. The supra-
hepatic portion of the inferior vena cava is partially dissected,
and the right lobe of the liver is rotated medially and anteriorly
and right-sided ligaments are divided between ligatures. Small
hepatic venous branches are identified, ligated and divided, but
accessory hepatic veins with a diameter of 1 cm or more are 
preserved (Fig. 2). After appropriate exposure, the main right
hepatic vein is encircled with a vessel loop.

Cholecystectomy and performance of intraoperative cholan-
giography to confirm biliary anatomy are the first steps in hilar
dissection. The right hepatic artery is then encircled with a vessel
loop. Dissection of the right hepatic artery is carefully performed
to both the left and the right sides of the right hepatic duct with
attention to maintaining the integrity of small vessels supplying
blood to bile ducts. Small branches from the right hepatic artery
to hepatic segment IV are ligated. The right portal vein is then
identified and encircled with a vessel loop, and small venous
branches to the caudate lobe, if present, are ligated and divided.
This manoeuvre increases the size of the resultant cuff of right
portal vein. The main right hepatic duct is identified and dis-
sected, and a small transverse incision is made with insertion 
of probes to confirm biliary anatomy. The right hepatic duct 
is transected, which in most cases improves the exposure and
dissection of the right hepatic artery. In cases with a second 
posterior bile duct, dissection and transection of the second 
bile duct is done at the time of the parenchymal transection of
the liver.

Phase II: transection of the parenchyma of 
the liver

This phase begins with delineation of the line of transection
from the right margin of the middle hepatic vein to the left mar-
gin of the gallbladder bed. During transection, the confluence of
middle hepatic vein branches is retained with the left lobe and
remains with the donor. The proximal middle hepatic vein
branches are preserved and remain with the right lobe, which will
be transplanted into the recipient (Fig. 3). Some surgeons re-
commend intraoperative ultrasonography to identify the position
of the middle hepatic vein and line of transection. In our experi-
ence, intraoperative ultrasonography has not been necessary.

Parenchymal transection is facilitated by the use of three sur-
gical tools: high-power electrocautery, waterjet dissector and
harmonic scalpel. These devices control blood loss and enhance
the overall speed of the operation. Larger vessels, which are
mainly branches from the middle hepatic vein, are ligated,
divided and oversewn. The use of a cell saver is mandatory to
avoid blood transfusion.

The posterior bile duct, if present, is identified and ligated at
the time of the parenchymal transection. This accessory bile duct
may need to be oversewn to prevent subsequent occurrence of
bile leak. Reoperation and repair of bile leak from this posterior
bile duct can be very difficult and should be avoided, if possible.

Our experience indicates that packing of the raw surface of 
the liver for 30 min at this stage of the procedure improves

Hepatic vein

Accessory 
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Kidney
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Common
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Left lobe 
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Fig. 2 The right lobe of the donor liver is retracted medially to gain access
to the hepatic venous system draining posteriorly into the inferior vena cava.
The main right hepatic vein is identified and carefully dissected. Small
accessory hepatic veins are ligated, but larger accessory veins (> 1 cm in
diameter) are preserved.

Fig. 3 Transection of the donor liver to yield the right lobe graft is
accomplished while maintaining both hepatic arterial and portal venous
inflow. After ligation of the middle hepatic vein, the distal portion remains
with the right lobe graft, and the proximal portion is retained in the donor.
Vessels and biliary radicals emanating from the cut surface are carefully
identified and ligated.
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haemostasis. In addition, one may detect small biliary radicles at
the cut surface that require ligation.

Phase III: removal of the right lobe graft

As noted above, under optimal conditions, a second surgical
team has been working coordinately to complete the recipient
dissection and prepare the recipient for transplantation. When
the recipient dissection has been completed, the right lobe 
is removed from the donor. Removal is accomplished very
quickly, typically within seconds of clamping all the major 
vascular supply to the right lobe graft. The right lobe graft is
transferred to the recipient surgical team where additional
‘back-table’ work is performed on the graft to prepare it for
transplantation.

Completion of donor surgery requires careful assessment
throughout this period for bleeding and bile leak. The stumps of
the major vessels supplying the former right lobe are carefully
ligated and oversewn, using proline running sutures. The stump
of the right hepatic duct is closed with fine proline running
sutures. The falciform ligament is reattached to the anterior
abdominal wall to prevent movement and rotation of the resid-
ual hepatic mass to avoid torsion and strangulation of remaining
blood vessels and bile ducts. A single Jackson–Pratt drain is
placed adjacent to the cut surface of the liver, which is used to
monitor for bleeding and bile leak after closure of the abdomen.
This drain is also useful for controlling minor bile leakage and
may avoid unnecessary re-exploration.

After closure of the abdomen, the donor is transferred to the
surgical intensive care unit (ICU) for recovery and 24-h observa-
tion. If stable, the donor is then transferred to the general surgical
floor, and average total length of stay is approximately 6 days.

Donor outcome

Donor safety is of primary concern. Most donors undergo 
successful right hepatectomy uneventfully, but significant com-
plications and even death can occur.

Mortality

The initial estimate of risk of donor death was 0.28%, based
upon isolated surveys or reports from the USA, Europe and
Japan [14–16]. A recent review of 117 published reports of
LDLT indicated a total of 12–13 deaths in approximately 6000
procedures yielding a mortality rate of 0.2% [18]. The same
review estimated that there were 3800 right lobe donations, and
estimated mortality ranged from 0.23% to 0.5%. The actual
donor mortality rates may be higher or lower than these
reported rates due to biases of ascertainment in reports from
single centres. In addition, in most of these reports, the period of
follow-up after surgery was relatively short, typically less than 3
months. Thus, long-term donor outcome, including mortality,
remains to be defined.

Biliary complications

Reports from single centres and surveys of transplant centres
indicate that 3–8% of donors experience biliary complications
[1,18,19]. Bile leakage from the cut surface is the most common
biliary complication (3–5%). In the initial experience with
LDLT, bile leak was often managed by reoperation. Currently,
many surgeons manage bile leak using prolonged external
drainage, and reoperation is usually avoided. Rarer biliary com-
plications include biliary stricture (1%), cholangitis and biloma
(3%).

Other

Other rarer complications may occur in 9–19% of donors
[1,18,19]. Complications include wound infection (1.5%),
small-bowel obstruction or ileus (1%), incisional hernia (1%),
portal vein thrombosis (0.5%), pulmonary complications 
(1%), phlebitis (1%), cholestasis (1%), nerve palsy (1%) and
encephalopathy (2%). Occasionally, after laparotomy, the
donor surgeon may encounter anatomical variants that were not
appreciated by the preoperative evaluation and abort the donor
surgery. Donor laparotomy without donation occurred in 1% of
cases in a recent US survey, but a higher incidence, 4% (4 out of
103 donations) [20], was recently reported from our centre.

Quality of life

In the first publication of this topic in 2001, we measured the
impact of LDLT on the donor quality of life in 24 donors fol-
lowed for 4 months or more after donation [21]. Ninety-six per
cent returned to the same predonation job after a mean time of
2.4 months from donation, but two-thirds required a period of
light-duty work prior to resuming full job-related activities.
Distortion of body image (42%) and persistent mild abdominal
complaints (71%) led to further medical evaluation in 29% of
cases. The donor’s relationship to the recipient was the same 
or better in 96% of cases, and the donor’s relationship to the
donor’s significant other was the same or better in 88%. Mean
out-of-pocket expenses were US$3660. All donors stated they
would donate again, if necessary, and 96% of donors indicated
that they benefited from the donor experience.

Subsequent studies and reports from single centres of the
quality of life of donors after donation have been consistent with
our initial observations [22–25]. In a longitudinal study of 47
donors [22], all donors who wished to return to work did so by 1
year (mean 3.4 months) after donation. Persistent abdominal
complaints and pain were common but generally mild and dissi-
pated with length of time from donation; by 1 year, all donors
denied significant pain. Forty-four out of 47 donors (93%) indi-
cated that 1-year post-donation relationships with the recipient
or a significant other had returned to original predonation rela-
tionships. Mean out-of-pocket expenses were US$5305. Forty-
six out of 47 donors stated that they would donate again (98%).
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Recipient evaluation

The LDLT recipient should satisfy all standard criteria for 
evaluation and placement on the liver transplant waiting list 
for a deceased donor liver transplantation (DDLT). It is our
opinion that this criterion is necessary, because DDLT may 
be required if the graft from the living donor fails [1]. The 
initial evaluation for LDLT recipients is identical for cadaveric
recipients.

However, not all patients listed for DDLT are suitable for
LDLT. The most appropriate candidates for LDLT are patients
with urgency for transplantation who are at significant risk of
dying before the anticipated or projected time of performance of
DDLT. These candidates include patients who have sustained
clinical decompensation but have Model for Endstage Liver
Disease (MELD) scores too low for DDLT, or patients with 
cirrhosis complicated by hepatocellular carcinoma.

Decompensated patients may be in greatest need, but some
may become too ill to benefit from LDLT. The early experience
with LDLT in patients with chronic liver disease who require
continuous care in the ICU suggests that morbidity and mortal-
ity are increased compared with cadaveric transplantation. In
addition, MELD scores for ICU patients or upgrades in MELD
score obtained from UNOS Regional Review Boards typically
lead to allocation of a deceased donor graft to the ICU patient.
As a result, critically ill, ICU-bound patients with endstage liver
disease may be better suited for expedited cadaveric transplanta-
tion instead of LDLT.

There is controversy regarding the evaluation of patients 
with more stable chronic liver disease (MELD < 18) for LDLT.
We certainly consider patients with MELD < 18 for LDLT if 
they have sustained clinical decompensation. However, stable
patients with MELD < 18 without clinical deterioration are not
routinely evaluated. The potential risk to the donor is con-
sidered to outweigh the benefit in the recipient. In addition,
many of these patients may ultimately be able to undergo 
successful cadaveric transplantation. Others have suggested that
stable patients with mild decompensation may be ideal candi-
dates for LDLT. The basis for this position is that the latter
patients may have the best chance of a favourable outcome, and
early LDLT may reduce the risk of dying while waiting for
deceased donor transplantation.

The decision to consider a specific patient for LDLT is based
on the experience and judgement of the transplant team.
Currently, patients with an urgent need and a reasonable chance
of a favourable outcome are considered to be ideal candidates
for LDLT. Conditions that could jeopardize the success of LDLT
include multiple medical comorbidities, significant previous
abdominal surgery and extensive mesenteric or portal venous
thrombosis. Consequently, these patients are usually relegated
to deceased donor transplantation. At our centre, approximately
half of patients eligible for LDLT on the basis of severity of liver
disease were not evaluated because of underlying significant
medical or surgical comorbidities [1,20].

Recipient surgery

The three phases of recipient surgery are native liver dissection,
anhepatic phase and revascularization of the graft.

Phase I: native liver dissection

This phase is characterized by meticulous dissection and prompt
control of bleeding vessels. The dissection could be complicated
by the presence of significant portal hypertension, prior porto-
systemic shunt surgery or prior abdominal surgery. The length
of this phase is usually 1–2 h with blood loss ranging from 0 to 
5 units.

Phase II: the anhepatic phase (see Fig. 4)

During the anhepatic phase, the vascular supply of the liver is
completely interrupted, and the native liver is excised. Once 
the liver is removed, the surgeon and anaesthesiologist work in
concert to maintain adequate haemostasis, intravascular volume
and vascular tone. The vessels are anastomosed towards the 
end of phase II. The piggy-back technique of anastomosis of 
the donor hepatic veins to the recipient vena cava is generally
used and, typically, only one caval anastomosis is performed.
Vascular anastomoses usually require 0.5–1 h with the piggy-
back method, reducing warm ischaemic time. Phase II usually
lasts from 1.5 to 3 h, and the blood loss ranges from 0 to 5 units.
Arterial anastomosis is typically done after unclamping to
shorten the warm ischaemic period.

Phase III: unclamping of main vessels and
revascularization of the liver

Clamps are usually removed in order of suprahepatic cava,
infrahepatic cava and then portal vein. Phase III may represent
one of the more critical periods, especially if the patient remains
coagulopathic or develops primary fibrinolysis or consumptive
coagulopathy (Fig. 4).

Biliary anastomosis can be one of the more challenging
aspects of recipient surgery, as the donor lobe may have one or
several biliary radicals that require anastomoses. Although
choledochocholedochostomy over a T-tube or internal stent
may be performed, Roux-en-Y choledochoenterostomy is gen-
erally preferred (Fig. 5). Maintenance of biliary–enteric flow of
bile and avoidance of external drainage of bile restores the
enterohepatic circulation of bile acids so that the absorption of
orally administered lipophilic immunosuppressive drugs, such
as ciclosporin, tacrolimus and sirolimus, is adequate.

Recipient outcome

LDLT recipients may encounter any of the complications that
are known to occur in recipients of DDLT [26,27]. Graft injury
within the first 3 days is most often due to either primary 
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non-function or hepatic artery thrombosis. Less common
causes of graft dysfunction during this period include hypera-
cute rejection, portal vein thrombosis and obstruction of the
inferior vena cava. Between 3 and 14 days, graft dysfunction is
most commonly related to acute cellular rejection, recurrent
hepatitis C virus (HCV) infection, hepatic artery thrombosis 
or biliary leak or cholangitis. Infrequent causes of dysfunction
during this period are portal vein thrombosis, drug hepatotoxic-
ity and functional cholestasis. From 14 days to 3 months, the
most common causes of graft dysfunction include allograft

rejection, recurrent HCV infection, biliary complications,
cytomegalovirus (CMV) hepatitis or drug hepatotoxicity.
Vascular thromboses rarely present after the first month, and
hepatitis B virus (HBV) recurrence is typically delayed beyond 
1 month.

Primary non-function

The most severe form of early graft dysfunction is primary non-
function (PNF). PNF is characterized by acute liver failure
(encephalopathy, ascites, coagulopathy, unstable haemodynam-
ics), elevated liver enzymes and the development of multiorgan
failure (renal failure and pulmonary complications). PNF is
rarely encountered in recipients after LDLT, because the graft 
is implanted very quickly after it has been removed from the
donor. In the US survey of LDLT recipient complications, only
1% experienced PNF [19]. This contrasts with the results after
DDLT where reported rates of PNF, requiring retransplanta-
tion, range from 6.9% to 8.5%.

Postoperative haemorrhage

Postoperative bleeding remains one of the most common sur-
gical complications occurring in recipients after liver transplan-
tation. Published reports suggest that 46% of LDLT recipients
experience postoperative bleeding, although reoperation for
bleeding occurs with a frequency similar to that reported for
DDLT recipients, 5–15% [18,19]. Haemorrhage is responsible
for 14% of the deaths that occur in LDLT recipients, second only
to infection as a cause of death.

Hepatic artery thrombosis

Hepatic artery thrombosis complicates 3–10% of adult recipi-
ents of LDLT [18,19]. It is one of the leading causes of graft 

Fig. 4 This figure demonstrates the position of the right lobe graft within
the recipient in the orthotopic location after removal of the diseased native
organ. Key vascular procedures include connection of the right hepatic vein
to the recipient vena cava, and end-to-end hepatic arterial and portal
venous anastomoses. Biliary anastomoses are usually performed over an
indwelling intraductal stent.

Fig. 5 At completion of the recipient surgery,
the right lobe graft is positioned in the right
upper quadrant of the abdomen in the
orthotopic location, and a Roux-en-Y
choledochojejunostomy provides the conduit
for biliary secretions. Stents may be placed
across biliary anastomoses with the proximal
end within the biliary tree and the distal end
protruding into the limb of the Roux-en-Y.
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failure in the immediate postoperative period and presents as
fever, bacteraemia from a biliary source and sudden elevations
in liver enzymes. In general, emergent revascularization is re-
quired for graft survival.

The preferred initial investigation of the hepatic artery is
Doppler ultrasonography. When hepatic artery thrombosis is
detected by ultrasonography or highly suspected by clinical fea-
tures, angiography may be needed to establish the diagnosis and
to administer therapy.

Thrombosis often presents as unexplained fever with eleva-
tion in liver enzymes suggesting biliary infection. Because biliary
complications commonly coexist with hepatic artery throm-
bosis, attention is often directed to the biliary tree, and cholan-
giography may be the initial investigation to exclude biliary
stricture, stones or other causes of biliary infection or obstruc-
tion. Often, patients will require antibiotic therapy and stenting
for drainage of infected bilomas, bile leaks and biliary fistula.
Once arterial thrombosis is detected, one may attempt to resolve 
the ischaemic injury via angiographic means using dissolution
agents, thrombectomy or vascular stenting. If radiological inter-
vention is contraindicated or unsuccessful, then emergency
reoperation and reconstruction of the arterial anastomosis may
be required. The literature suggests that urgent revascularization
may salvage some grafts, but nearly all patients will require
retransplantation.

Mortality rates are higher for patients whose transplantation
is complicated by hepatic arterial thrombosis; 14% of deaths
occurring in LDLT recipients are related to hepatic artery
thrombosis.

Portal vein thrombosis

Portal venous thrombosis is less common than hepatic arterial
thrombosis, occurring rarely in LDLT recipients. Clinical mani-
festations include hepatic failure, complications of portal 
hypertension such as variceal haemorrhage or encephalopathy,
or asymptomatic elevations in liver tests.

The choice of treatment will depend upon the clinical presen-
tation, residual amount of portal flow and degree of liver injury.
Patients with significant hepatic dysfunction should be con-
sidered for revascularization or retransplantation. In contrast,
established portal hypertension may be treated by radiological
thrombectomy, lytic therapy, stenting of underlying portal vein
stenosis or decompressive shunt surgery.

Outflow obstruction (inferior vena cava or
hepatic venous complications)

Hepatic venous outflow obstruction occurs in up to 5% of LDLT
recipients [18,19] compared with rates of 1–3% in DDLT recipi-
ents. Early signs include hepatic dysfunction, coagulopathy and
jaundice. Late manifestations include hepatomegaly and ascites.

Acute outflow obstruction can be a graft- and life-threatening
condition and may require emergency revision of the outflow

anastomosis. Chronic outflow obstruction with preservation of
graft function may be managed conservatively with diuretic
therapy, radiological evaluation of venous anastomoses and
angioplasty or stenting of outflow stenoses.

Biliary tract complications

Biliary tract complications, leaks and strictures, are the ‘Achilles
heel’ of LDLT and occur in approximately 15–30% of all trans-
plants [1,7,13–16,18,19]. Eighty per cent of all biliary complica-
tions occur within the first 6 post-transplant months, and the
vast majority of these within the first 3 months. 

Bile leaks occur early, within the first few days after transplant,
and are usually due to leakage from the cut surface of the graft or
disruption of the surgical anastomosis. They may also result
from either ischaemic injury from hepatic artery thrombosis or
removal of T-tubes.

Biliary scintigraphy is a non-invasive test that can be diagnos-
tic with large bile leaks; it is less useful with small, contained
leaks. Cholangiography [ERCP or percutaneous transhepatic
cholangioscopy (PTC)] may be required to evaluate the external
biliary tree and may aid in treatment. Doppler ultrasonography
for the assessment of hepatic arterial flow is indicated in all
patients sustaining a bile leak, except leaks directly related to 
T-tube removal.

There are two main types of biliary strictures: anastomotic
and ischaemic. Anastomotic strictures typically evolve over an
extended period of time and emerge clinically beyond the first
month post-transplant. Patients may present with jaundice,
cholangitis or asymptomatic elevations in liver tests. Chole-
docholithiasis may complicate strictures presenting months 
or years after transplant. The ‘biliary sludge syndrome’ is asso-
ciated with ischaemia due to hepatic artery thrombosis.

Ischaemic strictures are typically restricted to the donor side
of the biliary anastomosis, are usually multiple in location and
both intra- and extrahepatic. Focal intrahepatic strictures may
occur in the setting of patency of the hepatic artery and may be
managed conservatively without the need for retransplantation.

Strictures due to recurrent disease (primary sclerosing
cholangitis) usually occur later, beyond the first post-transplant
year.

Cholangiography (ERCP or PTC) is the gold standard for the
diagnosis and management of biliary strictures. These proced-
ures require antibiotic coverage to avoid or reduce the risk of
septic complications.

First-line therapy of anastomotic strictures is ERCP or PTC
with dilatation and stenting. Surgical revision is reserved for
patients in whom ERCP (or PTC) is technically impossible or
who have had prior unsuccessful attempts at endoscopic or rad-
iological management. Focal ischaemic-type biliary strictures
may also be managed with the same non-operative inter-
ventions. However, the long-term patency rate is diminished
compared with the results when similar methods are used for
anastomotic strictures. Diffuse biliary strictures in the setting 
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of hepatic artery thrombosis do not respond to either non-
surgical or surgical interventions and should trigger the need for
retransplantation.

Concluding remarks

The discrepancy between the limited supply of cadaveric livers
and the marked expansion of the recipient waiting list has
pushed transplant teams to pursue adult living donor transplan-
tation. LDLT may represent the most controversial and exciting
development in liver transplantation within the last 10 years. In
this chapter, we have focused on the surgical aspects of the pro-
cedure and outcomes of LDLT. Despite the complexity of the
issues and procedures, current graft and patient survivals after
LDLT are excellent; 1-year patient survival now exceeds 85% in
many transplant centres. It is likely that LDLT will be performed
with increasing frequency in the future.
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25.2 Liver transplantation: indications,
contraindications and results
Gregory T. Everson and Fernando E. Membreno

Introduction

The first successful human liver transplant was performed by Dr
Thomas Starzl in Colorado in 1967. Since then, there has been a
dramatic increase in the number of liver transplants performed
in the United States (Fig. 1). As of 8 August 2005, there were 126
programmes in liver transplantation and 17 424 patients were
on the recipient waiting list in the United States [1]. In 2004,
6169 liver transplantations were performed, and 1791 (9.7%)
patients died while waiting on the transplant list. Adult living
donor liver transplantation (LDLT) has been increasingly util-
ized to meet the rising recipient demand [2].

The success of transplantation has increased steadily over the
last two decades. In Europe, 1-year patient survival was only
34% for liver transplantations performed prior to 1985, but 
current 1-year survival is 83% [3]. In the USA, current 1-, 3- and
5-year patient survival rates are 85%, 78% and 72% for cadaveric

transplantation and 89%, 82% and 80% for living donor liver
transplantation respectively [1]. This chapter defines the specific
indications and contraindications for the selection of candidates
for liver transplantation.

Evaluation

Three fundamental questions need to be addressed at the time of
evaluation [4]:
1 Can the patient survive the operation and the immediate
postoperative period?
2 Can the patient comply with the complex medical regimen
required after liver transplantation?
3 Does the patient have other comorbid conditions that could
so severely compromise graft or patient survival that transplan-
tation would be futile?

A patient referred for transplantation may have a significant
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Fig. 1 This graph depicts the exponential rise
in the number of potential recipients on the 
US waiting list at the end of each year, between
the years 1988 and 2004 (solid line). In
contrast, the number of liver transplants
(dashed line) has not kept pace with either 
the number of new listings (dotted line) or 
end-of-year (EOY) listings. OL, orthotopic liver.
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history of alcohol or drug abuse. Psychosocial evaluation is
important to help in determining the risk of recidivism after
transplantation. Today, nearly all transplant centres require a
minimum 6-month period of documented abstinence. Social
workers and psychiatrists may require the patient to undergo
alcohol or drug rehabilitation, counselling, and random screens.

Viral serologies should be performed to determine the status
of current or previous hepatitis C virus (HCV), hepatitis B 
virus (HBV), Epstein–Barr virus, cytomegalovirus and human
immunodeficiency virus (HIV) infections. Colonoscopy is recom-
mended for all patients over 50 years of age to exclude colon 
cancer or polyps and in all patients with primary sclerosing
cholangitis to identify ulcerative colitis. Cardiopulmonary
assessment should be performed in patients with coronary risk
factors (hypertension, hypercholesterolaemia, significant family
history, smoking, diabetes) and for all patients over the age 
of 50 years. Cardiac catheterization should be performed in
patients with positive stress tests to confirm and delineate the
extent of coronary disease. [4–6] Abdominal imaging with com-
puterized tomography (CT) or magnetic resonance imaging
(MRI) is useful in excluding hepatocellular carcinoma (HCC)
and to determine the patency of major vascular structures such
as the hepatic artery, coeliac axis, splenic artery, portal vein and
superior mesenteric vein. The decision to list for transplant is
determined by a multidisciplinary patient selection committee.

General principles guiding liver
transplantation

Minimal listing criteria

The primary principle for consideration for liver transplantation
is that patient survival with transplantation must exceed sur-
vival without transplantation [7]. Certain complications, such
as ascites, spontaneous bacterial peritonitis, encephalopathy 
and the development of hepatoma, are associated with dismal
short-term survival. Immediate evaluation and listing for 
transplantation is indicated. In contrast, isolated variceal haem-
orrhage in patients with Child–Turcotte–Pugh (CTP) class A
cirrhosis (Table 1) may be well tolerated [8]. One-year survival

in a patient lacking other manifestations of liver failure may be
equivalent to outcome after liver transplantation. Thus, in con-
trast to other manifestations of endstage liver disease, isolated
variceal haemorrhage may not necessitate transplantation.

Other complications, which are not considered to be life-
threatening, may also be indications for consideration of 
liver transplantation. Examples include metabolic bone disease
resulting in osteopenia and bone fractures, inadequate nutrition
and muscle wasting, severe fatigue and poor concentrating 
ability or intractable pruritus. These complications can limit
function, reduce the level of competence and stamina, lead to
unemployment and disability, diminish quality of life and result
in social isolation.

Model for Endstage Liver Disease (MELD)
In the USA, since February 2002, prioritization has been 
based primarily upon biochemical criteria (MELD) [9]. United
Network for Organ Sharing (UNOS) status 1 was retained for
patients with fulminant hepatic failure. In Europe, the system of
prioritization of recipients and allocation of donor organs has
varied widely between countries. The Eurotransplant network is
poised to implement MELD in 2006.

The UNOS system of status 1, 2A, 2B and 3, which was used in
the USA prior to February 2002, relied heavily on CTP score to
grade severity of illness and determine priority (Table 1). But,
two components of the CTP score, encephalopathy and ascites,
were not readily verifiable. Furthermore, within these medical
urgency categories, waiting patients were given priority for
transplant based upon time on the UNOS list. Subsequent 
studies [10–12] have shown that waiting time did not correlate
with death on the waiting list.

The MELD score, originally created to predict short-term
mortality after transjugular intrahepatic portosystemic shunt
(TIPS) placement [13], was chosen as a superior model for
determining disease severity for adult liver allocation [14]. The
MELD score (Table 2) lacks the subjectivity inherent in the CTP
score. The MELD score is calculated from a logistic regression
equation that takes into account three objective laboratory 
criteria: creatinine, bilirubin and international normalized ratio
(INR) [12,15,16]. Calculation of individual MELD scores for
patients can be determined at http://www.unos.org/resources/
MeldPeldCalculator.asp. MELD score is highly predictive of 
3-month mortality in hospitalized cirrhotics; mortality rate is
10–60% over the range of MELD scores from 20 to 35 and more
than 80% for MELD scores over 35. After its first year of imple-
mentation, the allocation system based on MELD has been asso-
ciated with reduced registrations and improved transplantation
rates, and did not alter waiting list or post-transplant mortality
[4,14,17]. MELD 15 is the threshold at which patient survival
with transplantation exceeds survival without transplantation
and is the basis for the Share-15 rule [18].

Paediatric Endstage Liver Disease (PELD)
The PELD score is a similar model developed for the allocation

Table 1 Calculation of Child–Turcotte–Pugh score.

One point Two points Three points

Bilirubin (mg/dL) < 2 2–3 > 3

PBC and PSC < 4 4–10 > 10

PT (INR) < 1.7 1.7–2.3 > 2.3

Albumin (g/dL) > 3.5 2.8–3.5 < 2.8

Ascites None Controlled Moderate–severe,

medically Uncontrolled medically

Encephalopathy None Mild Moderate–severe

INR, international normalized ratio; PBC, primary biliary cirrhosis; PSC,

primary sclerosing cholangitis; PT, prothrombin time.
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of liver transplants in the paediatric population. The variables
included in this model are age younger than 1 year, serum 
albumin level, serum bilirubin, INR and growth failure [< 2
standard deviations (SD) below the age-based mean] (Table 2).
Similar to the MELD score, PELD accurately predicts the 3-
month probability of waiting list death for children with chronic
liver disease [19–21].

Disease-specific indications for
transplantation

The most common indications for liver transplantation in the
USA are listed in Table 3. Issues in evaluation and listing for
transplantation, related to specific diagnoses, are discussed in
the following section.

Acute liver failure

Patients with fulminant hepatic failure (FHF) are given highest
priority for urgent transplantation [22]. In the absence of trans-
plantation, the mortality of patients with FHF and coma is
approximately 75%. Variables associated with poor prognosis
for spontaneous recovery, indicating a need for transplantation,
are advanced age, certain aetiologies (hepatitis B, drug-induced
hepatitis, sporadic non-A–C hepatitis, Wilson’s disease), severe
encephalopathy and long duration of jaundice (Table 4).
Massive necrosis on liver biopsy and markedly diminished 
liver volume on radiological imaging indicate poor prognosis.
Transplantation for FHF accounts for 5–12% of all liver trans-
plant activity [23]. Overall survival rates after liver transplanta-
tion are approximately 60–65%, although individual centres
have reported survival in the 75–90% range.

The leading cause of death in FHF is progressive cerebral
oedema resulting in brain herniation. Irreversible brain injury
occurs in nearly all cases of prolonged severe increase in
intracranial pressure (ICP) (> 50 mmHg) and reduction in cere-
bral perfusion pressure below 40 mmHg for more than 2 h. Liver
transplantation is contraindicated under these circumstances.

Primary biliary cirrhosis (PBC)

PBC is a chronic cholestatic liver disease, primarily of women in
their fourth to seventh decades of life. Bilirubin is the key prog-
nostic variable; mean survival for patients with a serum bilirubin
above 10 mg/dL is only 1.4 years. The Mayo Clinic PBC model is
considered to be generally applicable and calculates risk score
from the following variables: age, bilirubin, prothrombin time,
albumin and oedema [24].

Table 2 MELD and PELD scoring systems.

Variables used to calculate scores
MELD PELD
INR Bilirubin (mg/dL)

Bilirubin (mg/dL) INR

Creatinine (mg/dL) Albumin (g/dL)

± growth failure

± age < 1 year

Equations for calculation of scores
MELD score = 0.957 × loge(creatinine mg/dL) + 0.378 × loge(bilirubin mg/dL)

+ 1.120 × loge(INR) + 0.643

PELD score = 0.436[Age (< 1 year)] − 0.687 × loge(albumin g/dL) +
0.480 × loge(total bilirubin mg/dL) + 1.857 × loge(INR) + 0.667 

[Growth failure (≤ 2 SD present)]

Table 3 Most common indications for liver transplantation in the USA
between 1988 and 2005.a

Primary liver disease No. of liver Percentage
transplants

Chronic hepatitis C virus 16 549 23

Alcoholic liver disease 8881 12

Cryptogenic cirrhosis 6511 9

Primary sclerosing cholangitis 4738 5.7

Primary biliary cirrhosis 4140 5.7

Chronic hepatitis B virus 3821 5.3

Alcoholic liver disease and 3413 4.7

hepatitis C virus

Hepatoma 2744 3.8

Autoimmune hepatitis 2689 3.7

Alpha-1-antitrypsin deficiency 1252 1.7

Drug-induced liver disease 764 1.0

Haemochromatosis 532 0.7

Budd–Chiari syndrome 482 0.6

Wilson’s disease 479 0.6

aUNOS database 1 January 1988–30 June 2005; www.unos.org.

Table 4 Prognostic indices favouring the performance of liver
transplantation in patients with fulminant hepatic failure.

King’s College, London, UK
Acetaminophen toxicity
Acidosis (pH < 7.3), or

INR > 6.5 plus creatinine > 3.4 mg/dL

Other causes of fulminant hepatic failure
INR > 6.5, or

Any three of the following:

Age < 10 years or > 40 years

Non-A, non-B hepatitis- or drug-induced disease

Duration of jaundice before encephalopathy > 7 days

NR > 3.5

Bilirubin > 17.5 mg/dL

Hôpital Paul-Brousse, Villejuif, France
For all causes of fulminant hepatic failure:

Hepatic encephalopathy and

Factor V < 20% of normal in patient < 30 years or

Factor V < 30% of normal in patient ≥ 30 years
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Other complications of PBC, such as osteopenia, pruritus 
and fatigue, may not correlate with the severity of liver disease,
but still incapacitate the patient and indicate a need for trans-
plantation. In a retrospective study of 400 consecutive patients
undergoing transplantation, the overall actuarial patient and
graft survival at 1, 5 and 10 years was 83%, 78% and 67% and
82%, 75% and 61% respectively. PBC recurred in 17% of
patients 36 months post-transplantation, but recurrence did not
affect graft survival [25].

Primary sclerosing cholangitis (PSC)

PSC is characterized by male predominance and stricture 
formation of both intra- and extrahepatic bile ducts. Some
70–75% of patients with PSC have inflammatory bowel disease.
Ulcerative colitis accounts for 87% and Crohn’s disease for 
13% of the associated bowel disease [26]. One commonly used
prognostic model calculates risk score from bilirubin, age,
splenomegaly and histological stage [27]. Complications of cir-
rhosis, recurrent cholangitis or biliary obstruction not amenable
to endoscopic, radiological or surgical repair are indications for
listing for liver transplantation.

Approximately 30% of all patients with PSC will develop
cholangiocarcinoma [28]. Unlike hepatoma, which is often 
well circumscribed, cholangiocarcinoma diffusely infiltrates 
bile duct, liver parenchyma, neural elements, lymphatics and
surrounding tissues. Tests such as CA19-9 antigen, carcinoem-
bryonic antigen (CEA) and radiological imaging are insensitive
and non-specific, limiting their usefulness in screening. Biliary
cytology, obtained by brushing suspicious strictures at endo-
scopic retrograde cholangiopancreatography (ERCP), may 
be useful, but false-negative and false-positive results occur.
Cholangiocarcinoma complicating PSC, either before or after
transplantation, reduces survival [29]. Patients with the com-
bination of PSC and ulcerative colitis are at high risk of colon
cancer and should undergo regular colonoscopic screening
[30,31].

The 1-, 2-, 5- and 10-year actuarial survival after liver trans-
plantation for PSC is 93.7%, 92.2%, 86.4% and 69.8%, respect-
ively, and graft survival is 83.4%, 83.4%, 79% and 60.5% 
respectively [31,32]. Although recurrence of PSC after trans-
plantation has been reported at approximately 4% per year
[31,33], this has not had a significant impact on the long-term
postoperative survival [29,33].

Autoimmune hepatitis

Approximately 30% of patients with autoimmune hepatitis 
have cirrhosis at presentation. Patient and graft survival after
liver transplantation ranges from 83% to 92% with a 75% actu-
arial 10-year survival after transplantation [34]. Recurrence is
observed in 17% of patients after 4.6 ± 1 years [35], but has not
adversely impacted overall patient or graft survival.

Alcoholic liver disease

Alcohol is the most common cause of endstage liver disease in
the western world, but Laennec’s cirrhosis remains a controver-
sial indication for orthotopic liver transplantation (OLT)
[36–38]. Currently, alcoholic cirrhosis ranks second only to
hepatitis C as the most common indication for liver transplanta-
tion in the USA. It is prudent to remember that many patients
who totally abstain from alcohol and have apparently very
advanced liver disease may in fact recover to the point that trans-
plantation is no longer indicated [39].

Patients with alcoholic liver disease require rigorous evalu-
ation, meticulous screening and targeted treatment of their
underlying disease of alcoholism. Post-transplant survival of
properly selected candidates with alcoholic liver disease is com-
parable to that for non-alcoholic patients. The incidence of
rejection, graft failure and the need for retransplantation may 
be less common in patients with alcoholic liver disease than for
other indications [40,41].

Hepatocellular carcinoma

HCC is the most common primary liver malignancy; more than
500 000 new cases are diagnosed yearly with a worldwide age-
adjusted incidence of 5.5–14.9 per 100 000 population [42]. It is
estimated that 8500–11 500 new cases of HCC occur annually 
in the USA [43]. Transplantation is contraindicated for large,
multicentric tumours or extrahepatic spread [44].

Worldwide rates of hepatoma are increasing, and the increase
is primarily related to hepatitis C [45]. The risk of hepatoma in a
patient with cirrhosis and viral hepatitis is approximately 2% per
year. Patients on the waiting list who have advanced cirrhosis
due to chronic hepatitis C or B are at even greater risk, perhaps
as high as 5% per year. Screening procedures [blood tests for
tumour markers (alpha-fetoprotein, AFP; AFP-L3, descarboxy
prothrombin) and radiological imaging] may identify patients
with earlier stage tumours, many of which are solitary and less
than 2 cm in diameter.

Once a small hepatoma is discovered, choices include trans-
plantation, resection or procedures such as chemoembolization,
ethanol injection or radiofrequency ablation. Resection is asso-
ciated with a 50% chance of recurrence or metachronous cancer
within 5 years of follow-up [44]. In contrast, liver transplanta-
tion is potentially curative as it removes not only the tumour but
also the at-risk cirrhotic liver. HCC developing in cirrhotic
patients with chronic hepatitis C will be a leading indication for
LDLT in adults [45].

The overall tumour-free, 5-year survival of patients trans-
planted for small HCCs is over 80% [46]. Tumour character-
istics associated with favourable outcome include diameter of 
≤ 5 cm for solitary tumour, total diameter ≤ 9 cm for up to three
lesions, lack of radiological evidence of vascular invasion and
absence of metastases.
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Under MELD, patients with HCC have been ‘upgraded’; 
they have received additional points and increased priority for
transplantation. As a result, their waiting time decreased from
2.3 years to 0.7 months [47], and 5-year survival improved from
25% to 61% [48,49].

Fibrolamellar carcinoma (FLC)

A review of the population-based registries of the Surveillance,
Epidemiology, and End Results (SEER) programme showed that
the age-adjusted incidence rate for the fibrolamellar variant of
HCC (FLC) was 0.02 per 100 000 population and that FLC con-
stitutes 0.85% of all cases of primary liver cancer. Compared
with HCC, patients with FLC were younger (mean age 39 years
vs. 65 years), female (51.5% vs. 26.3%) and white (85.3% vs. 
56.9%) [50]. FLC is characterized by broad bands of fibrosis,
lack of association with cirrhosis, slow growth and increased
resectability. Although post-transplant recurrence rates of FLC
are similar to those of HCC, 5-year survival is higher in patients
with FLC.

Cholangiocarcinoma

A recent review of 207 transplant recipients with cholangiocarci-
noma reported 1-, 2- and 5-year survivals of 72%, 48% and 
23% respectively [52]. Tumour recurrence was the rule, with
over 80% of recurrences within 2 years. Because the prognosis
for cholangiocarcinoma is so poor, many have argued that
cholangiocarcinoma is a relative contraindication for transplan-
tation. Successful transplantation without recurrence of cholan-
giocarcinoma has been reported for a highly selective group 
of patients treated with adjuvant chemotherapy and radiation
[53].

Rare primary hepatic malignancies

Other primary hepatic malignancies – epithelioid haeman-
gioendotheliomas (EHE), haemangiosarcomas and hepatoblas-
tomas – represent less than 10% of all tumours undergoing
transplantation. EHE is generally thought to be indolent in
nature, and reported survivals after transplant have been
favourable. In contrast, haemangiosarcoma universally recurs,
and transplantation is contraindicated.

Neuroendocrine tumours

Liver metastases from endocrine primaries (carcinoid tumour,
gastrinoma, insulinoma, glucagonoma, VIPoma) have been
treated with liver transplantation [44,54]. OLT is best restricted
to those patients with metastases confined to the liver that are
unresponsive to chemotherapy, local ablative therapies, surgical
resection and hormonal therapy. Despite the fact that most 
cases have been highly selected, tumour recurrence is the rule.
The Milan criteria identify patients with neuroendocrine liver

metastasis who might be suitable for transplantation: primary
tumour drained by the portal system, < 50% hepatic replacement
by tumour metastases, good response or stable disease during
the pretransplantation period and absence of extrahepatic 
disease [55].

Haemochromatosis

The results of liver transplantation for haemochromatosis 
have been disappointing; 5-year survivals are only 40–55%
[56,57]. Hepatoma, infection and coexistent cardiac disease
contribute to postoperative morbidity and mortality. Patients
with haemochromatosis who are considered for liver transplan-
tation should undergo screening for hepatoma and also have 
a complete cardiological evaluation. It is uncertain whether 
the initiation of phlebotomy in the pretransplant period to
unload myocardial iron might lead to improved survival after
transplant.

Alpha-1-antitrypsin deficiency

Only a small proportion of adult liver transplants are performed
for the indication of cirrhosis due to alpha-1-antitrypsin
deficiency (α1ATD). Male gender and obesity might be import-
ant risk factors for the progression of liver disease in patients
with α1ATD [58]. Pulmonary evaluation is critical because one-
third of adults transplanted for α1ATD will have significant
underlying obstructive respiratory disease. As α1ATD is cured
by liver transplantation [59], extrahepatic manifestations of
α1ATD may also correct [60].

Budd–Chiari syndrome

The approach to Budd–Chiari syndrome includes identification
of the underlying cause [61–64], and consideration of shunt
surgery, TIPS [65,66] or liver transplantation. Liver biopsy may
be useful in deciding on the therapeutic approach; patients with
advanced fibrosis are best approached with liver transplantation
[64]. Survival after transplantation depends on the severity of
disease pretransplant, the extent of thrombosis and treatment of
the underlying cause of the syndrome.

Polycystic liver disease

Polycystic disease is a rare indication for liver transplantation.
One series suggests that the majority of patients transplanted for
polycystic liver disease may not need combined liver–kidney
transplantation despite renal cystic disease and mild renal
impairment [67]. Survival rates for 1, 3 and 5 years in patients
undergoing isolated hepatic transplantation (n = 128) were
78.1%, 71.7% and 68.7% respectively. Survival rates for 1, 3 
and 5 years in patients undergoing combined liver–kidney
transplantation (n = 78) were 79.5%, 75.5% and 75.5% respect-
ively [68].
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Contraindications to liver
transplantation

Absolute contraindications

Because the supply of donor livers is limited, transplant centres
must select patients for liver transplantation who have the 
greatest chance of successful outcome. Recipients with under-
lying vascular disease, longstanding diabetes mellitus or who 
are elderly, obese and deconditioned are marginal candidates.
Certain conditions are associated with extremely poor outcome
and are absolute contraindications to liver transplantation
(Table 5).

Factors associated with impaired post-
transplant outcome

Advanced age
The effect of recipient age at time of transplantation on 
postoperative course was examined in 735 adult patients trans-
planted at three US medical centres between 1990 and 1994 [69].
Patients were categorized into two groups, either < 60 or ≥ 60
years of age. Disease severity, as assessed by CTP score, UNOS
status and Karnofsky score, was similar between the two groups.
Elderly patients had extended intensive care unit (ICU) stays 
(P < 0.01) and prolongation of total hospitalization (P < 0.03).
Graft survival was similar but patient survival was diminished

(81% vs. 90%, P < 0.004). Excess mortality resulted from 
infection, cardiac complications and neurological disease. In a
recent series of 111 liver transplant patients, those aged over 
60 years had decreased survival due to malignancy [70].

Coronary artery disease
Underlying coronary artery disease is present in approximately
5% of patients undergoing liver transplantation. One series
reported a prevalence of 16.2% in recipients over 50 years of 
age [71]. Three other studies have reported prevalence ranging
from 2.5% to 27% [72,73]. Patients should be excluded from
OLT if they have ischaemic cardiac disease that is not amenable
to or reversible with angioplasty or coronary stents.

Pulmonary disease
Advanced chronic obstructive pulmonary disease or pulmonary
fibrosis preclude patients from liver transplantation. Asthma,
respiratory impairment from ascites and muscle weakness 
secondary to chronic liver disease are potentially reversible con-
ditions that should not preclude OLT. Patients who undergo
OLT for alpha-1-antitrypsin deficiency may show improvement
in pulmonary function tests.

Hepatopulmonary syndrome
Hepatopulmonary syndrome (HPS), manifested by the triad 
of liver disease, pulmonary vascular dilation (with right-to-left
shunting) and hypoxaemia, occurs in 1–2% of cirrhotics [74].
The median survival of patients with cirrhosis and severe HPS 
is less than 11 months [75]. The diagnosis is confirmed by 
‘bubble’ echocardiography, and severity of HPS can be assessed 
by measurement of the uptake of intravenously administered
99mTcMAA (macroaggregated albumin) simultaneously in 
lung and brain [76]. MAA shunt is calculated as the geometric
mean of technetium counts (GMT) in brain relative to lung,
[GMTbrain/(GMTbrain + GMTlung)] × 100%. Normoxaemic cir-
rhotics without HPS and patients with intrinsic lung disease
who lacked liver disease had MAA shunts of 2 ± 0.3%. In 
contrast, patients with HPS had markedly elevated MAA shunts,
30 ± 4%, and there was a highly significant inverse correlation of
Pao2 with MAA shunt. The strongest predictors of postoperative
mortality in patients with HPS are Pao2 of 50 mmHg or less,
alone or in combination with a 99mTcMAA shunt fraction ≥ 20%
[77].

Normalization of Pao2 at rest and with exercise frequently
occurs 1–9 months after OLT. Deteriorating oxygenation in 
a patient with HPS is an indication for urgent OLT [78] and
MELD upgrade.

Portopulmonary hypertension
Portopulmonary hypertension (PPH) complicates cirrhosis in
2–4% of patients undergoing liver transplantation [79,80]. PPH
is generally defined as mean pulmonary artery pressure > 25
mmHg and pulmonary vascular resistance > 120 dynes/s/cm5

with a pulmonary capillary wedge pressure < 15 mmHg. The

Table 5 Absolute contraindications to liver transplantation.

Active substance abuse

Inadequate social support, extreme psychosocial dysfunction, active

psychosis or other underlying psychosocial pathology making it

impossible for the patient to comply with peritransplant care and

postoperative management

Unstable, active cardiopulmonary disease

Symptomatic ischaemic coronary disease

Severe pulmonary hypertension

Active, incurable extrahepatic malignancy

Non-hepatic malignancy

Hepatoma with capsular invasion or distant metastases

Cholangiocarcinoma with extension to adjacent non-hepatic tissuesa

Active, uncontrolled and untreatable sepsis

Active HIV infection, AIDS-defining illness or HIV unresponsive to HAARTb

Anatomic anomaly or extensive vascular thromboses precluding hepatic 

transplantation

aOutcome after transplantation of patients with cholangiocarcinoma has

been dismal except for small series using adjuvant chemoirradiation therapy.

Most centres exclude patients with symptomatic cholangiocarcinoma from

transplantation.
bCurrent controversy exists regarding the candidacy of HIV-infected

patients, despite the advances in highly active antiretroviral therapy (HAART)

therapy. Most centres exclude 

HIV-infected patients from liver transplantation.
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diagnosis may be suspected based on clinical findings such as
marked dyspnoea, hypoxia or right heart failure. Echocardio-
graphy is the single best screening test.

Patients with mild pulmonary hypertension (mean pul-
monary artery pressure < 35 mmHg) may be safely transplanted.
Transplantation is relatively contraindicated in those with severe
pulmonary hypertension (mean pulmonary artery pressure 
≥ 60 mmHg) because their peri- and postoperative mortality is
high and 3-year survival is only 20–30% [81]. Recent advances
in medical therapy, including the use of sildenafil, may improve
long-term post-transplant outcomes [82–86].

HIV infection
Increasing numbers of patients with HIV are experiencing 
progressive liver failure, primarily related to hepatitis C, and 
are being referred for consideration for liver transplantation.
Post-transplant outcomes were poor in series reported before
the era of highly active antiretroviral therapy (HAART); about 
two-thirds of patients were dead within 2 years of follow-up.
Recurrent hepatitis C with rapid progression to liver failure was
common. In contrast, recent studies have shown that the sur-
vival of selected HIV patients undergoing liver transplantation
may be comparable to that of HIV-negative recipients, at least in
the short term [87–90]. Selection criteria have included absence
of AIDS or AIDS-defining illness, adequate CD4 counts, low
HIV level and lack of resistance to HAART therapies.

Renal failure
Renal failure, defined as creatinine ≥ 1.6 mg/dL, occurs in 40%
of patients transplanted for FHF and in 15% transplanted for
cirrhosis [91]. Dialysis is required in 10–25% of patients with
renal failure either prior to or after transplantation. The need for
dialysis often correlates with the severity of liver disease and is
associated with multisystem failure, need for extended ICU 
care and poor outcome after transplantation. If renal failure is
deemed irreversible, the patient will need to be considered for
both a liver and a kidney transplantation [92–95].

Diabetes mellitus
As many as 5–15% of patients undergoing liver transplantation
have underlying diabetes mellitus. One recent analysis com-
pared the outcome of 78 patients with diabetes mellitus with that
of a matched control population of non-diabetics (n = 78) [96].
One-year and 5-year survival was significantly worse for patients
with diabetes mellitus: 67.5% and 61% for diabetics vs. 90% and
77% for control subjects. Another case–control study demon-
strated 5-year survivals of 34.4% and 67.7% for diabetics and
non-diabetics respectively [97]. Causes of death in the diabetic
population were often multifactorial and included sepsis, 
cardiac ischaemic disease and cerebrovascular complications.
Most patients in these series had type 2 diabetes; only 1–3% of
patients undergoing liver transplantation have type 1 diabetes.
Combined liver and pancreas transplantation may be con-
sidered for the latter group [98].

Obesity
Obesity is common among transplant candidates and is linked
to poor immediate and long-term survival. Primary graft non-
function and immediate, 1-year, 2-year and 5-year mortality are
significantly higher in morbidly obese patients [body mass index
(BMI) > 35 kg/m2], mostly as a result of adverse cardiovascular
events. Weight loss should be recommended for all obese
patients awaiting a liver transplantation, especially if their BMI
is more than 35 kg/m2 [99].

Smoking
In a recent study, 60% of liver transplant recipients reported a
lifetime history of smoking and 15% reported smoking after
transplantation [100]. Smoking has been associated with poor
post-transplantation outcomes. In the short term, smokers have
a higher risk of hepatic artery thrombosis [101] and, in the long
term, postoperative survival is decreased because of an increase
in both cardiac- and malignancy-related mortality. Patients
should abstain from smoking.

Anatomical abnormalities
The number of anatomical abnormalities that are absolute con-
traindications to OLT has diminished with the refinement in
surgical techniques. However, if portal thrombosis extends to
the mesenteric circulation, post-transplant mortality increases
by 33% [102].

Recurrent hepatitis C
Survival analysis of the UNOS database has shown that 
HCV significantly impairs both patient and allograft survival
after transplantation [103]. Post-transplant factors associated
with increased mortality included treatment for acute cellular
rejection, treatment for steroid-resistant rejection and mean
steroid dose ≥ 100 mg/day in the first 42 days after transplant.
Steroids and other antirejection treatments must be used 
cautiously in recipients infected with HCV. In one analysis, 
28% of all deaths in HCV-positive recipients were directly
related to HCV recurrence [104]. Liver transplantation for 
graft loss due to recurrent hepatitis C remains controversial
[105].

Living donor liver transplantation 
in adults

LDLT in adults, using the right lobe, is an emerging option to
expedite transplantation for a growing number of patients with
endstage liver disease (Fig. 2) [106–110]. The first successful
LDLT was reported in 1989, after which the procedure gained
widespread acceptance in Asia where cultural beliefs prevent
cadaveric donation. Nearly all adult LDLT in the USA is per-
formed with a right hepatic lobe graft. The first adult-to-adult
right hepatic lobe LDLT in the US was performed in 1997 and
reported in 1998 [111]. In this procedure, the entire native liver
of the recipient is removed and replaced with the right lobe of

TTOC25_02  3/10/07  10:05 AM  Page 1990



25.2 LIVER TRANSPLANTATION: INDICATIONS, CONTRAINDICATIONS AND RESULTS 1991

the liver from a living donor. In 2005, LDLT represented 3.9% of
all adult liver transplants performed in the US.

Potential advantages of LDLT

The greatest potential benefit of LDLT for the recipient is reduc-
tion in the risk of dying while waiting for standard cadaveric
transplantation. At our centre, the median waiting time for
LDLT recipients is approximately 66% less than for cadaveric
recipients. LDLT is elective and not usually performed on an
urgent or emergency basis. Consequently, the medical condition
of the recipient can be stabilized or improved prior to surgery,
thereby increasing the likelihood of a successful transplant. Also,
the donor liver experiences minimal cold ischaemia as implanta-
tion occurs immediately after the donor operation.

Potential disadvantages of LDLT

For the recipient, the greatest risks are surgical complications,
infection, recurrent hepatitis C and rejection. The relative risk 
of patient and graft loss (corrected for severity of illness at 
transplantation) may be higher in recipients of LDLT. Rates 
of retransplantation are higher [hazard ratio 1.66, 95% confid-
ence interval (CI) 1.30–2.11], and adjusted mortality rates may 
be 25% higher [112,113]. The relatively poorer outcome 
after LDLT is attributable to surgical experience, with worse 
outcomes primarily during the period of the first 20 LDLTs 
performed.

Donor safety is of primary concern. Significant complica-
tions, even death, have occurred. Estimated risk of donor death
is approximately 1 in 300, based upon surveys conducted in the
USA, Europe and Japan [114–116]. In addition, approximately
10% of donors develop other complications, including bile leak
at the cut surface of the liver, neuropraxia and wound infection,
as a direct result of the donor surgery. In contrast, most donors
undergo uncomplicated surgery, express general acceptance of
the procedure and demonstrate favourable outcomes [117].

Selection of recipients

The most appropriate candidates for LDLT are patients with 
a significant risk of dying prior to cadaveric transplantation
[118]. Ideal candidates for LDLT are patients with hepatoma
and those with relatively low MELD scores but mounting 
complications.

HCC often progresses to the point at which liver transplanta-
tion is contraindicated (tumour size > 5 cm or ≥ 3 hepatic
tumours or metastatic disease). Listing guidelines increase the
priority for patients with limited-stage HCC, but many patients
still do not survive long enough to be transplanted. The advan-
tage of LDLT in the setting of HCC is that the transplant could
be performed before the malignancy progresses.

Although MELD score is a good predictor of mortality over 
a 90-day period, it may underestimate morbidity and mortal-
ity of patients with cholestatic liver disease (especially primary 
sclerosing cholangitis) or patients with ascites, uncontrolled
encephalopathy or cachexia. These patients may deteriorate
rapidly despite low MELD score and, therefore, never receive a
cadaveric transplantation. LDLT may be the best option for
many of these patients [113].

It has been our general recommendation that recipients con-
sidered for LDLT must first meet the criteria for conventional
transplantation. Patients may be suitable candidates for 
cadaveric transplant, but not LDLT, because of comorbid con-
dition(s), which could jeopardize the success of LDLT. These
might include advanced age, significant medical conditions,
obesity, thrombosis of multiple visceral veins, multiple
significant abdominal surgeries or marginal psychosocial func-
tion. In our experience, 50% of potential LDLT recipients were
rejected because of concomitant conditions, as mentioned
above, which could negatively affect recipient outcome. Of the
remaining 50%, only half could identify a potential donor for
evaluation and only 60% had a suitable donor. Therefore, in our
centre, only 5–15% of recipients are ultimately able to undergo
LDLT [113,118].
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Fig. 2 The number of living donor liver
transplants (LDLTs) performed in the USA
between 1988 and 2004.
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Selection of donors

The potential LDLT donor must be in excellent medical and 
psychological condition. The specific tests and sequence of 
testing vary from centre to centre. At our institution, we have
three phases of donor evaluation. First, potential recipients 
are identified (see discussion above) and financial clearance 
is obtained from the recipient’s insurance carrier. Potential
donors should have an identical or compatible blood type.
Volunteers interested in pursuing LDLT must contact the 
transplant centre to undergo an initial screening to determine 
if there are obvious contraindications to donation. The follow-
ing information is obtained from the potential donor: age,
height, weight, brief medical, surgical and psychiatric history,
current medications, current smoking status and nature of 
relationship with the recipient. Laboratory tests are obtained
(serum electrolytes, complete cell count, liver function tests,
hepatitis C antibody, hepatitis B surface antigen and hepatitis 
B core antibody). Potential donors who pass this initial screen-
ing process are then offered the second phase of donor 
evaluation.

The second phase of evaluation is to determine whether the
potential donor is medically, surgically and psychologically fit 
to donate. Initial medical evaluation is performed after the
potential donor has scheduled an appointment. This evaluation
should be performed by a transplant hepatologist so that the
risks and benefits of the donation and transplantation may be
fully explained to the donor. This evaluation includes complete
medical history, physical examination, electrocardiogram, chest
radiograph and blood tests. The patient is also scheduled for a
surgical, psychosocial and psychiatric evaluation and abdominal
MRI. Potential donors may require a third phase of evaluation,
which may include CT/MRI cholangiogram [119–121] or ERCP,
angiogram and liver biopsy. At our centre, we have performed
liver biopsy when the donor has a history of alcohol excess, 
evidence of steatosis on abdominal MRI or risk factors for
steatosis, such as BMI > 28 kg/cm2. Unfortunately, in the end,
only 5–13% are suitable donors for LDLT [122]. The potential
recipient and donor are then presented to the patient selection
committee, approved and listed. LDLT is typically scheduled
within a few weeks of the evaluation.

Recipient outcome

Recipient survival following LDLT in the USA and Europe is
reported to be between 86% and 88% [107,114–116], similar to
the cadaveric survival rate. However, current survival statistics
for LDLT reflect recipients who were, in many cases, selected for
the best chance of favourable outcome. As a result, direct com-
parisons with survival after cadaveric transplantation may not
be possible. The spectrum of complications for LDLT is similar
to that for cadaveric transplantation. Biliary leak and stricture
are the most common complications after LDLT, occurring in
15–32% of patients.

Donor outcome

The most common complication in donors is bile leak (from the
cut surface of the liver), which occurs in approximately 5% of
donors [107,114–116]. Between 9% and 19% of donors develop
other complications related to major abdominal surgery includ-
ing wound infection, small bowel obstruction, incisional hernia
and chronic pain. Quality of life studies indicate that 96% of
donors had returned to their predonation employment status
after a mean time of 10 weeks [117]. However, 71% of donors
reported ongoing mild abdominal symptoms that they related 
to the donor surgery.

The greatest concern for donor safety is the risk of death. In
the reported cases of LDLT, there have been two donor deaths
out of 706 (0.28%) donor hepatectomies. Registries indicate that
there have been three donor deaths in the USA and two in
Europe out of approximately 2000 LDLTs (0.25%). Most liver
transplant centres quote a risk of death of 0.1–0.5% when evalu-
ating or counselling donors [122].

Hepatitis C and LDLT

Initial studies reported earlier severe recurrence and increased
risk of death, retransplantation or graft failure in LDLT com-
pared with cadaveric transplant recipients with HCV [123–125].
In contrast, other reports observed comparable outcomes and
lack of a negative impact of hepatitis C recurrence in LDLT
[126,127]. Recent results from the US multicentre Adult-to-
Adult LDLT study (A2ALL) confirm the lack of significant effect
of HCV on graft or patient survival after LDLT. HCV eradica-
tion prior to transplantation using a low accelerated dose reduc-
tion (LADR) protocol may effectively treat decompensated
HCV-positive patients and reduce the risk of post-transplant
recurrence in selected patients [128].
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25.3 The perioperative care and
complications of liver transplantation
Mark T. Keegan and David J. Plevak

Introduction

Despite an increase in illness acuity, patients who receive a liver
graft generally do well during the period of time immediately
surrounding the procedure. In many cases, patients are weaned
from mechanical ventilation a few hours after the end of surgery,
and it is not uncommon for them to be discharged from the
intensive care unit (ICU) within 24 h [1]. Improvements in
anaesthetic and surgical techniques have facilitated this trend. In
some centres, patients are routinely extubated in the operating
room or recovery room [2]. These patients can frequently be
transferred to an intermediate care area, thus ‘bypassing’ the
ICU. However, in most institutions, immediate postoperative
management takes place in the ICU. If patient illness acuity
requires ICU care before transplantation, the chances of
encountering a challenging intraoperative course and a pro-
longed postoperative ICU stay are high.

Preoperative anaesthesia assessment

The anaesthesiologist will frequently begin the preoperative
assessment by concentrating on the patient’s cardiopulmonary
status. The three cardiac issues of chief concern are cirrhotic car-
diomyopathy, the hyperdynamic circulatory state (HDCS) and
coronary artery disease. These issues can usually be addressed
with a chest X-ray, electrocardiogram, echocardiogram and a
dobutamine stress test. Cirrhotic cardiomyopathy is character-
ized by decreased systolic inotropic and diastolic lusitropic
responses to drugs, exercise and surgical stress [3]. In the
absence of left ventricular failure, cardiac output can be elevated,
but cardiac output drops as cardiomyopathy progresses. In the
absence of cirrhotic cardiomyopathy, patients with endstage
liver disease typically exhibit the HDCS. The HDCS is character-
ized by high cardiac output and low systemic vascular resistance.
Failure to observe this hyperdynamic pattern should elicit a 
suspicion of cirrhotic cardiomyopathy. HDCS appears to pro-
vide benefit, as liver transplantation survivors typically sustain a
higher cardiac index, mean arterial pressure, stroke volume, left
ventricular stroke work index and oxygen delivery [4]. Coronary

artery disease occurs in patients with liver disease at a frequency
not unlike that in the general population. Screening for coro-
nary disease has been accomplished successfully in some institu-
tions with dobutamine stress echocardiography [5]. Patients
with untreated coronary disease appear to be at increased risk 
of perioperative death. As perioperative beta-blockade seems to
confer lower perioperative mortality in patients after major
surgery [6], it should be considered in liver transplant recipients.
However, caution is advised as beta-blockers may provide 
exaggerated haemodynamic effects in these patients due to the
adrenergic receptor dysfunction associated with liver disease
[3]. Also, beta-blockers may theoretically remove the protection
associated with the HDCS.

The two respiratory issues usually of chief concern in the 
preoperative liver transplant patient are the hepatopulmonary
syndrome (HPS) and portopulmonary hypertension (PPHT)
[7]. These issues can usually be addressed with an arterial 
blood gas, a chest X-ray and an agitated saline echocardiogram.
Hypoxaemia is relatively common in patients with liver disease,
and is frequently the result of transpulmonary shunting from
HPS [8]. Fortunately, most patients with HPS respond well to
high concentrations of oxygen, so that acceptable arterial oxygen
saturations can be obtained during the perioperative period [9].
PPHT can usually be diagnosed accurately with an estimated
pulmonary artery systolic pressure via echocardiogram [10]. In
some institutions, if the systolic pulmonary artery pressure is
estimated to be 50 mmHg or above, liver transplantation will be
deferred because of the high perioperative mortality rate for
patients with severe PPHT [10]. Fortunately, patients with severe
PPHT can frequently benefit from treatment (sildenafil [11],
endothelin antagonists such as bosentan [12] and intravenous
epoprostenol [13]). Some of these treated patients have later
received successful orthotopic liver transplantation (OLT) after
therapy [7].

Renal and electrolyte issues of main concern before anaesthe-
sia for OLT include the presence of renal failure, hyperkalaemia
and metabolic acidosis. These issues can be assessed with an
arterial blood gas and a serum chemistry panel, and can be 
most expeditiously handled with dialysis. This dialysis can 
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continue into the intraoperative period as continuous veno-
venous haemofiltration, dialysis and dialysis with fluid removal
[14]. Other perioperative strategies to treat hyperkalaemia 
and metabolic acidosis include the use of washed red blood 
cells and insulin–glucose infusions [15]. Tris-hydroxymethyl
aminomethane (THAM) is a means of treating metabolic acido-
sis without contributing to the patient’s sodium intake.

The anaesthesiologist is concerned with both hypocoagula-
tion and hypercoagulation. Hypocoagulability can be measured
with the traditional tests of prothrombin time [international
normalized ratio (INR)], activated partial thromboplastin time,
fibrinogen, fibrin degradation products and platelet count. 
Both hypo- and hypercoagulation can be measured with the
thromboelastogram. The use of aprotinin to avoid fibrinolysis
and reduce blood loss is controversial [16,17]. It appears that,
when aprotinin is initiated preoperatively, it is effective in
reducing blood loss, but case reports suggest that a few patients
have had severe complications from systemic clot formation
[18,19]. Other antifibrinolytics (epsilon aminocaproic acid and
tranexamic acid) are typically initiated intraoperatively to treat
established haemorrhage.

The anaesthesiologist is particularly interested in the patient’s
level of consciousness before surgery. If the patient is found to be
disoriented or poorly responsive, an evaluation [i.e. neurolo-
gical examination, serum chemistries, serum ammonia, plasma
glucose and head computerized tomography (CT)] may be indi-
cated. If the patient has experienced a relatively acute onset of
liver disease, the possibility of cerebral oedema should be con-
sidered, and the patient may benefit from intracranial pressure
monitoring [20].

Intraoperative anaesthesia care

The equipment used by the anaesthesiologist includes those
items that are largely particular to the care of a liver transplant
patient (i.e. rapid infusion pump, veno-venous bypass), those
that are found in the care of critical patients (i.e. continuous
dialysis, transoesophageal echocardiography, onsite laboratory
and pulmonary artery catheter), and those utilized in most com-
mon anaesthetics (i.e. anaesthesia machine). A survey of 67% of
all liver transplant programmes in the United States indicated
that 45.2% of the programmes had a rapid infusion system,
40.3% utilized a ‘level 1’ system, and 16.1% had a cardiac 
surgical perfusion pump [21]. Of note is that 12.9% of those
programmes surveyed did not indicate which (if any) system
they used for rapid transfusion. The same survey indicated that
11.3% of US liver transplant programmes used transoesophageal
echocardiography, 30.6% employed pulmonary catheters that
had the capability of determining cardiac output in a continuous
fashion, and 37.1% had the necessary equipment to apply 
veno-venous bypass. Schumann’s survey noted that onsite labor-
atories provided arterial blood gas analysis, plasma glucose and
serum sodium and potassium in 100% of the programmes that
responded. These laboratories provided assessments of other

items on a less frequent basis: calcium (96.8% of the pro-
grammes surveyed), magnesium (51.6%), phosphorus (30.6%),
lactate (8.1%), prothrombin time (83.9%), platelet count
(90.3%), activated clotting time (21%) and thromboelastogram
(30.6%). The anaesthetic medications applied to the patient in
the operating room include many of the common anaesthetic
drugs: midazolam (anxiolytic), propofol (intravenous induc-
tion agent), cis-atracurium (non-depolarizing muscle relaxant),
fentanyl (narcotic) and isoflurane (volatile maintenance agent).
These relatively short-acting anaesthetic drugs have been used to
reduce the time that patients require intubation after liver trans-
plantation; however, their utilization has not yet been shown to
reduce ICU stay [22]. After induction of anaesthesia, it is not
uncommon for the patient to become transiently hypotensive.
This is the result of the vasodilatory effects of the medications
used for anaesthetic induction, combined with the application
of positive pressure ventilation. As most patients with chronic
liver disease and portal hypertension are intravascularly volume
depleted, the postinduction hypotension usually responds to
volume infusion. Prior to abdominal incision, one or two 
arterial catheters, one or two large-bore intravenous catheters
(i.e. 8.5 French) and a pulmonary artery catheter are placed. 
The pulmonary artery catheter is used to assess for evidence of
moderate to severe pulmonary hypertension. Guidelines exist
that aid in decision making for those instances in which patients
are found to have moderate to severe pulmonary hypertension
[7].

During the preanhepatic phase of the operation, the anaesthesi-
ologist is particularly concerned with the possibility of rapid
haemorrhage and (air, clot or debris) embolus. Embolus, which
can occur as the surgeon transects large venous sinuses, is usu-
ally suspected when an otherwise unanticipated cardiovascular
collapse occurs at this phase of the procedure. A diagnosis of
embolus can be substantiated by a drop in expired CO2 and the
presence of gas or debris in the cardiac chambers, as noted by
transoesophageal echocardiography. If the embolus source can
be identified, and further emboli avoided, the cardiovascular
system can frequently be sustained with intravascular volume
and inotropic support. With the onset of the anhepatic phase 
of the procedure, the anaesthesiologist is often concerned with
systemic hypotension from partially (or completely) obstructed
venous return. Veno-venous bypass can ameliorate this obstruc-
tion to venous return. The period immediately after hepatic
recirculation is typically the most eventful phase for the anaes-
thesiologist. Cardiovascular occurrences can include hypoten-
sion from rapid blood loss, embolus, pulmonary hypertension,
arrhythmia, hypothermia, global cardiac hypofunction and
vasodilatation. Rapid electrolyte (potassium, calcium, magne-
sium) and acid (lactate) shifts can cause cardiac and vascular
disturbance. The patient can develop coagulopathy from
fibrinolysis, factor depletion, platelet sequestration, hypocal-
caemia and hypothermia. Patients with liver failure of acute 
or subacute onset can develop worsening cerebral oedema and
intracranial hypertension. The anaesthesiologist attempts to
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manage this dynamic phase of the operation in both an anticipa-
tory and a reactive fashion by employing various manoeuvres
including rapid fluid and blood resuscitation, hyperventilation
with high oxygen concentrations, electrolyte infusions (bicar-
bonate, calcium, magnesium), inotropic support (dopamine,
epinephrine) and coagulation sustenance (fresh frozen plasma,
cryoprecipitate, platelets, antifibrinolytic drugs). The postrecir-
culation period is hopefully one of assisting patient rewarming
and stabilization. Some factors that might interfere with hepatic
reanimation include ongoing bleeding, worsening pulmonary
hypertension and primary non-function of the liver graft.

Postoperative intensive care

In most institutions, the ICU care of the OLT recipient is
directed by a specialized intensive care team. The primary 
speciality of the intensive care staff varies from unit to unit. 
The transplant surgeons and hepatologists play an important
role in postoperative care, although they are less likely to be
involved in acute ventilatory and haemodynamic management.

Once the patient arrives in the ICU, patient assessment
includes evaluations similar to those that occur for any post-
operative patient. The patient may be hypothermic. To avoid the
undesirable effects of coagulopathy and myocardial dysfunc-
tion, a warm room, warm blankets and the application of a
forced air-warming device are useful [23]. Assurance of the 
adequacy of oxygenation and ventilation is accomplished by
physical examination, chest X-ray, arterial blood gas analysis
and review of ventilator mechanics. Mechanically ventilated
patients are nursed in a semi-recumbent position to decrease the
incidence of ventilator-acquired pneumonia [24]. Ventilation
strategies that minimize insult to the allograft are used (i.e.
avoidance of both excessively high airway pressures and high
positive end-expiratory pressure). Many institutions use a venti-
lator weaning protocol that permits the respiratory therapist
and nursing staff to decrease the level of both sedation and 
ventilatory support in anticipation of extubation [22].
Haemodynamic data are acquired from physical examination
and monitors including an electrocardiogram and pulmonary
artery catheter. Abdominal girth is measured serially, as trends
may be a valuable guide to the determination of the presence of
intra-abdominal bleeding. Intra-abdominal drains are inspected
for the rate and nature of blood or fluid loss. If the drains are
filling briskly with fluid of a high haemoglobin concentration,
this indicates ongoing surgical bleeding or a coagulopathy that
needs urgent correction. Especially in those patients with pre-
operative alterations in mental status, neurological assessments
(e.g. Glasgow Coma Scale) and intracranial pressure (ICP) 
measurements (if an ICP monitor is present) are noted. In most
cases, patients are liberated quickly from mechanical ventilation
and may be suitable for discharge from the ICU the day after
their procedure [22]. At this point, large-bore venous access is
discontinued or changed to a catheter that can be used on the
general floor for medication administration and blood sampling.

Immediate postoperative liver graft 
function

The immediate postoperative management of the patient after
OLT depends on the performance of the liver allograft. If the
graft functions well, metabolic acidosis will improve, coagulo-
pathy will tend to resolve and haemodynamics will stabilize. If 
the patient has a biliary tube, the production of golden brown
viscous bile is a sign of good graft function. In most instances,
hepatic transaminases will initially be high (a sign of preser-
vation injury), but will then decrease over subsequent days.
Vascular integrity and echotexture can be assessed by Doppler
ultrasonography. ‘Initial poor function’ of the liver graft may
result from transplantation from an elderly donor or a graft 
that has experienced a long ischaemia time. Grafts with ‘initial
poor function’ will largely eventually perform adequately as the
patient is supported. ‘Primary non-function’ of the graft may 
in many instances be the result of an immunological injury.
Evidence of ‘primary non-function’ can begin as early as the
time of recirculation of the liver [25]. These patients will 
usually require emergent retransplantation, as the mortality 
rate without retransplantation is greater than 80% [26]. Signs 
of graft dysfunction include hyperkalaemia, worsening renal
insufficiency, resistant metabolic acidosis, increasing levels 
of serum lactate, hypoglycaemia, climbing levels of hepatic
transaminases, worsening hepatic encephalopathy and the
occurrence of cerebral oedema.

Cardiac issues immediately after liver
transplantation

Systemic hypertension is common after liver transplantation.
There are many potential causes including fluid overload, pain
and anxiety and pre-existing chronic hypertension. Treatment
should be instituted when the systolic blood pressure is greater
than 160 mmHg or the diastolic blood pressure greater than 
100 mmHg [1]. Cardiac arrhythmias commonly occur and 
may be related to hypoxaemia, hypercapnia, metabolic acidosis,
electrolyte imbalance (especially potassium, magnesium or 
calcium), transient myocardial dysfunction or the improper
position of central catheters. Atrial fibrillation is a common
postoperative arrhythmia and may be related to perioperative
fluid and electrolyte shifts. Treatment of atrial fibrillation is with
conventional therapies including beta-blockers and calcium
channel antagonists. If possible, amiodarone should be avoided
because of its hepatotoxic potential. Elevations of serum tro-
ponin are often detected in the postoperative period [5]. While
dobutamine stress echocardiography has been widely used in the
evaluation of patients prior to OLT [27], myocardial insults are
not necessarily predicted by preoperative dobutamine stress
echocardiography and may reflect intraoperative stresses rather
than coronary artery disease [5,28]. Post-transplant cardiomy-
opathy occurs uncommonly. It was originally described in a
series of seven patients (of 754 transplants) as a reversible dilated
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cardiomyopathy [29]. The patients presented with pulmonary
oedema and respiratory failure in association with a decrease in
their cardiac ejection fractions from a median baseline of 60% to
a median of 20%. With supportive therapy, including careful use
of fluids, pressors and inotropes, the patients improved without
sequelae.

Respiratory issues immediately after liver
transplantation

Patients who required mechanical ventilation before surgery 
are not suitable candidates for early extubation. These patients
are frequently malnourished, have underlying lung disease or
have required volume resuscitation in the treatment of sepsis.
An additional group of patients who received large amounts 
of blood perioperatively may develop metabolic alkalosis as 
the functioning graft converts citrate into bicarbonate. In these
patients, the administration of acetazolamide may be useful 
to avoid secondary hypoventilation [1,30]. Also, diuresis and
thoracentesis may be helpful. In selected patients who are 
not yet prepared for a complete withdrawal of positive pres-
sure support, non-invasive ventilation [continuous positive 
airway pressure (CPAP) or biphasic positive airway pressure
(BiPAP)] may be used after extubation [31]. In those in 
whom mechanical ventilation is anticipated to be prolonged 
(i.e. > 1–2 weeks), consideration should be given to the place-
ment of a tracheostomy as soon as the patient stabilizes after
transplant [32].

Patients with HPS can pose particular challenges with 
hypoxaemia after transplant [33]. Such patients may require
prolonged periods on the ventilator and, after extubation, may
be oxygen dependent for long periods. While severe hypoxaemia
resulting from HPS is a strong risk factor for perioperative 
mortality, most patients (especially type 1 HPS) do very well long
term. If patients with HPS become severely hypoxaemic after
OLT, potential treatment modalities include Trendelenburg
positioning and the administration of intravenous methylene
blue [34] or inhaled N(G)-nitro-l-arginine methyl ester [35].
The occurrence of severe PPHT after liver transplantation poses
a risk to both graft and patient survival [7]. Right ventricular
failure can result with subsequent hypoxaemia and hypoperfu-
sion of the liver graft. Possible treatment modalities include
inhaled nitric oxide [36,37] and the placement of a right ventric-
ular assist device.

Acute lung injury (ALI) or the acute respiratory distress syn-
drome (ARDS) [38] may occur after extensive intraoperative
resuscitation, transfusion-related acute lung injury (TRALI)
[39], pre-existing pneumonia or pulmonary oedema from a 
cardiac cause. Evidence suggests that a low tidal volume ventila-
tion strategy (6 mL/kg ideal body weight) [40] should be
employed in patients who develop ARDS, although the use of
this strategy and the application of potentially high levels of 
positive end-expiratory pressure (PEEP) have not been formally
investigated after liver transplantation.

Renal and electrolyte issues immediately after
liver transplantation

Low urine output and renal dysfunction are common after 
OLT. Prerenal failure (secondary to hypovolaemia, hypotension
or low cardiac output) is characterized by low urine output,
decreased urine sodium (< 10 mEq/L) and a fractional excretion
of sodium less than 1%. Optimization of volume status, improv-
ing cardiac output using inotropes and maintaining blood pres-
sure in the patient’s normal range using vasoconstrictors may
reverse prerenal dysfunction. Preoperative renal impairment
will normally persist into the postoperative period and may be
due to sepsis-induced acute tubular necrosis, nephrotoxic drugs
or the hepatorenal syndrome (HRS) [41]. HRS is a functional
renal failure and will generally recover after OLT, although this
may take days to weeks. The development of new-onset HRS
after liver transplantation indicates severe graft dysfunction or
primary non-function. Initiation of tacrolimus or ciclosporin
after transplant may be associated with renal dysfunction, and
the serum levels of these drugs must be monitored. If renal 
failure persists, or if electrolyte and fluid disturbances become
otherwise difficult to manage, dialysis may be needed. The dialy-
sis modality employed is determined by many things, including
the haemodynamic stability of the patient. Continuous renal
replacement therapy (CRRT) is frequently used in the ICU
because it causes less haemodynamic instability than conven-
tional dialysis.

Bleeding after liver transplantation

Inadequate blood clotting may occur in the ICU due to massive
perioperative transfusion, hypothermia, hypocalcaemia, coagu-
lation factor deficiency, thrombocytopenia and fibrinolysis.
Hypocoagulation can result in postoperative bleeding. How-
ever, aggressive corrective action and the application of
antifibrinolytic drugs must be balanced against the risk of 
hypercoagulation and thrombosis of important structures,
including the hepatic artery. Within the first 24–48 h after 
transplantation, between 10% and 15% of patients experience
enough blood loss to require reoperation [1]. Signs of severe
bleeding include tachycardia and hypotension, abdominal dis-
tension, oliguria, elevated bladder pressures (> 20 cmH2O), 
elevated peak airway pressures and failure of the haematocrit to
rise after transfusion. Vigorous surgical drain output typically
indicates intra-abdominal bleeding, but drains may clot and a
lack of drain output may be misleading. If the patient returns to
the operating room, identifiable sources include bleeding from
vascular anastomoses, intra-abdominal varix, liver laceration or
fracture, the adrenal bed, the cystic artery or gallbladder bed, the
diaphragm or the drain and skin closure sites. Patients with
large, raw liver surfaces, such as recipients of split liver or living
related-donor OLT, seem to be prone to postoperative haemor-
rhage. If the patient returns to the operating room, the anaesthe-
siologist must be prepared for cardiovascular collapse when
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decompression of the abdomen occurs as its tamponading effect
on the bleeding vessels is released.

Medications immediately after liver
transplantation

While intubated, patients are managed with an opiate infusion
(e.g. fentanyl) or without pain medication. Once extubated,
patients are usually adept at using a patient-controlled analgesia
device (morphine or fentanyl). Interestingly, patients after OLT
usually require only small amounts of analgesic medication
[42]. Postoperative medications other than analgesics include
drugs for prophylaxis against gastrointestinal ulceration and
deep venous thrombosis, selective bowel decontamination [43]
and immunosuppressant medications.

Vascular and biliary complications

Complications related to the vascular anastomoses occur in
6–12% of OLTs [44]. Thrombosis is the most common prob-
lem, but stenosis, pseudoaneurysm formation and dissection
may also occur. The hepatic artery is a small vessel and is espe-
cially prone to problems. Hepatic artery thrombosis occurs in
3–5% of adults especially if the surgical anastomotic technique 
is suboptimal. Use of an arterial conduit or the presence of a 
procoagulant state (e.g. hyperviscosity due to overtransfusion)
increases the risk. Thrombosis rates are higher after split 
liver cadaveric transplants and living donor liver transplants.
Thrombosis can present in a variety of ways. In the early postop-
erative period, rapid deterioration in graft function may occur,
with hepatic encephalopathy, marked elevation of transami-
nases and worsening coagulopathy. Diagnosis by ultrasound can
result in prompt surgical exploration, thrombectomy, revision
and limited injury. If extensive necrosis occurs, retransplanta-
tion may be necessary in the immediate future. If bile duct injury
predominates, the patient may require retransplantation on a
less urgent basis. Portal vein thrombosis occurs in less than 2%
of recipients [26] and is usually related to a technical error at
surgery. If it occurs in the early postoperative period, severe liver
dysfunction may occur. An acute elevation of portal and mesen-
teric venous pressures can lead to tense ascites and bleeding
oesophageal varices. Intervention will require thrombectomy
and revision of the anastomosis, or possibly retransplantation.
Hepatic vein thrombosis occurs in less than 1% of recipients 
and is due to a technical error or a recurrence of Budd–Chiari
syndrome. It presents as tense ascites and graft dysfunction.
Recipients of a left lateral hepatic segment are at higher risk. This
complication usually requires retransplantation.

Biliary complications, either leak or obstruction, occur in
15–35% of patients after OLT with an associated mortality of
less than 5% [45]. Bile leaks typically occur in the first month
after OLT, and often require a surgical repair. Symptoms and
signs of a bile leak may be minimal, but may include fever,
abdominal pain, peritonism, bile in the abdominal drains, 
leucocytosis and elevations in the levels of bilirubin and alkaline

phosphatase. Cholangiography is usually required for diagnosis.
Intervention may require suturing, revision of anastomosis 
or conversion to a choledochojejunostomy. Recently, however,
endoscopy has been employed to stent bile leaks. Biliary
obstruction normally occurs later than bile leaks typically occur,
is usually related to stricture formation and may frequently be
managed with endoscopic or radiological techniques. When an
obstruction does occur early in the postoperative period, it may
be due to kinking or migration of a T-tube stent.

Rejection

While rejection is common after OLT, it is usually not seen dur-
ing the first week after transplantation. When early rejection
does happen, it occurs in patients with pre-existing antibodies
who have received an ABO-incompatible donor graft or 
exhibited a strongly positive cross-match. Elevations in the
serum bilirubin or transaminases with or without fever and
malaise are the presenting features. If a T-tube has been left for
biliary drainage, the bile output will decrease and the character
of the bile will change. The diagnosis is confirmed by percutane-
ous or transjugular liver biopsy. Most centres treat an acute
episode of mild to moderate rejection with high-dose intra-
venous corticosteroids. Of the 15–20% of patients who fail to
respond to steroids alone, most receive antilymphocyte therapy.
Late-onset acute rejection is more common, and most often
caused by inadequate T-cell suppression. Chronic rejection 
typically occurs after the fourth week, and is characterized by
ductopenic rejection and progressive graft dysfunction.

Neurological issues

One-fifth of OLT recipients will have some degree of neurolo-
gical dysfunction in the perioperative period [26,46]. Decreased
level of consciousness is the most common disturbance, but
seizures, focal neurological disturbances and neurological cata-
strophes such as herniation of brain contents may occur. Most
OLT recipients will awaken over a period of hours after the 
surgical procedure, provided the hepatic allograft is functioning.
The choice and dose of intraoperative anaesthetic agents con-
tribute to the speed of awakening [22]. Patients with preoper-
ative encephalopathy will take longer to awaken, as will those 
who have been on infusions of sedative medications (especially
benzodiazepines) prior to transplantation. Additionally, the liver
impairment caused by a poorly functioning allograft will exacer-
bate hepatic encephalopathy. Flumazenil may be used as a diag-
nostic test for benzodiazepine effect or hepatic encephalopathy.

Central pontine myelinolysis (CPM) is a devastating com-
plication associated with rapid alterations of serum sodium 
and osmolality [1]. Fortunately, this disorder is uncommon, and
has been even more uncommon recently because of increased
awareness and a reduction in the use of sodium bicarbonate. If a
buffering agent is required, a non-sodium agent such as THAM
may be used preferentially. CPM is diagnosed by magnetic 
resonance imaging, and treatment is essentially supportive in
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nature. Patients transplanted for fulminant hepatic failure will
typically awaken slowly after OLT due to pre-existing hepatic
encephalopathy and cerebral oedema. If intracranial pressure
monitoring was initiated, it should be continued into the 
postoperative period until the patient shows evidence of 
awakening [20].

Acute deteriorations in mental status after an initially normal
course should prompt a review of the patient’s medications,
including levels of immunosuppressants. Calcineurin inhibitors
may cause an acute confusional state, restlessness, tremor and
seizures. Seizures are most common during the first 2 weeks
after transplantation, and occur as a result of drugs (e.g.
tacrolimus, ciclosporin), intracranial catastrophes (e.g. hae-
morrhage), electrolyte abnormalities or infectious processes
(e.g. encephalitis, meningitis or brain abscess).

Metabolic issues immediately after liver
transplantation

The most common metabolic abnormality encountered in the
perioperative care of a patient undergoing OLT is hypergly-
caemia. Secretion of endogenous catecholamines and glucocor-
ticoids in response to surgical stress, the administration of
exogenous corticosteroids for induction of immunosuppression
and the insulin resistance associated with liver failure result in
elevated plasma glucose levels. The adverse effects of elevated
glucose have been demonstrated [47], although data specific to
the liver transplant population are lacking. It is our practice 
to use insulin, often by continuous infusion, to maintain 
normoglycaemia. However, caution must be exercised in the
setting of marginal graft function to avoid hypoglycaemia.

The perioperative administration of large amounts of packed
red blood cells may cause hypocalcaemia due to citrate chela-
tion. Data from living liver donors suggest that phosphate reple-
tion may also be required for regeneration of liver parenchyma,
especially in those who have received split grafts [48].

More than half the patients awaiting OLT have moderate to
severe protein calorie malnutrition. Positive protein balance is
difficult to attain in the immediate postoperative period [49]. As
most patients have a brisk return of gastrointestinal function
after liver transplant, oral intake is initiated as soon as possible.
In some centres, nasogastric or nasojejunal feeding is initiated
immediately after transplant. If possible, total parenteral nutri-
tion is avoided because of the risk of line sepsis, steatotic hepatitis
and the desire to preserve gut mucosal integrity in an effort to
avoid bacterial ‘translocation’.

Infectious issues immediately after liver
transplantation

The primary cause of death after liver transplantation is infec-
tion. The majority of post-transplant infections primarily affect
either the abdominal cavity or the lungs. The causative agent
(bacterial, viral, fungal or parasitic) is determined by the patient’s
underlying conditions and when in the post-transplant course the

infection occurs. In the immediate perioperative period, bacte-
rial and fungal infections predominate. Prophylactic antibiotics
(typically a third-generation cephalosporin) are administered
intraoperatively to decrease the incidence of intra-abdominal
and wound infections. Early respiratory infections may be caused
by Gram-negative enteric organisms or fungi such as Candida
species [50]. Ventilator-associated pneumonia should be inves-
tigated promptly with bronchoscopy and bronchoalveolar lavage,
ensuring the identification of otherwise uncommon organisms
that can infect the immunocompromised host.

Summary

Liver transplantation is a major surgical procedure that has
become ‘routine’. Current intraoperative and immediate post-
operative care usually allows patients to leave the intensive care
unit within 24 h of transplantation. However, in the absence of a
well-functioning graft, in patients who had preoperative decom-
pensation and in those who have intraoperative difficulties, the
perioperative course can be very problematic. A well-functioning,
multidisciplinary team using modern anaesthetic and critical
care techniques will improve the chances of a good outcome.
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25.4 Immunosuppression
James Neuberger

Introduction

Current concepts in immunosuppression

In the early days of liver transplantation, immunosuppression
strategies for liver allograft recipients were extrapolated from
renal transplantation, but it rapidly became clear that different
paradigms were needed: for example, in liver transplantation, in
contrast to renal transplantation, early acute treated rejection
has no demonstrable adverse impact on the outcome; indeed, as
discussed below, early rejection may promote tolerance.

Efforts to induce immunosuppression have focused on phar-
macological agents: physical methods of preventing or treating
rejection (such as removal of leukocytes by leucophoresis, irra-
diation, thoracic duct drainage, photophoresis after lymphocyte
priming and plasmaphoresis) are, though effective, not greatly
used in human liver transplantation.

With increasing experience and greater awareness of the long-
term adverse impact of immunosuppression and the availability
of newer classes of drugs, immunosuppression regimes are
changing. The concept of tailoring immunosuppression to the
individual is slowly becoming accepted as a reality rather than 
a concept.

Newer concepts of immunosuppression

The early approach to immunosuppression was based on a
heavy induction protocol followed by maintenance therapy, 
initially with corticosteroids and azathioprine. The introduction
of ciclosporin and, subsequently, of tacrolimus has been hailed
as a major advance in therapy and has coincided with increased
patient and graft survival. More recently, however, attention 
has focused on reducing immunosuppression and fostering 
tolerance.

The introduction of tolerance (stable and normal graft func-
tion in the absence of immunosuppression) has long been a goal
of transplant clinicians and scientists. Tolerance can be fairly
readily achieved in the lower animals, such as rats and mice, but
induction of tolerance in primates and humans is some way

from clinical practice. While liver allograft recipients require less
immunosuppression than other organ recipients and some do
become tolerant to their graft (see below), there is, as yet, no
regime that will reliably induce tolerance in the human host.

WOFIE, prope tolerance and MIST
As an alternative to tolerance, another approach has been to
induce partial tolerance so that less immunosuppression can be
administered. Calne [1] first drew attention to the window for
immunological engagement (WOFIE), suggesting that, if the
host immune system is allowed to see graft antigens, tolerance
can be encouraged; thus, overimmunosuppression soon after
transplantation can lead to a greater need for immunosuppres-
sion. This has been tested in some human allografts with
encouraging findings. An alternative approach has been to use
tolerogenic strategies: Calne [2] has termed this ‘prope’ toler-
ance and Monaco [3] ‘minimal immunosuppression tolerance’
(MIST). Although preliminary encouraging results have been
obtained using, for example, Campath-1H, this still remains to
be used widely.

Immunosuppression regimes

There is no general consensus as to the optimal immunosup-
pressive regime; units have developed their own practice, largely
based on experience. There have been relatively few large-scale,
prospective and randomized studies, primarily because of logis-
tic problems. Such trials are difficult and expensive to set up and
need to include a large cohort of patients; relevant endpoints are
difficult to define and will not be reached for several years, by
which time newer agents will be available, making the findings
redundant. Newer agents tend to be much more expensive than
the older agents, such as corticosteroids and azathioprine.
Therapeutic studies need to include economic as well as ther-
apeutic evaluations.

There remains no standard measure in clinical use to assess
the degree of immunosuppression: therapeutic drug monitoring
is helpful for some drugs [such as the calcineurin inhibitors
(CNI) and sirolimus], but blood levels should be considered as a
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guide. It cannot be assumed that drug levels in the therapeutic
range will protect against toxicity.

Over the last decade, there has been a change in the immuno-
suppression regimens used, although there is little evidence to
show a benefit [4]. The very early programmes used induction
with antilymphocyte preparations such as OKT3 and maintenance
with corticosteroids and azathioprine. More recently, induction
therapy has been replaced with anti-IL-2R (interleukin-2 recep-
tor) antibodies; a calcineurin inhibitor (initially ciclosporin and
more recently tacrolimus) is added. Mycophenolate or sirolimus
is replacing azathioprine in many units. Corticosteroids can
usually be safely withdrawn after 3 months.

Induction therapy

‘Heavy’ induction regimes, using antilymphocyte depletion
preparations such as OKT3, ALG (antilymphocyte globulin)
and thymoglobulin, are being used much less frequently.
However, their place is being taken by the anti-IL-2R antibodies;
their use may allow delayed introduction of the CNI and so
reduce the risk of nephrotoxicity.

Maintenance

A variety of maintenance regimes are in place: the most com-
mon regimes include tacrolimus, often combined with one or
two more agents such as corticosteroids and azathioprine or
mycophenolate. Sirolimus is being used increasingly. There 
have been several prospective studies comparing tacrolimus 
and ciclosporin: most show a tendency for better outcomes with
tacrolimus. With the recognition of the long-term problems of
the CNIs (especially renal impairment and renal failure), there is
a move towards the use of sirolimus, either as monotherapy or in
combination with other drugs.

Treatment of acute (cellular) rejection

The treatment of acute cellular rejection will depend on many
factors, especially the patient’s clinical status and the severity 
of rejection as assessed biochemically and histologically. Mild
rejection (assessed histologically) may not need treatment;
moderate rejection may respond to an increase in the dose of
tacrolimus. Rejection is usually treated with a bolus of high-dose
steroids, such as a 3-day course of prednisolone 200 mg/day or
methylprednisolone 0.5 g daily for 3 days [5]. There is no good
evidence for the superiority of any one regime. Recurrent rejec-
tion may be treated by recycling steroids, use of agents such as
OKT3 or even phototherapy with lymphoid depletion.

Treatment of chronic (vascular, ductopenic)
rejection

There is no proven, effective treatment for established duc-
topenic or chronic rejection. In those on ciclosporin, transfer to
tacrolimus is often tried; for those on tacrolimus, additional

immunosuppression (such as mycophenolate or sirolimus) is
tried.

Withdrawal of immunosuppression

It is clear that some liver allograft recipients do not require long-
term treatment. There are no clear markers of those who are 
tolerant to the graft. Those centres that do undertake withdrawal
programmes will select those who have stable and normal graft
function after 5 years. Those transplanted for autoimmune dis-
eases, such as autoimmune hepatitis, primary biliary cirrhosis
(PBC) and primary sclerosing cholangitis, are less likely to be
tolerant [6].

Adverse impact of immunosuppression

The benefits of immunosuppression have to be balanced against
the side-effects. Such side-effects may be drug or drug class
specific (see individual drugs below) or may arise as a con-
sequence of the disturbance of the immune system, because 
the effects of the drugs are relatively non-specific.

General

Infection
Immunosuppressed patients are at greater risk of infections:
bacterial, viral, fungal and protozoal. Presentation and response to
treatment may be different in the immunosuppressed. This topic
is covered in more detail elsewhere. Some agents, such as lefluno-
mide and its derivatives, show anticytomegaloviral activity in vitro
[7]; whether this effect is important in vivo is yet to be shown.

The approach of immunosuppression in those transplanted
for hepatitis C virus (HCV) is covered elsewhere.

Malignancy
Sirolimus has antiproliferative activity in both cell cultures and
animal models [8]. This makes the drug potentially useful in the
management of transplantation for hepatocellular carcinoma.
Clinical trials are under way to determine whether this effect is
important in vivo.

Effect on recurrent disease

Viral hepatitis
There is no convincing evidence that the degree or type of
immunosuppression affects the rate and impact of recurrence of
hepatitis A or B viral infection. In contrast, the effect of hepatitis
C viral infection of the graft is modified by the extent and choice
of immunosuppression.

Primary biliary cirrhosis
Several studies have suggested that evidence of recurrent PBC 
is seen sooner and more aggressively in those maintained on
tacrolimus compared with ciclosporin [9]. The significance of
this is not certain.

TTOC25_04  3/10/07  10:05 AM  Page 2004



25.4 IMMUNOSUPPRESSION 2005

Autoimmune hepatitis (AIH)
The recurrence of serological and histological features of AIH
may be reduced by long-term administration of corticosteroids
[10].

Need for change in immunosuppression

Factors affecting choice of immunosuppression
regime

Pregnancy
Both mycophenolate and sirolimus are associated with terato-
genicity and, therefore, these drugs should be avoided in those
likely or wishing to become pregnant. Most of the immunosup-
pressive agents are excreted in breast milk, and so breastfeeding
should usually be avoided, although there remains some uncer-
tainty about the adverse effect on the baby of the drugs ingested
from the milk.

Renal impairment
This is a major long-term problem in the allograft recipient.
Although there are many potential causes for renal impairment
in this situation, CNI are probably the commonest cause. The
optimal treatment in this situation is not clear, but most units
adopt an approach of reducing the CNI, with immunosuppres-
sion being covered by either mycophenolate and steroids or
sirolimus.

Individual agents

A classification of the pharmacological agents used in the man-
agement of immunosuppression is shown in Table 1. Please note
that drug doses quoted here are a guide and should always be
checked against current information and practice.

Lymphocyte depletion

These agents are used primarily in induction regimes.
Polyclonal antibodies (such as ALG and thymoglobulin) 

have been used in liver transplantation for many years.
Thymoglobulin is a purified immunoglobulin G (IgG) fraction
prepared from rabbits immunized with thymus. The antibodies
react with a variety of antigens on T and B cells (including the T-
cell receptor, CD2, 3, 5 and 8), monocytes, neutrophils, platelets
and erythrocytes. Thymoglobulin should be administered at a
dose of 1.5 mg/kg body weight over a period of 4 h (6 h for the
first dose). OKT3 is a partially humanized monoclonal antilym-
phocyte antibody.

Monoclonal antibodies

Rituximab
This is a monoclonal antibody directed against CD20 on B lym-
phocytes. This antibody is used primarily for the treatment of
lymphomas and in post-transplant lymphoproliferative disorder

(PTLD); however, it is being used in highly sensitized renal 
allograft recipients and occasionally in liver allograft recipients,
especially those with ABO incompatibility [11]. Administration
is associated with the cytokine release syndrome and, as heart
failure, hypotension and arrhythmias are associated with its use,
recipients need to be carefully monitored and antihypertensive
agents withheld for 12 h prior to use. Fatalities have rarely been
described, and premedication with corticosteroids and antihis-
tamines should be considered. The drug should be given in 5%
glucose or 0.9% sodium chloride, diluted to 1–4 mg/mL.

Alemtuzumab (Campath-1H)
This is a monoclonal antibody reacting against CD52; adminis-
tration results in depletion of lymphocytes, monocytes and den-
dritic cells. Administration often results in profound depletion
of lymphocytes and monocytes; the reconstituted pool may not
resemble that of the original composition. Currently, the anti-
body is licensed for use in the treatment of chronic lymphatic
leukaemia. It has been used as part of an induction therapy,
especially for promoting tolerance (see above). Initial studies, in
a variety of organ grafts including the liver [12], show that its use
is safe and effective and allows for a lower immunosuppressive
regimen. The usual dose is 0.3 mg/kg/day for the first 3–4 post-
operative days. As with rituximab, cytokine release syndrome
may occur. The antibody should be infused in 100 mL of 5% 
glucose or 0.9% sodium chloride over 2 h through a low protein-
binding 5-µm filter.

Table 1 Pharmacological methods of immunosuppression.

Depletion of lymphocytes

Polyclonal antibodies (such as ALG, thymoglobulin)

Monoclonal antibodies (such as OKT3)

Inhibition of lymphocyte activation

Antibodies

Corticosteroids

Immunophilin-binding drugs

Calcineurin inhibitors: ciclosporin and tacrolimus

TOR inhibitors: sirolimus

Inhibition of de novo nucleotide synthesis

Purine synthesis inhibitors (IMPDH): mycophenolate

Pyrimidine synthesis inhibitors (DHODH): leflunomide

Antimetabolites: azathioprine, cyclophosphamide, 6-mercaptopurine

Inhibitors of lymphocyte activation/interaction

Inhibitor of trafficking: FTY720 (the future of this agent in clinical practice 

is uncertain)

Inhibitors of leukocyte/target cell interactions

Antibodies to IL-2R

Antibodies to ICAM-1

CTLA4 Ig

ALG, antilymphocyte globulin; IMPDH, inosine monophosphate

dehydrogenase; DHODH, dihydroorotate dehydrogenase; IL-2R, 

interleukin-2 receptor; ICAM, intercellular adhesion molecule.
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Inhibition of lymphocyte activation

Antibodies
Two monoclonal antibody preparations reacting with the IL-2R
(CD25) are currently available. By binding to the receptor, 
they act to inhibit IL-2-mediated activation of lymphocytes 
and so prevent T-lymphocyte proliferation. The duration of
action is up to 7 weeks. They are usually well tolerated. Their 
use may allow a reduced dose or delayed introduction of CNI
and so may be beneficial in those with peritransplant renal
impairment and may reduce the risk of late CNI-associated
renal failure [13].

Basiliximab
This is a chimeric monoclonal antibody with high affinity for 
the IL-2R α-subunit. It should be given as slow intravenous
injection or by slow intravenous infusion over 2 h. For adults,
the dose is 20 mg before or within 2 h of surgery and at 4 days
after transplantation; those weighing less than 35 kg should
receive 10 mg. Concentrations should be maintained above 
0.2 µg/mL to ensure saturation of the IL-2Rs of the circulating 
T lymphocytes, although few use therapeutic drug monitoring.

Dacluzimab
This is a humanized monoclonal antibody, also reacting with the
IL-2R. The dose is 1 mg/kg before or within a few hours of
surgery and at 1 week after surgery.

Corticosteroids
Corticosteroids act primarily on T-cell activation by inhibiting
the production of T-cell cytokines that are required to augment
the macrophage and lymphocyte response. Corticosteroids also
stimulate migration of T cells from the intravascular compart-
ment to lymphoid tissue.

Side-effects of steroids are well recognized and include car-
diovascular (sodium and fluid retention, potassium depletion,
hypertension), endocrine (carbohydrate intolerance, cushin-
goid facies, growth retardation, menstrual irregularities), oph-
thalmic (cataract, increased intraocular pressure, glaucoma),
musculoskeletal (osteoporosis and increased fracture risk, asep-
tic necrosis of femoral head, myopathy and muscle weakness),
dermatological (increased bruising and skin thinning, acne),
neurological (altered mood, headaches) and gastrointestinal
(peptic ulceration and pancreatitis).

Immunophilin-binding drugs

Calcineurin inhibitors. The two CNIs used in transplantation are
ciclosporin and tacrolimus. Their mode of action is similar but
not identical. Both bind to intracellular proteins (cyclophilins
and FK-binding protein 12 respectively). The drug–protein
complex binds to calcineurin with calmodulin and calcium,
inhibiting the phosphatase activity of calcineurin. This results in
the inhibition of the dephosphorylation and translocation of the

cytoplasmic unit of NF-AT (nuclear factor of activated T cells)
and thus inhibits gene transcription of proteins such as IL-2 and
gamma-interferon. Thus, T-cell activation is inhibited.

Drug interactions may affect levels or toxicity (see Table 2).
Metabolism of both CNIs is mediated through the cytochrome
P-450 system (CYP3A4), and so levels may be affected by enzyme
inducers and inhibitors (see Table 3).

With both drugs, therapeutic drug monitoring is required,
but the correlation between levels and efficacy and toxicity is 
relatively weak, and levels should be used as a guide and dose
adjusted according to graft function and side-effects and in the
light of other immunosuppressive agents.

Table 2 Some other drug interactions with CNIs.

ACE inhibitors and angiotensin-II receptor antagonists: increased risk of 

hyperkalaemia

Allopurinol: may raise CNI level

Aminoglycosides: increased risk of nephrotoxicity

Colchicine: increased risk of nephrotoxicity

Fibrates: increased risk of nephrotoxicity

NSAIDs: increased risk of nephrotoxicity

Nifedepine: increased risk of gum hypertrophy with ciclosporin

Sirolimus: increases ciclosporin concentration

Statins: increased risk of myopathy with ciclosporin

ACE, angiotensin-converting enzyme; CNI, calcineurin inhibitor; NSAIDs,

non-steroidal anti-inflammatory drugs.

Table 3 Some drugs and other agents that interact with CYP3A4 (CYP3A4
metabolizes ciclosporin, tacrolimus and sirolimus; some of these also induce
P-glycoprotein).

Inducers

Carbamazepine

Phenytoin

Phenobarbitone

Rifampicin

St John’s Wort

Inhibitors

Azole antifungals (such as ketoconazole, itraconazole)

Protease inhibitors

Cimetidine

Clarithromycin

Ciclosporin

Diltiazem

Erythromycin

Grapefruit juice

Metoclopramide

Nicardepine

Verapamil

Note: combinations of these agents (such as ciclosporin and sirolimus) will

interact with each other.
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The side-effects of the two CNIs are broadly similar (see 
Table 4) but do differ: for example, hirsutism and gum hyper-
trophy is seen more frequently with ciclosporin, whereas neuro-
logical disturbance and diabetes mellitus are more common in
those on tacrolimus.

Ciclosporin: there are several preparations of ciclosporin avail-
able and, while there may be bioequivalence, most authorities
advise against switching between preparations. The original
preparation of ciclosporin (Sandimmune) was replaced by a
microemulsion formulation (Neoral), and this is associated 
with better absorption and less variability. The starting dose of
ciclosporin is 10–15 mg/kg/day in two divided doses.

Traditionally, therapeutic dose monitoring was done using
trough levels, with the guide levels of 150–250 ng/mL (whole
blood levels measured by radioimmunoassay) for the first 3
months and then target levels of 100–150 ng/mL. Because the
maximal effect on calcineurin inhibition correlates with the 
time of peak blood concentration, there has been a move to
focus drug monitoring on the 2-h post-dose level (C2 monitor-
ing rather than C0 monitoring). Studies have suggested a better 
outcome using C2 monitoring in the first 3 months after trans-
plantation [14]. Target trough levels at 2 h lie between 0.8–1.2
µg/mL in the first 3 months and 0.7–0.9 µg/mL thereafter.

Tacrolimus is well absorbed through the upper gastrointesti-
nal tract, so it is rarely necessary to give this intravenously.
Absorption is variable. The starting dose is 0.1 mg/kg/day in 
two divided doses. Most units aim for target trough whole blood
levels of 10–15 ng/mL in the first 3 months and between 5 and 
10 ng/mL thereafter. More recently, a modified-release formula-
tion has been developed; this has the advantage of being a single,
daily dose formulation.

Compared with ciclosporin, use of tacrolimus is associated
with an increased risk of post-transplant diabetes mellitus [15].
In children, cardiac hypertrophy has been reported [16].

TOR inhibitors (TORI). At present, there are two agents that
inhibit TOR (target of rapamycin): sirolimus (previously known
as rapamycin) and everolimus. TORIs inhibit lymphocyte pro-
liferation mediated by cytokines including IL-2 and IL-4. The
TORIs bind to FK-binding protein but, rather than inhibiting
the calcineurin pathway, interact with TOR, a protein kinase
that is integral to signal transduction, regulating the synthesis 
of proteins required for cell cycle progression. As TORIs 
inhibit both T and B cells, antibody-mediated immunity is 
also affected. The TORIs also inhibit growth factor-stimulated
cell cycle progression of vascular smooth muscle cells at the 
G1 stage and so may be of benefit in reducing the transplant 
vasculopathy seen in ischaemic/reperfusion injury and chronic
rejection.

Both sirolimus and everolimus are relatively poorly absorbed
from the gut (oral bioavailability about 15%); absorption is
mediated via the countertransporter activity of P-glycoprotein;
there is extensive metabolism through the cytochrome CYP3A4
in the liver. The half-life is long in healthy subjects (about 
60 h for sirolimus and 28 h for everolimus) and longer in those
with liver disease. Thus, steady state is reached in 6 days for
sirolimus and 4 days for everolimus.

The recommended dose regime of sirolimus is a loading 
dose of 6 mg followed by 2 mg daily, with the dose adjusted to
maintain trough whole blood levels between 4 and 15 ng/mL.
Higher trough levels are required in those on monotherapy. The
drug should be taken consistently, at the same time of day, either
with or without food. Sirolimus may be used in combination
with ciclosporin (4 h after taking ciclosporin) and with corticos-
teroids. As ciclosporin is an inhibitor of CYP3A4, lower doses 
of sirolimus may be required by those taking both agents. 
For everolimus, the initial daily dose is 1.3–3.0 mg/day with 
target trough levels of 3–8 ng/mL [17].

In the early use of sirolimus, there were cases of hepatic artery
thrombosis, but subsequent studies have raised doubt as to
whether this is a significant side-effect. Other side-effects include
delayed wound healing (so that many units will delay introduc-
tion until 3 months post-transplantation) and hyperlipidaemia
(both hypercholesterolaemia and hypertriglyceridaemia) [18].
Co-administration with HMG-CoA reductase inhibitors and
fibrates is well tolerated. Other common (> 1%) side-effects
include lymphocoele, tachycardia, venous embolism, stomatitis,
abdominal pain and diarrhoea, anaemia, leucopenia, thrombo-
cytopenia, hypokalaemia, arthralgia, hepatitis, pneumonitis, acne
and urinary tract infections. Rarer but serious complications
include interstitial lung disease. Photosensitivity may occur.
Both drugs may exacerbate CNI-associated nephrotoxicity, but
lower doses of CNI can usually be achieved.

The agent is currently not licensed in many countries for use
in liver allograft recipients.

Table 4 Side-effects of the calcineurin inhibitors (note that some are more
common with one CNI than another).

Renal and electrolyte disturbance

Renal failure

Hyperuricaemia and gout

Hyperkalaemia

Hypermagnesaemia

Cardiovascular

Hypertension

Neurological

Migraine

Headaches

Tremor

Endocrinoligical

Diabetes mellitus/glucose intolerance

Other

Hirsutism

Gum hypertrophy
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Inhibition of de novo nucleotide synthesis

Purine synthesis inhibitors
Mycophenolate exploits the fact that lymphocytes, unlike other
cells, do not have a salvage pathway for the synthesis of 
purines. Thus, mycophenolate inhibits T- and B-cell prolifera-
tion by inhibition of de novo purine synthesis by inhibition 
of the enzyme inosine monophosphate dehydrogenase. The
effect is to block synthesis of the guanosine nucleotide; there 
is a cytostatic effect on lymphocytes, inhibiting mitogen- and
alloantigen-induced stimulation as well as inhibiting antibody
production, adhesion to endothelial cells and, possibly, cell
recruitment.

Mycophenolate is available in two formulations: an enteric-
coated formulation of mycophenolate or as an ester (mycophe-
nolate mofetil; MMF). There is little to choose between the 
two preparations, although some suggest that gastrointestinal
upset is less common with the enteric-coated formulation. 
The usual maintenance dose for mycophenolate is 1880 mg/day
and for MMF 2 g/day, both given in two or three divided 
doses.

Intravenous administration may be indicated in the first 
5 days after transplantation to establish adequate drug levels. If
the drug is given orally, then most centres will start at half-dose
and increase if there are no side-effects.

Monotherapy with mycophenolate may be associated with
chronic rejection, so most will use the agent in conjunction with
either a CNI or corticosteroids [19].

Therapeutic drug monitoring is available but not commonly
used. Patients should be monitored for neutropenia and the
dose reduced or stopped if the absolute white cell count falls
below 1.3 × 109/L. Significant side-effects include diarrhoea 
(in 15%), leucopenia (in 10%) and hyperlipidaemia; other 
side-effects include gastrointestinal tract perforation, haema-
turia, peripheral oedema and hypersensitivity. Drug interac-
tions include acyclovir and Probenicid competing with renal
excretion, cholestyramine and some antacids impairing 
adsorption.

Pyrimidine synthesis inhibitors (DHODH)

Leflunomide
Leflunomide is available for use in patients with rheumatoid
arthritis; the agent has been used in transplantation. The active
metabolite, A77172G, has a very long half-life (1–4 weeks). In
those with arthritis, the loading dose is 100 mg daily for 3 days
with a maintenance dose of 10–20 mg once daily. Side-effects are
few and include modest increase in blood pressure, mild gas-
trointestinal upset, reversible alopecia, leucopenia and hepatitis.
Stevens–Johnson syndrome may develop. Full blood count and
liver function monitoring needs to be done. FK778 is a synthetic
malononitrilamide that is currently being evaluated in liver 
allograft recipients.

Antimetabolites

Azathioprine
Azathioprine has been used for many years; the drug may be
given orally or intravenously. The usual dose is 1–2 mg/kg/day as
a single dose. Azathioprine is metabolized by thiopurine methyl-
transferase (TMT) to 6-mercaptopurine (6-MP) (an analogue 
of the purines, hypoxanthine and adenine) and then further
metabolized to thioinosine monophosphate; this inhibits the
synthesis of DNA precursor molecules and so interferes with
nucleic acid synthesis during clonal expansion. Those with 
low levels of TMT are at greater risk of toxicity. Some centres 
will type the activity of TMT before the administration of 
azathioprine.

Side-effects of azathioprine include leucopenia (which may 
be significant in about 15% of cases), hepatotoxicity (especially
veno-occlusive disease), pancreatitis, pneumonitis and mega-
loblastosis. After initiation of treatment, the white blood cell
count should be monitored every 2 weeks and dose reduction
instituted if the white count falls. Drug interactions are few, 
but allopurinol should be avoided because of the increased risk
of bone marrow suppression. Angiotensin-converting enzyme
(ACE) inhibitors should be used with caution.

Either cyclophosphamide or 6-MP may be administered in
place of azathioprine. Cyclophosphamide interferes with cross-
linking of DNA and so interferes with cell division. Side-effects
include bone marrow suppression, haemorrhagic cystitis, pul-
monary fibrosis and occasional cardiac toxicity.

6-MP also competes with guanine and hypoxanthine and so
inhibits de novo ribonucleotide synthesis. Side-effects include
bone marrow suppression, hepatotoxicity, mouth ulcers and
skin rashes.

Mizoribine
Administered at a dose of 2 mg/kg/day, the antimetabolite
mizoribine is a safe and effective agent used in combination with
other immunosuppressive drugs.

Inhibitors of lymphocyte activation/
interaction

Inhibitor of trafficking
FTY720 (Fingolimod) is a potent agonist of the spingosine-1-
phosphate receptor (SIPR) [20]. The effect of FTY is to sequester
lymphocytes in the lymph nodes away from the allograft and
sites of inflammation. The agent also induces apoptosis in 
activated lymphocytes. More recently, it has been shown that
FTY has antiangiogenic properties, making it a potentially valu-
able agent in the immunosuppression of those transplanted for
hepatocellular carcinoma. In contrast to conventional immuno-
suppressive agents, it does not affect the activation, proliferation
or effector functions of either B or T lymphocytes. In animal
models, the agent is also effective in preventing the effects of
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ischaemia/reperfusion injury. Preliminary studies in a variety of
organ allograft recipients suggest that the agent is effective in
maintaining graft function, at doses of 2.5–5 mg/day.

Side-effects include bradycardia because of the presence of the
SIPR on atrial myocytes.

Inhibitors of leukocyte/target cell interactions
Antibodies to intercellular adhesion molecule (ICAM)-1 have
not had a major effect in human liver transplantation. In animal
models, antibodies to CTLA4 (CTLA4 Ig; Belatacept) have
shown promise, and early human studies are suggesting encour-
aging results.

Conclusions

Greater understanding of the mechanisms of allograft tolerance
and rejection and a greater range of therapeutic agents have
allowed clinicians a greater opportunity to prevent and treat
immune-mediated damage to the liver allograft. Recognition 
of the complications and side-effects of immunosuppressive
regimes and individual agents will allow the clinician greater
flexibility in tailoring immunosuppression to the individual and
further tip the balance between efficacy and toxicity, to the
patient’s benefit.
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25.5 Recurrent disease and management in
liver transplantation
Xavier Forns and Antoni Rimola

Many diseases can recur after liver transplantation (LT). This
chapter deals with the recurrence of non-malignant diseases in
the graft (Table 1).

Recurrence of hepatitis B

In patients undergoing LT for hepatitis B virus (HBV)-related
liver disease, infection of the graft is caused by residual circulat-
ing HBV particles or by newly produced virus from extrahepatic
sites. Before the use of prophylactic strategies, HBV recurrence
after transplantation was common and frequently led to graft
loss. At that time, survival after transplantation was only 50% at
5 years and, consequently, HBV infection was considered to be a
controversial indication for LT [1].

HVB replication status before LT is the most relevant factor
implicated in infection recurrence. Without prophylaxis, HBV
infection recurs in more than 80% of hepatitis B surface antigen
(HBsAg)-positive patients with active replication (presence of
HBeAg and detectable HBV DNA by hybridization techniques).
When HBV DNA is not detected by hybridization methods, the

risk of recurrence declines to around 50% [2]. This explains the
different rates of infection recurrence observed in patients
undergoing LT for HBV-related cirrhosis (around 70%) com-
pared with patients transplanted for fulminant hepatitis B (less
than 20%) or HDV-related cirrhosis (30%).

During the past 15 years, there has been a significant improve-
ment in patient and graft survival as a result of the use of 
long-term hepatitis B immune globulin (HBIG) and, more
recently, the availability of effective and well-tolerated antiviral
agents. As a result of these therapies, the long-term outcome of
patients undergoing LT for HBV-related liver disease is similar
or even better than that of patients undergoing transplantation
for other indications.

The patient with HBV-related liver disease
before LT

The negative impact of HBV recurrence after LT on patient and
graft survival makes it imperative to treat patients with active
HBV replication before transplantation, with the goal of achiev-
ing inhibition of viral replication to undetectable HBV DNA 
levels [3,4]. Current HBV DNA quantification assays are poly-
merase chain reaction (PCR) based and, therefore, more sens-
itive than a few years ago (102–103 copies/mL). The appearance
of nucleoside analogues with potent antiviral activity against
HBV has been crucial for this group of patients. Lamivudine
shows a very favourable safety profile as it is well tolerated even
in patients with advanced liver disease. Around 70% of patients
achieve HBV DNA negativization using monotherapy for a
short period of time, and it is effective in both HBeAg-positive
and HBeAg-negative patients. Moreover, in patients with end-
stage liver disease awaiting LT, treatment with lamivudine can
markedly improve liver function and, in some cases, this is
sufficient to reconsider the indication for LT [5,6]. The latter
usually occurs after at least 6 months of therapy. The main lim-
itation of lamivudine is the appearance of resistant mutants,
which occurs at a rate of 15–20% per year of therapy. Although
lamivudine-resistant mutants do not usually worsen liver func-
tion, they can increase the probability of recurrent hepatitis B

2010

Table 1 Recurrent non-malignant diseases after liver transplantation.

Viral diseases

Hepatitis B

Hepatitis C

Autoimmune liver diseases

Primary biliary cirrhosis

Primary sclerosing cholangitis

Autoimmune hepatitis

Alcoholic liver disease

Non-alcoholic fatty liver disease

Other

Budd–Chiari syndrome

Genetic haemochromatosis

Sarcoidosis

Erythropoietic protoporphyria

Nodular regenerative hyperplasia

Giant cell hepatitis
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after LT. In addition, mutations in the polymerase gene may
affect the amino acid sequence of the envelope protein and
decrease the efficacy of HBIG [3,4]. Importantly, other antiviral
agents such as adefovir dipivoxil can be used in patients who
develop lamivudine-resistant mutants. Compared with lamivu-
dine, the emergence of resistant mutants is less frequent with
adefovir (2–3% per year). Treatment with adefovir is also associ-
ated with stabilization or improvement in liver function [7]. The
main limitation of adefovir is its renal toxicity but, with dose
adjustments and close renal function monitoring, renal failure 
is rare.

When treating patients with active HBV replication before
transplantation, it is important to consider the best timing of
initiation of antiviral therapy [3,4]. For patients with high levels
of HBV DNA who are expected to undergo transplantation
within a few months, an agent with a high antiviral activity such
as lamivudine seems to be adequate, whereas adefovir seems to
be better in individuals expected to be on long-term antiviral
therapy to minimize the selection of mutants. Obviously, in
patients with primary resistance or those who develop resistance
during treatment, the antiviral should be changed or another
antiviral agent should be added. Although it remains a matter of
discussion, it is likely that the use of combination treatment will
replace monotherapy in order to minimize the risk of disease
recurrence. The appearance of new antiviral agents with power-
ful activity against HBV (entecavir, tenofovir) will certainly
facilitate such a strategy.

The patient with HBV-related liver disease
after LT

After transplantation, there are several approaches to minimize
the probability of HBV recurrence. The basis of all these strate-
gies is the use of HBIG, which has been shown significantly to
reduce the rate of HBV recurrence [8]. Despite the use of HBIG,
detection of HBV replication (by hybridization assays) at the
time of transplantation is associated with a high rate of recur-
rence, stressing the relevance of antiviral therapy before LT
[2,8]. The most accepted protocol of passive immunoprophy-
laxis with HBIG is the administration of 10 000 IU intravenously
during the anhepatic phase and daily for the first week after LT
(the latter could be adjusted to maintain titres of anti-HBs anti-
body above 500 IU/L). After the first week, HBIG is adminis-
tered monthly (usually at a dose of 10 000 IU) to maintain serum
titres above 100–150 IU/L. Whether fixed doses of HBIG are bet-
ter than doses adjusted according to anti-HBs levels is not clearly
established, although the latter strategy could be cost-effective
given the high cost of the immune globulin preparations.
Moreover, protective anti-HBs levels (> 100 IU/L) can be
achieved by long-term intramuscular administration of HBIG,
which reduces the cost of this prophylactic therapy [3,4]. Failure
of HBIG may be explained by inadequate anti-HBs levels to 
neutralize the circulating virions or by the appearance of escape
mutants in the pre-S/S region. The latter has been shown to 

correlate with the levels of HBV replication and the duration of
HBIG prophylaxis [9].

As lamivudine monotherapy was associated with high rates of
HBV recurrence after transplantation, several groups explored
the efficacy of combined HBIG plus lamivudine as a prophylac-
tic regimen. This combination reduces recurrence rates of HBV
infection to 0–15% and, therefore, it is currently used routinely
in most transplant programmes [4]. In most instances, lamivu-
dine is initiated before LT in patients with detectable HBeAg
and/or HBV DNA. In patients in whom lamivudine-resistant
mutants appear before LT, the administration of higher doses of
HBIG is probably necessary to prevent infection recurrence.

One of the most controversial issues is the duration of pro-
phylactic therapy after LT. As the cost of continuous HBIG
administration is very high, many studies have evaluated the
efficacy of HBIG discontinuation followed by the administra-
tion of lamivudine. In general, discontinuation of HBIG 6–24
months after LT followed by lamivudine monotherapy seems to
be a safe strategy in patients without HBV replication before LT
[3,4]. Available data suggest that HBIG withdrawal as early as 
1 month after the initiation of combined therapy followed by
lamivudine monotherapy is an effective approach in patients
without HBV replication before LT [10]. In patients with
detectable HBV DNA before LT, it may be necessary to prolong
HBIG administration further, although the optimal duration of
HBIG administration remains unknown. As low levels of HBV
replication can be detected by sensitive PCR methods, lamivu-
dine should be continued for life once HBIG is discontinued.

The use of lamivudine for long-term prophylaxis of HBV
infection can also be combined with HBV vaccination. The
results of HBV vaccination in liver transplant recipients are con-
troversial and, with the currently available vaccines, this strategy
is feasible in selected patients: serum HBV DNA negative prior
to LT, prolonged time from LT, low doses of immunosuppres-
sive drugs and undetectable HBV DNA at initiation of vaccina-
tion [3,4]. Patients achieving protective anti-HBs titres after
HBV vaccination may stop lamivudine therapy and, if necessary,
receive vaccine boosts to maintain protective anti-HBs levels.

The patient with HBV infection recurrence
after LT

The availability of safe and effective oral antiviral drugs makes
HBV recurrence a less relevant problem today than it was years
ago. The cause of HBV infection after LT may be an inadequate
prophylactic regimen or its failure, or de novo HBV infection. In
the latter case, the use of anti-HBc-positive donors is associated
with an increased risk of HBV reactivation, particularly in reci-
pients without HBV infection markers (anti-HBc, anti-HBs).
Selection of the best treatment depends on the presence or
absence of drug-resistant mutants and the treatment received
previously [3,4]. Treatment must be initiated quickly because 
of the rapid evolution of histological damage in the setting 
of immunosuppression. Lamivudine is the most widely used

TTOC25_05  3/10/07  10:05 AM  Page 2011



2012 25 LIVER TRANSPLANTATION

nucleoside analogue in cases of HBV recurrence after transplan-
tation, and it is associated with loss of HBV DNA and clinical
amelioration in a substantial proportion of treated patients. The
development of resistance is a major drawback and, given the
need for long-term (possibly lifelong) treatment, drug combina-
tions appear to be the best strategies in these cases. The use of
adefovir requires dose adjustments because of the high preval-
ence of renal failure in transplant recipients, but several studies
have shown that its use is safe in this situation. In the case of anti-
HBc-positive donors, lamivudine prophylaxis is advisable if the
recipient has no previous markers of HBV infection.

Recurrence of hepatitis C

Chronic hepatitis C virus (HCV) infection is the main cause of
cirrhosis and hepatocellular carcinoma in the western world and
Japan and, therefore, the main indication for LT. Regrettably,
recurrence of HCV infection is almost universal after LT, and it
has become the most relevant problem in transplant programmes.

Natural history of HCV recurrence after LT

Virological recurrence is a very early and constant event after LT
[11] (Fig. 1). Acute hepatitis is commonly diagnosed by eleva-
tion of liver enzymes occurring between 1 and 4 months after
transplantation; biopsy specimens usually show lobular hepati-
tis. As spontaneous clearance does not occur in the setting of 
LT, evolution to chronic hepatitis is the rule. One of the main
characteristics of HCV infection in LT recipients is the acceler-
ated course of the disease compared with immunocompetent
individuals. In fact, chronic hepatitis leading to cirrhosis has
emerged as the most relevant problem of patients undergoing
LT for HCV-related cirrhosis (Fig. 2). In some geographical

areas, as many as one-third of patients develop cirrhosis 5–7
years after transplantation [12,13]. Moreover, clinical decom-
pensation occurs early once cirrhosis is established, with a
cumulative probability greater than 30% only 12 months after
the diagnosis of cirrhosis in the graft. Importantly, patient 
survival drops below 50% 1 year after decompensation [14]. In
some patients, a particularly aggressive form of HCV infection
recurrence (fibrosing cholestatic hepatitis) characterized by 
biochemical cholestasis, extremely high viral load and fibrosis
expanding within the hepatic sinusoid develops shortly after
transplantation. Unless response to antiviral therapy is achieved,
this form of disease recurrence leads to graft loss (and patient
death) within weeks or months.

Early reports failed to demonstrate any difference in survival
between HCV-infected and non-infected patients after LT.
However, in the largest study performed so far, a retrospective
cohort study of 11 036 patients who underwent 11 791 liver
transplants between 1992 and 1998, Forman et al. [15] demon-
strated a significant decrease in both patient and allograft 
survival in HCV-infected patients. Patient survival rate with
HCV infection was 78% and 70% at 3 and 5 years, respectively,
compared with 82% and 77% among patients without HCV
infection (P < 0.001).

Owing to the low efficacy and high incidence of severe adverse
effects of antiviral therapy in the setting of LT, it is important to
identify the patients at greater risk of developing severe HCV
recurrence. There are numerous studies aimed at identifying
variables predicting severe HCV infection recurrence after
transplantation. Most of these studies are retrospective, include
a limited number of patients and, more importantly, lack a clear
definition of severe recurrence [16]. Despite these limitations,
several variables have been shown to influence the natural his-
tory of the disease (Fig. 2). Among factors related to the donor,
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Fig. 1 HCV kinetics during and after liver
transplantation. Evolution of HCV viral load
during and after liver transplant in one
representative patient. Viral load decreases
significantly during the anhepatic phase and
particularly after graft reperfusion, suggesting
massive uptake of HCV virions by the new
graft. Viral replication begins as early as a few
hours after LT and, in most patients, HCV RNA
concentrations reach pretransplantation levels
only hours or a few days after transplantation.
Thereafter, viral load increases significantly as a
result of immunosuppression. HCV RNA
concentrations are expressed in log10 IU/mL
and depicted on the y-axis. Time is represented
on the x-axis. P, pretransplantation; 
A, anhepatic phase; R, reperfusion phase.

TTOC25_05  3/10/07  10:05 AM  Page 2012



25.5 RECURRENT DISEASE AND MANAGEMENT IN LIVER TRANSPLANTATION 2013

age has been considered very relevant. In a retrospective analysis
of more than 280 patients undergoing LT for HCV-related liver
disease, donor age and a strong immunosuppressive regimen
were the only variables independently related to the develop-
ment of cirrhosis in the graft [17]. Both factors may explain 
the worsening in the outcome of HCV infection recurrence
observed in recent years and may have a direct impact on the
current policies of liver allocation, favouring the selection of
young donors for HCV-infected recipients.

The possible influence of the use of grafts from living donors
on the natural history of HCV infection recurrence is very con-
troversial [13,18], and some studies suggest a negative impact 
of living donor LT (LDLT) [13]. This is surprising, given the
inherent characteristics of LDLT: grafts from young and healthy
individuals and short ischaemia time. It is possible, however,
that the high incidence of biliary complications and liver regen-
eration occurring after the transplantation of a right liver lobe
might facilitate HCV-mediated liver damage. Considering the
relevance of this expanding liver donor pool, further studies are
clearly necessary to evaluate the real impact of living donation
on HCV recurrence.

Several studies have analysed the influence of immunosup-
pressive therapy on HCV recurrence. Theoretically, strong
immunosuppression may enhance viral replication and induce
more severe disease. However, data on the possible influence of
immunosuppressive drugs on HCV recurrence are only indirect
and based on retrospective analyses [16]. For instance, the util-
ization of monoclonal or polyclonal antilymphocyte antibodies

has been implicated in a worse outcome of HCV recurrence, as
has the administration of methylprednisolone boluses for the
treatment of acute rejection. Similarly, there are studies suggest-
ing a negative effect of high cumulative doses of corticosteroids.
Contrarily, recent data show an association of a higher cumula-
tive dose of steroids with mild hepatitis C recurrence, pointing
out that rapid corticosteroid tapering (and thus rapid immune
restoration) might negatively influence HCV disease recurrence.

Prevention of HCV recurrence after LT

There are different strategies to prevent graft damage caused by
HCV infection after LT (Fig. 3) [19]. Antiviral therapy initiated
before transplantation seems to be a good choice as eradication
of HCV would prevent liver damage. Unfortunately, antiviral
therapy in patients with advanced cirrhosis is poorly tolerated,
and adverse events are often severe. These, along with the low
efficacy of current antiviral therapy, are relevant limitations to
its general application. However, some reports suggest that
HCV RNA negativization occurs in around one-third of treated
patients, and treatment can be initiated once LT is indicated.
Everson et al. [20] used a low accelerating dose regimen to treat 
a cohort of 124 decompensated cirrhotic patients. Sustained
virological response occurred in 20% of these patients and,
importantly, recurrence of infection after transplantation was
rare. As expected, response was significantly better in patients
infected with non-type 1 genotypes. Forns et al. [21] used a dif-
ferent strategy based on the initiation of therapy a few months

HCV-related cirrhosis undergoing transplant (HCV-RNA positive)

Infection of the graft (100%)

Mild acute hepatitis (60–80%) Fibrosing cholestatic
hepatitis (5%)

Liver failure and graft loss if no
response to therapy

Severe acute hepatitis
(cholestatic, bridging necrosis)

(10%)

Liver cirrhosis in 1–3 years

Advanced donor age
High pretransplant viral load

Graft steatosis
Prednisolone boluses

OKT-3
Cytomegaloviras infection

Chronic hepatitis (40–50%)Liver cirrhosis in 5–10 years (20–40%)

Fig. 2 Natural history of hepatitis C recurrence after liver transplantation. Outcome of HCV infection recurrence and variables potentially influencing the
natural history of the disease.
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before LT was expected. Treatment was continued until the time
of LT. HCV RNA negativization was achieved in 9 (30%) out 
of 30 patients, although recurrence after LT occurred in three
patients. Low viral load pre-LT and rapid HCV RNA negativiza-
tion were the most relevant factors in predicting response.
Although side-effects were common and often required drug
dose modifications and utilization of stimulating haematopoi-
etic factors, close clinical follow-up proved useful in preventing
life-threatening complications.

The use of anti-HCV immune globulin to prevent HCV infec-
tion of the graft is an interesting strategy [19]. The lower inci-
dence of hepatitis C recurrence in liver transplant recipients
treated with HBIG before 1990 (prior to anti-HCV screening 
of blood products) compared with those receiving HBIG after
1990, along with in vitro experiments, strongly suggests the 
existence of antibodies with neutralizing activity [19]. However,
direct application of immune prophylaxis in clinical practice
will be difficult. The great genetic variability of HCV and the 
fact that natural infection does not confer protection against
additional exposures reflect the facility of HCV to escape from
the immune system.

Treatment of HCV recurrence after LT

Treatment of HCV infection in the early phase after LT seems 
a reasonable approach, as prompt eradication of HCV would

prevent future liver damage. However, the potential risk of
rejection, the poor tolerance of antiviral therapy immediately
after LT and early viral kinetics following LT (Fig. 1) are some of
the limitations of this strategy. Data from randomized controlled
studies analysing the efficacy of interferon/peg-interferon
monotherapy initiated as early as 2–3 weeks after LT did not
show efficacy in terms of viral clearance [22]. Data on combina-
tion therapy are more promising, but there are no controlled
studies.

Currently, the most common strategy to treat HCV infection
in patients undergoing LT is to initiate therapy several months
(or even years) after LT, once graft damage with significant
fibrosis has already been documented. Liver biopsy is part of the
routine follow-up of these patients. The presence of significant
fibrosis (extending beyond the portal tract) 1 year after trans-
plantation identifies individuals at risk of severe recurrence [23].
Most studies indicate that the efficacy of antiviral therapy in 
LT recipients is low and, as stated before, adverse events often
make it necessary to modify doses and discontinue therapy [19].
Samuel et al. [24] analysed the efficacy and safety of interferon in
combination with ribavirin in patients with established chronic
hepatitis C after LT. A total of 52 patients were included and ran-
domized to receive combined therapy vs. no treatment. In the
treated group, nine patients (32%) had undetectable HCV RNA
at the end of therapy and six (21%) at the end of follow-up,
whereas no patient in the control group lost HCV RNA. Sixteen

HCV-infected patients awaiting transplant

Compensated cirrhosis
(hepatocelluar carcinoma)

Protocol liver biopsy

> 12 months
after transplant

< 12 months
after transplant Cholestatic hepatitis, severe

necroinflammation

Decompensated cirrhosis
and good virological profile

(non-1 genotype, genotype 1
and low viral load)

Antiviral therapy

Early antiviral therapy

Fibrosis expanding beyond the
portal tract (F2–F3)

Antiviral therapyAbsent or mild liver fibrosis (F1)

Follow-up, no therapy

Offer antiviral treatment
(on individual basis)

HCV recurrence after transplant

Fig. 3 Management of HCV infection before and after liver transplantation: decision algorithm.
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patients were withdrawn from the study, 12 from the treated
group, mainly for severe anaemia. Although data using pegy-
lated interferons are still limited, the efficacy appears to be
slightly higher (around 30–35%) than with the use of standard
interferons. The use of stimulating factors as a result of anaemia
and leucopenia is frequent. Although rejection induced by inter-
feron is rare, changes in the liver enzyme profile (particularly in
virological responders) should prompt rapid liver biopsy to
exclude this possibility.

In the near future, the development of new antiviral 
compounds (such as protease and polymerase inhibitors) will
facilitate treatment of HCV infection in the transplant setting.

Liver retransplantation for HCV recurrence

The need for retransplantation for HCV recurrence may
increase in the near future and, therefore, a standardized policy
would be reasonable. The outcome of retransplantation for
severe HCV-related disease in the graft is controversial: some
initial reports indicated an even more rapid progression of
HCV-related disease in the second graft. Current data suggest
that the poor results of retransplantation in HCV-infected
patients might be explained by the fact that retransplantation 
is usually indicated in severely ill individuals. In fact, results
would probably not differ between HCV-positive and -negative
patients if retransplantation is performed as soon as clinical
decompensation occurs.

Recurrence of autoimmune liver
diseases

Primary biliary cirrhosis (PBC), primary sclerosing cholangitis
(PSC) and autoimmune hepatitis (AIH) are classical indications
for LT. However, these diseases can recur after transplantation
[25–27]. In general, the recurrence of these diseases has minor
clinical impact, probably because of the immunosuppression
and the recipient–donor human leukocyte antigen (HLA) mis-
match. Therefore, although the course of the recurrence can 
be aggressive in some cases, the post-transplant outcome of
patients transplanted for these diseases on a whole is excellent 
or good.

Recurrent primary biliary cirrhosis

Diagnosis and incidence
The diagnosis of PBC in non-transplanted patients is based on
elevated serum alkaline phosphatase and immunoglobulin M,
positive antimitochondrial antibodies (AMA) and a consistent
liver histology. Nevertheless, these criteria are not always appli-
cable for the diagnosis of recurrent PBC after LT. Elevation 
of alkaline phosphatase is unspecific because this laboratory
parameter can increase for reasons other than recurrent PBC
(rejection, biliary tree problems or drug-induced hepatotoxic-
ity). AMA can remain positive after transplantation in most

patients regardless of whether PBC recurs or not, and the same
occurs with other PBC-specific autoantibodies, such as antinu-
clear Sp100 and gp210 antibodies [28,29]. Similarly, increased
immunoglobulin M levels are inconstantly found in patients
with and without PBC recurrence [28]. Therefore, graft histo-
logical findings are commonly used as the key markers for the
diagnosis of recurrent PBC. Based on liver biopsy, recurrence of
PBC has been observed at different transplant centres with an
incidence ranging from 8% to 35% [28,30–36]. As most of the
histological findings of recurrent PBC can also be seen in other
conditions, especially rejection, the differential diagnosis can be
challenging in some cases [37].

Pathogenic aspects
It is thought that PBC recurs because the process causing the 
disease persists after transplantation [25]. In agreement with
this contention, one study showed that a substantial proportion
of patients transplanted for PBC developed the E2 component 
of pyruvate dehydrogenase complex (the specific autoantigen
for AMA) in the biliary epithelial cells of the graft and that all
patients with PBC recurrence expressed this autoantigen in their
new livers [38].

Several authors have found that young recipient and donor
age, prolonged ischaemia time, donor HLA-DR3 and recipient
HLA-DR4 and the administration of tacrolimus instead of
ciclosporin increase the risk of recurrent PBC [28,32,35].

Clinical relevance and management
In general, recurrence of PBC is detected beyond the first year
after transplantation and follows a slow and benign course. Most
patients are asymptomatic and, in a substantial proportion of
cases, PBC recurrence consists of a simple histological find-
ing. However, a few patients can present with progressive dis-
ease leading to death or graft loss requiring retransplantation
[25,28,31,32].

As mentioned previously, ciclosporin seems to be superior to
tacrolimus in the prevention of PBC recurrence [35]. Although
some authors have found that the administration of ursodeoxy-
cholic acid (UDCA) decreases serum alkaline phosphatase levels
in patients with PBC recurrence [28], the efficacy of long-term
UDCA therapy in this setting has not yet been established.

Recurrent primary sclerosing cholangitis

Diagnosis, incidence and risk factors
The diagnosis of PSC is mainly obtained by cholangiography,
which shows strictures and irregularities in the intrahepatic
and/or extrahepatic biliary tree. Although recurrence of the 
disease following transplantation should be based on the same
cholangiographic findings, post-transplant cholangiographic
alterations suggestive of PSC can also develop secondarily to
other conditions, such as ischaemic biliary damage due to 
hepatic artery thrombosis or preservation injury, recurrent 
biliary infection, chronic rejection and donor–recipient ABO
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incompatibility. However, non-anastomotic biliary strictures
are three to six times more frequent in patients undergoing
transplantation for PSC than in patients transplanted for other
diseases [39–41], which suggests that PSC recurrence is the
main cause of the cholangiographic alterations seen in the 
former.

Hepatic histological changes, especially concentric fibro-
obliterative lesions involving the interlobular bile ducts, can
contribute to the diagnosis of PSC, and they have also been 
used to identify PSC recurrence, although these alterations are
observed in only a small proportion of patients [42].

At present, the most reasonable definition of PSC recurrence
is based on the existence of cholangiographic and/or histological
alterations characteristic of PSC in the absence of any other
apparent cause, and occurring beyond the third month after
transplantation [26]. Using these criteria, the Mayo Clinic group
reported a 20% incidence of PSC recurrence [42].

Recipient male sex, recipient–donor gender mismatch, intact
colon at transplantation, steroid-resistant rejection and the 
use of OKT3 have been found to be factors associated with
recurrence of PSC [43–46].

Clinical impact and management
Most patients with PSC recurrence are free of symptoms, with
mild biochemical cholestasis [26]. In some cases, endstage liver
disease or recurrent biliary infection can develop, causing the
death of patients or requiring retransplantation [42]. An increased
post-transplant incidence of chronic rejection and AIH or over-
lap syndrome has also been described [45,47]. Survival of
patients with and without recurrent PSC is similar, although
some authors have reported a trend to lower graft survival in the
former [48].

No specific therapy is currently available for PSC recurrence,
although UDCA is administered empirically in most cases [26].

Recurrent autoimmune hepatitis

Diagnosis and incidence
The diagnosis of the recurrence of AIH is commonly based on
the same criteria used for the diagnosis of AIH in non-transplanted
patients, including compatible histology, biochemical changes
of hepatitis, autoimmunity markers (positive autoantibodies at
significant titres and increased gammaglobulin level), exclusion
of other identifiable causes of hepatitis and steroid dependency
[27,49]. The score developed by the International Autoimmune
Hepatitis Group has not been validated yet in the post-transplant
setting. The differential diagnosis between recurrent AIH and
cellular rejection can occasionally be difficult because these two
processes may share most biochemical and histological features
and the dependency on steroid therapy.

An incidence of AIH recurrence of 17–32% has been reported
in recent studies involving large series of patients [50–52]. In
one study, the cumulative probability of recurrent AIH was 8%
at 1 year after transplantation, 20% at 2 years and 68% at 5 years

[53]. Children seem to have a particularly increased risk of
recurrence.

Pathogenic aspects
The precise pathogenic mechanism of recurrent AIH has not
been clearly established. At present, whether this process repre-
sents a true recurrence of the autoimmune disease, an antigraft
response different from the classical rejection phenomenon or
an allograft alteration mimicking AIH remains uncertain [54].

Risk factors for AIH recurrence are recipient HLA-DR3 
positivity (particularly when donors are HLA-DR3 negative),
high-grade inflammation in the native liver and pretransplant
AIH type 1 [49].

Clinical impact and management
The most common clinical presentation of recurrent AIH con-
sists of asymptomatic or oligosymptomatic chronic hepatitis
[50,53,55]. AIH often recurs during immunosuppression taper-
ing, especially after an important reduction in steroid dosage.
Therefore, the management of recurrent AIH involves an
increase in or the reintroduction of steroid therapy, with or
without the addition of azathioprine. This is followed by a posit-
ive biochemical response in many cases, although a substantial
proportion of patients continue to exhibit marked histological
abnormalities [50,53]. Regardless of a theoretically adequate
therapy, the recurrent AIH follows a progressive course lead-
ing to graft failure in around 25–50% of patients, [52,55].
Ciclosporin substitution with tacrolimus and the administra-
tion of rapamycin have been proposed in these cases [51,56].

Recurrence of other non-malignant
diseases

Relapse of alcohol use, that is any alcohol intake after LT, has
been reported in 15–50% of patients with pretransplant alco-
holism (average 30%), although severe recidivism with heavy
drinking is observed in only 5–10% of patients [57,58]. Sobriety
for less than 6 months before transplantation and several 
psychosocial factors related to alcohol recidivism in non-
transplanted patients (for example personality disorders, non-
compliance, multiple abstinence failures or a family history of
alcohol abuse) have been identified as predictors of alcohol
relapse after LT [58–62]. Additionally, alcohol recidivism
increases over time after transplantation [57], probably because
of attenuation in LT team surveillance and the progressive 
perception of patients that alcoholism is no longer a significant
problem [62]. In spite of the relatively high proportion of
patients who resume drinking after transplantation, alcohol-
induced lesions in their grafts are not very outstanding and 
are usually limited to steatosis. More severe lesions, such as
steatohepatitis, alcoholic hepatitis or cirrhosis, are only seen
occasionally [63,64]. Development of rejection due to poor
adherence to immunosuppressive therapy is also possible in the
setting of severe alcohol recidivism. Although most studies have
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not found a negative influence of alcoholic relapse on post-
transplant survival, a recent investigation reported a decreased
10-year survival in patients with alcohol recidivism (45%) com-
pared with patients without (85%) [65]. The higher mortality
rate in the former was related to an increased incidence of cancer
and cardiovascular events.

After LT, non-alcoholic fatty liver disease (NAFLD) recurs in
many patients transplanted for non-alcoholic steatohepatitis
(NASH) or cryptogenic cirrhosis (considered as a ‘burned out’
NASH in most cases), presenting with different degrees and
severity of fatty graft lesions, ranging from mild steatosis to
steatohepatitis with marked fibrosis. The probability of NAFLD
recurrence increases over time after transplantation, and it has
been estimated to be up to nearly 100% at 5 years [66], although
the long-term clinical impact of this complication still remains
undefined. Post-transplant persistence of diabetes, obesity and
hypertriglyceridaemia are associated with NAFLD recurrence
[66,67].

The recurrence of Budd–Chiari syndrome is commonly 
prevented by anticoagulation prophylaxis, which, at present, is
routinely administered to all patients after LT. In spite of such
prophylaxis, the disease can recur in some patients, particularly
those with paroxysmal nocturnal haemoglobinuria [68].

Reaccumulation of iron is uncommon after LT for genetic
haemochromatosis [69], thus suggesting that the liver is of
major importance in the pathogenesis of the disease.

Anecdotal cases of other diseases recurring after LT have been
described (Table 1).

References

1 Villamil FG (2002) Hepatitis B: progress in the last 15 years. Liver

Transpl 8, S59–S66.

2 Samuel D, Muller R, Alexander G et al. (1993) Liver transplantation in

European patients with the hepatitis B surface antigen. N Engl J Med

329, 1842–1847.

3 Lok ASF (2002) Prevention of recurrent hepatitis B post-liver trans-

plantation. Liver Transpl 8, S67–S73.

4 Terrault N, Roche B, Samuel D (2005) Management of the hepatitis B

virus in the liver transplantation setting: a European and an American

perspective. Liver Transpl 11, 716–732.

5 Villeneuve JP, Condreay LD, Willems B et al. (2000) Lamivudine treat-

ment for decompensated cirrhosis resulting from chronic hepatitis B.

Hepatology 31, 207–210.

6 Perrillo RP, Wright T, Rakela J et al. (2001) A multicenter United

States–Canadian trial to assess lamivudine monotherapy before and

after liver transplantation for chronic hepatitis B. Hepatology 33, 424–432.

7 Schiff ER, Lai CL, Hadziyannis S et al. (2003) Adefovir dipivoxil 

therapy for lamivudine-resistant hepatitis B in pre- and post-liver

transplantation patient. Hepatology 38, 1419–1427.

8 Samuel D, Bismuth A, Mathieu D et al. (1991) Passive immunopro-

phylaxis after liver transplantation in HBsAg-positive patients. Lancet

337, 813–815.

9 Ghany MG, Ayola B, Villamil FG et al. (1998) Hepatitis B S mutants in

liver transplant recipients who were reinfected despite hepatitis B

immune globulin prophylaxis. Hepatology 27, 213–222.

10 Buti M, Mas A, Prieto M et al. (2003) A randomized study comparing

lamivudine monotherapy after a short course of hepatitis B immune

globulin (HBIG) and lamivudine with long-term lamivudine plus

HBIG in the prevention of hepatitis B recurrence after liver transplan-

tation. J Hepatol 38(6), 811–817.

11 García-Retortillo M, Forns X, Feliu A et al. (2002) Hepatitis C virus

kinetics during and immediately after liver transplantation. Hepa-

tology 35, 680–687.

12 Prieto M, Berenguer M, Rayon JM et al. (1999) High incidence of allo-

graft cirrhosis in hepatitis C virus genotype 1b infection following

transplantation: relationship with rejection episodes. Hepatology 29,

250–256.

13 Garcia-Retortillo M, Forns X, Llovet JM et al. (2004) Hepatitis C

recurrence is more severe after living donor compared to cadaveric

liver transplantation. Hepatology 40, 699–707.

14 Berenguer M, Prieto M, Rayón JM et al. (2000) Natural history of 

clinically compensated HCV related graft cirrhosis following liver

transplantation. Hepatology 32, 852–858.

15 Forman LM, Lewis JD, Berlin JA et al. (2002) The association between

hepatitis C infection and survival after orthotopic liver transplanta-

tion. Gastroenterology 122, 889–896.

16 Wiesner RH, Sorrell M, Villamil F and the International Liver

Transplantation Society Expert Panel (2003) Report of the first Inter-

national Liver Transplantation Society panel consensus conference on

liver transplantation and hepatitis C. Liver Transpl 9(Suppl. 3), S1–S9.

17 Berenguer M, Prieto M, San Juan F et al. (2002) Contribution of donor

age to the recent decrease in patients survival among HCV-infected

liver transplant recipients. Hepatology 36, 202–210.

18 Shiffman ML, Stravitz RT, Contos MJ et al. (2004) Histologic recur-

rence of chronic hepatitis C virus in patients after living donor and

deceased donor liver transplantation. Liver Transpl 10, 1248–1255.

19 Garcia-Retortillo M, Forns X (2004) Prevention and treatment of hep-

atitis C virus recurrence after liver transplantation. J Hepatol 41, 2–10.

20 Everson GT, Trotter J, Forman L et al. (2005) Treatment of advanced

hepatitis C with a low accelerating dosage regimen of antiviral therapy.

Hepatology 42, 255–262.

21 Forns X, García-Retortillo M, Serrano T et al. (2003) Antiviral therapy

of patients with decompensated cirrhosis to prevent recurrence of

hepatitis C after liver transplantation. J Hepatol 39, 389–396.

22 Chalasani N, Manzarbeitia C, Ferenci P et al. (2005) Peginterferon

alfa-2a for hepatitis C after liver transplantation: two randomized,

controlled trials. Hepatology 41, 289–298.

23 Neumann UP, Berg T, Bahra M et al. (2004) Fibrosis progression after

liver transplantation in patients with recurrent hepatitis C. J Hepatol

41, 830–836.

24 Samuel D, Bizollon T, Feray C et al. (2003) Interferon alfa-2b plus rib-

avirin in patients with chronic hepatitis C after liver transplantation: a

randomized study. Gastroenterology 124, 642–650.

25 Neuberger J (2003) Recurrent primary biliary cirrhosis. Liver Transpl

9, 539–546.

26 Graziadei I (2002) Recurrence of primary sclerosing cholangitis after

liver transplantation. Liver Transpl 8, 575–581.

27 Manns MP, Bahr MJ (2000) Recurrent autoimmune hepatitis after liver

transplantation-when non-self becomes self. Hepatology 32, 868–869.

28 Guy JE, Qian P, Lowell JA et al. (2005) Recurrent primary biliary 

cirrhosis: peritransplant factors and ursodeoxycholic acid treatment

post-liver transplant. Liver Transpl 11, 1252–1257.

29 Luettig B, Boeker KH, Schoessler W et al. (1998) The antinuclear

autoantibodies SP100 and gp210 persist after orthotopic liver 

TTOC25_05  3/10/07  10:05 AM  Page 2017



2018 25 LIVER TRANSPLANTATION

transplantation in patients with primary biliary cirrhosis. J Hepatol 28,

824–828.

30 Knoop M, Bechstein WO, Schrem H et al. (1996) Clinical significance

of recurrent primary biliary cirrhosis after liver transplantation.

Transpl Int 9 (Suppl. 1), S115–119.

31 Renz JF, Ascher NL (2002) Liver transplantation for nonviral, non-

malignant diseases: problem of recurrence. World J Surg 26, 247–256.

32 Khettry U, Anand N, Faul PN et al. (2003) Liver transplantation for

primary biliary cirrhosis: a long-term pathologic study. Liver Transpl

9, 87–96.

33 Sylvestre PB, Batts KP, Burgart LJ et al. (2003) Recurrence of primary

biliary cirrhosis after liver transplantation: histologic estimate of 

incidence and natural history. Liver Transpl 9, 1086–1093.

34 Sanchez EQ, Levy MF, Goldstein RM et al. (2003) The changing 

clinical presentation of recurrent primary biliary cirrhosis after liver

transplantation. Transplantation 76, 1583–1588.

35 Neuberger J, Gunson B, Hubscher S et al. (2004) Immunosuppression

affects the rate of recurrent primary biliary cirrhosis after liver trans-

plantation. Liver Transpl 10, 488–491.

36 Sebagh M, Farges O, Dubel L et al. (1998) Histological features predic-

tive of recurrence of primary biliary cirrhosis after liver transplanta-

tion. Transplantation 65, 1328–1333.

37 Demetris AJ, Markus BH, Esquivel C et al. (1988) Pathologic analysis

of liver transplantation for primary biliary cirrhosis. Hepatology 8,

939–947.

38 Van de Water J, Gerson LB, Ferrell LD et al. (1996) Immuno-

histochemical evidence of disease recurrence after liver transplanta-

tion for primary biliary cirrhosis. Hepatology 24, 1079–1084.

39 Sheng R, Zajko AB, Campbell WL et al. (1993) Biliary strictures in 

hepatic transplants: prevalence and types in patients with primary

sclerosing cholangitis vs those with other liver diseases. Am J

Roentgenol 161, 297–300.

40 Guichelaar MMJ, Benson JT, Malinchoc M et al. (2003) Risk factors

for and clinical course of non-anastomotic biliary strictures after liver

transplantation. Am J Transpl 3, 885–890.

41 McEntee G, Wiesner RH, Rosen C et al. (1991) A comparative study 

of patients undergoing liver transplantation for primary sclerosing

cholangitis and primary biliary cirrhosis. Transpl Proc 23, 1563–1564.

42 Graziadei IW, Wiesner RH, Batts KP et al. (1999) Recurrence of 

primary sclerosing cholangitis following liver transplantation.

Hepatology 29, 1050–1056.

43 Vera A, Moledina S, Gunson B et al. (2002) Risk factors for recurrence of

primary sclerosing cholangitis of liver allograft. Lancet 360, 1943–1944.

44 Kugelmas M, Spiegelman P, Osgood MJ et al. (2003) Different

immunosuppressive regimens and recurrence of primary sclerosing

cholangitis after liver transplantation. Liver Transpl 9, 727–732.

45 Khettry U, Keaveny A, Goldar-Najafi A et al. (2003) Liver transplanta-

tion for primary sclerosing cholangitis: a long-term clinicopathol-

ogical study. Hum Pathol 34, 1127–1136.

46 Bransaeter B, Schrumpf E, Bentdal O et al. (2005) Recurrent primary

sclerosing cholangitis after liver transplantation: a magnetic resonance

cholangiography study with analyses of predictive factors. Liver

Transpl 11, 1361–1369.

47 Jeyarajah DR, Netto GJ, Lee SP et al. (1988) Recurrent primary scleros-

ing cholangitis after orthotopic liver transplantation. Is chronic rejec-

tion part of the disease process? Hepatology 66, 1300–1306.

48 Goss JA, Shackleton CR, Farmer DG et al. (1997) Orthotopic liver

transplantation for primary sclerosing cholangitis. A 12-year single

center experience. Ann Surg 225, 472–483.

49 Hübscher SG (2001) Recurrent autoimmune hepatitis after liver

transplantation: diagnostic criteria, risk factors and outcome. Liver

Transpl 4, 285–291.

50 Gonzalez-Koch A, Czaja AJ, Carpenter HA et al. (2001) Recurrent

autoimmune hepatitis after orthotopic liver transplantation. Liver

Transpl 7, 302–310.

51 Molmenti EP, Netto GJ, Murray NG et al. (2002) Incidence and 

recurrence of autoimmune/alloimmune hepatitis in liver transplant

recipients. Liver Transpl 8, 519–526.

52 Vogel A, Heinrich E, Bahr MJ et al. (2004) Long-term outcome of liver

transplantation for autoimmune hepatitis. Clin Transplant 18, 62–69.

53 Prados E, Cuervas-Mons V, De la Mata M et al. (1998) Outcome of

autoimmune hepatitis after liver transplantation. Transplantation 66,

1645–1650.

54 Czaja AJ (2002) Autoimmune hepatitis after liver transplantation and

other lessons of self-intolerance. Liver Transpl 8, 505–513.

55 Duclos-Vallée J-C, Sebagh M, Rifai K et al. (2003) A 10 year follow up

study of patients transplanted for autoimmune hepatitis: histological

recurrence precedes clinical and biochemical recurrence. Gut 52,

893–897.

56 Kerkar N, Dugan C, Rumbo C et al. (2005) Rapamycin successfully

treats post-transplant autoimmune hepatitis. Am J Transpl 5, 1085–1089.

57 Bravata DM, Plkin I, Barnato AE et al. (2001) Employment and 

alcohol use after liver transplantation for alcoholic and nonalcoholic

liver disease: a systematic review. Liver Transpl 7, 191–203.

58 Tome S, Lucey MR (2003) Timing of liver transplantation in alcoholic

cirrhosis. J Hepatol 39, 302–307.

59 Jauhar S, Talwalkar JA, Schneekloth T et al. (2004) Analysis of factors

that predict alcohol relapse following liver transplantation. Liver

Transpl 10, 408–411.

60 Gish RG, Lee A, Brooks L et al. (2001) Long-term follow-up of patients

diagnosed with alcohol dependence or alcohol abuse who were evalu-

ated for liver transplantation. Liver Transpl 7, 581–587.

61 Perney P, Bismuth M, Sigaud H et al. (2005) Are preoperative patterns

of alcohol consumption predictive of relapse after liver transplanta-

tion for alcoholic liver disease? Transpl Int 18, 1292–1297.

62 Beresford TP (1997) Predictive factors for alcoholic relapse in the

selection of alcohol-dependent persons for hepatic transplant. Liver

Transpl Surg 3, 280–291.

63 Burra P, Mioni D, Cecchetto A et al. (2001) Histological features after

liver transplantation in alcoholic cirrhotics. J Hepatol 34, 716–722.

64 Pageaux G-P, Bismuth M, Perney P et al. (2003) Alcohol relapse after

liver transplantation for alcoholic liver disease: does it matter? 

J Hepatol 38, 629–634.

65 Cuadrado A, Fabrega E, Casafont F et al. (2005) Alcohol recidivism

impairs long-term patient survival after orthotopic liver transplanta-

tion for alcoholic liver disease. Liver Transpl 11, 420–426.

66 Contos MJ, Cales W, Sterling RK et al. (2001) Development of non-

alcoholic fatty liver disease after orthotopic liver transplantation for

cryptogenic cirrhosis. Liver Transpl 7, 363–373.

67 Ong J, Younossi ZM, Reddy V et al. (2001) Cryptogenic cirrhosis and

posttransplantation nonalcoholic fatty liver disease. Liver Transpl 7,

797–801.

68 Bahr MJ, Schubert J, Bleck JS et al. (2003) Recurrence of Budd–Chiari

syndrome after liver transplantation in paroxysmal nocturnal

hemoglobinuria. Transpl Int 16, 890–894.

69 Crawford DH, Fletcher LM, Hubscher SG et al. (2004) Patient and

graft survival after liver transplantation for hereditary hemochro-

matosis: implications for pathogenesis. Hepatology 39, 1655–1662.

TTOC25_05  3/10/07  10:05 AM  Page 2018



25.6 Post-transplantation management and
complications
Faouzi Saliba and Didier Samuel

Introduction

In the last two decades, orthotopic liver transplantation (OLT)
has achieved 1-year survival rates of 80–90% [1]. For the patient
who successfully undergoes OLT for endstage liver disease, 
long-term graft and recipient survivals are excellent, with a 
high likelihood of a return to a premorbid lifestyle. Data from
the European Liver Transplant Registry (ELTR) and from the
Scientific Registry of Transplant Recipients (SRTR) showed a
10-year survival rate within 70% [1,2]. We are currently follow-
ing patients transplanted more than 20 years ago. Therefore, 
the current challenge in the management of liver transplant
recipients is not only the outcome of the graft but maintaining
health, well-being and quality of life in long-term survivors [3].
Problems encountered long after OLT are usually related to
side-effects of chronic immunosuppressive therapy, disease
recurrence or chronic rejection. Improved long-term survival
necessitates careful screening for and management of long-term
medical complications, including cardiovascular complications,
malignancy, bone disease, renal dysfunction and infectious
complications.

Routine long-term monitoring and
patient care

Outpatient post-transplant management

Patients are discharged from the hospital 8–30 days following
liver transplantation. After initial discharge, patients are seen in
the transplant centre by the transplant surgeon and hepatologist
for continued management. The frequency of visits to the trans-
plant centre is generally as follows: every 2 weeks during the first
3 months, once a month (months 3–6), once every 2–3 months
(months 6–24), once every 4–6 months (> 2 years). These visits
are often alternated with the primary physician, and their 
frequency could vary according to the age of the recipient, 
initial pathology, the functioning of the graft and the presence 
of comorbidities. The clinical visit is designed to carry out a 
comprehensive review of laboratory data, diagnostic studies

reflective of liver function, manage the immunosuppressive 
regimen that each patient is following and monitor for recur-
rence of disease and the risk of immunosuppressive therapy.
Each patient will be referred back to the primary care physician
or gastroenterologist for routine health maintenance. Referral
physicians should communicate regularly with transplant centre
physicians and/or the nurse coordinator.

Routine outpatient laboratory and imaging
testing

Routine laboratory tests are necessary to monitor for the follow-
ing: graft rejection, drug toxicity and interactions, complications
secondary to immunosuppression, recurrence of the initial dis-
ease and response of liver enzymes after treatment for graft
rejection or after a change in the immunosuppressive regimen.
Infection and graft rejection occur most often within 6 months
following transplantation. In the event that one or both of these
situations occurs, the frequency of laboratory testing has to 
be increased in order to closely monitor the patient’s overall
response. Doppler ultrasound of the graft should be performed
routinely and in case of any abnormal changes in the liver
enzymes to assess the patency of the vascular and biliary tract.
Computerized tomography (CT) scan and magnetic resonance
imaging (MRI) are performed when needed, mainly for the
detection of recurrent or de novo malignancy and surgical 
complications.

There have been controversies in the literature about the need
for routine liver biopsies in relation to their potential risks and
benefit [4–6]. Most transplant patients would have a diagnostic
biopsy of their graft during the first 6 months and when abnor-
mal liver tests occur. However, routine biopsies of the graft at
year 1, 2, 5 and every 5 years in order to guide the immunosup-
pressive regimen, and to detect disease recurrence, chronic rejec-
tion and acquired rare diseases of the graft are highly encouraged
[4,5]. Lang and colleagues [7] reviewed 3670 biopsies performed
in 919 patients with ultrasound guidance and use of the
Menghini needle (1.6-mm diameter). Biopsy was complicated
by bleeding in 13 of 919 patients (1.41%). The incidence of 
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procedure-related complications was 13 in 3670 biopsies (0.35%).
The authors concluded that percutaneous liver biopsy in liver
transplant recipients is a safe procedure.

Patient education

The nurse coordinator plays a major role in the education and
follow-up of the patient. Post-transplant patients are educated
about and provided with information regarding: rejection, the
risk of infection, dietary issues, medications and side-effects,
liver biopsy indications and protocols, hygiene and general
health care, physical activity, sexual relationships and long-term
follow-up. Post-transplant success depends on compliance with
a strict antirejection regimen. Dobbels and colleagues [8] analysed
174 patients with solid organ transplant and showed that lower
educational level, higher received social support and lower con-
scientiousness were significant independent predictors of post-
transplant medication non-adherence. Shemesh and colleagues
[9] analysed data obtained in the first year of the implementa-
tion of an adherence assessment protocol at a paediatric liver
transplant clinic. Forgetfulness was the most common reason
for non-adherence; medication side-effects were not frequently
cited by patients. The authors concluded that the clinical
impression is not sufficient to determine whether children and
adolescents are taking their medications after they have had a
liver transplant. An objective assessment method should be used.

Post-transplantation long-term issues
and causes of late mortality

As the number of OLT recipients continues to increase, general
preventative medicine and primary care management issues
specifically related to OLT recipients are recognized as import-
ant and include obesity, hyperlipidaemia, hypertension, dia-
betes, osteoporosis and screening for malignancy in addition to
surveillance of the graft. Seyam and colleagues [10] examined
late (> 5 years) mortality in 1221 adults transplanted at their
institution between 1982 and 1999. Of these patients, 844 (69%)
survived for more than 5 years. Of the 129 patients who died,
56% died of complications possibly related to long-term
immunosuppression, including de novo malignancy, infection
or renal failure, 22% died of vascular complications, and 15%
died from recurrent disease. Rabkin and colleagues [11] reviewed
459 recipients transplanted between September 1991 and April
2000. The causes of late mortality (> 1 year) were malignancy
(nine patients), disease recurrence (eight patients), late infection
(six patients), renal failure complications (five patients), cardio-
vascular complications (four patients), chronic rejection (three
patients), gastrointestinal haemorrhage (two patients), medica-
tion non-compliance (one patient) and unknown (two patients).
Jain and colleagues [12] analysed late complications that occurred
in 1000 consecutive patients undergoing primary OLT at their
centre from August 1989 to December 1992. In 6.1% of the sur-
vivors, endstage renal disease developed during the follow-up

period, requiring either dialysis or kidney transplantation.
Hyperkalaemia and hypertension were observed in approxi-
mately one-third of the patients. Insulin-dependent diabetes
mellitus (including patients who had diabetes before the trans-
plant) was observed in 14% in year 1, dropping to 11% in year 7,
and de novo malignancies developed in 82 patients.

Complications related to long-term
immunosuppressive therapy

Weight gain and obesity

Significant weight gain and obesity are common in patients after
OLT. The reported prevalence of post-transplant obesity ranged
from 17% to 42% [13]. Weight gain in patients who are obese
before transplantation [body mass index (BMI) > 30 kg/m2] is
much greater than that in non-obese recipients [14]. The weight
gain has been attributed to a number of factors, including cumu-
lative prednisone dose, appetite stimulation by the antirejection
regimens and an increased sense of well-being after long-term
chronic illness. Richards and colleagues [15] studied weight gain
in 597 patients who underwent transplantation between 1996
and 2001. By 1 and 3 years, 24% and 31% had become obese
(defined by BMI > 30 kg/m2). Weight gain was statistically
significantly greater in patients older than 50 years and in those
who underwent OLT for chronic liver disease compared with
fulminant liver failure. The greatest weight gain occurred after
the first 6 months and was not related to the duration of corti-
costeroid therapy. In a prospective analysis from the National
Institute of Diabetes, 32% of patients who were not obese before
transplantation became obese within 2 years of transplantation
[13]. Active exercise programmes are recommended for weight
control.

Cardiovascular complications

Cardiovascular risk factors are increasingly common in patients
after liver transplantation. Romero and colleagues [16] found
cardiovascular complications in 4.9% of patients, none of whom
had previous cardiovascular disease. The mean time of occur-
rence after liver transplantation was 2.6 years. Neal and col-
leagues [17] found in 181 consecutive adult liver transplant
recipients that the predicted 10-year risk of coronary heart 
disease had increased from 6.9% before transplantation to
11.5% at 1 year after transplantation, whereas that of a matched
local population was 7%. Johnston and colleagues [18] assessed
110 consecutive adults, who attended for review visit after OLT
(median follow-up 3.9 years; range 0.1–17.9 years), for cardio-
vascular risk factors. The relative risk of ischaemic cardiac events
was 3.07 [95% confidence interval (CI) 1.98–4.53] and the relat-
ive risk for cardiovascular deaths was 2.56 (95% CI 1.52–4.05) 
in allograft recipients compared with an age-matched popula-
tion without transplants. Yearly screening of liver recipients for
serum cholesterol, triglycerides and lipoproteins and assessment
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for risk factors for atherosclerotic cardiovascular disease are an
important component of comprehensive post-transplant care [19].

Arterial hypertension

Hypertension occurs in approximately 75% of patients after
liver transplantation [17,18,20,21]. In addition to the effects of
steroids, calcineurin inhibitors commonly induce hypertension
through several pathogenic mechanisms: changes in vascular
tone particularly within the kidney, leading to diminished
glomerular filtration and enhanced sodium retention, distur-
bances of endothelial function in many tissues, including stimu-
lation of endothelin and impaired nitric oxide synthesis, and
multiple additional pathways that increase vasoconstriction,
leading to an increase in arterial pressure [21,22]. Ciclosporin is
associated with an increased incidence of hypertension com-
pared with tacrolimus [20]. Weight loss, salt restriction and cor-
ticosteroid withdrawal should be considered in the management
of patients with hypertension. Calcium channel blockers are the
first-line drugs of choice in patients with hypertension after
transplant. Beta-blockers, followed by angiotensin-converting
enzyme (ACE) inhibitors are the next best alternatives for blood
pressure control. Carvedilol, an alpha-1- and beta-blocker, seems
to be as effective as nifedipine and better tolerated [23]. Caution
should be used in prescribing ACE inhibitors and diuretics in
patients with elevations in serum creatinine.

Diabetes mellitus

The prevalence of diabetes mellitus in liver transplant recipients
ranges from 4.5% to 53%. Corticosteroids and calcineurin
inhibitors have hyperglycaemic effects by inducing insulin resis-
tance and probably by direct toxicity to β cells. Tacrolimus induces
a higher incidence of diabetes compared with ciclosporin. 
The average incidence of new-onset diabetes mellitus (NODM)
reported from seven prospective randomized trials in liver
transplant recipients was 15.9% for tacrolimus-treated patients
and 4.9% for ciclosporin-treated patients [24]. Levy and col-
leagues [25] reported in a recent randomized study comparing
tacrolimus with ciclosporin that the incidence of de novo
diabetes, defined by the need for insulin or oral hypoglycaemic
agents for more than 30 days, was 32% in the tacrolimus-treated
patients and 19% in the ciclosporin-treated group (P = 0.005).
Recent studies suggest an association between diabetes mellitus
and hepatitis C virus (HCV) infection [26–28]. Baid and col-
leagues [29] analysed 176 adult patients, 47 HCV (+) and 111
HCV (–). The prevalence of pretransplant diabetes was similar
in the two groups, whereas the prevalence of post-transplant
diabetes mellitus (PTDM) was significantly higher in HCV (+)
than in HCV (–) patients (64% vs. 28%, P = 0.0001). HCV infec-
tion and methylprednisolone boluses were found to be indepen-
dent risk factors for the development of PTDM. Development of
PTDM was found to be an independent risk factor for mortality
[hazard ratio (HR) 3.67, P < 0.0001]. In approximately half the

HCV (+) patients with PTDM, the onset of PTDM was related to
the recurrence of allograft hepatitis. Improvement in glycaemic
control was achieved in the patients who responded to antiviral
therapy [29]. John and Thuluvath [30] compared the morbidity
and mortality of 46 patients who developed PTDM with 92 
age- and sex-matched patients without pretransplant or post-
transplant diabetes mellitus. Despite similar 5-year survival
rates, the incidence of the following complications was higher 
in the PTDM group compared with the control group: cardiac
(48% vs. 24%; P = 0.005), major infections (41% vs. 25%; 
P = 0.07), minor infections (28% vs. 5%; P = 0.001), neurologic
(22% vs. 9%; P = 0.05) and neuropsychiatric (22% vs. 6%; P =
0.009). Long-term frequent monitoring of glycaemia is essential.
Corticosteroid withdrawal and conversion from tacrolimus 
to ciclosporin have been reported to be beneficial. Tailoring
immunosuppressive therapy to the individual patient, and
avoiding the use of diabetogenic drugs, drug combinations or
inappropriate doses in patients susceptible to PTDM are new
alternative choices [31]. A collaborative exchange with diabetol-
ogists for the education and management of diabetes is highly
recommended to decrease the risk of cardiovascular events,
infections and renal dysfunction and improve quality and 
quantity of life.

Hyperlipidaemia

Although pretransplant serum cholesterol has been found to
predict post-transplant hypercholesterolaemia, hyperlipidaemia
is a common side-effect mainly due to immunosuppressive 
therapy [32]. Hyperlipidaemia has been reported to occur in
16–43% of liver transplant recipients [19]. Corticosteroids
induced an increase in low-density lipoprotein (LDL) produc-
tion. Calcineurin inhibitors reduce cholesterol secretion into 
the bile and increase plasma concentrations of cholesterol and
triglycerides and LDL production [33]. Hyperlipidaemia occurs
more frequently with ciclosporin than with tacrolimus [34].
Hyperlipidaemia is also a specific side-effect of the mTOR
inhibitors (sirolimus and everolimus). Dietary measures includ-
ing a low-fat diet, and avoidance of alcohol may be important
for post-transplant long-term management. Adjustment of
ciclosporin dose and/or prednisone dose may also improve 
the above problems. Lipid-lowering drugs may be necessary to
control hyperlipidaemia after transplant [35].

Chronic renal failure

Acute renal failure occurs in 5–50% of patients undergoing liver
transplantation. Chronic renal failure leading to endstage renal
disease (ESRD) occurs in 2–10% of liver transplant recipients
[36,37]. Risk factors for the development of ESRD in long-term
survivors include calcineurin inhibitors nephrotoxicity, hepa-
torenal syndrome prior to liver transplantation, pre-existing
renal insufficiency and diabetes mellitus. Postoperative acute
renal failure, requirement of dialysis in the preoperative and
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post-transplant period, hepatitis C infection, alcoholic liver dis-
ease and older age have also been shown to be associated with the
risk of development of ESRD [38,39]. Paramesh and colleagues
[40] followed 350 out of 1602 liver transplant recipients (22%)
who developed acute renal failure requiring dialysis postoper-
atively. One hundred and twenty-three patients (39.8%) died
within 1 year after transplant. Forty-three patients (23%) devel-
oped ESRD over a median of 3.8 years (range 1–8 years). Serum
creatinine levels > 1.7 mg/dL at 1 year, ciclosporin treatment 
and the presence of diabetes preoperatively were independent
predictive factors for the development of ESRD [40]. Both
ciclosporin and tacrolimus are nephrotoxic and are a major
cause of chronic renal dysfunction leading to ESRD and kidney
transplantation. A similar incidence of both early and late
nephrotoxicity was found in patients receiving ciclosporin 
or tacrolimus immunosuppressive regimens [25,41]. Current
immunosuppressive protocols include the use of mycophenolic
mofetil (MMF) or mTOR inhibitor drugs in association with
either low-dose or progressive withdrawal of calcineurin
inhibitors in order to reduce long-term nephrotoxicity [42].

De novo malignancy

Skin cancer, lymphoma, oropharyngeal and lung cancers may be
more common in the post-transplant population [43,44]. The
risk of cancer has been estimated to be 4% 5 years after trans-
plantation. Skin cancer is the most common non-lymphoid
malignancy, followed by gastrointestinal, genitourinary, pul-
monary, oropharyngeal and breast malignancy [45]. Graziadei
and colleagues [46] analysed the incidence of de novo malignan-
cies in a cohort of 563 patients who underwent liver transplanta-
tion at their centre. Forty-six patients developed malignancies,
with a mean time to diagnosis of 53 months. The most common
types of cancer were lung (n = 8), oropharynx (n = 7), post-
transplant lymphoproliferative disorder (PTLD) (n = 6) and
skin (n = 5). Death occurred in 32% of patients within a mean
follow-up of 20 months. Five-year survival after diagnosis was
54%. Ten malignancies occurred within 1 year, highlighting the
importance of careful pre-OLT screening and assessment of risk
factors. Risk factors for the development of cancer are thought
to be alcoholic liver disease, increasing age and the intensity of
immunosuppression. Jain and colleagues [47] reviewed data
from 3192 adult liver recipients transplanted between 1981 and
1998. The incidence of PTLD in children (9.7%) was higher 
than the incidence in adults (2.9%). The median time from liver
transplantation to the diagnosis of PTLD was shorter in children
than in adults (8.1 months vs. 15 months). Management of
PTLD could include antiviral therapy, reduction of immuno-
suppression, monoclonal chimeric antibodies anti-CD20 and/or
systemic chemotherapy [48,49]. Patients who are transplanted
for primary sclerosing cholangitis and who have inflammatory
bowel disease remain at high risk of colonic dysplasia and colon
cancer. Cancer screening should be performed routinely based
on the recipient’s age, sex and risk factors.

Osteoarticular complications

Osteopenia is common in patients with cirrhosis and is typically
due to osteoporosis rather than osteomalacia, although the latter
can occur in patients with severe cholestasis. Factors implicated,
apart from calcium and vitamin D deficiency, include low 
muscle mass, immobility, long-term corticosteroid use, poor
nutrition and alcohol abuse. Osteopenia, osteoporosis or both
are observed in 10–60% of liver transplant recipients [50]. The
incidence is particularly high in patients with cholestatic liver
disease (primary biliary cirrhosis and sclerosing cholangitis).
After transplantation, rapid bone loss occurs in the first 3–6
months, but recovery of bone mass can continue for up to 
7 years after OLT. Early studies reported a fracture rate of 
about 25–35% within the first 6 months after transplantation
[50]. The most common site of pathological fractures in liver
transplant recipients is the vertebral body. A great decrease in
the incidence of fractures (less than 5%) has been reported in
recent studies. This is probably due to a decreased use and early
withdrawal of corticosteroids, increased prescription of anti-
resorptive agents and decreased proportion of liver transplant
recipients with cholestatic liver disease vs. other chronic liver
disease [51].

Infectious complications

Life-threatening infectious complications typically occur during
the first 6 months after transplant. Beyond the sixth month, 
the risk of rejection is greatly reduced (2–7%), and liver 
transplant recipients have lower doses of immunosuppressive
therapy; therefore, the risk of acquiring severe infection is
greatly decreased. Fewer patients, such as those transplanted 
for autoimmune disease, sclerosing cholangitis or fulminant
hepatic failure and those who presented severe rejection
episodes or developed chronic rejection, need a high immuno-
suppressive regimen and therefore are at great risk of acquiring
opportunistic infections.

Community-acquired infections
Liver transplant recipients experience common viral illnesses
with the same frequency as the general population. Bacterial
pneumonias, urinary tract infections and viral syndromes are
often a cause of post-transplant fever and should be considered
in all patients with post-transplant fever. These infections are
most common in patients with standard immunosuppressive
therapy. The primary diagnosis of importance is bacterial infec-
tion that may progress rapidly from a self-limited infection to
potentially lethal sepsis. The possibility of cholangitis and liver
abscess should be considered in any liver transplant recipient
with fever. Suspected bacterial infections should be treated
aggressively with broad-spectrum antibiotics, which can sub-
sequently be modified as culture results become available.
Erythromycin preparations should be avoided because of their
interactions with immunosuppressive drugs.
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Opportunistic infections
Cytomegalovirus infection, Pneumocystis carinii pneumonia,
tuberculosis and fungal infections can occur and should be con-
sidered in patients with fever, and particularly those patients
who received large doses of immunosuppressive agents for 
troublesome rejection.

Immunosuppressive regimen 
approach to reduce long-term side
effects

Calcineurin inhibitors (CNI), ciclosporin and tacrolimus are
associated with multiple long-term side-effects after liver trans-
plantation. Various approaches have been used to minimize 
CNI exposure. Data from the Scientific Registry of Transplant
Recipients on more than 11 000 patients transplanted from
January 1995 to April 2001 were analysed for the efficacy of
triple therapy with MMF, tacrolimus (TAC) and corticosteroids
compared with dual therapy (TAC plus corticosteroids) [52].
Triple therapy at discharge was associated with a reduced risk of
death (HR 0.77, P < 0.001), graft loss (HR 0.81, P < 0.001), acute
rejection (HR 0.89, P = 0.002) and death from infectious com-
plications (HR 0.80, P = 0.007). The combination of low-dose
CNIs has been shown to improve kidney function significantly.
In patients who develop CNI-related toxicities after transplanta-
tion, MMF allows the doses of CNI to be reduced, either partially
or completely [53]. Steroids have been used since the beginning
of transplantation and are a component of most maintenance
immunosuppressive protocols. However, the side-effects of
long-term steroid treatment are manifold. Immunosuppressive
combinations that include MMF have been shown to favour
rapid tapering of steroid doses and, in some patients, complete
steroid avoidance.

Subsequently, a number of other new immunosuppressive
agents have been introduced into clinical practice, thus offering
the opportunity to individualize a patient’s immunosuppressive
therapy. mTOR inhibitors, such as sirolimus and everolimus,
are effective after kidney transplantation, and studies have
shown that sirolimus has some advantages in liver transplant
patients with recurrent or chronic rejection or CNI toxicities
[54]. Owing to the availability of an increasing number of drugs
with different mechanisms of action, tailored immunosuppres-
sion after liver transplantation will become more common in
the future. The use of targeted immunosuppressive protocols
taking into account disease aetiology and susceptibility to side-
effects of immunosuppressive agents is challenging.

Chronic graft dysfunction (other than
disease recurrence)

Late acute rejection

Late acute rejection that occurs after the first 6 months is very
rare. Predisposing factors include underlying liver disease

(autoimmune hepatitis, fulminant hepatic failure), decrease or
withdrawal of immunosuppression and poor compliance [55].
Late rejection is usually associated with delayed diagnosis, and
such delay often results in decreased response to initial steroid
treatment [56].

Chronic rejection

The overall incidence of chronic rejection has been decreasing
during the last decade. Chronic rejection currently occurs in
3–4% of liver transplant recipients [57]. This is mainly due to
the use of newer immunosuppressive drugs such as tacrolimus,
MMF and rapamycin. Chronic rejection can occur within a 
few months after transplantation. It is often preceded by 
corticosteroid-resistant acute rejection. Liver enzymes (espe-
cially alkaline phosphatase and gamma-glutamyltransferase)
and total bilirubin progressively increase. Serial liver biopsy
reveals progressive ductopenia or loss of small bile ducts and
chronic cholestasis. Other histological findings include fibrosis
in the portal area, arteriopathy and centrilobular degeneration.
Clinical risk factors associated with chronic rejection include
underlying liver disease, human leukocyte antigen (HLA)
donor–recipient matching, positive lymphocytotoxic cross-
match, cytomegalovirus infection, recipient age, donor–recipient
ethnic origin, male donor into female recipient, number of 
acute rejection episodes, histological severity of acute rejection
episodes and retransplantation for chronic rejection [57].
Patients on ciclosporin who develop chronic rejection may
benefit from switching to tacrolimus. Tacrolimus has been
shown to either reverse or modulate the progression of chronic
rejection. For non-responders, retransplantation should be 
considered at an earlier stage before the occurrence of signs of
hepatic failure or severe portal hypertension.

Surgical complications

Late hepatic artery thrombosis
This complication rarely occurs (less than 1% of the patients)
years after liver transplantation. Because the hepatic artery is the
sole blood supply to the biliary system, an arterial thrombosis
would lead to ischaemic cholangitis, biliary strictures and liver
abscess. Arterial angiogram is essential for diagnosis.

Biliary complications
Anastomotic biliary strictures may be diagnosed by Doppler
ultrasound. These are often progressive over time and difficult
to dilate radiologically, often requiring revision of the biliary
anastomosis (in approximately 50% of patients). Dilations 
are usually multiple and done via the transhepatic route.
Intrahepatic biliary strictures are often secondary to ischaemia
of the hepatic artery, prolonged preservation time, ABO 
mismatch or chronic rejection. Retransplantation should be
considered once the diagnosis is established and before the
occurrence of septic shock.
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Other rare diseases of the graft

The practice of routine protocol biopsies at 5, 10 and every 
5 years thereafter has led to the discovery of some changes in
long-surviving allografts that cannot be attributed to rejection
or to recurrence of a specific disease. These histological findings
include mild lymphocytic portal inflammation without significant
bile duct damage, venulitis, portal arterial and arteriolar thick-
ening and hyalinization and nodular regenerative hyperplasia-like
changes [58]. Hubscher [59] described an ‘idiopathic post-
transplant hepatitis’ in patients who have no clinical or serological
evidence of viral hepatitis, autoimmunity or adverse drug reac-
tions, but show mononuclear portal inflammation with variable
interface activity on liver allograft biopsies. In approximately 5%
of patients monitored for a minimum of 10 years, progressive
fibrosis will develop and result in established cirrhosis.

Pregnancy and birth control

Chronic liver disease is associated with sexual dysfunction, and
liver transplantation usually results in correction of these abnor-
malities with return of normal sexual functioning 6–9 months
after transplant. Transplant recipients should be advised regard-
ing birth control. Patients are generally recommended to avoid
pregnancy at least during the first year. This allows sufficient
time to establish good general health, stable liver function and
lower maintenance levels of immunosuppressive therapy. The
safety and risks of oral contraceptives following transplantation
are unknown, but concern regarding hepatotoxicity, throm-
botic complications, interactions with other medications and
exacerbation of hypertension are reasons why these medications
are generally avoided. Intrauterine devices are not recom-
mended because of an increased risk of infection.

There are few large series reporting on outcome after pre-
gnancy among women after liver transplantation. In recent
reports of pregnancy, graft function appeared to be maintained
throughout pregnancy and delivery. Despite continued
immunosuppression in these patients, the infants born to these
mothers generally did well. The major maternal complications
noted were hypertension and anaemia, and there was a higher
rate of miscarriage compared with the normal population. Jain
and colleagues [60] reported their experience of pregnancy
occurring under tacrolimus immunosuppressive treatment.
Thirty-seven mothers delivered 49 babies. Low-birthweight
babies and preterm labour were persistent problems. One
mother died of clotting of an aortic graft because of the gravid
uterus. Twelve mothers had elevated liver enzymes during pre-
gnancy that was remedied by increasing immunosuppression.
Therefore, it is recommended that liver enzymes should be
monitored and immunosuppressive treatment should not be
decreased during pregnancy. Whether recipients should breast-
feed remains controversial. In men, erectile dysfunction is 
common after liver transplantation and may be treated with
phosphodiesterase 5 inhibitors.

Conclusion

Liver transplant recipients have a high prevalence of risk factors
for cardiovascular disease, exceeding that of the general popula-
tion, and have a higher predicted risk of developing coronary
heart disease. Improved long-term survival necessitates careful
screening for and management of long-term medical complica-
tions including cardiovascular complications, malignancy, bone
disease, renal dysfunction and disease recurrence. The high rate
of medical complications and of malignant tumours in the 
long-term follow-up of liver transplant recipients indicates that
further optimization and especially minimizing of immunosup-
pressive therapy is greatly to be encouraged. Ongoing advances
in immunosuppressive and antiviral medications will allow 
tailoring of the immunosuppressive regimen, which will benefit
future liver recipients.
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25.7 Liver transplantation and quality 
of life
Miguel Navasa and Juan Rodés

Although the survival of patients undergoing liver transplanta-
tion (LT) may still rise, one of the current objectives for liver
transplant teams is to achieve the best possible quality of life
(QOL) for these patients. To achieve this, objective data must 
be available to provide knowledge as to the QOL of patients 
who have undergone LT, as well as to ascertain the main post-
transplant disorders and complications which may, to a certain
extent, influence the QOL that these patients have [1].

Measuring quality of life in liver
transplant patients

The term QOL is very broad and includes physical and mental
status, as well as psychosocial adaptation. Psychosocial adapta-
tion is ‘the capacity of an individual to perform social and
domestic roles so as to meet the challenges of everyday living
without emotional distress or physical disability’ [2].
Nonetheless, the concept of QOL is subject to numerous 
interpretations because of the lack of clear, precise criteria for 
its measurement [3]. Schematically, the indicators of QOL may
range from purely psychological aspects [4] and the capacity to
return to work [3] to complex questionnaires regarding social
activities and psychological problems. The first indicators con-
sidered were fundamentally aimed at measuring certain vital
activities; therefore, they did not strictly measure QOL. The per-
ception of QOL is not identical for all patients because cultural,
economical, social and individual factors are involved. In a cer-
tain way, it is not infrequent to come across confusion between
measuring the status of health and measuring QOL [1].
Measurement of the status of health and measurement of QOL
are frequently confused [5]. Health status, QOL and functional
status are concepts that are used indistinctly and comprise, in a
broad sense, what is know as ‘health’ [6]. The concept of health
in this sense ranges from very negative aspects, such as death, to
very positive aspects, such as the love of life, having a normal
capacity and even feeling truly happy.

Measuring QOL in liver transplant patients has some pecu-
liarities. (i) The endpoint of LT is to improve survival in most
cases, because LT is considered the last option treatment in the

majority of liver diseases, and QOL is a secondary endpoint.
Based on survival rates at 5 years after transplantation ranging
from 60% to 65% [1], a pessimistic point of view could consider
that, if the QOL in dead patients is equal to zero, QOL is very low
or zero in 35–40% of the liver-transplanted patients at 5 years.
In the 60–65% who remain alive, QOL is variable, being poor in
patients with hepatitis C virus (HCV) recurrence. (ii) QOL is
variable with time. The euphoric period immediately after LT is
followed by a period of ‘coming back to real life’, with feelings of
insecurity due to the appearance of some complications (rejec-
tion, cytomegalovirus infections, diabetes, arterial hyperten-
sion, etc.). In non-HCV-infected patients, there is a progressive
improvement in QOL after 3 months, except in those patients
with bone fractures or other less frequent complications. In
HCV patients, the clinical recurrence of HCV infection pro-
duces anxiety that reduces QOL. Some patients, both HCV and
non-HCV, have problems readapting at home despite the fact
that they are in relatively good condition. On occasions, they 
are reluctant to assume the role of a healthy subject and prefer
still to be considered as a patient with subsequent demands 
for extra care. In some cases, the liver-transplanted patient has
to deal with family relationships that have previously deterio-
rated because of the liver disease or because of alcoholism. These
situations can provoke feelings that things are not going well or,
in other words, that the perceived QOL is not good. QOL at 
5 years can be completely different in patients with recurrence 
of the liver disease that caused the liver transplant. This is 
particularly important in HCV patients who have a probability
of severe recurrence of 30–50% at 5 years. On the other hand, 
an optimistic point of view could consider that LT improves 
survival and clearly improves QOL in most patients. The percep-
tion of QOL is difficult to measure; however, it is important 
to know the QOL of the patients because, to a certain extent, 
it allows the impact that a particular chronic disease may have 
in a particular patient to be measured [6]. The exclusive 
measurement of physiological functions provides very valid
information to the physicians but is of limited interest to the
patients and their relatives. Moreover, the data obtained do 
not usually correlate well with the functional capacity and the
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well-being of the patients. Another reason why it is important 
to measure QOL is that, at times, two patients with the same
clinical alterations may have totally different responses. All these
considerations clearly justify the need for measuring the QOL of
patients with chronic disease or for evaluating the results of a
specific therapy.

Questionnaires comprising a series of questions or items duly
designed for a certain domain or dimension are used to measure
QOL. The term ‘domain or dimension’ is the area of behaviour
or experience to be analysed, including mobility, depression,
anxiety and well-being, among some possible aspects [7].
Usually, the domains analysed are physical functional capacity,
social function (integration) and the measurement of functional
capacity, mental health, general perception of health, vitality
(energy/fatigue), pain and cognitive function. In contrast, the
clinical and analytical data and those of other explorations
(imaging techniques) are only analysed in very specific studies
[8].

There are numerous questionnaires that analyse different
domains, and they have been widely used to measure the QOL 
of patients with different chronic diseases. These tools should
provide sufficient information to determine the disease, the 
personal functioning, the psychological distress/well-being, 
the general health perceptions and the social functioning of the
patient. In this chapter, however, only the questionnaires and
other techniques that are used most often to analyse the QOL 
of patients undergoing orthotopic liver transplantation (OLT)
have been included.

The United Network of Organ Sharing

The United Network of Organ Sharing (UNOS) [9] is a relatively
simple system used to code the level of a patient’s physical func-
tion. For example, stage I is defined as the capacity of the
patients to go to school or to work normally, and stage VI is
defined as the need for mechanical assistance to allow the patient
to remain alive.

The Sickness Impact Profile

The Sickness Impact Profile (SIP) [2] is a multidimensional 
tool that quantifies the status of health in relation to physical,
cognitive and functional behaviour aspects that the patient 
perceives subjectively.

The Index of Well-being

The Index of Well-Being (IWB) is a weighted average of two
components – the Overall Life Satisfaction, which is made up 
of a single item (how satisfied are you with your life as a whole
these days?), and the Index of General Affect, which consists 
of eight bipolar adjectives such as interesting–boring or empty–
full [10].

The Medical Outcome Survey

The Medical Outcome Survey (MOS) [11] is a brief question-
naire that measures physical and social function, physical and
emotional limitations, mental health and the general perception
of health.

The Karnofsky Performance Status Scale

The Karnofsky Performance Status Scale is a measurement
developed to assess globally the function of patients regarding
their normal activity [12]. It is an ordinal scale ranging from 
100 (normal, i.e. no complaints, no evidence of disease) to 0
(death).

The Nottingham Health Profile

The Nottingham Health Profile (NHP) [11,12] is a question-
naire of perceived health that has been widely used in measuring
QOL in many groups of patients. The NHP consists of 38 state-
ments that describe possible experiences of health and illness in
patients (i.e. everything requires an effort, I feel alone with no
one close to me) classified into the following six dimensions of
health: energy, pain, emotional reactions, sleep, social isolation
and physical mobility. The NHP also includes questions on 
the following seven areas regarding the daily activities of the
patients: work, domestic life, social interactions, family relation-
ships, sexual activity, hobbies and holidays. Nevertheless, the
NHP is limited to assessing physical function, symptoms and
psychological function and, therefore, cannot address general
health perceptions.

The Visual Analogue Scale

The Visual Analogue Scale (VAS) [13] is a measurement of well-
being that is qualified by the patients themselves; the patient
indicates the degree of well-being. The left side of the scale
reflects feeling bad, while the right side of the scale reflects well-
being. The total length of the scale is 10 cm.

The Short Form-36 Health Status Survey

The Short Form-36 Health Status Survey (SF-36) is a 36-item
questionnaire that measures general health status. The SF-36
was developed to measure eight of the most important areas 
of health, which have universal value and represent the basic
functions of humans and feelings of well-being in the broadest
sense. These functions include physical activity, vitality, social
function, emotional aspects and mental health. Items on the 
survey are scored from 1 to 100. The highest scores indicate 
the best health status; a value of 100 in all areas of health 
indicates that there are no limitations or problems in any 
area [14].
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The Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale is a 14-item ques-
tionnaire that autoevaluates the mood status of the patient and is
used to measure anxiety and depression. The maximum score is
20, and a patient who scores 11 is considered to have significant
anxiety or depression [15].

The Beck Depression Inventory

The Beck Depression Inventory is a standardized, 21-item 
measure of cognitive and affective function and somatic symp-
toms of depression. The items are scored from 0 to 63, with the
highest scores indicating major depression [16].

The Profile of Mood States Scale

The Profile of Mood States Scale is a 65-item tool that globally
measures the alterations in mood status and six types of emotion
– anger and hostility; stress and anxiety; depression and dejec-
tion; vigour and activity; confusion and bewilderment; and
fatigue and lack of energy. The highest scores indicate a very
large alteration in the mood status of the patient [17].

The Ways of Coping Scale

The Ways of Coping Scale is an inventory of coping with illness
styles used to assess how an individual copes with the general
stress of being ill or adapts in the face of chronic illness. A higher
score means that the patient adapts poorly [16].

The National Institute of Diabetes and
Digestive and Kidney Diseases Liver
Transplant Database QOL survey

The adult version of the National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK) Liver Transplant
Database (LTD) QOL survey was developed to measure QOL
and health status from the perspective of the patient. This 
questionnaire has a modular format and includes global QOL
measurements and subjective data on the health status of the
patient, as well as specific symptoms of liver disease or as a con-
sequence of LT. The concept was based on the ‘bottom-up’ 
theory of QOL, which proposes that global QOL is the sum 
of the individual opinions of the patients regarding the most
important aspects of life, such as family, health and income
[16–19].

The LTD QOL

The LTD QOL is an extensive questionnaire that was developed
as a consequence of a longitudinal multicentre study on 
QOL after LT. The study was supported by the NIDDK. The

questionnaire covers all the domains of QOL described by 
Ware [20] and is the only specific tool to measure the QOL 
of liver transplant patients. The questions were taken from 
several questionnaires that have already been validated for 
measuring QOL, such as the Karnofsky scale, NHP, SIP, IWB
and MOS.

The European Organization of Research and
Treatment of Cancer QOQ-C

The European Organization of Research and Treatment of
Cancer QOQ-C is a short questionnaire (30 items) covering
functional domains (physical, role, emotional, cognitive and
social functioning) and symptom-oriented scales (fatigue, pain,
nausea, gastrointestinal symptoms and others) [21].

The methods for measuring QOL, described briefly here, have
been validated [22]. However, given the disparity of tools used
in the published studies, the establishment of a database is
important because it would allow comparison of the results
obtained on QOL from all the LT programmes. This is particu-
larly important because the concept of QOL is still not well
defined and not all the investigators have the same criteria 
for measuring QOL. Moreover, although the tools used are
excellent and validated, they are not standardized, and the best
way to analyse the data obtained is not known. These aspects are
essential because the studies published to date are difficult to
compare.

Liver transplantation: does it improve
quality of life?

Guyatt et al. [23] proposed that the fundamental question clini-
cians ask about QOL is: ‘Will this treatment make my patients
feel better?’ [24]. In the case of liver transplant patients, the
answer is yes. Most of the studies of the QOL of patients who
have undergone LT demonstrate that more than 80% of patients
are able to lead normal lives [25–28]. School-aged patients
return to school, and their somatic and psychological develop-
ment is completely normal [28]. Adult patients are able to return
to their family responsibilities, social lives return to normal, and
some patients go back to work. In addition, despite having to
receive immunosuppressant treatment for life, in most cases,
many male patients have successfully fathered children, and
many females have become pregnant and given birth to healthy
children. However, it is important to point out that miscarriage,
premature births and caesarean deliveries are relatively frequent
in women who have undergone liver transplantation [1].

By analysing the studies published on QOL after LT it is pos-
sible to detect aspects that impede valid, indisputable conclu-
sions. Some studies are retrospective. In others, the patients in
poor physical condition are excluded from the study and, in
quite a few prospective studies, the deaths are not included in the
data analysis. All these factors may influence the results obtained
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and may positively magnify the effect of liver transplant on the
patients’ QOL [21]. Lastly, the evaluation of QOL should be 
performed at least once, 1 year after transplantation, because, by
this time, the patient has stabilized clinically [12].

LT results in the disappearance of, or at least improvement in,
symptoms related to the underlying liver disease. The pruritus
and profound asthenia of patients with chronic cholestasis, and
the hepatic encephalopathy, jaundice, ascites and other related
symptoms in patients with cirrhosis are reversed by the implan-
tation of a new liver. Likewise, patients have fewer health 
problems and few functional limitations. All studies observed 
an improvement in sexual function, mobility and social life
[25–29]. Nonetheless, the QOL of patients who undergo LT is
lower than that of the general population. In a prospective study,
patients who underwent LT were found to have health limita-
tions. Seven per cent of the patients had more difficulties in their
vacation period and 14% in their sex life compared with an age-
and gender-matched general population sample [30]. In other
studies, patients who received a liver transplant often had other
limitations at work, in looking after the home, in their social 
life and in their hobbies. Likewise, sleep alterations are relatively
frequent in these patients. However, it must be emphasized that,
after transplantation, the sleeping capacity is much better than
that before receiving the liver graft [2,29,30]. In a study by Belle
and Porayko [31], QOL worsened in a subgroup of patients
(20%) after LT, probably because of the increase in body 
pain and the complications of transplantation itself/rejection,
immunosuppression and post-transplant medical and surgical
complications. On the other hand, the aspects related to family
life improved significantly in many studies; Hellgren et al. [14]
observed that patients who lived with their families had a much
better QOL than those living alone. This result demonstrates the
importance of family support in patients undergoing LT, and
indicates that family support for patients in the evaluation phase
for entering a LT programme is essential. Patients lacking family
support must receive sufficient social support from the hospital
itself.

Pain is relatively frequent in patients who receive liver trans-
plants. The frequency of this complication ranges from 15% to
50%, and its mechanism is multifactorial. Immunosuppression
treatment, underlying liver disease and the immobility or
osteodystrophy often observed in liver patients probably play a
very important role in the existence of pain, which obviously
worsens the QOL of patients with transplants [12]. Of all pos-
sible causes of pain, the most important is probably bone disease
[32,33].

Employment is an essential element of functional recovery
and, therefore, of QOL [5]. In addition, it has been demon-
strated that QOL after LT is related to income. Therefore, an
important aim of LT should be to allow the patient to return to
his or her job. The normalization or improvement in QOL
directly influences the patient’s capacity to return to work. The
percentage of patients who return to work depends, among
other things, on the type of social security available. According

to the criteria of the clinicians, more than 50% of patients who
received liver transplants were able to carry out normal work
activities. It has also been shown that, if the patients are retired
(long-term disease) before LT, the facilities for returning to the
work market are reduced. Therefore, taking into account that
returning to work improves the QOL, it may be deduced that
work aspects should be included in the parameters used to 
evaluate patients for entering a liver transplant programme.

Evaluation of QOL may be considered one of the most 
important aspects to be analysed by all members of the LT 
team (surgeons, hepatologists, psychologists, nurses and social
workers) and will aid patients undergoing OLT to have a better
QOL.

Summary and future trends

In most patients, QOL improves after transplantation, although
in some cases, it may worsen. One of the symptoms that most
often worsens is pain which, undoubtedly, may result in a worse
QOL after LT. A number of factors can result in a decreased
QOL, notably recurrence of the underlying liver disease, com-
plications that appear in the long term, especially vascular and
biliary diseases, neurological alterations, arterial hypertension
and hepatic osteodystrophy, and the absence of family support,
income and employment.

Some considerations are still necessary to improve QOL:
• incorporation of psychologists, social workers and support
nurses in the liver transplant teams;
• improvement in surgical techniques (if possible) to reduce
post-transplant vascular and biliary complications to the 
minimum (particularly important in living donor liver 
transplantation);
• development of new immunosuppressive drugs with fewer
side-effects;
• prevention and treatment of osteodystrophy;
• discovery of new antiviral agents that are effective in avoiding
viral recurrence; and
• more prospective clinical research on QOL in homogeneous
groups of patients with liver disease in LT programmes.
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25.8 Emerging therapies

25.8.1 Hepatocyte transplantation
Govardhana Rao Yannam, Jayanta Roy-Chowdhury and 
Ira J. Fox

Rationale for hepatocyte
transplantation

Since the development of techniques for the isolation of indi-
vidual cells from the liver, transplantation of isolated hepatocytes
has been considered a potential therapy for the treatment of liver
disorders. Over the last several decades, laboratories have pro-
gressively shown that primary hepatocytes can engraft in the
liver, spleen and peritoneal cavity, and can function following
transplantation to correct liver-based errors of metabolism and
prolong the survival of animals with liver failure.

Because isolated hepatocytes can be transplanted using mini-
mally invasive techniques, high-risk patients who might not 
be able to tolerate organ transplantation could potentially be
treated. Cryopreservation techniques, not applicable to the 
storage of solid organs, would allow hepatocytes to be assessed
for quality and sterility prior to their use, and would allow the
procedure to be performed when needed rather than when a
donor was available [1,2]. Theoretically, good-quality hepato-
cytes should be recoverable from damaged or cirrhotic livers,
expanding the pool of donor livers not presently used for 
transplantation.

Individual hepatocytes could be genetically modified to
enhance their function or genetically marked for non-invasive
imaging following transplantation. Because hepatocytes do not
express antigens present on endothelial cells or other cellular
components of the liver, rejection of isolated liver cells should be
manageable with less immune suppression than that required
for a whole liver graft, making hepatocyte cross-species or xeno-
transplantation possible. Successful hepatocyte xenotransplan-
tation would significantly affect the number of patients with
liver disease who might be treated by transplantation and would
change treatment dramatically. Eventually, it may be possible to

genetically modify donor hepatocytes to prevent allograft or
xenograft rejection. Experience in patients is limited, but hepa-
tocyte transplantation in severely ill patients has been performed
with few complications, engraftment has been documented in
the liver and spleen, and partial correction of liver-based
metabolic deficiency has been accomplished in a few patients.
Most of the barriers to success have been identified and sig-
nificant progress is being made.

Historical overview and laboratory
evidence of function by transplanted
hepatocytes

A technique for isolating hepatocytes was developed in 1969 
by Seglen and Jervell and later modified by Berry and Friend
[3,4]. Within a relatively short time after this development,
transplantation studies were initiated. To circumvent graft
rejection, initial studies were performed using syngeneic hepa-
tocytes derived from inbred rodents. As transplanted syngeneic
hepatocytes would be indistinguishable from native hepatocytes
in the liver, engraftment was assessed by transplantation at
extrahepatic sites, and function was determined by correction 
of liver function in animal models of induced liver failure and
liver-based metabolic deficiencies. Later, transgenic mouse and
gene transfer technologies revolutionized research on hepato-
cyte transplantation and analysis of the mechanisms involved in
hepatocyte engraftment.

Functional correction of liver-based errors of metabolism by
hepatocyte transplantation has now been documented in the
Gunn rat (a model for Crigler–Najjar type 1) [5,6], the FAH
mouse (a model of tyrosinaemia type 1) [7], the Long Evans 
cinnamon rat (a model of Wilson’s disease) [8], the mdr2 mouse
(a model of progressive familial intrahepatic cholestasis type 3)
[9], the spf-ash mouse [a model of ornithine transcarbamylase
(OTC) deficiency] [10], the Agxt–/– mouse (a model of primary
hyperoxaluria-1) [11], the Watanabe heritable hyperlipidaemic
(WHHL) rabbit (a model of familial hypercholesterolaemia)
[12] and the hyperuricaemic Dalmatian dog [13]. Familial
hypercholesterolaemia has also been partially corrected in
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WHHL rabbits using genetically corrected autologous hepato-
cytes [14].

Correction of liver function and prolonged survival has also
been shown in numerous animal models of acute liver failure.
The efficacy of hepatocyte transplantation has been demon-
strated in mice [15,16], rats [17,18], pigs [19] and dogs [20],
where hepatic failure has been induced using carbon tetrachlo-
ride [16], dimethylnitrosamine [18], d-galactosamine [21] or
ischaemia [19], and by surgical near-total hepatectomy [22].
These studies have demonstrated short-term engraftment and
transient function by transplanted cells, but have not examined
the effect of long-term engraftment by hepatocytes. Nor have
they examined the capacity of donor cells to repopulate the host
liver, which may be needed in patients with acute liver failure.
Altered behaviour in rats due to hyperammonaemia-induced
hepatic encephalopathy and decompensated liver failure in
chemically induced cirrhotic rats have also been corrected by
intrasplenic hepatocyte transplantation [23,24].

Sites for engraftment

In the normal liver and in most cases of acute liver failure 
and liver-based metabolic disorders, the hepatic architecture is
intact and accommodates transplanted cells. Within the liver
parenchyma, transplanted hepatocytes receive enriched blood
from the portal circulation, and interact with non-parenchymal
liver cells and components of the hepatic extracellular matrix,
which are thought to be important for the maintenance of the
hepatic mass. Following infusion into the portal circulation, or
implantation into the spleen, the vast majority of donor hepato-
cytes translocate to the liver and accumulate in the hepatic 
sinusoids, causing transient portal hypertension that resolves 
in hours [25–27]. Transient pulmonary dysfunction due to
embolization of hepatocytes into the lung parenchyma can also
occur. Trapping of transplanted cells in hepatic sinusoids is
most probably mediated by passive occlusion of the sinusoids by
hepatocytes as well as receptor-mediated interactions between
the transplanted hepatocytes and hepatic endothelial cells and
components of the hepatic matrix. The majority of transplanted
hepatocytes are cleared from the sinusoids, probably by
macrophages and Kupffer cells, but a fraction of the cells dis-
rupts the sinusoidal endothelium to translocate into the hepatic
parenchyma [27]. Only a fraction of hepatocytes ultimately
engrafts in the liver after intraportal or intrasplenic injection, the
number reportedly ranging from 5% to 20%. Pharmacological
disruption of endothelial integrity and sinusoidal dilatation
appear to improve engraftment [28,29]. In rodents, engrafted
hepatocytes survive for the life of the recipient.

A major limiting factor to intrahepatic engraftment is the
number of viable cells that can be injected safely at one time. The
rise in portal pressure is more pronounced in cirrhosis and is
one of the many reasons why the liver is not an acceptable site for
hepatocyte engraftment in this disease [24]. Several extrahepatic
sites for hepatocyte engraftment have been examined. These

include the spleen, the subcutaneous tissue [30], the peritoneal
cavity [31], the kidney capsule [32,33], the pancreas [34], the
mesentery [35] and the lung parenchyma [36].

The spleen appears to be the best extrahepatic site for engraft-
ment, although little is known about the mechanisms guiding
engraftment at this site [37]. Under normal circumstances, only
a small fraction of hepatocytes injected into the spleen remains
there, but a greater proportion of the cells engrafts in the spleen
in cirrhotic recipients [24], and the number of cells retained in
the spleen can be enhanced by transplantation in an alginate
matrix [38]. In the spleen, hepatocytes can survive for at least 16
months and form hepatic cord-like structures [37]. Under some
circumstances, hepatocytes engrafted in the spleen can prolifer-
ate to replace as much as 40% of the splenic mass [23,39].

The peritoneal cavity and subcutaneous tissue offer a large
space for hepatocyte engraftment but, ordinarily, these sites 
do not efficiently support long-term attachment and survival 
of isolated liver cells. Engraftment in the peritoneal cavity 
is significantly enhanced when hepatocytes are attached to 
collagen-coated dextran microcarriers or when co-transplanted
with non-parenchymal cells from the liver [40]. In the renal sub-
capsular space and subcutaneous tissue, the use of matrigel and
vascular growth factors allows engraftment and the formation 
of a functioning hepatic mass in rodents [33].

Transplantation technique

The liver, spleen and peritoneal cavity have been used clinically
for engraftment of transplanted hepatocytes. Thus far, only one
group has transplanted patients using the peritoneal cavity as 
the site of engraftment, accessing the peritoneal cavity using a
peritoneal dialysis catheter [41].

For access to the portal circulation, a number of approaches
are available. The standard non-operative route for intrahepatic
engraftment is transhepatic portal vein infusion [42]. There is
some risk of lacerating the liver using this approach; however,
this risk is thought to be offset by the prolonged length of time
and the greater use of contrast required to access the portal vein
by a transjugular approach [43]. In addition, manipulation of a
catheter within the portal vein is considered to be easier with a
transhepatic catheter. The transjugular approach to the portal
vein may be more appropriate for transplantation in patients
with ascites and in patients with an uncorrectable coagulopathy.
Small children tend to have a large respiratory excursion that
can cause a transhepatic catheter to migrate out of the portal
vein. Under this circumstance, frequent verification of catheter
location is required.

In newborns, access to the portal circulation can be accom-
plished safely through the umbilical vein. Infusion of hepato-
cytes may be complicated, however, by a patent ductus venosus.
Transplantation can be delayed until the shunt closes or the
shunt can be occluded using a balloon catheter [44]. Open 
surgical access to the portal circulation, by placement of an
indwelling catheter in the coronary vein [45] or in a small
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branch of the mesenteric vein [46,47], reduces the risk of 
bleeding, and may facilitate repeated hepatocyte infusion. In the
portal circulation, hepatocytes are infused in multiple aliquots
in a small volume of physiological saline, which reduces the 
risk of portal hypertension or thrombosis. During the infusion,
portal vein pressure, pulmonary artery pressure and systemic
arterial blood pressure are measured frequently, and oximetry is
performed. The infusion rate is reduced or stopped if significant
changes in any of these physiological parameters occur.

Transplantation for engraftment in the spleen has been per-
formed to treat both acute and chronic liver disease. Accessing
the spleen via the splenic artery has been considered the safest
approach to hepatocyte transplantation in severely ill patients
[43,48,49]. While hepatocytes have been identified in the spleens
of transplanted patients, the number of cells identified using this
approach has been quite small. The explanation for this finding
has recently been elucidated in large animal studies, where infus-
ing hepatocytes through the splenic artery produced splenic
infarction and limited engraftment of hepatocytes [50]. Portal
hypertension and clotting abnormalities have dampened the
enthusiasm for a direct splenic puncture approach for delivery
of donor hepatocytes to the spleen. Historically, however, seri-
ous complications have been rare following splenic puncture,
even in patients with severe liver disease [51,52]. In large animal
studies, direct splenic puncture with infusion of hepatocytes
into the spleen produces excellent intrasplenic engraftment with
little bleeding. The route of hepatocyte delivery has a profound
influence on hepatocyte engraftment in the spleen and may be a
major reason for the disparity in outcomes reported from the
laboratory and the clinic.

Several patients have received hepatocytes by direct splenic
puncture [48,53]. To gain access, the spleen is localized using
computerized tomography (CT) or ultrasound imaging. Under
fluoroscopic guidance, a small-gauge needle and then a catheter
are directed into the splenic parenchyma and contrast is injected
to confirm localization within the splenic pulp, and to verify
splenic and portal vein patency. Splenic pulp pressure is mon-
itored continuously. For direct splenic infusion, a high-density
cell preparation is used to decrease the likelihood that hepato-
cytes will translocate out of the spleen. Additional cells are
infused by redirection of the catheter into a different portion of
the splenic parenchyma.

Cell preparation and cell sources for
hepatocyte transplantation

Hepatocyte isolation

Hepatocytes are harvested using modifications of the two-step
collagenase perfusion technique described by Seglen and Jervell
and Berry and Friend [3,4]. In general, the liver is perfused with
a buffer containing ethylenediaminetetraacetic acid (EDTA) or
ethyleneglycotetraacetic acid (EGTA), followed by a second, 
similarly constituted, buffer that contains collagenase. Each lot 

of collagenase must be assessed for its ability to release hepato-
cytes. Individual lots of collagenase that function well to isolate
hepatocytes in mice may not function well in other species.
Following perfusion with collagenase, the capsule of the liver 
is torn, and the parenchymal cells are separated from the con-
nective tissue using a nylon gauze filter. Hepatocytes are then
washed several times and separated by centrifugation at 50 g. For
storage, isolated hepatocytes can be resuspended in ViaSpan or
cryopreserved using dimethyl sulphoxide (DMSO). Viability is
usually assessed based on the ability of cells to exclude trypan
blue. Unfortunately, this measure is a poor guide to hepatocyte
function and engraftment potential. In vitro characteristics of
isolated hepatocytes have not been shown to correlate with
engraftment [54], and the ability of the cells to adhere to tissue
culture plates 24 h after seeding is a better in vitro assay of
engraftment potential [1,55]. At this time, there is no reliable
non-invasive imaging or direct blood test for tracking donor
hepatocytes after transplantation, and the best measure of cell
quality and engraftment potential is retrospective short- and
long-term serum human albumin level in immune-deficient
mice transplanted with the isolated cells.

Human cell sources

Adult hepatocytes
In the vast majority of animal and human studies, primary hepa-
tocytes derived from adult livers have been the source of donor
cells. In mice, primary hepatocytes efficiently engraft in the liver
and, being fully differentiated, function immediately. Rodent
hepatocytes have nearly unlimited proliferative potential. In
serial transplantation studies, a small number of hepatocytes
have been shown to repopulate several generations of livers in
animals whose native liver cells have reduced longevity because
of an inherited metabolic disorder [7]. Murine hepatocytes,
however, have constitutive telomerase activity, which adult
human primary hepatocytes appear to lack. While human hepa-
tocytes proliferate in the livers of immune-deficient mice with
defective native hepatocytes, it is unclear whether they have the
same proliferative capacity as rodent cells [56,57]. As mainten-
ance of telomere length may also be necessary for long-term cell
survival, the longevity of engrafted human hepatocytes may be
limited.

The majority of donated cadaver livers are used for organ
transplantation, leaving only those unsuitable as a result of high-
grade steatosis, misdiagnosed liver disease or major parenchy-
mal laceration [55,58] available for hepatocyte isolation.
Hepatocytes isolated from steatotic livers tend to have poorer
viability than those recovered from non-steatotic livers. Even
under the best of circumstances, isolation of hepatocytes from
human livers poses a challenge when compared with isolation of
hepatocytes from animal donors. Depletion of metabolic energy
sources from prolonged cold ischaemia and marginal quality
donors do not occur in the laboratory. Several modifications 
in the hepatocyte isolation technique appear to be effective in
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protecting hepatocytes after cold preservation. Addition of ala-
nine, fructose and glycine and maintenance of a slightly acidic
pH improves sodium and calcium homeostasis, and has been
shown to improve human hepatocyte viability in marginal 
quality donor livers [55]. It remains to be seen whether these
modifications translate into improved hepatocyte function after
transplantation. Unfortunately, the engraftment potential and
function after transplantation are dramatically affected by the
length of time isolated hepatocytes are kept in cold storage
before use [59]. Finally, the ability to cryopreserve hepatocytes is
related to the initial quality of the cells, and reliable preservation
of human hepatocytes for clinical use has not been established.

Fetal hepatocytes
While ethical concerns will need to be addressed before fetal cells
are widely considered as a source of cells for clinical transplanta-
tion, fetal liver cells offer some biological advantages over adult
human hepatocytes. Fetal rat liver cells have been reported to
proliferate for as long as 6 months after transplantation in naive
adult rats and to divide as many as 10 times, while adult rat hep-
atocytes proliferate for only 1 month and divide only three or
four times [60]. Fetal liver cells have the capacity to differentiate
into both hepatocytes and bile duct cells after transplantation,
and human fetal hepatocytes tolerate cryopreservation well.
After thawing, viability of fetal hepatocytes and their ability to
engraft in the liver are excellent [61]. Fetal human hepatocytes
appear to maintain telomere length by telomerase expression
[62]. The number of hepatocytes that can be transplanted at any
one time is limited by induction of portal hypertension. As fetal
hepatocytes are smaller than adult hepatocytes, the degree of
portal hypertension after transplantation may be less than that
with an equivalent number of adult hepatocytes. While fetal
hepatocytes are available in smaller numbers, their proliferative
capacity might compensate for this. Most studies have been 
performed using late-stage rodent fetal hepatocytes. As fetal
hepatocytes for clinical use would have to come from elective
abortions, which are performed in the vast majority of cases dur-
ing the first trimester of pregnancy, the engraftment potential
and function of early gestational age fetal liver cells will need to
be investigated. In an important single study, early gestational
age fetal human hepatoblasts have been shown to engraft and
proliferate as well as day 14 fetal rodent hepatocytes [63].
Additional studies will need to be performed to confirm this
finding.

Liver stem cells
There continues to be interest in developing stem cells as a ther-
apy for repairing diseased livers. While cells of the bone marrow
and intestinal epithelium are actively repopulated by stem-like
cells that self-replicate and can differentiate into multiple cell
types, the liver regenerates from adult differentiated liver and
biliary cells. The liver also contains a small pool of duct-like cells
in the canals of Hering that appear to have stem cell properties
[64]. These small round ‘oval cells’ are capable of differentiating

into hepatocytes or bile duct cells [65]. They are not detectable
in the normal liver but can be identified when induced to divide
during liver injury, in the presence of an impairment of the 
proliferative capacity of mature hepatocytes [66–70]. Oval cell
proliferation has been described in several human liver diseases
[71]. These cells have not yet been isolated and/or purified, so
that their potential for clinical use in the near future is small.

Oval cells express CD34, Thy-1 and c-kit, all of which are pre-
sent on haematopoietic stem cells. As a result, investigators have
hypothesized that liver cells can arise from the bone marrow.
Bone marrow-derived liver cells have, in fact, been identified in
rodent and human recipients of bone marrow and liver allo-
grafts [72–74], suggesting possible transdifferentiation of bone
marrow stem cells into hepatocytes. Subsequent studies, how-
ever, indicated that the donor bone marrow-derived cells might
not have transdifferentiated into hepatocytes, but were gener-
ated by fusion of haematopoietic cells with native hepatocytes
[75,76]. There continues to be evidence that a small number 
of bone marrow cells may be able to differentiate directly into
hepatocytes without fusion. Transdifferentiation appears to be 
a rare, relatively unphysiological event, with little potential 
clinical relevance at this time [77].

Mesenchymal stem cells (MSC) present in the bone marrow
also appear to be capable of differentiating into other cell lin-
eages in vitro and have been shown to form hepatocyte-like cells,
which engraft in the liver in limited numbers following trans-
plantation [78]. Embryonic stem cells, umbilical cord blood
cells and human monocytes can all be differentiated into cells
with hepatocyte-like characteristics by manipulating culture
conditions in vitro. However, lineage-specific enrichment has
not been accomplished widely [79–81]. While these cells have
been shown to engraft in the liver in small numbers after trans-
plantation, correction of liver disorders by transplantation has
not been demonstrated.

Animal hepatocytes

Because of the many limitations to the use of human fetal and
adult hepatocytes for clinical transplantation, alternative cell
sources have been examined for their potential use in patients.
Hepatocytes derived from animal donors could potentially solve
many of the challenges associated with the use of human cells.
Xenotransplantation of hepatocytes is not limited by the avail-
ability of donors and, as pig hepatocytes do not appear to be 
susceptible to infection by human hepatitis viruses, they might
be preferred over human hepatocytes for transplantation in
patients with viral hepatitis.

Pig hepatocytes have been transplanted with some success in
animal studies. Gunsalus et al. [82] transplanted pig hepatocytes
into the livers of WHHL rabbits, which manifest severe hyper-
cholesterolaemia because of a deficiency in low-density lipopro-
tein (LDL) receptors. There was a 30–60% decrease in serum
cholesterol levels in the rabbits that received hepatocyte xeno-
transplantation, with only ciclosporin A for immunosuppression.
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In another study, pig hepatocytes transplanted into the spleens
of cirrhotic rats with endstage liver disease produced improve-
ment in hepatic function and greatly prolonged survival [38].
Retransplantation was accomplished with minimal immuno-
suppression and resulted in long-term function of the trans-
planted hepatocytes and dramatic improvement in survival.
While natural antibodies appear to be an insurmountable 
barrier to organ xenotransplantation, this barrier has not been
limiting for the survival of hepatocyte xenografts.

A major impediment to performing clinical xenotransplanta-
tion is the risk of transferring a recombinant animal virus to 
the transplant recipient. Proviral DNA of porcine endogenous
retroviruses (PERV) is integrated into the genome of all pigs
[83] and, because there would be no natural resistance to infec-
tion with such a virus in man, cross-species infection would be a
major public health concern. So far, PERV has been transferred
to human cells in tissue culture, but transmission has not
occurred in humans connected to or transplanted with pig liver
xenografts [84,85].

Transplantable hepatocyte cell lines

Despite the fact that primary adult hepatocytes have tremen-
dous proliferating capacity, techniques for maintaining and
expanding differentiated hepatocytes in long-term tissue culture
are not yet available. Transplantable hepatocyte cell lines, how-
ever, have been developed. Conditionally immortalized hepato-
cytes grow in culture and retain many of their functional
hepatocyte-like properties. Hepatocytes have been immortal-
ized by transduction with the gene encoding the SV40 T antigen,
the active subunit of human telomerase (hTERT) and the gene
encoding constitutive expression of the hepatocyte growth 
factor receptor (truncated cMet) [62,86,87]. Transplantation of
immortalized rodent hepatocytes has resulted in amelioration of
inherited liver diseases [88,89], and has improved liver function
and prolonged survival in animal models of acute liver failure
[22] and endstage cirrhosis [54]. The major concern for clinical
use is the risk of malignant transformation. To deal with this
concern, immortalized human hepatocyte cell lines have been

generated with excisable transforming genes and incorporation
of suicide molecules, such as the herpes simplex virus thymidine
kinase gene, that would allow elimination of transplanted cells
should malignant transformation occur in the recipient [90].
Extensive preclinical studies will be required before such cell
lines could be used in clinical trials and, initially, only high-risk
patients who are not candidates for organ transplantation would
be considered.

Clinical experience

To date, the immunosuppression used for human hepatocyte
transplantation has been similar to that used to control rejection
of whole organ liver allografts. The lack of non-invasive methods
for assessing hepatocyte engraftment has made it difficult to
optimize immunosuppressive regimens in the few patients so 
far transplanted.

Acute liver failure

Habibullah et al. [41] were the first to transplant isolated hepa-
tocytes in patients with fulminant hepatic failure. In India, seven
patients received human fetal hepatocytes. All had advanced
grade III–IV hepatic encephalopathy and received a single
intraperitoneal infusion of 60 million cells/kg body weight
through a peritoneal dialysis catheter. The patients who did not
consent to the procedure were taken as the ‘control subjects’. All
transplant recipients with grade III hepatic coma survived,
whereas only 50% of the unmatched control subjects survived.
Of the remaining four patients transplanted who had grade IV
encephalopathy, only one recovered. While long-term engraft-
ment in the peritoneum has not been accomplished by infusion
of hepatocytes alone, this experience was encouraging for short-
term clinical function by transplanted liver cells.

Subsequent clinical studies in patients with acute liver 
failure have been performed using adult allogeneic hepatocytes
(Tables 1 and 2). Of the 20 patients reported to have received
hepatocyte transplantation for acute liver failure, two recovered
without organ transplantation. In seven patients, hepatocyte

Table 1 Human hepatocyte transplant experience in the treatment of acute liver failure: fetal hepatocyte (26–34 weeks gestational age) transplantation.

Age (years) Protime index Route No. cells HE Outcome
(PT patient/control)

32 3 IP 60 × 106/kg BW IV Died 30 h

8 1.5 IP 60 × 106/kg BW III Recovered

40 3.1 IP 60 × 106/kg BW IV Died 13 h

29 2.6 IP 60 × 106/kg BW IV Died 37 h

20 2.7 IP 60 × 106/kg BW IV Died 48 h

20 1.4 IP 60 × 106/kg BW IV Recovered

24 1.4 IP 60 × 106/kg BW III Recovered

IP, intraperitoneal; BW, body weight; HE, hepatic encephalopathy; PT, prothrombin time.
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transplantation served as a bridge to subsequent organ trans-
plantation, and the remaining patients died from sepsis and/or
multiple organ system failure. Most patients received their cells
via the splenic artery for engraftment in the spleen, although a
small number underwent infusion through the portal circula-
tion for engraftment in the liver. Evidence of engraftment was
confirmed histologically in several patients in both the spleen
and the liver [43,48,49]. The procedure has been performed with
few complications, despite the patients’ desperate state of health.
Anecdotal reports of functional and biochemical improvement
in liver function have been published, but it is not clear whether
the transplanted hepatocytes produced the clinical benefit. As
has been the case with studies examining the efficacy of liver
assist devices, small patient numbers, a lack of control subjects
and multiple aetiologies for liver failure make these reports
difficult to interpret. The discrepancy between the highly
encouraging results in the laboratory and the modest clinical
benefit is not surprising, as there is suppression of liver regenera-
tion in patients with advanced acute liver failure, whereas the
regenerative capacity of hepatocytes is not suppressed in most
laboratory animal models used for studying the treatment of
liver failure [91]. In addition, a majority of the patients were
transplanted with a relatively small number of hepatocytes, and
many patients received the cells through the splenic artery. It is
possible that repeated infusion of a larger number of hepatocytes,
with the goal of engraftment in the liver, could improve outcomes.

Chronic liver failure

The first treatment of chronic liver disease by hepatocyte trans-
plantation was performed in 1992 by Mito et al. [53], who
described results in a small series of patients with liver cirrhosis
who received autologous hepatocytes recovered from their own
partial hepatectomy specimens. The therapeutic strategy was
based on the proposition that dysfunction of native hepatocytes
in cirrhosis could result from the abnormal environment within
the cirrhotic liver. Transplantation was performed by splenic
puncture or by infusion through the splenic artery or the portal
vein. Hepatocytes were detected in the spleen of one patient 11
months after transplantation by radioisotope imaging. In the
USA, eight additional patients with decompensated cirrhosis
have received hepatocyte transplants [48]. In each case, hepato-
cytes were infused through the splenic artery. Although
engrafted hepatocytes have been visualized in the spleens of
some of these patients by radioisotope uptake and anecdotal
improvement in liver function has been reported, it is again
unclear whether the transplanted hepatocytes significantly
affected the patients’ clinical outcome (Tables 3 and 4). As 
noted previously, the discrepancy in clinical efficacy compared
with that in the animal experiments may relate to the fact 
that the hepatocytes were transplanted in patients through the
splenic artery, a route associated with relatively poor engraft-
ment [50].

Table 2 Human hepatocyte transplant experience in the treatment of acute liver failure: allogeneic adult hepatocyte transplantation.

Age Disease No. cells Site Outcome

32 years Etoh 1.3 × 109 (frozen) Spleen Imp INR; imp HE; cells identified; died 14 days – sepsis 

35 years Etoh 1.0 × 1010 (frozen) Spleen Imp INR; imp HE; cells identified; died 20 days – Aspergillus

29 years Etoh, HSV 1.0 × 1010 (frozen) Spleen/liver Hypoxaemia; cells identified – lungs and liver; died 18 h – HSV

65 years Etoh, HBV 3.0 × 1010 (frozen) Spleen/liver Hypoxaemia; imp INR; imp HE; cells identified; died 52 days – MOSF

55 years Etoh 4.0 × 1010 (frozen) Spleen Died 6 h – MOSF

15 years Etoh 4.0 × 107 (frozen) Liver Imp NH3; died 2 days; cells identified

12 years Drug reaction 1.2 × 109 (frozen) Liver Died 4 days; cells identified

3 years Idiopathic 4.0 × 109 (frozen) Liver Complete recovery

27 years Dilantin 2.8 × 107 (fresh) Spleen OLT 10 days; imp NH3; PCR+ donor DNA in liver

28 years HBV 1.9 × 108 (frozen) Spleen OLT 3 days

37 years Valproate, HSV Died 5 days – sepsis

23 years Idiopathic OLT 5 days

43 years HBV OLT 1 day

26 years Paracetamol OLT 1 day

37 years HBV Complete recovery; HE Gr I pre-transplant

69 years s/p liver resection Died 2 days – cardiopulmonary

5 months Idiopathic OLT 2 days

13 years Dilantin 2.9 × 108 (frozen) Spleen Died 4 days – brain death

53 years Halothane 4.4 × 109 (fresh) Liver Imp HE; imp INR; died 35 days – sepsis; cells identified

4 months A1AT 1.4 × 108 (fresh) Liver Liver cirrhosis; PV clot; OLT 12 days

BW, body weight; Etoh, alcoholic hepatitis; HSV, herpes simplex virus; HBV, hepatitis B virus; s/p, status post; A1AT, alpha-1-antitrypsin deficiency; 

imp, improved; INR, international normalized ratio; HE, hepatic encephalopathy; MOSF, multiple organ system failure; PV, portal vein; PCR, polymerase chain

reaction; PT, prothrombin time; Gr, grade; OLT, orthotopic liver transplant.
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Liver-based metabolic disease

The first attempted treatment of a metabolic disorder by ex vivo
gene therapy was performed in patients with familial hyper-
cholesterolaemia. The procedure, which was based on laboratory
studies in mutant WHHL rabbits, consisted of isolation of 
primary hepatocytes from liver segments obtained from the
patients by partial hepatectomy, followed by transduction with
recombinant retroviruses expressing the gene encoding the LDL
receptor. The phenotypically corrected autologous hepatocytes
were then infused back into the liver of the donors through the
portal circulation. Low levels of transgene expression were
demonstrated in the liver of these patients, but the metabolic
response observed was not clinically significant [92].

In all subsequent cases, allogeneic hepatocytes have been
transplanted into patients to correct a variety of metabolic 
disorders. These include ornithine transcarbamylase (OTC)
deficiency [44,93], alpha-1-antitrypsin deficiency [48], glycogen
storage disease type 1a [94], infantile Refsum’s disease [46], 
factor VII deficiency [47], bile salt export protein deficiency
(PFIC2) [95] and Crigler–Najjar syndrome type 1 [42]. Partial

but significant improvement in the metabolic syndrome has
been documented in several diseases. In a patient with glycogen
storage disease type 1a, hepatocyte transplantation resulted in
improved glycaemic control, although no increase in enzyme
activity or evidence of engraftment by transplanted cells was
demonstrated by liver biopsy. In a child with infantile Refsum’s
disease, serum dihydroxycoprostanoic acid levels remained
improved for more than 1 year after transplantation. Eleven
days after infusion of more than 4 billion hepatocytes in an
infant with severe OTC deficiency, there was documented 
biochemical and clinical improvement; however, the enzyme
activity was lost after this period, presumably as a result of acute
rejection [44]. Unequivocal evidence of long-term function by
transplanted human hepatocytes was obtained in a 10-year-old
child with Crigler–Najjar syndrome type 1 (UGT1A1 deficiency).
This patient’s total serum bilirubin levels and the requirement
for phototherapy were reduced dramatically, bilirubin con-
jugates were identified in the bile, and a post-transplantation
liver biopsy demonstrated enzyme activity (Tables 5 and 6).
Continued function of the engrafted cells was demonstrated 
by analysis of pigments excreted in bile for nearly 3 years 

Table 3 Human hepatocyte transplant experience in the treatment of chronic liver failure: autologous hepatocyte transplantation.

Age (years) Disease/severity No. cells Site Outcome

54 Childs A,B 1.1 × 108 (fresh) ?Spleen (DP/SA) – liver + Scan at 1 month

46 Cirrhosis 1.7 × 107 (fresh) ?Spleen (DP/SA) – liver + Nuclear or CT scan 3 months

48 Cirrhosis 1.0 × 108 (fresh) ?Spleen (DP/SA) – liver + Nuclear or CT scan 3 months

54 Cirrhosis 2.0 × 107 (fresh) ?Spleen (DP/SA) – liver ?+ Nuclear or CT scan 6 months

58 Childs A 4.4 × 107 (fresh) ?Spleen (DP/SA) – liver + Nuclear or CT scan 1 month

58 CAH 6.0 × 108 (fresh) ?Spleen (DP/SA) – liver

64 Childs C 2.0 × 108 (fresh) ?Spleen (DP/SA) – liver HA ligation + Nuclear scan at 11 months; imp HE; returned to work

78 Childs C 1.0 × 108 (fresh) ?Spleen (DP/SA) – liver HA ligation + Nuclear or CT scan at 3 months

68 Childs C 1.0 × 108 (fresh) ?Spleen (DP/SA) – liver HA ligation + Nuclear or CT scan at 5 months

78 Childs B 1.0 × 108 (fresh) ?Spleen (DP/SA) – liver HA ligation

DP/SA, direct puncture of the spleen/splenic artery infusion; imp, improved; HE, hepatic encephalopathy; CT, computerized tomography.

Table 4 Human hepatocyte transplant experience in the treatment of chronic liver failure: allogeneic hepatocyte transplantation.

Age Disease No. cells Site Outcome

52 years A1AT 2.2 × 107 (frozen) Spleen OLT 2 days; imp NH3; A1AT level 19–92 mg/dL

40 years HCV 7.5 × 106 (frozen) Spleen Died 2 days – brain death/ICP monitor; imp NH3; cells identified at autopsy

6 months TPN cholestasis 5.2 × 107 (frozen) Spleen Died 7 days – brain death; imp NH3

62 years Etoh cirrhosis Died after discharge 33 days

25 years Etoh hepatitis/cirrhosis 4.8 × 109 (fresh) Spleen ?+ Scan; imp TB; imp INR; imp HRS (TIPS); died 50 days – sepsis

Etoh cirrhosis Recovered

Etoh cirrhosis Recovered

Etoh cirrhosis Recovered

DP/SA, direct puncture of the spleen/splenic artery infusion; imp, improved; A1AT, alpha-1-antitrypsin deficiency; HCV, hepatitis C virus; TPN, total parenteral

nutrition; Etoh cirrhosis; alcoholic cirrhosis; Etoh hepatitis, alcoholic hepatitis; INR, international normalized ratio; HRS, hepatorenal syndrome; 

TIPS, transjugular intrahepatic portosystemic shunt; ICP, intracranial pressure; OLT, orthotopic liver transplantation.
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after transplantation. After this, the patient underwent liver
organ transplantation because of continued requirement for
phototherapy and slowly rising bilirubin levels [95].

Number of cells required to correct liver
disease

The hepatocyte mass required to cure the various forms of liver
disease is not known, and animal studies have not been
specifically designed to answer this question. The number of
liver cells needed to replace function will depend on whether 
the indication for transplantation is liver failure or a metabolic
deficiency. Hepatocyte transplantation has not completely cor-
rected any metabolic abnormality. This failure to completely
correct enzyme deficiencies is explained by the relatively small
number of hepatocytes that are engrafted in most transplant
recipients. As the number of cells that can be transplanted is lim-
ited by concerns for the development of portal hypertension,
repeated intraportal infusion of hepatocytes could be effective.
In Nagase analbuminaemic rats, this approach has allowed suc-
cessful engraftment of a relatively large number of hepatocytes
and more effective correction of the animal’s metabolic
deficiency [96]. Both laboratory studies and the clinical experi-
ence underline the need for strategies to achieve significant pro-
liferation of the engrafted cells. Furthermore, in some metabolic

diseases, such as primary hyperoxalurias, where the liver cells
generate excessive oxalate, or alpha-1-antitrypsin deficiency,
where intracellular deposition of mutant proteins causes liver
injury [97], it would be desirable to replace the majority of the
host hepatocytes with the progeny of the engrafted phenotypi-
cally normal hepatocytes. As the total liver mass tends to 
be maintained by physiological mechanisms within a narrow
range, obtaining a massive growth of the engrafted cells would
require preferential proliferation of the transplanted cells over
host hepatocytes.

In acute liver failure and several animal models of metabolic
liver disorders, transplanted hepatocytes have a proliferative
advantage over native liver cells. In the transgenic Alb-uPA
mouse, the fumaryl acetoacetate dehydrogenase-deficient
mouse (a model of hereditary tyrosinaemia type 1), the mdr2–/–
mouse and, to a lesser extent, the Long Evans cinnamon rat (a
model of Wilson’s disease), sustained damage of the host hepa-
tocytes leads to preferential expansion of donor cells [8,9,98]. In
theory, human tyrosinaemia type 1 and Wilson’s disease could
be treated in a manner similar to that in rodents. However, in
most liver-based metabolic disorders, donor hepatocytes do not
have a selective growth advantage over native hepatocytes. In
laboratory animals with normal hepatic architecture, hepatic
irradiation and the drug retrorsine can block the proliferation 
of host hepatocytes, while partial hepatectomy or infusion of
hepatocyte growth factors, such as thyroid hormone or hepatic
growth factor, could be used to stimulate the expansion of donor
hepatocytes [99–101]. Under these circumstances, the prolifera-
tion of the transplanted cells is coupled with apoptosis of the
host hepatocytes, resulting in massive hepatic repopulation,
without an increase in the total liver mass. Using this strategy,
over 90% of the host hepatocytes in rats and mice could 
be replaced by the progeny of the engrafted hepatocytes, result-
ing in complete correction of hyperbilirubinaemia in the 
Gunn rat model of Crigler–Najjar syndrome type 1 and aboli-
tion of hyperoxaluria in the Agxt–/– mouse model of primary
hyperoxaluria-1 [11] (see Plate 25.8.1 facing p. 1268).

Thus, in patients with acute liver failure and metabolic
deficiencies that significantly reduce the longevity of host hepa-
tocytes, spontaneous repopulation of the host liver with donor
cells holds the best hope for cure. In liver-based metabolic

Table 5 Human hepatocyte transplant experience in the treatment of 
liver-based metabolic disease.

Autologous hepatocyte transplantation
Gene therapy (LDL receptor) for familial hypercholesterolaemia

Age (years) No. cells

28 1.1 × 109

12 1.3 × 109

7 1.0 × 109

41 3.0 × 109

12 1.5 × 109

Outcome
Transgene expression on liver biopsy 

Reduction in LDL levels in three patients

Table 6 Human hepatocyte transplant experience in the treatment of liver-based metabolic disease: allogeneic hepatocyte transplantation.

Disease Age No. cells Outcome

OTC 5 years 1.0 × 109 (fresh); 0.7 × 109 (frozen) Biopsy: enzyme activity 0.3–0.5 nL; died 43 days

GSD1a 47 years 2.0 × 109 (fresh) Biopsy: enzyme activity at 8 weeks 9 nmol/min/mg; no hypoglycaemia on normal diet  

OTC Newborn 4.0 × 109 (fresh) Day 20–31: normal protein intake off meds; auxiliary OLT 6 months

CN1 10 years 7.5 × 109 (fresh) TB 462–200 µM/L; bile 33% bili glucuronides; biopsy: enzyme activity 5.5% normal

Infantile refsum 4 years 1.1 × 109 (fresh); 2.0 × 109 (frozen) Partial clearance abn bile acids; pipecholic acid 60% pre-tx levels; C26:C22 ratio

64% pre-tx levels; standing and walking 6 months post-tx

OTC, ornithine transcarbamylase deficiency; GSD1a, glycogen storage disease type 1a; CN1, Crigler–Najjar syndrome type 1; TB, total bilirubin; 

OLT, orthotopic liver transplant; bili, bilirubin; abn, abnormal; tx, transplant.
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deficiencies where there is no proliferative advantage of trans-
planted cells, even repeated hepatocyte infusion is unlikely to
replace more than 5–10% of hepatocyte mass. In these cases,
strategies that combine stimulation of mitosis of the trans-
planted cells and inhibition of proliferation of host hepatocytes
may result in cure. In cirrhotic rats, transplantation of as few as
1–3% of the normal hepatocyte mass into the spleen improves
overall liver function and survival, suggesting that engraftment
at a site outside the deleterious environment of the cirrhotic
nodules is critical for the function of these cells [24]. It is not
known at this time whether this finding is applicable in human
subjects.

Summary

Laboratory studies and clinical trials, spanning several decades,
have demonstrated the potential of hepatocyte transplantation
in the treatment of acute and chronic liver failure, as well as in
inherited metabolic liver diseases. Universal application of this
strategy, however, will require overcoming several barriers.
First, the availability of high-quality fresh hepatocytes that can
be cryopreserved and used subsequently for transplantation is
extremely limited. Alternatives to adult hepatocytes from
deceased donors that are being explored include fetal hepato-
cytes, stem cells of various types, conditionally immortalized
hepatocytes and xenogeneic hepatocytes. Autologous hepato-
cytes are being tested as vehicles of ex vivo gene therapy. Second,
animal studies and clinical trials show that it may not be possible
to transplant adequate numbers of cells in a single session to
fully cure inherited metabolic diseases. In rare circumstances,
the metabolic disease reduces the lifespan of host hepatocytes
significantly, resulting in spontaneous and extensive replace-
ment of host hepatocytes by the transplanted cells. In other
cases, it may be necessary to inhibit the proliferation of host 
hepatocytes, for example by irradiation, while stimulating the
proliferation of the engrafted cells. Third, there is a discrepancy
between the encouraging results obtained in animal models 
of acute liver failure and those in clinical trials of acute liver 
failure. This is partly because of the fact that the animal models
used do not fully represent human acute liver failure, in which
host liver regeneration is suppressed by the disease process. 
Also, inadequacies in the number of transplanted cells and the
route of administration may be responsible for the modest 
outcome. Finally, the cirrhotic liver may not be an appropriate
site for hepatocyte engraftment, not only because of increased
risk of portal hypertension and pulmonary embolism, but also
because of the abnormal environment in cirrhotic nodules.
Transplantation in extrahepatic sites may be beneficial in 
these cases, although this has not been evaluated in clinical 
trials.

Thus, the feasibility and therapeutic benefit of hepatocyte
transplantation in the treatment of a wide range of human liver
diseases have been demonstrated. However, the coordinated
effort of multiple investigators will be required to cross the

remaining hurdles before the enormous potential of this thera-
peutic strategy can be harnessed.
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25.8.2 Liver support
Vanessa Stadlbauer and Rajiv Jalan

Mortality rates in patients with liver failure remain unacceptably
high. In patients with acute liver failure (ALF), mortality is
approximately 15–35% [1,2]. Acute-on-chronic liver failure
(ACLF) has been defined as acute deterioration of liver function
over a period of 2–4 weeks, usually associated with a precipitat-
ing event, with jaundice and either hepatic encephalopathy or
hepatorenal syndrome. A high SOFA (sequential organ failure
assessment) or APACHE II (acute physiological and chronic
health evaluation) score predicts poor survival [3,4]. Hospital
mortality in this group of patients is high, between 63% and
100% [5]. Primarily the lack of detoxification, but also the 
lack of metabolic and regulatory function of the liver, leads to
complications and, ultimately, to the patient’s death from mul-
tiorgan failure: cerebral oedema, encephalopathy, circulatory
dysfunction, renal failure and immune failure [3,4].

At present, the most successful treatment for liver failure is
liver transplantation, with survival rates ranging from 70% to
85%. However, mortality rates for liver failure are still high
because of the shortage of available human donor organs. In
2003, about 16% of patients listed at United Network of Organ
Sharing (UNOS) 1 (ALF) and 10% listed UNOS 2a and 2b
(ACLF) died on the waiting list in the USA (Organ Procurement
and Transplantation Network/Scientific Registry of Transplant
Recipients Annual Report). Living-related liver transplantation
is increasing, but only in about 30–50% of cases can a suitable
organ donor be found. Also, a donor death rate of 0.2% and 
reasonable donor morbidity limit this approach [6,7]. Attempts

to artificially support liver function are aimed at stabilizing
patients with ACLF and ALF while they are waiting for a suitable
donor liver. In ALF, an effective liver support device can also
allow such patients to be bridged successfully to full recovery
and thus avoid unnecessary transplantations and the problems
of long-term immunosuppression [8–10]. It is also possible that
chronic intermittent treatment of cirrhotics with an artificial
liver support device, in the style of artificial kidney support 
by haemodialysis, could reduce symptoms of cirrhosis such as
tiredness, hepatic encephalopathy, jaundice, pruritus or haem-
orrhagic diathesis.

Therefore, conceptually, artificial liver support is very attrac-
tive and, over the past 50 years, there has been enormous interest
in the development of such devices to bridge patients to liver
regeneration or liver transplantation. The various liver support
systems attempting to reach these goals include conventional
haemodialysis, charcoal haemoperfusion, high-volume plasma
exchange, extracorporeal organ perfusion, liver dialysis using
sorbent technology, albumin dialysis, fractionated plasma sepa-
ration and adsorption, and bioartificial livers containing various
sources of hepatocytes.

Requirements for an ideal liver support
device

Liver failure impairs all functions of the liver: synthesis,
detoxification and bile excretion [11]. An ideal liver support
device should replace all these functions.

Synthesis functions can only be replaced by systems contain-
ing viable cells or substitution by infusion of the missing sub-
stances [11,12]. Detoxification is hampered by impairment of
the urea cycle, which leads to hyperammonaemia, as well as
impairment of protein breakdown, leading to the accumulation
of a variety of toxins in the blood [13]. Most of these toxins are
albumin bound and cannot be adequately removed by conven-
tional haemodialysis or haemofiltration. The removal of accu-
mulated toxins may lead to the interruption of the vicious cycle
that leads to endorgan failure. Systems capable of this function 
can possibly significantly improve the outcome of liver failure
[13–15]. Furthermore, the reversal of inflammatory processes
ongoing in the liver is believed to be beneficial [16]. An ideal
artificial liver should remove regeneration-inhibitory substances
but not regeneration-stimulating factors [17]. Besides its func-
tion, an artificial organ support device has to be safe in terms of
biocompatibility with membranes and cells and should not
carry a risk of infection. Furthermore, for the wide use of such a
system, it must be practical and easily available. Until now, no
general consensus on the functional and safety issues of artificial
liver support devices has been published.

Historical aspects

Artificial support systems for liver failure have been widely avail-
able for several decades but only recently are the results from
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these early experiments starting to provide the basis for current
systems. The first experiments go back to the late 1950s. In 
1956, Kiley et al. [18] reported the use of haemodialysis to 
treat five patients with hepatic encephalopathy with the purpose
of removing ammonia from the blood. Four patients showed
improvements in their consciousness level; however, no
improvement in long-term survival was observed, and all
patients died within 1 month. Also in the late 1950s, some 
experiments with cross-haemodialysis between a human and a
dog [19] and sliced canine liver [20] were published. Nose et al.
[20] described for the first time a hybrid system consisting 
of freeze-dried canine liver granules separated by a highly-
permeable gel-type cellophane membrane from the patient’s
blood. Carbohydrate metabolism and ammonia detoxification
were maintained in this metabolic chamber. Four patients were
treated with this system, and three showed at least temporary
improvement. It is noteworthy that these experiments took
place before liver transplantation was available [21].

In the following years, haemoperfusion techniques became
popular. The use of membranes such as polyacrylonitrile
allowed the removal of higher molecular weight substances 
[22]. Twenty-four patients with fulminant viral hepatitis were
treated, and the membrane was found to be more effective 
than a simple cellulose membrane because it allowed the 
rapid transfer of substances with a molecular weight of up to 
15 000 Da, which included many molecules suspected of 
being involved in encephalopathy. Seventeen of the 24 patients
showed improvement in their neurological function, with five
(22%) of these achieving a full recovery, but there was no
significant improvement in survival compared with standard
treatment.

In 1966, Eiseman [23] reported his results with extracorporeal
pig liver perfusion for the treatment of severe hepatic
encephalopathy, which resulted in a slight improvement in
encephalopathy, but not in survival rates. Extracorporeal per-
fusion using human [24] or baboon [25,26] livers has shown
benefits in small case series, but both these techniques have the
problem of sufficient donor supply. After these early experi-
ences, no clinical applications of extracorporeal liver perfusion
have been published for nearly 10 years.

In the meantime, resin exchange columns were developed
using specific ligands for the removal of cytokines, protein-
bound and lipid-soluble substances, such as bilirubin and bile
acids [27,28], membranes for the removal of endotoxins and
hydrophilic liquid membranes for the removal of ammonia,
phenols and fatty acids [29,30].

Plasma exchange has been tried for the removal of hepatic
toxins and replacement with beneficial factors. Plasma from 
the patient is separated and replaced with an equivalent 
volume of fresh frozen plasma. The compounds removed 
are mostly unknown [31,32]. Improvements in patients’ neuro-
logical function and coagulation parameters were demon-
strated, but no significant increase in survival rates was reported
[33,34].

Limitations of the early concepts in artificial
liver support

The problem with filtration techniques was the incompatibility
between blood and the extracorporeal circuit, which resulted in
complement and platelet activation, leucopenia and the removal
of coagulation factors, leading to many risks in patients who
have pre-existing coagulation defects [35]. This process also
removes a number of hormones and growth factors, such as
hepatocyte growth factor, which are known to play important
roles in liver regeneration [36,37].

In extracorporeal liver perfusion, there are major concerns
regarding the possible transmission of disease and the activation
of xeno-antibodies. There are isolated reports of xenogenic
extracorporeal liver perfusion, which have shown the develop-
ment of antibodies after repeated treatments. However, sub-
sequent perfusions were performed without any detrimental
effects [25,26]. In fact, the immunosuppressive effect of liver
failure itself may allow xenogenic tissues to be used repeatedly
over several days [37].

Resins were found to be more successful in removing sub-
stances than charcoal alone, but they also remove leukocytes and
platelets. Biocompatible polymer coatings were developed to try
to reduce this problem with some success [27]. Plasma separa-
tion may be superior to whole blood perfusion due to fewer
problems of incompatibility and circuit clotting. This advance
provides the possibility of avoiding the potential problems of
anticoagulation in patients who have severe coagulopathy [35].
The main disadvantage of this approach is that plasma has only
limited oxygen-carrying capacity, and perfusion with whole
blood is simpler to perform. Limited removal of toxins com-
bined with the high volumes of plasma required leads to coagu-
lation imbalance and high cost [38].

Bioartificial liver support

Bioartifical liver (BAL) refers to hybrid systems using viable
cells, in general hepatocytes, as a biocomponent in an extracor-
poreal device connected to the patient’s circulation. Several cell
types and several culture techniques have been developed. When
a bioartificial, cell-containing, system is used, the minimum
quantity of cells has to be determined. Data from hepatic resec-
tion suggest that 150–450 g of cells (1010 hepatocytes), which
comprises 10–30% of the normal liver mass, is required. When
cells with smaller functional capacity are used, this number
needed may be higher [12,39].

Cell types

Primary cells
Primary human hepatocytes would be ideal, but their availabil-
ity is limited because of lack of donor organs. Human fetal hepa-
tocytes have been discussed and seem to be useful because of
their capacity to proliferate, but the use of fetal hepatocytes is
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limited by the relative lack of differentiation and ethical issues.
Primary porcine hepatocytes are therefore the next best choice
and are widely used in BAL. A great advantage of porcine hepa-
tocytes, unlike human liver cells, is that they can be isolated on a
large scale and at a convenient time, followed by cryopreserva-
tion and storage prior to use, thus avoiding the costs and 
contamination risks of long-term hepatocyte culture. Pigs have
similar physiology to humans, and one porcine liver can provide
enough hepatocytes for several BAL treatments [40]. Primary
porcine hepatocytes outperformed all available liver cell lines in
terms of biotransforming functions [41]. The major drawback
of primary cells is the loss of function over time in culture [42].
Porcine hepatocytes, for example, have stable albumin secretion
but declining expression of cytochrome P-450 [43,44]. Improve-
ments in culture conditions may increase the stability of func-
tion. Xenogenic cells bear the risk of xenozoonosis. Porcine
endogenous retroviruses (PERV) have raised major concerns, as
they have been shown to infect human cells in vitro [45].

Immortalized cell lines
Human immortalized cell lines have been generated by either
spontaneous immortalization or retroviral transfection. Several
cell lines have been developed and characterized [46]. Efforts 
to improve the control and safety of cell-based therapies 
with immortalized cells have resulted in the use of temperature-
sensitive SV40Tag, 46 Cre-loxP-mediated oncogene excision
and integration of suicide genes such as HSV-tk [47–49]. Several
cell lines have been developed and characterized. The C8-B rat
cell line and the human Hep Z cell line have been shown to
express albumin mRNA [47,50]. OUMS-29 and NKNT-3 are
human fetal cell lines that express albumin and glutamine 
synthetase RNA and are able to metabolize urea [48,49].
Another human fetal cell line, Yoon [51], and an immortalized
porcine cell line, HepLiu [52], have not been shown to produce
albumin or to metabolize urea. Human cell lines that immort-
alized spontaneously, such as HH25 and HHY41, produce 
albumin and express mRNA of alpha-fetoprotein and glucose-
6-phosphatase [53,54].

Tumour cell lines
Cell lines derived from hepatic tumours, such as C3A (a sub-
clone of HepG2), HepG2 itself, HuH6 or JHH2, have already
been used in clinical trials [55–59]. C3A has been studied exten-
sively and has been shown to retain differentiated hepatic func-
tions while showing a short population doubling time and
contact inhibition [60,61]. The risk of transmitting oncogenic
substances or cells into the patient’s circulation remains a con-
cern. Filters preventing transmission have been implemented in
the BAL design as an extra precaution. However, the extracapil-
lary passage of HepG2 cells from a hollow fibre membrane was
observed in in vitro BAL experiments.

Stem cells
Human embryonic stem cells can be differentiated into hepato-

cytes in vitro with sodium butyrate in the culture medium [62].
Multipotent adult progenitor cells from bone marrow can dif-
ferentiate into functional hepatocytic cells with the production
of albumin and urea [63]. These cells are potential candidates
for developing BALs; however, one should keep in mind that
neither transdifferentiation nor dedifferentiation of such cells
can be guaranteed in BAL modules.

Hepatocyte bioreactors

Hepatocyte bioreactors can be classified according to their 
culture technique. The hepatocytes may be encapsulated in 
gels, immobilized on collagen-coated flat plates, cultured in or
outside semipermeable hollow fibres (directly or attached to
microcarriers) or cultured within a porous three-dimensional
matrix, allowing direct plasma perfusion conditions in the cells.

Encapsulation
Liver cells encapsulated in alginate were used in several BALs
[16,64,65]. Also, other materials have been investigated, such as
cellulose [66], different polymers [67] and polyethylene-glycane
[64,68]. This development is still in the experimental phase, and
no clinical application has been reported.

Coated plates
Hepatocyte monolayers on collagen-coated plates seemed to 
be promising in terms of cell viability and function [69]. This
technique was expanded further using sandwich layers [70] or
fructose-modified chitosan [71], but was then abandoned
because other techniques seemed more promising.

Semipermeable hollow fibres
The principle of the hollow fibre-based artificial liver has been
the most successful so far. Blood or plasma is passed through the
intracapillary lumen, whereas hepatocytes are attached to the
outside of the semipermeable fibre membrane. Interaction
between the cells and the plasma of the patient can occur
through the semipermeable membrane [72]. Different types 
of hollow fibre-based BALs with regard to the oxygen supply
have been reported: a network of fibres including capillaries 
for oxygenation of the cells [73]; an extra oxygenator of the
plasma before entering the BAL [37]. Cells can also be cultured
inside the lumen with plasma flowing at the outside of the 
hollow fibre [74]. The disadvantage of these devices is the 
indirect contact between plasma and liver cells in contrast to 
the in vivo situation.

Culture within a porous three-dimensional matrix
In this bioreactor type, cells are attached to a non-woven
polyester fabric. This matrix is enclosed either as different pieces
in a cartridge or as a spirally wound tissue. The space between
the different layers can be filled with polypropylene oxygen
fibres to provide a site for optimal oxygenation of the cells inside
the bioreactor [75,76]. In this type of BAL, the plasma is in direct
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contact with the blood, and this type of device can contain a very
large number of cells.

Liver micro-organs
Liver micro-organs are a new technique that preserve the liver
microarchitecture and ensure that no cell is more than 150 µm
away from a source of nutrients and gases. The function of liver
micro-organs was evaluated in vitro. In vitro, the liver micro-
organs maintain oxygen consumption, glucose metabolism,
conversion of ammonia to urea, secretion of albumin and de
novo transcription of genes coding for albumin and clotting 
factors [77].

Clinical studies with bioartificial liver support
devices

Porcine hepatocyte-based BAL
Several systems using porcine hepatocytes have been evaluated
clinically. Most of them relate to treatment of patients with ALF

in whom neurological improvement with minimal reduction 
in serum bilirubin and arterial ammonia has been observed. As
major side-effects, bleeding complications and haemodynamic
instability were reported. The HepatAssist (Cedar-Sinai Medical
Centre) (Fig. 1a) has been evaluated in small case series [78] 
and a phase I study first, and in a large multicentre randomized
controlled trial conducted in the USA and Europe [79]. This
study demonstrated the safety of the system, but a survival
benefit was only found in the subgroup of patients with 
fulminant/subfulminant liver failure, who showed a small
reduction in mortality favouring the BAL group. However, the
primary endpoint was confounded by the major impact of liver
transplantation; 54% of the entire study population were trans-
planted. No transmission of porcine endogenous retrovirus
could be detected [80].

Another device, the AMC-BAL (Fig. 1b), has been described
in case reports and one phase I trial. Neurological improvement
was observed in all seven patients. Serum bilirubin and arterial
ammonia decreased. Transient hypotension occurred in two
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patients immediately after starting using the device. One of the
patients improved sufficiently not to require liver transplanta-
tion while the remaining six were transplanted [81].

A phase I trial with the MELS system (Berlin) (Fig. 1c) in eight
patients with ALF has been reported. The system appeared to be
safe, only causing thrombocytopenia. All patients were success-
fully transplanted and were alive after a follow-up of 3 years. No
patient showed any evidence of porcine endogenous retrovirus
infection [82].

A phase I study with the Excorp Medical, Inc., Bioartificial
Liver Support System (Pittsburgh, BLSS) in four patients
showed that the system produced no serious adverse events, but
biochemical response was only moderate [83] (Fig. 1d). Another
type of BAL using porcine hepatocytes attached to microcarriers
and placed on the outer surface of hollow fibres combined with a
plasmapheresis device was described in a case report (Fig. 1f). 
A marked increase in coagulation factor V, VII, VIII and IX
activities, a decrease in serum ammonia level, an increase in 
all serum amino acids except for aminobutyric acid and an
improvement in mental status were noted after a 6-h treatment
period. The expected larger study has not been published yet [84].

Hepatoblastoma-based extracorporeal liver
assist device (ELAD)

The ELAD device (Fig. 1e) was tried in an early randomized 
controlled study in 24 patients with ALF. Arterial ammonia
decreased marginally in the ELAD group, and the rise in serum
bilirubin was more pronounced in the control group. Worsening
of encephalopathy was less in ELAD-treated patients. However,
a clear survival advantage was not shown. Survival in group I was
7/9 (78%) with ELAD and 6/8 (75%) for control subjects, which
was much higher than anticipated in both groups. In a random-
ized controlled phase I trial in patients with fulminant hepatic
failure, 10 out of 12 (83%) ELAD patients also achieved the 
primary endpoint of 30-day survival compared with 3/7 (43%)
control subjects (P = 0.12). The device appeared to be safe, and
there was a significant advantage for patients receiving liver
transplantation in the ELAD group [61]. Further studies con-
cluded that the patients tolerated treatment with the ELAD well
and that there were no unanticipated safety issues, but larger
randomized multicentre trials are warranted [85].

Artificial liver support

These systems are based on the use of albumin as a transporting
medium for toxins and contain a membrane with a small pore
size to display a more selective detoxifying capacity compared
with the earlier generation of devices based on charcoal
haemoperfusion [8,86]. These systems are relatively specific for
albumin-bound toxins, which are suspected to have a causal 
role in acute and acute-on-chronic liver failure, while larger
molecules such as immunoglobulins, cytokines or growth factors
should be prevented from being removed.

Two extracorporeal liver assist devices are currently com-
mercially available, the Molecular Adsorbents Recirculating
System (MARS™, Gambro, Sweden) and the Fractionated
Plasma Separation, Adsorption and Dialysis system (FPAD,
Prometheus™, Fresenius Medical Care, Germany). Both systems
provide detoxification by elimination of albumin-bound sub-
stances such as bilirubin and bile acids, but differ in terms of
their design.

In MARS, blood is dialysed across an albumin-impermeable
membrane with a molecular weight cutoff of 60 kDa against
20% human serum albumin, which is continuously stripped by
subsequent passage through columns of charcoal and an anion
exchange resin. Water-soluble substances are removed by a 
low-flux dialyser connected to the secondary circuit [38,87,88]
(Fig. 2a).

In Prometheus, the patient’s own albumin is separated by 
a membrane with a molecular weight cutoff of approximately
300 kDa and passed directly over two columns containing 
different adsorbents. Water-soluble substances are cleared by a
high-flux dialyser inserted directly into the blood circuit [89,90]
(Fig. 2b).

Clinical studies with artificial liver 
support

MARS
In a meta-analysis [91] from four randomized [88,92–94] and
two selected non-randomized trials [95,96], the initial analysis
and the subgroup analysis did not show any effect of MARS on
mortality. However, explorative analysis of the non-randomized
trials revealed a significant reduction in mortality in the MARS
group compared with the standard medical treatment group.
The four randomized trials included 67 patients; 54% received
MARS treatment, and 35% received standard medical treat-
ment. Two trials included 37 patients with ACLF and the other
two trials included 30 patients with ALF. Only one trial [92]
showed a significant reduction in mortality with MARS treat-
ment compared with standard medical treatment. The other
three trials did not show any survival benefit. The control group
mortality was 68%. MARS treatment reduced mortality to 33%,
which was not significant. The two non-randomized trials
included 61 patients with ACLF. The treatment group had a
significant reduction in mortality compared with the control
group [91].

Another randomized controlled trial showed that MARS
therapy in patients with ACLF has a beneficial effect on circulat-
ing neurohormones, nitric oxide, free radical production and
reduction in the markers of oxidative stress. The clinical effects
of these changes are reflected in individual organ function, with
temporal improvement in cholestasis and liver function, renal
function, encephalopathy and, in some patients, in mean arterial
pressure. Furthermore, a large randomized controlled trial
revealed a significant effect of MARS on the severity of hepatic
encephalopathy [97].
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Prometheus
Only limited data are available for Prometheus. The first,
uncontrolled study of Prometheus treatment in 11 patients 
with ACLF and accompanying renal failure showed that 
this device significantly improved serum levels of conjugated bil-
irubin, bile acids, ammonia, cholinesterase, creatinine, urea and
blood pH. There were no significant changes in haemoglobin
and platelet levels, whereas leukocytes increased [90]. In another
uncontrolled study, these results were confirmed [98]. Recently,
a comparative study of Mars and Prometheus in a randomized
crossover design showed higher efficiency of Prometheus in
removing bilirubin fractions and urea compared with MARS
[99].

Other systems
A combination of plasma exchange and haemofiltration was
applied in an uncontrolled fashion in 67 patients with ALF;
55.2% of them survived [98]. The BioLogic-DT uses haemo-
diabsorption, which combines haemodialysis and adsorption.
The system consists of a cellulose membrane for haemodialysis
against a suspension of powdered charcoal and cation exchange

resin, and requires little or no anticoagulation. Five trials as-
sessed this system [33,100–103]. The system was biocompatible,
but removal of metabolites was limited, with no significant 
effect on blood ammonia level. The addition of push–pull 
sorbent-based pheresis allowed a higher capability for removing
bilirubin and other protein-bound substances [104].

Implications for practice

Bioartifical liver support

Cell-containing liver support systems have been tested mainly in
single-centre phase I and II trials, proving the principle that
these systems can improve clinical and biochemical parameters
and that they are safe to use. A systematic review of eight studies
using BAL for ALF showed no survival benefit [105] (Table 1). A
Cochrane review on artificial and bioartificial liver support
showed that no randomized study to date has evaluated the
effect of bioartificial liver support on ACLF [106]. Therefore,
considering the potential limitations of the evidence, liver sup-
port systems cannot be recommended for routine use.
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Artificial liver support

Patients with ACLF may benefit from the more recently de-
veloped artificial liver support systems (i.e. MARS, Prometheus)
[105,106] (Table 2). MARS is also used increasingly to treat 
drug intoxications or is used chronically in patients with 
pruritus [107]. Again, there are not enough data to recommend
routine use.

Safety

Bioartificial and artificial systems are associated with serious 
and non-serious adverse events. In the Cochrane meta-analysis,
the most important adverse event was bleeding, which was 
registered as serious in three trials (3/27 patients). Other serious
adverse events were systemic infection, disseminated intravas-
cular coagulation and allergic shock; however, not all studies
gave sufficient data on adverse events. Non-serious adverse
events included minor bleeding, increase in intracranial pres-
sure, hypotension and hypersensitivity [106].

A meta-analysis of all studies conducted with the MARS 
system again noted that registration of adverse events was
incomplete. Bleeding, coagulopathy, hypotension, fever, throm-
bocytopenia and anaemia were reported [91].

Conclusion and future prospects

As noted above, a meta-analysis of 14 trials investigating
artificial or bioartificial liver support concluded that patients
with ACLF may benefit from treatment with the more recently
developed artificial support systems. The evidence concerning
treatment of patients with ALF is less conclusive. However, con-
sidering the potential limitations of the evidence, liver support
systems cannot be recommended for routine use. Randomized
trials on artificial and bioartificial support systems vs. standard
medical therapy are warranted [106].

The use of primary porcine hepatocytes in BAL has major 
disadvantages due to immunological incompatibility and the
risk of transfection of porcine endogenous retroviruses, which
cannot be excluded completely. The ideal solution will be the
availability of sufficient amounts of viable well-differentiated
non-tumorigenic human liver cells. Potential approaches are
genetic engineering of adult liver cells [59], manipulation of
pluripotent stem cells in the direction of liver cells [108] or 
cryopreservation and banking of primary human cells [109]. To
increase the efficacy of BAL devices, the phenotypical stability 
of the cellular component must be increased. Hepatocytes 
are attachment-dependent cells that quickly lose their liver-
specific function without the proper cell contacts. Hollow fibre

Table 1 Effect of artificial and bioartificial support systems on mortality in acute liver failure.

Reference Type of intervention No. of deaths Risk ratio (95% CI)
(intervention vs. control)

Redekar and Yamahiro [110] Whole blood exchange 14/15 9/13 1.35 (0.92–1.98)

O’Grady et al. [8] Charcoal haemoperfusion 19/29 20/33 1.08 (0.74–1.58)

Hughes et al. [33] Biologic-DT 4/5 2/5 2.00 (0.63–6.38)

Ellis et al. [61] ELAD 4/12 5/12 0.80 (0.28–2.27)

Mazariegos et al. [100] Biologic-DT 1/5 1/5 1.00 (0.08–11.93)

Wilkinson et al. [103] Biologic-DT 0/1 1/2 0.50 (0.04–7.10)

He et al. [111] Haemoperfusion 10/37 15/33 0.59 (0.31–1.14)

Demetriou et al. [80] HepatAssist device 33/86 25/85 0.68 (0.42–1.08)

Total 85/190 78/188 0.95 (0.71–1.29)

Modified from ref. 105. CI, confidence interval.

Table 2 Effect of artificial and bioartificial support systems on mortality in acute-on-chronic liver failure.

Reference Type of intervention No. of deaths Risk ratio (95% CI)
(intervention vs. control)

Kramer et al. (2001) [101] Biologic-DT 4/10 4/10 1.00 (0.34–2.93)

Wilkinson et al. (1998) [103] Biologic-DT 3/5 3/3 0.60 (0.39–1.23)

Ellis et al. (1999) [102] Biologic-DT 5/5 5/5 N/A

Mitzner et al. (2001) [93] MARS 6/8 6/8 0.75 (0.50–1.12)

He et al. (2000) [111] Haemoperfusion 10/27 17/27 0.59 (0.33–1.04)

Heemann et al. (2002) [88] MARS 1/12 6/12 0.17 (0.02–1.18)

Total 29/67 41/65 0.67 (0.51–0.90)

Modified from ref. 105. CI, confidence interval.
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technology can adequately maintain cell viability, but does not
optimize cellular functions. Attempts to replace the environ-
mental cues that will maintain liver-specific functions in vitro
have been made. Some devices are now beginning to incorporate
co-culture schemes to stabilize hepatic functions.

For bioreactors, one of the major tasks for the future is scala-
bility. One reactor has to host up to 15 billion cells, which may
lead to large diffusion distances in the reactor and may exclude
transport of larger molecules. BAL devices universally lack an
excretory compartment mimicking the biliary system that could
reduce bilirubin and other metabolic byproducts that accu-
mulate in liver disease. This has been solved satisfactorily by
artificial devices such as MARS or Prometheus. For artificial
liver support, the development of new membranes that combine
better clearance of protein-bound substances with a better bio-
compatibility is the task for the future. Furthermore, better 
measures of treatment efficacy need to be developed. As these
systems are already widely available, cost-efficiency will become
a question in the near future.
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26.1 Models in clinical hepatology
W. Ray Kim

Mathematical models in medicine

Mathematical models have been used to help clinicians make
diagnoses, determine prognosis and select the most effective
therapy. A disease model is a mathematical representation of 
a medical phenomenon, such as natural history of a disease 
or response to a certain treatment for that condition. Figure 1
describes a generic concept of mathematical models.

The model takes several input variables to output a ‘predic-
tion’. Formally, the former are called independent variables and
the latter, the dependent variable. There may be several categor-
ies of mathematical models that are useful in patients with liver
disease, depending on the type of outcome being modelled and
the analytical methods, as summarized in Table 1.

First, prognostic models are probably most widely known and
used in clinical practice. In these models, relevant patient data
are used to project future events. One such example is the Model
for Endstage Liver Disease (MELD). MELD was originally derived
as a prognostic model for patients undergoing the transjugular
intrahepatic portosystemic shunt (TIPS) procedure [1]. It has
been shown to be accurate in predicting the risk of mortality in a

number of different groups of patients with liver disease [2].
Second, diagnostic models use one type of clinical data to corre-
late with another type. For example, although hepatic histology
is the gold standard in the diagnosis and staging of many liver
diseases, there are risks, costs and inconvenience associated 
with the procedure. A number of models have been created to
correlate histological stage with clinical parameters that can be
obtained using non-invasive diagnostic tests [3,4]. Third, simu-
lation models are used to describe the natural history of a disease
and/or to conduct cost-effectiveness analyses. Simulation mod-
els allow the synthesis of fragmented information about the nat-
ural history of a disease. Another utility of a simulation model is
the ability to conduct sensitivity analyses in which hypothetical
questions may be tested [5]. This review will address prognostic
and diagnostic models commonly used in clinical hepatology,
whereas simulation models are reviewed in Chapter 26.4.

Prognostic models

Prognostic models are used to predict future events and thus
addresses questions such as ‘How long will my patient live?’ 
In answering these questions, the proportional hazards or Cox
regression analysis is commonly the most appropriate statistical
method for analysis [6]. In these models, ‘hazard’ is the instanta-
neous rate of death (or other event of interest) for an individual
surviving up to a given time. Proportional hazard models are
based on the assumption that the hazard of an event at any time
for an individual in one group is proportional to the hazard at
the same time for a similar individual in another group. Based

2055

Input
variables

x
y
z

Output
‘prediction’

MODEL

outcome
= ax+by+cz+d

Fig. 1 A generic scheme of a mathematical model in medicine.

Table 1 Types of mathematical models.

Category Outcome modelled Analytical framework Example

Prognostic models Time to event (e.g. death, transplantation, Proportional hazards regression MELD

disease progression) (Cox)

Diagnostic models Condition present (yes/no) Logistic regression FibroTest, APRI

Quantitative measurement Linear regression Cockcroft–Gault

Simulation models Health/disease states over time Decision tree, Markov model Cost-effectiveness of therapy for hepatitis C
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on this assumption, the model calculates hazard ratios between
one group with one characteristic in an explanatory variable 
and the other(s) with a different characteristic(s). Whether the
hazard ratio is different from 1 (1 representing no difference) is
tested for statistical significance [6].

Let us take MELD as an example of a Cox regression analysis.
As is well known, MELD was originally developed as a model 
to predict the survival of patients undergoing the TIPS pro-
cedure [1]. In the development of the model, 231 consecutive
patients with cirrhosis who underwent elective TIPS at four hos-
pitals were analysed. Patients with significant cardiopulmonary
comorbidity or intrinsic renal disease were excluded from the
analysis. Patients most commonly had alcoholic liver disease
(62%) and decompensated liver disease, including 79% with
clinically apparent ascites and 35% with hepatic encephalopathy
stage II or higher. The 231 patients were followed from their 
date of TIPS until death, liver transplantation or study closure.
During follow-up, 110 died, in all of whom the cause of death
was related to their liver disease.

Of many candidate variables that were considered, only
loge(creatinine), loge(bilirubin), loge(international normalized
ratio; INR) and aetiology of cirrhosis were predictive of survival
after TIPS. These variables were predictive of survival whether
the patient underwent TIPS for the prevention of recurrent
bleeding or for the treatment of refractory ascites. Based on these
data, a Cox model was created, which is shown in Table 2.

To illustrate briefly the mechanics of the proportional hazards
analysis, based on the proportional hazards assumption, the
ratio between these hazards (i.e. hazard ratio) is calculated by 
eregression coefficient. For example, in Table 2, the hazard of death for
an individual with viral hepatitis is proportional to that at the
same time for a similar individual with cholestatic liver disease.
The hazard ratio for this particular variable (aetiology) is e0.643 or
1.90. Ninety-five per cent confidence intervals are calculated 
by e(0.643±1.96*0.211), where 0.211 is the standard error associated
with this variable and 1.96 is the multiple of standard errors to
include 95% of data in normally distributed data. Interpretation
of the hazard ratio is that the presence of viral hepatitis or ‘other’
liver disease increased the risk of death by 1.9 times compared
with alcoholic or cholestatic liver disease. Interpretation of the
results for the continuous variables is similar, but the fold risk
increase is based on one unit increase of the variable. For exam-
ple, in this model, an increase of 1 in loge(creatinine) multiplies
the risk of death by 2.60 times. Similarly, an increase of 1 in

loge(bilirubin) multiplies the risk of death by 1.46 times; and 
an increase of 1 in loge(INR) more than triples (3.06) the risk 
of death.

These data constitute the basis for the calculation of a risk
score, which is a linear combination of these variables, namely:

TIPS risk score = 0.957·loge(creatinine) + 0.378·loge(bilirubin) 
+ 1.120·loge(INR) + 0.643·aetiology.

In our data set, the average risk score was 1.127, which in and of
itself does not carry any meaning. However, it can be used to
estimate survival in other patients based on the proportional
hazards assumption. The examples of two hypothetical patients
shown in Table 3 illustrate this point. Patient 1 has a risk score of
2.379, whereas the risk score of patient 2 is calculated to be 0.882.
The risk of death of patient 1, who has a risk score of 2.379, is
e(2.379–1.127) or 3.5 times higher than the average patient with a
risk score of 1.127. Likewise, the risk of death of patient 2 in
Table 3 (risk score = 0.882) is 0.78 (e(0.882–1.127)) of the average
patient. Now, these hazard ratios may also be used to estimate
survival in a given patient, based on a comparison with the aver-
age patient. Table 4 shows the expected survival of the average
patient with a risk score of 1.127. For example, a patient with a
risk score of 1.127 has an 86% chance of survival at 1 month and
55% at 1 year. The expected survival of a patient with a given risk
score may be calculated by raising these average survival esti-
mates [referred to as S0(t)] by the power of the hazard ratio. In
other words, for patient 1 in Table 3 with a risk score 2.379 and a
3.5-fold increase in the risk of death, the estimated survival at
any time t is computed by S0(t)3.5. For example, the survival of
such a patient at 1 month is expected to be 0.8603.5 or 59% and at
1 year 0.5513.5 or 12%. Corresponding figures for patient 2 are
89% and 63%.

Table 3 Two hypothetical patients.

Patient 1 Patient 2

Total bilirubin (mg/dL) 6.7 4.9

Creatinine (mg/dL) 1.8 1.2

INR 1.5 1.1

Diagnosis Hepatitis C PBC

Risk score 2.379 0.882

PBC, primary biliary cirrhosis.

Table 2 The TIPS model.

Variable Regression coefficient Standard error Hazard ratio (95% CI) P

loge(creatinine) 0.957 0.142 2.60 (1.97–3.44) < 0.01

loge(bilirubin) 0.378 0.117 1.46 (1.16–1.84) < 0.01

loge(INR) 1.120 0.331 3.06 (1.60–5.86) < 0.01

Aetiology 0.643 0.211 1.90 (1.26–2.88) < 0.01

CI, confidence interval.
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As many readers know, this TIPS model has been adopted as
the MELD score, which is now widely used as a model to gauge
disease severity in patients with endstage liver disease [7]. While
the results presented so far may appear to be immediately useful,
there were a few issues that needed to be thought through before
MELD was put forth as a valid prognostic model. The following
sections address some of those issues.

Censoring and informative censoring
As reported above, during the follow-up of the TIPS patients,
there were 110 individuals who died. That leaves 121 patients
out of the initial 231 patients, 21 of whom were no longer being
followed on the day of study closure and, thus, whether they
were alive or dead at that time could not be determined. These
patients were ‘censored’ on the last day of follow-up, as they only
contributed to our data by the fact that they were alive up to 
that point in time. In survival analyses, including the Cox model,
one assumes that censoring occurs at random. In other words,
those who are censored must be representative of all other indi-
viduals in that group who have survived to that time. While this
assumption may not be verified in all circumstances, it is often
worthwhile to pause to consider any systematic bias that may
cause violation of this assumption.

This point becomes even more relevant when we consider the
28 patients of the remaining 100 who were known to be alive
who had undergone liver transplantation. There may be at least
four ways to treat liver transplantation in the analysis of patients
with endstage liver disease [8]. First, liver transplantation could
be treated as an event (the same as death). This method assumes
that liver transplantation is performed on the same day that the
patient is destined to die. It will portray an overly pessimistic
view of the natural history of these patients as, in most cases,
patients are expected to survive (even without a transplant) for
some time beyond the day of transplantation. Second, liver
transplantation could be ignored in the analysis. In other words,
patients are considered to be alive (or free of an ‘event’), regard-
less of whether they had a liver transplant or not. This method will
overestimate the natural survival of patients with liver disease 
as, in most patients, liver transplantation extends survival.
Third, liver transplantation can be censored, which, as described
above, assumes that this censoring occurred randomly. For this
assumption to hold perfectly, anyone on the transplant waiting
list, on a given day, should have an equal chance of receiving an
organ. This is materially not true as, even in the pre-MELD era,
the system was geared towards allocating organs to patients with

more severe liver disease. Fourth, one may estimate what the
natural survival would have been in patients who undergo liver
transplantation and use that information in the analysis. If this
estimation can be conducted accurately, this method may be 
the most desirable. However, to the degree that the goal of most
survival analyses in patients with liver disease is exactly that esti-
mation, this method has the problem of being circular. All in all,
as in most situations, the existence of several choices underlines
the fact that none of the approaches is optimal. It may depend on
the particular data set that is being used as to which may be the
best method to use.

In our analysis of survival of patients undergoing the TIPS
procedure, we elected to censor patients on the day of orthotopic
liver transplantation (OLT). This was done because, in this 
particular data set, the method was deemed to entail the least
amount of bias compared with ignoring OLTs or treating them
as events. At any rate, the proportion of patients who had OLT
was relatively small, and it may not have mattered too much
which methods were used to treat patients who underwent 
OLT. On the other hand, our analysis may have contained an
element of what is known as informative censoring. Informative
censoring refers to a circumstance in which certain subjects 
were censored based on certain characteristics – as opposed to
censoring being random. In this example, being censored for
having undergone OLT is likely to be indicative of having more
severe liver disease than other subjects with otherwise similar
characteristics. A more common example of informative cen-
soring occurs when patients are lost to follow-up because they
die. This will lead to an overestimation of the survival of that
group.

Model’s validity: accuracy and precision
Once a prognostic model is deemed to be statistically valid (i.e.
statistical assumptions are met, such as proportional hazards
and non-informative censoring), the next important step
towards its practical application is an assessment of the ‘good-
ness’ of the model. This may be determined by two criteria:
accuracy and precision. Figure 2 illustrates the two concepts.
Accuracy refers to the degree to which predicted outcome
matches observed outcome, whereas precision refers to the
degree to which the prediction may be made with reproducibil-
ity. As shown in Figure 2, models may be accurate but not 
precise and vice versa.

The accuracy of a model’s prediction may in turn be assessed
from two perspectives. First, discrimination evaluates whether

Table 4 Predicted survival.

1 day 1 week 1 month 3 months 6 months 1 year 2 years

Average patient [S0(t)] (R = 1.127) 0.990 0.966 0.860 0.707 0.621 0.551 0.428

Patient 1 (R = 2.379) 0.965 0.886 0.590 0.297 0.189 0.124 0.051

Patient 2 (R = 0.882) 0.992 0.973 0.889 0.762 0.689 0.627 0.515
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the relative ranking of individual risk is in the correct order. 
A model that discriminates well will assign higher scores to those
in whom observed event rates are higher than to those with low
event rates. This property is commonly measured with the con-
cordance (c) statistic. This statistic assesses of all possible pairs of
observations with dissimilar outcomes, the proportion of pairs
that were ranked correctly by the model. For example, in the
prediction of 3-month mortality using our TIPS model, of all 
(n = 9520) possible pairs between 70 patients who died and 
136 who were alive at 3 months, 78.7% were concordant (the
subject who died had a higher TIPS score than the survivor),
21.1% were discordant (the subjects who were alive had a higher
score than the deceased) and 0.2% were tied (the score was the

same). The concordance statistic in this example was 0.788
(78.7% concordant + 0.2% tied × 0.5). Note that, for tied pairs,
only 50% of the credit is given to the model.

The other measure of accuracy is calibration, which assesses
the degree to which the predicted probability matches the actual
mortality. In theory, a model may have 100% discrimination
(rank correctly who will die and who will be alive), but the pre-
dicted survival probability may be far from the actual survival
experience of the data set. Calibration is often examined by com-
paring predicted and actual survival in a small number of strata
by the risk. Figure 3 is such an example in which the TIPS model
was applied to a group of patients who were not included in the
data set used in the development of the model. It demonstrates

(a) (b)

(c) (d)

Fig. 2 Illustration of accuracy and precision. 
(a) Accurate but not precise; (b) precise but not
accurate; (c) neither accurate nor precise; and
(d) accurate and precise.

Fig. 3 Demonstration of good calibration of
the TIPS model: survival of 71 TIPS patients who
were stratified into a high-risk group [score 
(R) > 1.8] and a low-risk group [score (R) < 1.8].
The observed and expected survival was similar.

Observed survival
Mayo model

Low risk, R < 1.8, n = 65
P = 0.88

High risk, R > 1.8, n = 6
P = 0.41
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that, among the TIPS patients with high and low risk scores,
expected and actual survival matches closely.

Precision refers to the degree to which results are repro-
ducible and thus generalizable [9]. Precision may be assessed by
internal validity in which the model is examined in an identical
population to the one in which it was developed, whereas 
external validity refers to the precision of prediction in a differ-
ent population. Therefore, generalizability of a model usually
involves applying the model in a data set that was not used in the
development of the model. Sometimes, this ‘validation’ is done
by splitting the data set, where the first data set is used to define
the model and the second data set is used to examine how well it
works. The importance of validation of a model in a data set that
is not used in its development cannot be overemphasized, as
patient-derived data are fraught with peculiarities that occur at
random and are not important in general. Almost always, the
precision of the model’s prediction is reduced in an independent
data set.

A model’s generalizability in a population that is different
from that in which it was developed may be defined in terms of:
(i) disease spectrum; (ii) geographical location; (ii) historical
time periods; (iv) follow-up intervals; and (v) methods of assess-
ment. The following section discusses the process in which the
demonstration of the generalizability of the TIPS model led to
the establishment of MELD.

Validation of MELD
In the late 1990s, increasing awareness by the transplant com-
munity and the general public in the USA of the inadequacy of
the organ allocation system based on waiting time led to a regu-
latory mandate to develop a measure by which to gauge the
severity of disease in patients with cirrhosis and endstage liver
disease [10,11]. In response to this mandate, our group evalu-
ated the TIPS model as a potential candidate for a generalizable
index to determine the risk of mortality in patients with end-
stage liver disease. Thus, this process represents examination of
disease spectrum generalizability, in which the performance of
the TIPS risk score, originally developed in patients who under-
went the procedure for variceal haemorrhage or ascites, was
assessed in patients with endstage liver disease, the vast majority
of whom had no need for TIPS. As shown below, the process 
also included examination of generalizability across historical
time periods (patients with endstage liver disease before TIPS

became available), geographical location (data from patients
from another country examined, ambulatory non-cholestatic
patients) and follow-up intervals (prediction of mortality at
timescales different from the TIPS model). Finally, it was also 
an example of methodological generalizability, as the model 
performed well in patients in whom the diagnosis of cirrhosis
was made less rigorously than in TIPS patients (‘Historical
cohort’, see below).

At the outset of the validation process, we decided to trans-
form the TIPS risk score into integers for the sake of ease of 
use, by multiplying the original score by 10 and rounding the
subdecimal numbers [2]. Based on this more user-friendly ver-
sion of the score, we evaluated three patient groups to examine
its generalizability. The first group was patients who had been
hospitalized for complications of decompensated liver disease.
The second group was patients seen in ambulatory settings. The
final group was unselected cirrhotic patients from a time when
liver transplantation was not widely available. Table 5 sum-
marizes these patient groups.

The criteria by which the validity of MELD was tested were the
concordance statistic in the prediction of 3-month survival, in
part because we were interested in short-term survival in liver
transplant candidates. As discussed above, the concordance
statistic examines the model’s ability to rank patients according
to their likelihood of death. It may range from 0 to 1, with 1 cor-
responding to perfect discrimination and 0.5 to what is expected
by chance alone. A concordance statistic of 0 would result if 
the prediction were wrong 100% of the time. In all the data 
sets examined, the concordance statistic for the prediction of 
3-month mortality was as high as 0.87. In general, as expected, as
the disease spectrum became disparate from the TIPS population,
the concordance statistic decreased (from 0.87 for hospitalized
patients with decompensation to 0.78 for unselected historical
cirrhotic patients).

In its intended application of ranking patients on a liver trans-
plant waiting list, the concordance statistic is an appropriate tool
for validation. For example, in our examination of the impact of
including individual complications of hepatic decompensation
in the model, we found that the concordance statistics did not
increase or increased by only 1–3%. We determined that inclu-
sion of these variables was not necessary. Similarly, we concluded
that excluding the liver disease diagnosis did not change the con-
cordance statistic materially. Based on these data, we proposed

Table 5 Patient groups for generalizability of MELD.

Hospitalized Ambulatory Historical
decompensated

Non-cholestatic Cholestatic

No. 282 491 326 1179

MELD 9 (4–14) 10 (8–13) 1 (–2 to 5) 7 (3–13)

3-month mortality 21% 7% 2% 19%

Concordance 0.87 (0.82–0.92) 0.80 (0.69–0.90) 0.87 (0.71–1.00) 0.78 (0.74–0.81)
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MELD to consist of the three laboratory variables, namely total
bilirubin, creatinine and INR, without the aetiology variable or
inclusion of individual complications of portal hypertension.

Certain limitations of the concordance statistic must be
pointed out. As the concordance statistic only takes into account
the proportions of correct and incorrect predictions, it is rela-
tively insensitive in the evaluation of a variable that has a big
impact on survival but only affects a small proportion of patients.
An example is our recent experience in considering incorporat-
ing serum sodium into the score, which highlights this point.
Although hyponatraemia has a profound impact on the survival
of patients with cirrhosis, a significant degree of hyponatraemia
was only present in a small minority of patients [12,13].
Therefore, a variable such as serum sodium that may potentially
have a large impact on survival may not be recognized as an
important factor if only the concordance statistic is considered
in variable selection. Another limitation of the concordance
statistic is, as discussed previously, that it does not assess the
accuracy of the model’s calibration. For example, Figure 4 com-
pares 3-month survival of the four groups of patients included in
the description of MELD. This comparison demonstrates that,
depending on the setting, patient survival may differ even within
the same MELD categories.

Despite these limitations, MELD has proved to be a significant
improvement over the previous system by which to gauge the
severity of liver disease in patients on a liver transplant waiting
list. Since MELD was implemented as the criterion by which
allocation priorities were determined among liver transplant
candidates in the USA in February 2002, there has been an
immediate reduction in liver transplant waiting list registrations
for the first time in the history of liver transplantation in the
USA (12% decrease in 2002) [14]. This was because the previ-
ously common practice of registering patients on the waiting list
at the earliest possible time (even if liver transplantation was not

imminently indicated) to allow maximum accrual of waiting
time was no longer necessary. More importantly, the number 
of deaths while on the waiting list, which had been increasing
annually, decreased substantially from 2046 in 2001 to 1364 
in 2005 [15]. Although this reduction in mortality is in part
attributable to a modest increase in available organs (4671 in
2001 vs. 5160 in 2005), there is a broad consensus that MELD
has made a significant contribution to reducing liver transplant
waiting list mortality [16].

Other examples of prognostic models
Obviously, MELD is only one example of a prognostic model,
and there are many other valid and useful ones. The Child–
Turcotte–Pugh (CTP) score has been the traditional gold stand-
ard in the assessment of prognosis in patients with advanced
liver disease [17,18]. Although the CTP score was not developed
using rigorous statistical methods, it has been shown to be 
clinically useful in many studies subsequent to its original
description [19]. While MELD is preferred to determine organ
allocation priorities because of its objectivity, CTP remains a
useful tool in the daily practice of hepatology. In addition, prog-
nostic models abound in hepatology in predicting the natural
history of precirrhotic liver disease such as chronic hepatitis C,
chronic hepatitis B and alcoholic hepatitis, as well as predicting
the outcome of treatment (chronic hepatitis C, chronic hepatitis
B, liver transplantation). Although the specifics of these models
differ from one another, the general principle, utilities and limi-
tations of these models remain identical.

Diagnostic models

Diagnostic models are used to correlate one type of clinical data
with another and therefore address questions such as ‘Does my
patient have cirrhosis?’ As opposed to prognostic models, in
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Fig. 4 Comparison of 3-month mortality by
MELD among patient groups demonstrates
that mortality associated with a given MELD
score may differ by patient setting.
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which the outcome is not known until some time in the future,
in diagnostic models, the dependent variable is available at the
present time. Thus, although the term ‘prediction’ is often used
for diagnostic models, they do not predict an event in the future,
but merely correlate one set of variables with another. The rea-
son for the existence of diagnostic models is that the information
being modelled is not easily available, because it requires dia-
gnostic tests that are invasive (e.g. liver biopsy) or expensive (e.g.
endoscopy for oesophageal varices).

The statistical methods commonly used for diagnostic models
include the linear and logistic regression analyses. The former 
is used when the outcome variable is continuous, such as the
glomerular filtration rate, whereas the latter is designed to
answer a dichotomous (yes or no) question, such as the presence
or absence of cirrhosis. In hepatology, logistic models are more
common, perhaps because dichotomous information is more
useful clinically and because linear regression analyses require
certain statistical assumptions to be met to be valid. Thus, our
discussion will be focused on logistic models.

While some of the salient points made for prognostic models
also apply to diagnostic models, there are a number of differ-
ences between the two. First, in diagnostic models, if the 
outcome in some individuals is unknown, they contribute no
information to the analysis. In proportional hazard models, sub-
jects who are censored for being lost to follow-up provide some
information to the data in that their survival to the last known
follow-up is taken into account. In a diagnostic model, if the
outcome is not available, the observation provides no informa-
tion in the analysis. Second, because the outcome data are 

currently available, diagnostic models should have higher accu-
racy and precision than prognostic models. In other words, the
value of a prognostic model that is able to predict correctly 70%
of the time whether a patient will be alive in 6 months is proba-
bly more useful than that of a diagnostic model that can discern 
the presence of oesophageal varices with the same degree of
accuracy.

Whereas the results of proportional hazard models are
reported with hazard ratios, those of logistic models are given as
odds ratios. While the mathematics behind these ratios is dis-
parate in each case, the interpretation of the ratios is similar. In 
a Cox model predicting death, if a certain characteristic has a
hazard ratio of 2, it indicates that having that characteristic
increases the risk of death by twofold compared with those with-
out that characteristic. Similarly, in a logistic model of diagnos-
ing cirrhosis, if a factor has an odds ratio of 2, it is interpreted 
as the existence of that factor making it twice as likely that the
subject has cirrhosis.

To provide a more tangible illustration of what diagnostic
models may or may not be able to do, Table 6 entails a hypothet-
ical serum test to diagnose cirrhosis. In example 6B in Table 6,
the test was conducted in 100 subjects, 50 of whom have cirrhosis
while the other 50 do not. The test was positive in 60 subjects and
negative in 40. Forty subjects who have cirrhosis have a positive
test (sensitivity = 80%), while the remaining 10 with cirrhosis
have a negative test (false negative = 20%). Of the 50 who did not
have cirrhosis, 30 were test negative (specificity = 60%) and, in
the remaining 20, the test was falsely positive. The positive pre-
dictive value of this test is 67% (40 out of 60 with a positive test

Table 6 Examples of a hypothetical model for the prediction of cirrhosis.

6A Cirrhosis Sensitivity a/(a+c)

Test Yes No Total Specificity d/(b+d)

Positive a b a+b PPV a/(a+b)

Negative c d c+d NPV d/(c+d)

Total a+c b+d a+b+c+d Odds ratio (a·d)/(b·c)

6B Cirrhosis Sensitivity 80%

Test Yes No Total Specificity 60%

Positive 40 20 60 PPV 67%

Negative 10 30 40 NPV 75%

Total 50 50 100 Odds ratio 6.0

6C Cirrhosis Sensitivity 90%

Test Yes No Total Specificity 90%

Positive 45 5 50 PPV 90%

Negative 5 45 50 NPV 90%

Total 50 50 100 Odds ratio 81.0

6D Cirrhosis Sensitivity 80%

Test Yes No Total Specificity 60%

Positive 40 200 240 PPV 19%

Negative 10 300 310 NPV 97%

Total 50 500 550 Odds ratio 6.0

NPV, negative predictive value; PPV, positive predictive value.
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have cirrhosis), and the negative predictive value is 75% (30 out
of 40 with a negative result do not have cirrhosis).

The odds ratio associated with this test is calculated by (the
ratio between those with cirrhosis and those without among test
positives) divided by (the ratio between those with cirrhosis 
and those without among test negatives), or (40/20) ÷ (10/30),
which is 6. A common interpretation of this result is, ‘the odds
(or risk) of having cirrhosis is sixfold higher if the test is posi-
tive’. While a sixfold increase in the risk in many settings would
be highly meaningful, in this example of a diagnostic model, the
performance of the test is not all that impressive. Example 6C
illustrates a test that many would consider as an accurate test
(90% sensitive and 90% specific). The odds ratio associated with
such as test would be as high as 81, a value that is seldom
encountered in practice. These examples may suggest that, for
diagnostic models to be useful, they need to have an association
that is quite a bit stronger than their odds ratios may suggest.

The aspect of a diagnostic model that has a direct impact on 
its practical application includes positive and negative predictive
values. Positive predictive value measures the proportion of true
positives among test positives, whereas negative predictive value
measures the proportion of true negatives among test negatives.
These predictive values are not only determined by the charac-
teristics of the diagnostic test but also by the prevalence of 
the condition. Comparison of examples 6B and 6D in Table 6 
is instructive. In those examples, the diagnostic test has the 
same characteristics (sensitivity = 80%, specificity = 60%, odds
ratio = 6.0). The only difference between the two examples is 
the prevalence of cirrhosis [50% (50/100) in example 6B vs. 
9% (50/550) in example 6D]. The positive predictive value of 
the test in patient samples from example 6B is 67% and the 
negative predictive value is 75%. These change dramatically as
the prevalence of cirrhosis decreases in example 6D. The positive
predictive value decreased to a mere 19%, whereas the negative
predictive value increased to 97%.

These considerations are relevant because, in most situations,

diagnostic models are developed at academic medical centres
whose practice tends to be enriched with referral patients. These
patients represent the more complex and advanced end of the
disease spectrum, for example having a high prevalence of cir-
rhosis. However, when the models derived in those patients are
applied to patients commonly seen in less specialized settings,
the positive predictive value of the test will decrease and the neg-
ative predictive value will increase. To take real-life examples,
there are at least two models that have been developed to 
diagnose hepatic fibrosis and cirrhosis. These include aspartate
aminotransferase (AST)/platelet ratio (APRI) and FibroTest,
both of which were created using the logistic regression analysis.

APRI was developed at a tertiary medical centre in the USA
[4]. In those patients who had a liver biopsy and met certain
inclusion criteria (n = 270), the degree of fibrosis was correlated
with the results of blood tests including haematological and 
liver biochemical parameters. Multivariable logistic regression
analyses indicated that higher levels of AST and lower platelet
counts were associated with advanced fibrosis (Ishak score ≥ 3,
bridging fibrosis or cirrhosis). Based on these data, the ratio
between AST and platelet count was examined as an indicator 
of fibrosis.

APRI = {[AST level (/ULN)]/[platelet counts (109/L)]} × 100

Figure 5 describes the predictive values of APRI scores in their
independent validation data set. The prevalence of advanced
fibrosis (bridging or worse) was 50% and that of cirrhosis 17%.
In general, positive predictive values were lower than negative
predictive values. Thus, if APRI is applied to a patient population
with a lower prevalence of fibrosis, the positive predictive value
will decrease even further, indicating that this marker will be of
limited use in diagnosing patients with cirrhosis or advanced
fibrosis. On the other hand, the negative predictive value will be
higher in a population with a lower prevalence of cirrhosis.
Thus, APRI may be even more useful in excluding significant
fibrosis or cirrhosis than the data in Figure 5 may suggest.
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Fig. 5 Positive and negative predictive values
of APRI in determining fibrosis (left) or cirrhosis
(right). For example, 65% of patients with an
APRI score > 2.0 had cirrhosis (PPV = 65%),
whereas 95% of those with an APRI < 2.0 did
not have cirrhosis (NPV = 95%).
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FibroTest was also developed at an academic medical centre
[3]. Similar to APRI, patients who had a liver biopsy and met
certain inclusion criteria were studied retrospectively (n = 339).
Of a number of biochemical markers, alpha-2-macroglobulin,
haptoglobin, apolipoprotein A1, total bilirubin and gamma glu-
tamyltransferase (γ-GT) were determined to be useful correlates
of hepatic histology. A proprietary score consisting of serum 
levels of these markers as well as age and gender was chosen to
model the degree of fibrosis using the Metavir system. Figure 6
demonstrates the predictive values of Fibrotest in diagnosing
significant fibrosis [Metavir stage F2 (few fibrotic septa or early-
stage bridging fibrosis) or higher]. The left panel represents
patients in the validation data set of the report, where the pre-
valence of significant fibrosis was 45%. A low Fibrotest score
suggests lack of fibrosis, as in the case of a score of 0.1, where the
negative predictive value was 100%. A Fibrotest score > 0.6 pre-
dicts significant fibrosis (91%). As in the example of APRI, when
Fibrotest is applied to a population with a lower prevalence of
fibrosis, the positive predictive value is expected to decrease.
This prediction is demonstrated in an independent validation
study conducted by Rossi et al. [20], in which 125 Australian
patients with chronic hepatitis C were evaluated with liver 
histology and Fibrotest. The prevalence of significant (F2 or
higher by Metavir) fibrosis was 0.38. The right panel in Figure 6
summarizes the positive and negative predictive values. The
negative predictive value of Fibrotest < 0.1 was 85% and the 
positive predictive value of Fibrotest > 0.6 was 78%, both of
which were noticeably lower than what was reported in the 
original description of the test.

These examples highlight the fact that, in order for diagnostic
models to be useful in practice, they need to be more accurate/
precise than prognostic models. As in prognostic models, rigor-
ous assessment of accuracy and precision is important. In par-
ticular, for practical application of the model, predictive values
are important, which necessitates application of the model in a
target population before being widely embraced.

Conclusions

Mathematical models allow objective utilization of information
derived from prior experience in similar patients. However, it is
important for clinicians to have a balanced view of what mathe-
matical models are able to achieve: even when the model’s valid-
ity over disease spectrum, geographical location or methods of
ascertainment is established, the uniqueness of our individual
patients and the random occurrence of events in medicine
makes it essentially impossible to have a model that is correct
100% of the time. On the other hand, mathematical models 
may be used as a powerful tool and guide to which individual
clinical judgement may be incorporated to achieve the best 
outcome for our patients.
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26.2 Outcomes research in hepatology
Raymond S. Koff

Definitions of health outcomes research

The missions of healthcare providers and healthcare services are
understood even when the term ‘health’ is less readily defined.
The promotion and preservation of health and, in the event of
disease, its improvement or restoration are unequivocal goals.
Current usage defines health as a state of complete physical,
mental and social well-being and not merely the absence of 
disease. It is therefore a term encompassing several distinct
dimensions, including physical, mental and social health as well
as other dimensions. In health outcomes research, the state of
health of an individual (or a population) is assessed using mea-
sures that are beyond traditional clinical endpoints. Endpoints
such as morbidity, change in life expectancy, mortality and
improvements in laboratory tests of blood or other body fluids,
biopsy specimens and imaging studies are indeed important but
may not measure health outcomes from the individual patient’s
point of view, particularly in non-life-threatening chronic dis-
eases. Other surrogates, such as employment, homeworking,
academic study, support of others and involvement in social or
community groups or activities, are important life activities but
only indirect measures of function and well-being [1]. Further-
more, they may be difficult to quantify and compare.

In health outcomes research, outcomes are defined in terms 
of functional status, well-being and the health preferences of 
the individual, information that only the patient can provide.
Traditional clinical outcomes can now be complemented by
patient-derived information about patient satisfaction, appro-
priateness of care, as well as economic evaluations and practice
patterns. The purpose of health outcomes research is to guide
the promotion, preservation and restoration of health, as deter-
mined from the individual or patient’s perspective on the conse-
quences of illness, treatment and the post-treatment state. In
this sense, outcomes research can be used to monitor the quality
of care from the patient’s perspective and may aid in identifying
the relative effectiveness of different interventions. A better and
more complete understanding of the impact of disease and treat-
ment on health status should empower healthcare workers to
provide scientifically based information on expectations to the

individual patient and his family, as well as to other healthcare
givers and health services.

The effects of treatment on well-being, as assessed by the
patient, may be positive or negative. In fact, a number of estab-
lished and effective therapeutic interventions, including those
used in hepatology, are known to adversely affect well-being
while being administered, as determined by health-related qual-
ity of life (HRQOL) studies, a major tool of outcomes research.
Obvious hepatological examples include interferon-based treat-
ment with or without ribavirin for chronic viral hepatitis,
chemoembolizaton for hepatocellular carcinoma, treatment
with non-selective beta-blockers for variceal haemorrhage pro-
phylaxis and use of diuretics in patients with decompensated
cirrhosis [2]. In contrast, HRQOL may be improved during
interferon and ribavirin treatment of chronic hepatitis C by 
concurrent treatment with erythropoietin [3].

The role of outcomes research in
healthcare policy and delivery

During the past two decades, it has become evident that the 
traditional clinical outcomes of care do not provide sufficient
information to assess the performance or effectiveness of health-
care providers, the services they provide and the interventions
delivered. Multiple studies have identified practice patterns that
differ from each other for the same disorders, have different 
economic costs, different outcomes and appear to be unrelated
to regional differences in health or disease status. Such observa-
tions strongly support the notion that the most effective and
appropriate therapies are often unknown, poorly understood
and, because translating research into practice is often exceed-
ingly slow, may be unadopted. And because the cost of health-
care continues to rise, resulting in increasing fiscal constraints,
serious questions have been raised about the value of care in
relation to its cost and the perception of value as determined 
by the patient. Informed consumers of healthcare and cost-
conscious purchasers want better information in order to
influence delivery of care to achieve greater value for the money
spent. As a result, outcomes research has become a focus for the

2065

TTOC26_02  3/10/07  9:59 AM  Page 2065



2066 26 MATHEMATICS IN HEPATOLOGY

development of healthcare policies by employers, health main-
tenance organizations, payers, insurers and local and federal
governments.

The tools of outcomes research

Tools generally used in outcomes research include assessments
of HRQOL, health utilities, the use of large administrative
databases, decision analysis, meta-analysis, cost-effectiveness
analysis and neural networks. In this chapter, the focus will 
be on the assessment of HRQOL by means of health status 
questionnaires and on the assessment of health values by utility
measurement techniques. It should be emphasized that quality
of life and HRQOL are not synonymous. Quality of life is a 
multidimensional concept with a number of components that
include, but are not limited to, HRQOL. These are financial
quality, family, community, work and social quality of life.
HRQOL focuses on health status as affected by disease or treat-
ment and is assessed by the patient. Health utility assessments
(often called health status preferences) have often been non-
patient derived; this is changing, and clearly preferable patient-
based utility assessments are coming into wider use (see below).

Instruments for determining HRQOL

A large number of general health measures have been developed
and are in use for assessing HRQOL. Table 1 provides a listing of
many of these instruments.

Tools used in assessing HRQOL must be standardized, reli-
able and validated. Standardization refers to the content of the
instrument, the sequence of presentation, the method of admin-
istration, scoring and data analysis. Reliability encompasses both
accuracy and precision. It reflects the extent to which a measure
reproduces results on repeated testing within a short period of
time and is free of measurement error. Validity (content validity,
construct validity and criterion validity) raises the question of

whether or not the instrument is truly measuring what it is 
supposed to measure. Other important issues are whether or not
the tool is responsive to change resulting from changes in health
due to disease progression or improvement and is capable of
capturing the range of health levels that may be present.

In health outcomes research, the MOS Short Form SF-36, a
general health assessment tool available in several languages, 
has had extensive and worldwide use and may be viewed as the
‘gold standard’ of general HRQOL tools. It is organized into
eight separate scales: measures of physical functioning, physical
role limitations, emotional role limitations, emotional well-being,
bodily pain, general health, energy/fatigue and social function-
ing. All the scales are scored on a 100-point scale, although each
scale has a unique standard deviation, which makes interpreta-
tions of score differences between scales problematic [5]. Higher
scores indicate better HRQOL. The results of these eight discrete
measures are then compiled into two summary scores: a physical
component score and a mental component score. SF-36 has
been the major generic tool used in clinical trials of therapeutic
interventions and in reporting HRQOL changes by managed
care plans. Its use has been driven by the fact that it is easy to
administer, score and interpret, thus permitting rapid measure-
ment. It has been shown to have acceptable construct, content
and criterion validity for many diseases. Furthermore, SF-36 is
reproducible over time in stable patients, generally responsive to
clinical changes and can be correlated with patient and health-
care provider global assessments.

In addition to these general measures, more focused instru-
ments have been developed to assess specific symptoms, e.g.
fatigue, as measured in the Fatigue Severity Scale. Disease-
specific instruments have also been developed for a variety of
disorders, such as arthritis, angina, cancer, depression, mental
status, pain and, of course, liver disease. As with generic instru-
ments, disease-specific HRQOL assessment tools must be 
standardized, reliable and validated. Ideally, they should have 
an established track record.

General health measures are often used together with disease-
specific instruments because the general measure can provide an
overview of the patient’s state of health that may not be salient
on the disease-specific instrument. On the other hand, disease-
specific instruments are potentially useful in detecting minor
changes in HRQOL that may reflect changes resulting from dis-
ease progression or remission. Hence, generic scales may lack
sensitivity and may be inadequate measures of those aspects of
disease. However, this difference has not been definitively estab-
lished and, in at least one study (in patients with metastatic liver
disease), the responsiveness of the generic tool was reported to
be comparable to that of the disease-specific questionnaire [6].
Liver-specific HRQOL instruments will be reviewed below.

Tools used in health utility assessments

The purpose of health utility assessment is to ascertain an indi-
vidual’s preference, value or desirability for a particular health

Table 1 General health-assessing instruments (adapted from ref. 4).

Child Health Questionnaire (CHQ)

Dartmouth COOP Functional Health Status Charts

Duke Health Profile (DUKE)

European Quality of Life Index (EuroQoL)

Health Insurance Experiment (HIE) Questionnaire

Health Utilities Index (HUI)

Karnofsky Performance Status Scale

Medical Outcomes Study Functioning and Well-being Profile (MOS FWBP)

MOS Short Forms (SF-36 and SF-12)

National Health Interview Survey (NHIS)

Nottingham Health Profile (NHP)

Paediatric Quality of Life Inventory (PedsQL 4.0)

Quality of Well-being Scale (QWB)

Sickness Impact Profile (SIP)

World Health Organization (WHOQOL-100)
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state. The tools available for these assessments are routinely 
used with decision analysis and in cost-effectiveness analysis (see
Chapter 26.4). The most commonly used tools are the time–
tradeoff utility and the standard gamble utility. Both are time-
consuming, complicated and obtained in face-to-face interviews
with the patient.

In the time–tradeoff utility, the patient is given a hypothetical
length of future life in their current health state and is then pre-
sented with progressively shorter periods of future life in perfect
health. As long as a clear preference for one of the alternatives 
is expressed, the assessment continues. The point at which the
patient becomes indifferent to the two health states is made into
a ratio, which is defined as the utility weight.

In the standard gamble, the patient is asked how much risk he
or she is willing to take to improve their current state of health.
They are presented with a hypothetical treatment that may cure
their disease and result in perfect health but with a variable
probability of immediate death at the start of treatment. The
alternative option is to decline treatment and remain in their
current state of health. The patient is asked to choose as the
probability of death is progressively reduced. The standard gam-
ble score utility weight for the current health state is the point at
which the patient becomes ambivalent about the choices.

The two utility assessment tools can give different answers,
may be influenced by day-to-day changes in the respondent’s
mental and physical condition at the time of testing, may be
affected by adaptation to a chronic illness and may be insensitive
in patients with mild diseases. Furthermore, relatively few treat-
ments involve the possibility of an early, painless death [7].
These concerns, as well as the general complexity of the utility
assessments, have led to studies aimed at estimating utilities
using data from health status questionnaires, e.g. the SF-36 [8].
Other methods for assessing health utilities include visual ana-
logue scaling and use of the Health Utilities Index, in which
health status assessments based on responses to a questionnaire
are converted into utility scores [9]. The latter has been used
infrequently in patients with liver disease.

Outcomes research in liver disease

Health outcomes research in hepatology is not entirely new. One
of the earliest publications describing ‘quality of life’ was an
assessment of social and vocational outcomes of liver transplan-
tation at the University of Pittsburgh in 1979 [10]. However, it
was not until the 1990s that this field received increased atten-
tion and more rigorous studies, including the development of
liver-specific HRQOL instruments. In this section, these tools
and their application to diseases of the liver will be described.

Table 2 lists a number of liver-specific HRQOL tools that 
have been used in recent years. Within this group, a few have
been developed for use in specific disorders, e.g. the European
Organization for Research and Treatment of Cancer (EORTC)
module quality of life questionnaire for colorectal liver meta-
stases [11] and the Functional Assessment of Cancer Therapy

Hepatobiliary (FACT-Hep) questionnaire [12]. The discussion
that follows will mainly describe liver-specific instruments that
have been applied to a variety of liver diseases. The Chronic
Liver Disease Questionnaire was among the earliest liver-specific
questionnaires developed and validated [13]. It has received
worldwide attention [14] and has been reported to have good
reliability and validity in non-English language forms [15].

The Hepatitis Quality of Life Questionnaire includes eight
generic and two disease-specific scales, which assess limitations
in physical, role and social activities and distress due to hepatitis.
In this instrument, the severity of specific symptoms or their
influence on functioning in daily activities is not addressed. In
contrast, the Chronic Liver Disease Questionnaire, the Liver
Disease Quality of Life Questionnaire and the Liver Disease
Symptom Index do address severity of symptoms. However,
only the Liver Disease Symptom Index assesses the impact of
these symptoms on the patient’s daily activities. The authors of
the last questionnaire believe that it provides information com-
plementary to that attained by the SF-36 [19] and that symptom
severity and impedance items measure different aspects of
HRQOL.

The NIDDK LTD QOL instrument assesses HRQOL in four
domains, namely liver disease symptoms, physical functioning,
satisfaction with health and overall well-being. The instrument
contains 70 questions and incorporates SF-36, the Index of
General Affect and additional questions pertaining to chronic
liver disease [16]. Although developed specifically for identify-
ing changes in HRQOL in liver transplant recipients, it appears
to be a reliable and valid instrument applicable to a very wide
spectrum of liver disease severity, including ambulatory patients
with cholestatic liver disease [22]. A French version has been 
validated [23].

The LDQOL 1.0 questionnaire includes the SF-36 and scales
evaluating liver disease-related symptoms and liver disease-related
effects on activities of daily living, concentration, memory, sex-
ual functioning and problems, sleep, loneliness, hopelessness,
quality of social interaction, health distress and the self-perceived
stigma of liver disease [24].

Despite the validation of a number of liver-specific QOL
tools, pitfalls and caveats remain, and they have not been used 
as extensively as the more generic instruments. And, in general,

Table 2 Liver-specific instruments for assessing HRQOL.

NIDDK Liver Transplantation Database QOL, adult version (NIDDK LTD QOL) 

[16]

Chronic Liver Disease Questionnaire CLDQ [13]

Hepatitis Quality of Life Questionnaire HQLQ [17]

Liver Disease Quality of Life Questionnaire LDQOL 1.0 [18]

Liver Disease Symptom Index 2.0 [19]

FACT-Hep [12]

Liver Cancer QoL Scale [20]

EORTC QLQ-HCC18 [21]

PBC-40 [45]
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in contrast to the generic tools, these instruments, with the
exception of the Chronic Liver Disease Questionnaire, have 
not been subjected to such rigorous evaluations of their validity
of measurement. In many instances, the number of subjects
studied is surprisingly small; subgroups of interest may be even
smaller and may be inadequate to identify changes on repeat
testing to determine the impact of an intervention. The presen-
tation of data as means rather than the full distribution of 
outcomes can be problematic for both generic and liver disease-
specific instruments because the use of means only will obscure
the identification of low functioning patients who might be
helped to achieve better health by other interventions [25]. Such
interventions could, in fact, be targeted to lower functioning
individuals and studied in prospective, controlled clinical trials
with adequate sample size to achieve statistical power. Another
potential pitfall is how an individual’s past experience, frame 
of reference and temperament (optimistic vs. pessimistic) can
influence reporting of HRQOL. Finally, it seems very likely that
changes in perceptions of health may change or adapt over time,
depending on changes in the patient’s internal standard of mea-
surement or values or by redefinition of the concept of health.
More understanding of this phenomenon, termed ‘response
shift and adaptation’ is needed [26].

Until recently, health utility assessments in patients with liver
disease have been largely based on clinical opinions or derived
from expert panel opinion. It is not surprising to learn that
physician-assigned utilities were found to differ from patient-
assigned utilities when the time–tradeoff method was studied in
83 physicians and 114 patients with cirrhosis, although relative
rankings were similar for patients with compensated and
decompensated cirrhosis, as well as for those with hepatocellular
carcinoma [27]. In another study, in patients with chronic 
hepatitis C, patient-derived utilities assessed with the standard
gamble technique were lower than the previously published
expert estimates for patients with mild to moderate disease 
and sustained virological responders, but higher than those for
decompensated disease and hepatocellular carcinoma [28].
These and other observations in patients with chronic liver 
disease [29] and in chronic hepatitis C patients [30] support 
the notion that patient-assigned utilities more accurately reflect
patient preferences than assessments by non-patient experts.
However, it should be noted that, because of the complexity of
health utility assessments, they have not been used as much as
HRQOL instruments in hepatology outcomes research.

Outcomes research in specific liver
diseases

Chronic viral hepatitis

Among the three forms of chronic viral hepatitis, namely
chronic hepatitis C, B and D, the impact of chronic hepatitis C
on HRQOL has received the most attention. A wide body of 
data clearly indicates that infection by hepatitis C virus (HCV)

diminishes HRQOL even in the absence of advanced liver dis-
ease, as evidenced by the presence of ascites, variceal haemor-
rhage, hepatic encephalopathy and liver transplantation. The
precise mechanism(s) underlying this reduction in the percep-
tion of health remain(s) to be determined [31], although a direct
effect of HCV on the brain is an attractive hypothesis. The
impact of the ‘diagnosis’ of HCV, i.e. labelling, on HRQOL had
been raised by one small study in which individuals aware of
their HCV status had significantly worse measures on the SF-36
than those unaware of the diagnosis [32]. In a similar, but larger
study in rural Egypt, utilizing a translated version of the SF-12
and an interviewer (a non-validated methodology), patients
unaware of their HCV status did not have significant reductions
in HRQOL when compared with uninfected control subjects
from the same area [33]. Whether these observations are con-
founded by a higher morbidity in the general population of 
this area and a lower general HRQOL, thereby diminishing the
influence of HCV, seems to be quite possible.

Despite these caveats, it has become clear, based on the 
published literature, that the reductions in HRQOL in chronic
hepatitis C are real and cannot be correlated with such conven-
tional markers of disease as serum alanine aminotransferase
(ALT) activity or histological findings of necroinflammatory
disease on liver biopsy.

A systematic review of publications and published abstracts
has been published recently [5]. In this review, studies of
HRQOL in chronic hepatitis C were summarized and compared
with data obtained from healthy control subjects. The impact of
achieving a sustained virological response was assessed, and
published data were stratified by ‘clinical anchors’, defined here
as sustained virological response, histological activity, ALT levels
and Child’s class B cirrhosis, as well as by neuropsychosocial
anchors (subclinical cognitive dysfunction, depression, psychi-
atric comorbidity, emotional distress and stigmatization).
Additionally, and in an innovative approach, the authors
attempted to establish the minimal clinically meaningful
HRQOL score differences, as opposed to the usually reported
statistically significant differences. This minimally clinically
important difference (MCID) is defined as the mean change in
HRQOL for the subset of patients with a minimal yet perceptible
change in health [34]. In order to achieve this objective, an
expert panel of hepatitis-treating physicians and researchers 
in HRQOL was used.

The authors of this review found 15 studies comparing
HRQOL in compensated HCV-seropositive patients in which
the SF-36 instrument was used [5]. Weighted mean and median
scores on each of the eight scales were lower than in healthy 
control subjects, but the impact was greatest in social and phys-
ical function, general health and vitality. Patients who failed 
to achieve sustained virological responses had consistently lower
scores than those who cleared HCV on treatment. Neither 
elevated ALT levels compared with normal levels nor an
improvement in ALT levels could be related to HRQOL scores.
Patients with Child’s B cirrhosis had large differences when
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compared with non-cirrhotic patients with chronic hepatitis C.
When stratified by neuropsychosocial anchors, the largest
decrements were found in the SF-36 role–emotional scale, but
somatic scales also showed large differences.

The expert panel on estimating the MCID identified the vital-
ity scale as one of the most affected. Using a modified Delphi
technique, they generated a score of 4.2 points (range 3–5) on
the SF-36 vitality scale as a meaningful difference. The authors
suggested that this value could be used in determining power
calculations of sample sizes in clinical trials in which HRQOL is
a variable. The limitations of the methodology used in defining
the MCID are well described by the authors and include the fact
that most of the data utilized came from tertiary care referral
centres, in which selection biases may be operative, rather than
from community-based office practices. Furthermore, the expert
panel did not include any patients. Ideally, patients with chronic
hepatitis C should be used in such panels. Because use of the
generic SF-36 may be somewhat insensitive to the full range of
HRQOL decrements, disease-specific instruments, such as the
HQLQ, may be preferable for selecting scales that may better
reflect minimally important differences.

A large body of data supports the concept that clearance of
HCV is associated with improvement in HRQOL [35–38] and
that interferon-based treatments reduce HRQOL during treat-
ment [37].

Cirrhosis and endstage liver disease

Although a number of studies indicate that cirrhosis, regardless
of aetiology, is associated with reductions in HRQOL, as mea-
sured by SF-36, and that, in general, increasing severity of dis-
ease [as measured by Child–Pugh–Turcotte (CPT) score, ascites,
use of loop diuretics] is linked with the greatest decrements [39],
this remains somewhat controversial. For example, in one study
of over 200 patients with chronic liver diseases, neither cirrhosis
nor severity of disease, sex, age or social class could be related 
to reductions in HRQOL [40]. Psychiatric and active medical
comorbidities appeared to be the responsible factors. And while
age was not a factor in that study, older age was associated with
poorer HRQOL, particularly in the physical aspects, in another
analysis [41]. Clinically apparent hepatic encephalopathy is
associated with declines in both physical and mental elements.
In contrast, in cirrhotic patients with subclinical encephalo-
pathy, the mental scores are affected to a greater extent than the
physical scores, and this appears to be independent of disease
severity [42].

Primary biliary cirrhosis

Relatively few studies have addressed HRQOL in patients with
primary biliary cirrhosis (PBC). Nonetheless, an analysis of the
instruments used in the available literature for their reliability,
validity, appropriateness, acceptability, precision and respons-
iveness has been undertaken [43]. While reporting of both 

reliability and validity was generally consistent for all the methods
used, responsiveness over time and acceptability were more
variable. The authors concluded that a more rigorous approach
is needed in reporting the properties of the health status tools
used in PBC patients. In a recent reported study of 276 patients
with PBC from France, the Nottingham Health Profile (at the
time, the only generic health status instrument validated in
France) revealed statistically significant reductions in energy
and emotional reaction scores compared with control subjects,
and these were both associated with fatigue [44] and, to a lesser
extent, with osteopenia. Pruritus could not be associated with
these reductions. A disease-specific HRQOL instrument for
PBC, the PBC-40, has now been developed and validated [45].
Domains measured include fatigue, emotional, social and 
cognitive function, general symptoms and pruritus. The PBC-40
appeared to be more a measure of patient satisfaction than 
other HRQOL measures. In a separate study, using the PBC-40, 
symptom complexes focused on fatigue and pruritus were
identified, but no correlation was found between the severity 
of symptoms and biological parameters of PBC severity [46].
Future longitudinal studies should confirm these observations
and address the impact of treatment on HRQOL.

Liver transplantation

It is not surprising to learn that, in patients with endstage liver
disease awaiting liver transplantation, HRQOL is severely com-
promised. In fact, some cross-sectional studies of patients with
liver disease have suggested that disease state and transplant 
history are the major determinants of HRQOL [47]. In a single-
centre study in the United States, patients needing a transplant
because of liver failure due to hepatitis C, alcoholic liver disease,
autoimmune and cholestatic disorders and others were assessed
with the NIDDK LTD QOL instrument and utility assessment
techniques [48]. This comparison of the two approaches in a
single study is novel in the transplantation field. Based on the
health status instrument, these patients experienced generally
poor health. The lowest health status scores were found in the
personal function domain, indicating that ability to work or
undertake activities of daily life were perceived as impaired. 
The median time–tradeoff score was 0.79, indicating that half
the respondents preferred a healthier life even though life
expectancy in that state would be 21% shorter. In the standard
gamble, the median score was 0.50. This figure reveals that 
half the respondents were willing to take up to a 50% risk of
immediate death in exchange for the chance of perfect health
[48]. Thus, the two approaches, health status questionnaire 
and utility assessments, showed overall consistency in patient’s
perceptions of their HRQOL.

In one of the early reports on the impact of liver transplanta-
tion on HRQOL, both SF-36 and the Chronic Liver Disease
Questionnaire (CLDQ) were administered to 37 transplant can-
didates [49]. As anticipated, HRQOL scores on the SF-36 were
lower than those in the general population and lower than those
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found in patients with chronic obstructive lung disease and 
congestive heart failure. Although only 22 of the 37 candidates
received transplants, and HRQOL data were collected anywhere
between 2 and 23 months after transplant, improvement in
every domain measured by SF-36 and CLDQ was observed.
Interestingly, the mental health components of SF-36 norm-
alized but, for the physical health and some disease-specific
aspects, residual impairment was noted. Why the mental health
impairment returns to normal before the physical is unclear, but
long-term follow-up studies may show that the response is sim-
ply delayed and that more time is necessary to normalize these
other scores.

In another single-centre, prospective, national study in Scot-
land, the WHOQOL-100 was used to assess general, physical
and psychological domains of quality of life before and 1 year
after liver transplantation in 70 patients [50]. Of uncertain
value, the authors also included 30 healthy individuals recruited
from hospital staff and 17 liver patients who were not candidates
for transplantation. These were also assessed twice within a 
1-year period and, as expected, no significant changes were
observed. Among the transplanted patients, who had lower
(poorer) scores at baseline, only the general and physical
domains showed significant improvement at 1 year; the psycho-
logical measure did not. The quality of life measures studied did
not reliably differentiate patients with early (Child’s A) disease
from those with more advanced disease (Child’s C) before 
or after transplantation. This observation is of interest given 
that poor HRQOL has been considered as an indication for
transplantation, but it is an indication that does not trump
transplantation to reduce imminent mortality [51]. However,
the relatively small number of patients studied at this one centre
may limit the generalizability of these findings.

The relationship of HRQOL in patients awaiting liver trans-
plantation to the CPT and Model for EndStage Liver Disease
(MELD) scores has been investigated. Most studies have found 
a closer association of the CTP score with HRQOL [24,52]. 
The MELD score is less predictive of HRQOL, at least in part
because it does not include ascites or encephalopathy, each of
which is linked with impaired HRQOL and is included in the
CPT score.

These and other studies indicate that HRQOL is generally
improved following liver transplantation. However, there is
growing evidence that the improvement varies depending on a
number of factors, including gender. In one single-centre study,
employing a 122-question instrument to assess HRQOL before
and at 1 and 2 years after transplantation, men had higher scores
at every time point [53]. Educational and social role differences
may account for these findings, which deserve further study.

An additional area worthy of study is the assessment of
HRQOL in donors participating in living donor liver transplan-
tation [54]. Currently available data are limited by size and
instruments utilized. HRQOL in children before and after liver
transplantation also deserves increased attention as about 50%
of transplants are undertaken in children younger than 10 years

of age. A recent review of published studies of HRQOL in 
children and adolescents after liver transplantation tentatively
concluded that it negatively affected some health domains when
compared with the general population [55]. However, the limited
data available for review and the lack of methodological vigour
in those studies confound definitive interpretation.

Other disorders

HRQOL studies in those disorders not discussed above are 
relatively few in number and in variety of disease studied. In 
one small study, patients experiencing bile duct injury during
laparoscopic cholecystectomy (but in whom 96% had no stric-
ture and normal liver chemistries) were compared 4–5 years
later with those with uncomplicated laparoscopic cholecystec-
tomy [56]. On a number of the health status scales used, a detri-
mental effect was found in those who had had bile duct injury.

Future research fronts

While HRQOL instruments are now frequently incorporated,
often as secondary endpoints, into clinical trials assessing new
treatment regimens and procedures, their routine, sequential
use in office and clinical practice has been limited. The use 
of outcomes assessments by those responsible for caring for
patients with liver disease should help in managing the care
delivered and in evaluating interventions that are effective from
the patient’s perspective. More attention needs to be directed 
to HRQOL instruments for children and adolescents with liver
diseases.

Although some single- and multicentre registries have been
developed to identify and classify patients with liver disorders
and to collect relevant clinical information, data on HRQOL 
and health status preferences, as discussed in this chapter, have
not been routinely collected. The development of regional or
national hepatology outcome registries should permit the 
acquisition of baseline, on-treatment and post-treatment
patient-derived health assessments. This knowledge should
enable healthcare providers and services to deliver patient care
that is both reasonable and rational.
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26.3 Meta-analysis
Gioacchino Leandro and Andrew K. Burroughs

Introduction

The publication of medical reviews and guidelines for good 
clinical practice has recently become common and a useful tool
for a rapid update on most clinical topics. This results from a
new approach to medical practice where a leading role has been
taken by what is termed ‘evidence-based medicine’ [1,2].

Evidence-based medicine has introduced several well-defined
and often strict rules for the critical evaluation of medical data.
The use of meta-analysis is an intrinsic part of evidence-based
medicine and therefore has a prominent role in the validation
and interpretation of the results of clinical studies. In other
words, if a well-designed and well-conducted meta-analysis has
shown that treatment A is more effective than treatment B, we
can assume that this information is correct, and there would be
no other need for further investigation on this issue [3].

Interpreting results of research protocols that include clinical
trials is a very important part of the learning process. In fact, a
clinical trial is the application of theory to practice, carried out
through well-defined rules of experimentation in order to validate
the underlying hypothesis and to achieve relevant results. The
latter are then the basis for further hypotheses and thus for other
clinical trials. Medical practice is greatly influenced by the results
of clinical studies, especially if they are brought to the public
attention by prestigious scientific journals or the mass media [4].

In the medical literature, new therapies are often considered
the most relevant, and a great number of publications are there-
fore produced. However, the quality and the importance of each
study are hard to define. Different studies on the same topic
often provide discordant conclusions, giving the reader a con-
fused message. In order to clarify the matter, we need the help of
trained personnel experienced in the evaluation of clinical trials
who are able, with their knowledge and criticism, to reach a con-
clusive synthesis of the results of the different studies.

Principles of meta-analysis

Meta-analysis, when well designed and appropriately performed,
is a powerful tool for synthesis. It is an analytical method in

which different and independent studies are all integrated and
their results pooled in a single result. The meta-analysis, when
compared with other forms of reviewing studies, has the great
advantage of being less influenced by the personal opinion of 
the reviewer, and reaches unbiased conclusions. Moreover, in a
meta-analysis, all the results of the individual studies examined
are reported, and the reader may easily recalculate the data and
compare them with the results reached by the authors [1].

The meta-analysis contributes to many aspects of clinical
research, for example allowing us:
1 to increase the statistical power of a comparison;
2 to improve the estimate of the effect of a treatment;
3 to combine the results of studies that may appear contrasting;
4 to answer new questions;
5 to analyse subgroups of subjects selected from different studies;
6 to analyse trends (in a timeframe, in a subgroup of patients
with the same characteristics, etc.);
7 to define areas in which further studies are needed;
8 to analyse if and how previous studies have modified know-
ledge on a certain topic.

The meta-analysis is a fundamental part of the process of con-
ducting a systematic review of the literature; it requires a close
collaboration between the clinical experts on the topic under
investigation and experts in statistical methods applied to the
biomedical field.

There are distinct and separate steps in putting together a
meta-analysis. Every step has its precise rules aimed at avoiding
bias in the analysis, and reaching more reliable results with a
more accurate estimation of the events under investigation.

As is the case for an individual clinical trial, the study design 
of a systematic review has fundamental importance in order to
avoid the possibility of biases and mistakes that may affect the
results. It is therefore necessary to define the aims of the analysis
and the rules and methods necessary to achieve them [5].

The first step to consider is to define the outcomes to be ana-
lysed by the meta-analysis. It is advisable to determine a primary
outcome (i.e. mortality, efficacy of a treatment) that is con-
sidered in all the studies selected for the analysis, and then one or
more secondary outcomes that may be useful to answer specific
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questions (i.e. side-effects, subgroups of patients) that are not
necessarily considered in all the studies selected.

For this step, it is advisable to consider the largest possible
number of studies, and only in a second phase to select studies
based upon different discriminating factors (number of subjects
considered, dropout rate, randomization criteria and so on).

It is important to define where and how the search will be con-
ducted (which database, which keywords). Once the search has
been completed, it is also advisable to check the references cited
in the single article and to start new searches based on these.

Finding the articles is probably the easiest step in the pro-
cedure, because most of the scientific journals are now available
online. Far more difficult is to read, evaluate and pull out the
necessary data for the analyses.

A careful reading of all the articles is mandatory. Great atten-
tion should be paid to identifying articles based on the same
group of patients or using subgroups of subjects already con-
sidered in other studies. The selection for the analysis of groups
of subjects who are not independent would lead to a selection
bias [6].

One benefit of undertaking a meta-analysis that is indepen-
dent from the result that may be obtained is that the articles will
be read several times revealing new insights that might have been
underestimated at a first reading, such as discovering what is
hidden between the lines and what may not be reported deliber-
ately by the authors in order to avoid possible discrepancies in
the results. In other words, one understands a great deal about
how to read and how to write a scientific article, which should be
part of every clinician’s training.

Odds ratios, risk differences, fixed and
random effects models

The results of a trial may be expressed as odds ratio (OR) or 
risk difference (RD), which is also known in epidemiology as
absolute risk reduction (ARR). As meta-analysis is a way of
aggregating the results of multiple trials, the results obtained
may be expressed as pooled odds ratio (ORp) or pooled risk 
difference (RDp).

In order to pool the results of the different studies, we should
assume that these results would give an evaluation of effect,
which would be the same for all the studies of the particular
treatment, and that the effects evaluated would be part of the
same distribution (sample estimates of the same mean). This
assumption should be verified with a statistical test, the test for
heterogeneity. If this is negative (i.e. no statistical significance),
in a further analysis, one can use formulas based upon this
assumption, called fixed effects models. If one is not constrained
by the studies belonging to the same population (i.e. the studies
evaluated are sampled from a population that contains several
populations each with its own mean, thus heterogeneous) and
one assumes therefore that the variability of the results depends
on intra- and interstudy variability, one uses procedures called
random effects models [7]. In clinical trials, this may occur when

the same treatment is being assessed in different age groups or in
patients with different severity of disease, or at different time
points in the natural history.

It is important to note that there is no unanimous opinion 
as to how to proceed in the evaluation and interpretation when
statistical heterogeneity is present.

If there is statistical heterogeneity, this means that trials do
not belong to the same distribution. A search for the causes of
heterogeneity and evaluation of ‘outlier trials’ needs to be done,
and analysis with and without outlier trials needs to be per-
formed. However, even if the reason for heterogeneity is not
detected by a careful review of the trials, the random effects
model should still be used because it does not have the require-
ment that all the trials must come from the same distribution.
Therefore, the confidence interval (CI) is wider and the model is
more conservative [8].

There is a body of opinion that the random effects model
should always be used, because (i) the results are very similar
compared with fixed effects models when statistical heterogene-
ity is not present, (ii) the results from the random models are
more ‘conservative’, and (iii) measurements in biology have an
intrinsic heterogeneity because of the variability between indi-
viduals. This variability can be best represented by a random
effects model.

The authors’ opinion is that one always needs to remember
that the purpose of a meta-analysis is not only to calculate a
mean effect as a statistical summary, but to derive meaningful
evidence for clinical problems that apparently do not have
definitive answers.

On this basis, one needs to re-evaluate studies to strive to
understand and interpret information from all the data pre-
sented. At the same time, the researcher should be able to form
his or her own opinion. This is very important, particularly
when there is a possible controversy on the interpretation of the
output, for example when there is heterogeneity.

A very useful approach to this problem is to separate the total
variation across studies into the heterogeneity due to true differ-
ences (true heterogeneity) and the heterogeneity due to chance.
The I2 index expresses the percentage of the total variation
across studies that is due to heterogeneity. Some authors have
arbitrarily indicated the I2 values of 25%, 50% and 75% as 
evidence of low, moderate and high heterogeneity respectively.
However, these values cannot be considered as categories for
decision-making, although the I2 index and its 95% CI are helpful
in expressing a quantitative judgement on heterogeneity [3,8].

There are multiple biases that may influence the results of 
a meta-analysis. Among them, the researcher usually only con-
siders the publication bias, while all the others are generally
underestimated or ignored [9].

Publication bias

The most important bias is the publication bias [10] because
usually only studies in which a significant difference is found are
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published. This results in some completed studies not being
published and therefore not being evaluable for meta-analysis.
These unpublished studies may have results discordant from the
published studies. Thus, the meta-analysis might result in a dif-
ferent conclusion if all the trials could have been considered.
However, quite often, unpublished studies are presented as
abstracts for scientific meetings and therefore one can have a
more comprehensive analysis by including these abstracts.
There are several ways to evaluate the presence and the impor-
tance of a publication bias, as its effects cannot be eliminated.
Among them, the more commonly used are: (i) the graphic
method by Light and Pillemer (funnel plot), for which a plot is
calculated using the effect size and the sample size of every trial:
the resulting figure, in the absence of publication bias, is a
reversed funnel (Fig. 1); (ii) Klein’s method (publication bias
assessment), which is based on the following hypothesis: if the
unpublished studies have the same characteristics with regard to
the number of subjects and their variability as the published
ones, how many unpublished studies with negative or null
results are needed to influence the results of the meta-analysis?;
(iii) the test for asymmetry applied to the funnel plot. Once 
standardized estimates of ORs (on the y-axis) and precision,
defined as 1/SE(OR) (on the x-axis) are obtained, a regression
line can be drawn. In the absence of publication bias, the inter-
cept on the y-axis (α) must be 0. If the 95% CI of α crosses the
zero line, publication bias cannot be inferred. Conversely, if the

95% CI of α does not cross the zero line, publication bias is 
considered to be present.

Number needed to treat

Another important and interesting calculation to give a real
‘bedside’ meaning to the results of a meta-analysis is the number
needed to treat (NNT). For example, when the aim of a meta-
analysis is to evaluate the efficacy of one drug vs. another in 
relation to a 1-year survival or to the healing of an ulcer, the
NNT indicates how many patients are to be treated to see the
one-unit difference between the two treatments. For example, in
the evaluation of cimetidine vs. placebo in the healing of gastric
ulcer, a NNT = 4 means that one needs to treat four patients 
with cimetidine to heal one patient more than with placebo. This
information can also be used for some pharmacoeconomical
evaluations [11].

If such an evaluation of the efficacy of a new drug is made
using data from either a clinical trial or a meta-analysis, the result
will lead to a conclusion as to whether or not the new drug is
significantly more effective than the standard therapy, but there
is no information on the magnitude of the difference between
the two strategies (probabilistic approach). The NNT measures
the size of the effect of a therapy (quantitative approach).

This number is calculated as the reverse of the ‘pooled risk 
difference’ (1/θ), so that two different values are produced

100 000

10 000

1000

100

10
641/64 1/16 1/4 1

Odds ratio

4 16

N

Fig. 1 Funnel plot (graphic method of Light
and Pillemer), which is calculated using the
effect size (odds ratio) and sample size (n) of
every trial. In the absence of a publication bias,
the shape is a reverse funnel.
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depending on whether the fixed effects model or the random
effects model is used. Both values can be calculated by computer
programs, together with their 95% CI.

The Forrest plot

Figure 2 shows the Forrest plot, commonly used and seen in arti-
cles using meta-analysis. It shows the OR and its CI, represented
by a point and two lines on each side of the point, respectively,
for each individual study. If the CI crosses the vertical line of
unity, the result is not statistically significant.

In the example shown, all trials show a trend for better efficacy
of cimetidine compared with placebo, although some individual
trials do not reach individual statistical significance, in part
because of the small number of patients.

At the bottom of the figure, outside the rectangle, the pooled
OR shows a statistically significant benefit of cimetidine.

Although this type of figure has become the classical way to
represent a meta-analysis, it does not give much information.
Indeed, it shows only the OR of each study and the pooled OR,
each with their respective CIs.

The Galbraith plot

The Galbraith plot [12] is a more informative graphical repre-
sentation. In this graph, every trial is represented by a number.
The graph axes have two different characteristics: on the x-axis,
the precision of the study is represented as the inverse of the
standard error of the OR, or the inverse of the dispersion 
(Fig. 3).

Points that are closer to the origin (0,0) indicate poorly 
informative trials, whereas points far from the origin represent
the most precise trials and have more weight in the meta-analysis.

For each trial, one can obtain the OR by drawing a line from
the 0,0 point to the logarithmic scale (on the curved line) of the
OR, which distinguishes this plot, crossing through the point
indicating the trial. The CI, which is always approximated in a
graph, is obtained by drawing two lines between 0,0 and y ± 2
and then reading the value on the OR scale. This Galbraith 
plot (Fig. 3) shows that all the trials have similar individual pre-
cision for the estimate of the treatment effect without statistical
heterogeneity.
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Fig. 2 Forrest plot of randomized studies comparing cimetidine with placebo.
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Quality scores

In reading a scientific paper, one not only tries to learn from
other investigators experienced in the subject, but one also 
evaluates all the procedural and methodological aspects that
contribute to the overall value of the work presented. To do so,
quality scores have been proposed. They can be applied quant-
itatively and in an objective manner to evaluate the quality 
of the article.

Meta-analysis, as for clinical trials, can be undertaken more 
or less well in terms of scientific methodology. Moreover, the
results can be described in several different ways, not all of which
are the most appropriate. In the case of a meta-analysis, before
accepting the conclusions, a critical evaluation has to be per-
formed to ensure that both the methodology and the presenta-
tion of the results follows accepted rules.

Table 1 shows one such evaluation of the quality of a 
meta-analysis, combining methodological concerns with more
general concepts on how appropriate such an investigation 
was [3].

Frequently, meta-analyses have been performed with ran-
domized controlled trials (RCTs) that have been carried out 
in certain areas of clinical medicine in which the RCT is not 
the ideal way to establish the efficacy of therapy. If such a meta-
analysis were to show no evidence of benefit of a particular 
therapy, then this conclusion would not be sound because the
RCT is not the best instrument and, secondly, because there may
be very few RCTs performed in this particular area. If an RCT is
not the ideal study design for the matter under investigation, a
meta-analysis should not be performed.

Dropouts

Another crucial aspect is how to deal with dropouts. They
should always be taken into account. It is not correct to include
in the same meta-analysis studies that show a 5% dropout with
others that have a 50% dropout rate. These differences may 
represent important discrepancies between trials. A good habit

is to include in a single meta-analysis studies that are similar 
for dropout rate, duration of follow-up and so on, and to use
sensitivity analyses for trials in which these parameters are very
different.

Rule 9 in Table 1 underlines the importance of a statistician
evaluating statistical procedures and a physician interpreting 
the clinical findings. Therefore, a strong collaboration between
these two professionals is essential in our opinion to guarantee
accuracy and the clinical relevance of a meta-analysis.

Correct representation of a 
meta-analysis

An example of correct representation of a meta-analysis is
shown in Figure 4 [2]. The upper left corner shows the subject of
the meta-analysis, i.e. the sustained antiviral response following
6 months of treatment in trials aimed at comparing the efficacy
of interferon (IFN) alone vs. interferon + ribavirin for the treat-
ment of hepatitis C. Five trials were included in the analysis and
the number of patients was 1062.

The Galbraith plot clearly shows that two out of the five trials
have a precision significantly higher that that of the other three,
indicating that these two studies can be considered as ‘megatrials’
(i.e. very large trials; nos 2 and 3 in Fig. 4).

The publication bias assessment (PBA) shows that 142 trials
with negative or null results are necessary to reverse the stat-
istical significance of the meta-analysis, indicating that the 
analysis is very reliable. NNT and ORs are also represented
together with their respective CIs.

Subgroup analysis

The evaluation of clinically relevant subgroups is a good way 
to undertake a sensitivity analysis and to identify possible 
causes of clinical heterogeneity among studies. In the example
shown (Fig. 5), non-absorbable disaccharides are compared
with placebo or no treatment for the treatment of hepatic
encephalopathy in cirrhotic patients. The initial evaluation
showed a significant beneficial effect of the disaccharides [13], 
as shown by the pooled OR (0.339, 95% CI 0.136–0.846; ran-
dom effects model). However, statistical heterogeneity was found
(P < 0.01), so that the trials were evaluated according to a 
quality score. When this was done, the two best studies in terms
of quality did not reveal a beneficial effect of disaccharides,
whereas a beneficial effect remained in the evaluation of lower
quality trials. Thus, the effect of disaccharides is uncertain.
Owing to the small sample sizes and the low number of good-
quality studies, one cannot infer that no benefit has been proven.
Indeed, in this particular example, there is an apparent paradox
with day-to-day clinical practice in which non-absorbable dis-
accharides are routinely used.

Conversely, clinical use of a therapeutic agent can also be
widespread, despite a meta-analysis with detailed subgroup
analysis showing no effect of the agent – ursodeoxycholic acid 

Table 1 Validation of a meta-analysis.

The golden rules

1 Was RCT the most appropriate way to approach the problem?

2 Are sources, criteria of inclusion and exclusion from the study, 

methods and endpoints clearly defined?

3 Did the authors evaluate the homogeneity of the criteria of 

inclusion/exclusion for each trial?

4 How were the dropouts evaluated in each trial?

5 Was the heterogeneity of the outcome investigated?

6 Was the sensitivity evaluated in at least one way?

7 Was the publication bias calculated?

8 Is the output of the meta-analysis correct and complete?

9 Was an expert statistician consulted during the analysis?
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in randomized studies for the treatment of primary biliary 
cirrhosis [14]. Thus, following publication of a meta-analysis,
there has to be a consensus from the health care professions as 
to whether these are incorporated into guidelines or patient
management algorithms.

Meta-analysis of diagnostic tests

Meta-analysis can also be applied to diagnostic tests [15]. The
statistical methods used to combine data concerning diagnosis
are more complex than for therapeutic studies and not as well
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Fig. 4 A correct representation of a meta-analysis.
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Fig. 5 Randomized trials of non-absorbable disaccharides vs. placebo or no treatment for the therapy of hepatic encephalopathy. REM, random effects
model; FEM, fixed effects model. All the trials were designed with two groups: 1, non-absorbable disaccharides; 2, placebo or nothing.
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validated. This leads to greater difficulties in interpreting results
than for therapeutic studies. Recently, a six-level framework has
been put forward to assess diagnostic technologies. This not only
takes into account technical feasibility and accuracy, but evalu-
ates the impact on health outcomes. This can be considered the
major endpoint similar to survival in most therapeutic studies
[13], and a unified model has been proposed [16]. Thus, in 
meta-analyses of diagnostic tests, sensitivity, specificity, likeli-
hood ratios and positive and negative predictive values are 
evaluated separately and different comparisons may arise. A 
further problem is that rapid advances in technology, such as in
imaging, for example computerized tomography and magnetic
resonance scanning, may result in very few studies being able to
be evaluated, because they differ with regard to the diagnostic
instrument. In addition, several diagnostic tests are operator
dependent, which is a random non-measurable source of 
heterogeneity. In Figure 6, which shows the sensitivity and
specificity of ultrasound diagnosis for hepatocellular carcinoma,
one can see how the sensitivity varies from 30% to 100% in the
studies considered [17].
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26.4 Economic considerations in
hepatology
John B. Wong

Introduction

Excellence in practising the art of medicine involves optimal
decision-making. For every patient, physicians make implicit 
or explicit choices to treat, to perform further tests or to neither
test nor treat [1]. Previously, practising physicians mastered the
safety, efficacy, side-effects and indications for medications, and
learned the sensitivity, specificity, risks and indications for dia-
gnostic and prognostic tests. With the recent rapid expansion 
in novel drugs, medical devices, tests and imaging modalities,
health care costs have risen substantially worldwide. Increasingly,
physicians recognize that they must incorporate economic 
considerations into their medical decision-making [2,3]. This
review will provide a basic overview of the principles of health
economics including cost-effectiveness analysis.

Principles for allocating resources

Identifying a medical intervention as being ‘cost-effective’ has
become increasingly popular, yet it is prone to misuse and mis-
understanding [4]. The term is used at times to indicate that a
therapy saves money without accounting for effectiveness and,
at other times, that it is effective without consideration of costs.
In correct use, when considering cost-effectiveness, two dimen-
sions of medical decision-making become recognized simul-
taneously: effectiveness and costs. Three alternative principles 
for allocating resources then exist: (i) cost minimization with
reduction in costs regardless of outcomes; (ii) outcome maxim-
ization at any cost; and (iii) cost-effectiveness by either obtain-
ing the greatest possible benefit for a given resource expenditure
or expending the lowest resource cost for a given target benefit
[2]. In the absence of a budget, cost minimization or outcome
maximization could be the dominant principle but, in general,
the most common principle is cost-effectiveness, explicitly 
recognizing health budgetary limitations. When budgets are
limited, dollars spent on one disease have opportunity costs, 
that is those dollars could have been spent on a different disease
or on research or testing instead of treatment. From a broader 
perspective, those dollars could even be spent outside of health

care on societal needs. In particular, when health budgets are
nearly fully consumed, dollars spent ‘at the margin’ can become
particularly competitive among the alternative possible alloca-
tion options for those dollars in the effort to maximize the
benefit of scarce resources [5].

Analytical methods

Three types of economic analysis have been applied to health
care [6,7]. Cost identification or cost minimization analysis
examines the costs of care, implicitly assuming equal health
benefits for all the alternative options and thus ignoring non-
economic outcomes.

Cost–benefit analysis incorporates both costs and health 
outcomes, placing a monetary value on health outcomes so that
the alternatives can be evaluated on a single outcome measure.
However, because assigning a monetary value to a health out-
come (or life) raises many ethical objections, cost–benefit analysis
has generally not been accepted in health care.

Cost-effectiveness analysis is the most commonly used
method for performing economic analyses in health care. 
In these analyses, monetary and health benefit outcomes are
measured separately, and the value of a new health intervention
(medication, test or device) is measured relative to the standard
of care as the incremental cost to achieve an incremental health
benefit [2]. The cost-effectiveness plane (Fig. 1) displays the four
possible outcomes when comparing the new health intervention
with the standard one. The new intervention may cost more or
less and may be more or less effective. Interventions that are
more effective and less costly in the lower right-hand quadrant
are cost-saving. Those that are less effective and cost more in 
the upper left-hand quadrant are ‘dominated’. For those new
interventions that are more effective and more costly in the
upper right-hand corner or those that are less effective and less
costly, an incremental or marginal cost-effectiveness ratio can be
calculated by the following:

Cost with new – cost with standard care
Outcomes with new – outcomes with standard care

2080
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Thus, cost saving implies that an intervention reduces costs
and improves health, but cost-effectiveness implies that an
intervention increases costs and improves health or reduces
costs and leads to less health benefit. An intervention cannot be
considered to be cost saving simply by reducing costs and cannot
be considered cost-effective simply by being more effective.
Cost–utility analysis is a specialized subset of cost-effectiveness
where the effectiveness metric becomes life expectancy adjusted
for the morbidity or quality of life associated with the alternative
strategies.

Costs

Costs reflect the price paid for resources to provide a service.
Distinct from costs, charges include a profit margin related to
service delivery and may differ substantially from costs [8].
Because charges may lead to incorrect conclusions, actual
resource consumption is the preferred method. The process of
translating patient-related resource consumption involves cost
allocation that is both complex and, to some extent, arbitrary.
First, the most common approach involves assigning costs 
to departments or cost centres and then, within each centre,
allocating department costs to a unit of service. In both cases, 
a number of alternative methods are available [8].

Operating (production) costs can be divided into direct and
indirect costs. The direct costs relate to resources required to
provide a service, such as original capital or capital improve-
ment, professional (physician fees) and non-professional labour
and diagnostic tests, drugs or medical supplies. Indirect costs are
related to overheads to provide the service and include deprecia-
tion of the building, rent, space preparation and upkeep, util-
ities, support services and administrative services.

Direct and indirect costs can also be characterized as fixed
costs (costs that are relatively invariant over a short period of
time, e.g. equipment) and as variable costs (costs that vary
directly with changes in volume, e.g. disposable goods). For
example, in performing an ultrasound, the probe equipment is 
a fixed cost but the lubricant applied to the skin would be a 
variable cost. Semi-variable costs have both fixed and variable
components (e.g. maintenance). Lastly, time costs typically refer
to the loss of productivity or loss of life or livelihood for patients.

Costs can be estimated by a top-down or a bottom-up
approach. With a top-down approach, a clinical cohort is

identified, and their economic or resource utilization costs over
time are determined from medical billing data usually as charges
(e.g. hospital or physician bills). These charges are then adjusted
with cost to charge ratios. The characterization of the clinical
cohort can occur with very different levels of specificity, e.g.
average daily cost in the hospital for all types of patients or aver-
age daily cost for patients with a particular disease or daily cost
and length of stay for patients with a particular disease. With a
bottom-up or microcosting approach, the frequency of utiliza-
tion of individual resources is obtained (e.g. drugs, tests, proced-
ures and hospital days). These frequencies are then multiplied
by the cost of each resource unit and then summed to calculate a
total cost. Finally, a clinical study may capture clinical costs as
they occur during a randomized clinical trial. Thus, costs can 
be estimated prospectively or retrospectively. Practice patterns
and costs may vary considerably across different providers or
regions.

In assessing costs, a full accounting of net health care costs
typically involves the direct medical and health care costs, costs
associated with side-effects, savings from disease prevention or
alleviation and sometimes costs from additional diseases [2]. In
particular, tests or treatments may lead to induced costs.

For example, screening blood donors for hepatitis may lead to
false-positive tests. Induced costs could then include the cost of
discarded donated blood, of additional donor recruiting efforts
to maintain the blood supply and of additional liver tests and
office follow-up for the donor by their physician. On the other
hand, tests or treatments may lead to cost savings. For instance,
identifying blood donors truly infected with viral hepatitis (true
positives) and discarding their donated blood prevents the
potential morbidity, mortality and expense of post-transfusion
hepatitis for recipients, but also induces additional testing and
possibly antiviral treatment for the correctly identified infected
donor.

Perspective

Whether the analysis takes the point of view of patients,
providers, health payers or society affects which costs and health
effects are considered. For example, patients, providers, health
payers and society may view drug costs differently. Patients may
consider only drug costs that must be borne out of pocket or not
covered by insurance. Physicians must weigh the costs (and the

Incremental
costs

↑ Costs
↓ Effectiveness

↑ Costs
↑ Effectiveness

↓ Costs
↓ Effectiveness

↓ Costs
↑ Effectiveness

Incremental
effectiveness

Fig. 1 Joint distribution of incremental costs
and incremental effectiveness or benefits. Each
line represents zero and defines the plane into
four regions with positive or negative
incremental costs or effectiveness. See text for
details.
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risks and benefits) of generic vs. new drugs. Health payers may
consider the budgetary costs (in particular for the upcoming
year) of providing coverage for a particular drug and the cost of
illness that the drug may prevent. Society may consider the drug
costs but also the long-term costs of disease and lost productiv-
ity. Cost-effectiveness analyses usually take a societal perspective
and include lifelong costs, benefits and harms representing the
overall public interest.

Effectiveness

Health benefits are typically measured in outcomes that are 
relevant and meaningful to the condition under study for the
decision-maker. For example, screening tests or treatment out-
comes could include cases of cancers detected or cases of cancers
or cirrhosis prevented. One issue about using cases of cancer
detected involves whether the cases are treatable at the time of
detection, for example a hypothetical screening test could detect
cases of cancer but, if the cases were all metastatic at the time of
detection, there would be no clinical benefit. Similarly, such an
outcome measure is also subject to length and lead-time bias.
Translating and standardizing the outcome scale, however,
allows one to compare the health benefits of alternative tests or
treatments on a uniform scale. To account for survival, the effec-
tiveness measure could be life expectancy, but such a measure
would not consider morbidity from testing, treatment or dis-
ease. Thus, cost–utility analysis frequently uses quality-adjusted
life years gained to reflect not only prolongation of life but also
the quality of life associated with those years (e.g. surviving with-
out hepatitis after antiviral treatment but with influenza-like
symptoms during treatment).

Quality of life

To determine quality of life, utility assessment involves the
quantification of preferences for health outcomes. The three
most commonly used methods include the visual analogue scale,
the time tradeoff and the standard gamble methods. In all these
methods, outcomes are rank ordered from least preferred, usu-
ally death, to most preferred, usually perfect health. Typically,
for the visual analogue scale method a vertical line is drawn with
perfect health at 100 and the worst health at the bottom at 0. The
patient is then asked to indicate where their current health or a
described state of health would be on that scale. If, for example,
hepatocellular carcinoma were placed at 25, then the quality of life
with cancer would be 0.25, and living a year with hepatocellular
carcinoma would be equivalent to living three quality-adjusted
months in perfect health (0.25 times 1 year of perfect health).

In the time tradeoff method, individuals choose between
hypothetical scenarios in which they could live a shortened
length of life in perfect health or live longer but in impaired
health. The length of time with impaired health is varied until
the individual has difficulty deciding between the alternatives.
For instance, someone could be indifferent to the choice of 

living 6 months of life in perfect health vs. living for 1 year with
hepatocellular carcinoma. In such a case, living 1 year with 
hepatocellular carcinoma equals living six quality-adjusted
months in perfect health (0.5 times 1 year of perfect health).

Lastly, in the standard gamble approach, individuals choose
between a guaranteed intermediate health outcome such as liv-
ing 1 year with hepatocellular carcinoma and a chance of having
either the worst outcome (usually immediate death) or the best
outcome (e.g. living 1 year in perfect health). The likelihood of
the uncertain outcome is varied until individuals have difficulty
choosing between the guaranteed intermediate outcome and the
chance of having the best or worse outcome. If living 1 year with
hepatocellular carcinoma were equivalent to a 25% chance of
immediate death and a 75% chance of living in perfect health for
1 year, then the quality of life with hepatocellular carcinoma
would be 0.75, so living 1 year with hepatocellular carcinoma
would be equivalent to living nine quality-adjusted months in
perfect health. On a theoretical foundation basis, the standard
gamble is the preferred metric. However, the administration 
of these approaches can be time-consuming and difficult for
patients.

An alternative approach involves the use of indices or scales
that tabulate premeasured preferences for health states or 
outcomes defined in various dimensions (such as the Health
Utilities Index, the Quality of Well-Being Scale SF-6D or
EuroQOL). Patients with a particular condition or individuals
from the general population at risk of developing the condition
have previously assigned preferences for the various dimensions
of health states such as physical function.

In general, individuals experienced with a disease adapt to
their illness, perhaps adjusting their expectations, and assign
higher (better) quality of life values than those from the general
population. Conversely, those from the general population 
may assign lower pessimistic quality of life estimates. Different
estimates may be reached depending upon whether the study
population included physicians, patients with the disease or
individuals from the general population who have not experi-
enced the disease.

Other standard quality of life indices such as the SF-36 exist as
generic measures. However, these indices do not incorporate
patient preferences and thus should not be used directly in cost-
effectiveness analyses. In addition, disease-specific measures
have been constructed for a variety of diseases, and several exist
specifically for liver disease. These measures have increased 
sensitivity to health status changes but would be inappropriate
for cost-effectiveness analyses because they are typically not
applied across different diseases.

Time horizon and discount rate

The time horizon refers to the length of time over which health
benefits and costs are considered in the analysis. One example in
which the time horizon is particularly important concerns the
assessment of costs for antiviral drugs for hepatitis B. Based on
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the average wholesale price in 2003, monthly costs would be
$1397 for peg-interferon-α-2a at 180 µg once a week, $1879 
or $2349 for interferon-α at 10 million units three times a week
or at 5 million units per day, respectively, $166 for lamivudine
100 mg once daily, and $528 for adefovir 10 mg once daily. Thus,
oral medications appear to be substantially less expensive. How-
ever, excluding discontinuations and dose reductions, interferon-
α would cost $7517 over 16 weeks, and peg-interferon-α-2a
would cost $8380 over 24 weeks. Oral drugs would be given 
continuously, so 1 year of lamivudine costs $2020, and 1 year of
adefovir costs $6424. If given continuously, lamivudine drug
costs would equal interferon-α costs after 45 months and 
would equal peg-interferon-α-2a costs after 50 months.
Similarly, if adefovir were given continuously, adefovir drug
costs would equal interferon-α costs after 14 months and would
equal peg-interferon-α-2a costs after 16 months. Lastly, 1 year
of adefovir equals about 38 months of lamivudine.

Health payers usually consider short-term, 1-year time horizons
because of annual budgets, but the societal perspective typic-
ally applies a long-term or lifetime time horizon. In such cases,
preferences for when expenditures occur emerge as an impor-
tant consideration. Money spent now is more valuable than
money spent in the future because of opportunity costs. From
another perspective, one would prefer to receive money now as
opposed to receiving the same amount a year from now because
money available now can be put to immediate use or invested.
These time preferences for money are captured as the discount
rate. The discount rate quantifies this time preference and places
all economic costs in terms of the present value of money where
net present value equals 1 ÷ (1+ annual discount rate)t where t
equals the number of years elapsed until the expenditure occurs.
The recommended annual discount rate is 3% [9] so, for example,
spending a100 now equals spending a97 1 year from now or
spending a74 in 10 years. Thus, because of discounting, medical
interventions that reduce health expenditures in the future 
are economically less valuable than those that reduce health
expenditures in the current year. Because costs are discounted,
the benefits of health interventions must also be discounted [2].
Equivalently, discounting emphasizes current health benefits
over future health benefits. Thus, prolonging life by 1 year 10
years from now is equivalent to 0.74 current years of life or 0.55
current years of life if prolonging life by one year 20 years from
now. The discount rate does not adjust for inflation, which is a
separate consideration.

Decision analysis

Medical decisions frequently involve clinical judgements
regarding the likely diagnosis, the morbidity and mortality asso-
ciated with that disease, test interpretation using sensitivity 
and specificity, the information content and risk associated with
further testing and the risks and benefits of alternative therapies
[10,11]. With increasing physician knowledge and experience,
many of these decisions become automatic in response to

specific clinical situations. In other cases, either uncertainty
regarding diagnosis, test interpretation, disease prognosis or
treatment benefit or tradeoffs between treatment risks and
benefits complicate decision-making [12]. Hence, Sir William
Osler once said ‘Medicine is a science of uncertainty and an 
art of probability’. Decision analysis is an explicit, normative
approach to making decisions in the midst of uncertainty. It
specifies the alternative strategies, estimates the likelihood of
complications or benefits from those alternatives and assigns
values to the outcomes. It has been used to guide management
decisions for individual patients, to assess new technologies, to
develop guidelines, to determine cost-effectiveness and to evaluate
the public policy implications of various programmes [13,14].

Simple decision trees consist of three kinds of nodes: decision
nodes where the alternative strategies are defined; chance nodes
that explicitly account for uncertainty; and terminal nodes that
assign a value to the outcome. These trees are evaluated by fold-
ing back and averaging out. Starting with each terminal node,
multiple the value of the outcome by its likelihood and, at each
chance node, sum the branches. Repeat this process iteratively
until reaching each strategy [1].

Markov models have become more common in medical deci-
sion analysis. They are particular well suited for modelling the
natural history of chronic progressive diseases with repetitive 
or recurrent events. These kinds of models explicitly account 
for the timing of events and permit the risks of mortality and
morbidity and costs to change over time. In Markov models, the
natural history of disease is divided into predefined states of
health. During each Markov cycle or tick of a clock, patients may
move among the states of health. For example, during a Markov
cycle of 1 year, some patients may die, develop progressive dis-
ease or remain the same. The computer simulation continues
until all patients die. By tracking the proportion of patients alive
at the end of each year, the simulation can calculate the average
life expectancy for the cohort. By tracking the health state that
each patient is in, the simulation can calculate the average 
quality-adjusted life expectancy by crediting the cohort for the
morbidity of each health state. For example, if the quality of life
with hepatocellular carcinoma was 0.5, then patients surviving 
1 year with hepatocellular carcinoma receive credit for living 
six quality-adjusted months of life. Finally, by tracking when
patients are in each state of health (years elapsed) and the annual
cost of caring for patients in that health state, the Markov model
discounts expenditures. For example, if 20 years have elapsed
until an individual develops hepatocellular carcinoma and if 
the present value of the annual cost of care for such patients is
$30 000, then the Markov model discounts that expenditure by
41.2% [1 ÷ (1 + 0.03)20] assuming a 3% annual discount rate.

Sensitivity analysis

Having performed a cost-effectiveness analysis, uncertainty 
may exist about the particular value of each parameter used to
estimate costs or health effects. Sensitivity analysis explores the
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effect of varying each parameter value over a broad range to
assess the degree to which that uncertainty could affect the 
overall results. One-way sensitivity analysis considers each vari-
able separately one at a time. Two-way sensitivity analysis con-
siders variation in two variables simultaneously; and similarly,
three-way sensitivity analysis considers the effect of varying
three variables simultaneously. The ranges considered in these ana-
lyses typically reflect uncertainty based on statistical measures
reflecting the sample size or broad ranges intended to capture
the extremes. When variation shifts the preferred strategy, the
analysis is said to be ‘sensitive’ to that parameter. In such cases,
cost-effectiveness analyses identify critical research areas that
require additional study. When the preferred strategy does not
change with variation, the analysis is said to be ‘insensitive’ or
robust to variation in that parameter. Thus, cost-effectiveness
analyses not only identify the optimal strategy but also the most
influential parameters affecting the decision.

Recently, multivariate analyses accounting for variation in all
parameters simultaneously have become more common. These
Monte Carlo simulations characterize uncertainty around each
parameter using a probability distribution. Typical distributions
include beta for probabilities, lognormal for costs and logit for
quality of life. In such analyses, a sample value is drawn from the
probability distribution for each parameter for each analytical
run. These runs are repeated thousands of times, resulting in
distributions of incremental benefits and incremental costs.
Plotting these distributions of outcomes on the axes outlined in
Figure 1 permits the determination of cost-effectiveness accept-
ability curves, i.e. the probability that the new intervention 
may be cost saving or fall below a particular cost-effectiveness
willingness to pay threshold (see below).

The reference case

For many years, cost-effectiveness analysis applied a variety of
the above methods in an inconsistent manner. To standardize
the set of methods and assumptions for the measurement and
reporting of costs and health effects, a reference case was estab-
lished [15]. This standardization reduces methodological vari-
ability in the assessment of the cost-effectiveness of medical
technologies. When analyses comply with the reference case,
health policy-makers can use these analyses more reliably to
choose the most efficient use of public health resources in their
funding decisions.

Cost-effectiveness ratio

Two kinds of cost-effectiveness ratios can be calculated [6,16].
The average cost-effectiveness ratio divides each intervention’s
costs by its effectiveness. This can result in misleading conclu-
sions about an intervention’s cost-effectiveness. A preferable
way to express cost-effectiveness is the incremental or marginal
cost-effectiveness ratio, which refers to the additional cost
divided by the additional benefit of one intervention compared
with another.

Consider, for example, whether to treat hepatitis C with
antiviral medications. When examining only drug costs and 
sustained viral response, Table 1 presents the drug cost, sus-
tained viral response and the calculated average and incremental
cost-effectiveness of three antiviral regimens for treating chronic
hepatitis C [17,18]. The incremental cost and effectiveness are
obtained from the next lowest costing regimen. The average
cost-effectiveness ratios are relatively consistent, differing by
about $10 000. Treating with peg-interferon plus a fixed dose of
ribavirin compared with interferon plus ribavirin, however,
increases costs by $6953 to yield a 7.1% absolute increase in sus-
tained viral response for an incremental cost-effectiveness ratio
of $97 930 per additional sustained response obtained. Treating
with peg-interferon plus weight-based dosing with ribavirin
compared with peg-interferon plus fixed-dose ribavirin, 
however, increases costs by $2146 to yield a 7.0% increase in 
sustained viral response for an incremental cost-effectiveness
ratio of $30 657 per additional sustained response obtained.

Because the incremental cost-effectiveness ratio of peg-
interferon plus weight-based dosing with ribavirin is lower than
that of peg-interferon plus fixed-dose ribavirin, peg-interferon
plus weight-based dosing with ribavirin is a more efficient use 
of resources. Options that cost less and have higher effectiveness
are cost saving or dominate the alternative. When an option has
a lower cost-effectiveness ratio than the next less expensive one,
it has extended or weak dominance over the next less expensive
option because it would be a more efficient use of resources.
Specifically, to obtain a 54.6% sustained viral response with peg-
interferon plus fixed-dose ribavirin would require $18 722 in
drug cost, but to obtain the same 54.6% sustained viral response
with peg-interferon plus weight-based ribavirin would require
only $18 458 in drug cost (by treating just 88.4% of those
infected), a $264 saving. In such cases in which an option has
dominance or extended dominance, the lower costing option

Table 1 Average vs. incremental cost-effectiveness.

Drug Sustained Average Incremental Incremental Incremental
cost viral response cost-effectiveness cost effectiveness cost-effectiveness

Interferon plus ribavirin $11 769 46.5% $25 291

Peg-interferon plus fixed-dose ribavirin $18 722 53.6% $34 916 $6953 7.1% $97 930

Peg-interferon plus weight-based ribavirin $20 868 60.6% $34 414 $2146 7.0% $30 657
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falls out of consideration, and the incremental costs, effective-
ness and cost-effectiveness ratios are recalculated. Thus, peg-
interferon plus weight-based ribavirin should be compared with
interferon plus ribavirin, yielding $64 432 per additional sus-
tained viral response gained.

The use of alternative effectiveness metrics can lead to
difficulty in comparing the relative value of different medical
interventions. A similar analysis may estimate a cost per case 
of hepatocellular carcinoma detected, leaving the analyst to
determine the relative merits of viral eradication vs. preventing
cancer. Moreover, detecting a case of cancer may not be equiva-
lent to improving outcome, for example if none of the detected
cases was treatable or as a result of epidemiological concepts
such as lead-time or length bias. Lastly, such approaches com-
plicate interpretations across different diseases

Consequently, cost-effectiveness analyses have standardized
on reporting cost–utility analyses, i.e. the cost to increase life
expectancy by one quality-adjusted life year (adjusted to 1 year
of perfect health and discounted to its present value). Such ana-
lyses account not only for drug costs but also for disease costs.
The analysis in Table 1 does not include the $33 407 lifetime un-
discounted cost of caring for an average case of hepatitis C. When
incorporating such costs, the incremental cost-effectiveness of
peg-interferon plus weight-based dosing with ribavirin has a
ratio of $13 600 per discounted quality-adjusted life year gained
compared with interferon plus ribavirin [18].

Having determined the incremental cost-effectiveness ratio,
how can those ratios be applied? One approach is based upon the
notion of ‘willingness to pay’. A policy-maker may decide that it
will fund only medical interventions that are cost saving or that
fall below a threshold amount, the willingness to pay ratio. In
such a case, all interventions falling below that threshold, e.g.
$50 000 or a55 000 per discounted quality-adjusted life year
gained, would be reimbursed, whereas those exceeding this
amount would be deemed to be too expensive by providing
insufficient value. Thus, the selection among options with dif-
ferent cost-effectiveness ratios would be based upon staying
within this limit.

The second method involves specifying a budget and then
comparing the cost-effectiveness ratios of interventions with
other well-accepted medical practices by examining a league
table. A league table compiles cost-effectiveness ratios for vari-
ous treatments and diseases complying with the reference case.
The historical standard used for setting this threshold has 
been haemodialysis for chronic renal failure, which has an 
incremental cost-effectiveness ratio of $60 000–128 000 per
quality-adjusted life year gained. Funding would occur for 
those programmes that were cost saving or had the lowest 
cost-effectiveness ratio. Once the spending budget was reached,
further interventions would not be approved. Of course, such 
an approach does not occur in reality because policy-makers 
and budget holders consider aspects of treatment decisions
beyond their cost-effectiveness including ethical issues, dis-
parities and equity.

Evaluating a cost-effectiveness study

The discussion presented above emphasizes that cost-effectiveness
analysis is complex and that studies making claims regarding
cost-effectiveness should receive the same level of scrutiny as
other types of studies. The following questions can provide
guidance when evaluating a cost-effectiveness analysis, although
many additional features reflecting the conduct of the study and
its quality can be considered in specific settings [19,20].
1 Are the results valid?
• Did the analysis provide a full economic comparison of health
care strategies?
• Were the costs and outcomes properly measured and valued?
• Was appropriate allowance made for uncertainties?
• Are estimates of costs and outcomes related to the baseline risk
in the treatment population?
2 What were the results?
• What were the incremental costs and outcomes of each 
strategy?
• Do incremental costs and outcomes differ between subgroups?
• How much does allowance for uncertainty change the results?
3 Will the results help in caring for my patients?
• Are the treatment benefits worth the harms and costs?
• Could my patients expect similar health outcomes?
• Could I expect similar costs?

Practising cost-effectively

To illustrate the cost implications of clinical practice and treat-
ment guidelines, let us examine antiviral treatment for hepatitis.
In evaluating treatment response, detection of individuals
unlikely to respond avoids potential morbidity from continued
antiviral treatment and its expense. On the other hand,
identification of individuals with a high likelihood of response
may help them adhere to treatment. Figure 2 shows the results of
peg-interferon plus ribavirin treatment for hepatitis C [17,18].
In this case, treatment evaluation occurs at 12 weeks, and the 
criterion is viral negativity. Note that the positive predictive
value is the likelihood of having a sustained viral response
among patients with an early viral response; negative predictive
value is the likelihood of not having a sustained viral response
among patients without an early viral response; and neither 
of these is the likelihood of missing a sustained viral response or
the likelihood of stopping therapy early. In this case, antiviral
therapy drug cost savings occur for the 36% of patients who 
did not achieve the early viral response, but 5.5% of patients 
who would have had a sustained response would have had their
therapy stopped prematurely. From a cost standpoint, there
would be antiviral drug savings from stopping therapy but, by
stopping therapy in those 5.5% who would have had a sustained
response, this stopping rule would have caused disease-related
monitoring and treatment follow-up costs that could have been
avoided with continued antiviral treatment. Thus, the goal of
any stopping rule is to avoid premature discontinuation of
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antiviral therapy for those who will become sustained respon-
ders, i.e. the early viral response test should be positive for those
who will develop a sustained viral response, and any negative
predictive value less than 100% implies that some sustained viral
responders are being missed.

To achieve a 100% negative predictive value, two alternatives
are possible: extend the time at which response is assessed so 
that more patients can achieve that response, e.g. viral negative
after 24 weeks, or reduce the stringency of the criteria, e.g. viral
negative or with a 2-log decrease in viral load after 12 weeks.
Extending the duration of therapy for everyone exposes every-
one to the morbidity and expense of an additional 12 weeks of
therapy so, in general, if all or nearly all sustained responders can
be detected earlier, that would be the preferred evaluation time.
Hence, additional analyses showed that a viral negative or 2-log
viral load decrease after 12 weeks of therapy identified all 
sustained responders. The cost implications, however, are that
fewer patients would stop therapy after 12 weeks because addi-
tional patients were able to achieve the less stringent viral
response criteria, leading to additional antiviral drug costs but
reducing future disease costs because the 5.5% of sustained
responders who would have been missed continued therapy.

When examined for positive predictive value, the 12-week
viral negative criterion has an 84% positive predictive value,
namely that those who became viral negative by week 12 had an
84% likelihood of a sustained viral response. When that crite-
rion is relaxed by allowing those with a 2-log viral load decrease
to continue therapy, the positive predictive value falls because
the additional patients continuing therapy have a less than 84%
chance of becoming a sustained responder. On the other hand, 
if the criteria were made more stringent, e.g. requiring viral 
negativity or a 3-log drop by 12 weeks, or by shifting the 
criterion to an earlier time point, then the positive predictive
value would rise. A higher proportion of patients (including

some who would have had a sustained response) would stop
therapy because of the stringency of the criterion. But, for those
achieving this, the high positive predictive value could provide
motivation to adhere to antiviral treatment.

Conclusion

With increasing economic pressures, physicians must not only
know about the safety, efficacy and effectiveness of medical
practices, but also become conversant in the terminology and
methodology of health care economics. Cost-effectiveness ana-
lysis has become a commonly accepted method of evaluating 
the value of new medical interventions.
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26.5 Development of the liver interactome:
mapping the regulatory networks
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Summary

Cellular functions arise from the ability of components within
the cell to interact with one another and thus act in a coordi-
nated and regulated manner. Signalling networks that receive
and process both extracellular and intracellular signals are
essential for the regulation of cellular functions. The cellular
interactome is composed of proteins, nucleic acids, lipids, com-
plex carbohydrates, metabolites and ions. To develop the liver
interactome and predictive models of liver function, we need
first to construct the interactome for hepatocytes, Kupffer cells
and stellate cells in the liver. Here, we review the signalling 
pathways and networks that are present in the major cell types of
the liver and the functions they are responsible for. We consider
current genomic and proteomic approaches to experimentally
define the components and interactions in liver cells. We describe
both qualitative and quantitative computational approaches to
study such interacting systems and suggest an integrated experi-
mental and computational approach that can help us to develop
and analyse the liver interactome.

Introduction

Understanding the function of organs in terms of cellular and
molecular functions would be a major advance in medical sci-
ences, because it would allow us to develop detailed computer
models of organ function that can be used to analyse pathophys-
iologies and predict approaches to treatments and possibly com-
plications that may arise as diseases progress. To get to a stage
where we can build such predictive models of organ function, we
need first to build predictive models of cellular function. Such
models should be able to explain how cellular functions arise
from interactions between components of a cell. All functions at
the cellular level are tightly regulated. This regulation is medi-
ated by intracellular signalling pathways and is both stimulus
and cell specific. In the liver, the proliferation of different cells 
is triggered by different stimuli. In the cells populating the liver,
including hepatocytes, hepatic stellate cells (HSCs), Kupffer cells,
sinusoidal cells, etc., the coordinated and precise response to a

variety of extracellular stimuli reaching the cells is orchestrated
by their intracellular signalling networks that enable the cell to
process information and mount functional responses such as
proliferation, differentiation, synthesis and deposition of extra-
cellular matrix proteins and control of glucose homeostasis,
based on the varying cellular needs and stimuli received.
Understanding the organization and regulatory capabilities of
the signalling networks is the key to the development of func-
tional models of the cell and thus, eventually, organs.

At the cellular level, between the stimulus and the expression
of cellular function are the signalling pathways that mediate the
responses to the various stimuli. This is accomplished by the
intracellular propagation of the signal through its primary 
pathway, the integration with other signalling pathways and 
the engagement of the cellular machineries that carry out the
task. Understanding how signals flow through the interacting
signalling pathways and regulate the various cellular machines 
is a major goal of the developing field of systems biology at the
cellular level. There is a considerable amount of information
available about the signalling pathways and biological responses
in liver cells of various types; however, how the different modes
of regulation are integrated to yield cellular function is not well
understood. Here, we describe some of the signalling pathways
and their interactions relevant to physiological or pathological
processes occurring in the liver and then discuss new approaches
for studying intracellular signalling networks using emerging
experimental and computational technologies that may provide
systems level understanding of liver function.

Hepatocyte proliferation

The proliferation of parenchymal hepatocyte cells is stimulated
by growth factors produced by the remaining hepatocytes and
Kupffer cells, such as epidermal growth factor (EGF), trans-
forming growth factors (TGFs), hepatocyte growth factor (HGF),
hormones such as insulin and glucagon, and by cytokines such
as tumour necrosis factor (TNF)α and interleukin (IL)-6 [1].
TGF-α and HGF are considered to be two of the most important
growth factors that stimulate hepatocyte proliferation. TGF-α
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and HGF bind to their receptors, promoting their activation,
which leads to the recruitment of several signalling proteins such
as Grb2, Sos, Ras, phosphatidylinositol 3-kinase (PI3K), phos-
pholipase C-γ (PLC-γ) and fyn through their SH2 and SH3
domains [2–5].

Vascular endothelial growth factor (VEGF) stimulation of
endothelial cells of the hepatic sinusoidal capillaries releases 
a HGF precursor (pro-HGF) from HSCs, which is activated 
by cleavage by the urokinase-type plasminogen activator (uPA)
and plasminogen proteases [1]. HGF activates its own receptor
on the surface of hepatocytes, c-Met, a tyrosine kinase receptor,
leading to activation of intracellular signalling pathways involv-
ing PI3K, c-AKT/protein kinase B (AKT/PKB), ERK and p70-S6
kinase [6]. The potent mitogenic effect of HGF appears to be
mediated by the upregulation of TGF-α, the latter acting by an
autocrine mechanism on hepatocytes.

TGF-α is an endogenous ligand for the EGF receptor (EGF-R).

The binding of TGF-α to EGF-R activates the Ras–Raf1–MEK–
ERK1/2 proteins and the p90-S6 kinase, which phosphorylates
C/EBPβ (CCAAT/enhancing binding protein-β) to regulate the
expression of genes important for cell proliferation and survival
[7–9]. The HGF–TGF-α signalling network is shown in Figure 1.

A number of other factors, mainly the Kupffer cell-derived
cytokines TNFα and IL-6, may also play crucial roles in the pro-
liferation of hepatocytes, acting through the activation of janus
kinase (JAK) family members and NFκB and STAT3 transcrip-
tion factors [10]. The interplay between growth factors and
cytokines in regulating the growth of the liver, and how this pro-
liferation is controlled to achieve ‘normal’ liver, remain major
unanswered questions. Modelling how the signalling networks
in hepatocytes are configured and the balance of regulatory
motifs that control and process information flow through these
networks could be useful in understanding these systems level
questions.

STAT3

Kupffer Cell

Endothelial cell

TGF-a

TNFa

TNF-R1

TRADD

TRAF2/RIP

VEGF

IL-6

IL-6R

JAK

MEK1,2
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Fig. 1 HGF–TGF-a signalling network. VEGF, vascular endothelial growth factor; HGF, hepatocyte growth factor; uPA, urokinase-type plasminogen activator;
c-Met, HGF tyrosine kinase receptor; PI3K, phosphatidylinositol 3-kinase; C/EBPb, CCAAT/enhancing binding protein-b; EGF-R, epidermal growth factor
receptor; TGF-a, transforming growth factor-a; JAK, janus kinase; TNFa, tumour necrosis factor-a; TNF-R1, TNF receptor 1; TRADD, TNF-R1-associated death
domain-containing protein; TRAF2, TNF receptor-associated factor 2; IKK, IkB kinase; NFkB, nuclear factor kB; IL-6R, interleukin-6 receptor.
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Liver fibrosis and hepatic stellate cell
activation

Fibrosis in the liver involves the proliferation of mesenchymal
cells possessing a myofibroblast phenotype and the deposition of
collagen and other extracellular matrix (ECM) proteins by these
cells, leading to progressive scarring and loss of organ function.
Upon damage to liver tissue, the HSCs are activated, resulting 
in the stimulation of their proliferation, motility, contractility
and synthesis and deposition of ECM components [11]. These
processes are driven by two growth factors, platelet-derived
growth factor (PDGF) and TGF-β. The ECM also plays an
important role in the regulation of wound healing. PDGF is the
main mitogenic factor for cultured HSCs [12], and is secreted by
a variety of cell types in response to injury. Binding of PDGF to
its receptor (PDGF-R) triggers several intracellular signalling
events [13], driven by Tyr phosphorylation and interactions
with SH2 and PTB domain-containing molecules [3,14–16].
The response of HSCs to PDGF is subject to modulation during
liver injury. PDGF-R has two different isoforms, PDGF-Rα and
PDGF-Rβ. PDGF-Rα is expressed in unactivated HSCs, and its
expression is unaffected during HSC activation caused by liver
injury. In contrast, PDGF-Rβ is undetectable in unactivated
HSCs but, upon activation of HSCs, it is upregulated [17,18].
Furthermore, activated HSCs release PDGF that, in an autocrine
fashion, stimulates HSC proliferation. Similar effects on PDGF-
Rβ expression and cell growth are observed after stimulation
with TGF-β1, which is produced by surrounding cells or HSCs
themselves [19]. Thus, the presence of PDGF-Rβ may be indica-
tive of a functional autocrine loop.

The proliferative response of HSCs to PDGF also involves the
activation of PI3K. Downstream effectors of PI3K are PKC-ζ,
p90-S6 kinase and AKT/PKB, the last also having an antiapop-
totic effect [20] when the PI3K/c-AKT pathway is activated by 
insulin-like growth factor 1 (IGF-1), as opposed to PDGF [21].
Differences in the dynamics of signalling activated by PDGF and
IGF-1 could account for their different biological actions [22].
The consequences of the complex temporal characteristics of
signalling pathways are poorly understood. Such understand-
ing requires a detailed knowledge of the regulatory interface
between the signalling network and the cellular machines, and
this in turn requires sustained efforts at both the experimental
and the theoretical levels.

The TGF-β signalling pathway is a good example of how
interactions between signalling pathways determine the actual
biological outcome. TGF-β is a cytokine that contributes to the
fibrogenic response to organ damage, including in the liver [23].
TGF-β binds to the extracellular portion of TGF-R2, which sub-
sequently dimerizes with TGF-R1 and phosphorylates TGF-R1
on Ser/Thr [24]. Activated TGF-R1, in turn, phosphorylates
Smad proteins, which are divided into three categories: R-Smad
(Smad2 and Smad3, activated by TGF-R1 phosphorylation),
Co-Smad (which function as common partners, like Smad4)
and anti-Smad (which inhibit Smad signalling, like Smad7)

[30]. Smad4 acts as a Co-Smad by forming dimers with a phos-
phorylated R-Smad. R-Smad/Smad4 dimers regulate transcrip-
tion. R-Smad/Smad4 dimers not only bind to Smad-binding
elements on target DNA, but also cooperate with other tran-
scription factors (such as AP1) or interact with co-activators
(CBP) or co-repressors. Through these interactions at the level
of nuclear regulators, the modulation of transcription by TGF-β
signalling is integrated with modulation from other signalling
pathways. Thus, the biological outcome of the activation of
TGF-β signalling is highly influenced by previous, concomitant
or temporally subsequent inputs from other signalling pathways
of the cellular signalling network.

Another level of integration with the signalling network for
TGF-β signalling is achieved through the involvement of the
anti-Smad, Smad7. As the promoter of Smad7 carries a Smad-
binding element, activation of TGF-β signalling is also followed
by the induction of Smad7 gene expression, which, in a negative
feedback loop, leads to attenuation of TGF-β signalling.
Interestingly, signalling generated from interferon-γ (IFN-γ)
antagonizes the TGF-β signalling pathway by inducing Smad7
transcription [25], acting as an antifibrotic factor. This suggests
that the regulation of Smad7 expression may set a threshold of
responsiveness to TGF-β in the context of Smad-dependent
TGF-β signalling.

Smad proteins can also be regulated by MAP kinases [26] in
many cell types. Thus, the balance between PDGF and TGF-β
signalling can lead to a complex phenotype that involves both
proliferative and differentiation-type responses. The potential
interactions between the PDGF and TGF-β pathways in regulat-
ing liver fibrosis are summarized in Figure 2.

Proteomic and genomic approaches to
understanding the integration of liver
signalling systems

The biochemical and functional studies over the past four
decades to identify the components and the mechanisms of 
signal transduction in the liver have revealed a great degree of
complexity. Part of this complexity arises from the dynamic
organization of the signalling network, leading to the formation
of information processing motifs. Additionally, our knowledge
of the components and interactions are still incomplete.
Sustained genomic and proteomic approaches are needed to
develop a more complete picture.

Development of maps representing the components and
interactions that take place in a given cellular context would 
be very valuable in developing more complete pictures. This
requires the gathering of information on spatial location and
temporal and posttranslational modifications of the compon-
ents in relationship with the interactions they participate in. To
develop a complete map of the interactome network, we should
be able to answer the kinds of questions that current genomics
and proteomics ask. Such questions include: what are the pro-
teins that are expressed in a liver cell under varying physiological
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conditions? In which cellular compartment are they expressed
and how does this change with changing physiological states?
These types of questions imply that these maps need to reflect
the dynamic nature of cellular interactions [27].

The completion of sequencing of the human and other
genomes, and the progress in annotating the genome should
provide us with a definitive number of genes that can serve as 
a baseline for determining which genes are expressed in which
cell and under what conditions. A substantial amount of tran-
scriptional data using microarray analysis are now being accu-
mulated that will provide valuable information about changes 
in gene expression under different conditions (i.e. normal 
vs. pathological cell, untreated vs. drug-treated cell). Thus, the
microarray data sets will allow us to define cellular dynamics at
the transcriptional level but, even though this is very informa-
tive, it contributes in a limited way towards understanding the
dynamics of cell function, due to the poor correlation in expres-
sion levels between mRNA and protein [28]. To obtain reliable
information on levels of proteins, large-scale proteomic studies

are needed. This is a primary goal of proteomics. However, mass
spectrometry, one of the common methods in proteomics, is
biased towards the detection of more abundant proteins. It 
will be essential to develop technologies that can identify and
measure changes in protein levels over a thousandfold range,
especially for low-abundance proteins. It will also be necessary
to identify and catalogue the various posttranslational modi-
fications that proteins undergo, such as phosphorylation, lipid
modifications, acetylation, hydroxylation, ubiquitination and
methylation. Several of these modifications occur on the same
proteins and, at the moment, methods to characterize all these
modifications simultaneously are not well developed. Such
characterization is necessary because most interactions in the
cell are modulated by these posttranslational modifications.
Indeed, changes in posttranslational modifications underlie
most of the dynamics of cellular interactions.

Proteins exert their function mainly by interacting with other
proteins, nucleic acids, lipids and sugars, and modulation of
these macromolecular interactions [14,16] is a central mechanism
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for regulating function. Thus, there has been an increasing 
focus on identifying and analysing interactions on a large scale.
The efforts have largely focused on lower organisms such as 
the budding yeast Saccharomyces cerevisiae [29–32] and, more
recently, investigations have extended to the nematode Caenor-
habditis elegans [33] and Drosophila melanogaster [34,35].
Mapping the protein interaction network requires high-
throughput strategies [36]. The approach that has commonly
been used to analyse the entire protein interactome on a
genome-wide scale is the yeast two-hybrid (Y2H) screen, which
is simple, sensitive and adaptable to high-throughput methods.
Several studies using yeast two-hybrid approaches have yielded
non-overlapping results [29,30], suggesting that the protein
interactome is likely to be larger than was thought and that
defining the conditions under which the interactions occur
could be crucial in both observing and mapping them. It is likely
that Y2H screens, coupled with other approaches such as mass
spectrometric characterization of complexes as a biochemical
characterization of co-purifying proteins [27,30], will provide a
fuller picture of the protein interactome.

Even with the limitations in the Y2H approach, interesting
organizational details are emerging. The studies performed in
vivo on the protein interactome network of S. cerevisiae by Y2H
screening have revealed that a large number of yeast signalling
proteins interact with a few partner proteins, while a small 
number of proteins have many interacting partners [37]. Such
proteins capable of large numbers of interactions, termed hubs,
may play a key role in the integration between different sig-
nalling pathways. Alterations in their function as interactors are
likely to damage the network integrity, compared with other
proteins with few interactions. Thus, the topology of the yeast
interaction network can protect the organism from deleterious
changes.

Interesting information on spatiotemporal regulation has
been gleaned from a study of the yeast protein–protein interac-
tion network [38]. Combining Y2H studies with mRNA expres-
sion profiling indicates that hubs can be split into two distinct
populations: hubs whose expression is highly correlated with
that of their partners and hubs whose expression is less corre-
lated with that of their partners. The former have been termed
‘party hubs’, i.e. nodes where the numerous different interac-
tions occur simultaneously, and the latter ‘date hubs’, nodes
where the hub proteins interact with their partners at different
times. The authors found that the removal of individual party
hubs from the network does not appear to affect connectivity,
whereas the targeted removal of date hubs is highly deleterious
to the network integrity, resembling the effects observed when
attacking all hubs. These findings are compatible with a modular
model of network architecture, in which the connections within
discrete biological processes (modules) are established and
maintained by party hubs, which act as points of aggregation
within a single module, representing ‘lower level’ interactors.
Date hubs represent global or ‘higher level’ connectors between

modules, which integrate different modules or subnetworks
governing biological processes. Thus, modules responsible for
biological processes are organized and kept together by party
hubs that function inside modules. Biological processes – or
modules – are connected to one another by date hubs, according
to the cellular needs and conditions. This model predicts that
experimental perturbations of date hubs in vivo should confer
different effects from perturbations of party hubs. In this
respect, such a model could help in understanding the molecu-
lar mechanisms of complex diseases where several different 
biological processes need to be altered for the expression of the
diseased state.

Another approach to mapping the protein interactome 
used identification based on protein recognition modules [39].
Many protein–protein interactions critical for the assembly of
complexes and pathways are mediated by peptide recognition
modules (domains) [16]. For example, SH2 and PTB domains
recognize tyrosine-phosphorylated motifs; SH3 domains recog-
nize proline-rich peptides. The study by Cesareni’s group [39]
attempted to define the portion of the yeast protein interaction
network based on the recognition of proline-rich peptides by
SH3 domains. A first map was built by screening a phage display
library with most of the yeast SH3 domains. A second map was
built by Y2H screening using, as baits, yeast SH3 domains and
proline-rich proteins. The overlapping interactions between the
two maps were used to draw a SH3-dictated interaction map.
The effectiveness of this strategy was shown by the enrichment
in literature-validated interactions, suggesting that the overlap
network has a significantly higher probability of picking physio-
logically relevant interactions.

One challenging task in the study of the protein interactome is
to understand the temporal characteristics of protein modifica-
tions and the extent of the fraction of the protein that interacts
with its partners. Mann’s group [40] have described a mass 
spectrometric (MS) approach that allowed them to identify 
proteins involved in the EGF signalling pathway in HeLa 
cells, to resolve their temporal involvement and to concomit-
antly assess their relative quantification. This approach is based
on a classical affinity purification of proteins followed by the
analysis of their tryptic digests by liquid chromatography–mass
spectrometry (LC-MS)/MS. The same authors had previously
described a novel strategy that they termed SILAC (stable 
isotope labelling with amino acids in cell culture), in which 
an entire cellular proteome is labelled with arginine carrying a
stable isotope of carbon, ([13C]-Arg), and the proteins extracted
from the 13C-labelled proteome are compared with an identical,
but unlabelled, proteome [41]. This approach allows one to
compare several conditions, enabling the definition of the 
temporal characteristics and relative quantification of proteins.

Currently, detailed interaction maps have not been developed
for mammalian cell types. This is because, with the different 
specialized cell types, the first required step is to identify and
characterize the genes that are expressed in the cell and how 
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the products of these genes go on to form the interaction 
network. Obtaining such experimental data will take some time,
although progress is being made on many fronts. Additionally,
while interactions between proteins are very important, they
constitute only part of the total interactions within the cell.
Interactions between proteins and lipids in the cell membrane
and proteins and nuclei acids in the nucleus and cytoplasm con-
stitute substantial portions of the total interactions with the cell.
We also require a detailed description of the metabolites in the
cell and how these metabolites interact with one another and
other macromolecules. The global study of cellular metabolites
is developing in a distinct area of study called metabolomics.
While such an approach will be experimentally necessary
because the technologies may have to be adapted to identify 
and characterize metabolites, at a conceptual level, interactions
between metabolites and macromolecules in the cell will have to
be considered in an integrated manner if a fuller understanding
of the cellular interactome is to be obtained. Even at the level of
defining the proteomic interactions in the liver, considerable
challenges exist. These have been described in a recent review
[42]. Of immediate interest is the development of approaches 
to characterize disease-induced changes in the liver. Such
approaches seem to be most advanced for hepatocellular carci-
noma [43], although interaction maps have yet to be built from
these studies. It will take some time before studies of the type
described above in yeast can be performed for hepatocyte or
Kupffer cells. However, as large-scale data-gathering technolo-
gies rapidly improve and their application to disease models
becomes more standardized, it is becoming apparent that it is
only a matter of time before such approaches are applied to the
study of liver cells.

The role of computational modelling in
building a virtual liver

A major issue in the development of large-scale interaction maps
with thousands of components and interactions is the approach
that will be used to analyse and understand such a system. It is
obvious that the organization and capabilities of such complex
systems cannot be understood intuitively and that mathemat-
ical analysis will be necessary. Several types of mathematical
approaches can be used. Large data sets have traditionally been
analysed using statistical methods. This has become a well-
developed approach to analysing mRNA expression profiles using
microarrays [44]. More recently, such statistical and Bayesian
modelling approaches have been used to deduce connectivity within
pathways and small networks [45]. Whether such approaches
can be used to analyse bigger networks consisting of hundreds of
components and thousands of interactions is not yet clear, but
nevertheless the approaches do appear to be promising.

At the simplest levels of representation, interactions between
components in any cell, including a liver cell, i.e. the liver interac-
tome, can be represented as a network graph. Analysis of network

graphs is a well-developed area of mathematics [46]. Network
analysis has been applied with great success to physical networks,
such as networks of computers, and a variety of biological net-
works including social networks among humans [47,48]. A
number of characteristics of the network can be gleaned from
such analysis. These include how many interactions it takes for
any other component to reach any other component in the 
network, how densely the network is interconnected, and the
topology that defines the integrity of the network. Recent studies
have also shown that it is possible to recognize small recurring
patterns of interacting components within such networks. These
patterns, which are termed network motifs, provide clues as to
how network topology can facilitate the processing of informa-
tion. Such motifs include long-recognized patterns of con-
nectivity in biochemical systems such as positive and negative
feedback loops. Alon’s group [49] have also defined two other
motifs, the feed-forward motif and the bifan motif, both of
which have substantial signal processing capabilities. Members
of our laboratory recently developed a model of the neuron as a
system of nearly 550 interacting components and 1300 interac-
tions. As a signal propagates through this system from ligand–
receptor interactions, an interesting pattern of motifs can be
observed. The location and juxtaposition of these motifs with
respect to each other was useful in understanding why some 
ligands that affect this neuron are capable of inducing plasticity
while others, although evoking acute responses, allow the neu-
ron to maintain homeostasis. Such analyses provide a relatively
simple and useful approach to move from consideration of 
how individual components are regulated and function to how
groups of components may function in a coordinate manner. 
It would be interesting to determine what types of regulatory
patterns emerge when the pathways regulating the key responses
by liver cells are combined to form a larger network and analysed
by graph theory methods. Overall, such qualitative mathem-
atical analyses will also provide a useful framework for quantit-
ative analyses of larger networks such as the neuronal or liver 
interactome.

All interactions in all cells, including mammalian cells, arise
from chemical reactions that can be represented quantitatively
by differential equations such as ordinary or partial differential
equations or, in cases where the interactions are stochastic, by
appropriate probabilistic representations [50]. All these equa-
tions allow for the calculation of the components’ change with
respect to time and how products may be formed. When many
reactions are coupled together, such systems of equations
become quite large. Determining how input–output relation-
ships should be studied in such large systems is not immediately
obvious. In these situations, the qualitative analyses that identify
regulatory motifs can serve as a very useful guide for quantitative
simulations. Currently, there are no published examples of 
how qualitative networks can be parameterized and computed
quantitatively; however, it is only a matter of time before such
analysis is conducted.
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Perspective

Although a lot is known about components and interactions in
different types of cells that go to make up the liver, we are not yet
at the stage where we can integrate this information to develop
predictive models of hepatocytes, Kupffer cells and stellate cells,
and integrate these models to develop a functional liver. How-
ever, we are at the stage where both the experimental and the
theoretical approaches needed are being identified and the
enhancements to these approaches are being made at a brisk
pace. These advances will allow for the integration of these
approaches. At the experimental level, the genomics studies 
that define the genes that are being expressed under various 
conditions need to be integrated with proteomics and
metabolomics to develop a fuller understanding of all the inter-
actions that occur within each cell type. Such integration will
lead to a functional ‘interactome’, which can be represented as a
network made up of interacting components. Qualitative and
quantitative analysis of these networks should yield detailed
models capable of predicting functional responses. Such pre-
dictions can then be utilized to understand how changes in 
components and interactions lead to pathophysiology and what
types of therapeutic interventions can restore the system to the
normal physiological state.
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The following pages contain tabulated data on the frequency of
the important hepatic infections in different parts of the world.
Because disease surveillance does not exist for most of these
infections nor for the diseases that they may cause, the informa-
tion is largely based on serological or parasitological surveys.
The data may hide marked variation between different geo-
graphical groups and between social groups within the country.
Thus, although malaria occurs in both Kenya and Argentina,
almost every child on the Kenyan coast will experience at 
least one attack of malaria during each rainy season, while, in
Argentina, malaria transmission is confined to one small area 
in the north of the country. Equally, not everyone in a specific
geographical location is at risk of contracting a particular dis-
ease: people on package tours to Kenya are at relatively low risk
of contracting schistosomiasis when compared with fishermen
earning their livelihood from Lake Malawi.

‘Frequency’ is used to indicate the risk of infection between
different countries, i.e. between rows in the table. The scale used
for different diseases varies, so comparisons cannot be made
between diseases, i.e. across the columns. The information can
be used in two ways. First, it gives some indication of which
infectious liver diseases exist in each country. Second, it gives
some idea of the potential risk associated with travel to the 
country, risk that is influenced by behaviour. Hepatitis A is an
ubiquitous virus, but people are only affected in conditions
where standards of sanitation are poor. In general, hepatitis B
and C can only be contracted through sexual contact or transfu-
sion of blood products, although, in much of Africa and Asia,
hepatitis B is transmitted from child to child by an unknown

route. Yellow fever is a sporadic infection in Latin America; in
Africa, it occurs in epidemics in urban areas.

The data were compiled from various sources: the Centre for
Disease Control in Atlanta, Georgia, United States, publishes
annual handbooks containing advice for international travellers:
the World Health Organization and World Bank publish annual
reports; one invaluable book is A World Guide to Infections by
Mary E. Wilson (Oxford: Oxford University Press, 1991).

In each table, + + implies the disease is common; + implies it is
quite frequent; ± implies it occurs but is rare; – implies that the
infection is not recognized as an important hazard; and ? implies
that the information is not available.

Abbreviations included in the tables
HAV hepatitis A virus
HBV hepatitis B virus
HCV hepatitis C virus
HEV hepatitis E virus
Mal malaria
SM Schistosoma mansoni
Schisto schistosomiasis (S. haematobium, S. japonicum

or S. mansoni)
Lep leptospirosis
YF yellow fever
CS Clonorchis sinensis
VL visceral leishmaniasis
Hyd hydatid disease (Echinococcus granulosus)
EH Entamoeba histolytica

27.1 Geographic distribution of infections
causing liver disease
Harriet Hughes and Tom Doherty
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Table 1 Frequency of infectious liver diseases in Africa.

EH HAV HBV HCV HEV Hyd Lep VL Mal SM YF

Algeria ++ ++ + + + ++ + + + ± −
Angola ++ ++ ++ + + + + ± ++ ++ +
Benin ++ ++ ++ + + + + − ++ ++ +
Botswana ++ ++ ++ + + ± + − + + −
Burkina Faso ++ ++ ++ + + + + ± ++ ++ +
Burundi ++ ++ ++ + + + + − ++ ++ +
Cameroon ++ ++ ++ + + + + ± ++ ++ +
Cape Verde ++ ++ ++ + + − + − + + +
Central African Republic ++ ++ ++ + + + + ± ++ ++ +
Chad ++ ++ ++ + + + + + ++ ++ +
Comoros ++ ++ ++ + + − + − + + +
Congo ++ ++ ++ + + + + − ++ ++ +
Côte d’lvoire ++ ++ ++ + + + + − ++ ++ +
Democratic Republic of the Congo ++ ++ ++ + + + + ± ++ ++ +
(formerly Zaire)
Djibouti ++ ++ ++ + + + + + ++ ++ ±
Egypt ++ ++ ++ ++ + + + + + ++ −
Equatorial Guinea ++ ++ ++ + + + + − ++ ++ +
Eritrea ++ ++ ++ + + + + ++ ++ ++ ±
Ethiopia ++ ++ ++ + + ++ + ++ + ++ ±
Gabon ++ ++ ++ + + + + − ++ ++ +
Gambia ++ ++ ++ + + + + − ++ ++ +
Ghana ++ ++ ++ + + + + − ++ ++ +
Guinea ++ ++ ++ + + + + − ++ ++ +
Guinea Bissau ++ ++ ++ + + + + + ++ ++ +
Kenya ++ ++ ++ + + ++ + ++ ++ ++ ±
Lesotho ++ ++ ++ + + + + − − + −
Liberia ++ ++ ++ + + + + − + + +
Libya ++ ++ ++ + ++ + + + ± + −
Madagascar ++ ++ ++ + + + + − + + −
Malawi ++ ++ ++ + + + ± ++ ++ ++ −
Mali ++ ++ ++ + + + + − ++ ++ +
Mauritania ++ ++ ++ + + + + − + + −
Mauritius ++ ++ ++ + + + + − + + +
Morocco ++ ++ ++ + + ++ + ± ± ± −
Mozambique ++ ++ ++ + + + + ± ++ ++ −
Namibia ++ ++ ++ + + + + − + + −
Niger ++ ++ ++ + + + + ± ++ ++ +
Nigeria ++ ++ ++ + + + + ± ++ ++ +
Rwanda ++ ++ ++ + + + + ± ++ ++ +
Sao Tomé and Principe ++ ++ ++ + + + + − ++ + +
Senegal ++ ++ ++ + + + + − ++ ++ +
Seychelles ++ ++ ++ + + + + − − − −
Sierra Leone ++ ++ ++ + + + + − ++ ++ +
Somalia ++ ++ ++ + + ++ + ++ ++ ++ +
South Africa ++ ++ ++ + + + + − + ++ −
Sudan ++ ++ ++ + + + + ++ ++ ++ ±
Swaziland ++ ++ ++ + + + + − + ++ −
Tanzania ++ ++ ++ + + + + ± ++ ++ ±
Togo ++ ++ ++ + + + + − ++ ++ +
Tunisia ++ ++ ++ + + ++ + + − ± −
Uganda ++ ++ ++ + + + + ± ++ ++ ±
Western Sahara ++ ++ ++ + + + + ? ± + −
Zambia ++ ++ ++ + + + + ± ++ ++ +
Zimbabwe ++ ++ ++ + + + + − ++ ++ −
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Table 2 Frequency of infectious liver diseases in the Americas.

EH HAV HBV HCV HEV Hyd Lep VL Mal SM YF

Anguilla ± + + + ? − + − − − −
Antigua ± + + + ? − + − − + −
Argentina + + + + ? ++ + ± ± − −
Aruba + + + + ? − + − − − −
Bahamas + + + + ? − + − − − −
Barbados ± + + + ? − + − − − −
Belize + + + + ? − ++ − + − −
Bermuda ± + + + ? − + − − − −
Bolivia + + + + ? + + ± + − ±
Brazil + + + + ? + ++ + + + ±
British Virgin Islands ± + + + ? − + − − − −
Canada ± + + + − + ± − − − −
Cayman ± + + + ? − ± − − − −
Chile + + + + + + + − − − −
Columbia + + + + ? + + ± + − ±
Costa Rica + + + + ? ± + − + −
Cuba + + + + ? − + − − − −
Dominica + + + + ? − + − − − −
Dominican Republic + + + + ? − + − + + −
Ecuador + + + + ? + ± ± + − ±
EI Salvador + + + + ? + + + + − −
Falkland Islands ± + + + ? − + − − − −
French Guiana ± + + + ? − + − − − −
Greenland ± + + + ? − + − − − −
Grenada + + + + ? − ++ − − − −
Guadeloupe + + + + ? − + − − − −
Guatemala + + + + ? + + ± + − −
Guyana + + + + ? − + − − − −
Haiti ++ + + + ? ± + − + − −
Honduras + + + + ? + + ± + − −
Jamaica + + + + ? − ++ − − − −
Martinique ± + + + ? − + − − − −
Mexico ++ + + + + + + + + − −
Montserrat ± + + + ? − + − − − −
Netherlands Antilles ± + + + ? − + − − − −
Nicaragua + + + + ? − + + + − −
Panama + + + + ? − + − + − ±
Paraguay + + + + ? − + ± + − ±
Peru + + + + ? + ± ± + − ±
Puerto Rico ± + + + − − ± − − − ±
St Kitts and Nevis ± + + + ? − + − − − −
St Lucia ± + + + ? − + − − − −
St Vincent and the Grenadines ± + + + ? − + − − − −
Surinam ± + + + ? − + ± + + ±
Trinidad and Tobago + + + + ? − ++ − − − ±
Turks and Caicos ± + + + ? − ± − − − −
United States ± + + + − + ± − − − −
Uruguay + + + + ? + + − − − −
Venezuela + + + + ? + + ± + ± ±
Virgin Islands ± + + + ? − ± − − − −
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Table 3 Frequency of infectious liver diseases in Asia and Australasia.

EH HAV HBV HCV HEV Hyd VL Mal Schisto CS

Afghanistan + + + + + + ± + − −
Australia − ± ± + − ± − − − −
Bangladesh ++ ++ + + + + + + − −
Bhutan ++ ++ + + + + ± + − −
Brunei + + + + + − − − −
Cambodia + ++ ++ + + ± − + ± +
China + + ++ + + + ± ± ± +
East Timor + ++ ++ + + − − + ± +
Fiji + + + + ? − − − − −
Hong Kong ± + ++ + ? − − − − +
India ++ ++ + + + + + + + −
Indonesia ++ ++ ++ + + ± − + + +
Japan ± + + ++ + − − − − +
Kampuchea + + + + + ± ± + + +
Korea (North) + + ++ + + − − − − +
Korea (South) + + ++ + + − − − − +
Laos + + ++ + + ± − + + +
Malaysia + + + + + − − + + +
Maldives + ++ ++ + + − − − − −
Melanesia + ++ ++ + + − − + − −
Mongolia ± + + + + + ± − − −
Micronesia + + + + + − − + − −
Myanmar + ++ ++ + + ± ± + − +
Nepal ++ ++ + + + + + + − −
New Caledonia + ++ ++ + + − − − − −
New Zealand − ± ± + − ± − − − −
Pakistan ++ ++ + + + + ± + − −
Papua New Guinea ++ ++ ++ + + − − ++ − −
Philippines + ++ + + + ± − + + +
Polynesia + ++ ++ + + − − + − −
Singapore + ++ + + ++ − − − + +
Solomon Islands + ++ ++ + + − − ++ − −
Sri Lanka + ++ + + + + − + − −
Taiwan ± + ++ + + + − − − +
Thailand + ++ ++ + + ± − + ± +
Tonga + ++ ++ + + − − − − −
Vanuatu + ++ ++ + + − − ++ − −
Vietnam + + ++ + + ± − + − +
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Table 4 Frequency of infectious liver diseases in the Middle East.

EH HAV HBV HCV HEV Schisto Mal Hyd

Bahrain + + + + + − − ±
Cyprus + + + + + − − ++
Democratic Yemen + + + + + ± + ±
Iran + + + + + + + +
Iraq + + + + + + + ++
Israel + + + + + − − +
Jordan + + + + + ± − +
Kuwait + + + + + − − ±
Lebanon + + + + + ± − +
Oman + + + + + ± + ±
Qatar + + + + + − − ±
Saudi Arabia + + + + + + ± +
Syria + + + + + + ± ++
Turkey + + + + + ± + ++
United Arab Emirates + + + + + − ± ±
Yemen + ++ ++ + + + + ±
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Table 5 Prevalence of infectious liver diseases in Europe.

EH HAV HBV HCV HEV Hyd Lep VL Mal

Albania − + ? ? ? + + ± −
Armenia − ± ± ± − − − − −
Austria − ± ± ± − − − ± −
Azerbaijan − ± ++ ± + + + − ±
Belarus − ± ± ± − − − − −
Belgium − ± ± ± − − − − −
Bosnia-Herzegovina − ± ± + − + + ± −
Bulgaria − ± ++ ± − − + ± −
Croatia − ± ± ± − + + ± −
Czech Republic − ± ± ± − + + ± −
Denmark − ± ± ± − − − − −
Estonia − ± ± ± − − + − −
Finland − ± ± ± − − − − −
France − ± ± ± − ± + ± −
Georgia − ± ± ± − − − − −
Germany − ± ± ± − − − − −
Gibraltar − ± + + − − + ± −
Greece − ± + + − + + ± −
Hungary − ± ± + − ± + ± −
Iceland − ± ± ± − − − − −
Ireland − ± ± ± − − − − −
Italy − + ± ± − + + ± −
Kazakhstan − + ++ ± + ++ + − −
Kyrgyzstan − + ++ ± + + + − −
Latvia − ± ± ± − − − − −
Liechtenstein − ± ± ± − − − − −
Lithuania − ± ± ± − − − − −
Luxembourg − ± ± ± − − − − −
Macedonia − ± ± ± − − − − −
Malta − ± ± ± − − + ± −
Moldova − ± ++ ± − − + − −
Netherlands − ± ± ± − − − − −
Norway − ± ± ± − − − − −
Poland − ± ± ± − ± − − −
Portugal − + ± ± − + + ± −
Romania − + ++ ± − + + − −
Russia − ± ± ± − − + − −
Serbia − ± ± ± − + + ± −
Slovakia − ± ± ± − + + ± −
Slovenia − ± ± ± − + + ± −
Spain − + ± + − + + ± −
Sweden − ± ± ± − − − − −
Switzerland − ± ± ± − − − − −
Tajikistan − + ++ ± + + − − ±
Turkmenistan − + ++ ± + + − − −
Ukraine − ± ± ± − − − − −
Uzbekistan − + ++ ± + + − − −
United Kingdom − ± ± ± − − ± − −
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Explanation of abbreviations

Column B

I Cross-sectional study

(a) With control group; verification of exposure by:
detection of the chemical at the workplace
and/or detection of the chemical in body fluids/tissues
and/or presence of specific signs of intoxication

(b) With control group; verification of exposure by 
anamnesis

(c) Without control group; verification of exposure as Ia
(d) Without control group; verification of exposure as Ib

II Screening at the workplace

(a) With control group
(b) Without control group

III Case report

IV Retrospective study

(a) Case–control study
(b) Without control
(c) Cohort mortality study

V Report on epidemic outbreak

VI Register of cases

VII Report on correlation between disease incidence and expo-
sure in large populations

Persons
In general this indicates number of persons exposed. A figure
followed by an asterisk indicates total number of persons in the
study.

Column D

One or several of the liver function tests indicated were abnor-
mal. Abbreviations are used as below:

ALP = alkaline phosphatase
bili = bilirubin
BSP = sulphobromophthalein excretion
GlDH = glutamate dehydrogenase
GOT = serum glutamate oxalacetate (aspartate 

aminotransferase)
GPT = serum glutamate pyruvate (alanine aminotransferase)
GGT = γ-glutamyl transpeptidase
ICG = indocyanine green clearance
LDH = lactate dehydrogenase
LFT = liver function tests
OCT = ornithine carbamoyl transferase
SDH = sorbitol dehydrogenase
thymol = thymol turbidity test positive
# = Biopsy or autopsy (diagnosis mostly as stated by the

authors).

Column E

(a) Suggested by study protocol.
(b) Observed during the course of an acute disease for which

other major causes were not obvious.
(c) Exposure history positive; chemical detected in body

fluids/tissues and/or other specific signs of intoxication 
present. Other causes not excluded.

(d) Exposure history positive. Other causes not excluded.
(e) Very rare event in general population.
(f) Relief upon cessation of exposure.
(g) Recurrence on re-exposure.
(h) No causal relationship obvious.

27.2 Liver injury in man ascribed to
non-drug chemicals and natural toxins
Regine Kahl and Wim Wätjen
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Disease Features Hepatic abnormalities Reference(s)

Aagenae syndrome (recurrent

cholestasis with lymphoedema)

Adrenoleukodystrophy (neonatal,

autosomal recessive)

Adrenoleukodystrophy

(pseudoneonatal)

Oedema (lymphoedema)

Adrenal hypoplasia/insufficiency

Agenesis/hypoplasia of corpus

callosum

Cataract

Cerebral atrophy/myelin

abnormality

Deafness, sensorineural

Dementia/psychosis

Diffuse increased pigmentation of

skin

Hypotonia

Lissencephaly/pachygyria/

polymicrogyria

Mental retardation

Migration abnormality/heterotopia

Nystagmus

Optic atrophy

Peripheral neuropathy

Prominent forehead/frontal bossing

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Stippled or fragmented epiphyses

Adrenal hypoplasia/insufficiency

Buphthalmos

Cerebral atrophy/myelin

abnormality

Club foot, varus

Deafness, sensorineural

Depressed/flat nasal bridge

Dolichocephaly/scaphocephaly

Extrapyramidal disorder

Glaucoma

Hyperkeratosis

Hypertonia

Hypotonia

Recurrent cholestasis from

infancy. Later liver fibrosis

Enlarged liver

Enlarged liver

Aagenaes O. Hereditary recurrent

cholestasis with lymphoedema—

two new families. Acta Paediatrica

Scandinavica, 1974; 63: 465–71.

Braverman N et al. Disorders of

peroxisome biogenesis. (Review)

Human Molecular Genetics 1995; 4:

1791–8.

Paul DA et al. Neonatal

adrenoleukodystrophy presenting

as infantile progressive spinal

muscular atrophy. Paediatric

Neurology, 1993; 9: 496–7.

Poll-The BT et al. Infantile refsum

disease: an inherited peroxisomal

disorder. Comparison with

Zellweger syndrome and neonatal

adrenoleukodystrophy. European

Journal of Paediatrics, 1987; 146:

477–83.

Barth PG et al. Peroxisomal beta-

oxidation defect with detectable

peroxisomes: a case with neonatal

onset and progressive course.

European Journal of Paediatrics,

1990; 149: 722–6.

Mandel H et al. Zellweger-like

phenotype in two siblings: a defect

in peroxisomal beta-oxidation with

elevated very long-chain fatty acids

but normal bile acids. Journal of

Inherited Metabolic Disease, 1992;

15: 381–4.

27.3 Rare diseases with hepatic
abnormalities
M. Baraitser and R.M. Winter
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27.3 RARE DISEASES WITH HEPATIC ABNORMALITIES 2123

Disease Features Hepatic abnormalities Reference(s)

Aldolase A deficiency

Alpers’ progressive infantile

poliodystrophy

Late puberty in male

Mental retardation

Muscle weakness/myopathy

Nystagmus

Optic atrophy

Organicaciduria

Palpebral fissures slant up

Prominent forehead/frontal bossing

Retina, general abnormalities

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Short stature, proportionate

Stippled or fragmented epiphyses

Storage cells/vacuolated

lymphocytes

Stridor

Abnormal secondary sexual hair

Anaemia/red cell abnormalities

Congenital cardiac anomaly,

unspecified

Depressed/flat nasal bridge

Epicanthic folds

Flat face

Hyperelastic skin

Hypohidrotic or dry skin 

Joint laxity

Low posterior/trident hairline

Mental retardation

Microcephaly

Primary amenorrhoea

Prominent ears

Prominent vessels of skin

Ptosis of eyelids

Short nails

Short neck

Short stature, proportionate

Small penis (including micro)

Small teeth

Spasticity/increased tendon reflex

Telangiectasia of eyelids

Ataxia

Camptodactyly

Cerebral atrophy/myelin

abnormality

Club foot, valgus

Cryptorchid testes

Deafness, sensorineural

Dysphagia

Extrapyramidal disorder

Feeding problems in infants

Flexion deformity of hip

Flexion deformity of knee

Hypospadias

Hypotonia

Joint contractures (including

Enlarged liver

Liver function is abnormal.

Subacute hepatitis, fat infiltration,

cell loss

Santer R et al. Isolated defect of

peroxisomal beta-oxidation in a 16-

year-old patient. European Journal

of Paediatrics, 1993; 152: 339–42.

Beutler E et al. Red cell aldolase

deficiency and hemolytic anemia: a

new syndrome. Transactions of the

Association of American Physicians,

1973; 76: 154–66.

Hurst JA et al. A syndrome of mental

retardation, short stature, hemolytic

anemia, delayed puberty, and

abnormal facial appearance:

similarities to a report of aldolase A

deficiency. American Journal of

Medical Genetics, 1987; 28:

965–70.

Narkewicz MR et al. Liver

involvement in Alpers disease,

Journal of Paediatrics, 1991; 119:

260–7.

Wilson DC et al. Progressive

neuronal degeneration of childhood

(Alpers syndrome) with hepatic

cirrhosis. European Journal of

Paediatrics, 1993; 152: 260–2.
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Disease Features Hepatic abnormalities Reference(s)

Apple-peel congenital intestinal

atresia

Argininosuccinic aciduria

Arteriohepatic dysplasia (Alagille

syndrome)

arthrogryposis)

Limited movement of hip

Limited movement/flexion deformity

of elbow

Mental retardation

Microcephaly

Muscle atrophy

Recurrent infections

Seizures/abnormal EEG

Short neck

Short stature, prenatal onset

Sloping forehead

Small mandible/micrognathia

Spasticity/increased tendon reflex

Absent or hypoplastic hallux

Absent toes

Anal atresia/stenosis

Atrial septal defect

Brachydactyly

Common mesentery

Dilated ureters/ureteral atresia

Feeding problems in infants

Hydrocephaly/large ventricles, non-

specific

Intestinal duplication

Intestinal malrotation

Microphthalmia

Skin syndactyly of fingers

Small bowel

atresia/absence/obstruction/short

Small/hypoplastic /deep-set nails

Spina bifida occulta

Syndactyly of toes (2–3) 

Ataxia

Brittle hair

Coarse hair

Feeding problems in infants

Mental retardation

Seizures/abnormal EEG

Sparse hair/alopecia areata

Speech delay

Trichorrhexis nodosa

Anal atresia/stenosis

Anterior chamber abnormalities,

unspecified

Biliary atresia with secondary

effects on the liver

Abnormal liver function, enlarged

liver, fibrosis

Paucity of intrahepatic bile ducts

resulting in prolonged neonatal

jaundice

Farag TI et al. Second family with

‘apple peel’ syndrome affecting four

siblings: autosomal recessive

inheritance confirmed. (Letter.)

American Journal of Medical

Genetics, 1993; 47: 119–21.

Gerrits GPJM et al. Argininosuccinic

aciduria: clinical and biochemical

findings in three children with the

late onset form, with special

emphasis on cerebrospinal fluid

findings of amino acids and

pyrimidines. Neuropediatrics, 1993;

24: 15–18.

Renner C et al. Sodium citrate

supplementation in inborn

argininosuccinate lyase deficiency: a

study in a 5-year-old patient under

total parenteral nutrition. European

Journal of Paediatrics, 1995; 154:

909–14.

Zimmermann A et al. Severe liver

fibrosis in argininosuccinic aciduria.

Archives of Pathology and

Laboratory Medicine, 1986;

110:136–40.

Elmslie FV et al. Alagille syndrome:

family studies. Journal of Medical

Genetics, 1995; 32: 264–8.
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Disease Features Hepatic abnormalities Reference(s)

Ataxia–ichthyosis–

hepatosplenomegaly

Bardet–Biedl

(Laurence–Moon–Bardet–Biedl)

syndrome

Atrial septal defect

Cloudy corneas/sclerocornea

Deep-set eyes

Delayed bone age

Depressed/flat nasal bridge

Ectopic pupils

Fallot tetralogy

Hemivertebras

High-pitched voice

Hoarse voice

Hypertelorism 

Hypothyroidism/small or absent

thyroid

Keratoconus

Large spleen

Late puberty in females

Late puberty in males

Mental retardation

Palpebral fissures slant up

Pointed chin

Prominent forehead/frontal bossing

Pulmonary stenosis

Renal dysplasia

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Segmentation defects of spine

Short phalanges

Short stature, proportionate

Spina bifida occulta

Urethral fistulas

Ventricular septal defect

Vertebral interpedicular distance,

narrow

Xanthomas

Ataxia

Hyperkeratosis

Ichthyosis

Large spleen

Brachydactyly

Cardiomyopathy

Congenital cardiac anomaly,

unspecified

Diabetes mellitus/hyperglycaemia

Generalized obesity

Glaucoma

Glycosuria

Hydronephrosis

Hypogonadism

Late puberty in females

Late puberty in males

Enlarged liver, but thought to be

secondary to chronic congestion

Congenital hepatic fibrosis

Hoffenberg EJ et al. Outcome of

syndromic paucity of interlobular

bile ducts (Alagille syndrome) with

onset of cholestasis in infancy.

Journal of Paediatrics, 1995; 127:

220–4.

Rand EB et al. Molecular analysis of

24 Alagille syndrome families

identifies a single submicroscopic

deletion and further localizes the

Alagille region within 20p12.

American Journal of Human

Genetics, 1995; 57: 1068–73.

Dykes PJ et al. A syndrome of

ichthyosis, hepatosplenomegaly and

cerebellar degeneration. British

Journal of Dermatology, 1979; 100:

585–90.

Harper PS et al. Ichthyosis,

hepatosplenomegaly, and cerebellar

degeneration in a sibship. Journal of

Medical Genetics, 1980; 17:

212–15.

Carmi R et al. Phenotypic

differences among patients with

Bardet–Biedl syndrome linked 

to three different chromosome 

loci. American Journal of 

Medical Genetics, 1995; 59:

199–203.

Leppert M et al. Bardet–Biedl

syndrome is linked to DNA markers

on chromosome 11q and is

genetically heterogeneous. Nature

Genetics, 1994; 7: 108–12.
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Disease Features Hepatic abnormalities Reference(s)

Berardinelli syndrome

(lipodystrophy, Lawrence–Seip

syndrome)

Cantu syndrome (short stature;

skeletal dysplasia)

Malformed uterus

Mental retardation

Multiple renal cysts

Nephritis or nephropathy

Nystagmus

Pigmentary abnormality of macula

Postaxial polydactyly of fingers

Postaxial polydactyly of toes

Renal dysplasia

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Secondary amenorrhoea

Short stature, proportionate

Small penis (including micro)

Small testes

Urethra, general abnormalities

Urethral fistulas

Vaginal atresia

Vaginal septum/duplication/

hydrometrocolpos

Vision, non-specific impairment

Acanthosis nigricans

Advanced bone age/large epiphyses

Cardiomyopathy

Deficient adipose tissue or

fat /lipodystrophy

Diabetes mellitus/hyperglycaemia

Diffuse increased pigmentation of

skin

Facial hirsutism

Generalized hirsutism

Glycosuria

Hypohidrotic or dry skin

Large kidneys

Large penis

Large spleen

Mental retardation

Ovarian cysts/tumours

Prominent clitoris

Prominent ears

Protuberant abdomen

Secondary amenorrhoea

Sunken cheeks

Tall stature, proportionate

Thin

Brachydactyly

Depressed/flat nasal bridge

Kyphosis

Large ears

Large spleen

Lordosis

Mesomelia of upper limbs

Metaphyseal dysplasia

Pectus carinatum

Platyspondyly

Prominent forehead/frontal bossing

Cirrhosis

Enlarged liver

Nakamura F et al.

Laurence–Moon–Biedl syndrome

accompanied by congenital hepatic

fibrosis. Journal of Gastroenterology

and Hepatology, 1990; 5: 206–10.

Flier JS. Lilly Lecture: syndromes of

insulin resistance. From patient to

gene and back again. Diabetes,

1992; 41: 1207–19.

van der Vorm ER et al. Patients with

lipodystrophic diabetes mellitus of

the Seip–Berardinelli type, express

normal insulin receptors.

Diabetologia, 1993; 36: 172–4.

Cantu JM et al. A distinct skeletal

dysplasia in an infant from

consanguineous parents. Revista de

Investigacion Clinica, 1976; 28:

255–61.

Cantu JM et al. A distinct skeletal

dysplasia in an infant from

consanguineous parents. Birth

Defects, Original Article Series,

1977; 13: 139–47.
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Disease Features Hepatic abnormalities Reference(s)

Carbohydrate-deficient

glycoprotein syndrome type 1

Prominent heels

Proportionate shortening of lower

limb

Protuberant abdomen

Sella turcica, J-shaped

Short neck

Short stature, prenatal onset

Short stature, short limbs

Short /hypoplastic metacarpals

Small hands

Small mandible/micrognathia

Small/short nose

Wide phalanges

Abnormal labia

Agenesis/hypoplasia of corpus

callosum

Arachnodactyly

Ascites

Ataxia

Bleeding diatheses

Cardiomyopathy

Cataract

Cerebellar abnormalities

Cerebellar abnormalities (structural)

Cerebral atrophy/myelin

abnormality

Cholesterol/lipids, abnormal

Cryptorchid testes

Dandy–Walker malformation

Deficient adipose tissue or

fat/lipodystrophy

Extrapyramidal disorder

Hypoplastic /inverted/absent nipples

Hypotonia

Joint contractures (including

arthrogryposis)

Large spleen

Long toes

Mental retardation

Microcephaly

Multiple renal cysts

Muscle atrophy

Oedema (including hydrops)

Oedema of feet/hands/lower limbs

Optic atrophy

Patchy depigmentation of skin

Patchy pigmentation of 

skin/café-au-lait spots

Pericarditis (non-constrictive)

Platelet abnormalities

Prominent forehead/frontal bossing

Recurrent infections

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Scoliosis

Seizures/abnormal EEG

Cirrhosis, remodelling of

parenchyma and intracellular lipid

vacuoles

Conradi N et al. Liver pathology in

the carbohydrate-deficient

glycoprotein syndrome. Acta

Paediatrica Scandinavica, 1991;

375(Suppl.): 50–4.

Hagberg BA et al. Carbohydrate-

deficient glycoprotein syndromes:

peculiar group of new disorders.

Paediatric Neurology, 1993; 9:

255–62.

Hutchesson ACJ et al. Carbohydrate

deficient glycoprotein syndrome;

multiple abnormalities and

diagnostic delay. Archives of

Diseases of Childhood, 1995; 72:

445–6.

Jaeken J et al. The carbohydrate-

deficient glycoprotein syndromes:

an overview. Journal of Inherited

Metabolic Diseases, 1993; 16:

813–20.
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Disease Features Hepatic abnormalities Reference(s)

Cardiofaciocutaneous (CFC)

syndrome

Cerebro-oculo-hepato-renal

syndrome

Short stature, proportionate

Small mandible/micrognathia

Spasticity/increased tendon reflex

Strabismus/gaze palsy

Thin

Truncal obesity

Atrial septal defect

Brittle hair

Cavernous haemangioma

Cerebral atrophy/myelin

abnormality

Coarse facial features

Cryptorchid testes

Delayed bone age

Depressed/flat nasal bridge

Dystrophic nails

Eczema/atopic dermatitis

Epicanthic folds

Fine hair

Heart, general abnormalities

High frontal hairline

Hydrocephaly/large ventricles, 

non-specific

Hyperkeratosis

Hypertelorism

Hypohidrotic or dry skin

Hypoplasia/dysplasia of optic nerve

Hypoplastic supraorbital ridges

Hypotonia

Ichthyosis

Large spleen

Loose skin in neck

Macrocephaly

Mental retardation

Narrow forehead/temporal

narrowing

Oedema (including hydrops)

Palpebral fissures slant down

Pectus carinatum

Pectus excavatum

Posteriorly rotated ears

Prominent ear helix

Ptosis of eyelids

Pulmonary stenosis

Scoliosis

Seizures/abnormal EEG

Short stature, proportionate

Sparse hair/alopecia areata

Webbed neck

Anaemia/red cell abnormalities

Aplasia or dysplasia of retina

Blindness

Cataract

Cerebellar abnormalities (structural)

Depressed/flat nasal bridge

Dystopia canthorum (telecanthus)

Enlarged liver

Enlarged liver with abnormal

function and hyperechogenic,

compatible with fat infiltration

Bottani A et al. The cardio-facio-

cutaneous syndrome: report of a

patient and review of the literature.

European Journal of Paediatrics,

1991; 150: 486–8.

Somer M et al. Cardio-facio-

cutaneous syndrome: three

additional cases and review of the

literature. American Journal of

Medical Genetics, 1992; 44: 691–5.

Matsuzaka T et al. Cerebro-oculo-

hepato-renal syndrome (Arima’s

syndrome): a distinct

clinicopathological entity. Journal of

Child Neurology, 1986; 1: 338–46.
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Disease Features Hepatic abnormalities Reference(s)

Cerebrotendinous xanthomatosis

Cholesterol ester storage disease

Cumming syndrome

(campomelia; polycystic dysplasia;

polysplenia)

Flexion deformity of knee

Hypotonia

Limited movement of ankle

Macrostomia

Mental retardation

Multiple renal cysts

Nystagmus

Optic atrophy

Ptosis of eyelids

Renal dysplasia

Absent/abnormal gallbladder

Ataxia

Cataract

Cerebellar abnormalities

Cerebral atrophy/myelin

abnormality

Cholesterol/lipids, abnormal

Club foot, varus

Dementia/psychosis

Dysphagia

Enlarged joints

High arches of feet (pes cavus)

Hypothyroidism/small or absent

thyroid

Malabsorption

Mental retardation

Muscle atrophy

Peripheral neuropathy

Pons/medulla/basal ganglia,

abnormal

Premature atherosclerosis

Seizures/abnormal EEG

Sensory abnormalities

Spasticity/increased tendon reflex

Speech defect/dysarthria

Tremors

Xanthomas

Adrenal calcification

Ascites

Cholesterol/lipids, abnormal

Hypogonadism

Large spleen

Late puberty in females

Late puberty in males

Naevi or lentigines

Premature atherosclerosis

Respiratory abnormality, unspecified

Short stature, proportionate

Absent or hypoplastic femur

Bowed femur

Bowed humerus

Bowed radius

Bowed tibia

Bowed ulna

Hepatocytes contain a light

golden pigment and bile

cholestanol is significantly

increased

Enlarged liver, cirrhosis, lipid-filled

hepatocytes

Polycystic dysplasia

Kim K-S et al. Identification of new

mutations in sterol 27 hydroxylase

gene in Japanese patients with

cerebrotendinous xanthomatosis

(CTX). Journal of Lipid Research,

1994; 35: 1031–9.

Kuriyama M et al. Cerebrotendinous

xanthomatosis: clinical and

biochemical evaluation of eight

patients and review of the literature.

Journal of the Neurological

Sciences, 1991; 102: 225–32.

Leitersdorf E et al.

Cerebrotendinous xanthomatosis in

the Israeli Druze: molecular genetics

and phenotypic characteristics.

American Journal of Human

Genetics, 1994; 55: 907–15.

Edelstein RA et al. Cholesteryl ester

storage disease: a patient with

massive splenomegaly and splenic

abscess. American Journal of

Gastroenterology, 1988; 83:

687–92.

Muntoni S et al. Homozygosity for a

splice junction mutation in exon 8 of

the gene encoding lysosomal acid

lipase in a Spanish kindred with

cholesterol ester storage disease

(CESD). Human Genetics, 1995; 95:

491–4.

Cumming WA et al. Campomelia,

cervical lymphocele, polycystic

dysplasia, short gut, polysplenia.

American Journal of Medical

Genetics, 1986; 25: 

783–90.
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Disease Features Hepatic abnormalities Reference(s)

Disseminated haemangiomatosis

Erythropoietic protoporphyria

Fanconi syndrome

(ichthyosis–jaundice–diarrhoea)

Bowing of bones

Cleft palate

Club foot, varus

Colon/caecum atresia

Cranial sutures, wide

Holoprosencephaly/arhinencephaly

Hypoplastic or absent fibula

Hypoplastic or absent humerus

Hypoplastic or absent radii

Hypoplastic or absent tibia

Hypoplastic or absent ulna

Lung hypoplasia/agenesis

Multiple renal cysts

Nuchal bleb/cystic hygroma of neck

Oedema (including hydrops)

Pancreatic cysts/tumours

Polysplenia

Proportionate short arms

Short stature, prenatal onset

Small bowel

atresia/absence/obstruction/short

Anaemia/red cell abnormalities

Arteriovenous malformations

Capillary haemangioma

Cavernous haemangioma

Facial haemangiomas

Glaucoma

Heart, general abnormalities

Hydrocephaly/large ventricles, non-

specific

Intracranial calcification

Large spleen

Papules

Platelet abnormalities

Spasticity/increased tendon reflex

Vascular malformations of brain

Abnormal scar formation

Absent/abnormal gallbladder

Anaemia/red cell abnormalities

Bullae or vesicles

Erythema/erythroderma

Generalized hirsutism

Localized hirsutism

Patchy pigmentation of 

skin/café-au-lait spots

Skin photosensitivity

Aminoaciduria

Club foot, varus

Dislocation of hip

Feeding problems in infants

Flexion deformity at wrist

Flexion deformity of hip

Flexion deformity of knee

Glycosuria

Hypotonia

Ichthyosis

Hepatic haemangiomas

Enlarged liver with progressive

failure

Enlarged liver, jaundice

Urioste M et al. Campomelia,

polycystic dysplasia, and cervical

lymphocele in two sibs. American

Journal of Medical Genetics, 1991;

41: 475–7.

Byard RW et al. Diffuse infantile

haemangiomatosis:

clinicopathological features and

management problems in five fatal

cases. European Journal of

Paediatrics, 1991; 150: 224–7.

Gozal D et al. Diffuse neonatal

haemangiomatosis: successful

management with high dose

corticosteroids. European Journal of

Paediatrics, 1990, 149: 321–4.

Todd DJ. Erythropoietic

protoporphyria. British Journal of

Dermatology, 1994; 131: 751–66.

Deal JE et al. Fanconi syndrome,

ichthyosis, dysmorphism, jaundice

and diarrhoea—a new syndrome.

Paediatric Nephrology, 1990; 4:

308–13.
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Disease Features Hepatic abnormalities Reference(s)

Fetal congenital cytomegalovirus

infection

Fetal rubella

Malabsorption

Platelet abnormalities

Proteinuria

Recurrent infections

Absent finger tips

Absent fingers or oligodactyly

Absent toes

Ascites

Brachydactyly

Congenital cardiac anomaly,

unspecified

Cryptorchid testes

Deafness, conductive

Deafness, congenital

Deafness, sensorineural

Deafness, unilateral

Glaucoma

Hemiplegia

High palate

Hypoplastic toes (including

phalanges)

Hypotonia

Inguinal hernia

Intracranial calcification

Large spleen

Low birthweight (< 3rd centile)

Mental retardation

Microcephaly

Optic atrophy

Platelet abnormalities

Pulmonary stenosis

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Spasticity/ increased tendon reflex

Strabismus/gaze palsy

Umbilical hernia

Ventricular septal defect

Anaemia/red cell abnormalities

Anterior

encephalocele/meningocele

Atrial septal defect

Cardiomyopathy

Cataract

Cloudy corneas/sclerocornea

Cryptorchid testes

Deafness, sensorineural

Diabetes mellitus/hyperglycaemia

Fontanelles, delayed closure/ large

Glaucoma

Hypopituitarism

Hypospadias

Intracranial calcification

Large spleen

Lung, general abnormalities

Mental retardation

Enlarged liver

Prolonged jaundice, enlarged liver

Darin N et al. Clinical, serological

and PCR evidence of

cytomegalovirus infection in the

central nervous system in infancy

and childhood. Neuropediatrics,

1994; 25: 316–22.

Fowler KB et al. The outcome of

congenital cytomegalovirus

infection in relation to maternal

antibody status. New England

Journal of Medicine, 1992; 326:

663–7.

Yow MD et al. Congenital

cytomegalovirus disease—20 years

is long enough. (Editorial.) New

England Journal of Medicine, 1992;

326: 702–3.

Kaplan KM et al. A profile of

mothers giving birth to infants with

congenital rubella syndrome.

American Journal of Diseases of

Childhood, 1990; 144: 118–23.

McIntosh et al. A fifty-year 

follow-up of congenital rubella.

Lancet, 1992; ii: 414.
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Disease Features Hepatic abnormalities Reference(s)

Fetal toxoplasmosis

Focal nodular hyperplasia of the

liver (vascular malformations)

Fucosidosis

Metaphyseal dysplasia

Microcephaly

Microphthalmia

Patent ductus arteriosus

Platelet abnormalities

Pulmonary stenosis

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Ventricular septal defect

Anaemia/red cell abnormalities

Hydrocephaly/ large ventricles, 

non-specific

Intracranial calcification

Large spleen

Low birthweight (< 3rd centile)

Macules

Mental retardation

Microcephaly

Microphthalmia

Platelet abnormalities

Polymorph abnormalities

Purpura

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Spasticity/ increased tendon reflex

Aneurysms

Brain tumours/cysts

Vascular malformations of brain

Absent or hypoplastic clavicles

Beaked/wedged vertebrae

Cardiomyopathy

Cerebral atrophy/myelin

abnormality

Cloudy corneas/sclerocornea

Coarse facial features

Deafness, sensorineural

Diaphyseal dysplasia

Fullness of periorbital region

Hypohidrotic or dry skin

Joint contractures (including

arthrogryposis)

Kyphosis

Large spleen

Large tongue

Long philtrum

Mental retardation

Enlarged liver, jaundice

Focal nodular hyperplasia

Enlarged liver with foamy

cytoplasm in some hepatocytes

Hall SM. Congenital toxoplasmosis.

(Review) British Medical Journal,

1992; 305: 291–7.

Mombro M et al. Congenital

taxoplasmosis: 10-year follow up.

European Journal of Paediatrics,

1995; 154: 635–9.

Albrecht S et al. Multiple focal

nodular hyperplasia of the liver

associated with vascular

malformations and neoplasia of the

brain and meninges: a new

syndrome. Laboratory Investigation,

1989, 60: 2A.

Goldin RD et al. Focal nodular

hyperplasia of the liver associated

with intracranial vascular

malformations. Gut, 1990; 31:

554–5.

Seo H-C et al. Six additional

mutations in facosidosis: three

nonsense mutations and three

frameshift mutations. Human

Molecular Genetics, 1993; 2:

1205–8.

Willems PJ et al. Fucosidosis

revisited: a review of 77 patients.

American Journal of Medical

Genetics, 1991; 38: 111–31.
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Disease Features Hepatic abnormalities Reference(s)

Galactosialidosis (neuraminidase

and b-galactosidase deficiency)

Gardner syndrome

Mucopolysacchariduria/

oligosacchariduria

Papules

Prominent forehead/frontal bossing

Proximal tapering of metacarpals

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Scoliosis

Seizures/abnormal EEG

Short stature, proportionate

Spasticity/ increased tendon reflex

Storage cells/vacuolated

lymphocytes

Telangiectasia/angiokeratomas of

skin

Thick/stiff skin

Umbilical hernia

Vascular abnormalities of retina

Adrenal hyperplasia

Ascites

Beaked/wedged vertebrae

Bulbous nasal tip

Camptodactyly

Cardiac situs inversus/dextrocardia

Cardiomyopathy

Coarse facial features

Dementia/psychosis

Dolichocephaly/scaphocephaly

Gibbus

Hyperplastic supraorbital ridges

Large kidneys

Large spleen

Macular red spot/cherry red spot

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Oedema (including hydrops)

Pectus carinatum

Platyspondyly

Scoliosis

Seizures/abnormal EEG

Sella turcica, J-shaped

Single ventricle

Storage cells /vacuolated

lymphocytes

Subperiosteal new bone formation

Telangiectasia/angiokeratomas of

skin

Thick lower lip

Thick upper lip

Thickened/oedematous eyelids

Aplasia or dysplasia of retina

Brain tumours/cysts

Cartilaginous/bony exostoses

Colonic tumours

Delayed tooth

Enlarged liver with membrane-

bound vacuoles on histology

Hepatoblastomas

Oyanagi K et al. Galactosialidosis:

neuropathological findings in a case

of the late-infantile type. Acta

Neuropathologica, 1991; 82:

331–9.

Ozand PT et al. Heterogeneity of

carboxypeptidase activity in

infantile-onset galactosialidosis.

Journal of Child Neurology, 1992;

7(Suppl.): S31–40.

Strisciuglio P et al. Combined

deficiency of beta-galactosidase and

neuraminidase: natural history of

the disease in the first 18 years of an

American patient with late infantile

onset form. American Journal of

Medical Genetics, 1990; 37: 573–7.

Hughes LJ et al. Risk of

hepatoblastoma in familial

adenomatous polyposis. American

Journal of Medical Genetics, 1992;

43: 1023–5.
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Garrett–Tripp syndrome (mental

retardation; polydactyly; hair

absence; dermatitis; Perthe’s

disease)

Gaucher disease (neonatal)

Gaucher disease type 2 (infantile

or acute neuronopathic type)

eruption/development

Diffuse increased pigmentation of

skin

Gastrointestinal

tumour/polyp/haemangioma

Other tumours of skin

Pancreatic cysts / tumours

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Skeletal cysts or tumours

Skin cysts

Spinal tumours

Subperiosteal new bone formation

Supernumerary teeth

Thyroid tumours

Tumour or cyst of the mandible

Absent eyebrows

Absent fingers or oligodactyly

Absent or sparse eyelashes

Alopecia totalis

Capillary haemangioma

Convex/beaked profile of nose

Cutaneous pustules/ulcers

Ear helix, general abnormalities

Large spleen

Mental retardation

Perthe’s /dysplastic hip

Postaxial polydactyly of fingers

Postaxial polydactyly of toes

Recurrent infections

Scalp, general abnormalities

Seborrhoea

Small penis (including micro)

Syndactyly of toes (2–3)

Anteverted nares

Ectropion of eyelids

Flexion deformity of hip

Flexion deformity of knee

Ichthyosis

Joint contractures (including

arthrogryposis)

Large spleen

Limited movement/flexion

deformity of elbow

Lung hypoplasia/agenesis

Open mouth appearance

Small ears/microtia

Storage cells /vacuolated

lymphocytes

Thick/stiff skin

Anaemia/red cell abnormalities

Dementia/psychosis

Fetal finger pads

Hypertonia

Hypotonia

Ichthyosis

Enlarged liver

Enlarged liver with Gaucher cells

in sinusoids (rather than in

hepatocytes)

Enlarged liver with Gaucher cells

in sinusoids

Perniciaro C. Gardner’s syndrome.

Dermatologic Clinics, 1995; 131:

51–6.

Garrett C et al. Unknown syndrome:

mental retardation with postaxial

polydactyly, congenital absence of

hair, severe seborrhoeic dermatitis

and Perthe’s disease of the hip.

Journal of Medical Genetics, 1988;

25: 270–2.

Horowitz M. Mutations causing

Gaucher disease. Human Mutation

1994; 3: 1–11.

Sidransky E et al. Diagnosing

Gaucher disease. Clinical

Paediatrics, 1995; 34: 365–71.

Sidransky E et al. Diagnosing

Gaucher disease. Clinical

paediatrics, 1995; 34: 365–71.

Walley AJ et al. Gaucher’s disease in

the United Kingdom: screening

non-Jewish patients for the two
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Disease Features Hepatic abnormalities Reference(s)

Gaucher disease type 1 (adult type)

Gaucher disease type 3 ( juvenile

or norbottnian type)

Geleophysic dysplasia

Incoordination

Large spleen

Mental retardation

Pigmentary abnormality of macula

Seizures/abnormal EEG

Spasticity/ increased tendon reflex

Storage cells /vacuolated

lymphocytes

Strabismus/gaze palsy

Anaemia/red cell abnormalities

Aortic stenosis

Aseptic necrosis of epiphysis

Ataxia

Calcification of arteries

Cloudy corneas/sclerocornea

Cortical hyperostosis /thickening

Dementia/psychosis

Erythema/erythroderma

Indifference to pain

Large spleen

Multiple fractures

Oedema (including hydrops)

Osteoporosis

Patchy pigmentation of 

skin/café-au-lait spots

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Sensory abnormalities

Skeletal cysts or tumours

Speech defect/dysarthria

Storage cells/vacuolated lymphocytes

Subperiosteal new bone formation

Wide metaphysis

Aseptic necrosis of epiphysis

Ataxia

Cortical hyperostosis/thickening

Dementia/psychosis

Dysphagia

Hypotonia

Large spleen

Multiple fractures

Muscle atrophy

Osteoporosis

Ptosis of eyelids

Seizures/abnormal EEG

Skeletal cysts or tumours

Spasticity/ increased tendon reflex

Storage cells /vacuolated

lymphocytes

Strabismus/gaze palsy

Subperiosteal new bone formation

Wide metaphysis

Abnormal/absent metatarsals

Anteverted nares

Aortic stenosis

Brachydactyly

Enlarged liver with Gaucher cells

in sinusoids

Enlarged liver with Gaucher cells

in sinusoids

Enlarged liver, hepatocytes

contain periodic acid–Schiff

positive, diastase-resistant,

inclusions

common mutations. Journal of

Medical Genetics, 1993; 30: 280–3.

Amaral O et al. Molecular

characterisation of type 1 Gaucher

disease families and patients:

intrafamilial heterogeneity at the

clinical level. Journal of Medical

Genetics, 1994; 31: 401–4.

Beutler E. Modern diagnosis and

treatment of Gaucher’s disease.

American Journal of Diseases of

Childhood, 1993; 147: 1175–83.

Grabowski GA. Gaucher disease.

Enzymology, genetics, and

treatment. Advances in Human

Genetics, 1993; 21: 377–441.

Brady RO et al. The role of

neurogenetics in Gaucher disease.

Archives of Neurology, 1993; 50:

1212–24.

Sidransky et al. Clinical

heterogeneity among patients with

Gaucher’s disease. (Clinical

conference.) Journal of the

American Medical Association,

1993; 269: 1154–7.

Rosser EM et al. Geleophysic

dysplasia: a report of three affected

boys—prenatal ultrasound does not

detect recurrence. American Journal
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Disease Features Hepatic abnormalities Reference(s)

Generalized gangliosidosis type 1

Camptodactyly

Coarse facial features

Congenital cardiac anomaly,

unspecified

Coxa valga

Delayed bone age

Hypoplastic or absent carpals

Joint contractures (including

arthrogryposis)

Large spleen

Limited movement of fingers

Limited movement of knee

Limited movement/flexion deformity

of elbow

Long philtrum

Macrostomia

Mitral stenosis

Perthes’/dysplastic hip

Proximal tapering of metacarpals

Round face

Short bones

Short stature, proportionate

Short /hypoplastic metacarpals

Simple/absent philtrum

Small hands

Small /short nose

Thick/stiff skin

Thin lower lip

Thin upper lip

Trachea or laryngeal anomalies

Wide metacarpals/modelling defect

Wide nasal bridge

Acromelia of upper limbs

Beaked/wedged vertebrae

Broad base to nose

Cardiomyopathy

Coarse facial features

Depressed/flat nasal bridge

Enlarged liver

Epiphyseal dysplasia

Full cheeks

Generalized hirsutism

Gum hypertrophy

Joint contractures (including

arthrogryposis)

Joint stiffness/arthritis

Kyphosis

Large tongue

Long philtrum

Macrocephaly

Macular red spot/cherry red spot

Mental retardation

Metaphyseal dysplasia

Mucopolysacchariduria/

oligosacchariduria

Osteoporosis

Enlarged liver with vacuoles and

diffuse foamy histiocytes

of Medical Genetics, 1995; 58:

217–21.

Shohat M et al. Geleophysic

dysplasia: a storage disorder

affecting the skin, bone, liver, heart,

and trachea. Journal of Paediatrics,

1990; 117: 227–32.

Boustany R-M et al. Mutations in

acid b-galactosidase cause GM1-

gangliosidosis in American patients.

American Journal of Human

Genetics, 1993; 53: 881–8.

Nardocci N et al. Chronic GM1

gangliosidosis presenting as

dystonia: clinical and biochemical

studies in a new case.

Neuropediatrics, 1993; 24: 164–6.
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Disease Features Hepatic abnormalities Reference(s)

Glutaric aciduria type 2

Goldstein syndrome 

(Sotos-like syndrome)

Prominent forehead/frontal bossing

Prominent maxilla

Prominent/deep philtrum

Proximal tapering of metacarpals

Scoliosis

Short stature, prenatal onset

Stippled or fragmented epiphyses

Storage cells /vacuolated

lymphocytes

Subperiosteal new bone formation

Thick/wide alveolar ridges

Thick/wide ribs

Thickened/oedematous eyelids

Trachea or laryngeal anomalies

Biliary atresia/stenosis

Brain, general abnormalities

Club foot, varus

Cryptorchid testes

Dolichocephaly/scaphocephaly

Fontanelles, delayed closure/large

Hamartoma of brain

Hypoglycaemia

Hypospadias

Large kidneys

Lissencephaly/pachygyria/

polymicrogyria

Low-set ears

Macrocephaly

Mental retardation

Multiple renal cysts

Organicaciduria

Pancreas (exocrine), general

abnormalities

Rocker-bottom feet (see also vertical

talus)

Seizures/abnormal EEG

Undermineralization of skull

Advanced tooth

eruption/development

Dolichocephaly/scaphocephaly

Dystopia canthorum (telecanthus)

Epicanthic folds

Fontanelles, delayed closure/large

High birthweight (> 90th centile)

Hypoplastic maxilla (excluding malar

region)

Hypotonia

Large spleen

Macrocephaly

Mental retardation

Narrow thorax/funnel chest

Pectus excavatum

Prominent forehead/frontal bossing

Scoliosis

Small/short nose

Tall stature, proportionate

Enlarged liver with fatty

infiltration

Enlarged liver

Colombo I et al. Mutations and

polymorphisms of the gene

encoding the b-subunit of the

electron transfer flavoprotein in

three patients with glutaric acidemia

type 2. Human Molecular Genetics,

1994; 3: 429–36.

Stockler S et al. Symmetric

hypoplasia of the temporal cerebral

lobes in an infant with glutaric

aciduria type 2 (multiple acyl-

coenzyme A dehydrogenase

deficiency). Journal of Paediatrics,

1994; 124: 601–4.

Goldstein DJ et al. Overgrowth,

congenital hypotonia, nystagmus,

strabismus, and mental retardation:

variant of dominantly inherited

Sotos sequence? American Journal

of Medical Genetics, 1988; 29:

783–92.
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Disease Features Hepatic abnormalities Reference(s)

Growth retardation–alopecia–

pseudoanodontia–optic atrophy

(GAPO) syndrome

Haemangioendotheliomas–

hemihypertrophy

Haemochromatosis (neonatal with

multiple malformations)

Thin/long face

Upturned nose

Alopecia totalis

Bowed radius

Bowed tibia

Bowed ulna

Cerebral atrophy/myelin

abnormality

Delayed bone age

Delayed tooth

eruption/development

Depressed/flat nasal bridge

Diaphyseal dysplasia

Fontanelles, delayed closure/large

Glaucoma

Hypertelorism

Hypogonadism

Keratoconus

Macrocephaly

Macrocornea/megalocornea

Mental retardation

Nystagmus

Oligodontia

Optic atrophy

Osteoporosis

Papilloedema/optic neuritis

Prominent eyes/proptosis

Prominent forehead/frontal bossing

Prominent upper lip

Prominent/everted lower lip

Sclerosis of skull

Short stature, proportionate

Small mandible/micrognathia

Sparse/decreased eyebrows

Tremors

Asymmetric arms

Asymmetric face

Asymmetric lower limbs

Gastrointestinal

tumour/polyp/haemangioma

Hemihypertrophy

Hypertrophy of lower limb

Hypertrophy of upper limb

Platelet abnormalities

Anteverted nares

Aortic incompetence

Apnoea or tachypnoea

Blepharophimosis/blepharospasm

Bulbous nasal tip

Cardiomyopathy

Cutis marmorata

Horseshoe kidneys

Hypoglycaemia

Enlarged liver

Epithelial hepatoblastoma

Enlarged liver, greenish brown in

colour with architecture distorted

by fibrous bands, cholestasis

Moriya N et al. GAPO syndrome:

report on the first case in Japan.

American Journal of Medical

Genetics, 1995; 58: 257–61.

Sandgren G. GAPO syndrome a new

case. American Journal of Medical

Genetics, 1995; 58: 87–90.

Sayli BS et al. GAPO syndrome in

three relatives in a Turkish kindred.

American Journal of Medical

Genetics, 1993; 47: 342–5.

Dehner LP et al. Vascular tumors of

the liver in infants and children.

Archives of Pathology, 1971; 92: 101.

Geiser CF et al. Epithelial

hepatoblastoma associated with

congenital hemihypertrophy and

cystathioninuria: presentation of a

case. Paediatrics, 1970; 46: 66.

Wood BP et al. Infantile hepatic

hemangioendotheliomas associated

with hemihypertrophy. Paediatric

Radiology, 1977; 5: 242–5.

Taucher SC et al. Multiple

malformations in neonatal

hemochromatosis. (Letter) American

Journal of Medical Genetics, 1994;

50: 213–14.
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Disease Features Hepatic abnormalities Reference(s)

Haemolytic

anaemia–polyendocrinopathy

Homocystinuria

Hunter syndrome

(mucopolysaccharidosis type 2)

Hypotonia

Large spleen

Postaxial polydactyly of fingers

Postaxial polydactyly of toes

Pulmonary stenosis

Small mandible/micrognathia

Syndactyly of toes (not 2–3)

Ventricular septal defect

Anaemia/red cell abnormalities

Biliary atresia/stenosis

Colon, general abnormalities

Diabetes mellitus/hyperglycaemia

Hypothyroidism/small or absent

thyroid

Malabsorption

Nephritis or nephropathy

Proteinuria

Recurrent infections

Advanced bone age/large epiphyses

Aminoaciduria

Arachnodactyly

Blood vessels, general abnormalities

Cataract

Dislocation of lens

Fine hair

Generalized depigmentation of hair

Long toes

Mental retardation

Myopia

Osteoporosis

Pectus carinatum

Pectus excavatum

Platyspondyly

Seizures/abnormal EEG

Sparse hair/alopecia areata

Thin

Aortic stenosis

Beaked/wedged vertebrae

Coarse facial features

Deafness, sensorineural

Delayed tooth

eruption/development

Depressed/flat nasal bridge

Epiphyseal dysplasia

Inguinal hernia

Joint stiffness/arthritis

Kyphosis

Large nose

Macrocephaly

Mental retardation

Chronic hepatitis

Enlarged and fatty liver (rare)

Enlarged liver

Colletti RB et al. Autoimmune

enteropathy and nephropathy with

circulating anti-epithelial

cell antibodies. Journal of

Paediatrics, 1991; 118: 858–64.

Hill SM et al. Autoimmune

enteropathy and colitis: is there 

a generalised autoimmune 

gut disorder? Gut, 1991; 32: 

36–42.

Satake N et al. A Japanese family of

X-linked autoimmune enteropathy

with haemolytic anaemia and

polyendocrinopathy. European

Journal of Paediatrics, 1993; 152:

313–15.

Hu FL et al. Molecular basis of

cystathionine b-synthase deficiency

in pyridoxine responsive and

nonresponsive homocystinuria.

Human Molecular Genetics, 1993;

2: 1857–60.

Keskin S et al. Case report of

homocystinuria: clinical,

electroencephalographic, and

magnetic resonance imaging

findings. Journal of Child

Neurology, 1994; 9: 210–12.

Kraus JP. Molecular basis of

phenotype expression in

homocystinuria. Journal of inherited

Metabolic Diseases, 1994; 17:

383–90.

Adinolfi M. Hunter syndrome:

cloning of the gene, mutations and

carrier detection. Developmental

Medicine and Child Neurology,

1993; 35: 79–85.

Ben Simon-Schiff E et al.

Mutation analysis of Jewish 

Hunter patients in Israel. 

Human Mutation, 1994; 4: 

263–70.

Yamada Y et al.

Mucopolysaccharidosis type 2

(Hunter disease): 13 gene mutations

in 52 Japanese patients and carrier
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Disease Features Hepatic abnormalities Reference(s)

Hurler syndrome

(mucopolysaccharidosis type IH)

Ichthyosis–biliary atresia

Ichthyosis–neutral lipid storage

disease

Mitral stenosis

Mucopolysacchariduria/

oligosacchariduria

Pectus carinatum

Platyspondyly

Sella turcica, J-shaped

Short stature, proportionate

Thick/wide ribs

Umbilical hernia

Agenesis/hypoplasia of corpus

callosum

Aortic stenosis

Beaked/wedged vertebrae

Cardiomyopathy

Cloudy corneas/sclerocornea

Coarse facial features

Deafness, conductive

Depressed/flat nasal bridge

Dolichocephaly/scaphocephaly

Flared nares

Gibbus

Hydrocephaly/large ventricles, non-

specific

Inguinal hernia

Joint stiffness/arthritis

Limited movement of fingers

Macrocephaly

Mental retardation

Mitral stenosis

Mucopolysacchariduria/

oligosacchariduria

Prominent forehead/frontal bossing

Prominent upper lip

Prominent/everted lower lip

Proximal tapering of metacarpals

Recurrent infections

Short stature, proportionate

Thick/wide alveolar ridges

Wide metacarpals/modelling defect

Biliary atresia/stenosis

Ichthyosis

Abnormal-coloured nails

Aplasia or dysplasia of retina

Ataxia

Cataract

Deafness, sensorineural

Ectropion of eyelids

Erythema/erythroderma

Enlarged liver, fibrosis, swollen,

empty or vacuolated hepatocytes

and Kupffer cells

Enlarged liver, portal duct

proliferation, bile plugging within

bile ducts, cholestasis

Enlarged liver, architecture in

disarray, vacuolar fatty change

detection in four families. Human

Genetics, 1993; 92: 110–14.

Clarke LA et al. Mutation analysis of

19 North American

mucopolysaccharidosis type 1

patients: identification of two

additional frequent mutations.

Human Mutation, 1994; 3: 275–82.

Cleary MA et al. The presenting

features of mucopolysaccharidosis

type IH (Hurler syndrome). Acta

Paediatrica, 1995; 84: 337–9.

Cunningham ML et al.

Idiopathic extrahepatic biliary

atresia: recurrence in sibs in two

families. American Journal of

Medical Genetics, 1988; 31: 421–6.

Gunasekaran TS et al. Recurrence 

of extrahepatic biliary atresia in 

two half sibs. American Journal 

of Medical Genetics, 1992; 43:

592–4.

Angelini C et al. Multisystem

triglyceride storage disorder with

impaired long-chain fatty acid

oxidation. Annals of Neurology,

1980; 7: 5–10. 

Judge MR et al. Neutral lipid storage

disease. Case report and lipid
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Disease Features Hepatic abnormalities Reference(s)

Infantile Refsum syndrome

Ivemark syndrome (asplenia or

polysplenia)

Facial weakness

High palate

Hyperkeratosis

Hypotonia

Ichthyosis

Large spleen

Mental retardation

Microcephaly

Muscle weakness/myopathy

Spasticity/increased tendon reflex

Storage cells/vacuolated

lymphocytes

Thick/stiff skin

Thickened nails

Ataxia

Cataract

Cholesterol/lipids, abnormal

Deafness, sensorineural

ECG abnormality/conduction

defects

Hypotonia

Ichthyosis

Malabsorption

Mental retardation

Microcephaly

Muscle weakness/myopathy

Nystagmus

Osteoporosis

Peripheral neuropathy

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Short stature, proportionate

Spontaneous pain sensation

Vascular malformations of brain

Absent or hypoplastic spleen

Atrioventricular septal defect

Cardiac situs inversus/dextrocardia

Congenital cardiac anomaly,

unspecified

Holoprosencephaly/arhinencephaly

Hydranencephaly/porencephaly/

arachnoid cyst

Hydrocephaly/large ventricles, 

non-specific

Hypoplastic left heart

Intestinal malrotation

Malformation of the pancreas

Meningocele/meningomyelocele

Multiple renal cysts

Polysplenia

Posterior

encephalocele/meningocele

Pulmonary segmentation defects

Single ventricle

Situs inversus, abdominal

Enlarged liver, micronodular

cirrhosis

Biliary atresia with secondary

changes in the liver

studies. British Journal of

Dermatology, 1994; 130: 507–10.

Wessalowski R et al. Multisystem

triglyceride storage disorder without

ichthyosis in two siblings. Acta

Paediatrica, 1994; 83: 93–8.

Brown FR III et al. Peroxisomal

disorders. Neurodevelopmental and

biochemical aspects. (Review)

American Journal of Diseases of

Childhood, 1993; 147: 617–26.

Chow CW et al. Autopsy findings in

two siblings with infantile Refsum

disease. Acta Neuropathologica,

1992; 83: 190–5.

Mandel H et al. Infantile refsum

disease: gastrointestinal

presentation of a peroxisomal

disorder. Journal of Paediatric

Gastroenterology and Nutrition,

1992; 14: 83–5.

Carmi R et al. Extrahepatic biliary

atresia and associated anomalies:

etiologic heterogeneity suggested

by distinctive patterns of

associations. American Journal of

Medical Genetics, 1993; 45:

683–93.

Karrer FM et al. Biliary atresia and

the polysplenia syndrome. Journal

of Paediatric Surgery, 1991; 26:

524–7.

Wainwright H et al. Polysplenia

syndrome and congenital short

pancreas. American Journal of

Medical Genetics, 1993; 47:

318–20.
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Disease Features Hepatic abnormalities Reference(s)

Jeune syndrome (asphyxiating

thoracic dystrophy)

Kahn syndrome (berry aneurysms;

cirrhosis; emphysema; cerebral

calcifications)

Kartagener syndrome

Katz syndrome (short stature;

hepatomegaly; abnormal glucose

tolerance)

Transposition of the great vessels

Truncus arteriosus

Acetabular spurs

Cone-shaped epiphyses of

phalanges

Epiphyseal dysplasia

Hydrocephaly/large ventricles, non-

specific

Metaphyseal dysplasia

Multiple renal cysts

Narrow thorax/funnel chest

Nephritis or nephropathy

Pancreas (exocrine), general

abnormalities

Postaxial polydactyly of fingers

Preaxial polydactyly of fingers

Proportionate short arms

Proportionate shortening of lower

limbs

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Rhizomelia of lower limbs

Rhizomelia of upper limbs

Short ribs

Short stature, proportionate

Short stature, short limbs

Trachea or laryngeal anomalies

Clubbing of fingers (drumstick)

Incoordination

Intracranial calcification

Large spleen

Lung cysts

Lung, general abnormalities

Mental retardation

Seizures/abnormal EEG

Short stature, proportionate

Speech defect/dysarthria

Vascular malformations of brain

Bronchiectasis

Cardiac situs inversus/dextrocardia

Congenital cardiac anomaly,

unspecified

Hydrocephaly/large ventricles, non-

specific

Polysplenia

Situs inversus, abdominal

Acanthosis nigricans

Advanced bone age/large epiphyses

Brachydactyly

Cirrhosis

Cirrhosis

Situs inversus

Enlarged liver with abnormal

function

Hudgins L et al. Early cirrhosis in

survivors with Jeune thoracic

dystrophy. Journal of Paediatrics,

1992; 120: 754–6.

Kahn E et al. Berry aneurysms,

cirrhosis, pulmonary emphysema,

and bilateral symmetrical cerebral

calcifications: a new syndrome.

American Journal of Medical

Genetics, 1987; Suppl. 3: 343–56.

Inamitsu M et al. Ciliary

ultrastructure in a child with

Kartagener’s syndrome. A

transmission electron microscopic

study using tannic acid staining.

European Archives of Oto-rhino-

larynology, 1990; 248: 49–52.

Losa M et al. Kartagener syndrome:

an uncommon cause of neonatal

respiratory distress? European

Journal of Paediatrics, 1995; 154:

236–8.

Narayan D et al. Unusual inheritance

of primary ciliary dyskinesia

(Kartagener’s syndrome). Journal of

Medical Genetics, 1994; 31: 493–6.

Katz M. Case report 7. Syndrome

Identification, 1973; 1(2): 6–9.
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Disease Features Hepatic abnormalities Reference(s)

Keating syndrome (X-linked

glycogen storage disease)

Larsen syndrome (cone dystrophy;

liver disease; deafness; endocrine

anomalies)

Long-chain acyl-CoA

dehydrogenase deficiency

Lutz–Richner syndrome (renal

tubular insufficiency; jaundice;

multiple anomalies)

Clinodactyly

Convex/beaked profile of nose

Diabetes mellitus/hyperglycaemia

Dolichocephaly/scaphocephaly

Late puberty in females

Macules

Primary amenorrhoea

Prominent forehead/frontal bossing

Short stature, proportionate

Short /hypoplastic metacarpals

Small mandible/micrognathia

Sparse hair/alopecia areata

Thick calvarium

Joint stiffness/arthritis

Late puberty in males

Muscle weakness/myopathy

Short stature, proportionate

Aplasia or dysplasia of retina

Deafness, sensorineural

Diabetes mellitus/hyperglycaemia

Hypertension

Hypothyroidism/small or absent

thyroid

Liver/biliary system, general

abnormalities

Night blindness

Optic atrophy

Sella turcica, large

Cardiomyopathy

Feeding problems in infants

Hypoglycaemia

Hypotonia

Mental retardation

Microcephaly

Muscle weakness/myopathy

Organicaciduria

Abnormal placement of anus

Aminoaciduria

Biliary atresia/stenosis

Blepharophimosis/blepharospasm

Broad/barrel thorax

Congenital cardiac anomaly,

unspecified

Dislocation of hip

High palate

Hypotonia

Nephritis or nephropathy

Polymorph abnormalities

Proteinuria

Enlarged liver with glycogen

storage in cytoplasm

Unspecified liver degeneration

with fatty infiltration

Enlarged liver, lipid deposits,

centrolobular necrosis

Jaundice, pigment granules in

hepatocytes (lipofuscin),

periportal inflammatory cells,

paucity of bile ducts

Keating JP et al. X-linked glycogen

storage disease: a cause of

hypotonia, hyperuricemia, and

growth retardation. American

Journal of Diseases of Childhood,

1985; 139: 609–13.

Berg K et al. Familial syndrome of

progressive cone dystrophy,

degenerative liver disease, and

endocrine dysfunction: III. Genetic

studies. Clinical Genetics, 1978; 13:

190–200.

Larsen IF et al. Familial syndrome of

progressive cone dystrophy,

degenerative liver disease and

endocrine dysfunction. II. Clinical

and metabolic studies. Clinical

Genetics, 1978; 13: 176–89.

Aoyama T et al. Cloning of human

very-long-chain acyl-coenzyme A

dehydrogenase and molecular

characterization of its deficiency in

two patients. American Journal of

Human Genetics, 1995; 57:

273–83.

Coates PM. Very-long-chain acyl-

CoA dehydrogenase deficiency:

molecular genetics of a

mitochondrial membrane enzyme.

(Editorial) American Journal of

Human Genetics, 1995; 57: 233–4.

Horslen SP et al. Liver histology in

the arthrogryposis multiplex

congenita, renal dysfunction, and

cholestasis (ARC) syndrome: report

of three new cases and review.

Journal of Medical Genetics, 1994;

31: 62–4.

Mikati MA et al. Renal tubular

insufficiency, cholestatic jaundice,

and multiple congenital

anomalies—a new multisystem

syndrome. Helvetica Paediatrica

Acta, 1984; 39: 463–71.
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Disease Features Hepatic abnormalities Reference(s)

Mainzer–Saldino syndrome

(retinal dysplasia; renal defects;

skeletal anomalies)

Mannosidosis

Maroteaux–Lamy syndrome

(mucopolysaccharidosis type 6)

Recurrent infections

Rocker-bottom feet (see also vertical

talus)

Small mandible/micrognathia

Thin

Wide-spaced nipples

Arachnodactyly

Ataxia

Cerebellar abnormalities (structural)

Cone-shaped epiphyses of

phalanges

Delayed bone age

Fine hair

Hypotonia

Joint laxity

Mental retardation

Metaphyseal dysplasia

Nephritis or nephropathy

Optic atrophy

Ptosis of eyelids

Renal dysplasia

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Short stature, proportionate

Small kidneys

Small penis (including micro)

Small testes

Ataxia

Beaked/wedged vertebrae

Broad base to nose

Cataract

Cloudy corneas/sclerocornea

Coarse facial features

Deafness, sensorineural

Depressed/flat nasal bridge

Gibbus

Joint stiffness/arthritis

Kyphosis

Large spleen

Large tongue

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Osteoporosis

Platyspondyly

Protuberant abdomen

Short neck

Short stature, proportionate

Storage cells/vacuolated

lymphocytes

Thick calvarium

Umbilical hernia

Wide metacarpals/modelling defect

Aortic stenosis

Beaked/wedged vertebrae

Cardiomyopathy

Enlarged liver with hepatic

fibrosis, histologically

Enlarged liver

Enlarged liver

Ellis DS et al. Leber’s congenital

amaurosis associated with familial

juvenile nephronophthisis and cone-

shaped epiphyses of the hands (the

Mainzer–Saldino syndrome).

American Journal of

Ophthalmology, 1984; 97: 233–9.

Robins DG et al. Juvenile

nephronophthisis associated with

skeletal abnormalities and hepatic

fibrosis. Archives of Diseases of

Childhood, 1976; 51: 799–801.

Bennet JK et al. Clinical and

biochemical analysis of two families

with type 1 and type 2

mannosidosis. American Journal of

Medical Genetics, 1995; 55: 21–6.

Isbrandt D et al.

Mucopolysaccharidosis VI

(Maroteaux–Lamy syndrome): six
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Disease Features Hepatic abnormalities Reference(s)

Mathias syndrome (X-linked

laterality sequence)

Meckel–Gruber syndrome

(dysencephalia splanchnocystica)

Cloudy corneas/sclerocornea

Coarse facial features

Deafness, conductive

Deafness, sensorineural

Depressed/flat nasal bridge

Epiphyseal dysplasia

Genu valgum

Glaucoma

Kyphosis

Large nose

Large spleen

Large tongue

Mitral incompetence

Mucopolysacchariduria/

oligosacchariduria

Platyspondyly

Prominent forehead/frontal bossing

Sella turcica, J-shaped

Short stature, proportionate

Storage cells/vacuolated

lymphocytes

Thick lower lip

Thick upper lip

Thick/stiff skin

Thick/wide ribs

Umbilical hernia

Abnormal placement of anus

Absent or hypoplastic spleen

Absent sacrum

Anal atresia/stenosis

Anomalous venous return

Atrial septal defect

Atrioventricular septal defect

Cardiac situs inversus/dextrocardia

Cerebellar abnormalities (structural)

Duodenal stenosis

Fallot tetralogy

Holoprosencephaly/arhinencephaly

Hydrocephaly/large ventricles, non-

specific

Hypertelorism

Malformed uterus

Meningocele/meningomyelocele

Mitral incompetence

Patent ductus arteriosus

Polysplenia

Pulmonary stenosis

Single ventricle

Situs inversus, abdominal

Splenic abnormalities, unspecified

Transposition of the great vessels

Ventricular septal defect

Anal atresia/stenosis

Cerebellar abnormalities (structural)

Cerebral atrophy/myelin

abnormality

Cleft palate

Biliary atresia, situs inversus

Enlarged liver, grossly fibrotic,

cystic

unique arylsulfatase B gene alleles

causing variable disease

phenotypes. American Journal of

Human Genetics, 1994; 54:

454–63.

Jin W-D et al.

Mucopolysaccharidosis type 6:

identification of three mutations in

the arylsulfatase B gene of patients

with the severe and mild

phenotypes provides molecular

evidence for genetic heterogeneity.

American Journal of Human

Genetics, 1992; 50: 795–800.

Casey B et al. Mapping a gene for

familial situs abnormalities to

human chromosome Xq24-q27.1.

Nature Genetics, 1993; 5: 403–7.

Mathias RS et al. X-linked laterality

sequence: situs inversus, complex

cardiac defects, splenic defects.

American Journal of Medical

Genetics, 1987; 28: 111–16.

Mikkila SP et al. X-linked laterality

sequence in a family with carrier

manifestations. American Journal of

Medical Genetics, 1994; 49: 435–8.

Blankenberg TA et al. Pathology of

renal and hepatic anomalies in

Meckel syndrome. American Journal

of Medical Genetics, 1987; Suppl. 3:

395–410.
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Disease Features Hepatic abnormalities Reference(s)

Medium-chain acyl-CoA

dehydrogenase deficiency

Mevalonic aciduria

Cleft upper lip (non-midline)

Dandy–Walker malformation

Holoprosencephaly/arhinencephaly

Hypospadias

Lung hypoplasia/agenesis

Mental retardation

Microcephaly

Microphthalmia

Multiple renal cysts

Neonatal teeth

Pancreas (exocrine), general

abnormalities

Polydactyly/bifid thumb

Polysplenia

Postaxial polydactyly of fingers

Postaxial polydactyly of toes

Posterior

encephalocele/meningocele

Posteriorly rotated ears

Preaxial polydactyly of fingers

Pulmonary segmentation defects

Apnoea or tachypnoea

Cardiomyopathy

Cerebral atrophy/myelin

abnormality

Deafness, sensorineural

Dementia/psychosis

Feeding problems in infants

Hypoglycaemia

Hypotonia

Muscle weakness/myopathy

Organicaciduria

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Anaemia/red cell abnormalities

Ataxia

Cardiomyopathy

Cataract

Cerebellar abnormalities (structural)

Dolichocephaly/scaphocephaly

Fontanelles, delayed closure/large

Hypotonia

Joint stiffness/arthritis

Large spleen

Long/prominent eyelashes

Malabsorption

Mental retardation

Microcephaly

Muscle weakness/myopathy

Oedema (including hydrops)

Organicaciduria

Steatosis

Enlarged liver

Paavola P et al. The locus for Meckel

syndrome with multiple congenital

anomalies maps to chromosome

17q2l-q24. (Letter.) Nature

Genetics, 1995; 11: 213–15.

Wright C et al. Meckel syndrome:

what are the minimum diagnostic

criteria? Journal of Medical

Genetics, 1994; 31: 482–5.

Andresen BS et al. Medium-chain

acyl-CoA dehydrogenase (MCAD)

deficiency due to heterozygosity for

the common mutation and an allele

resulting in low levels of MCAD

mRNA. Journal of Inherited

Metabolic Diseases, 1994; 17:

275–8.

Iafolla AK et al. Medium-chain 

acyl-coenzyme A dehydrogenase

deficiency: clinical course in 120

affected children. Journal of

Paediatrics, 1994; 124: 409–15.

Losty HC et al. Fatty infiltration in

the liver in medium chain acyl CoA

dehydrogenase deficiency. Archives

of Diseases of Childhood, 1991; 66:

727.

Hoffmann GF et al. Clinical and

biochemical phenotype in 11

patients with mevalonic aciduria.

Paediatrics, 1993; 91: 915–21.

Mancini J et al. Mevalonic aciduria in

3 siblings: a new recognizable

metabolic encephalopathy.

Paediatric Neurology, 1993; 9:

243–6.
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Disease Features Hepatic abnormalities Reference(s)

Mitochondrial cytopathy–diabetes

mellitus–ataxia–renal tubular

abnormalities

Moore–Federman syndrome

Mucolipidosis type 4

Palpebral fissures slant down

Papules

Posteriorly rotated ears

Prominent forehead/frontal bossing

Protuberant abdomen

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Short stature, proportionate

Spasticity/increased tendon reflex

Syndactyly of toes (not 2–3)

Triangular face

Anaemia/red cell abnormalities

Ataxia

Cardiomyopathy

Cataract

Deafness, sensorineural

Diabetes mellitus/hyperglycaemia

Enlarged liver

Generalized hirsutism

Multiple renal cysts

Muscle weakness/myopathy

Nephritis or nephropathy

Parathyroid,

absent/hypoparathyroidism

Patchy pigmentation of 

skin/café-au-lait spots

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Short stature, proportionate

Brachydactyly

Detached retina

Glaucoma

Hoarse voice

Hypermetropia

Joint stiffness/arthritis

Limited movement of fingers

Limited movement/flexion deformity

of elbow

Platyspondyly

Respiratory abnormality, unspecified

Short stature, proportionate

Thick/stiff skin

Agenesis/hypoplasia of corpus

callosum

Bulbous nasal tip

Cloudy corneas/sclerocornea

Coarse facial features

Extrapyramidal disorder

Hypertonia

Hypotonia

Kyphosis

Large spleen

Mental retardation

Optic atrophy

Enlarged liver, steatosis, liver

failure

Enlarged liver

Enlarged liver

Cormier-Daire V et al. Mitochondrial

DNA rearrangements with onset as

chronic diarrhea with villous

atrophy. Journal of Paediatrics,

1994; 124: 63–70.

Luder A et al. Complex I deficiency

with diabetes, Fanconi syndrome

and mtDNA deletion. Journal of

Inherited Metabolic Diseases, 1994;

17: 298–300.

Tulinius MH et al. Atypical

presentation of multisystem

disorders in two girls with

mitochondrial DNA deletions.

European Journal of Paediatrics,

1995; 154: 35–42.

Fell JME et al. Reviving the

Moore–Federman syndrome.

Journal of the Royal Society of

Medicine, 1993; 86: 52–3.

Winter RM et al. Moore–Federman

syndrome and acromicric dysplasia:

are they the same entity? Journal of

Medical Genetics, 1989; 26: 320–5.

Casteels I et al. Mucolipidosis type 4.

Presentation of a mild variant.

Ophthalmic Paediatrics and

Genetics, 1992; 13: 205–10.

Reis S et al. Mucolipidosis type 4: a

mild form with late onset. American

Journal of Medical Genetics, 1993;

47: 392–4.

Riedel KG et al. Ocular abnormalities

in mucolipidosis IV. American

Journal of Ophthalmology, 1985;

99: 125–36.
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Disease Features Hepatic abnormalities Reference(s)

Mucopolysaccharidosis type 7 

(b-glucuronidase deficiency)

Mucopolysaccharidosis type 7 

(di Ferrante syndrome)

Mulibrey nanism

Photophobia

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Scoliosis

Spasticity/increased tendon reflex

Storage cells/vacuolated

lymphocytes

Strabismus/gaze palsy

Thick lower lip

Thick upper lip

Thickened/oedematous eyelids

Anteverted nares

Beaked/wedged vertebrae

Cloudy corneas/sclerocornea

Coarse facial features

Craniosynostosis

Depressed/flat nasal bridge

Gibbus

Joint stiffness/arthritis

Large spleen

Limited movement of fingers

Macrocephaly

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Pectus carinatum

Pectus excavatum

Prominent forehead/frontal bossing

Proximal tapering of metacarpals

Seizures/abnormal EEG

Short stature, proportionate

Storage cells/vacuolated

lymphocytes

Thick/wide alveolar ridges

Umbilical hernia

Wide metacarpals/modelling defect

Beaked/wedged vertebrae

Coarse hair

Deafness, conductive

Generalized depigmentation of hair

Generalized hirsutism

Large spleen

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Odontoid hypoplasia/dysplasia

Perthes’/dysplastic hip

Short stature, proportionate

Thick/wide ribs

Cardiomyopathy

Constrictive pericarditis

Depressed/flat nasal bridge

Fibrous dysplasia of bones

High frontal hairline

Hydrocephaly/large ventricles, non-

specific

Enlarged liver, prolonged

jaundice, giant cell hepatitis

Enlarged liver

Enlarged and cirrhotic liver

de Kremer RD et al.

Mucopolysaccharidosis type 7 

(b-glucuronidase deficiency): a

chronic variant with an

oligosymptomatic severe skeletal

dysplasia. American Journal of

Medical Genetics, 1992; 44:

145–52.

Yamada S et al. Four novel

mutations in mucopolysaccharidosis

type 7 including a unique base

substitution in exon 10 of the b-

glucuronidase gene that creates a

novel 5′-splice site. Human

Molecular Genetics, 1995; 4:

651–5.

Ginsberg LC et al. N-

Acetylglucosamine-6-sulfate

sulfatase in man: deficiency of the

enzyme in a new

mucopolysaccharidosis. Paediatric

Research, 1978; 12: 805–9.

Matalon R et al. Keratan and

heparan sulfaturia—a new

mucopolysaccharidosis with N-

acetylglucosamine-6-sulfatase

deficiency. (Abstract) Paediatric

Research, 1978; 12: 453.

Balg S, Stengel-Rutkowski S,

Dohlemann C et al. Clinical

Dysmorphology, 1995; 4: 

63–9.

Lapunzina P et al. Mulibrey nanism:

three additional patients and a

review of 39 patients. American
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Disease Features Hepatic abnormalities Reference(s)

Multiple sulphatase deficiency

Mulvihill syndrome (progeria-like

syndrome)

Hypertelorism

Isolated growth hormone deficiency

Medullary space stenosis

Mental retardation

Muscle weakness/myopathy

Oligodontia

Pericarditis (non-constrictive)

Prominent forehead/frontal bossing

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Sella turcica, J-shaped

Short stature, prenatal onset

Short stature, proportionate

Slender/thin bones

Triangular face

Underdevelopment of cranial sinus

Wide nasal bridge

Aplasia or dysplasia of retina

Ataxia

Beaked/wedged vertebrae

Cardiomyopathy

Cloudy corneas/sclerocornea

Coarse facial features

Coarse hair

Deafness, sensorineural

Epiphyseal dysplasia

Gibbus

Hypoplastic ilia

Ichthyosis

Large spleen

Macrocephaly

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Optic atrophy

Pigmentary abnormality of macula

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Seizures/abnormal EEG

Sella turcica, J-shaped

Spasticity/increased tendon reflex

Stippled or fragmented epiphyses

Storage cells/vacuolated

lymphocytes

Thick/wide ribs

Blepharophimosis/blepharospasm

Brachydactyly

Clinodactyly

Cloudy corneas/sclerocornea

Cryptorchid testes

Deafness, sensorineural

Deficient adipose tissue or

fat /lipodystrophy

Diabetes mellitus/hyperglycaemia

Dolichocephaly/scaphocephaly

Fontanelles, delayed closure/large

Enlarged liver

Enlarged liver

Journal of Medical Genetics, 1995;

55: 349–55.

Al Aqeel A et al. Saudi variant of

multiple sulfatase deficiency.

Journal of Child Neurology, 1992;

7(Suppl.): S12–21.

Harbord M et al. Multiple sulfatase

deficiency with early severe retinal

degeneration. Journal of Child

Neurology, 1991; 6: 229–35.

Schmidt B et al. A novel amino acid

modification in sulfatases that is

defective in multiple sulfatase

deficiency. Cell, 1995; 82: 271–8.

Baraitser M et al. A recognisable

short stature syndrome with

premature aging and pigmented

naevi. Journal of Medical Genetics,

1988; 25: 53–6.

Bartsch O et al. Mulvihill-Smith

syndrome: case report and review.

Journal of Medical Genetics, 1994;

31: 707–11.
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Disease Features Hepatic abnormalities Reference(s)

Nezelof syndrome (arthrogryposis;

renal dysfunction; hepatic disease)

Niemann–Pick disease

Hypohidrotic or dry skin

Hypoplastic phalanges

Hypospadias

Immunoglobulin abnormality

Irregular or crowded teeth

Late puberty in males

Low birthweight (< 3rd centile)

Malocclusion of teeth

Mental retardation

Microcephaly

Microstomia

Naevi or lentigines

Oligodontia

Palpebral fissures slant down

Pinched nose

Premature ageing

Prominent ears

Recurrent infections

Short stature, prenatal onset

Small mandible/micrognathia

Small/hypoplastic/deep-set nails

Sparse hair/alopecia areata

T-cell deficiency

Telangiectasia/angiokeratomas of

skin

Thin

Thin ear helix

Thin skin/generalized skin 

atrophy

Triangular face

Cataract

Club foot, varus

Flexion deformity at wrist

Hypercalciuria

Joint contractures (including

arthrogryposis)

Muscle atrophy

Nephritis or nephropathy

Polyuria

Proteinuria

Proximal placement of thumb

Renal dysplasia

Ulnar deviation of hand

Ataxia

Dementia/psychosis

Diffuse increased pigmentation of

skin

Large spleen

Macular red spot/cherry red spot

Mental retardation

Papules

Patchy pigmentation of 

skin/café-au-lait spots

Pigmentary abnormality of macula

Respiratory abnormality, unspecified

Seizures/abnormal EEG

Pigment storage in hepatocytes,

giant cell transformation, bile duct

proliferation

Prolonged jaundice, fibrosis,

storage material in Kupffer cells

Di Rocco M et al. Arthrogryposis,

renal dysfunction and cholestasis

syndrome: report of five patients

from three Italian families. European

Journal of Paediatrics, 1995; 154:

835–9.

Horslen SP et al. Liver histology in

the arthrogryposis multiplex

congenita, renal dysfunction, and

cholestasis (ARC) syndrome: report

of three new cases and review.

Journal of Medical Genetics, 1994;

31: 62–4.

Kelly DA et al. Niemann–Pick 

disease type C: diagnosis and

outcome in children, with particular

reference to liver disease. Journal of

Paediatrics, 1993; 123: 242–7.

Kristjansson K et al. Niemann–

Pick-like liver disease and reduced

cholesterol esterification in

fibroblasts of two male infants.

European Journal of Paediatrics,

1994; 153: 347–51.
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Disease Features Hepatic abnormalities Reference(s)

Oculo-encephalo-hepato-renal

syndrome

Omenn syndrome (1965)

(reticuloendotheliosis;

eosinophilia)

Pearson syndrome

Storage cells/vacuolated

lymphocytes

Strabismus/gaze palsy

Thick/stiff skin

Anteverted nares

Ataxia

Blepharophimosis/blepharospasm

Cerebellar abnormalities (structural)

Coloboma of retina/choroid

Down-turned corners of the mouth

Extrapyramidal disorder

Hydrocephaly/large ventricles, non-

specific

Hypertelorism

Low-set ears

Mental retardation

Multiple renal cysts

Notched/hypoplastic alae nasi

Posterior

encephalocele/meningocele

Prominent ears

Prominent/everted lower lip

Seizures/abnormal EEG

Small kidneys

Spasticity/increased tendon reflex

Ulnar deviation of hand

Absent/hypoplastic thymus

Bowed femur

Bullae or vesicles

Erythema/erythroderma

Flared ribs/anterior splaying

Ichthyosis

Immunoglobulin abnormality

Large spleen

Lymphadenopathy

Lymphomas/leukaemias

Metaphyseal dysplasia

Papules

Polymorph abnormalities

Short bones

Sparse hair/alopecia areata

T-cell deficiency

Thymus, general abnormalities

Wide metaphysis

Absent or hypoplastic spleen

Anaemia/red cell abnormalities

Cardiomyopathy

Cloudy corneas/sclerocornea

Delayed bone age

Diabetes mellitus/hyperglycaemia

Hypotonia

Low birthweight (< 3rd centile)

Malabsorption

Organicaciduria

Osteoporosis

Pancreatic insufficiency

Hepatic fibrosis

Enlarged liver, mild fibrosis,

cholestasis, bile duct proliferation

Progressive enlargement of liver

Lewis SME et al. Joubert syndrome

with congenital hepatic fibrosis: an

entity in the spectrum of oculo-

encephalo-hepato-renal disorders.

American Journal of Medical

Genetics, 1994; 52: 419–26.

Glastre C et al. Omenn syndrome: a

review. (In French—summary in

English) Pediatrie, 1990; 45: 301–5.

Gomez L et al. Treatment of Omenn

syndrome by bone marrow

transplantation. Journal of

Paediatrics, 1995; 127: 76–81.

Bernes SM et al. Identical

mitochondrial DNA deletion in

mother with progressive external

ophthalmoplegia and son with

Pearson marrow-pancreas

syndrome. Journal of Paediatrics,

1993; 123: 598–602.

Mazziotta MRM et al. Fatal infantile

liver failure associated with

mitochondrial DNA depletion.

Journal of Paediatrics, 1992; 121:

896–901.
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Disease Features Hepatic abnormalities Reference(s)

Pipecolic acidaemia

Polyneuropathy–organomegaly–

endocrinopathy–M protein–skin

changes (POEMS) syndrome

Pseudo-Zellweger syndrome

Platelet abnormalities

Polymorph abnormalities

Short stature, proportionate

Splenic abnormalities, unspecified

Storage cells/vacuolated

lymphocytes

Thick/wide ribs

Aminoaciduria

Hypotonia

Mental retardation

Nystagmus

Optic atrophy

Organicaciduria

Seizures/abnormal EEG

Anaemia/red cell abnormalities

Ascites

Calcification of arteries

Capillary haemangioma

Cavernous haemangioma

Clubbing of fingers (drumstick)

Diffuse increased pigmentation of

skin

Generalized hirsutism

Gynaecomastia

Hyperhidrosis

Large spleen

Lymphadenopathy

Muscle weakness/myopathy

Oedema of lower limbs

Osteosclerosis or osteopetrosis

Papilloedema/optic neuritis

Peripheral neuropathy

Platelet abnormalities

Thick/stiff skin

Adrenal hypoplasia/insufficiency

Cat cry/weak, high-pitched cry

Cerebral atrophy/myelin

abnormality

Delayed bone age

Depressed/flat nasal bridge

Epicanthic folds

Expressionless/dull face

Feeding problems in infants

Fontanelles, delayed closure/large

High palate

Hypertelorism

Hypotonia

Large kidneys

Lissencephaly/pachygyria/

polymicrogyria

Low-set ears

Mental retardation

Multiple renal cysts

Osteoporosis

Persistent hyaloid artery

Postaxial polydactyly of fingers

Neonatal jaundice, large liver,

periportal fibrosis, fat in

hepatocytes, no peroxisomes

seen, trilamina structures

Enlarged liver, occlusion of

hepatic veins (Budd–Chiari

syndrome)

Mild steatosis

Rotig A et al. Spectrum of

mitochondrial DNA rearrangements

in the Pearson marrow-pancreas

syndrome. Human Molecular

Genetics, 1995; 4: 1327–30.

Moser HW. Peroxisomal disorders.

Journal of Paediatrics, 1986; 108:

89–91.

Moser HW. Hyperpipecolic

acidemia. Advances in Paediatrics,

1989; 36: 17.

Jackson A et al. A case of POEMS

syndrome associated with essential

thrombocythaemia and dermal

mastocytosis. Postgraduate Medical

Journal, 1990; 66: 761–7.

Miralles GD et al. Plasma-cell

dyscrasia with polyneuropathy—the

spectrum of POEMS syndrome. New

England Journal of Medicine, 1992;

327: 1919–23.

Steinberg D et al. A 49-year-old

woman with peripheral neuropathy,

hepatosplenomegaly, and

intermittent abdominal pain. 

New England Journal of Medicine,

1992; 327: 1014–21.

Nakada Y et al. A case of pseudo-

Zellweger syndrome with a possible

bifunctional enzyme deficiency but

detectable enzyme protein.

Comparison of two cases of

Zellweger syndrome. Brain and

Development, 1993; 15: 453–6.

Pietrzyk JJ et al. Two siblings with

phenotypes mimicking peroxisomal

disorders but with discordant

biochemical findings. Clinical

Paediatrics, 1990; 29: 479–84.

Schutgens RBH et al. A new variant

of Zellweger syndrome with normal

peroxisomal functions in cultured

fibroblasts. Journal of Inherited

Metabolic Diseases, 1994; 17:

319–22.
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Disease Features Hepatic abnormalities Reference(s)

Renal–hepatic–pancreatic

dysplasia

Renal–hepatic–pancreatic

dysplasia with Dandy–Walker cyst

Salla disease (lysosomal storage

disorder)

Prominent upper lip

Recurrent infections

Seizures/abnormal EEG

Ventricular septal defect

Absent or hypoplastic spleen

Biliary atresia/stenosis

Cardiac situs inversus/dextrocardia

Congenital cardiac anomaly,

unspecified

Diabetes mellitus/hyperglycaemia

Hypothyroidism/small or absent

thyroid

Multiple renal cysts

Pancreas (exocrine), general

abnormalities

Polysplenia

Renal dysplasia

Renal tubular acidosis

Situs inversus, abdominal

Transposition of the great vessels

Absent/abnormal gallbladder

Anomalous venous return

Anophthalmia

Atrial septal defect

Cerebellar abnormalities (structural)

Dandy–Walker malformation

Duplicated/right aortic arch

Fontanelles, delayed closure/large

Heart, general abnormalities

Hydrocephaly/large ventricles, non-

specific

Hypertelorism

Low-set ears

Lung hypoplasia/agenesis

Malformation of the pancreas

Malformed uterus

Microphthalmia

Multiple renal cysts

Polysplenia

Posterior

encephalocele/meningocele

Protuberant abdomen

Small mandible/micrognathia

Agenesis/hypoplasia of corpus

callosum

Ascites

Ataxia

Cerebellar abnormalities (structural)

Cerebral atrophy/myelin

abnormality

Cloudy corneas/sclerocornea

Coarse facial features

Dementia/psychosis

Depressed/flat nasal bridge

Hypertonia

Hypoplastic ilia

Cholestasis resulting in fibrosis

Enlarged liver, fibrosis

Enlarged liver with numerous

vacuolated cells. Membrane–

bound vesicles containing

granuloreticular material

Carmi R et al. Extrahepatic biliary

atresia and associated anomalies:

etiologic heterogeneity suggested

by distinctive patterns of

associations. American Journal of

Medical Genetics, 1993; 45:

683–93.

Lurie IW et al. Renal–hepatic–

pancreatic dysplasia and its variants.

Genetic Counseling, 1991; 2:

17–20.

Pinar H et al. Renal dysplasia, situs

inversus totalis, and multisystem

fibrosis: a new syndrome. Paediatric

Pathology, 1992; 12: 215–21.

Genuardi M et al. Cerebro-reno-

digital (Meckel-like) syndrome with

Dandy–Walker malformation, cystic

kidneys, hepatic fibrosis, and

polydactyly. American Journal of

Medical Genetics, 1993; 47: 50–3.

Hunter AGW, Jimenez C, Tawagi

FGR. Familial renal–hepatic–

pancreatic dysplasia and

Dandy–Walker cyst: a distinct

syndrome? American Journal of

Medical Genetics, 1991; 41: 201–7.

Summers MC et al. Dandy–Walker

malformation in the Meckel

syndrome. American Journal of

Medical Genetics, 1995; 55: 57–61.

Walpole et al. Dandy-Walker

malformation (variant), cystic

dysplastic kidneys, and hepatic

fibrosis: a distinct entity or 

Meckel’s syndrome? American

Journal of Medical Genetics, 1991;

39: 294–8.

Haataja L et al. The genetic locus for

free sialic acid storage disease maps

to the long arm of chromosome 6.

American Journal of Human

Genetics, 1994; 54: 1042–9.

Haataja L et al. Phenotypic variation

and magnetic resonance imaging

(MRI) in Salla disease, a free sialic

acid storage disorder.

Neuropediatrics, 1994; 25: 238–44.
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Disease Features Hepatic abnormalities Reference(s)

Sanfilippo syndrome

(mucopolysaccharidosis type 3)

Scheie syndrome

(mucopolysaccharidosis type IS)

Irregular endplates to vertebrae

Large spleen

Macrostomia

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Optic atrophy

Proximal tapering of metacarpals

Ptosis of eyelids

Seizures/abnormal EEG

Spasticity/increased tendon reflex

Speech delay

Storage cells/vacuolated

lymphocytes

Thick eyebrows

Thick lower lip

Thick upper lip

Thickened/oedematous eyelids

Acetabulum, general abnormalities

Advanced bone age/large epiphyses

Aggressive behaviour

Aortic stenosis

Beaked/wedged vertebrae

Coarse facial features

Generalized hirsutism

Irregular endplates to vertebrae

Large spleen

Limited movement/flexion deformity

of elbow

Macrocephaly

Medial eyebrow flare

Mental retardation

Mitral incompetence

Mitral stenosis

Mucopolysacchariduria/

oligosacchariduria

Spasticity/increased tendon reflex

Stippled or fragmented epiphyses

Synophrys

Thick eyebrows

Thick lower lip

Thick upper lip

Thick/stiff skin

Thick/wide alveolar ridges

Umbilical hernia

Aortic incompetence

Aortic stenosis

Beaked/wedged vertebrae

Brachydactyly

Camptodactyly

Cloudy corneas/sclerocornea

Coarse facial features

Epiphyseal dysplasia

Glaucoma

Limited movement of fingers

Mitral stenosis

Enlarged liver

Enlarged liver

Di Natale P. Sanfilippo B disease: a

re-examination of a particular

sibship after 12 years. Journal of

Inherited Metabolic Diseases, 1991;

14: 23–8.

Ozand PT et al. Sanfilippo type D

presenting with acquired language

disorder but without features of

mucopolysaccharidosis. Journal of

Child Neurology, 1994; 9: 408–11.

Wraith JE. The

mucopolysaccharidoses: a clinical

review and guide to management.

Archives of Diseases of Childhood,

1995; 72: 263–7.

Scott HS et al. Identification of

mutations in the a-L-iduronidase

gene (IDUA) that cause Hurler and

Scheie syndromes. American Journal

of Human Genetics, 1993; 53:

973–86.

Tieu PT et al. Four novel mutations

underlying mild or intermediate

forms of a-L-iduronidase deficiency

(MPS IS and MPS IH/S). Human

Mutation, 1995; 6: 55–9.
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Disease Features Hepatic abnormalities Reference(s)

Shwachman syndrome (pancreatic

insufficiency; neutropenia;

metaphyseal dysplasia)

Sialic acid storage disease, severe

infantile type

Mucopolysacchariduria/

oligosacchariduria

Prominent mandible

Prominent upper lip

Prominent/everted lower lip

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Short neck

Umbilical hernia

Anaemia/red cell abnormalities

Erythema/erythroderma

Ichthyosis

Macules

Malabsorption

Mental retardation

Metaphyseal dysplasia

Narrow thorax/funnel chest

Pancreatic insufficiency

Papules

Patchy pigmentation of 

skin/café-au-lait spots

Platelet abnormalities

Polymorph abnormalities

Recurrent infections

Short ribs

Short stature, proportionate

Sparse hair/alopecia areata

Anaemia/red cell abnormalities

Anteverted nares

Ascites

Cerebral atrophy/myelin

abnormality

Club foot, varus

Coarse facial features

Erythema/erythroderma

Generalized depigmentation of hair

Gum hypertrophy

Hydrocephaly/large ventricles, non-

specific

Hypotonia

Ichthyosis

Inguinal hernia

Large spleen

Macules

Malabsorption

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Nephritis or nephropathy

Oedema (including hydrops)

Proteinuria

Short stature, prenatal onset

Short stature, proportionate

Sparse hair/alopecia areata

Stippled or fragmented epiphyses

Storage cells/vacuolated

lymphocytes

Enlarged liver, extramedullary

haematopoiesis, fatty infiltration,

fibrosis

Enlarged liver, Kupffer cells with

microvacuolated foamy cytoplasm

Wippermann C-F et al. Mitral and

aortic regurgitation in 84 patients

with mucopolysaccharidoses.

European Journal of Paediatrics,

1995; 154: 98–101.

Danks DM et al. Metaphyseal

chondrodysplasia, neutropenia, and

pancreatic insufficiency presenting

with respiratory distress in the

neonatal period. Archives of

Diseases of Childhood, 1976; 51:

697–701.

Dhar S et al. Orthopaedic features of

Shwachman syndrome. A report of

two cases. Journal of Bone and Joint

Surgery, 1994; A76: 278–82.

Mortureux P et al. Shwachman

syndrome: a case report. Paediatric

Dermatology, 1992; 9: 57–61.

Berra B et al. Infantile sialic acid

storage disease: biochemical

studies. American Journal of

Medical Genetics, 1995; 58: 

24–31.

Paschke E et al. Storage material

from urine and tissues in the

nephropathic phenotype of infantile

sialic acid storage disease. Journal of

Inherited Metabolic Diseases, 1992;

15: 47–56.

Schleutker J et al. Lysosomal free

sialic acid storage disorders with

different phenotypic

presentations—infantile-form sialic

acid storage disease and Salla

disease—represent allelic disorders.

American Journal of Human

Genetics, 1995; 57: 893–901.
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Disease Features Hepatic abnormalities Reference(s)

Sialidosis type 2

Sialuria

Siegler syndrome (1992) (cataract;

malabsorption; renal and hepatic

disease)

Simpson–Golabi–Behmel

syndrome

Ascites

Ataxia

Beaked/wedged vertebrae

Bulbous nasal tip

Coarse facial features

Dementia/psychosis

Gibbus

Hyperplastic supraorbital ridges

Large spleen

Macular red spot/cherry red spot

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Nephritis or nephropathy

Pectus carinatum

Platyspondyly

Proteinuria

Scoliosis

Seizures/abnormal EEG

Sella turcica, J-shaped

Short stature, proportionate

Spasticity/increased tendon reflex

Thick lower lip

Thick upper lip

Coarse facial features

Hypotonia

Large spleen

Large tongue

Macrocephaly

Mental retardation

Mucopolysacchariduria/

oligosacchariduria

Anaemia/red cell abnormalities

Cataract

Malabsorption

Nephritis or nephropathy

Polyuria

Recurrent infections

Renal tubular acidosis

Short stature, proportionate

Small kidneys

Strabismus/gaze palsy

Acro-osteolysis/acral defects

Advanced bone age/large epiphyses

Broad base to nose

Broad hands

Cataract

Caudal appendage

Cleft of the lower lip

Cleft palate

Clinodactyly

Coarse facial features

Coloboma involving optic nerve

Congenital cardiac anomaly,

unspecified

Congenital hernia of diaphragm

Enlarged liver with foamy cells

Enlarged liver, abnormal

mitochondria containing unusual

circular cristae and

intramitochondrial crystalline

arrays between the cristae

Abnormal liver function, enlarged,

fibrotic, cholestasis, fatty

metamorphosis

Enlarged liver

Kanaka C et al. Mucocutaneous

bleeding, a rare but severe

complication in nephrosialidosis.

(Letter.) European Journal of

Paediatrics, 1994; 153: 703–4.

Sasagasako N et al. Prenatal

diagnosis of congenital sialidosis.

Clinical Genetics, 1993; 44: 8–11.

Don NA et al. Sialuria: a follow-up

report. Journal of Inherited

Metabolic Diseases, 1991; 14: 942.

Siegler RL et al. New syndrome

involving the visual, auditory,

respiratory, gastrointestinal, and

renal systems. American Journal of

Medical Genetics, 1992; 44: 461–4.

Garganta CL et al. Report of 

another family with

Simpson–Golabi–Behmel syndrome

and a review of the literature.

American Journal of Medical

Genetics, 1992; 44: 129–35.

Orth U et al. Gene for

Simpson–Golabi–Behmel syndrome

is linked to HPRT in Xq26 in two

European families. American Journal

of Medical Genetics, 1994; 50:

388–90.
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Disease Features Hepatic abnormalities Reference(s)

Tay syndrome (1974) (mental

retardation; facial/pigment

abnormalities; cirrhosis;

aminoaciduria)

Crease of ear lobule

Cryptorchid testes

Detached retina

Diffuse increased pigmentation of

skin

Dystrophic nails

ECG abnormality/conduction

defects

Furrowed tongue/prominent groove

Fusion of vertebrae

High birthweight (> 90th centile)

High palate

Hoarse voice

Hydronephrosis

Hypertelorism

Intestinal malrotation

Large kidneys

Large spleen

Large tongue

Macrocephaly

Macrostomia

Mental retardation

Mid-face hypoplasia (excluding

malar region)

Multiple renal cysts

Open mouth appearance

Palpebral fissures slant down

Pectus excavatum

Polysplenia

Postaxial polydactyly of fingers

Prominent mandible

Renal tumours (including Wilms’)

Scoliosis

Skin syndactyly of fingers

Small /hypoplastic /deep-set nails

Small /short nose

Submucous cleft palate

Supernumerary nipples

Tall stature, proportionate

Thick lower lip

Thick upper lip

Umbilical hernia

Ventricular septal defect

Wide nasal bridge

Abnormally shaped teeth

Aminoaciduria

Deafness, conductive

Large spleen

Large/prominent teeth

Long hallux

Mental retardation

Microcephaly

Microstomia

Naevi or lentigines

Notched/hypoplastic alae nasi

Patchy depigmentation of skin

Enlarged liver with cirrhosis Tay CH et al. A recessive disorder

with growth and mental

retardation, peculiar facies,

abnormal pigmentation, hepatic

cirrhosis and aminoaciduria. Acta

Paediatrica Scandinavica, 1974; 63:

777–82.
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Disease Features Hepatic abnormalities Reference(s)

Tyrosinaemia type 1

Werner syndrome

Patchy pigmentation of 

skin/café-au-lait spots

Pinched nose

Prominent eyes/proptosis

Short stature, proportionate

Short toes

Triangular face

Aggressive behaviour

Aminoaciduria

Ascites

Ataxia

Glycosuria

Hypertension

Hypertonia

Mental retardation

Metaphyseal dysplasia

Muscle weakness/myopathy

Oedema (including hydrops)

Peripheral neuropathy

Platelet abnormalities

Renal tubular acidosis

Seizures/abnormal EEG

Small bowel atresia/absence/

obstruction/short

Abnormal liver (including function)

Calcification of arteries

Calcification, subcutaneous

Cataract

Chromosome instability/breakage

Convex/beaked profile of nose

Deficient adipose tissue or

fat/lipodystrophy

Dementia/psychosis

Diabetes mellitus/hyperglycaemia

Full cheeks

Glaucoma

Gynaecomastia

Hyperthyroidism

Hyperkeratosis

Lymphomas/leukaemias

Muscle atrophy

Osteoporosis

Patchy depigmentation of skin

Patchy pigmentation of 

skin/café-au-lait spots

Peripheral neuropathy

Pinched nose

Premature ageing

Premature atherosclerosis

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Short stature, proportionate

Small feet

Small hands

Small penis (including micro)

Enlarged liver, liver failure,

macronodular cirrhosis and

hepatocellular carcinoma

Abnormal liver function

Barness L et al. Pathological case of

the month—hereditary tyrosinemia

type 1. American Journal of Diseases

of Childhood, 1992; 146: 769–70.

Noble-Jamieson G et al.

Neurological crisis in hereditary

tyrosinaemia and complete reversal

after liver transplantation. Archives

of Diseases of Childhood, 1994; 70:

544–5.

Ploos van Amstel JK et al. Hereditary

tyrosinemia type 1: novel missense,

nonsense and splice consensus

mutations in the human

fumarylacetoacetate hydrolase

gene; variability of the genotype–

phenotype relationship. Human

Genetics, 1996; 97: 51–9.

Goto M, et al. Genetic linkage of

Werner’s syndrome to five markers

on chromosome 8. Nature, 1992;

355: 735–8.

Kakigi R et al. Accelerated aging of

the brain in Werner’s syndrome.

Neurology, 1992; 42: 922–4.

Oshima J, et al. Integrated mapping

analysis of the Werner syndrome

region of chromosome 8.

Genomics, 1994; 23: 100–13.
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Disease Features Hepatic abnormalities Reference(s)

Wolman disease (acid lipase

deficiency)

Zellweger (cerebrohepatorenal)

syndrome

Zimmermann–Laband syndrome

(gingival fibromatosis; nail

defects)

Sparse hair/alopecia areata

Spasticity/increased tendon reflex

Telangiectasia/angiokeratomata of

skin

Thin

Thin skin/generalized skin atrophy

Adrenal calcification

Anaemia/red cell abnormalities

Deficient adipose tissue or

fat/lipodystrophy

Dementia/psychosis

Feeding problems in infants

Large spleen

Lymphadenopathy

Malabsorption

Mental retardation

Protuberant abdomen

Short stature, proportionate

Spasticity/ increased tendon reflex

Storage cells /vacuolated

lymphocytes

Thin

Xanthomas

Absent/hypoplastic thymus

Agenesis /hypoplasia of corpus

callosum

Aminoaciduria

Brushfield spots

Camptodactyly

Cataract

Cerebral atrophy/myelin

abnormality

Depressed/flat nasal bridge

Epicanthic folds

Feeding problems in infants

Flat face

Flat occiput

Fontanelles, delayed closure/ large

High frontal hairline

Hypoplastic supraorbital ridges

Hypotonia

Macrocephaly

Migration abnormality/heterotopia

Multiple renal cysts

Pancreas (endocrine), general

abnormalities

Proteinuria

Retinitis pigmentosa/pigmenatry

retinopathy/chorioretinitis

Seizures/abnormal EEG

Small mandible/micrognathia

Stippled or fragmented epiphyses

Wide nasal bridge

Absent nails

Absent phalanges

Acro-osteolysis /acral defects

Swollen foamy Kupffer cells

Enlarged liver, prolonged

jaundice, liver fibrosis

Enlarged liver

Anderson RA et al. In situ

localization of the genetic locus

encoding the lysosomal acid

lipase/cholesteryl esterase (LIPA)

deficient in Wolman disease to

chromosome 10q23.2-q23.3.

Genomics, 1993; 15: 245–7.

Wolman M. Wolman disease and its

treatment. Clinical Paediatrics,

1995; 34: 207–12.

Braverman N et al. Disorders of

peroxisome biogenesis. (Review.)

Human Molecular Genetics, 1995;

4: 1791–8.

Brown FR III et al. Peroxisomal

disorders. Neurodevelopmental and

biochemical aspects. (Review.)

American Journal of Diseases of

Childhood, 1993; 147: 617–26.

Erdem G et al. Intestinal

lymphangiectasia in a patient with

Zellweger cerebrohepatorenal

syndrome. American Journal of

Medical Genetics, 1995; 58: 152–4.

Bakaeen G et al. Hereditary gingival

fibromatosis in a family with the

Zimmermann–Laband syndrome.
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Disease Features Hepatic abnormalities Reference(s)

Bulbous nasal tip

Dystrophic nails

Flexion deformity of hip

Flexion deformity of knee

Generalized hirsutism

Gum hypertrophy

Large nose

Large spleen

Large tongue

Macrostomia

Mental retardation

Retinitis pigmentosa/pigmentary

retinopathy/chorioretinitis

Scoliosis

Synophrys

Thick lower lip

Thick upper lip

Thickened ears

Journal of Oral Pathology and

Medicine, 1991; 20: 457–9.

Lacombe D et al. Congenital marked

hypertrichosis and Laband

syndrome in a child: overlap

between the gingival fibromatosis-

hypertrichosis and Laband

syndromes. Genetic Counseling,

1994; 5: 251–6.

EEG, electroencephalogram.
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acid lipase deficiency see Wolman 
disease

acidophil bodies see apoptotic bodies
acidophil condensation 423
acidosis

anaesthetic implications 1940
metabolic see metabolic acidosis 
renal tubular see renal tubular acidosis 
urea synthesis 184f, 186

acid sphingomyelinase (ASM) 
deficiency, Niemann–Pick 
disease 1365

acitretin, hepatotoxicity 1230, 1646
ackee (Blighia sapida), hepatotoxicity

1272
acquired immunodeficiency syndrome

(AIDS) see AIDS
acrodermatitis chronica atrophicans

1808
acromegaly 1689–1690

surgical treatment 1689
acrylonitrile hepatotoxicity 2106
actin aggregates, drug-induced acute

hepatitis 1220
actin microfilaments, hepatocyte

cytoskeleton 97–98, 97f
actin microfilaments, hepatocytes

97–98, 97f
Actinomyces bovis 1017
Actinomyces israelii 1017
Actinomyces naeslundii 1017
actinomycete infections 1017
actinomycosis 1017
activated charcoal, Amanita poisoning

1272
activated partial thromboplastin time

(APTT), coagulation disorders
260

activated protein C
Budd–Chiari syndrome 1404
cirrhosis 258

active septa 426
active uptake, biliary tree epithelium

1111
activin 1687
activin receptor type II-like kinases

(ALK-1, ACVRL1) gene mutation
1419

activity-based protein profiling (ABPP)
404

Actractylis gummifera (glue thistle),
hepatotoxicity 2111

Note
Page numbers followed by ‘f ’ and ‘t’ refer
to figures and tables respectively.

A
Aagenae syndrome 2122
A:amino acid N-acyltransferase 1386
abacavir, hepatotoxicity 984, 1248
ABCB1 (MDR1 p-glycoprotein) 113
ABCB4 gene/protein

canalicular biliary transport 385, 1518
adaptive changes in cholestasis 386,

387f
gene defects 177, 1518t, 1524
intrahepatic cholestasis 1481, 1483,

1491
intrahepatic cholestasis of pregnancy

1385, 1880
primary biliary cirrhosis 1384–1385
progressive familial intrahepatic

cholestasis, type 3 177, 1385
ABCB11 (bile salt export pump) 177

benign recurrent intrahepatic
cholestasis 1524–1525

canalicular bile transport 296, 385,
1518

adaptive changes in cholestasis 386,
387f

gene defects 177, 1384, 1518t,
1524–1525

hepatocytes 113
intrahepatic cholestasis 1481, 1483
progressive familial intrahepatic

cholestasis, type 2 177, 1384, 1524
ABCC2 gene/protein

bilirubin transport 171, 1354
canalicular bile secretion 112–113
Dubin–Johnson syndrome 1356, 1385
glutathione conjugate excretion 1219
heavy metal transportation 112
hepatocytes 112–113
polar expression 125

ABCG2 (BCRP), canalicular bile
secretion 113, 296–297

ABC (ATP-binding cassette) transporters
see ATP-binding cassette (ABC)
transporters

abdomen
auscultation 448
discomfort 443–444

primary biliary cirrhosis 1075

inspection 447
pain see abdominal pain 
palpation 447–448
percussion 447–448
trauma

Budd–Chiari syndrome 1405
liver injury 1953

abdominal compartment syndrome
(ACS) 87, 1957

abdominal pain 443–444
acute porphyric crisis 1343–1344
alveolar echinococcosis 1052
angiosarcoma 1458
carcinoid syndrome 1474
differential diagnosis 1529, 1529t
hepatic artery aneurysms 1393
Kawasaki disease 1645
ultrasonography indication 501t

Abernethy shunt (extrahepatic congenital
portosystemic shunt) 1418–1419

aberrant pancreaticobiliary duct junction
(APBDJ), gallbladder carcinoma
1577

Aβ2M amyloid 1704
abetalipoproteinaemia 135, 1366
abscess(es)

actinomycosis 1017
alveolar echinococcosis 1052
amoebic see amoebic liver abscess

(ALA) 
angiography 537
ascariasis 1059
elderly 1874
gallstone-associated 1874
inflammatory bowel disease 1628
magnetic resonance imaging

529–530
melioidosis 1003
pyogenic see pyogenic liver abscess 
Trichosporon beigelii 1013
ultrasonography 504
visceral larva migrans 1063

absolute hepatic clearance 569
absolute risk reductions (ARR), meta-

analysis 2074
acalculous cholecystitis 1523

burns complication 1279
cryptosporidiosis 1025
diagnosis 1950–1951
elderly 1875
risk factors 1950
surgical treatment 1951

total parenteral nutrition-induced
1637, 1947

acamprosate, alcoholic liver disease
1167, 1181–1182

acanthocytosis
abetalipoproteinaemia 1366
cirrhosis 1770
spur cell anaemia 1770

acarbose 1737
accessory hepatic artery 4, 1391
accurate mass tags (AMTs) 412
acebutol, acute hepatitis induction 1230
aceruloplasminaemia 222, 1327
acetaldehyde

adduction 1140–1141
alcoholic liver disease 1139, 1139t
fibrogenic properties 585
mitochondrial membrane cholesterol

enrichment 205
oxidation to acetate 1136

acetaminophen see paracetamol
acetate 1135, 1136
acetazolamide 183
acetone, hepatotoxicity 2106
acetyl-CoA carboxylase 91
acetyl-coenzyme A (CoA)

formation 155
total parenteral nutrition-related liver

disease 1636
tricarboxylic acid cycle 155

N-acetylcysteine
acute liver failure 1304
paracetamol overdose 1237–1238,

1296
N-acetylglutamate, urea synthesis

regulation 183
N-acetyl-m-aminophenol (AMAP),

glutathione depletion 205
N-acetyl-p-aminophenol (APAP) see

paracetamol
acetylsalicylic acid, urea inhibition 183
aciclovir

Epstein–Barr virus 966
herpes simplex virus 959
resistance 959
side-effects 959
varicella-zoster virus 960

acid–base balance
acute liver failure 1131
anaesthetic implications 1940, 1942

acid β-glucosidase, Gaucher’s disease
1360, 1362

Index

i

TTOD01  3/14/07  3:34 PM  Page i



ii INDEX

acute fatty liver of pregnancy (AFLP)
1881–1883

acute liver failure 1300
causes 1881
clinical features 1885t
complications 1881
diagnosis 1882–1883
diagnostic failure 1882
differential diagnosis 1882–1883
electron microscopy 1882
fetal mortality 1881
follow-up biopsy 1882
further pregnancies 1883
haematological abnormalities 1770
hypertension-associated liver

dysfunction 1885, 1885t
incidence 1881
monitoring 1883
pathology 1882
pre-eclampsia 1881
presentation 1881
treatment 1883

acute graft-versus-host disease (aGvHD)
1672–1674

clinical aspects 1672–1673
cutaneous manifestations 1672, 1808
definition 1671–1672
gastrointestinal manifestations

1672–1673
hepatic manifestations 1673
organs affected 1672
pathogenesis 1672
pathological findings 1673–1674
staging/grading 1673
target tissue destruction phase 1672
treatment 1674, 1808

acute hepatitis see hepatitis, acute
acute hepatitis B see hepatitis B
acute hepatitis of the alcoholic type see

alcoholic hepatitis
acute intermittent porphyria (AIP)

1344t, 1346
aminolaevulinic acid 1344
diagnosis 1344t
genetic defect 1346
homozygous form 1348
inheritance 1345
liver cell carcinoma, risk of 1346
penetrance 1345
porphobilinogen 1344

acute liver failure (ALF) 1291–1312
causes 1295–1301, 1295t

malignant infiltration 1300
as prognostic marker 1302

children 1856–1860
causes 1858, 1858t
complications 1859
haemodynamic complications

1859
liver transplantation 1859–1860
management 1858–1859

complication prevention 1303
course 1301–1303
cytokines 314t
definitions 1291, 1292t
extracorporeal liver assist devices

1305–1306
hepatitis viruses 1296–1297
hepatocyte transplantation 2033,

2036–2037, 2036t, 2037t, 2039
infancy 1858
in-hospital admission indications

1303t

liver transplantation 1307–1309, 
1986

management 1303–1305, 1306t
general measures 1304
objectives 1303–1304

manifestations 1291–1294
liver cell damage 1292

mechanisms 1132–1133
hepatocyte death-regeneration

imbalance 1132
mortality 2043
neonatal 1856–1858

causes 1856–1858, 1857t
prevention 1303

of cause 1303
in established liver disease

1303
prognosis 1301–1303

general 1301
laboratory variables 1302
markers 1301–1302
scores 1302–1303

unknown origin 1301
viral infection 1296–1298

acute lung injury (ALI), post-liver
transplantation 1999

acute lymphoblastic leukaemia (ALL)
910

acute necrotizing encephalopathy of
childhood 1823t, 1825

acute on chronic liver failure (ACLF)
2043

acute porphyric crisis 1343–1344
diagnosis 1345
motor symptoms 1344
pathogenesis 1345–1346
treatment 1345

acute promyelocytic leukaemia (APL),
retinoids 217

acute respiratory distress syndrome
(ARDS), post-liver
transplantation 1999

acute tubular necrosis (ATN)
anaesthetic implications 1939
obstructive jaundice 1503

acyclic retinoid 215f, 217
acyl CoA:cholesterol acyltransferase

(ACAT) 92
acyl-CoA synthetase 152
adaptive immune system

alcoholic liver disease pathogenesis
1140–1141

hepatitis C 854–855
hepatocytes 106

adefovir dipivoxil
dialysis patients 1655
hepatitis B 926

cirrhosis 934
extrahepatic manifestations 936
lamivudine combination 929
liver transplantation 934
post-transplantation recurrence

934
precore mutant infection 930
pretransplant patients 1927, 

2011
resistance 932–933, 932f
wild-type virus 928

HIV–hepatitis B coinfection 974, 975,
975t

human herpesvirus type 8 966
adenine arabinoside, Epstein–Barr virus

966

adenocarcinoma
cholangiocarcinoma pathology

1585–1586
metastatic 1466f
pancreatic 1185

adenomas
bile duct see bile duct adenomas 
hepatocellular see hepatocellular

adenoma 
pregnancy 1886

adenosarcoma, hepatic endometriosis
810

adenosine, hepatic arterial buffer
response 75–76

adenosine deaminase
cirrhotic ascites 670f
malignant ascites 670f
tuberculous peritonitis 670, 670f

adenosine triphosphate (ATP)
bile secretion 1337
cholangiocytes, effects on 53
hepatic arterial buffer response 76
necrosis 341
oxidative phosphorylation 158–159
production 155, 1377, 1378f

adenosine triphosphate binding cassette
protein A1 (ABCA1) 139, 140f

adenosine triphosphate (ATP) synthase
activity levels 160
ischaemia 159
oxidative phosphorylation 158–159
structure 158–159, 160f
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acquired immunodeficiencies 968
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direct fluorescent assays 968
histopathology 968
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invasive multiorgan disease 968
NF-κB pathway blockade 315
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treatment 968

adenylyl cyclase 54
ADH2 gene 1143
ADH3 gene 1143
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steatohepatitis 1201–1202
adipokines, non-alcoholic steatohepatitis

610–611
adiponectin

fibrosis 596
inhibition, tumour necrosis factor α

1138
non-alcoholic steatohepatitis 594,

1201
adjuvants, hepatitis B vaccine 909–910
adrenal cortex 1685–1686, 1752

iron deposition 1762
adrenal gland

disease, hepatic effects 1685–1686
insufficiency, hepatic effects 1686
physiology 1685–1686

adrenal hormones 1752–1754
haemochromatosis 1762
physiology 1752–1753
see also individual hormones

adrenaline see epinephrine
adrenocorticotropic hormone (ACTH)

1685–1686
cortisol regulation 1752
haemochromatosis 1762

pseudo-Cushing syndrome 1753
secretion 1752

adrenoleukodystrophy
neonatal, autosomal recessive 2122
pseudoneonatal 2122–2123

adrenomedullin 1728
adult–adult, split liver transplantation

1971, 1973
adult polycystic kidney disease (ADPKD)

ampulla of Vater adenomas 793
biliary hamartomas 797
genetics 789–790
hepatic cysts and 789–795, 789f

clinical examination 790
clinical features 790
coalescence 791
complications 792–793, 792t
development 790
differential diagnosis 793
fluid 789
haemorrhagic 792, 792t
imaging 790–792
microscopic appearance 789
natural history 790
pathogenesis 789
pathology 789
risk factors 790
rupture 792t, 793
surgery 793–794
treatment 793–794

molecular biology 789–790
adults

alpha-1-antitrypsin deficiency
1332–1333

cytomegalovirus infection 962
living donor liver transplantation

1990–1992
split liver transplantation 1973

advanced life support (ATLS), liver
trauma 1953

adverse drug reactions 1212
afferent hepatic nerves 114

metabolic regulation 118–119
glucose-sensitive neurons 119
gut-derived vs. endogenous glucose

118
portal sensors 118

spinal neurons 114
vagal neurons 114

afferent (inlet) sphincters, sinusoids 79
afferent veins 427
afibrinogenaemia, Budd–Chiari

syndrome 1404
aflatoxicosis 1274
aflatoxin

carcinogenicity 1274, 1439
hepatocellular carcinoma 1274, 1439,

1450
hepatotoxicity 1274, 2106

Africa, infectious liver diseases 2100t
African histoplasmosis 1014, 1015
afterload, cirrhosis 686
age/ageing

acute liver failure 1302
alkaline phosphatase levels 462, 

462f
drug-induced hepatitis 1212–1213
gallstone disease 1523
hepatocellular carcinoma 1437
liver cysts, ADPKD 790, 790t
liver sinusoidal endothelial cells 33
liver transplantation contraindications

1922, 1989
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non-alcoholic steatohepatitis 1198
primary sclerosing cholangitis 1106,

1490
proteomics 414
simple cyst of the liver 784

Agilent Bioanalyser, RNA quality 402,
402f

agmatinase 182
agnogenic myeloid metaplasia (primary

myelofibrosis) 1665
AIDS

cholangitis 1546
cryptococcosis 1014
granulomas 1713
histoplasmosis 1015
penicillinosis 1017
vanishing bile duct syndrome 1115
see also HIV infection

ajmaline
acute hepatitis induction 1230
prolonged cholestasis induction

1254
Alagille syndrome 1387, 1805,

1848–1849, 2124–2125
clinical features 1805, 1848–1849
facial features 1848
growth hormone resistance 1741
management 1849
vanishing bile duct syndrome 1112,
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AL amyloidosis

clinical manifestations 1704
hepatic involvement 1705
management 1707
pathogenesis 1702
systemic 1703–1704
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ammonia production 181
glucogenic properties 145
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451–453

abnormal values
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nonhepatobiliary diseases 452–453

acalculous cholecystitis 1950
alcoholic cirrhosis 1166
alcoholic macrovesicular steatosis

1160
assays 451–452
Budd–Chiari syndrome 1406, 1407
cirrhosis 612
cocaine users 1232
distribution 451
drug-induced acute hepatitis 1216
hepatic vs. cholestatic disease 1900
hepatitis A 859–860
hepatitis C, acute 886
hepatitis E diagnosis 895
hyperbilirubinaemia, postoperative

1949
hypothyroidism 1685
ischaemic hepatitis 1610, 1949
localization 451
non-alcoholic fatty liver disease

1199
non-alcoholic steatohepatitis 1199
normal values 452
postoperative drug-induced liver

injury 1949
primary sclerosing cholangitis 1105
reactions 451
sepsis-induced cholestasis 1950
tacrine 1240

total parental nutrition-induced
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type 2 diabetes mellitus 1681
albendazole
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ascariasis 1061
Clonorchis sinensis 1046
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strongyloidiasis 1065

Albuferon, chronic hepatitis C 942, 951
albumin 250–255, 454–455

alcoholic hepatitis 1163
assays 454
bilirubin binding 170
cirrhosis 454–455, 612, 674
cirrhotic ascites 667
clinical usefulness 455
conformational adaptation 251
conformational breathing 251
cortisol binding 1752
electrophoresis 454
endoderm hepatic specification 65
functions 454

oncotic 253
hepatobiliary disease 454–455
hepatorenal syndrome prevention 717
infusion

spontaneous bacterial peritonitis
764

volume expansion 1728
ligands bound 250–251, 251t
nonhepatobiliary disease 454
normal values 454
renal hypoperfusion 1725
sex hormone binding 1755
structure 251
synthesis, influencing factors 454
testosterone binding 1687
thyroid hormone binding 1684, 1747,

1747t
albumin dialysis

alcoholic hepatitis 1165
hepatorenal syndrome type 1 716

Albumin gene 65
alcohol

absorption 1135
abstinence 1179–1185

alcoholic cirrhosis 1167
chronic hepatitis C 890
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1180–1181
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pharmacological agents 1181–1182

combinations 1182
pre-surgery 1171
pre-transplant 1183

altered substrate utilization 1838
clearance, age-related changes 1873
consumption 1129–1130, 1129t

beverage type 1130
gamma-glutamyl transpeptidase
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retinoid depletion 217

dependence
definition 1179
diagnosis 1179
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estrogen receptors 1759
psoriasis 1642
excretion 1135
fibrosis 1141, 1142t

hepatic blood flow 77
hepatocellular carcinoma 1438–1439
hepatotoxicity 413, 1379–1380
insulin secretion 1735
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iron metabolism, effects on 1769
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lipid storage disease induction 1246
liver injury 1135t
metabolism 1135–1136, 1837

alcoholic liver disease pathogenesis
1136–1139
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oxidation sites 1135
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1135–1136
zero-order kinetics 1135
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1379–1380
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spermatogenesis 1756
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units 1135
vitamin B12 absorption 1769
withdrawal 1179–1185

ambulatory 1180
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institutional setting 1180
Zieve syndrome 1770
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alcohol oxidation 1136
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polymorphism, alcoholic liver disease

and 358
stomach 1135
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1613

liver transplantation 1185–1186
alcoholic cirrhosis 1165–1167

abstinence 1167
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bile secretion impairment 1153
clinical presentation 1165
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1165
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1820
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haemodynamic studies 1166
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hepatorenal syndrome type 1 676
imaging 1166
laboratory values 1166
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1153
leucocyte abnormalities 1771
liver biopsy 1166
liver transplantation 1183–1184
macronodular 1153, 1153f
malnutrition 1165–1166

pathogenesis 1165–1166
micronodular 1152–1153, 1152f

mixed micronodular and
macronodular 1153

mortality 1130–1132, 1130f, 1179
alcohol intake 1131–1132
beverage type 1131, 1132f
dose consumed 1132

natural history 1159, 1165
neurological manifestations 1824t
pathogenesis 1165
pathology 1152–1153
prognosis 1164t, 1166–1167
prostate 1820
regression 1153
renal tubular acidosis 1819–1820
renal tubular necrosis 702
resting energy expenditure 1837
small-cell hepatocellular dysplasia

1153
surgery 1171
thyroid hormones 1748t
treatment 1167

alcoholic clear cells 423
alcoholic fatty liver disease (AFLD) see

alcoholic liver disease (ALD)
alcoholic foamy degeneration 428, 

1246
alcoholic hepatitis 1161–1165, 1195

alcohol abstinence 1164
anti-TNFα agents 1164–1165
clinical diagnosis 1163
clinical examination 1161–1162
clinical features 1161–1162
definition 1161
differential diagnosis 1163
enteral nutrition 1908
extrahepatic manifestations 1162,

1162t
haemodynamic studies 568, 569, 1163
hepatocellular lesions 1149–1150
hepatocyte apoptosis 341, 1149, 1150f
hepatorenal syndrome prevention 717
histology 430, 1152
imaging 1163
induced hepatocytes 1149f, 1150
inflammatory infiltration 1150–1152,

1151f
laboratory values 1162–1163
liver transplantation 1183
malnutrition 1906

clinical outcome 1907
management 1839

markedly active 1152
minimal 1152
moderately active 1152
natural history 1158–1159
non-alcoholic steatohepatitis vs. 1161
oxidative stress 1169
pathogenesis 1161
pathology 1148–1152, 1161
pericellular fibrosis 1151, 1151f
prognosis 1163–1164, 1164t
progression to cirrhosis 1152
scoring systems 436
surgery 1171
treatment 1164–1165
tumour necrosis factor 313

alcoholic hyaline see Mallory bodies
alcoholic liver disease (ALD) 1127–1190

alcoholic hepatitis see alcoholic
hepatitis 

animal models
baboons 409–410
gene array data 411
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alcoholic liver disease (ALD) (continued)
aspartate aminotransferase 452
cancer screening 1171
chronic hepatitis and 1154
clinical features 1157–1178
cortisol 1753
cutaneous manifestations 446,

1809–1810
cytokine genes 1143
diagnosis 1157–1178
drink type 1142, 1159
drug hepatotoxicity 1170, 1917, 1917t
drug prescribing 1917–1918
elderly 1873
epidemiology 1129–1134
evaluation 1157–1178
extrahepatic complications

1185–1186, 1185t, 1186t
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glutathione 204
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outcomes 1185
post-operative management

1184–1185
pre-operative management

1183–1184
relapse 1184–1185
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natural history 1157–1161, 1158t

factors influencing 1159
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1153–1154, 1154t, 1169–1170
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osteoblast dysfunction 1831
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pathogenesis 1135–1147

acetaldehyde 1138–1139, 1139t
adaptive immune system

1140–1141
cellular immune response 1141
endotoxin receptor 1143
fatty liver 1136–1138
innate immune system 1139–1140
lipid peroxidation 1138–1139
oxidative stress 1138–1139, 1138t

genes influencing 1143
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pathology 1148–1149, 1148–1156
fatty liver 1148–1149

pregnancy 1886
prevention 1182

short interventions 1182

prognosis 1149, 1157–1178
risk factors 356, 358, 1142–1143, 1159
substance misuse 1183
surgery 1170–1171
susceptibility 1142–1143
viral hepatitis 1169

Alcoholics Anonymous (AA) 1181
alcoholic steatohepatitis (ASH) see

alcoholic hepatitis
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associated addictive habits 1182–1183
cue reactions 1180
cutaneous manifestations 1186,

1809–1810
elderly 1874
endocrine changes 1186
folate absorption 1769
haematological manifestations 1187
HCV-HIV coinfection, treatment side-

effects 981
liver transplantation 1183–1185, 1985

relapse 1184–1185, 2016–2017
nonhepatic signs 1186–1187
paracetamol-induced hepatitis 1238
peptic ulcers 1800
pyogenic abscess 1874
relapse

assessment 1184
predictive factors 1184

smoking 1183
alcohol-like liver lesions see

steatohepatitis
‘alcoholomics’ 413
alcohol withdrawal syndrome 1180
aldehyde dehydrogenases (ALDHs) 1136

polymorphism, alcoholic liver disease
risk 358

aldehyde oxidase 238
ALDH2 gene 1136

flushing reaction, post-alcohol
consumption 1136

aldolase
deficiency 1860–1861, 2123
hypothyroidism 1685

aldosterone 677–678, 1686
cirrhotic ascites 678–679, 678f
deficiency, haemochromatosis 1762
mechanism of action 678
obstructive jaundice-associated acute

renal failure 1816
alemtuzumab (Campath-1H), liver

transplantation 2005
alendronate 1832
alfentanil 1940
alkaline phosphatase (ALP) 461–463

acalculous cholecystitis 1950
acute fatty liver of pregnancy

1881–1882, 1882
AIDS-related cholangitis 1546
alcoholic hepatitis 1162–1163
alveolar echinococcosis 1052
assays 461, 462t
autoimmune hepatitis–primary biliary

cirrhosis overlap syndrome
1122

bile duct disease 1486
bone isoenzyme (b-ALP) 462
brucellosis 1003
carcinoid tumours 1472
cholestasis 1487
congestive heart failure 1612
cystic fibrosis 1340
drug-induced inhibition 463, 463t

drug-induced liver injury 1216
postoperative 1949

hepatic metastases 1467
hepatic vs. cholestatic disease 1900
hepatobiliary disease 462–463
hereditary haemorrhagic telangiectasia

1420
hyperbilirubinaemia, postoperative

1949
hyperthyroidism 1684
isoenzymes 461

differentiation 461–462
levels, influencing factors 462
nodular regenerative hyperplasia 1434
nonhepatobiliary diseases 463
pre-eclampsia 1884
pregnancy 463, 1879
primary biliary cirrhosis 1076
primary sclerosing cholangitis 1105
progressive sclerosing cholangitis

1951
sepsis-induced cholestasis 1950
systemic lupus erythematosus 1694
tissue distribution 461

alkalosis
anaesthesia and 1940
cirrhosis 186
fulminant hepatic failure 186
metabolic see metabolic alkalosis 
respiratory see respiratory alkalosis 

alkylated peptides, drug-induced
hepatitis 1224, 1225f

17-α-alkylated steroids, hepatocellular
adenoma induction 1259

allograft hepatic artery thrombosis
1392

allopurinol
acute hepatitis induction 1230
glycogen storage disease type 1 1373
visceral leishmaniasis 1038–1039

all-trans-retinol 215f
see also vitamin A

allyl chloride, hepatotoxicity 2106
Alonso–Lej classification, choledochal

cyst 807
alopecia, benzimidazole-induced 1055
Alper’s disease (progressive infantile

poliodystrophy) 1379, 1823t,
1825, 2123–2124

alpha-adrenergic agents
hepatorenal syndrome 715, 716
portal hypertension 633

alpha-fetoprotein (AFP)
acute liver failure 1302
cytokeratin 19 expression 62
endoderm hepatic specification 65
hepatoblastomas 1864
hepatocellular carcinoma 1440, 1443

alphaherpesvirus infections 957–960
see also specific viruses

alpha-tocopherol see vitamin E
aluminium, total parenteral nutrition-

related liver disease 1636–1637
alveolar echinococcosis (AE) 1051–1054

clinical features 1052
complications 1052
control 1052
diagnosis 1052–1053
epidemiology 1051–1052
imaging 530
immunological diagnosis 1054
laboratory findings 1052–1053
medical treatments 1055

metastases 1052
molecular diagnosis 1054
morphological findings 1053
palliative care 1053–1054
pathogenesis 1048f, 1052
prevention 1052
pseudocystic 1053
risk factors 1051
serology 1054
treatment 1053–1054
vesicles 1051, 1052

Alzheimer type 2 astrocyte 731, 732f
Am80 215f, 217
Amanita phalloides poisoning

acute liver failure 1298
children 1858

gastrointestinal symptoms 1271, 
1298

hepatic symptoms 1271–1272, 2106
treatment 1272

amanitin, hepatotoxicity 1272
amatoxin 1298
AMC-BAL, bioartificial liver support

2046
amenorrhoea

chronic hepatitis 1759
cirrhosis 1759, 1885–1886
hyperprolactinaemia 1760
liver tumours 1763
non-alcoholic liver disease 1759

American College of Rheumatology,
systemic lupus erythematosus
classification 1694

American Joint Committee on Cancer
(AJCC), gallbladder carcinoma
staging system 1578, 1578t

Americas, infectious liver disease
incidence 2101t

amine oxidases 181
amineptine

acute hepatitis induction 1230
immunoallergic hepatitis induction

1226
lipid storage disease induction

1246–1247
amino acid chromatography,

mitochondrial oxidative
phosphorylation deficiency 1380

amino acids
ammonia, source of 181
aromatic, liver disease and 1838
catabolism 144

regulation 144
cell signalling 147–149
functions 145
hepatic concentrations 143t
hepatic encephalopathy 731
intracellular/extracellular ratios 142,

143t
macroautophagy suppression

148–149, 148f
metabolism 142–149

across liver cell plate 92
dietary amino acids 143–144
hepatic zonation 144
liver disease and 1838
starvation 144–145, 145f

methylation reactions 145–147
one-carbon metabolism 145–147
pools 142, 143t
regulatory functions 147–149
transport 111–112, 142–143
see also individual types
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aminoglycoside nephrotoxicity, cirrhosis
702

aminolaevulinic acid (ALA)
acute porphyrias 1344, 1345–1346
excretion 212, 212t
synthesis 208
toxicity 1345–1346

aminolaevulinic acid dehydrase 208
aminolaevulinic acid dehydratase

(ALAD) 1343f, 1346
deficiency 1344t, 1346

diagnosis 1344
genetic defect 1346

lead poisoning 1346
aminolaevulinic acid synthase 208

deficiency, acute porphyrias 1345
aminolaevulinic acid synthase-1, haem

synthesis 209, 210f
aminolaevulinic acid synthase-2

haem synthesis regulation 210–211
translation regulation 211, 211f

aminophospholipid flippase 297
aminopyrine breath test 475t

acute liver disease 476
chronic liver disease 476

aminosides 1916
aminosidine 1038
aminotransferases 451–453

acute fatty liver of pregnancy
1881–1882

acute liver failure 1292
acute vs. chronic liver disease 1900
alcoholic cirrhosis 1166
alcoholic hepatitis 1162
alcoholic steatosis 1160, 1161
alveolar echinococcosis 1052–1053
burns 1279
cirrhosis 612
coeliac disease 1628t, 1629
halothane hepatitis 1949
hepatitis activity assessment 1934
malarial hepatitis 1032
obstructive sleep apnoea 1617
paracetamol hepatotoxicity 1296
post-jejunoileal bypass surgery

1630
pre-eclampsia 1884
total parenteral nutrition-related liver

disease 1634
Wilson’s disease 1320
see also individual types

amiodarone toxicity
computerized tomography 512, 512f
phospholipidosis 1244–1245, 1247
steatohepatitis 1170, 1246

amitriptyline, acute hepatitis induction
1230

ammonia
blood concentration 180, 457–458

abnormal values 458
assays 458
distribution 457–458
normal values 458
portal vein 729–730
sources 458

detoxication, hepatic 181–185
glutamine synthesis 183–184
intercellular glutamine cycle

184–185, 184f
urea production 181–183

hepatic encephalopathy
diagnosis 742
pathogenesis 729–730

metabolism 180–191
liver disease 185

production 729
intestines 181

sources of 181
amodiaquine, hepatotoxicity 1230, 1252
amoebiasis 1020–1029

diagnosis 1025–1026
epidemiology 1020–1022, 1021f
pathophysiology 1022–1023, 1023f
pregnancy 1888
risk factors 1021, 1021t
treatment 1026

amoebic liver abscess (ALA)
clinical manifestations 1024–1025
diagnosis 1025–1026
epidemiology 1020–1021
HIV 1021
laboratory findings 1025–1026
magnetic resonance imaging 530
risk factors 1021
ruptured 1026
serology 1025–1026
ultrasonography 504, 1025

amoeboid movement 1023
amoxicillin, hepatotoxicity 1231
amoxicillin-clavulanic acid

acute hepatitis induction 1230–1231
bacterial cholangitis 1543t
spontaneous bacterial peritonitis 764t,

765
vanishing bile duct syndrome

induction 1254
AMP-activated protein kinase (AMPK)

160
amphotericin B

alveolar echinococcosis 1055
candidosis 1013
coccidioidomycosis 1016
cryptococcosis 1014
focal hepatic candidiasis 1665
hepatosplenic candidosis 1013
histoplasmosis 1015
post-kala-azar dermal leishmaniasis

1039
side-effects 1038
visceral leishmaniasis 1038, 1038t

ampicillin, bacterial cholangitis 1543t
ampulla of Vater adenomas 793
amylo-1,6 glucosidase deficiency 1861
amyloid deposits

composition 1702
organ dysfunction and 1703

amyloidosis 1702–1708
acquired systemic 1703–1704
clinical 1703–1705
Crohn’s disease 1627
diagnosis 1705–1706

histochemical 1706
non-histological 1706

dialysis-associated 1704
electron microscopy 1706
hereditary systemic 1704–1705

causes 1704
misdiagnosis 1704–1705
proteins involved 1704

histochemistry 1706
histological features 427–428
imaging 1706
immunoassays 1706
inflammatory bowel disease 1627
localized 1703
management 1706–1707

future developments 1707–1708
nomenclature 1702
pathogenesis 1702–1703
systemic, liver in 1705
wild-type proteins 1702
see also individual types

amylopectinosis see glycogen storage
disease (GSD), type 4

anabolic-androgenic steroids
hepatotoxicity 1687–1688
induced conditions

cholestasis 1242
hepatocellular adenoma 1259, 

1688
hepatocellular carcinoma 1260,

1439, 1688
peliosis hepatis 1256

anaemia
acute fatty liver of pregnancy 1881
antiviral side-effects 945–946
chronic liver disease 1767–1768

causes 1768t
cirrhosis 610, 1767–1768
haemolytic see haemolytic anaemia(s) 
in hypersplenism 774
post-liver transplantation 1772

causes 1773t
diagnostic tests 1773t

visceral leishmaniasis 1036
see also individual types

anaesthesia and liver disease 1938–1944
acid–base disturbances 1940, 1942
cardiovascular dysfunction

1938–1939, 1942
coagulopathies 1940, 1943
drug distribution 1940
electrolyte imbalance 1939, 1942
glucose homeostasis 1939–1940
hepatic encephalopathy 1940
hepatic resection 1941
induction agents 1942
inhalational anaesthetics 1941, 1942
liver disease pathophysiology

1938–1940
liver transplantation see liver

transplantation 
pharmacokinetic/pharmacodynamic

effects 1940–1941
renal dysfunction 1939, 1942
respiratory dysfunction 1939
risk assessment 1938

analgesics
hepatic resection and 1941
hereditary haemorrhagic telangiectasia

1422
liver disease and 1940–1941
sphincter of Oddi biliary-type

dysfunction 1569
see specific types

anandamide, portal hypertension 635
anaphase-promoting (APC) multiprotein

complex 274
Anaplasma phagocytophilum 1006
anaplasmosis 1006
Ancylostoma caninum 1062
Anderson disease see glycogen storage

disease (GSD), type 4
Anderson-Fabry disease 1805
androgen(s)

conversion to estrogens 1754, 1755f
deficiency 1755
tumorigenicity 1258

androgen-binding protein 1755

androgenic steroids see anabolic-
androgenic steroids

androgen receptor 1746f, 1756
androgen replacement therapy,

haemochromatosis 1761–1762
androgen response element 1756
androstenedione

cirrhosis 1757–1758
conversion to estrone 1757–1758
females 1760

physiology 1754
female 1754
male 1754

transport in blood 1755
androsterone 1687
anergy, obstructive jaundice 1506
angiogenesis

copper 229
fibrosis progression to cirrhosis 585,

1617
hepatocellular carcinoma 32
liver sinusoidal endothelial cells 30
metastatic tumours 1465

angiography 531–540
abscess 537
acute hepatitis 537
blood vessel diseases 538–539
Budd–Chiari syndrome 538, 538f
capillary haemangioma 537t
cavernous haemangioma 537t
cholangiocarcinoma 537t, 1592
cirrhosis 537, 538f
focal nodular hyperplasia 537t
haemangioendothelioma 537t
haematoma 536
haemobilia 1555
hepatic artery aneurysm 538, 539f
hepatic artery dissection 538–539
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alcoholic cirrhosis treatment 1167
depletion, alcoholic liver disease 1138
fibrogenesis inhibition 596
hepatocellular carcinoma prevention

1450–1451
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ascites (continued)
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complex (multifactorial) diseases 372
design 361–362, 361f
immunogenetics 364

AST/ALT ratio 452
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liver transplantation 2008
pregnancy 1886, 1889
primary biliary cirrhosis treatment

1082–1083
sarcoidosis 1712
side-effects 2008

3′-azido-2,3′-dideoxythymidine see
azidothymidine (AZT)

azidothymidine (AZT)
antiviral agent interactions 981
hepatotoxicity 1247–1248

azithromycin 1002
azotaemia, diuretic-induced 691
aztreonam, spontaneous bacterial

peritonitis 764, 764t
azygos vein

blood flow measurement 570,
662–663

applications 663
collateral blood flow 1725
retrograde catheterization 662–663

B
BAAT gene mutations 1386
baboon models, alcoholic liver disease

409–410
bacillary angiomatosis 1644
bacillary peliosis hepatis 1412
bacillus Calmette–Guérin (BCG)

bladder cancer 1659
hepatotoxicity 1659

‘backward heart failure,’ ischaemic
hepatitis 1609, 1610f

bacteraemia
portal hypertension 767
post-peritoneovenous shunting 696
pyogenic liver abscess 1001
recipient, living donor liver

transplantation 1982
bacterial cholangitis 1541–1545

antibiotics 1542–1543, 1543t
pre-surgery prophylaxis 1544,

1544t
congenital hepatic fibrosis 782
diagnosis 1542

C-reactive protein 1542
hyperbilirubinaemia 1542
Reynold’s pentad 1542

imaging 1542
mortality 1541
pathogenesis 1541–1542

bile duct obstruction 1541–1542
choledocholithiasis 1541–1542
microorganisms 1541

recurrence, post-biliodigestive
anastomosis 1544–1545

risk factors 1541
treatment 1542–1543

bile duct decompression 1543

post-biliary tract surgery 1544
post-endoscopic retrograde

cholangiography 1544
post-percutaneous biliary drainage

1544
post-percutaneous transhepatic

cholangiography 1544
bacterial infection(s) 1001–1006

acute liver failure 1131–1132
children 1858, 1859

brown pigment gallstones 1523
cirrhosis 1807
cutaneous manifestations 1807
hepatic cysts, ADPKD 792–793, 792t
hepatorenal syndrome 712, 713
portal hypertension 761–770
post-liver transplantation

children 1866
diabetic patients 1736

post-peritoneovenous shunting 696
pretransplant patients 1926
primary biliary cirrhosis 1072–1073
see also individual bacteria; specific

infections
bacterial translocation (BT) 609

causes 762
eNOS upregulation 635
nitric oxide production 684
spontaneous bacterial peritonitis 761,

762
total parental nutrition-induced

cholestasis 1947
Bacteroides, bacterial cholangitis 1541
Bak, apoptosis 340
balloon catheter technique, HVPG

measurement 659
ballooning, hepatocytes 423

alcoholic hepatitis 1149, 1149f
intrahepatic cholestasis 1484

balloon tamponade, variceal bleeding
651, 652

Bantu siderosis 1327
barbiturates, cerebral oedema 1305
Bardet–Biedl

(Laurence–Moon–Bardet–Biedl)
syndrome 2125–2126

bare area 4
baroreceptors 679
barrier nursing, arenavirus infections 990
Bartonella henselae 1005, 1644
Bartonella quintana 1644
basal cell carcinoma (BCC), post-liver

transplantation 1809
basal plasma membrane, hepatocytes 96
basiliximab, liver transplantation 2006
Bax, apoptosis 340
BAY 43-9006 (Sorafenib) 1450
Bazex syndrome 1808
B cell(s)

clonal proliferation, hepatitis C
1772

differentiation 325
T cells 325

immunoglobulin receptors 325
suppression, hepatitis C 855

B-cell lymphoma 1663
Bcl-2, apoptosis 339–340, 339f
BCLC staging system, hepatocellular

carcinoma 1444
BCS1L gene mutations 1379
Beck Depression Inventory 2029
Bedlington terrier, Wilson’s disease

animal model 1321

bedrest, cirrhotic ascites 689
behavioural marital therapy, alcohol

abstinence 1181
Behçet’s disease

Budd–Chiari syndrome 1404–1405,
1411

effect on liver 1698
benign cholangioma see bile duct

adenomas
benign hepatic cyst see simple cyst of the

liver
benign prostatic hypertrophy, alcoholic

cirrhosis 1820
benign recurrent intrahepatic cholestasis

(BRIC)
ABCB11 gene/protein 1524–1525
type 1 177, 1384
type 2 177, 1384

gallstone formation 1385
benign symmetric lipomatosis 1186
benoxaprofen

elderly 1872
hepatotoxicity 1231

benzarone, hepatotoxicity 1231
benzbromarone, hepatotoxicity 1231
benzene, hepatotoxicity 2107
benzidine, hepatotoxicity 2107
benzimidazoles, echinococcosis 1055
benzodiazepines

acute liver failure 1304
alcohol withdrawal syndrome 1180
liver disease and 1940
Wilson’s disease 1316

benzphetamine N-demethylase 93
Berardinelli syndrome (Lawrence–Seip)

2126
beryllium, hepatotoxicity 2107
β-adrenergic receptors, cirrhotic cardiac

dysfunction 686
beta-blockers

congenital hepatic fibrosis 782
contraindications 644
first variceal bleeding prevention

endoscopic band ligation and 645
endoscopic band ligation vs. 644,

645f
gastric variceal bleeding 652
portal hypertensive gastropathy 653
pregnancy 1887
recurrent variceal bleeding prevention

646
endoscopic band ligation vs. 647,

647f
variceal bleeding prevention 644

pretransplant patients 1924t
β-oxidation 91
betaherpesvirus infections 960–964

see also specific viruses
betaine, non-alcoholic steatohepatitis

1203t
betaine:homocysteine methyltransferase

(BHMT) 147
betulinic acid 1217
bezafibrate, hepatotoxicity 1232
bezafibrate, primary biliary cirrhosis

1083–1084
BH1-4 proteins, apoptosis 339
bicarbonate, pH regulation 185–186,

187f
biguanides

cirrhotic patients, exaggerated effects
in 1914, 1915t

contraindications 1737
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x INDEX

bile
age-related changes 1875
alcoholic hepatitis 1152, 1152f
anatomical barriers to infection 1541
bilirubin in 169
circulation, entry into 1501
composition 52, 290–291, 290f, 291t

obstructive jaundice-associated
acute renal failure 1816

excretory function 291
flow impairment see cholestasis 
formation 290–304, 292f, 1518, 1519f

across liver cell plate 92
canalicular 292–293, 292f, 294
cell junctions 298
cystic fibrosis transmembrane

conductance regulator 1336,
1337f

ductal 292–293, 292f, 298–299,
299f
cystic fibrosis transmembrane
conductance regulator 293

gene defects 1518t
osmotic principle 292, 292f
vesicular trafficking 297–298

cytoskeleton 297–298
intermediate filaments 298
microfilaments 298
microtubules 297–298
tethering proteins 298

Giardia growth 1024
hepatocellular uptake 294–295
immunoglobulin A 55, 326–328
leaks

donor, post-living donor liver
transplantation 1979

post-cholecystectomy 1958, 1960
post-liver biopsy 496
postoperative liver transplantation

2000
recipient, living donor liver

transplantation 1982
mucosal defence 291
physiological functions 290–291, 290t
porphyrin secretion 213
progressive familial intrahepatic

cholestasis type 1 1384
secretion 292–302

across liver cell plate 92
anatomical considerations 292
bile acid-dependent 293, 293f
bile acid-independent 293, 293f
bile canaliculi 292
biliary compounds regulating 302
canalicular mechanisms 296–297
estrogens, effects of 1241
hepatocellular mechanisms

294–296
mitogen-activated protein kinases

302
posttranscriptional regulation

300–302
regulation 300–302
second messenger systems 300, 

301t
transcriptional regulation 300
transporter insertion/retrieval 297

signalling 291
sphincter of Oddi dysfunction 1566
supersaturation, cholesterol

gallbladder stones 1518,
1519–1520

see also bile acids

bile acid-dependent bile secretion 293,
293f

bile acid-independent bile secretion 293,
293f

bile acids
apoptosis 341
basolateral transport 385–386
biosynthesis 174–176, 175f
cholangiocyte proliferation 54
enterohepatic circulation 174,

176–177, 293–294, 294f
gastrointestinal tract 293–294, 294f
kidney 293, 294f

export 178
extrahepatic biliary obstruction 1502
functions 174
hepatic clearance 384
hepatic secretion 176–177
hepatocellular bile secretion 294
homeostasis 106

nuclear receptors 106
intracellular transport 295–296

carrier-mediated diffusion 295
vesicular transport 295, 296f

lipid absorption 291
lipid digestion 291
metabolism 174–180

defects 174–176
nuclear hormone receptor 178
protoporphyrin metabolism 213
renal tubular acidosis-associated liver

disease 1819
signalling 178, 291
synthesis/secretion

across liver cell plate 92
hypothyroidism 1685
molecular regulation of 386–387
nuclear receptors and 385t,

386–387
rate of 174
regulation, efferent hepatic nerves

117
sinusoidal efflux 385

transporters 176–177, 176f, 295f,
384–388

uptake
hepatocellular mechanisms

294–295
multidrug resistance-related

proteins 295, 295f
see also individual acids

bile acid synthesis defects (BASD)
174–176, 1849

bile ascites 671
bile canaliculi

bile secretion 292–293
histology 12f, 17
ultrastructure 22–23, 23f

bile cysts, hereditary haemorrhagic
telangiectasia 1420

bile duct(s)
acute graft-vs.-host disease 1673
anastomosis 1969–1970, 1969f
anatomy 305
atresia, vanishing bile duct syndrome

1114t
carcinoma, choledocholithiasis

1526
chronic damage 285
compression, simple cyst of the liver

785
cystic fibrosis 1338
destruction

granulomas 1712
sarcoidosis 1712

developmental defects 1387
dilatation

simple cyst of the liver 783, 785,
786f

ultrasonography 507
disease

alkaline phosphatase 1486
ductopenia 1485
lesions 1485, 1485t
pathology 1484–1486
see also individual diseases

embryology 304–305
epithelial cells see cholangiocyte(s) 
infantile cholestasis 1846, 1846t
injury see bile duct injury 
intrahepatic 5

development 69
paucity see ductopenia 

left 17
ligation model 54

intrahepatic cholestasis 1481,
1483–1484

neuroendocrine cancer 1597
obstruction

bacterial cholangitis 1541–1542
extrahepatic see extrahepatic biliary

obstruction 
percutaneous management

555–558
stenting 555, 555f

proliferation
intrahepatic cholestasis 1484
primary biliary cirrhosis 1076

resection, gallbladder carcinoma 1579
right 17
sarcoma 1597
spontaneous perforation 1848
stones

endoscopic retrograde
cholangiopancreatography
540–542, 541f

gallbladder stones and 543–544
postoperative retention 1947, 1951
removal 543–544

strictures, percutaneous management
555–558

bile duct adenomas 1573, 1596
histology 801, 1573
pathogenesis 1573

bile duct injury
intrahepatic cholestasis 1490
ischaemic hepatitis 1947, 1951
outcomes research 2070
post-cholecystectomy 1958–1961

classification 1958, 1958f
endoscopic biliary treatment 1960
incidence 1958
investigations 1958–1959
management 1959–1960
mechanism of injury 1958, 1958t
presentation 1958
surgery 1960, 1960f, 1961t

outcomes 1961, 1961t
risk factors 1961t

bile ductules, congenital hepatic fibrosis
781

bile export pump see ABCB11 (bile salt
export pump)

bile extravasates 425
bile infarct (Charcot–Gombault) infarct

425

bile lake 425
bile peritonitis, post-liver biopsy 496
bile salt export pump (BSEP) see ABCB11

(bile salt export pump)
bile salt micelles 177
bile salts

canalicular transport 385
cholangiocyte transport 113
hepatocyte transport 112f, 113
inherited synthetic defects 1386
secondary 174
sinusoidal uptake 385

biliary atresia (BA) 1847
embryonic vs. perinatal 410
fetal/embryonic form 1847
gene array data 410
hepatopulmonary syndrome 1848
histology 1847
peri-/postnatal form 1847
surgical treatment 1847–1848

biliary atresia splenic malformation
syndrome (BASM) 1847

biliary balloons, fascioliasis 1045–1046
biliary cancer, ulcerative colitis 1625
biliary cirrhosis

cholangiocyte apoptosis 54
choledocholithiasis 1526
fascioliasis 1045
primary sclerosing cholangitis 1106

biliary colic (pain) 444
cholecystolithiasis 1526

biliary cyst see simple cyst of the liver
biliary cystadenoma 813–815

aetiology 813–814
clinical manifestations 814
complications 814
course 814
diagnosis 814
differential diagnosis 814, 815f
imaging 526, 813f, 814
macroscopic appearance 813, 813f
malignant transformation 814, 814f
microscopic appearance 813
pathogenesis 813–814
pathology 813–814
prevalence 813
treatment 815

biliary dilatation
computerized tomography 511, 511f
hereditary haemorrhagic telangiectasia

1420
biliary disease

elderly 1875
functional genomics 408t
HIV infection 985
infants 1845–1850
nutrition 1905–1911
pregnancy 1888
ultrasonography 506–507

biliary drainage 1816
gallbladder carcinoma 1579
preoperative in obstructive jaundice

1935–1936
biliary dyskinesia 1561–1572

diagnosis 1561
post-cholecystectomy pain 1570
prevalence 1561
Rome II criteria 1561, 1561t
see also gallbladder, dysfunction;

sphincter of Oddi dysfunction
biliary endoprosthesis

alveolar echinococcosis 1054
biliary obstruction 555–556
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metallic stents 556
plastic stents 556

biliary epithelial cells see cholangiocyte(s)
biliary fibrosis 427
biliary fistula

gallstone disease 1535
post bile duct injury 1960

biliary hamartomas 797–802,
1573–1574, 1856

adult polycystic kidney disease 789, 798
clinical features 798, 1574
congenital hepatic fibrosis 798
development risk factors 798
diagnosis 800–801
differential diagnosis 801
follow-up 801
imaging 523, 798–800
liver metastasis vs. 801
malignant transformations 798, 816,

1574
microscopic appearance 797, 797f,

1573
mural nodules 800, 800f
natural history 798
occurrence 1573
pathogenesis 797–798
pathology 797–798, 1573
peribiliary cysts vs. 801
polycystic liver disease 796
prevalence 798
progression risk factors 798
simple hepatic cysts vs. 801
treatment 801
vanishing bile duct syndrome 1112

biliary infections
alveolar echinococcosis 1052
obstructive jaundice 1504
pyogenic liver abscess 1001
recipient, living donor liver

transplantation 1982
biliary obstruction

alkaline phosphatase levels 463
bilirubin 169
hepatic cysts, ADPKD 792t
malignant

endoscopic retrograde
cholangiopancreatography 545

endoscopic vs. surgical palliation
545

proximal extrahepatic bile ducts
546, 546f

stents 545–546
post-liver transplantation 2000
pregnancy 1888

biliary pain (colic) 444, 1526
biliary papillomatosis 1573
biliary piecemeal necrosis 424
biliary sludge

post-haematopoietic stem cell
transplantation 1677

pregnancy 1888
total parenteral nutrition-related liver

disease 1638
ultrasound 1522f

biliary sphincterotomy, gallstone
pancreatitis 545

biliary strictures
computerized tomography 542
endoscopic retrograde

cholangiopancreatography 542
hereditary haemorrhagic telangiectasia

1420
liver trauma 1957

living donor liver transplantation
1982–1983

post-cholecystectomy 1960
primary sclerosing cholangitis 1071,

1106
radiation hepatitis 1278
stenting, haemobilia 1551–1552

biliary tract
anatomy 304–306
benign inflammatory tumours 1596
cells

development 65
differentiation 67, 67f, 69
see also individual types

chronic portal vein thrombosis 1397
clots 1554
complications, living donor liver

transplantation 1979, 
1982–1983

cystic fibrosis 1339
embryology 304–305
extrahepatic 17–19
histology 17–19
innervation 305–306
intrahepatic

blood supply 17
embryology 69
histology 17

lesions, histological features 425–426
magnetic resonance imaging 530–531
motility 304–311

historical aspects 304
physiology 306–310
surgery

bacterial cholangitis 1544
primary sclerosing cholangitis 1108

wall of 305–306
biliary trauma, iatrogenic 1958, 1958t
biliary tree

anatomy 1111–1112
canal of Hering 1111
cyclic adenosine monophosphate 1111
cystic fibrosis transmembrane

conductance regulator 1111
epithelium 1111

active uptake 1111
apoptosis 1112
proliferation 1112
secretion 1111

interlobular ductules 1111
intraportal ductules 1111
papilla of Vater 1111
septal ducts 1111

biliary tumours
benign 1573–1574
malignant 1583–1605
see also individual types

biliodigestive anastomosis, bacterial
cholangitis 1544–1545

bilirubin 459–461
alcoholic hepatitis 1162
antioxidant properties 168, 1353
assays 459–460
bacterial infections 1001
beneficial effects 168–169, 1353
body fluids 169
chemical characteristics 166–168
clinical usefulness 461
conjugated see conjugated bilirubin 
conjugation 170–171, 1352,

1353–1354
direct see conjugated bilirubin 
disposition 169–171, 169f

distribution 459
elimination 172
extrahepatic biliary obstruction 1502
formation/production 165–166, 209

enzymatic mechanisms 165–166,
166f

inhibition 166
measurement 166
sources 165

functions 1352
gastrointestinal tract 171–172
glucuronidation 170–171
hepatic clearance 384
hepatic uptake 1352, 1354
hepatobiliary disease 169, 460–461
hepatocellular diseases 169
hepatocyte uptake 167f, 170
hilar (upper duct) cholangiocarcinoma

1590
historical aspects 165
hydrogen bonds 166–167
hyperthyroidism 1684
hypothyroidism 1685
indirect see unconjugated bilirubin 
intrahepatic cholestasis of pregnancy

1880
light, effects of 168
metabolism 165–174, 459,

1354–1355, 1354f
neurotoxicity 168, 1822
nonhepatobiliary diseases 461
normal values 460
overproduction

conditions causing 1945
postoperative jaundice 1945–1947

physiological jaundice 1355
postoperative liver failure 1935
pre-eclampsia 1884
pregnancy 1879
properties 459
quantification 168
removal, calculation for 166
renal excretion 172
spontaneous bacterial peritonitis

prophylaxis 766
storage 169f, 170
structure 166, 167f, 459, 1352
total parenteral nutrition-related liver

disease 1634
toxicity 168, 252–253, 1353

cerebral 168
transport 170, 459, 1354–1355
unbound fraction measurement 170
unconjugated see unconjugated

bilirubin 
bilirubin glucuronides 167
bilirubinostasis, ductular 425
biliverdin 166, 1352
biliverdin reductase 166, 166f
biloma 816–817
binge drinking, alcoholic liver disease

1159
bioartificial liver support 2044–2047

acute liver failure 1306, 2049t
clinical practice implications

2048–2049
clinical studies 2046–2047, 2046f

porcine hepatocyte-based
2046–2047

devices 2046–2047
hepatocyte bioreactors 2045–2046

coated plates 2045
encapsulation 2045

liver micro-organs 2045–2046
porous three-dimensional matrix

2045
semipermeable hollow fibres 2045

immortalized cell lines 2045
mortality 2049t
primary cells 2044–2045

fetal hepatocytes 2044
porcine hepatocytes 2044–2045

stem cells 2045
tumour cell lines 2045

bioavailability, drug 240
portal hypertension 247

biodiscovery, proteomics 412
bioelectrical impedance analysis (BIA),

nutritional status assessment 1905
bioinformatics 406–407

database mining 379
definition 399
Gene Ontology Consortium format

407
‘normalization’ 406
QTL analysis in inbred mice 377–379,

377t
supervised learning methods 406
unsupervised learning methods 406,

406f
see also functional genomics; specific

methods
biomarkers, proteomics and 412,

413–414
biopsies

hilar cholangiocarcinoma 1591
liver see liver biopsy 

biothionol, fascioliasis 1045
biotin-avidin immunoenzymatic

technique, viral hepatitis
detection 430

biotin labelling 403
biphenyl, hepatotoxicity 2107
Birbeck granules 1618
Bismuth–Corlette procedure 1600–1601
Bismuth–Corlette system, hilar

cholangiocarcinoma classification
1588, 1588f

bisphosphonates, osteoporosis 1832
black eschar, Mediterranean spotted fever

1006
black hairy tongue, alcohol abuse 1186
black pigment gallstones 1520f, 1523

calcium bilirubinate 1523
calcium carbonate saturation index

1523
causes 1521t

erythropoiesis defects 1523
haemolytic anaemia 1523

classification 1519t
risk factors 1521t

bladder cancer, liver and 1659
Blastomyces dermatitidis 1016–1017
blastomycosis 1016–1017
blebs 341

drug-induced acute hepatitis 1220
bleeding see haemorrhage
bleeding risk assessment, coagulation

tests 1786–1787
Blighia sapida (ackee), hepatotoxicity

1272
blisters, porphyrias 1347
blood

composition, across liver cell plates 90
hepatitis C transmission 883
oxygen across liver cell plates 90–91
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blood (continued)
volume

cirrhosis 1727–1728, 1727f
homoeostasis 1729
replacement, acute variceal bleeding

648
blood–brain barrier

hepatic encephalopathy treatment 747
vasogenic oedema 734

blood chemistry
cholecystitis 1529
cholecystolithiasis 1527
choledocholithiasis 1527

blood cultures
candidosis 1012
visceral leishmaniasis 1036–1037

blood flow
cerebral 744, 1132
hepatic see hepatic blood flow 

blood flukes 1040–1044
blood pressure

arterial 1727
circadian variation 1728
homoeostasis 1728–1729

arterial compliance 1726
cirrhosis 1728–1729
pregnancy 1879
sinusoids 15

blood products
coagulation disorders 260–261, 1789
hepatitis C transmission 883
recipients, hepatitis B vaccine and 911

blood tests
hepatic encephalopathy 742
infantile cholestasis 1847

blood transfusion
hepatitis B transmission 865
hepatitis E transmission 897
liver transplantation 1943
postoperative jaundice 1945

blood typing, living donor liver
transplantation 1977, 1992

blood urea nitrogen (BUN), hepatorenal
syndrome 676, 712

bloody ascites 668
BMS-200475 see entecavir
body mass index (BMI)

alcoholics, fibrosis progression 1183
gamma-glutamyl transpeptidase levels

464
body water, obstructive jaundice 1504
body weight

diuretic effectiveness assessment 691
gamma-glutamyl transpeptidase levels

464
loss

extrahepatic biliary obstruction
1507

non-alcoholic fatty liver disease
1204–1205, 1682

non-alcoholic steatohepatitis
prevention/management
1204–1205

Bogliolo’s sign 1042
Bolivian haemorrhagic fever (BHF) 988,

989
bombesin 53
bone

crises, Gaucher’s disease type 1 1361
densitometry, indications for 1832t
hormonal deficiency 1078
liver disease, effects on 1829–1835
mass-fracture risk relationship

1829–1830

primary biliary cirrhosis 1078–1079
resorption

chronic liver disease 1831
parathyroid hormone 1750
primary biliary cirrhosis 1831

bone disease
aetiology 1750–1751
alkaline phosphatase levels 463
cholestasis 1487, 1496
post-transplantation 1830t,

1832–1833
children 1833
fracture risk 1832–1833
management 1833
pathogenesis 1833

bone Gla-protein see osteocalcin
bone marrow

anaemic cirrhotic patients 1767–1768
benzimidazole side-effect 1055
hepatocyte replacement 284
post-liver transplantation 1772
stimulants 1792

cirrhosis 1792
viral-induced aplasia 1769

bone marrow transplantation
Gaucher’s disease 1364
post-operative veno-occlusive disease

1256
bone mineral density (BMD)

liver disease and 1830
measurement 1829–1830
primary biliary cirrhosis 1078

bone morphogenic protein (BMP)-2 65
bone morphogenic protein (BMP)-4 65
bone morphogenic proteins (BMPs) 66
bone pain, rickets 1833
boron hydrides, hepatotoxicity 2108
Borrelia burgdorferi 1007, 1644, 1808
Borrelia recurrentis 1007
bortezomib 1707
bosentan

fibrosis 597
hepatotoxicity 1242
portopulmonary hypertension 724

botanicals, liver damage and 1283–1286
bottom-up estimation, costs 2081
Bouveret syndrome 1527
bowel cleansing, hepatic encephalopathy

746
bowel habits 444
bowel perforation, liver trauma and

1954
brachial artery blood flow, glomerular

filtration rate 685, 685f
brachial plexopathy, post-liver

transplantation 1826–1827
brain

bilirubin toxicity 168, 1353, 1822
drug susceptibility, cirrhosis 1914
see also entries beginning cerebral

brain natriuretic peptide (BNP), cirrhosis
1723

branched-chain amino acid (BCAA)
alteration in liver disease 1838
supplements

fulminant hepatic failure
1839–1840

hepatic encephalopathy 746, 747,
1839, 1908

branched-chain β-keto acid
dehydrogenase (BCKDH) 144

BRCA2 394t
breast cancer, alcohol consumption and

1186

breast cancer-related protein (BCRP;
ABCC2), canalicular bile
secretion 113, 296–297

breastfeeding jaundice 1355
Breynia officinalis, hepatotoxicity 1283
bridging hepatic necrosis 424

subacute hepatitis 1251
brief intervention (psychological

support), alcoholic cirrhosis
1167

Brissot score 494
British anti-Lewisite, Wilson’s disease

1318
bromfenac, hepatotoxicity 1231
bromocresol green (BCG), albumin assay

454
bromocresol purple, albumin assay 454
bromocriptine, hepatic encephalopathy

748
bromosulphopthalein

acute myocardial infarction 1611
constrictive pericarditis 1613

bronchial carcinoid tumours 1471, 
1472

bronze diabetes see haemochromatosis
brood capsules, cystic echinococcosis

1048
brown pigment gallstones 1523

bacterial infections 1523
causes 1521t, 1523
cholangiocarcinoma 1584
classification 1519t
risk factors 1521t

Brucella abortus 1003
Brucella melitensis 1003
Brucella suis 1003
brucellosis 1003

granulomas 1713
bruising 445

cirrhosis 610
bruits

alcoholic hepatitis 1162
angiosarcoma 1458
arterial 448
hereditary haemorrhagic telangiectasia

1420
brush cytology, malignant biliary

strictures 542
Bsep, functional expression cloning 125
B7-H1, T cell activation 322
β-sympathomimetics 1888
Budd–Chiari syndrome 1403–1411

acute liver failure 1301
acute presentation 1408
angiography 538, 538f
antiphospholipid antibody syndrome

1695
asymptomatic 1408
causes 1403–1405
chronic presentation 1408
cirrhosis vs. 670–671, 1406–1407
clinical manifestations 1257,

1407–1408, 1407t
compensatory mechanisms 1407
complication management 1409
course 1407–1408
definitions 1403
diagnosis 1408–1409
differential diagnosis 1409
drug-induced 1257, 1405
epidemiology 1403
fibrosis 1406
haemodynamic changes 1406
hepatic venous obstruction 87

hepatocellular carcinoma, risk of
development 1407

imaging 1408–1409
inherited thrombophilias 1404
liver decompression 1409–1410
liver transplantation 1410, 1988

recurrence 2017
living standards 1405
management 1410
multiple large regenerative nodules

1407
paroxysmal nocturnal

haemoglobinuria 1666, 1769
pathogenesis 1405–1406
pathology

liver damage 1406–1407
venous lesions 1405–1406

polycythaemia vera 1665
pregnancy 1405, 1885
primary 1403

causes 1403–1405, 1404t
risk factors 1405

prognosis 1410–1411, 1411f
scores 1411, 1411t

secondary 1403, 1405
small bowel mucosa abnormalities

1801
systemic lupus erythematosus 1695
treatment 1257, 1409
‘true’ 1406
tumour invasion 1405
ulcerative colitis 1628
ultrasonography 503–504, 1408
workup 1405, 1406t

budesonide 1083
‘bull’s eye’ lesions, focal hepatic

candidiasis 1665
buprenorphine

hepatotoxicity 1298
mitochondrial energy production

impairment 1217
Burkholderia pseudomallei 1003
burns, liver injury 1278–1279
burr cells (echinocytes) 1768
‘bush tea’ ingestion 1283
Byler’s disease (progressive familial

intrahepatic cholestasis type 1)
177, 1384, 1849

C
C3b, Kupffer cells 38
C4b, Kupffer cells 38
C5a, Kupffer cells 38
C5aR, Kupffer cells 38
C57BL/6 mice, autoimmune hepatitis

models 1096
C282Y mutation, HFE gene 1324, 1325
CA-19.9 tumour marker 1590
cadaver livers, hepatocyte transplantation

2034–2035
E-cadherin 394t
cadmium, hepatotoxicity 2108
caesarean section

acute fatty liver of pregnancy 1883
liver rupture 1884

café-au-lait spots 1645
alpha-calcidiol, osteomalacia 1834
calcineurin inhibitors

acute rejection, children 1866
autoimmune hepatitis 1101
drug interactions 2006, 2006t
liver transplantation 2006–2007

children 1865
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monitoring 2006
side-effects 1865, 2007, 2007t

hyperglycaemia 2021
hyperlipidaemia 2021

calcitriol 1834
calcium

hepatocyte signalling 93
homeostasis

parathyroid hormone 1750, 1751f
vitamin D 218

malabsorption, osteomalacia 1834
as second messenger 103
supplementation 1901, 1908

osteoporosis 1082, 1832
calcium antagonists, hepatic blood flow

77
calcium bilirubinate gallstones 1523,

1638
CA2+/calmodulin-dependent protein

kinase (CaMK) 160–161
Ca2+-protein kinase C 301
calcium carbonate saturation index,

gallstones 1523
calcium hopantenate, hepatotoxicity 1247
calculous cholecystitis 1523

total parenteral nutrition-related liver
disease 1637

Callilepsis laureola (impila),
hepatotoxicity 1282t, 1285

calpains
apoptosis 336
inhibition 344

warm ischaemia, protection from
351

necrosis 341
cambendazole 1065
Campath-1H (alemtuzumab) 2005
camphor hepatotoxicity 1282t
Campylobacter 1004
canalicular bile formation see bile,

formation
canalicular bile secretion see bile,

secretion
canalicular bilirubinostasis 425
canalicular cholestasis 1484
canalicular multispecific organic anion

transporter (cMOAT) 171
canalicular transport, inherited defects

1383–1385, 1383f
cholestasis of pregnancy 1385
gallstone formation 1385

canaliculi, bile see bile canaliculi
canal of Hering 17, 17f, 23, 23f, 59, 59f,

1111
cancer(s)

cellular characteristics 391
extrahepatic, alcohol consumption and

1171
formation see carcinogenesis 
resection see hepatectomy 
see also individual types

Candida 1011
Candida albicans 1011
Candida glabrata 1011
Candida parapsilosis 1011
candidate genes 359

alcoholic liver disease 358
complex (multifactorial) diseases 372
immunogenetics 368–369

Candida tropicalis 1011
candidiasis see candidosis
candidosis 1011–1013

acute leukaemia 1664–1665
clinical features 1012

complications 1012
diagnosis 1012–1013
differential diagnosis 1012–1013
epidemiology 1011–1012
hepatosplenic see hepatosplenic

candidosis 
pathogenesis 1012
pathology 1012
persorption 1012
post-haematopoietic stem cell

transplantation 1677
prognosis 1013
tissue invasion 1012
treatment 1013

cannabis, alcoholic liver disease and 1183
canrenone 1728
Cantu syndrome 2126–2127
Capillaria hepatica 1065

life cycle 1066
Capillaria philippinensis 1065
capillariasis 1065–1066

diagnosis 1066
pathology 1066

capillarization see sinusoidal
capillarization

capillary haemangioma
angiography 537t
children 1863

captopril, hepatotoxicity 1231
caput medusae 606
CAR see constitutive androstane receptor

(CAR)
carbamate insecticide, hepatotoxicity

2108
carbamazepine, hepatotoxicity 1231,

1827
carbamoyl-phosphate synthetase 92
carbamoyl-phosphate synthetase I 182
carbimazole, hepatotoxicity 1231, 1685
carbohydrate-deficient glycoprotein

syndrome
type 1 2127–2128
type 1b (CDGS IB) 1856

carbohydrate-deficient transferrin (CDT)
alcoholic cirrhosis 1166
alcoholic relapse, post-transplantation

1184
carbohydrate response element binding

protein (ChREBP) 161
carbohydrates

acute porphyric crisis 1345
metabolism 129–133

across liver cell plate 91
cirrhosis 132
inborn errors 1860–1862
non-alcoholic fatty liver disease 132
regulation, efferent hepatic nerves

115–116
total parenteral nutrition-related liver

disease 1636
see also individual types

carbon dioxide, pH regulation 185
carbon disulphide, hepatotoxicity 2108
carbonic anhydrase 182–183
carbonic anhydrase V 186
carbon monoxide

cirrhotic liver 632
haemolysis in neonates 1353
hepatic blood flow regulation 77
hepatic resistance modulation

631–632
sinusoidal perfusion regulation

82–83
vasorelaxant 83

carbon tetrachloride
chronic exposure 1270
fibrosis reversal 586
hepatotoxicity 1270–1271, 2117

treatment 1271
metabolism 1270–1271

carbonyl nickel, hepatotoxicity 2108
carcinoembryonic antigen (CEA)

colorectal hepatic metastases 1467
hilar (upper duct) cholangiocarcinoma

1590
simple cyst of the liver 785

carcinogenesis 61–62, 62f, 393–396
apoptosis 341
carcinogens 393
epigenetic events 391
functional genomics, gene array data

411
genetic events 391, 395f
genetic instability 391–392
oncogenes see oncogenes 
tumour suppressors see tumour

suppressor genes (TSGs) 
viral proteins

oncogenesis 393
TSG inactivation 394

carcinogens 393
carcinoid-associated scleroderma 1474
carcinoid syndrome 1473–1475

cardiac manifestations 1474
clinical features 1473–1474, 1474t
cutaneous manifestations 1473–1474,

1809
debulking 1477
diagnosis 1475
endocrine dysfunction 1763–1764
gastrointestinal manifestations 1474
pathogenesis 1474–1475
prognosis 1475
treatment 1475–1476

choice of 1477
tumours causing 1471t, 1473

carcinoid tumours 1470–1478
cell of origin 1470–1471
clinical features 1472
debulking 1476–1477
imaging 1473
incidence 1472
invasive 1471
laboratory investigations 1472
macroscopic characteristics 1471,

1471t
microscopic appearance 1471–1472,

1472f
molecular analysis 1471
pharmacological therapy 1475–1476
primary 1471, 1472
secretions 1471
sites 1471, 1471t
surgery 1476
treatment 1475

choice of 1477
tumour markers 1472

CARD4, inflammatory bowel disease 370
CARD15, inflammatory bowel disease

370
cardiac catheterization, bleeding risk

1788t
cardiac drugs, hepatotoxicity 1613, 1613t
cardiac dysfunction 1721–1723

afterload changes 1722
alcoholism 1185–1186
conductance abnormalities 1722
diastolic 1722

electromechanical coupling 1722
heart and arterial system coupling

1722, 1726
preload changes 1722
systolic 1721–1722

cardiac insufficiency, cirrhosis 1723
cardiac output (CO)

cirrhosis 686, 1721, 1725
hepatorenal syndrome 713
liver disease and 1938, 1942
obstructive jaundice 1503
post-peritoneovenous shunting 695
volume expansion 1728

portal hypertension 636
cardiac sclerosis, congestive heart failure

1612, 1613
cardiac surgery, postoperative liver

dysfunction 1611
cardiofaciocutaneous (CFC) syndrome

2128
cardiolipin 203–204
cardiolipin antibody test,

antiphospholipid antibody
syndrome 1695

cardiomyopathy
cirrhotic see cirrhotic cardiomyopathy

(CCM) 
post-liver transplantation 1998–1999

cardiopulmonary bypass surgery,
postoperative jaundice 1611

cardiopulmonary examination 447
cardiovascular disease

acute liver failure 1293
liver in 1609–1615

acute cardiac events 1609–1611
chronic cardiac events 1611–1614

pretransplant patients 1926
cardiovascular system

liver disease and 1721–1731
anaesthetic implications

1938–1939, 1942
monitoring during liver

transplantation 1942, 1943
post-liver transplantation 1998–1999

immunosuppression-related
complications 2020–2021

carnitine
deficiency

pregnancy 1883
total parenteral nutrition-related

liver disease 1636
urea synthesis regulation 183

carnitine palmitoyl transferase I (CPT I)
152, 161

carnitine palmitoyl transferase II 
(CPT II) 152

Caroli’s disease 1856
vanishing bile duct syndrome

1112
Caroli syndrome 805–806, 1856

aetiology 805
associated malformations 806
classification 805
clinical examination 805
complications 806
congenital hepatic fibrosis 805, 806
course 806
diagnosis 805–806
imaging 805–806
intracystic stone formation 806
manifestations 805–806
pathology 805
surgery 806
treatment 806
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betacarotene, erythropoietic
protoporphyria 1347, 1348

carotenoids 214
carotid sinus pressure, hepatic blood flow

regulation 76
carrier-mediated diffusion, bile acid

transport 295
carrier proteins 250–255, 250t, 

385–386
cell membrane interactions 252
convection 251

concentration vs. 251
hormone signalling 251
tissue availability 251

diffusion effects 109f, 110, 252
drug effectiveness 253
functions 250, 251–253
ligand targeting 253
membrane interactions 252
oncotic functions 253
toxicity limitation 252–253
see also transport proteins

Cascara sagrada, hepatotoxicity 1282t,
1285

caseating granulomas 1709, 1710f
caspase-3 336
caspase-8 203, 338
caspase-9 339
caspase cascade, tumour necrosis factor

314–315, 315f
caspase-independent cell death 342
caspase inhibitors 318, 343–344

warm ischaemia, protection from
350–351

caspases
activity measurement 337
apoptosis 336
liver injury 340

Cassia angustifolia (senna),
hepatotoxicity 1285

Castleman’s disease 1707
catalase 26, 235

alcohol oxidation 1136
cataracts 446
β-catenin

hepatoblast differentiation 68
hepatocellular carcinoma 1440
as oncogene 392–393, 392t

cathepsins, apoptosis 336
catheter sepsis

secondary bacteraemia 767
treatment 767

cat-scratch disease 1005, 1644
caudate lobe enlargement, Budd–Chiari

syndrome 1407, 1408
caudate process 3
cave fever 1014
caveolae 27
caveolin-1, cirrhosis 82, 631
cavernous haemangioma

angiography 537t
children 1863

CC chemokine receptor 5 (CCR5),
hepatitis C treatment response
marker 358

CCKAR gene/protein 1518t, 1524, 1525
CCL18 concentrations 1362
CD1 molecules, natural killer T-cells 321
CD4 T cells

alcoholic cirrhosis 1141
autoimmune hepatitis 1097–1098
granuloma pathogenesis 1711
hepatitis B 1141

CD8 T cells
acute graft-vs.-host disease

pathogenesis 1672
alcoholic cirrhosis 1141
autoimmune hepatitis 1099
chronic hepatitis B antiviral therapy

922
dendritic 321
hepatitis B 1141

CD11b, dendritic cells 321
CD14, Kupffer cells 37

alcohol exposure 40
CD28 369
CD40, cholangiocytes 55
CD95 (FasAPO-1)

apoptosis 337–338, 340
inhibition 344

CD95L, apoptosis 337–338, 340
C/EBP factors 68
cefonicid, spontaneous bacterial

peritonitis 764t
cefotaxim, bacterial cholangitis 1543t
cefotaxime, spontaneous bacterial

peritonitis 764t
ceftazidim, bacterial cholangitis 1543t
ceftriaxone, spontaneous bacterial

peritonitis 764t
cefuroxim, bacterial cholangitis 1543t
celecoxib, drug-induced renal

impairment 702
cell binding, hepatitis C virus 852
cell-culture models, chronic hepatitis B

treatment 924–925
cell cycle 274–275, 391

cyclin D1 274–275
cyclin E/cdk activity 275
cyclin kinase inhibitors 275
Foxm1b protein 275
liver damage response 274–275
NF-κB 106
p21 275
p27 275
polyploidization 275
proteolytic system 274
quiescent liver 274
retinoblastoma protein 274, 393
skp/cullin/F-box multiprotein

complex 274
cell death 335–347, 342f

caspase-independent 342
mixed patterns 343
molecular switches 343
targeting, liver disease 343–345, 343f
see also individual types

cell hybrids, liver function models 123
cell junctions

bile formation 298
hepatocytes 97

cell surface receptors, signal transduction
102–103

cellular immune response
autoimmune hepatitis 1097, 1098f
drug-induced acute hepatitis 1224f
hepatitis A 860
obstructive jaundice 1506

cellular RA-binding protein (CRABP)
214

cellular retinol-binding protein (CRBP)
214

cellulitis
alcohol misuse 1810
portal hypertension 768

Centella asiatica, hepatotoxicity 1286

central–central bridging necrosis 424
central (centrolobular) hepatitis 429
central nervous system infections, 

post-liver transplantation 1827
central obesity, non-alcoholic fatty liver

disease 1197–1198
central pontine myelinosis (CPM), 

post-liver transplantation
2000–2001

central venous catheters
acute liver failure 1304
spontaneous bacterial peritonitis

induction 763
central venules, blood flow regulation 80
centrilobar necrosis, hyperthyroidism

1684
centrolobular (acinar zone 3) fibrosis

426
centrolobular hepatitis 1610
centrolobular vein 9, 9f, 10f
cephalosporins

bacterial cholangitis 1543, 1543t
spontaneous bacterial peritonitis 764

cerebral aneurysms, polycystic liver
disease 793

cerebral blood flow
acute liver failure 744, 1132
chronic liver disease 1725
encephalopathy 1725
measurement 744

cerebral haemorrhage, post-liver
transplantation 1827

cerebral malaria 1030
cerebral oedema

acute liver failure 733–734,
1292–1293

clinical manifestations 740, 740f
management 1305
mechanisms 1132–1133

cirrhosis 732–733
cytotoxic (cellular) 733–734
vasogenic 734

cerebral pontine myelinolysis, post-liver
transplantation 1826

cerebrooculohepatorenal syndrome
2128–2129

cerebrotendinous xanthomatosis 176,
2129

cerebrovascular disease, interferon
treatment contraindication 945

ceroid macrophages 429
ceroid pigment 429
ceruloplasmin

aceruloplasminaemia 1327
iron homeostasis 222–223, 222f
Wilson’s disease 1317, 1853

cestodes
cholangitis treatment 1547t
life cycle 1047

CFTR see cystic fibrosis transmembrane
conductance regulator (CFTR)

chaparral, hepatotoxicity 1282t, 1285
charcoal, congenital erythropoietic

porphyria 1348
chelation therapy

pregnancy 1886
Wilson’s disease 1315, 1318–1319,

1853–1854
combination therapy 1318–1319

Chelidonium majus (greater celandine),
hepatotoxicity 1282t, 1284

chemical chaperones, alpha-1-antitrypsin
deficiency 1334

chemoembolization, carcinoid syndrome
1809

chemokines 312, 313t
chemoradiotherapy, acute graft-vs.-host

disease pathogenesis 1672
chemotaxis, fibrosis 592
chemotherapy

amyloidosis 1707
carcinoid tumours 1477
cholangiocarcinoma 1600
cystic echinococcosis 1050, 1055
gallbladder carcinoma 1580, 1581t
hepatic metastases 1468–1469
hepatocellular carcinoma 1449
hepatosteatosis induction 1936
post-transplant lymphoproliferative

disorders 1774
chemotherapy-associated steatohepatitis

(CASH) 1936
chenodeoxycholic acid,

cholecystolithiasis 1530
cherry red spots, portal hypertensive

gastropathy 1799
chicken-wire fibrosis 426
Child–Pugh score see Child–Turcotte–

Pugh (CTP) score
children

acute liver failure 1856–1860
alkaline phosphatase levels 462
ascariasis 1058
autoimmune hepatitis 1616–1617

treatment 1100
autoimmune liver disease 1852–1853
cardiac surgery, postoperative liver

dysfunction 1611
chronic hepatitis B 871

antiviral therapy 936
chronic hepatitis C 890

antiviral therapy 949
chylous ascites 669
hepatic drug reactions 1213
hepatitis A 859, 1851
hepatitis A vaccines 901, 902
hepatitis B-associated membranous

neuropathy 1818
liver disease 1845–1869
liver transplantation 1865–1867

postoperative antibodies 1865
post-operative bone disease 1833

liver tumours 1862–1864
non-alcoholic fatty liver disease 1198,

1202
portal hypertension 1864–1865
total parenteral nutrition-associated

cholelithiasis 1637–1638
viral hepatitis 1850–1852
see also infant(s)

Children’s Cancer Group,
hepatoblastoma guidelines 1864

Child–Turcotte–Pugh (CTP) score 1934,
1934t, 1938

Budd–Chiari syndrome 1411
chronic hepatitis C antiviral therapy

949
cirrhosis 615, 615t

drug pharmacokinetics 1913
coagulation tests 1786t
hepatorenal syndrome 713
liver transplantation 1985, 1985t

indications 1922
outcomes research 2070

prognostic models 2060
split liver transplantation 1973–1974

Volume One pp. 1–1068; Volume Two pp. 1069 –2160

TTOD01  3/14/07  3:34 PM  Page xiv



INDEX xv

chimpanzee models
HBV infection 409
HCV infection 407–408

Chinese herbal medicines
acute liver failure 1298
hepatotoxicity 1282t, 1283

Chi R Yun, hepatotoxicity 1283
Chlamydia 1004–1005
Chlamydia trachomatis 1004–1005

primary biliary cirrhosis 1073
Chlamydophila pneumoniae 1005
Chlamydophila psittaci 1005
chlorambucil 1083
chloramphenicol 1003–1004
chlordecone (kepone), hepatotoxicity

2108
chlordiazepoxide

acute hepatitis induction 1231
alcohol withdrawal syndrome 1180

chloride-bicarbonate (Cl−/HCO3) anion
exchanger 111, 111f

canalicular bile transport 299
ductal bile formation 299, 299f

chloride ions, cholangiocyte secretion 52
2-chloroethylene oxide, hepatotoxicity

1273
chloroform (trichloromethane),

hepatotoxicity 1271, 2119
chloroquine

amoebiasis 1026
malaria 1033
porphyria cutanea tarda 1347
resistance 1033

chlorpromazine
cholestatic hepatitis induction

1231–1232
reactive metabolite formation 1232
vanishing bile duct syndrome

induction 1254
chlorpropamide, hepatotoxicity 1232
cholangioadenoma see bile duct

adenomas
cholangiocarcinoma 1583–1605

aetiology 1584–1585
anatomic abnormalities 1584–1585
choledochal cysts 1584–1585
endemic infections 1584
inflammation 1584
primary sclerosing cholangitis

1584
angiography 537t, 1592
autoimmune diseases 1584
biliary hamartomas 798
chemotherapy 1600
choledocholithiasis vs. 1596
cholelithiasis vs. 1596
classification/staging 1587–1589

anatomical 1587
clinical presentation 1589
colonic dysplasia 1625
cyst-like appearance 816
diagnosis/surgical staging 1589–1596,

1590t
differential diagnosis 1596–1598
drug-induced 1259t, 1260
extrahepatic 1583

classification/staging 1588, 1588t
clinical presentation 1589
pancreatitis 1589

functional genomics 408t
gene array data 411
proteomics 413

hilar (upper duct) 1583

classification/staging 1588–1589,
1588f

diagnosis/surgical staging
1589–1594

differential diagnosis 1596–1597
mortality rates 1599, 1599t
obstructive jaundice 1935
serum markers 1589–1590
surgery 1598–1599
treatment 1598–1599

histological classification 1585–1586,
1585f

hypercalcaemia 1763
incidence 1583
intraductal growth (IG) 1585, 1585f,

1586
magnetic resonance imaging 1591

intrahepatic 1583, 1595–1596
classification/staging 1587, 1588t
clinical presentation 1589
diagnosis/staging 1595–1596
differential diagnosis 1597
metastatic adenocarcinoma vs.

1466f
treatment 1600

liver transplantation 1600, 1922, 1988
lower duct 1583, 1594–1595

diagnosis/staging 1594–1595
treatment 1599–1600
Whipple procedure 1594

mass forming (MF) 1585, 1585f, 1586
imaging 1595–1596
lymph node metastases 1586
multicentricity 1586

molecular genetics 1586–1587
growth factors 1587

mortality 1583
mucinous, cyst-like appearance 816
natural history 1583
palliative therapy 1600–1601

Bismuth–Corlette procedure
1600–1601

decompression 1601
pathology 1585–1586

adenocarcinomas 1585–1586
epithelium 1585

periductal infiltrating (PI) 1585,
1585f, 1586

imaging 1591, 1593f, 1595
pregnancy 1886
preoperative preparation 1598

vitamin K 1598
primary sclerosing cholangitis 413,

1106, 1626–1627, 1987
progenitor cells 61
radiotherapy 1600
risk factors 61
treatment 1598–1601
ulcerative colitis 1626–1627
von Meyenburg complexes 816

cholangiocyte(s) 52–57
apoptosis 54, 285
bile reabsorption 52–53, 113
cystic fibrosis transmembrane

conductance regulator 113, 1336
cytoskeleton 53
glucose reabsorption 53, 113
heterogeneity 55
immunological aspects 55
isolated, liver function models 123
large 55
polarity 52–53
primary biliary cirrhosis 1072

progenitors 284–285
bipotentiality 284–285

proliferation 53–54, 284
alcoholic hepatitis 1152
growth-regulatory peptides 284
neurohormonal factors 54, 284

replacement 284–285
neurohormonal factors 284

secretions 52
regulation 53

sepsis-induced cholestasis 1946
small 55
transformation 55
transport 52–53, 113, 113f

cholangiography
ascariasis 1059, 1060f
bile duct injury, post-cholecystectomy

1958, 1960f
cholecystolithiasis 1529
choledocholithiasis 1529
Clonorchis sinensis 1046
computerized tomographic see

computerized tomographic
cholangiography (CTC) 

endoscopic retrograde see endoscopic
retrograde cholangiography
(ERC) 

haemobilia 1556, 1556t
magnetic resonance see magnetic

resonance cholangiography 
percutaneous transhepatic

cholangiography see
percutaneous transhepatic
cholangiography (PTC) 

cholangioles 10f, 17
cholangiolitis see ductular reaction
cholangioscopy, hilar

cholangiocarcinoma 1591
cholangitis 1541–1549

AIDS-related 1546
autoimmune see autoimmune

cholangitis (AIC) 
bacterial see bacterial cholangitis 
Caroli syndrome 806
cystic echinococcosis 1049, 1051
definition 1228, 1541
differential diagnosis 1529
drug-induced 1228–1229, 1229t
elderly 1875
eosinophilic 1596
fibrous obstructive 1485, 1485f
gallstone disease 1534
haemobilia 1554
imaging 544
Kawasaki disease 1645
lymphoplasmocytic 1596
malignant 1485
neonatal sclerosing 1848
neutrophilic 1485
non-suppurative destructive 1485,

1485f
obstructive 1935
parasitic 1546–1547, 1547t

treatment 1547
peribiliary cysts 803
post-haematopoietic stem cell

transplantation 1677
postoperative biliary atresia 1848
primary sclerosing see primary

sclerosing cholangitis (PSC) 
recurrent pyogenic see recurrent

pyogenic cholangitis (RPC) 
cholate stasis 425

cholecalciferol see vitamin D3

cholecystectomy
bile duct injury following 1958–1961
biliary pancreatitis 1534
cholecystolithiasis 1530
choledocholithiasis 1531
elderly 1875
extrahepatic biliary obstruction 1507
gallbladder carcinoma 1578
gallbladder dysfunction 1564
gallstone pancreatitis 545
haemobilia 1553
with intraoperative cholangiography,

gallstone disease 544
living donor liver transplantation 1978
pain following 1570
primary sclerosing cholangitis 1106
total parenteral nutrition-related liver

disease 1638
cholecystitis 1533–1534

acalculous see acalculous cholecystitis 
acute

gallbladder wall thickening 507
gallstone disease 1526, 1533, 1533t
management in elderly 1875

calculous 1523, 1927
chronic, gallstone disease 1526
computerized tomography 509f, 511,

1529
diagnosis 1529
differential diagnosis 1529
elderly 1875
haemobilia 1554
haemorrhagic, dialysis patients 1656
medical treatment 1534
oral contraceptive-induced 1688
percutaneous cholecystostomy 1534
surgery 1534
ultrasonography 507, 1522f, 1529

cholecystokinin (CCK)
gallbladder motility 306, 1562
gallstone prevention 1529
total parenteral nutrition-related liver

disease 1638
cholecystokinin octapeptide provocation

tests 1562
cholecystolithiasis

biliary colic 1526
blood chemistry 1527
cholecystectomy 1530
clinical presentation 1525–1526,

1526t
complications 1526
diagnosis 1527, 1529
differential diagnosis 1529
extracorporeal shockwave lithotripsy

1531
imaging 1527, 1528f, 1529
physical examination 1527
QTL analysis in inbred mice 376, 377f,

378, 378t
repeated attacks 1526
therapy 1529–1531, 1531f

asymptomatic disease 1529–1530
symptomatic disease 1530–1531

choledochal cyst(s) 807, 1848
cholangiocarcinoma 1584–1585
complications 807
diagnosis 807, 1848
pathogenesis 807
resection 807, 1848
treatment 807
types 807
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choledochal cyst(s) (continued)
type 5 see Caroli’s disease 
vanishing bile duct syndrome 1112

choledochoduodenostomy, haemobilia
1553

choledocholithiasis
bacterial cholangitis 1541–1542
blood chemistry 1527
cholecystectomy 1531
clinical presentation 1526–1527
complications 1526–1527

bile duct carcinoma 1526
Bouveret syndrome 1527
secondary biliary cirrhosis 1526

diagnosis 1527, 1529, 1542
differential diagnosis 1529, 1596
elderly 1875
electrohydraulic lithotripsy 1531
extracorporeal shockwave lithotripsy

1531–1533, 1532f
imaging 1527, 1528f, 1529, 1542
physical examination 1527
sphincterectomy 1531
therapy 1531–1533

wait-and-see policy 1533
see also gallstone disease

choledochotomy 543
choledococoele 807
cholehepatic shunt theory,

ursodeoxycholic acid 1494
cholelithiasis see gallstone disease

(cholelithiasis)
choleretics, primary biliary cirrhosis

1083
cholescintigraphy

extrahepatic biliary obstruction
1509

gallbladder dysfunction 1563–1564,
1564f

haemobilia 1556
sphincter of Oddi biliary-type

dysfunction 1568
cholestasis

Alagille syndrome 1848
alkaline phosphatase 463
apoptosis 341
canalicular 1484
cellular (non-obstructive) 384–390

definition 384
hepatocellular changes 386, 387f
nuclear receptors and 384, 385t
transporter proteins and 384–390

cholesterol levels 458–459
classification 1481
definition 384
drug-induced

bile-duct injury 1490
bland 1214t
BSEP mutations 177
cardiac drugs 1613t
chronic 1917, 1917t
with hepatitis see cholestatic

hepatitis 
postoperative 1946
primary biliary cirrhosis vs. 1077,

1078t
prolonged 1214t, 1253–1255
sclerosing cholangitis-like 1491
vanishing bile-duct syndrome

1253–1254, 1490
without hepatitis 1490

drug pharmacodynamics 1913
drug pharmacokinetics 1913

drug prescribing recommendations
1919t

extrahepatic
definition 1481
drug pharmacokinetics 1916–1917

genetic disorders 384, 1383–1388
hepatic metastases 1467
hepatitis A 860, 861
hepatocellular 1484–1485
histology 425–426, 1228
idiopathic postoperative 1946–1947,

1949
intrahepatic see cholestasis,

intrahepatic 
Kupffer cell 1484–1485
morphometry 438
obstructive 384
oral contraceptive-induced 1688
pancreatic secretion inhibition

1800–1801
phospholipid levels 458–459
post-haematopoietic stem cell

transplantation 1673t,
1675–1677, 1676t

pruritus 387–388, 444, 1804
renal transplant patients 1658
rickets 1833
sarcoidosis 1711–1712
scoring systems 436, 437t
sepsis-associated see sepsis-induced

cholestasis 
total parenteral nutrition-related liver

disease 1634, 1635
toxin-induced 1270t, 1272
vitamin E deficiency 1802, 1825–1826
see also specific diseases/disorders

cholestasis, intrahepatic 1481–1500
acquired 1481
adaptive responses 1482–1484, 1483f

transcription changes 1482–1483
animal models 1482, 1483–1484
benign postoperative 1946–1947, 1949
bile duct ligation 1481

models 1483–1484
bile duct proliferation 1484
biochemical features 1487–1488
causes/mechanisms 1481–1482

adulthood 1488t
hepatobiliary transporters 1481,

1482f
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cholesterol deposits 1486
clinical features 1486–1487
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diagnosis 1492–1493, 1493f
differential diagnosis 1484, 1900
disorders 1488–1492
drug-induced lithiasis 1491
endotoxin 1482
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fatigue 1486
fat-soluble vitamin malabsorption

1486–1487
hepatocyte cytoskeleton 1482
HIV infection 1492
Hodgkin’s disease 1492
hyperbilirubinaemia 460–461,

1487–1488
imaging 1492
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1491–1492
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management 1493–1497
future developments 2920–2921
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nuclear receptors 1482–1483
pathology 1484–1486
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feathery degeneration 1484
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patient history 1492
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of pregnancy (ICP) 
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steatorrhoea 1487
symptomatic treatment 1496
vanishing bile-duct syndrome 1490
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drug-induced 1228, 1490, 1648, 
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differential diagnosis 1228
outcomes 1230

kava-induced 1284
cholesterol 133–134
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204–205
HDL-mediated removal 139–141,

140f
hepatic uptake 1520
hepatobiliary disease 458–459
malignant ascites 669, 669f
obstructive jaundice 1502
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coenzyme A reductase 1520
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139–141, 140f
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1518–1520, 1520f, 1522–1523
causes 1521t
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dietary origin 1520
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animal models 1522–1523
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1518–1519
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1520
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in vitro models 1520, 1522
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risk factors 1521t

cholesterol 7α-hydroxylase
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cholesterol synthesis 1520
deficiency 1525
intrahepatic cholestasis 1483

cholesterol 26-hydroxylase 92
cholesterol-lowering agents, primary
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cholesterolosis (cholesterol polyps) 1529
cholesterol polyps (cholesterolosis) 1529
cholesterol saturation index (CSI)

1518–1519
cholesteryl ester hydrolase (CEH) 92
cholesteryl esters 133, 139
cholesteryl ester storage disease (CESD)

1365–1366, 2129
histology 1365–1366
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carcinoid syndrome 1475
intrahepatic cholestasis of pregnancy

1880
pruritus 1081–1082, 1496, 1804
vanishing bile duct syndrome 1117

choline, total parenteral nutrition-related
liver disease 1635–1636, 1635f,
1638

chondroitin sulphate proteoglycans
269–270

chorionic gonadotrophin see human
chorionic gonadotrophin (hCG)

chromium 233t, 237
deficiency 233t
insulin signalling, effects on 237
toxicity 237, 2108

chromogranin A
carcinoid syndrome 1475
carcinoid tumours 1472

chronic graft-versus-host disease
(cGvHD) 1674–1675

cholestasis 1674
classification 1674, 1675t
clinical aspects 1674–1675
cutaneous manifestations 1674, 1808
definition 1671–1672
de nova 1674
hepatic manifestations 1674–1675
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incidence 1674
onset 1674
pathogenesis 1674
pathological findings 1675, 1675f
progressive 1674
quiescent 1674
treatment 1675, 1808

chronic hepatitis B see hepatitis B, chronic
chronic hepatitis C see hepatitis C, chronic
chronic hepatitis D see hepatitis D, chronic
Chronic Liver Disease Questionnaire

2067, 2069
chronic non-suppurative destructive

cholangitis see primary biliary
cirrhosis (PBC)

chylomicron retention disease see
glycogen storage disease (GSD),
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chylomicrons (CM)
abetalipoproteinaemia 1366
apoC-II 136
assembly 135, 136f
characteristics 134t
clearance 137–138
remnants 137–138
retinyl esters 214
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autoimmune hepatitis treatment 1100
hepatotoxicity 1242, 1647, 1677
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liver transplantation 2006–2007

children 1865
plasma concentrations, exaggerated

1916–1917
pregnancy 1889
primary biliary cirrhosis 1083
side-effects

arterial hypertension 2021
hyperlipidaemia 2021

cidofovir
adenovirus 968
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herpes simplex virus 959
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807–809

clinical presentation 808
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imaging 808
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pathogenesis 808
pathology 807–808
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treatment 808
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acute hepatitis induction 1232
carcinoid tumours 1476
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ciprofloxacin
acute hepatitis induction 1232
bacterial cholangitis 1543, 1543t
spontaneous bacterial peritonitis 765

circulatory failure, acute liver failure
1859
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aetiology 604, 605t
albumin levels 454–455
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altered substrate utilization 1838
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anaemia 610, 1767–1768
angiography 537, 538f
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antiretroviral administration

guidelines 1918t, 1919
autoimmune hepatitis-related 410
bacterial infection 1807
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clinical manifestations 640–657
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see also variceal bleeding 
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1406–1407
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cardiovascular complications
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causes 1933
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clinical features 605–611, 607t
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compensated 605

chronic hepatitis C 887
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decompensated 605–611
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from 1186
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definition 427, 583, 590, 604
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drug susceptibility, non-hepatic organs

1913–1914
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ultrasonography 504t, 506
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epidemiology 604, 606f
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follow-up 616–617
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611–612
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hypogonadism 1756–1758
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parathyroid hormone 1751
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drug-induced 1251–1253, 1252t
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pregnancy 1885–1886
presinusoidal resistance 631
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prognosis 615–616

models 615–616
progression from fibrosis 583–589
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protein–calorie sarcopenia
1836–1839

renal circulation 684–686
renal dysfunction 605–606, 612,

675–676, 1939
antidiuretic hormone 680–681
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680–683
circulatory dysfunction 683–687
drug-induced 702–703
mechanisms 677–683
renin–angiotensin–aldosterone

system 677–679
sympathetic nervous system

679–680
respiratory complications 1939
reversal 586–587
screening 616–617
sepsis 609
sex hormone changes 1756–1758, 1757t
sexual activity 1902
surgery

resection see hepatectomy 
risk assessment 1938

surrogate markers 614
systemic effects 1938–1939
telomere shortening/senescence 277f
thrombocytopenia 258, 1771,

1785–1786
thyroid hormones 1748–1749, 1748t
toxin-induced 1270t, 1272–1273
treatment 616

haemodynamic consequences 616
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612–613
urea production 185
vascular tone restoration 1791
vasoconstrictors, increased production

633
Wilson’s disease 1317
see also fibrosis

cirrhotic ascites 666–710
cardiac dysfunction 686–687, 686f
characteristics 667–668
coagulation-related proteins 668
decompensated cirrhosis 605
differential diagnosis 668–672
diuretic-intractable 692
diuretic-resistant 692–693
formation 672–676

lymphatic system involvement
672–675

portal hypertension 672–675
renal function abnormalities

675–676
gastro-oesophageal reflux 1798
hyponatraemia treatment 699–702
prognosis 689, 689f
sources of 674–675
treatments 689–699

diuretics 690–692
cirrhotic cardiomyopathy (CCM)

607–608, 686–687, 1722–1723,
1938

clinical features 607–608
congestive heart failure 1612
definition 1721
diastolic dysfunction 1722
experimental data 1722
liver transplantation 1185–1186
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cirrhotic cardiomyopathy (CCM)
(continued)

pathophysiology 1722–1723, 1723f
prolonged Q-T interval 1722

cirrhotic hydrothorax 671–672
complications 672
pathogenesis 671, 672f

cisplatin
gallbladder carcinoma 1580
transarterial chemoembolization 1449

cisterna chyli 85
citrate 155
citrate lyase 91
citric acid cycle 155–156, 155f
Citrobacter, bacterial cholangitis 1541
citrulline-NO-cycle 182, 183
clarithromycin

acute hepatitis induction 1234
Legionnaire’s disease 1002

classical lobules 80, 80f
clathrin, receptor-mediated endocytosis

98
clavulanic acid, bacterial cholangitis 1543t
clearance 469–472, 1912

classification 470, 471t
enzyme-determined 470–472
flow-determined 472
intrinsic hepatic clearance 469–470
positron emission tomography

measurements 474
substances 469–472
systemic 470
Vmax /FKm 470, 470f, 471f, 471t

clear cells, alcoholic 423
clevudine, chronic hepatitis B 926
Clichy criteria, emergency liver

transplantation 1307, 1308t
clinical trials, hepatotoxicity detection

inefficiency 1211–1212
clofibrate

acute hepatitis induction 1232
ethanol feeding 1137

clometacin, hepatitis induction 1232,
1252

clonal deletion 217
cloned proteins, liver function models

124–125
Clonorchis sinensis 1046

brown pigment gallstones 1523
cholangiocarcinoma 1046, 1584
cholangitis 1546, 1547t

treatment 1547
clinical features 1046
diagnosis 1046
geographical distribution 1046, 2102t
pathogenesis 1046
recurrent pyogenic cholangitis 1545

Clostridium spp. 1002, 1541
clot formation 1780
clotting factors

acute liver disease 257
acute liver failure 1293, 1302
synthesis 257
see also specific factors

clotting rate assay, plasma fibrinogen 456
clozapine, hepatitis induction 1232
clubbing 447
c-myc gene/protein 392t, 393
coagulation 255–264

disorders see coagulation
defects/disorders 

monitoring, liver transplantation 1942
pathway 455f

significance of in liver disease 1780t
tests see coagulation tests 
see also haemostasis

coagulation defects/disorders
acute liver failure 1293

children 1859
cirrhosis 258, 610
haemobilia 1553
hepatosplenic schistosomiasis 1043
laboratory testing 260t
in liver disease 257–259, 1780–1797

acute disease 257–258, 1780t, 1785
anaesthetic implications 1940, 1943
chronic disease 258, 1780t, 1785
clotting factors 257, 258
hepatic resection and 1941
variable in 1780t

liver transplantation 259–260, 1943
hypercoagulability 259–260
hyperfibrinolysis 259

management 260–261, 1788t
prevention (prophylactic) therapy

1787–1788, 1787t
rescue therapy 1787–1788, 1787t
therapeutic agents 1789–1792, 1789t

obstructive jaundice 1511
renal failure, obstructive jaundice-

associated 1816
coagulation necrosis see apoptotic bodies
coagulation tests 260, 1781–1782, 1783t

bleeding risk assessment 1786–1787
controversies in 1783–1784
fibrinolysis 258
non-variceal bleeding 1783
prognostic significance 1786, 1786t
see also individual tests

coagulative necrosis 424
coat protein II (COPII) 194
cobalamin 238

deficiency 147
cobalt 233t, 238

deficiency 233t
cocaine

acute hepatitis 1232
acute liver failure 1298
lipid storage diseases 1247

Coccidioides immitis 1016
coccidioidomycosis 1016

dissemination 1016
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Trials 576
Cochrane Collaboration 576

history of 576
Cochrane Database of Systematic

Reviews 576
Cochrane Handbook for Systematic

Reviews of Interventions 576
Cochrane Hepatobiliary Group (CHBG)

572–579
future developments 576–577
participation 576
productivity 573f, 576, 577f
scope 576

Cochrane Library 576
codeine

carcinoid syndrome 1477
hepatic metabolism 241, 242f

coeliac disease
Budd–Chiari syndrome 1405
liver disease in 1629
liver function tests 1628t, 1629
primary biliary cirrhosis 1629, 1801
primary sclerosing cholangitis 1629

coffee, hepatocellular carcinoma 1439,
1451

cognitive-behavioural treatment (CBT),
alcohol abstinence 1180–1181

colchicine
alcoholic cirrhosis 1167
amyloidosis 1707
fibrosis 597
primary biliary cirrhosis 1083

cold ischaemia 352–353
protective strategies 352–353

organ cooling 352
preservation solutions 352

warm ischaemia vs. 352
collagen(s) 266–268

cross-linking
cirrhosis reversibility 586–587
enzymes 266

cystic fibrosis 1340
Disse space 15
FACITS 267t, 268
fibrillar 266–267, 267t
liver biopsy tract plugging 1792
multiplexins 267t, 268
network-forming 267–268, 267t
non-fibrillar 267–268, 267t
structure 266
synthesis 266

collagen I 264, 267t
fibrosis 264, 584–585
structure 266–267

collagen III 264, 267t
fibrotic liver 264

collagen IV 264, 267t, 268
fibrotic liver 264

collagen V 264, 267t
collagen VI 264, 267t, 268
collagen VIII 267t, 268
collagen XIV 267t, 268
collagen XV 267t, 268, 270
collagen XVIII 267t, 268, 270
collagen XIX 267t, 268
collagen coated plates, hepatocyte

bioreactors 2045
collateral circulation

blow flow estimation 570
Budd–Chiari syndrome 1407, 1408
portal hypertension 625–626, 625f,

626f, 633–634
portosystemic pathways 535, 535t

collecting tubule dilatation, congenital
hepatic fibrosis 782

Colles’ fractures 1829
collodion baby 1806
colon, effects of liver disease 1802
colonic ulcers, amoebic liver abscess 1025
colorectal carcinoma

bilirubin, beneficial effects 168
Gilbert syndrome 1356
metastasis

chemotherapy-induced
steatohepatitis and resection 1936

computerized tomography
519–520, 520f

cystic 815, 815f
HIV infection 984
positron emission tomography 562,

563f
resection 520

ulcerative colitis 1625
colour Doppler ultrasound 501

focal nodular hyperplasia 505
portal vein thrombosis 503

combactam, bacterial cholangitis 1543t
combination therapy

chronic hepatitis B 926–927
chronic hepatitis C 944

combination vaccines
hepatitis A 899
hepatitis B 908–909

combined cross analysis, QTL analysis in
inbred mice 377t, 378

comfrey (Symphytum), hepatotoxicity
1273, 1282t, 1284

Commission E, Federal Institute for
Drugs and Medicinal Device,
herbal medicine regulation 1281

common bile duct
anatomy 305
histology 18
physiology 307
sphincters 305
stones see choledocholithiasis 

common hepatic artery 531–532
fibromuscular dysplasia 539

common hepatic duct, histology 18
community-acquired infections, post-

liver transplantation 2022–2023
comparative genomics, QTL analysis in

inbred mice 377–378, 377t
complement

autoimmune hepatitis 1094–1095
immunogenetic studies 370
Kupffer cells 37, 38

complementary DNA (cDNA) libraries,
gene array probes 403

complement cascade, reperfusion 348
complement fixation tests,

echinococcosis 1054
complex I deficiency 1380
complex II deficiency 1380
complex V deficiency 1380
compressive forces, liver trauma 1953
computational modelling 2093
computerized tomographic angiography

510, 510f
computerized tomographic

cholangiography (CTC)
bile duct stones 541–542

endoscopic retrograde
cholangiopancreatography vs.
541–542

choledocholithiasis diagnosis 1542
extrahepatic biliary obstruction 1508

computerized tomography (CT)
508–521

actinomycosis 1017
acute fatty liver of pregnancy 1882
AIDS-related cholangitis 1546
alcoholic macrovesicular steatosis

1160
alveolar echinococcosis 1053, 1053f
amiodarone toxicity 512, 512f
amoebic liver abscess 1025
angiosarcoma 1458
ascites 667
benign focal liver lesions 512–516
bile duct injury, post-cholecystectomy

1958
biliary cystadenoma 813f, 814
biliary dilatation 511, 511f
biliary hamartomas 798–799, 799f,

1574
biliary strictures 542
biliary tree 511
biloma 817

Volume One pp. 1–1068; Volume Two pp. 1069 –2160

TTOD01  3/14/07  3:34 PM  Page xviii



INDEX xix

Budd–Chiari syndrome 1408
carcinoid tumours 1473, 1473f
Caroli syndrome 805
cavernous haemangioma 513, 514f
cholangiocarcinoma

hilar (upper duct) 1591, 1592, 1593
intrahepatic 1595, 1595f
lower duct 1594
periductal infiltrating 1592

cholecystitis 509f, 511, 1529
cholecystolithiasis 1529
choledocholithiasis 1529, 1542
ciliated hepatic foregut cyst 808
cirrhosis 516–518, 516f, 517f, 613

chronic sclerosing 516
nodular 516–517

colorectal carcinoma hepatic
metastasis 519–520, 520f

contrast resolution 509
cystic echinococcosis 1049, 1050f
cystic metastases 815
delayed phase images 509
diffuse (nonfocal) hepatic disease

511–512
dysplastic nodules, cirrhotic liver 517
epithelioid haemangioendothelioma

1459
extrahepatic biliary obstruction 1507,

1509
fascioliasis 1045
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1259–1260, 1429
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haemangioma 513–514, 514f, 1427
haemobilia 1555–1556, 1555f, 1555t
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hepatic cysts 513, 513f, 790, 791f, 792
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hepatic metastasis 518–519, 519f,

1467, 1467f
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hepatic venous opacification 511
hepatitis

acute 512
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hepatocellular adenoma 515–516,
1432

hepatocellular carcinoma 517–518,
518f, 1443

cirrhosis and 613, 613f
cystic 815
percutaneous ablation 553
’washout’ 517

hepatosplenic candidosis 1012
hereditary haemorrhagic telangiectasia

1420, 1421f
image presentation 510
imaging blurring 509, 509f
indications 508
intrahepatic cholestasis diagnosis

1492
i.v. contrast 509

hepatic arterial phase 509
portal venous phase 509

liver trauma 1955, 1955f
magnetic resonance imaging vs. 508

nodular hyperplasia 516–518
nodular regenerative hyperplasia 1434
non-alcoholic fatty liver disease 1200
non-alcoholic steatohepatitis 1200
nontargeted (incidental) 508, 509f
normal liver 510–511
pancreatic pseudocysts, liver 811
peribiliary cysts 803, 804f
portal vein thrombosis, acute 1396
portal venous opacification 511
post-liver transplantation 2019
preoperative

functional reserve estimates 1934
tumour status 1933

radiation hepatitis 1278
simple cyst of the liver 784, 784f

haemorrhagic 785
sinusoidal dilatation 1413
steatohepatitis 511, 512f
targeted 508
technique 509–510
‘triple phase’ protocol 509–510, 514f,

518f
undifferentiated sarcoma 1460
visceral larva migrans 1063
Wilson’s disease 512, 1316

concentration difficulties 444–445
concentric periductal fibrosis 426
conductance abnormalities, heart 1722
condylomata lata 1807
confluent necrosis 424
conformational adaptation, albumin 251
conformational breathing, albumin 251
confusion 444–445

carcinoid syndrome 1474
congenital cytomegalovirus infection

961
congenital erythropoietic porphyria

(CEP) 1344t, 1347–1348
diagnosis 1348
manifestations 1347–1348
photodermatosis 1347
treatment 1348

congenital hepatic cyst see simple cyst of
the liver

congenital hepatic fibrosis 781–783, 1856
aetiology 781
associated malformations 782
biliary hamartomas 798
Caroli syndrome 805, 806
clinical examination 782
complications 782
course 782
diagnosis 781–782
imaging 782
manifestation 781–782
pathogenesis 781
pathology 781
prevalence 781
treatment 782–783
vanishing bile duct syndrome 1112

congenital syphilis 1007
congestive heart failure

interleukin-6 317–318
liver in 1610f, 1611–1613

clinical manifestations 1611–1612
laboratory tests 1612
pathogenesis 1612–1613

pathology 1612
post-peritoneovenous shunting 696
treatment 1613

congestive hepatopathy 1611–1613
conivaptan 700

conjugated bilirubin 459, 1353
alcoholic hepatitis 1162
body fluids 169
canalicular excretion 171
Crigler–Najjar syndrome type 1 1355
malarial hepatitis 1032
measurement 168, 1352–1353
metabolism 459
pregnancy 1879
renal excretion 172
transport 170

conjugated hyperbilirubinaemia
460–461

hereditary 461
infants 1845

connective tissue diseases, effects on liver
1694–1698

mixed disorders 1696–1697
connexin 32, hepatocyte gap junctions

97
consciousness, preoperative liver

transplant assessment 1997
constipation 444
constitutive androstane receptor (CAR)

bilirubin transport 1354–1355
drug-metabolizing pathway regulation

244
hepatobiliary transport regulation

106, 178, 301t, 386, 387, 388f
intrahepatic cholestasis treatment

2920–2921
constrictive pericarditis 1613

ascites 670
continuous infusion method, absolute

hepatic clearance 569
continuous positive airway pressure,

obstructive sleep apnoea 1617
continuous thermodilution method

azygos blood flow measurement 570
portal blood flow measurement 570

contraception, chronic liver disease
1887

controlled drinking, abstinence vs.
1179–1180

cooking oil, hepatotoxicity 2108
coping skill training, alcohol abstinence

1181
copper

angiogenesis 229
chemical properties 226
deposition

hepatocellular carcinoma 1439
renal tubular acidosis-associated

liver disease 1819
extrahepatic biliary obstruction 1502
lowering to subnormal levels,

therapeutic purposes 228–230,
230t

metabolism 225–232, 226f
copper chaperones 226, 227, 227t
future directions 228
hepatic role 226
primary sclerosing cholangitis 1105
transmembrane movement 227

molybdenum interaction 238
neuronal injury induction 1315
neuropeptide hormone activation

228, 228t
normal levels 225
regulatory proteins 227, 227t
storage 428
total parenteral nutrition-related liver

disease 1636–1637

toxicity 226, 1315
see also Wilson’s disease 

transporters 112, 227t
urinary excretion, Wilson’s disease

1317, 1320, 1853
copper chaperone for superoxide

dismutase (CCS) 227, 227t
copper chaperones 226, 227t

functions 227
copper sulphate, hepatotoxicity 2108
coproculture techniques, strongyloidiasis

1065
coproporphyrin 1346

excretion 212, 212t, 213
synthesis 208

coproporphyrinogen 208
coproporphyrinogen oxidase 208

mutations 1346
Cori disease see glycogen storage disease

(GSD), type 3
coronary artery disease

cirrhosis and 1939
liver transplantation

contraindications 1989
postoperative 2020
preoperative 1926, 1996

coronary ligament
left 4
right 4

coronary vein see left gastric vein
cortical atrophy, hepatic encephalopathy

732
cortical neurons, effects of ammonia 730
corticosteroids

alcoholic hepatitis 1164
carcinoid tumours 1476
fibrosis 595
hepatobiliary transport regulation 388
liver transplantation 2006
sarcoidosis 1712
side-effects 2006

hyperglycaemia 2021
hyperlipidaemia 2021

visceral larva migrans 1063
see also individual types

corticostriatal synaptic plasticity, hepatic
encephalopathy 736

corticotrophin-releasing hormone
(CRH) 1686, 1752

cortisol 1685–1686
alcoholic liver disease 1753
autoimmune chronic active hepatitis

1753
cirrhosis 1753
deficiency 1686
excess 1686
excretion 1752
haemochromatosis 1762
liver disease 1753
metabolism 1752–1753
non-alcoholic liver disease 1753
plasma transport 1752
pseudo-Cushing syndrome 1753
secretion 1752
synthesis 1752

cortisol-binding globulin 1752
drug binding 1752

cortisone 1752
cost–benefit analysis 2080
cost-effectiveness

analysis 2080, 2081f
resource allocation 2080

cost identification 2080
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cost minimization 2080
analysis 2080

costs see economics
cost–utility analysis 2085
co-trimoxazole

acute hepatitis induction 1232
nocardiosis 1017

Council for International Organizations
of Medical Sciences (CIOMS),
drug-related hepatic injury
assessment 1286t

Councilman bodies see apoptotic bodies
Courvoisier’s sign 448, 1507
Cox17 227, 227t
Coxiella burnetti 1004
Cox regression analysis, prognostic

models 2055–2056
coxsackievirus infections, hepatitis 967
CPT1A gene 359
CPY7A1 gene/protein 1518t
C-reactive protein

bacterial cholangitis 1542
extrahepatic biliary obstruction 1506

creatine, synthesis 146, 147
creatinine

cirrhosis 612
diuretic-resistant ascites 693
excretion 147
hepatorenal syndrome 676, 712,

713–714
creatinine phosphokinase,

hypothyroidism 1685
creosote bush (chaparral), hepatotoxicity

1282t, 1285
CREST syndrome 1697, 1808

primary biliary cirrhosis 1798
Crigler–Najjar syndrome 1355

animal models 1355
diagnosis 1355
treatment 1355
type 1 1355, 1845

bilirubin levels 460
hepatocyte transplantation 2038,

2039t
treatment 1845

type 2 1355, 1845
bilirubin levels 460
treatment 1845

unconjugated bilirubin 170
Crimean–Congo haemorrhagic fever

992–993
aetiological agent 992–993
clinical manifestations 993
epidemiology 992–993
treatment 993

cristae, mitochondrial 26
critical flicker frequency (CFF), hepatic

encephalopathy
acute liver failure 744
cirrhosis 744

Crohn’s disease
amyloidosis 1627
gallstones 1627
granulomas 1628, 1714
immunogenetics 370
liver abscess 1628
liver disease prevalence 1622–1623
primary sclerosing cholangitis 1623,

1626
steatosis 1627

cross-haemodialysis 2044
Crotalaria, hepatotoxicity 1273, 1282t,

1283–1284

CR perfusion 510
crushing trauma, haemobilia 1552
Cruveilhier–Baumgarten syndrome 447
cryoglobulinaemia type 2, hepatitis C

1772
cryoglobulinaemia type 3, hepatitis C

1772
cryoglobulins, hepatitis C 1819
cryoprecipitates 261, 1789
cryopreservation, hepatocyte

transplantation 2032
cryptococcosis 1013–1014

laboratory diagnosis 1014
treatment 1014

Cryptococcus neoformans 1013–1014
Cryptococcus neoformans gattii 1014
Cryptococcus neoformans neoformans

1014
cryptosporidiosis 1020–1029

biliary 1025
clinical manifestations 1025
diagnosis 1025–1026
epidemiology 1020–1022
extraintestinal 1025
laboratory findings 1026
papillary stenosis 1025
pathophysiology 1024
risk factors 1021, 1021t
treatment 1026–1027

Cryptosporidium
epidemiology 1020
immunocompromised patients

1021–1022
life cycle 1022
vacuoles 1022, 1024

Cryptosporidium parvum
cholangiocytes 53
survival signal induction 1024
vanishing bile duct syndrome 1115

Cu-ATPases 227–228
Cumming syndrome 2129–2130
Cushing syndrome, hepatic effects

1686
cutaneous hyperperfusion, cirrhosis

1725
cutaneous polyarteritis nodosa (C-PAN)

1643
cutaneous surgical procedures, bleeding

risk 1788t
CXCR-4, ‘oval cells’ 283
cyanamide, hepatotoxicity 2108
cyanoacrylates 1792

gastric variceal bleeding 652
cyanosis 446
cyclic adenosine monophosphate (cAMP)

biliary tree 1111
as second messenger 103

cyclic adenosine monophosphate
(cAMP)-protein kinase A
300–301

cyclin D1 274–275
cyclin E/cdk activity 275
cyclin kinase inhibitors, cell cycle 275
E-cyclobilirubin 168
cyclo-oxygenase-1 (COX-1),

prostaglandin formation
680–681

cyclo-oxygenase-2 (COX-2)
cholangiocarcinogenesis 55
genetic mutations 1378–1379
prostaglandin formation 682

cyclo-oxygenases (COXs), second
messenger generation 104

cyclophosphamide 2008
Budd–Chiari syndrome induction

1257
CYP1, phase I drug metabolism 241, 241t
CYP2D6 241, 242f

transgenic mice, autoimmune hepatitis
models 1096

CYP2E1 gene/protein
alcoholic liver disease 1143, 1159
alcohol metabolism 1136, 1141
carbon tetrachloride

biotransformation 1270–1271
CYP3, phase I drug metabolism 241,

241t
CYP3A4 243–244, 245
CYP7A1 174

deficiency 174
CYP7B1 deficiency 174
CYP27 174
cyproheptadine

carcinoid syndrome 1477
carcinoid tumours 1475

cyproterone acetate (CPA)
hepatocellular carcinoma induction

1260, 1649, 1658–1659
hepatotoxicity 1233, 1649, 1658
prostate cancer 1649, 1658–1659

cyst(s)
choledochal see choledochal cyst(s) 
ciliated hepatic foregut see ciliated

hepatic foregut cyst (CHFC) 
computerized tomography 513, 513f
Dandy–Walk 2153–2154
endometrial see endometrial cysts

(EC), liver 
magnetic resonance imaging 523, 523f
peribiliary see peribiliary cysts 
simple see simple cyst of the liver 
ultrasonography 504, 504t

cystadenocarcinoma 813–815, 814f
magnetic resonance imaging 526

cyst drainage, choledochal cyst 807
cystectomy, cystic echinococcosis 1050
cysteine

erythropoietic protoporphyria 1348
glutathione biosynthesis 199
storage 201

cysteinylglycine 201
cysteinyl-leukotrienes, portal

hypertension 633
cystic artery aneurysms, haemobilia 1552
cystic diseases, inflammatory 810–813
cystic duct

anatomy 305
histology 18
physiology 307

cystic echinococcosis (CE) 1047–1051
clinical features 1048–1049
complications 1048–1049

treatment 1051
control 1048
diagnosis 1049
epidemiology 1047–1048
geographical distribution 2100–2104t
immunological diagnosis 1054
magnetic resonance imaging 530
medical treatments 1055
molecular tests 1055
pathogenesis 1048
prevalence 1047–1048
prevention 1048
rupture 1049
screening 1049

serology 1054
simple cyst of the liver vs. 785, 787t
surgery 1049–1051
transmission 1047
treatment 1049–1051

cystic fibrosis (CF) 1336–1342,
1629–1630, 1855

β-receptor antagonist therapy
1341

bile secretion 1336
biliary cirrhosis 1629–1630
complications 1338–1339, 1338t
diagnosis 1339–1340
gallstone disease 1525
gene array data 410
liver disease 1336–1342

diagnosis 1855
endstage 1340–1341
prevalence 1855
treatment 1340–1341

liver transplantation 1855
manifestations 1338–1339
modifiers 1338
neurological manifestations 1824t
pathogenesis 1337–1338
physical examination 1339
prevalence 1338–1339
risk factors 1338
ursodeoxycholic acid 1340, 1495,

1630, 1855
vanishing bile duct syndrome 1112,

1114t
Cystic Fibrosis Foundation Hepatobiliary

Disease Consensus
diagnosis guidelines 1339
ursodeoxycholic acid use 1340

cystic fibrosis transmembrane
conductance regulator (CFTR)
110

bile secretion 1336–1337, 1337f, 1338,
1518, 1855

biliary tree 1111
chloride transport 52, 1336–1337,

1337f
cholangiocytes 113
ductal bile formation 293, 299, 299f
gene defects 1337–1338, 1337f, 1518t,

1524
liver function 1336–1337
structure 1336

cystic lymphangiomatosis 812
cytochrome b 158, 221, 222f
cytochrome c 158
cytochrome c oxidase 158
cytochrome oxidase

across liver cell plate 91
deficiency 1378–1379

cytochrome P-450 enzyme system
1218–1219

age-related changes 1870–1871
cocaine 1232
deficiencies 1221
drug-induced acute hepatitis

1218–1219
drug metabolism 1218

genetic variation 244–245
phase I 241, 241t

function 1218, 1218f
functional expression cloning 124
halothane 1235
inducers 246t
inhibitors 246t
plasma membrane 1218f, 1223
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reactive metabolite formation
1218–1219, 1219f

structure 1218, 1218f
suicidal inactivation 1219
vitamin D hydroxylation 218

cytochrome P450 mono-oxygenases
92–93

cytochrome P-4502E1 (CYP2E1),
alcoholic liver disease risk 358

cytokeratins
hepatocellular carcinoma 62
metastatic liver cancer diagnosis 1466f
‘oval cells’ 283

cytokines 312–320, 313t
acute graft-vs.-host disease

pathogenesis 1672
acute liver failure 314t
acute phase response 314t
alcoholic liver disease 1143, 1161, 

1163
cholangiocytes 55
chronic liver failure 314t
death receptor ligands 312–313
definition 312
functions 314t
hepatocyte proliferation 2088
immunogenetic studies 369
liver cancer 314t
liver development 314t
liver fibrosis 314t
liver regeneration 314t
measurement, disease diagnosis 480
neural modulation 120
obstructive jaundice-associated acute

renal failure 1815
receptors 312–313

hepatocytes 312–313
Kupffer cells 313
non-parenchymal cells 313

sepsis 609
signalling networks 312
as therapeutic target 318
see also specific cytokines

cytolytic hepatitis
acute 1227–1228
drug-induced 1227–1228

differential diagnosis 1227–1228
histology 1227
outcomes 1216, 1229–1230

kava-induced 1284
cytomegalovirus antigenaemia 961
cytomegalovirus (CMV) inclusions

423–424
cytomegalovirus (CMV) infection

960–963
acute liver failure 1297–1298
adults 962
congenital 961, 2131
diagnosis 960–961, 962

culture 961
histopathology 961
immunocompromised 960–961
serology 960
viral load assessment 961

epidemiology 961–962
primary infection 961
recurrent infection 961–962

hepatitis 962–963
definition 962

HIV coinfection 983
immunocompromised 962
liver transplantation 962–963

children 1866

cirrhosis 963
rejection 962–963

long-term prophylaxis 963
neonates 962
pathogenesis 961–962
primary 961
recurrent 961–962
solid-organ transplantation 962
therapy 963
vanishing bile duct syndrome 1115
virology 960

cytoskeleton, hepatocytes 97–98
actin microfilaments 97–98, 97f
bile formation 297–298
intermediate filament proteins 97
intrahepatic cholestasis 1482
microtubules 98
myosin 98

cytostatics, hepatotoxicity 2109
cytotoxicity, natural killer cells 320
cytotoxic T-lymphocyte antigen 4

(CTLA-4)
alcoholic liver disease 1143
immunogenetics of liver disease 369
primary biliary cirrhosis 358
regulator T cells 323

cytotoxic T lymphocytes (CTLs)
acute graft-vs.-host disease

pathogenesis 1672
acute hepatitis B 868
drug-induced acute hepatitis

1224–1225, 1225f
target cell destruction 1225, 1225f

D
dacarbazine, hepatotoxicity 1256
dacluzimab 2006
Dai saiko-to, hepatotoxicity 1282t
danazol, hepatotoxicity 1259, 1649
Dandy–Walker cyst 2153–2154
Dane particles, hepatitis B virus 823
dantrolene, hepatitis induction 1233, 1252
dapsone, hepatotoxicity 1233, 1648
dapsone hypersensitivity syndrome 1648
Darier’s sign 1644
databases

‘comments field’ 406
mining 379
see also bioinformatics

data hubs, proteomics 2092
DCT1 see divalent metal transporter 1

(DMT1)
DDX5 (p68), HCV fibrosis progression

359
‘dead worm’ pneumonitis 1042
deamino-8-d-arginine vasopressin

(desmopressin acetate, DDAVP)
261, 1791

death-inducing signalling complex
(DISC) 336, 338

glutathione levels 203
death receptors 312–313, 337–338

targeting, liver disease 343
debranching enzyme deficiency see

glycogen storage disease (GSD),
type 3

deceleration injuries 1953
decision analysis, economics 2083
decision trees 2083
decorin 270
dedifferentiation see sinusoidal

capillarization

deep vein thrombosis, cirrhosis and 1792
deferroxamine 1327
defibrotide 1256
dehydroemetine 1045
dehydroepiandrosterone

physiology 1754
transport in blood 1755

deleted in liver cancer 1 (DLC1)
gene/protein 395

delirium, Reye syndrome 1825
delta-bilirubin 168, 170
demeclocycline 699
dendritic cells 321

cell surface markers 321
functions 323t
maturation 321
myeloid vs. lymphoid 321

Dengue fever 994–995
aetiological agent 994
clinical manifestations 995
diagnosis 995
epidemiology 994
laboratory findings 995
mortality 995
pathogenesis 994–995
pathology 994–995
prevention 995
treatment 995

dental extractions
antifibrinolytic therapy 1790, 1790f
bleeding risk 1788t

Denver shunt 695
deoxycholic acid, cholangiocyte

proliferation 54
deoxyguanosine kinase gene (DGUOK)

gene mutation 1379
depression, Wilson’s disease 1316
de Ritis ratio (AST/ALT), ischaemic

hepatitis 1949
dermatan sulphate proteoglycan

269–270
dermatomyositis 1697–1698
desflurane 1941, 1942
desmin, hepatic stellate cells 46
desmopressin, 1-deamino-8-D-arginine

vasopressin (DDAVP) 261, 1791
desmosomes, hepatocytes 22, 97
detoxification, liver support 2043
Deugnier score 494
developing countries, alcohol

consumption 1129–1130
dexamethasone

clearance, cirrhosis 1753
intrahepatic cholestasis of pregnancy

1880
dextropropoxyphene, acute hepatitis

induction 1239
dextrose infusions 1839
diabète bronzé see haemochromatosis
diabetes mellitus (DM) 1680–1683,

1732–1737
alcoholic cirrhosis 1733
cholelithiasis 1683
chronic hepatitis C antiviral therapy 950
cirrhosis 1682

hepatic glucose production 1734
prevalence 1733–1734

drug-induced hepatic injury 1683
glucose metabolism 131–132, 131f
haemochromatosis 1760–1761
hepatic fibrosis 1901
hepatocellular carcinoma 1439
hepatosteatosis and 1936

immunosuppressant-induced 2021
liver disease and

anaesthetic implications 1940
management 1736–1737
prevalence 1732–1734

liver function 1681
liver transplantation 1990
non-alcoholic fatty liver disease 132,

1195, 1197, 1681–1682
post-liver transplantation 2021
pyogenic abscesses 1874
type 1 1680

endogenous glucose production 131
gluconeogenesis 131
glycogenolysis 131
insulin-like growth factor-I levels

1744
type 2 1680

chronic hepatitis C 887
endogenous glucose production 131
gluconeogenesis 131
glucose metabolism 131, 131f
hepatocellular carcinoma

1682–1683
insulin resistance 131
non-alcoholic steatohepatitis 1195,

1197
viral hepatitis 1682

diabetic nephropathy, liver disease and
1736

diabetic neuropathy, liver disease and
1736

diabetic retinopathy, liver disease and
1736

diacerein 1914
diagnostic models 2055t, 2060–2063

accuracy 2061
aspartate aminotransferase/platelet

ratio 2062–2063, 2062f
definition 2055
example 2061–2062, 2061t
Fibrotest 2062, 2063, 2063f
linear regression analysis 2061
logistic regression analysis 2061

odds ratios 2061, 2062
negative predictive value 2062
positive predictive value 2062
prognostic models vs. 2061

diagnostic peritoneal lavage (DPL), liver
trauma 1955

dialysis-associated amyloidosis 1704
4,4-diamino-diphenylmethane,

hepatotoxicity 2112
Dianette, hepatotoxicity 1649
diaphragm, lymphatics 688

ascites reabsorption 688
diaphragmatic peritoneum, ascites

reabsorption 688
diarrhoea 444

amoebic liver abscess 1025
carcinoid syndrome 1474
cryptosporidiosis 1025
hepatocellular carcinoma 1442
strongyloidiasis 1064

diastolic dysfunction 1722
diazepam

alcohol withdrawal syndrome 1180
clearance, liver disease 247

diazepam-binding inhibitor, hepatic
encephalopathy 737

diazo reaction 168, 1352–1353
1,2-dibromoethane, hepatotoxicity

2109
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2,3-dichloro-4-oxo-2-butenoic acid,
hepatotoxicity 2113

dichlorodiphenyltrichloroethane (DDT),
hepatotoxicity 2109

1,2-dichloroethane, hepatotoxicity 2109
dichlorohydrin, hepatotoxicity 2109
dichloropropanol, hepatotoxicity 2109
1,3-dichloropropene, hepatotoxicity

2109
9,13-di-cis-retinoic acid (dcRA) 216
diclofenac, hepatitis induction 1233, 1252
dicrocoeliasis 1046–1047

diagnosis 1046
symptoms 1046
treatment 1047

Dicrocoelium dendriticum 1046–1047
didanosine

hepatotoxicity 1248, 1299
ribavirin interactions 981

2 ′,3′-didehydro-3′-deoxythymidine see
stavudine

2 ′,3′-dideoxyinosine see didanosine
dideoxynucleosides see nucleoside reverse

transcriptase inhibitors (NRTIs)
2 ′,3′-dieoxycytidine (zalcitabine),

hepatotoxicity 1248
diet, alcoholic liver disease development

1132, 1142
dietary management

alcoholics 1183
diabetes mellitus 1736–1737
glycogen storage disease type 1 1373
glycogen storage disease type 3 1373
liver disease 1901
see also nutrition, management

Dietary Supplement and Health
Education Act (DSHEA), herbal
medicine regulation 1281

diethylaminoethoxyhexestrol,
steatohepatitis induction 1246

4,4 ′-diethylaminoethoxyhexestrol,
phospholipidosis induction
1244–1245

4-4′-diethylaminoethoxyhexestrol, lipid
storage disease induction 1248

diethylene glycol, hepatotoxicity 2109
diethylnitrosamine, tumorigenicity

1258
diethylstilbestrol

hepatotoxicity 1658
prostatic cancer 1658
tumorigenicity 1258

di Ferrante syndrome
(mucopolysaccharidosis type 7)
2148–2149

differential gel electrophoresis (DiGE),
proteomic analyses 405, 414

diffuse scleroderma 1697
diffusion effects, carrier proteins 109f,

110, 252
digital image analysis,

cholangiocarcinoma 1591
digit symbol test 745
dihydralazine hepatitis 1222–1223,

1226, 1233
5α-dihydrotestosterone (5DHT) 1687

cirrhosis 1757t
physiology 1754
transport in blood 1755

24,25-dihydroxycholanoic cleavage
enzyme deficiency 1849

1,25-dihydroxyvitamin D3 215f
dilutional anaemia, cirrhosis 1767

dimercaptopropanol, Wilson’s disease
1318

dimethylacetamide, hepatotoxicity 2109
dimethyl formamide, hepatotoxicity

2109–2110
1,2-dimethylhydrazine, hepatotoxicity

2110
m-dinitrobenzene, hepatotoxicity 2110
dinitro-o-cresol, hepatotoxicity 2110
dinitrotoluene, hepatotoxicity 2110
dioxane, hepatotoxicity 2110
dipeptidyl carboxypeptidase 677
dipeptidyl peptidase IV (DPPIV), protein

trafficking 96
diphenhydramine 1476
diphenyl, hepatotoxicity 2110
direct bilirubin see conjugated bilirubin
direct fluorescent assays, adenoviruses

968
direct van den Bergh reaction 167
discoid eczema, alcohol misuse 1810
discoidin domain receptors 270
discount rate, economics 2082–2083
discrimination, prognostic model

accuracy 2057–2058
disseminated haemangiomatosis 2130
disseminated histoplasmosis 1015, 1015t
disseminated intravascular coagulation

(DIC) 259
aetiology 259
diagnosis 259
Ebola virus infections 992
hypofibrinogenaemia 260
liver failure vs. 1782
Marburg virus infections 992
obstructive jaundice 1506

disseminated nocardiosis 1017
Disse space see space of Disse
distal splenorenal shunt (DSS),

schistosomiasis 1044
distribution sinusoidal perfusion model

474
disulfiram

alcohol abstinence 1181
contraindications 1181
hepatotoxicity 1181, 1233
recommended dose 1181
side-effects 1181
supervised administration 1181

disulfiram hepatitis 1233
diuretic-intractable ascites 692
diuretic-resistant ascites 692

type 2 hepatorenal syndrome 692
diuretics

cirrhotic ascites 690–691
‘combined’ treatment 691
effectiveness assessment 691
hyponatraemia 699
‘step care’ treatment 691
treatment complications 691–692

hepatic encephalopathy 692
hepatorenal syndrome, type 2 716
non-hepatic toxicity, increases in 1916
see also individual drugs

divalent metal transporter 1 (DMT1)
221

hepatic localization 221, 222f
isoforms 221
regulation 224

DLC1 (deleted in liver cancer 1)
gene/protein 395

DNA detection, hepatitis B 838, 839t
DNA laddering, apoptosis 336

DNA microarrays/microchips see gene
arrays

DNA polymerase γ 152
DNA recombinant vaccines, hepatitis B

908
DNA synthesis, hepatocyte replacement

281
DNA vaccines, hepatitis B 909
donors

age-related issues 1865, 1874
blood typing 1977
outcomes, post-transplantation 1979,

1992
selection, split liver transplantation

1971
see also living donor liver

transplantation (LDLT)
dopamine

hepatic blood flow 77
thyroid stimulating hormone

suppression 1750
dopaminergic neurotransmission,

hepatic encephalopathy 737
Doppler frequency 501
Doppler spectral analysis 501
Doppler ultrasonography 500–501,

612–613
alcoholic liver disease 1168
Budd–Chiari syndrome 1408, 1409
cerebral blood flow measurement 744
haemangioma 505
hepatocellular adenoma 1432
hereditary haemorrhagic telangiectasia

1420
liver graft function 1998
nodular regenerative hyperplasia 1434
patent ductus venosus 1419
portal blood flow measurement 570
portal hypertension 503
schistosomiasis 1043

dormia basket, fascioliasis 1045–1046
doughnut granuloma (fibrin-ring

granuloma) 428, 1709, 1710f,
1713

doxorubicin
Budd–Chiari syndrome induction

1257
gallbladder carcinoma 1580
transarterial chemoembolization 1449

doxycycline
leptospirosis 1008
malaria 1033
Q fever 1004

drinking behaviour
alcoholic liver disease 1159
post-transplantation 1184

driving capacities, liver disease and 1902
minimal encephalopathy 743

dropouts, meta-analysis 2077
drug(s)

effectiveness 253
elimination 1912
metabolism see drug metabolism 
prescription in liver disease

1912–1921
practical recommendations

1917–1919, 1918t
protein binding 1912
urea synthesis 183
see also individual drugs

drug abuse
alcoholics 1182–1183
hepatitis B vaccine 912

hepatitis C
management 890
transmission 883
treatment compliance 918, 919f

hepatitis C-HIV coinfection, treatment
problems 981

hepatitis D 877
liver transplantation 1985

drug clearance
age-related changes 1870–1871
anaesthetic drugs, liver disease and

1940
rate determining factors 245

drug–drug interactions 245, 246t
cirrhosis 1916
induction 245
inhibition 245

drug-induced acute hepatitis 1214t,
1216–1241

anti-cytochrome P-450 autoantibodies
1222–1223

cardiac drugs 1613t
causes 1230–1241
cellular immune response 1223–1224
clinical features 1222
cytotoxic T lymphocytes 1224–1225,

1225f
differential diagnosis 1227–1228
histology 1216
humoral immune response

1223–1224
immune system 1222
lesions 1216
mechanisms 1217–1222

cellular lesions 1220
electrophilic metabolites 1220, 1221f
genetic factors 1221–1222
metabolic activation 1217–1218
mitochondrial energy production

impairment 1217
molecular lesions 1220
reactive metabolites 1217–1218,

1217t
therapeutic effect related toxicity

1217
mixed immune reactions 1223
outcomes 1229–1230
terminology 1216
viral hepatitis vs. 1227
see also individual drugs

drug-induced conditions
feminization 1759
hyperthyroidism 1750
hypogonadism 1759
hypothyroidism 1750
mitochondriopathies 1379–1380

drug-induced liver injury 1211–1268,
1901–1902

AIDS-related cholangitis 1546
alkaline phosphatase inhibition 463,

463t
antiphospholipid antibody syndrome

1695
AST/ALT ratio 452
cholestasis see cholestasis, 

drug-induced 
classification 1214t
diagnosis 1214–1216

pitfalls 1215
diversity 1213, 1214t
drug withdrawal 1215–1216
duration 1213, 1215t
elderly 1872
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gamma-glutamyl transpeptidase 464
gene array data 411
granulomas 1229, 1710
hepatitis

acute see drug-induced acute
hepatitis 

acute liver failure 1298–1299
chronic 1214t, 1251–1253, 1252t
comorbid conditions 1213
electrophilic metabolites 1220,

1221f
extrahepatic tuberculosis 1005
genetic factors 1225–1226
histological features 429
inflammatory bowel disease 1628

lithiasis 1491
liver failure

childhood acute 1858
Kupffer cells 40–41

mechanisms 1215t
outcome 1216
postoperative 1945–1946

diagnosis 1949–1950
drugs causing 1949
presentation 1946

in pregnancy 1888
rechallenge 1216
renal impairment in cirrhosis

702–703
susceptibility factors 1212–1213
vanishing bile duct syndrome 1114t,

1115, 1115f
viral infections and 1213
see also individual drugs

drug metabolism 240–248, 241f
drug activation 245–247
drug–drug interactions 245, 246t
drug toxicity 245–247
enzymes 240–241
extensive metabolizers (EMs) 245
hepatic functional specialization 240
inflammatory states 247
interindividual differences 243–245,

244t
genetic polymorphisms 243–244,

244t
intermediary metabolizers (IMs) 245
liver disease 247

anaesthetic drugs 1940
liver slice models 122
pharmacogenetics 244–245, 244t
phase I 240–241
phase II 240–241

enzymes 242t, 245
poor metabolizers (PMs) 245
portal hypertension 247
regulation 244
smooth endoplasmic reticulum 24
ultrarapid metabolizers (UMs) 245

drug transporters 112–113, 112f, 241f,
242–243, 244t

dual-energy X-ray absorptiometry
(DEXA)

non-alcoholic fatty liver disease 1200
nutritional status assessment 1905
osteoporosis 1829

Dubin–Johnson syndrome 1356, 1385
diagnosis 1488
genetics 1356
histology 1356
pigment 428–429
pregnancy 1886

ductal bile formation see bile, formation

ductal plate 69, 426
malformations 69, 426

biliary hamartomas 797
congenital hepatic fibrosis 781
fibropolycystic liver disease 1856

ductopenia
Allagille syndrome 1387
bile duct disease 1485
cholangiocyte apoptosis 54, 285
definition 426
vanishing bile duct syndrome 1115

ductopenic rejection treatment 2004
ductular bilirubinostasis 425
ductular cells see oval cell(s)
ductular piecemeal necrosis 425
ductular proliferation

congenital hepatic fibrosis 781
elongation type 426
marginal 426
sprouting type (atypical) 426

ductular reaction (cholangiolitis) 59–60
definition 426, 1228
drug-induced 1228–1229, 1229t
vanishing bile duct syndrome 1112

ductus venosus 3–4, 623, 1419
duodenal juxtapapillary diverticula 1875
duodenal ulcers 1800
duodenum, effects of liver disease

1799–1800
Dupuytren’s contracture 446

alcoholics 1165, 1186
dysencephalia splanchnocystica

(Meckel–Gruber syndrome)
2146

dysfibrinogenaemia, cirrhosis 1782
dysgeusia 443
dyskinesia, sphincter of Oddi dysfunction

1567
dysosmia 443
dysphagia, Wilson’s disease 1316
dysplastic liver cells 430
dyspnoea 445

ascites 724–725
dystonia, Wilson’s disease 1316

E
E1 core protein, hepatitis C virus 850
E2 core protein, hepatitis C virus 850
early acute liver insufficiency 1291
early change in bilirubin level (ECBL),

alcoholic hepatitis 1164
early virological response (EVR),

hepatitis C antiviral therapy 943
Ebola virus infections 991–992

aetiological agent 991–992
clinical manifestations 992
diagnosis 992
epidemiology 991–992
laboratory findings 992
pathogenesis 992
pathology 992
treatment/prevention 992

echinococcosis 1047–1058
alveolar see alveolar echinococcosis

(AE) 
cystic see cystic echinococcosis (CE) 
treatments 1055, 1547t

future prospects 1055–1056
ultrasonography 504

Echinococcus granulosus
life cycle 1047
prevention/control 1048

Echinococcus multilocularis 1051
echinocytes (burr cells) 1768
echocardiography

amyloidosis 1706
hepatopulmonary syndrome 720

echovirus infections, hepatitis 967
eclampsia 1883–1884
economics 2080–2087

analytical methods 2080–2081
annual budgets 2083
cost-effectiveness 2080

practice of 2085–2086, 2086f
study evaluation 2085

cost–effectiveness ratio 2084–2085,
2084t
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cost–utility analysis 2085
incremental (marginal) 2084
league tables 2085
‘willingness to pay’ notion 2085

cost minimization 2080
costs 2081

charges vs. 2081
estimation 2081
fixed 2081

decision analysis 2083
decision trees 2083
discount rate 2082–2083
effectiveness 2082
operating costs 2081
outcome maximization 2080
perspective 2081–2082
quality of life 2082
reference case 2084
resource allocation 2080
sensitivity analysis 2083–2084
time horizon 2082–2083

ecstasy
acute hepatitis induction 1233
acute liver failure 1298
alcoholics 1183

eczema, alcohol misuse 1810
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echinococcosis 1052
efavirenz, acute liver failure 1299
efferent hepatic nerves 114–115

asympathetic 114–115
bile acid synthesis 117
carbohydrate metabolism 115–116

gluconeogenesis 117–118
glucose levels 116
glycogenolysis 116

intrahepatic signal propagation 117
paracrine stimulation 117

lipid metabolism 117
parasympathetic 114–115
urate formation 117

efferent renal nerve, prostaglandin
production 682

efferent veins, histology 427
Ehrlichia chaffeensis 1006
ehrlichioses 1006
elastin 269
elastography, alcoholic liver disease

1168
elastosis perforans serpiginosa 1811
elderly

alcoholic liver disease 1873
alkaline phosphatase levels 462
autoimmune liver disease 1872–1873
biliary disease 1875
drug-induced hepatitis 1212–1213
gallstones 1874–1875

liver abscess 1874
liver disease 1870–1878
liver transplantation 1874
non-alcoholic fatty liver disease 1873
parenchymal liver disease 1871–1872
primary hepatocellular cancer 1874

electroencephalogram (EEG)
hepatic encephalopathy 609, 745
neurological status monitoring 1305

electrohydraulic lithotripsy,
choledocholithiasis 1531

electrolytes
anaesthetic implications 1939
postoperative liver transplantation

1999
preoperative liver transplant

assessment 1996–1997
transport by hepatocytes 111f
see also individual types

electromagnetic flow-meter
hepatic arterial blood flow

measurement 568–569
portal blood flow measurement

568–569
electron transfer, mitochondrial

oxidative phosphorylation 1377,
1378f

embolus, liver transplantation 1997
embryology

biliary tract 69, 304–305
liver 65–71
portal venous system 623

embryonal rhabdomyosarcoma 1461
embryonal sarcoma see undifferentiated

sarcoma
EMP50 53
emperipolesis 425
emphysema, alpha-1-antitrypsin

deficiency 1333
employment, post-liver transplantation

2030
emtricitabine (FTC)

chronic hepatitis B therapy 926
wild-type virus 929

hepatotoxicity 984
HIV–hepatitis B coinfection 975, 

975t
mitochondrial toxicity 1380

emulsification, microvesicular steatosis
1244

enalapril, hepatotoxicity 1233–1234
encainide 1914
encephalopathy see hepatic

encephalopathy (HE)
endocannabinoids, portal hypertension

635
endocarditis

portal hypertension 768
Q fever 1004

endocrine system
alcoholism 1186
cirrhosis 610–611
diseases and liver function 1680–1693
effects of liver disease 1732–1766
haemochromatosis 1760–1762
infantile cholestasis 1846t
liver tumours 1762–1763

endocytosis, basolateral membrane 27
endoderm 65

hepatic specification 65
end-of-therapy virological response

(ETR), hepatitis C antiviral
therapy 942
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endogenous glucose production (EGP)
cirrhosis 132
diabetes 131, 131f
hepatic regulation 131
postprandial state 129

endogenous thrombin production (ETP)
1783–1784, 1783t

cirrhosis 1784, 1785f
endoglin (ENG) gene mutation 1419
endometrial cysts (EC), liver 810–811

fluid 810
histology 810
imaging 810
malignant transformation 810
pathogenesis 810–811
presentation 810
treatment 810

endometrial fragments 811
endometriosis, hepatic 810–811
endonucleases, apoptosis 336
endophlebitis 427
endoplasmic reticulum 23–24, 23t

alpha-1-antitrypsin deficiency
mutant Z protein retention 1330,

1331f
quality control system 1330, 1332

polycystic liver disease 193
protein(s) synthesis 23
rough 23, 24f
secretory protein targeting 193
smooth 23–24, 24f
stress response

alcohol consumption 1138
alpha-1-antitrypsin deficiency 1332

translocation 193
vesicle formation 192f, 194

endoprosthesis, portal vein lesions 551,
552f

Endorem 523, 529
endoscopic band ligation (EBL), variceal

bleeding
acute 650, 650f
complications 644, 1799
first bleeding prevention 644–645,

645f
beta-blockers and 645
beta-blockers vs. 644, 645f

pretransplant patients 1924t
recurrent bleeding prevention 647

beta-adrenergic blockers vs. 647,
647f

endoscopic injection sclerotherapy (EIS),
variceal bleeding

acute 650, 650f
complications 1799
neurological manifestations 1824t
recurrent bleeding prevention 647

endoscopic pressure gauge, variceal
pressure measurement 663

endoscopic retrograde biliary drainage
(ERBD), obstructive jaundice
1935–1936

endoscopic retrograde cholangiography
(ERC)

AIDS-related cholangitis 1546
bacterial cholangitis 1543
cholecystolithiasis 1527, 1528f
choledocholithiasis 1527, 1528f, 1542
Mirizzi syndrome 1535, 1535f
obstructive jaundice, malignant causes

555
endoscopic retrograde

cholangiopancreatography
(ERCP) 540–548, 1045

bile duct injury, post-cholecystectomy
1960f

bile duct stones 540–542, 541f
biliary decompression, preoperative

545
biliary strictures 542
cholangitis 544
cholelithiasis 1900
chronic portal vein thrombosis 1398,

1398f
computerized tomographic

cholangiography vs. 541–542
cryptosporidiosis 1025
diagnostic uses 540–542
donor evaluation, living donor liver

transplantation 1977
endoscopic ultrasonography vs.

541–542
extrahepatic biliary obstruction 1508,

1509
gallbladder dysfunction 1564
haemostasis risk 1788t
hilar (upper duct) cholangiocarcinoma

1591
intrahepatic cholangiocarcinoma 1595
lower duct cholangiocarcinoma

1594–1595
magnetic resonance

cholangiopancreatography vs.
541–542

post-cholecystectomy stones 544
post-living donor liver transplantation

1982
preoperative 544
primary sclerosing cholangitis 1105,

1105f, 1489
progressive sclerosing cholangitis 1951
sphincter of Oddi dysfunction

biliary type 1568
pancreatic-type 1570

therapeutic uses 543–546
malignant biliary obstruction 545

endoscopic sclerotherapy
congenital hepatic fibrosis 782
spontaneous bacterial peritonitis

induction 763
endoscopic sphincterotomy (EST)

AIDS-related cholangitis 1546
bacterial cholangitis 1543
bile duct stones 543, 543f

endoscopic ultrasonography (EUS)
bile duct stones 541, 542
choledocholithiasis diagnosis 1542
extrahepatic biliary obstruction 1509
gallbladder dysfunction 1563
hilar (upper duct) cholangiocarcinoma

1593
lower duct cholangiocarcinoma

1594–1595
endoscopy

chronic portal vein thrombosis 1398
cirrhosis 614
haemobilia 1555
haemostasis risk 1788t
oesophageal varices 643

endothelialitis 427
endothelial massage 15
endothelial nitric oxide synthase (eNOS)

cirrhosis 82, 631, 1725
liver sinusoidal endothelial cells 31
portal hypertension 635–636, 636f

endothelin(s) (ETs)
cirrhosis 82, 1728
fibrosis 82

obstructive jaundice-associated acute
renal failure 1816

portal hypertension 633
receptors 82
sinusoidal perfusion regulation 81–82

endothelin-1
cholangiocytes, effects on 53
endotoxaemia 82
hepatic ischaemia/reperfusion 82
hepatic stellate cells contractility 593
portal hypertension 771
renal hypoperfusion 1725
vasoconstriction 82

endothelin-converting enzyme (ECE)
593

endothelin receptors 82
portal hypertension 633

endothelium
chronic liver damage regeneration 285
portal hypertension 633, 634f

endotoxaemia
alcoholic hepatitis 1161
alcoholic liver disease 1139–1140
obstructive jaundice 1504, 1511

acute renal failure and 1815
urea synthesis regulation 183

endotoxin
alcoholic liver disease pathogenesis

1139 –1140
intrahepatic cholestasis 1482
sinusoidal endothelial cells 1140

endotoxin receptor, alcoholic liver
disease 1143

endotracheal intubation, acute variceal
bleeding 649

end-stage liver disease (ESLD)
chronic hepatitis C 888–889
HIV–hepatitis C coinfection 982
hypogonadism 1756–1757
outcomes research 2069
total parenteral nutrition-related liver

disease 1634
end-stage renal disease (ESRD)

hepatic cancer risk 1654
hepatitis B vaccination 1654
post-liver transplantation

immunosuppression 2021–2022
energy metabolism

disordered, impact of 1838
effects of liver disease 1836–1842

enflurane, hepatotoxicity 1234
enoral jaundice 446
Entamoeba histolytica 1021f

epidemiology 1020
geographical distribution 2100–2104t
life cycle 1022
motility 1023
surface adhesion molecules 1023

entecavir, hepatitis B
chronic 926

lamivudine resistance 932
resistance 929, 932f, 933
wild-type virus (HBeAg-positive)

929
HIV coinfection 975–976
HIV–hepatitis B coinfection 975t, 977
pretransplant patients 1927

enteral nutrition
alcoholic cirrhosis 1167
alcoholic hepatitis 1164, 1908
chronic liver disease 1908–1909, 

1909t
cirrhosis 616
liver transplantation 1909–1910

multifactorial cholestasis, premature
infants 1850

enteric fever 1003
Enterobacter, bacterial cholangitis 1541
enterochromaffin cells, carcinoid

tumours 1470–1471
Enterococcus, bacterial cholangitis 1541
enteroglucagon 1738
enterovirus infections

diagnosis 967
hepatitis 967
polymerase chain reaction 967
treatment 967

environmental factors
genetic interactions 361, 371, 372
primary biliary cirrhosis 1072

environmental toxins 1269
enzyme-determined clearance 470–472
enzyme immunosorbent assay (EIA),

plasma fibrinogen 456
enzyme-linked immunosorbent assay

(ELISA)
amoebic liver abscess 1026
echinococcosis 1054
hepatitis C 855
visceral larva migrans 1063

enzyme replacement therapy (ERT)
Anderson Fabry disease 1805
Gaucher’s disease 1363–1364

optimum dosing regimen
1363–1364

hypersensitivity reaction induction
1364

eosinophilia, primary biliary cirrhosis
1770

eosinophilic cholangitis 1596
eosinophilic fasciitis 1697
eosinophilic granuloma (Langerhans cell

histiocytosis) 1618–1619, 1645
EPIC3 study 951
epidermal growth factor (EGF), liver

regeneration 316
epidermal growth factor receptor

(EGFR), cholangiocarcinoma
1587

epidermoid cysts, liver 811
epidural anaesthesia/analgesia

hepatic resection and 1941
liver transplantation and 1942

epigastric vein dilatation 447
epigenetic events, carcinogenesis 391
epilepsy

acute porphyric crisis 1344
antiviral side-effects 947

epinephrine
glucose metabolism 1681
hepatic blood flow regulation 77
renal hypoperfusion 1725

epirubicin, gallbladder carcinoma 1580
episodic (precipitant-induced)

encephalopathy 728t, 729
cirrhosis

clinical features 741–742
diagnosis 741–742, 742t
differential diagnosis 742
mental status exploration 740t, 741
physical signs 741
treatment 749

epistasis, liver disease and 372
epithelioid granulomas 428

Hodgkin’s disease 1662
non-Hodgkin’s lymphoma 1663

epithelioid haemangioendothelioma
(EHE) 1458–1460
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drug-induced 1259t, 1261
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1597
liver transplantation 1988
natural history 1459
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occurrence 1458–1459
pathogenesis 1460
pathology 1459, 1459f
physical examination 1459
treatment 1460

epithelium
biliary tree 1111, 1112
cholangiocarcinoma 1585
sinusoidal, antigen presentation 321

epoprostenol, pretransplant patients
1925

ε-aminocaproic acid (EACA) 261,
1790–1791

Epstein-Barr virus (EBV)-encoded RNA
in situ hybridization 965

Epstein–Barr virus (EBV) infection
964–966

acute liver failure 1298
diagnosis 965
epidemiology 965
hepatitis 965–966

serology 965–966
immunocompromised 965
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lytic infection 964
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pathogenesis 965
post-transplantation
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lymphoproliferative disease 965

serology 964–965
signs/symptoms 965
treatment 966
vanishing bile duct syndrome 1115
virology 964–965
X-linked lymphoproliferative disease

965
Epstein-Barr virus (EBV) nuclear
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erbB2 gene 1587
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1914, 1915t
Erlenmeyer flask deformation 1361
erythema chronicum migrans 1007, 1808
erythrocyte abnormalities, chronic liver

disease 1767–1768
causes 1768t
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shape-related 1768

erythrocytosis, liver tumours 1762–1763
erythromycin estolate, hepatotoxicity

1234
erythromycin ethylsuccinate,

hepatotoxicity 1234
erythromycin propionate, hepatotoxicity

1234
erythromycins, hepatotoxicity 1234
erythropoiesis

black pigment gallstones 1523
fetal liver 1767
post-liver transplantation 1772

erythropoietic protoporphyria 213,
1344t, 1348, 2130

carriers 1348
diagnosis 1348

hepatic effects 1348
histology 429
intrahepatic cholestasis 1491
photodermatosis 1347, 1348
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therapy 1348

erythropoietin (EPO)
anaemic cirrhotic patients 1767
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fetal liver 1767
gene expression, across liver cell plate

90–91
hypersplenism treatment 775–776
post-liver transplantation 1772

Escherichia coli
bacterial cholangitis 1541
cholangiocarcinoma 1584

essential mixed cryoglobulinaemia 1667
hepatitis B virus 1806
hepatitis C virus 1806, 1818

estradiol
cirrhosis 1757–1758, 1757t, 1760
physiology

female 1754
male 1754

transport in blood 1755
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feminization 1758–1759
women 1759–1760

estrogen(s) 1688–1689
bile secretion 1241
cholangiocyte proliferation 54, 284
gallbladder dysfunction 1562
hepatocellular cholestasis induction

1241–1242
intrahepatic cholestasis of pregnancy

1385
liver cysts, ADPKD 790
physiology 1687
secretion 1687
tumorigenicity 1258

estrogen receptors, cholangiocytes 54
estrone

cirrhosis 1757t
feminization 1758–1759
women 1760

physiology
female 1754
male 1754

etanercept, hepatotoxicity 1647
1,2-ethanediamine, hepatotoxicity 2109
ethanol see alcohol
ethinylestradiol

intrahepatic cholestasis of pregnancy
1880

tumorigenicity 1258
ethnicity

alcoholic cirrhosis 1133
alcoholic liver disease 1142–1143, 1159
extrahepatic biliary obstruction 1507
hepatocellular carcinoma 1437
liver disease genetics and 360

7-ethoxycoumarin-O-demethylase 93
7-ethoxyresofurin-O-deethylase 93
ethylene chlorohydrin, hepatotoxicity

2110
ethylene glycol, hepatotoxicity 2110
etiocholanolone 1687
etretinate, hepatoxicity 1234
eukaryotic initiation factors (eIF)

191–192
Euphytose, hepatotoxicity 1286
Eurocollins solution 352
Europe

alcohol consumption 1129, 1129t
hepatitis B 867, 2104t
hepatitis D 877
infectious liver diseases, frequency of

2104t
European Commission, herbal medicine

regulation 1281
European Organization of Research and

Treatment of Cancer QOQ-C
2029

EuroQOL, quality of life 2082
Eurytrema pancreaticum 1046–1047
eurytremiasis 1046–1047

diagnosis 1046
symptoms 1046
treatment 1047

evidence hierarchy, clinical trials 572–574
evolutionary conservation

mouse models of human liver disease
381

oncogenes 392
exchange transfer

neonatal haemochromatosis 1857
physiological jaundice 1355

Excorp Medical Inc Bioartificial Liver
Support System 2046f

excretion 290–311
bile, physiological functions 291

executioner caspases 336
exercise see physical activity/exercise
exocyst 194
exponential RNA amplification, gene

array analysis 403
expressed sequence tags (ESTs), gene

array probes 403
expression comparisons

QTL analysis in inbred mice 377t, 379
see also functional genomics

extended cholecystectomy with regional
lymphadenectomy, gallbladder
carcinoma 1578

external beam radiation therapy (EBRT),
gallbladder carcinoma 1580

extracellular matrix (ECM)
fibrosis 584–585, 590, 2090
homeostasis 48, 270–271, 590
immunohistochemistry 47, 47t
sources 590

extracellular matrix (ECM) proteins
264–273

degradation 270–271
fibrosis resolution 270
gelatinases 270
matrix metalloproteinases 270
tissue inhibitors of

metalloproteinases 270–271
fibrosis 584–585, 2090
fibrotic liver 264, 265f
homeostasis 270–271
non-collagenous proteins 268–270
normal liver 264, 265f
receptors 270
structure 264, 266–270
see also specific proteins

extracellular-regulated kinase-1 (ERK-1)
104

extracellular-regulated kinase-2 (ERK-2)
104

extracellular-regulated kinase-5 (ERK-5)
104

extracorporeal liver assist device (ELAD)
acute liver failure 1305–1306
hepatoblastoma-based 2047
sepsis-induced cholestasis 1950

extracorporeal pig liver perfusion 2044
limitations 2044

extracorporeal shockwave lithotripsy
(ESWL)

cholecystolithiasis 1531
choledocholithiasis 1531–1533, 1532f

extrahepatic biliary obstruction
1501–1517

apoptosis 1501
clinical features 1506–1507
copper accumulation 1502
examination 1507
hepatectomy in 1935–1936
hepatocellular damage 1501–1502
imaging 1507–1509, 1508f

invasive 1509
non-invasive 1507–1509

inflammatory bowel disease 1507
management 1510f
mitochondrial changes 1501, 1502
necrosis 1501
pathophysiology 1501
previous malignancies 1507
reactive oxygen species 1501
systemic effects 1502–1503
see also obstructive jaundice

extrahepatic cholangiocarcinoma,
magnetic resonance imaging 526

extrahepatic congenital portosystemic
shunt (Abernethy shunt)
1418–1419

extramedullary haematopoiesis
histological features 427
myeloid metaplasia 1665

extramedullary plasmocytoma, hepatic
1664

extremities, examination of 446
extrinsic coagulation pathway 1780, 

1781f
extrinsic death pathway 337–339, 337f,

338f
eyes, liver disease signs 445–446
ezrin-EBP50 complex 53

F
facial neuritis, viral hepatitis 1826
factor II see prothrombin
factor V

acute liver disease 257
acute liver failure 1302
clot formation 256, 1780
synthesis 257

factor V Leiden mutation, Budd–Chiari
syndrome 1404

factor VII
acute liver disease 257
clot formation 256, 1780, 1782f
deficiency, hepatocyte transplantation

2038
synthesis 257

factor VIII
acute liver disease 257
clot formation 256, 1780

factor IX
haemostasis 256
synthesis 257

factor X
acute liver disease 257
clot formation 256, 1780
synthesis 257

factor XI
clot formation 1780
deficiency, Gaucher’s disease 1361
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factor XIII 257
factor assays 1781, 1783t
faecal–oral transmission

hepatitis A 858
hepatitis E 896

faeces
porphyrin precursor excretion 212t,

213
porphyrins excretion 212t, 213

falciform ligament 3
false neurotransmitter hypothesis,

hepatic encephalopathy 731
famciclovir

hepatitis B 936
hepatitis D–hepatitis B virus

coinfection 935
familial amyloidosis 1702
familial amyloidotic polyneuropathy

(FAP) 1704, 1705
familial analphalipoproteinaemia

(Tangier disease) 139, 1366
familial clustering, primary biliary

cirrhosis 1073–1074
familial combined hyperlipidaemia 1367
familial hyperbilirubinaemia 1886
familial hypercholanaemia (FHCA) 176,

1386
familial hypercholesterolaemia (FH) 1367
familial hypobetalipoproteinaemia

(FHBL) 1366, 1525
familial lipoprotein lipase deficiency

1366–1367
family-based genetic studies 360

gallstone disease 1524
Fanconi–Bickel syndrome (glycogenosis

with renal Fanconi syndrome)
1375

Fanconi syndrome 1688, 2130–2131
farnesoid X receptor (FXR)

agonists, intrahepatic cholestasis
treatment 2920–2921

bile acid homeostasis 106, 178, 301t,
386–387, 388f

cholestasis 387, 1482–1483
drug-metabolizing pathway regulation

244
stellate cell activation 593

Fas-associated death domain (FADD)
314, 338

Fasciola gigantica 1045–1046
Fasciola hepatica 1045–1046

cholangitis 1546, 1547t
treatment 1547

life cycle 1045
transmission 1045

fascioliasis 1045–1046
chronic biliary phase 1045
clinical manifestations 1045
diagnosis 1045
pathogenesis 1045
treatment 1045–1046

Fas death receptor, extrahepatic biliary
obstruction 1501

FAS gene 369
fasting

apolipoprotein B-48 degradation 136
gallbladder fluid transport 306
glutathione 1221
hyperglycaemia 1734
mitochondria fatty acid β-oxidation

161
fat, dietary

fatty liver pathogenesis 1136
gallbladder motility 307

fatigue 443
cholestasis 1486
extrahepatic biliary obstruction 1502
Gaucher’s disease 1360
hepatitis C 443
hepatopulmonary syndrome 720
intrahepatic cholestasis 1496
non-alcoholic fatty liver disease

1198–1199
non-alcoholic steatohepatitis

1198–1199
primary biliary cirrhosis 443,

1074–1075, 1081
Fatigue Severity Scale, quality of life 2066
fat malabsorption

abetalipoproteinaemia 1366
chronic liver disease 1801
familial hypercholanaemia 1386
obstructive jaundice 1505

fat-soluble vitamins
cholestasis 1486–1487
deficiency 1801–1802

cystic fibrosis 1340
infantile cholestasis 1846
supplementation, cholestatic disease

1908
fat storage see steatosis
fat-storing cells see hepatic stellate cell

(HSC)
fatty acid binding protein (FABP) 91
fatty liver see steatosis
fatty liver disease (FLD)

alcoholic see alcoholic liver disease
(ALD) 

children 1855–1856
liver biopsy 491–492, 492f
manganese deficiency 237
non-alcoholic see non-alcoholic fatty

liver disease (NAFLD) 
pregnancy see acute fatty liver of

pregnancy (AFLP) 
fatty liver hepatitis see alcoholic hepatitis
fatty metamorphosis see steatosis
FcARI 328
Fc-γ receptors 37
Fc receptor 328
feathery degeneration, intrahepatic

cholestasis 1484
felbamate, acute hepatitis induction 1234
Felty syndrome 1696
feminization

cirrhosis 610, 1741, 1756, 1758–1759
clinical signs 1758
drug-induced 1759

fenestration (surgical)
hepatic cysts, ADPKD 793–794
simple cyst of the liver 787–788

fenfluramine, hepatotoxicity 1283
fenofibrate, acute hepatitis induction

1232
fentanyl 1940
ferrochelatase 209

deficiency 209, 211–212
erythropoietic protoporphyria 1348
haem synthesis regulation 211–212

ferroportin
function 222, 222f, 1326–1327
hepatic expression 222
hepcidin interactions 1324
intestinal expression 222
mutations 1326
regulation 224

ferroportin disease (FD) 1326–1327
pathogenesis 1327

ferroxidase, iron homeostasis 222–223
fetal hepatocytes

bioartificial liver support 2044
hepatocyte transplantation 2035

fetal liver
cholangiocyte apoptosis 54
as haematopoetic organ 1767

fetal rubella 2131–2132
fever 444, 445

Caroli syndrome 805
extrahepatic biliary obstruction 1506
post-peritoneovenous shunting 696
strongyloidiasis 1065
visceral leishmaniasis 1035

fever of unknown origin (FUO) 445
fialuridine (fluoroiodoarauracil, FIAU),

hepatotoxicity 1248, 1299
fibrates, acute hepatitis induction 1232
fibre, hepatic encephalopathy 746
fibrillar collagens 266–267, 267t
fibrillin-1 269
fibrin

clot formation 1780
pre-eclampsia 1884
sinusoidal deposition 427

fibrin degradation products (FDPs),
cirrhosis 1786

fibrinogen
acute liver disease 257
cirrhotic ascitic fluid 668
clot formation 1780
measurement 1781
plasma 456–457

abnormal values 456–457
clinical usefulness 457
detection assays 456
distribution 456
normal values 456–457

storage, histological features 428
synthesis 257

fibrinogen storage disease, familial 1334
fibrinolysis 256

alpha-2-antiplasmin 256
chronic liver disease 258

anaesthetic implications 1940, 
1943

coagulation tests 258
tissue plasminogen activator 258

markers 1783t
plasminogen inhibitor-1 256
plasminogen inhibitor-2 256

fibrin-ring granuloma (doughnut
granuloma) 428, 1709, 1710f,
1713

fibroblast growth factor (FGF)-1 65
fibroblast growth factor (FGF)-2 65
fibroblast growth factors (FGFs) 66
fibrolamellar carcinoma (FLC) 1441

liver transplantation 1988
magnetic resonance imaging 525, 525f

fibrometers, alcoholic liver disease 1168
fibromyxosarcoma see undifferentiated

sarcoma
fibronectin 37, 264, 268–269

fibrotic liver 264
functions 268
splice variants 268–269

fibro-obliterative cholangitis 426
fibropolycystic liver disease 1856

vanishing bile duct syndrome 1112,
1114t

fibrosarcoma 1461
fibrosing cholestatic hepatitis 429
fibrosis

alcoholic liver disease 1141, 1142t
imaging studies 1168
non-invasive markers 1167–1168
scores 1168
serum markers 1168

angiotensin-converting enzyme
antagonists 595

antiapoptotic therapy-induced 344
apoptosis 341
Budd–Chiari syndrome 1406
capillariasis 1066
cellular pathobiology 590–603
characteristics 375
collagen 264
collagen I 584–585
congenital see congenital hepatic

fibrosis 
congestive heart failure 1612, 1613
copper dependence 230
cytokine antagonists 596
cytokines 314t
definition 590
disease-specific mechanisms 594
endothelin, response to 82
extracellular matrix proteins 264,

265f, 584–585, 2090
fibronectin 264
fractal geometry 438
functional genomics

gene array data 411
proteomics and 413–414

genetic polymorphism and
chronic HVC infection risk 357t,

358–359, 360t, 361
progression rate 358–359, 381
QTL analysis in inbred mice 374f,

375, 375t
granulomas 1711
hepatic stellate cell activation 584,

590–594, 2089–2090
histological features 426–427
HIV–hepatitis C coinfection 979
lymphocytes 323
molecular pathobiology 590–603
monitoring, chronic hepatitis C

management 890
morphometry 438
perisinusoidal see perisinusoidal

fibrosis 
pharmacological intervention

594–597, 595t
see also antifibrotic therapy 

platelet-derived growth factor 2090,
2091f

phosphatidylinositol-3-kinase
2090

primary biliary cirrhosis 1077
progression to cirrhosis 583–589

angiogenesis 585
apoptosis 583
architectural collapse 583
clinical factors affection 585–586
contractility 585
inflammatory 584
iterative injury 583
mechanisms 583–585
non-inflammatory 585–587
perpetuation 586

regulatory network mapping
2089–2090

resolution 270
reversal 586
tenascin-C 269
Th1/Th2 balance 323
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transforming growth factor-β 2090,
2091f

ultrasonography 502–503
Wilson’s disease 1317, 1319

Fibrotest 2062, 2063, 2063f
fibrous obstructive cholangitis 1485,

1485f
fibrous piecemeal necrosis 424–425
FIC1 gene mutations 177, 1849
Fick’s principle 469
‘fievre boutonneuse’ (Mediterranean

spotted fever) 1006
‘fifth disease’ 968
filtration, limitations of 2044
fine-needle aspiration (FNA)

gallbladder carcinoma 1577
malignant biliary strictures 542

Finnish Twin Cohort, gallstone disease
1524

fipexide, acute hepatitis induction 1234
first-pass effect 240, 474–475, 1912,

1912t
fistula

arterioportal 1393–1394, 1400
arteriovenous 1400
biliary 1535, 1960

Fitz–Hugh–Curtis syndrome
Chlamydia trachomatis 1004
rubs 448–449

‘5-day failure,’ variceal bleeding 641
fixed costs 2081
flank distension 447
flapping tremor see asterixis (flapping

tremor)
flatulence 444
flavoprotein E 1023
FLIP (FADD-like interleukin-1β-

converting enzyme-like protease
[FLICE/caspase-8]-inhibitory
proteins) 340

florid bile duct lesions see granulomatous
cholangitis

flow adaptation, liver disease 1728–1729
flow-determined clearance, substances

472
floxuridine, hepatotoxicity 1254–1255
FLT-1 (vascular endothelial growth

factor receptor-1) 30, 30t, 32
flucloxacillin

hepatotoxicity 1234, 1648
vanishing bile duct syndrome

induction 1254
fluconazole

cryptococcosis 1014
hepatosplenic candidosis 1013

flucytosine
cryptococcosis 1014
hepatosplenic candidosis 1013

fluid management
acute liver failure 1304

children 1858
hepatorenal syndrome type 1 715
obstructive jaundice 1511

fluid thrill 449
fluid transport, gallbladder 306
flumazenil, hepatic encephalopathy 736,

748
minimal (subclinical) 750
precipitant-induced 749

fluorescence in situ hybridization (FISH),
hilar cholangiocarcinoma 1591

fluorescence labelling, gene arrays 403
fluorine 233t

deficiency 233t

2-[18F]fluoro-2-deoxy-D-glucose (FDG)
liver tumours 561–562
metabolism 472f, 561–562, 561f

2-[18F]fluoro-2-deoxy-D-glucose (FDG)-
6-phosphate 561–562

5-fluorodeoxyuridine, hepatic metastases
1468–1469

fluoroiodoarauracil (FIAU, fialuridine),
hepatotoxicity 1248

fluoropyrimidines, hepatic metastases
1468–1469

fluoroquinolones 1004
5-fluorouracil (5-FU)

carcinoid tumours 1477
gallbladder carcinoma 1580
hepatic metastases 1468–1469

flushing
alcohol misuse 1136, 1809
ALDH2*2 allele 1136
carcinoid syndrome 1473–1474, 1809
histamine 1474–1475

flutamide, hepatotoxicity 1234
fms-like tyrosine kinase (Flt)-1 30, 30t,

32
fms-like tyrosine kinase (Flt)-4 30
foam cells 425
foamy degeneration see microvesicular

steatosis
focal biliary cirrhosis, cystic fibrosis

1339, 1855
focal fat sparing 511
focal necrosis 425
focal nodular hyperplasia

glycogen storage diseases 1863
oral contraceptive-induced 1260,

1428, 1430
focal nodular hyperplasia (FNH)

1428–1430
angiography 537t
associated conditions 1429
central scar 515, 515f, 1429
children 1863
classical 1428–1429
clinical findings 1429, 1429t, 2132
computerized tomography 514–515,

1259–1260, 1429
definition 1428
diagnostic workup 1429
drug-induced 1259–1260, 1259t
epidemiology 1428
hereditary haemorrhagic telangiectasia

1422
magnetic resonance imaging 525,

525f, 1260, 1429–1430, 1430f
natural history 1429
pathogenesis 1428
pathology 1428–1429
pregnancy 1886
radiation-induced 1278
telangiectatic type 525, 1428
treatment 1430
ultrasonography 504t, 505, 1429

focused abdominal ultrasonography for
trauma (FAST) 1954

foetor hepaticus 611, 741
folate

absorption, chronic liver disease
1768–1769

metabolism 147
folic acid

deficiency 147
supplementation 1908

follicle-stimulating hormone (FSH)
1686–1687

alcoholics 1186
cirrhosis

males 1758
women 1760

functions 1687, 1754–1755
spermatogenesis regulation

1754–1755
structure 1686

Forbes’ disease see glycogen storage
disease (GSD), type 3

forced sieving 15
forceps biopsy, malignant biliary

strictures 542
foreign body granulomas 428, 1710
foreign material, Kupffer cells 429
forkhead-box-factors 65, 106

hepatocyte maturation 68
Forlan procedure 1611
Forrest plot 2076, 2076f
forward genetics, complex

(multifactorial) diseases 372
‘forward heart failure,’ ischaemic

hepatitis 1609–1610, 1610f
forward-phase arrays (FPA) 405
foscarnet

cytomegalovirus infection 963
herpes simplex virus infection 959
human herpesvirus type 6 964
human herpesvirus type 7 964
human herpesvirus type 8 966

founder effect, acute intermittent
porphyria 1346

Foxm1b protein, cell cycle 275
fractal geometry 437

fibrosis 438
Fractionated Plasma Separation,

Adsorption and Dialysis system
(FPAD; Prometheus) 2047

clinical studies 2047–2048
mechanism of action 2047, 2048f

fraction clearance 569
fractures

liver disease and 1829–1830
post-transplant 1832–1833

Franciscella tularensis 1004
free fatty acids (FFA)

gluconeogenesis 131
glycogenolysis 131
insulin resistance 131
mitochondria, entry into 161

free hepatic venous pressure (FHVP)
measurement 568, 659, 660

free-water clearance
cirrhosis 676, 676f, 681, 681f,

682–683
cirrhotic ascites, post-peritoneovenous

shunting 695
free-water formation 681
fresh frozen plasma

acute fatty liver of pregnancy 1883
acute liver failure 1304
acute variceal bleeding 648
coagulation disorders 260–261, 

1789
‘frothing champagne glass’ appearance,

rickets 1833
frozen section, liver biopsy 491
fructose-1,6-bisphosphatase 91
fructose-1-phosphate aldolase (aldolase

B) deficiency 1860–1861
frusemide, thyroid hormones and 1749
FTY720, liver transplantation

2008–2009
fucosidosis 2132–2133

fulminant hepatic failure (FHF)
acute leukaemia 1664
alkalosis 186
cerebral blood flow 1725
definition 1291, 1292t
hyperthyroidism 1684
interleukin-6 318
kava-induced 1284
liver transplantation 1986

prognostic indicators 1986
malarial hepatitis vs. 1032, 1033
neurological manifestations 1826
nutritional management 1839–1840
pancreatitis 1801
propylthiouracil-induced 1685
tumour necrosis factor 313–314

fulminant hepatitis
computerized tomography 512
coxsackievirus infections 967
drug-induced 1227, 1236

prevalence 1212
hepatic encephalopathy 870
hepatitis A 861, 917
hepatitis B, acute 870, 917
hepatitis B-hepatitis C co-infection

870
hepatitis C, acute 886
hepatitis D 878
lactic acidosis 187
plasma fibrinogen 457
therapy 917

fumarate 155
fumaric acid esters (FAEs),

hepatotoxicity 1647
fumaryl acetoacetate hydrolase deficiency

1860
functional genomics

analysis tools 379
definition 398–399
in liver disease 407–415
methodologies 398f
multiplexing 415
QTL analysis in inbred mice

379–380
liver metabolism 379

terminology 398–399
see also bioinformatics; specific

methodologies
functional hepatic nitrogen clearance

1871
functional liver mass, split liver

transplantation 1973
fungal infection(s) 1011–1019, 1011t

acute liver failure 1131–1132
opportunistic 1011–1014, 1011t
post-haematopoietic stem cell

transplantation 1677
post-liver transplantation

children 1866
diabetic patients 1736

skin, alcohol misuse 1810
see also specific infections/infectious

organisms
funnel plots, publication bias 2075, 2075f
furosemide

ascites 690–691
cirrhosis 690–691
natriuretic potency 690
resistance to 690

G
GABAergic neurotransmission, hepatic

encephalopathy 736–737
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gadolinium chelate, magnetic resonance
522–523

focal nodular hyperplasia 1429–1430
galactosaemia 1860
galactose-1-phosphate uridyl transferase

deficiency 1860
galactose clearance 471t, 472, 569f
galactose elimination capacity (GEC)

469, 475t
acute liver disease 476
ageing 1871
chronic liver disease 476
galactosaemia 1860
surgical risk assessment 476

galactosialidosis 2133
Galbraith plot 2076, 2076f
Galbraith plot, meta-analysis 2077
Gal-GalNac, Entamoeba histolytica 1023
gallbladder

adenoma 1576
adventitia 19
age-related changes 1875
anatomy 305
bile modification 299–300

mucins 300
biliary atresia 1847
carcinoma see gallbladder carcinoma 
coeliac disease 1629
cystic fibrosis 1339
disease, elderly 1875
dysfunction 1561–1565

cholecystectomy 1564
clinical presentation 1562
differential diagnosis 1563–1564
hormone-associated 1562
inflammation 1562
investigation 1565f
investigations 1562–1564
pain provocation tests 1563
pathophysiology 1562, 1563t
structural pathology 1562
treatment 1564–1565, 1565f

embryology 304–305
fluid transport 306
histology 18–19
innervation 19
motility 306–307

autonomic nerves 307
cholecystokinin 306, 1562
cholesterol gallbladder stones 1518,

1520
disorders 1562
fatty meals 307
hormones 306, 306t
migrating motor complex 306, 1562
motilin 306–307, 1562
non-propulsive contractions

1561–1562
propulsive contractions 1562

mucosa 18, 18f
muscularis 18–19
palpation 448
physiology 306–307, 1561–1562
polypoid lesions

gallbladder carcinoma 1576
management strategies 1576f
ultrasonography 507

pregnancy 1879
as reservoir 1561
Salmonella infection 1003
‘strawberry’ 1529
ultrasonography 506
villosities 18
water absorption 306

gallbladder carcinoma 1575–1582
adjuvant therapy 1579–1580
chemotherapy 1580–1581, 1581t
cholesterol cholelithiasis 1575
clinical presentation 1577
diagnosis 1577
differential diagnosis 1597
epidemiology 1575–1576, 1575f
genetic alterations 1576–1577
hilar (upper duct) cholangiocarcinoma

vs. 1597
imaging 507, 1577, 1577f
laboratory findings 1577
palliative therapy 1579

radiation therapy 1580
physical findings 1577
prognosis 1578

lymph node involvement 1579
recurrence, post-surgery 1579–1580
risk factors 1575–1576
staging 1578, 1578t
surgical therapy 1578–1579, 1579t
treatment 1578–1580

gallbladder carcinoma in situ, surgery
1578–1579

gallbladder ejection fraction (GBEF),
gallbladder dysfunction
1563–1564, 1564f

gallstone disease (cholelithiasis)
1518–1540

biliary fistulae 1535
biliary pain 444
biliary pancreatitis 1534
canalicular transport defects, inherited

1385
causes 1521t
cholangitis 1534
cholesterol-rich diets 1523
cirrhosis 613
classification 1518, 1519t
clinical presentation 1525–1527
complications 1533–1535, 1533t
Crohn’s disease 1627
cystic fibrosis 1339
diabetes mellitus 1683
diagnosis 1527–1529, 1527f, 1527t
differential diagnosis 1529
drug-induced 1689
elderly 1874–1875

management 1875
epidemiology 1523–1524
family studies 1524
gallbladder motility disorders 1562
gallstone ileus 1535
gender 1523
genetics 1523–1525

monogenic 1524–1525
polygenic 1525

geographical variations 1523–1524
haemolytic anaemias 1525
hypothyroidism 1685
imaging 506–507, 613, 1522f
intrahepatic

clinical presentation 1527
therapy 1533

investigations 1900
linkage studies 1524
oral contraceptive-induced 1688
pathogenesis 1518–1523
pregnancy 1888
prevalence 1518, 1523
prevention 1529, 1530t

cholecystokinin 1529
primary sclerosing cholangitis 1106

prognosis 1535–1536
without treatment 1536

risk factors 1521t
sickle-cell disease 1666
sphincter of Oddi dysfunction 1567
therapy 1529–1533
total parenteral nutrition-associated

1637–1638
twin studies 1524
see also cholecystitis;

cholecystolithiasis;
choledocholithiasis; cholesterol
gallbladder stones

gallstone ileus 1535
gallstone pancreatitis, imaging 544–545
gametocytes

Cryptosporidium 1022
Plasmodium 1030

gamma-glutamyl transferase see
gamma-glutamyl transpeptidase
(γ-GT)

gamma-glutamyl transpeptidase (γ-GT)
463–464

alcoholic macrovesicular steatosis
1160

alveolar echinococcosis 1052
assays 463
autoimmune hepatitis–primary biliary

cirrhosis overlap syndrome 1122
cholestasis 1487
cirrhosis 612
glutathione degradation 198, 199–200
hepatobiliary diseases 464
hereditary haemorrhagic telangiectasia

1420
hyperthyroidism 1684
non-alcoholic fatty liver disease 1199
non-alcoholic steatohepatitis 1199
nonhepatobiliary diseases 464
normal values 463
‘oval cells’ 283
pre-eclampsia 1884
pregnancy 1879
primary biliary cirrhosis 1076
progressive familial intrahepatic

cholestasis 1384, 1386, 1487,
1849

tissue distribution 463
gammaherpesvirus infections 964–966
ganciclovir

cytomegalovirus 963
Epstein–Barr virus 966
herpes simplex virus 959
human herpesvirus type 6 964
human herpesvirus type 7 964
human herpesvirus type 8 966

gangliosidosis type 1 2136–2137
gankyrin

as oncogene 392t, 393
Rb protein inhibition 394–395

gap junctions
bile formation 298
cholangiocytes 53
hepatocytes 22, 93, 97

neural signal propagation 117
Gardner syndrome 2133–2134
Garrett–Tripp syndrome 2134
gas exchange, liver disease and 1939
gastric antral vascular ectasia (GAVE)

1799–1800
gastric carcinoid tumours 1471, 1472

flushing 1474
gastric erosions, acute 1800
gastric ulcers 1800

gastric varices 652–653
bleeding 652–653, 652f
endoscopic therapies 652–653

gastrin, effects on cholangiocytes 53
gastritis

obstructive jaundice 1504
portal hypertensive gastropathy 1799

gastroduodenal arteries 532
gastrointestinal tract

amino acid oxidation 143–144
bile acid circulation 293–294, 294f
bilirubin absorption 171–172
bilirubin degradation 172
bleeding

congenital hepatic fibrosis 782
hepatic artery lesions 549–550
portal hypertension 606
renal failure 712

carcinoid syndrome 1474
diseases, effects on liver 1622–1633
drug susceptibility, cirrhosis 1914
effects of liver disease 1798–1803
granulomas 1714
hepatic encephalopathy treatment

746–747
obstructive jaundice 1504–1505

gastro-oesophageal junction, venous
anatomy 623–625

gastric zone 624, 624f
varices 628

palisade zone 624, 624f
varices 628
venous dilatation 628

perforating zone 624f, 625
varices 628

truncal zone 625, 625f
varices 628

varices 628, 628f
gastro-oesophageal reflux

cirrhosis 1798
oesophageal ulceration 1798

GATA factors
endoderm hepatic specification 65
liver bud expansion 66

Gaucher cells 1360
Gaucher’s disease (GD) 1360–1364

computerized tomography 512
congenital 1362
course 1361–1362
cutaneous manifestations 1361,

1805–1806
diagnosis 1362
enzyme replacement therapy

1363–1364
enzymology 1362
management 1363–1364
molecular diagnosis 1362
molecular heterogeneity 1362–1363
mutation analysis 1363
neonatal 2134
prenatal diagnosis 1362
type 1 (adult type) 1360–1362, 2135

bone crises 1361
clinical features 1360–1361
cutaneous manifestation

1805–1806
haematological abnormalities 1361
lymphoproliferative disorders 1361
neurological manifestations 1361
pulmonary involvement 1361
skeletal involvement 1361
splenomegaly 1360–1361

type 2 (infantile/acute neuronopathic)
1362, 2134–2135
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cutaneous manifestations 1806
neurological signs 1362

type 3 (juvenile/norbottnian) 1362,
2135

type 3A 1362
type 3B 1362
type 3C 1362

GBE1 gene mutations 1374
Gc protein, acute liver failure 1302
gelatinases, extracellular matrix

degradation 270
gelophysic dysplasia 2136
gemcitabine, gallbladder carcinoma

1580
gemfibrozil, hepatotoxicity 1232
GenBank, proteome complexity and 412
GenBank human UniGene clusters 407
gender

alcoholic liver disease 1132–1133,
1142, 1159

cystic fibrosis 1338
drug-induced liver injury 1212–1213
gallstone disease 1523
hepatitis B infection 865
hepatocellular carcinoma 1437
liver cysts, ADPKD 790
primary biliary cirrhosis 1071
primary sclerosing cholangitis 1106
simple cyst of the liver 784

gene arrays 399–403, 400f
alcoholic liver disease 409–410
assumptions 412
autoimmune hepatitis 410
biases 406, 412
biliary atresia 410
cholangiocarcinoma 411
comparative hybridization 399f, 401,

403
cystic fibrosis 410
definition 399
experimental design 400–401, 400f

biological replicates 401, 401f
technical replicates 401, 401f

future directions 414
gene expression profile

(‘transcriptome’) 398f, 399, 407
hepatitis B 409
hepatitis C 407–409, 408t
hepatocellular carcinoma 409,

410–411
in liver disease 407–411, 408t
MIAME guidelines 399–400, 402
multiplexing 415
non-alcoholic fatty liver disease 410
normal human liver 407, 408t
one-probe 399f, 403
platforms 403
primary biliary cirrhosis 410
primary sclerosing cholangitis 410
probe sources 403
proteomics vs. 403, 405
QTL analysis in inbred mice 379–380

hepatocellular carcinoma analysis
380

reproducibility/variability 399–400,
400f

sample preparation
labelling 403
pooling 401
RNA amplification 402–403
RNA isolation/quality 402, 402f
RNA quantities 402

SNP analysis 414
targeted 414

validation 401
see also bioinformatics

GeneChip™ 403
gene–environment interactions, liver

disease and 361, 371, 372
gene expression 90–91

analysis
high-throughput technologies see

gene arrays 
‘transcriptome’ 398f

liver cell plate 90
compartmentalized expression

90–91
differential expression 90

posttranscriptional 191–195
translational control 195–196

gene–gene interactions, liver disease and
372

Gene Ontology (GO) Consortium 407
generalized pustular psoriasis 1642
gene targeting experiments, QTL

verification, mice 380
genetically modified animals

QTL analysis in inbred mice
functional testing using 380
HCC experiments 379

see also knockout animals
genetic instability, carcinogenesis

391–392
genetic polymorphism and liver disease

356–364
alcoholic liver disease 356, 357t, 358,

360t, 1142–1143, 1159
candidate gene approach 359

alcoholic liver disease 358
chronic hepatitis C

fibrosis risk and 357t, 358–359,
360t, 361, 381

IFN response and 357t, 358, 360t
drug-induced liver injury 1213
environmental interactions 361, 371,

372
genetic interactions 361
genome-wide association studies 359,

361–362, 361f
immune response genes see

immunogenetics, liver disease 
inflammation and 369
linkage disequilibrium 360, 361
non-alcoholic fatty liver disease 356,

357t, 360t, 1198, 1201
non-alcoholic steatohepatitis 356, 1198
primary biliary cirrhosis 357t, 358,

360t, 1073–1074
quantitative trait locus and 379

see also quantitative trait locus
(QTL) analysis 

study design and analysis 359–361
clinical endpoints 361, 362
controls 360
ethnicity and 360
follow-up genotyping 361
sample size 360
work flow 361–362, 361f

twin studies 358
validated markers 357t, 360t

definition 356, 362
selection 359
validation 359–360
see also individual markers

see also specific diseases
genetics and liver disease 356–383

complex (polygenic) diseases
371–383

approaches to study 372
diagnosis and 364
ethnicity/race and 360
goals of study 364
immune response genes see

immunogenetics, liver disease 
management and 364
monogenic diseases 372
mouse models see mouse models of

human liver disease 
pathology and 364
polymorphisms see genetic

polymorphism and liver disease 
see also individual diseases/genes;

specific methods
genome-wide association studies 359

design 361–362, 361f
genome-wide haplotype analysis, QTL

analysis in inbred mice 377t, 378
genotyping

follow-up 361
Gaucher’s disease 1363

germander (Teucrium chamaedrys),
hepatotoxicity 1282t, 1284,
2110–2111

ghrelin 1689
Gianotti–Crosti syndrome 1806
giant cell arteritis 1698
giant cell hepatitis, acute liver failure

1300
giant cells 1709
giant mitochondria, alcoholic hepatitis

1150, 1150f
Giardia 1020

genome project 1024
intestinal epithelium, attachment to

1023–1024
life cycle 1022

giardiasis 1020–1029
clinical manifestations 1025
diagnosis 1025–1026
epidemiology 1020–1022
host defences 1024
laboratory findings 1026
pathophysiology 1023–1024
risk factors 1021, 1021t
treatment 1026

Gilbert syndrome 460, 1355–1356
colorectal cancer risk 1356
diagnosis 1356
genetic defect 1354, 1355–1356
jaundice 1352
postoperative 1949
pregnancy 1886

Gjedde–Patlak calculation, simplified
562, 564

glafenine, acute hepatitis induction
1234

Glasgow coma scale 741t
glass beads, gene array platforms 403
glass slides, gene array platforms 403
Gleevac 596
glibenclamide

hepatotoxicity 1242
prolonged hyperglycaemia induction

1737
gliclazide 1737
gliotoxin, fibrosis 597
glipizide 1737
Glissonian territories, venous drainage 5
Glisson’s capsule 9, 16
Global Alliance for Vaccines and

Immunization (GAVI), hepatitis
B vaccination programme 912

globulin
cirrhosis 612
cirrhotic ascites 667

globus pallidus, hepatic encephalopathy
732, 733f

glomerular abnormalities
cirrhosis 1817–1818
liver disease associated 1816–1820,

1817t
glomerular filtration rate

angiotensin II 677
cirrhotic ascites, post-peritoneovenous

shunting 695
hepatorenal syndrome 676, 712,

713–714
glomerulonephritis

chronic hepatitis B 871
liver disease associated 1816–1820,

1817t
glomerulus, immunoglobulin A deposits

329
glucagon

amino acid catabolism regulation 144
cirrhosis 1737–1738
glycogenolysis 130
hepatic blood flow regulation

76–77
insulin-like growth factor binding

proteins regulation 1743
liver disease 1737–1739
portal hypertension pathogenesis

634–635
secretion 129–130

cirrhotics 1738
splanchnic blood flow modulation

634–635
tumour-associated hypoglycaemia

1745
urea synthesis regulation 183

glucagon-like peptide 1735
1,4-glucan-6-glycosyl transferase

deficiency 1861
glucocorticoid receptor, hepatobiliary

transport regulation 388
glucocorticoids

insulin-like growth factor-I regulation
1742

lipid storage disease induction 1248
plasma transport 1752
thyroid stimulating hormone

suppression 1750
urea synthesis regulation 183

glucokinase (hexokinase IV) 91, 1370
gluconeogenesis (GNG) 130–131

across liver cell plate 91
cirrhosis 132
diabetes 131, 131f
insulin, effects of 129
measurement 130–131, 130f
post-overnight fast 131
regulation, efferent hepatic nerves

117–118
starvation 144

glucopalaeogenesis 145
glucose

blood concentration, across liver cell
plate 91

cholangiocyte reabsorption 53, 113
glycogen storage disease type I 1373
incretin effect 1735
intolerance

assessment 1732
cirrhosis 1732–1733
liver disease 1732–1737, 1733f
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glucose (continued)
metabolism 1680–1681, 1734

anaesthetic implications
1939–1940

fulminant hepatic failure 1839
neural regulation 116, 117–118,

118f
postabsorptive state 130–131
postprandial state 129–130

production
alcohol, effects on 1838
postprandial state 129–130

spontaneous bacterial peritonitis
763

uptake, postprandial 130
see also insulin

glucose-1-phosphate 1370
glucose-6-phosphatase 23–24,

1370–1371
across liver cell plate 91
deficiency 1861

glucose-6-phosphate 156, 1370
glucose-6-phosphate translocase

mutations see glycogen storage
disease (GSD), type Ib

glucose-alanine cycle 145
glucose carriers, hepatocytes 111
glucose-dependent insulinotropic

peptide 1735
glucose loading test 1380
glucose-6-phosphate dehydrogenase

deficiency 950
glucose-sensitive neurons, portal vein

119
α-glucosidase inhibitors, hepatotoxicity

1683
β-glucuronidase

brown pigment gallstones 1523
deficiency (mucopolysaccharidosis

type 7) 2148
glue thistle (Actractylis gummifera),

hepatotoxicity 2111
GLUT-1 91, 113
GLUT-2 91, 110, 111, 111f
glutamate 181
glutamate dehydrogenase (GDH)

ammonia production 181
reversible enzymatic reaction 458

glutamatergic neurotransmission,
hepatic encephalopathy 737

glutamic–oxaloacetic transaminase
(GOT) see aspartate
aminotransferase (AST)

glutamic–pyruvic transaminase (GPT)
see alanine aminotransferase
(ALT)

glutaminase 144
urea synthesis regulation 182

glutamine 730
ammonia-induced cerebral

accumulation 730
ammonia production 181
macroautophagy regulation 149
metabolism 144
synthesis

ammonia detoxication 183–184
regulation 184

glutamine synthetase 144, 730
across liver cell plate 92
ammonia detoxication 183–184
protein tyrosine nitration 736

γ-glutamyl cycle 201
γ-glutamyl cysteine synthase 199, 1219

γ-glutamyl-cysteinyl glycine see
glutathione

glutaric aciduria type 2 2137
glutathione (GSH) 198–206

biological functions 147, 200–201
antioxidant functions 200–201
cysteine storage 201
metal detoxification 200
Michael electrophile detoxification

200
thiol status maintenance 200

biosynthesis 199, 199f
cysteine availability 199
rate 199
regulation 199

cell death regulation 202–204
compartmentation 201–202
conjugation, acute hepatitis 1219
copper metabolism 226
degradation 199–200
depletion, liver disease 204–205
distribution 198
heavy metal excretion 238
hepatotoxicity 205
homeostasis 199–200
hydrogen peroxide reduction 201
ischaemia-reperfusion injury 39, 39f
mitochondrial see mitochondrial

glutathione (mGSH) 
oxidized (GSSG) 198
protective functions 1219
structure 198, 198f
synthesis 147, 198
transport 112

glutathione peroxidases 92, 201
glutathione peroxide (GPx1) 235
glutathione-S-transferases (GSTs)

across liver cell plate 92
bilirubin binding 170, 1354
cystic fibrosis 1340
drug metabolism 242t

glutathione synthetase (GS) 199, 199f, 1219
deficiency 199, 1221

gluten-free diet, coeliac disease 1629
glyceryl trinitrate, hepatic blood flow 77
glycine catabolism 145
glycogen 1681

function 1370–1371
hepatomegaly induction 1681
metabolism 1370–1371, 1371f
postprandial synthesis 130
storage

disorders see glycogen storage
disease (GSD) 

histological features 428
synthesis 130

glycogen branching enzyme (GBE) 1370
deficiency see glycogen storage disease

(GSD), type 4 
glycogenolysis

glucagon, effects of 130
neural regulation 116

glycogenolysis (GL) 130–131
cirrhosis 132
diabetes 131, 131f
post-overnight fast 131

glycogenosis with renal Fanconi
syndrome (Fanconi–Bickel
syndrome) 1375

glycogen phosphorylase 1370
glycogen storage disease (GSD)

1370–1376
children 1861

classification 1370–1371
type 0 1370, 1374–1375
type I 1371–1373, 1861

biological manifestations
1371–1372

clinical manifestations 1371–1372,
1861

diagnosis 1861
focal nodular hyperplasia 1863
genetics 1372
histology 1861
long-term outcome 1372
malignant transformations 1372
pregnancy 1372
treatment 1372–1373
vitamin supplementation 1373

type 1a 1861
hepatocyte transplantation 2038,

2039t
type 1b 1372, 1861

gastrointestinal complications 1372
treatment 1373

type 1d 1861
type 3 1373, 1861

diagnosis 1373
management 1861
muscular involvement 1373
pregnancy 1373
treatment 1373

type 3a 1861
type 3b 1861
type 4 135, 1374, 1861

clinical features 1374, 1861
diagnosis 1861
neonatal form 1374

type 9 1374
type 9a 1374
type 9b 1374
type 9c 1374
type 9d 1374
type 6 1373–1374

glycogen synthase 1370
deficiency 1370

glycolysis
across liver cell plate 91
anaerobic 157
cytosolic 156–158, 156f
definition 156
nicotinamide adenine dinucleotide

reoxidation 157
glycoprotein

degradation 192f, 194
maturation 192f
synthesis 192f

glycyrrhizin 1451
Gnathostoma spinigerum 1062
gold salts, hepatotoxicity 1234
Goldstein syndrome (Scott-like

syndrome) 2137–2138
Golgi complex 24, 24f

cis surface 24
function 24
protein processing/sorting 194
secretory vesicles 24
trans surface 24

Gomori stain, liver biopsy 491
gonadotrophins 1686–1687

haemochromatosis 1761
liver tumours 1763

gonadotropin-releasing hormone
(GnRH) 1686

cirrhosis 1758, 1760
gonococcal perihepatitis 1003

G protein-coupled receptors, signal
transduction 102–103, 105

GPx1 236t
grafts

children 1865
autoimmune response against 1867

dysfunction
chronic 2023
living donor liver transplantation

1981
postoperative function assessment

1998
Doppler ultrasonography 1998

rejection see liver transplantation,
rejection 

removal, living donor liver
transplantation 1979

split liver transplantation 1973–1974
suitability 1965, 1965f

graft-vs.-host disease (GvHD)
1671–1679

acute see acute graft-vs.-host disease
(aGvHD) 

chronic see chronic graft-vs.-host
disease (cGvHD) 

cutaneous manifestations 1808
risk factors 1671t
ursodeoxycholic acid 1495
vanishing bile duct syndrome 1113t,

1116
viral infection vs. 1677

Gram-negative bacteria, sepsis-induced
cholestasis 1491, 1946

granula (hydatid sand) 1048
granular cell tumours 1597
granulocyte colony-stimulating factor

(G-CSF)
glycogen storage disease type 1 1373
hepatitis C treatment 775
hypersplenism 775
post-liver transplantation 775

granulocyte-macrophage colony-
stimulation factor, glycogen
storage disease type 1 1373

granulocytopenia, hypersplenism
773–774, 773f

granuloma(s) 428, 1709–1717
AIDS 1713
alveolar echinococcosis 1052
ascariasis 1059
brucellosis 1713
capillariasis 1066
caseating 1709, 1710f
cholestasis 1711–1712
classification 1709–1710

aetiological category 1709–1710
hepatic histology 1709

Crohn’s disease 1628, 1714
diagnosis 1714–1715
dialysis patients 1656–1657, 1656f
disease states 1711–1714
doughnut (fibrin-ring) 428, 1709,

1710f, 1713
drug-induced 1229, 1710
foreign body 428, 1710
gastrointestinal disorders 1714
hepatitis C 1714
histoplasmosis 1015
Hodgkin’s lymphoma 1714
idiopathic 1712–1713

immunosuppression 1712
presentation 1712
treatment 1712
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immunological 1709
immunological diseases 1711–1713
infectious 1709, 1713–1714
inflammatory bowel disease 1714
lymphoma 1714
mycobacterial infections 1005
neoplastic 1710
non-caseating 1709, 1710f
pathogenesis 1710–1711, 1711f

CD4+ T cell accumulation 1711
effector phase 1711
fibrosis 1711
initiation 1710

pentastomiasis 1066
post-liver transplantation 1714
primary biliary cirrhosis 1076–1077,

1710, 1714
primary liver disease 1710
Q fever 1713
sarcoidosis 1709, 1711–1712, 1714
schistosomiasis 1713
syphilis 1007
systemic disease 1710
tuberculosis 1713
viral hepatitis 1714
visceral larva migrans 1062–1063,

1063f
Whipple’s disease 1713

granulomatosis, tuberculosis 1005–1006
granulomatous cholangitis 425

autoimmune hepatitis 1094
primary biliary cirrhosis vs. 1485

granulomatous disease, pulmonary
1618–1619

granulomatous hepatitis
Bartonella henselae 1005
cardiac drug-induced 1613t
drug-induced 1229, 1229t

outcomes 1230
granulomatous lymphadenopathy, cat-

scratch disease 1005
granulomatous peritonitis 670
granulomatous venulitis 1405
greasewood (chaparral), hepatotoxicity

1282t, 1285
greater celandine (Chelidonium majus),

hepatotoxicity 1282t, 1284
griseofulvin, hepatotoxicity 1648
ground-glass hepatocyte 423
growth factors

cholangiocarcinoma 1587
hepatocyte proliferation 2088
vanishing bile duct syndrome 1112

growth hormone (GH) 1689, 1739–1742
Alagille syndrome 1741
cholangiocyte proliferation 54
cirrhosis 1740–1741, 1740f, 1909
clearance 1739

cirrhosis 1741–1742
deficiency 1690
effects 1689, 1740
haemochromatosis 1762
insulin-like growth factor binding

proteins regulation 1743
insulin-like growth factor-II precursor

forms (big IGF-II) 1745
liver disease 1740–1742
physiology 1739–1740
plasma transport 1739–1740
resistance 1741
secretion 1739, 1739f

pulsatile nature 1739
regulation 1739

tumour-associated hypoglycaemia
1745

urea synthesis regulation 183
growth hormone binding proteins

1739–1740
cirrhosis 1741

growth hormone-insulin-like growth
factor system 1689–1690

alterations in, hepatic effects
1689–1690

physiology 1689
growth hormone receptors 1740
growth hormone-releasing hormone

(GHRH) 1689, 1739
growth impairment, glycogen storage

diseases 1372, 1374
growth-regulatory peptides,

cholangiocyte replacement 284
growth retardation-alopecia-

pseudoanodontia-optic atrophy
(GAPO) 2138

guanosine 5’-triphosphate (GTP) 155
Guillain–Barré syndrome, hepatitis B 1826
gummas 1007
Gunn rats, Crigler–Najjar syndrome

animal model 1355
gunshot injuries 1953, 1954
gustatory acuity, cirrhosis 1906
gut-associated lymphoid tissue (GALT),

immunoglobulin A synthesis 326
gut-derived GABA hypothesis, hepatic

encephalopathy 731
gynaecomastia

alcoholic cirrhosis 1165
cirrhosis 1758
haemochromatosis 1761–1762

management 1761–1762
liver tumours 1763

H
haem

acute porphyric crisis 1345
bilirubin formation 165–166
biosynthesis 206–213, 207f, 208f, 1343f

erythroid cells 210–212
hepatic 209–210, 210f
regulation 209–212

catabolism 209
deficiency, porphyric neuropathy 1345
degradation 165–166, 166f

haemangioendothelioma
epithelioid see epithelioid

haemangioendothelioma (EHE) 
hepatic see hepatic

haemangioendothelioma (HHE) 
haemangioma 1427–1428

capillary 537t, 1863
cavernous 537t, 1863
complications 1428
diagnosis 1427
drug-induced 1259t, 1260
giant 524, 1427
hepatic metastasis vs. 519, 524
imaging

computerized tomography
513–514, 514f, 515f, 1427

magnetic resonance imaging 524,
524f, 1427

ultrasonography 504t, 505, 1427
natural history 1427–1428
pathology 1427
pregnancy 1886

presentation 1427
prevalence 1427
spontaneous rupture 1428
treatment 1427–1428

haemangiomatosis 1428
disseminated 2130

haemangiosarcoma see angiosarcoma
haematemesis, acute fatty liver of

pregnancy 1881
haematological diseases/disorders

childhood acute liver failure 1858
chronic hepatitis C antiviral therapy

950
effects of liver disease 1662–1670
effects on liver 1767–1779
erythrocyte abnormalities 1767–1768
leucocyte abnormalities 1770–1771
platelet abnormalities 1771
post-liver transplantation 1772–1774
viral-induced bone marrow aplasia

1769
see also individual diseases/disorders

haematoma
angiography 536
cystic transformation 817
dialysis patients 1656
posttraumatic 817
pre-eclampsia 1884
pregnancy 1884
subcutaneous 169
ultrasonography 505, 817, 1954

haematopoietic hormone production,
fetal liver 1767

haematopoietic stem cell transplantation
(HSCT)

cholestasis following 1673, 1673t,
1675–1677

causes 1673t
differential diagnosis 1676–1677,

1676t
complications 1676–1677
drug toxicity 1677
graft-vs.-host disease 1671t
varicella-zoster virus infection 960

haematoxylin and eosin, liver biopsy 491
haemobilia 1550–1560

accidental liver trauma 1552
treatment 1556–1557

aetiology 1550–1553, 1551t
changes in 1552f

biliary stone vs. 1554
clinical presentation 1554–1555, 1554f

venous vs. arterial 1554–1555
coagulation disorders 1553
complications 1554
cystic artery aneurysms 1552
differential diagnosis 1554
hepatic artery aneurysms 1552, 1552t
hepatobiliary surgery 1553
historical aspects 1550
iatrogenic liver trauma 1551–1552

diagnostic liver procedures 1551
treatment 1556

immune-compromised patients 1553
investigations 1555–1556
malignancy 1553
mortality 1558
pancreatitis 1553
pathophysiology 1553–1554

mixed clots 1554, 1554f
pure clots 1554, 1554f

treatment 1556–1557
surgery 1557

transarterial angiogram and
embolization 1556, 1557

vascular anomalies 1553
haemochromatosis 1323–1329

adrenal hormones 1762
alcohol abuse 1169
androgen replacement therapy

1761–1762
classification 1323
clinical aspects 1325–1326
computerized tomography 512
cutaneous manifestations 446, 1811
definition 1323, 1323t
diabetes 1760–1761
diagnosis 1325–1326
elderly 1873
endocrine dysfunction 1760–1762
epidemiology 1325
genetics 1324, 1325

as monogenic disorder 372
QTL analysis in inbred mice

375–376
see also HFE gene/protein 

growth hormone 1762
gynaecomastia 1761–1762
hepatocellular carcinoma 1439
HFE-related 1324, 1325
hypogonadism 1761–1762
iron overload 1324
juvenile 1324, 1325, 1326
liver biopsy 494, 496f, 1326
liver transplantation 1988
magnetic resonance imaging 529
neonatal see neonatal

haemochromatosis 
non-HE 1325
non-inflammatory fibrogenesis 585
osteoporosis 1762
pathogenesis 1324, 1325f
pregnancy 1886
prolactin 1762
proteins involved 1324
screening 1326
thalassaemia 1666
thyroid dysfunction 1762
treatment 1326

haemodialysis 1653–1657
haemorrhagic complications 1656
hepatitis B 1653–1655

prevalence 1654t
seroconversion rates 1654t

hepatitis B vaccine 911
hepatitis C 1655–1656, 1655t

seroconversion 1655, 1655t
hepatitis D 1655
hepatorenal syndrome, type 1 716
liver support 2043–2044
platelet dysfunction 1791

haemodynamics
assessment, portal hypertension

658–665
Budd–Chiari syndrome 1406
neural modulation 115
splanchnic 567–571

haemoglobin 220
haemojuvelin

haemochromatosis 1324
iron metabolism 223
juvenile haemochromatosis 1325

haemolysis
liver disease 1769
neonatal assessment 1353
post-liver transplantation 1772
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haemolysis, elevated liver function and
low platelets syndrome (HELLP
syndrome) see HELLP syndrome

haemolytic anaemia(s)
black pigment gallstones 1523
effects on liver 1769
gallstone disease 1525
hepatic involvement 1666
post-liver transplantation 1772
spur cell 1770

haemolytic anaemia-polyendocrinopathy
2139

haemolytic crisis, Wilson’s disease
1769–1770

haemolytic jaundice 169
haemolytic uraemic syndrome (HUS)

1882
haemoperfusion, liver support 2044
haemoperitoneum

angiosarcoma 1458
fibrosarcoma 1460
imaging 1954–1955
liver trauma 1954–1955

haemophagocytic histiocytes 1619, 
1619f

haemophagocytic lymphohistiocytosis
(HLH)

acute liver failure 1857–1858
neonates 1857–1858
primary form 1857
symptoms 1857

haemophagocytic syndrome 1491, 1619,
1619f

haemophilia
chronic hepatitis C antiviral therapy

950
hepatic involvement 1666
viral hepatitis 1666

haemorrhage 445
acute liver failure, children 1859
hepatic resection 1941
liver transplantation 1943, 1981
liver trauma 1954, 1957
portal hypertension 550
post-liver biopsy 495–496
spontaneous, infantile cholestasis

1845
variceal see variceal bleeding 

haemorrhagic shock, bacterial
translocation 762

haemorrhoids, rectal varices vs. 1802
haemostasis 255–264

disorders see coagulation
defects/disorders 

liver, role in 257
physiology 255–256, 255f, 1780,

1781f, 1782f
inactivation 256f

vitamin K 257
see also coagulation; fibrinolysis

haem oxygenase (HO) 165–166, 1352
forms 165–166
starvation 210
as vasorelaxant 83

haem oxygenase 1 (HO-1) 165, 209,
1352

hepatic encephalopathy 735
therapeutic delivery 1353
as vasorelaxant 83

haem oxygenase 2 (HO-2) 165, 209,
1352

as vasorelaxant 83
haem oxygenase 3 (HO-3) 165

hairy cell leukaemia 1664
sinusoids 427

‘half ABC transporters’ 385
halofuginone 597
haloperidol, hepatotoxicity 1234
halothane

acute liver failure, cause of 1299
contraindication in liver disease 1941
cytochrome P-450 system 1235
elderly 1872
hepatic blood flow 77
hepatotoxicity 1941
primary biliary cirrhosis 1073

halothane hepatitis 1235, 1946
immune attack 1222, 1223
immunoallergic 1226
risk factors 1949

HALT-C study, hepatitis C retreatment
950

hamartomas
biliary see biliary hamartomas 
mesenchymal, children 1863

Hand–Schuller Christian disease
(Langerhans cell histiocytosis)
1618–1619, 1645

‘hanging manoeuvre,’ hepatectomy 1935
haplotype analysis, QTL analysis in

inbred mice 377t, 378–379, 378t
harderoporphyria 1348–1349
harmonic imaging techniques 501
Harris–Benedict equation 1638
hatching tests, schistosomiasis 1043
hazard ratio, prognostic models 2056
Hbe protein (HBeAg) see hepatitis B virus

(HBV)
hCTR1 227, 227t
head-out water immersion, cardiac

output 1721
healthcare policy, outcomes research

2065–2066
healthcare workers, hepatitis B vaccine

911
health limitations, liver transplantation

quality of life 2030
health-related quality of life (HRQOL)

studies see outcomes research
Health Utilities Index

health utility assessments 2067
quality of life 2082

health workers, chronic hepatitis B
antiviral therapy 936

heart
carcinoid syndrome 1474
phosphorylase kinase deficiency 1374
systemic AL amyloidosis 1704
see also entries beginning cardiac

Heart and Estrogen/progestin
Replacement Study (HERS) 1688

heart failure, hereditary haemorrhagic
telangiectasia 1422

heart rate, cirrhosis 686
heat shock protein 32 (HSP-32) see haem

oxygenase 1 (HO-1)
heat stroke

acute liver failure 1299
liver injury 1278

heavy metal transport, hepatocytes 112
Hedeoma pulegoides (pennyroyal),

hepatotoxicity 1282t,
1285–1286, 2114

Heister valve 18
Helicobacter pylori, hepatic

encephalopathy 747

Heliotropium, hepatotoxicity 1273,
1282t, 1283–1284

HELLP syndrome
acute fatty liver of pregnancy 1881
acute liver failure 1300
clinical features 1770, 1885t
haematological abnormalities 1770
herpes simplex virus infections 958
pregnancy 1770, 1884–1885

helminthiasis 1040–1067
hemihepatectomy, bile duct injury 1960,

1960f
heparan sulphate proteoglycan (HSPG)

78, 269–270
heparin

alanine aminotransferase levels 453
liver transplantation 1943
yellow fever treatment 998

hepar lobatum, metastatic breast
carcinomas 1466, 1466f

HepatAssist 2046, 2046f
hepatectomy 1933–1937

anaesthesia 1941
analgesia 1941
Caroli syndrome 806
cirrhosis 1933–1935

anterior approach 1935
criteria for 1933
‘hanging manoeuvre’ 1935
intermittent inflow occlusion 1935
intraoperative technique

1934–1935
limited vs. anatomical resection

1933
liver transplantation vs. 1933
portal vein embolization 1934
postoperative liver failure 1935

contraindications
limited functional reserve (grade C)

1934, 1938
oesophageal varices 1934

cystic echinococcosis 1050
in fatty liver patients 1936
gallbladder carcinoma 1578
hepatic artery aneurysms 1393
hepatic metastases 1468
hepatocellular carcinoma 1446–1447,

1987
preoperative assessment 1447
pretransplant patients 1926, 

1927t
recurrence rates 1447

intraoperative monitoring 1941
liver transplantation 1966–1967
nutritional support 1840
obstructive jaundice 1935–1936

preoperative percutaneous
transhepatic biliary drainage
1935–1936

partial
alveolar echinococcosis 1053
ascariasis 1061
hepatic cysts, ADPKD 794
liver regeneration models 316
models, chronic liver damage

regeneration 280
perioperative outcome/mortality

blood loss 1941
improvements in 1933
parenchymal damage 1933

portal vein embolization
cirrhotic patients 1934
obstructive jaundice 1936

postoperative liver failure 1935, 1936
assessment 1935
cirrhotic patients 1935
fatty liver patients 1936

reserve function
preoperative assessment 1933,

1934, 1934t
selection criteria and 1933

transplant recipient 1966–1967
tumour status and 1933

hepatic adenoma see hepatocellular
adenoma (HA)

hepatic arterial buffer response 75–76
cirrhosis 76

hepatic arterial infusion chemotherapy,
gallbladder carcinoma 1580

hepatic arterioles 79–80
blood flow regulation 80

hepatic arterioportal fistulae 1393–1394
hepatic arteritis, polyarteritis nodosa 1643
hepatic artery 79, 89

accessory 4, 1391
anatomy 4–5, 531–532, 549, 1391
aneurysms 1392–1393

aetiology 1392–1393, 1392f
angiography 538, 539f
classification 1392
clinical features 1393
diagnosis 1393
haemobilia 1552, 1552t
pathophysiology 1392–1393
rupture 1393
treatment 1393

atherosclerotic disease 538
blood flow measurement 568–569
buffer response 662, 1391
collateral pathways 532
common 4
development 69
diseases 1391–1394
dissections 1393

angiography 538–539
drug-induced intimal hyperplasia

1255–1256, 1255t
ductal plate malformations 69
embolization

carcinoid tumours 1476–1477
hereditary haemorrhagic

telangiectasia 1422
hereditary haemorrhagic telangiectasia

1422
histological features 427
histology 15–16
hypoxic hepatitis, accidental ligation

1945
left 4, 532, 1391
middle 532, 1391
occlusion 1391–1392

aetiology 1391
clinical features 1392
investigations 1392
natural history 1391
pathophysiology 1391–1392

post-orthotopic liver transplantation
lesions 1392

right 4, 532, 1391
stenosis, post-liver transplantation

1392
thrombosis

allograft 1392
post-liver transplantation

1981–1982, 2000, 2023
variations 4, 532, 532f, 532t, 1391
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hepatic blood flow 75–88, 89
age-related changes 1870
anatomy 79
arterial supply 4–5, 531–532
β-adrenergic stimulants 77
Budd–Chiari syndrome 1406
changes, physiological conditions 75
definition 567
drug-induced effects 77
effects of liver disease on 1724–1725
hepatic clearance 1912
hepatosplenic schistosomiasis 1042
measurement 569, 662

applications 662
portal venous supply 5
pregnancy 1879
pressure flow autoregulation 75
regulation 75–78

humoral 76–77
intrinsic mechanisms 75–76
neural 76
veno-arterial response 76

values 569
venous drainage 5
see also specific vessels

hepatic carcinogenesis see carcinogenesis
hepatic clearance methods, hepatic 

blood flow measurement 569,
662

‘hepatic crisis,’ sickle-cell disease 1666
hepatic cystic diseases

acquired 810–817
congenital 781–809
inflammatory 810–813
neoplasms 813–816
posttraumatic 816–817

hepatic ducts 18
hepatic encephalopathy (HE) 728–760

acute 1825
acute liver failure 728, 728t

children 1859
clinical manifestations 740–741,

740t
investigations/tests 744
management 1304–1305
mechanisms 1132–1133
neonates 1859
prognosis 1301
treatment 748

anaesthetic implications 1940
blood ammonia levels 458
cerebral perfusion 1725
chronic liver disease 740t
chronic portal vein thrombosis 1397
cirrhosis 608–609, 728–729, 728t

investigations/tests 744–745
classification 608t, 728–729, 728t
clinical manifestations 608–609,

740–743
definition 728–729
diuretic-induced 692
driving capacities 1902
episodic see episodic (precipitant-

induced) encephalopathy 
extrahepatic congenital portosystemic

shunt 1419
extrapyramidal abnormalities 741
fulminant hepatitis 870
grading 740
hereditary haemorrhagic telangiectasia

1420
intrahepatic congenital portosystemic

shunt 1419

minimal (subclinical) 728t, 729, 743
treatment 750

neurophysiological tests 744–745
neuropsychological tests 745
nutritional management 1839, 1908
opioidergic neurotransmission 738
pathogenesis 729–740

ammonia 729–730
astrocyte functional alterations

734–735
astrocyte swelling 734–735
brain water homeostasis 732–734
current models 739–740, 739f
energy metabolism 736
gut-derived toxins 729
neuroanatomical changes 731–732
neurotoxins 730–731, 734–735
neurotransmission alterations

736–737
nitrosative stress 735–736
oscillatory network disturbances

738–739, 738f
oxidative stress 735–736

persistent (chronic) 742–743
post-TIPS 698
quantifying 743–745
renal tubular acidosis 1819
Reye syndrome 1825
signs 449
TIPS-induced 743
tracheal intubation 748
treatment 745–748

pretransplant patients 1925
strategies 746f, 748t

type B 729
hepatic endometriosis 810–811
hepatic excretory function markers

459–465
hepatic extraction

cirrhosis 1913
rate 1912

hepatic extraction fraction 469–470
hepatic glomerulosclerosis 1817, 1817f
hepatic haemangioendothelioma (HHE)

angiography 537t
children 1863

hepatic haemangioendotheliomas-
hemihypertrophy 2138

hepatic hydrothorax 447
ascites 724–725, 724f
infected 724
management, pretransplant patients

1923, 1928
hepatic infarction, dialysis patients 1656
Hepatic Injury Severity (HIS) scale 1954t
hepatic insulin sensitizing substance

(HISS) 119
hepatic iron index (HII) 494
hepatic lipase 141
hepatic lobectomy

biliary papillomatosis 1573
haemobilia 1553
intrahepatic gallstones 1533

hepatic lymphatics see lymphatics
hepatic metabolism see metabolism
hepatic microcirculation 79–84

across liver cell plates 90
blood flow regulation 80–81

hepatic microvascular subunits (HMS)
80, 80f

hepatic microvascular system 79–80, 
79f

hepatic muralium 10

hepatic nerves
afferent see afferent hepatic nerves 
efferent see efferent hepatic nerves 

hepaticocholedochojuejunostomy
1969

hepaticojejunostomy
haemobilia 1553
sphincter of Oddi biliary-type

dysfunction 1569–1570
hepatic osteodystrophy 1802
hepatic phosphorylase deficiency

1373–1374
hepatic progenitor cells 59–60, 282–283

activation (ductular reaction) 59–60
disease states 60
triggers 60

extrahepatic sources 284
liver cancer 61–63, 62f
localization 59–60, 59f
see also oval cell(s)

hepatic radioactivity
hepatic arterial blood flow

measurement 569
portal blood flow measurement 569

hepatic removal kinetics 468–479
blood flow variations 474
clearance see clearance 
first-pass elimination 474–475, 474f
impaired liver-cell function 471f, 475
liver disease 475
liver function tests, quantitative

475–476, 475t
Michaelis–Menten kinetics 468–469
physiological complexities 474–475
plasma, binding of 475
saturation kinetics 474–475
sinusoidal heterogeneity 474

hepatic resection see hepatectomy
hepatic stellate cell (HSC) 14–15, 15f,

43–51
activation, fibrosis 590–594,

2089–2090
chemotaxis 592
fibrogenesis 592–593
fibrosis 584
inflammatory signalling 593–594
inhibition 596–597
initiation (preinflammatory stage)

591–592
matrix degeneration 593
nuclear receptor signalling 593
pathways 591, 591f
perpetuation 584, 592–594
proliferation 592
regulatory network mapping

2089–2090
retinoid loss 593
transcription regulation 594
white blood cell chemoattraction

593–594
anatomy 43–45, 44f
as antigen-presenting cells 593
apoptosis 597
contractility 81

endothelins 81
fibrosis 593
post-injury 631

culture 45–46
cytoplasmic processes 44, 44f

intersinusoidal/interheptocellular
44

perisinusoidal/subendothelial 44
embryology 47, 69

extracellular matrix homeostasis 48,
590

fibrotic liver 590
extrahepatic 48
function 15
historical aspects 43, 43f
hyperplasia 428
identification 46–47, 47t
interaction with other cells 584
intralobular heterogeneity 45, 46f
isolation 45–46
lines 47–48
lipid droplets 44, 45f

drug-induced accumulation 1246
as liver-specific pericytes 48–49, 49f
markers of 46–47
microfilaments 45
nomenclature 43
radiation hepatitis 1277
replacement 285–286

acute liver injury 285–286
chronic liver injury 286
healthy livers 285
neural regulation 119–120

retinoid metabolism 45, 214
retinoid storage 45, 214
rodent vs. humans 47–48
senescence, cirrhosis 586
sinusoidal tone regulation 49, 81
ultrastructure 43–45

hepatic vein(s) 5
accessory 5
catheterization 658

technique 659–660
compression, Budd–Chiari syndrome

1405
disorders 1403–1417
hepatosplenic schistosomiasis 1042
inferior 5
left 5
middle 5
obstruction/occlusion

acute liver failure 1301
Budd–Chiari syndrome 1407
cirrhosis 583
hepatoportal fluid flux 88

right 5
stenoses, Budd–Chiari syndrome

1406
thrombosis

Budd–Chiari syndrome 538, 538f
cirrhosis complication 1793f
congestive heart failure 1613

traumatic injury 1953
hepatic venography 535

Budd–Chiari syndrome 538
complications 535
indications 535
technique 535

hepatic venous outflow block
ascites 670–671
polycystic liver disease, ADPKD 791f,

792t, 793
hepatic venous pressure gradient

(HVPG) 568, 658
alcoholic cirrhosis 1166
alcoholic hepatitis 1163
hepatitis C, progression indicator 661
hepatocellular carcinoma, resection

risk evaluation 661
measurement 568, 658–660

complications 662
contraindications 662
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hepatic venous pressure gradient
(HVPG) (continued)

indications/applications 660–661
oesophageal varices 640, 643

bleeding, prognostic evaluation 661
treatment failure indicator 641

paracentesis-induced circulatory
dysfunction 695

portal hypertension
therapeutic response assessment 661
therapeutic target 642

hepatic venules
terminal 80
thrombosis, cirrhosis 630–631

hepatic vessel suturing 1956–1957
hépatite alcoolique à cellules claires’ 423
hepatitis

acquired hyperbilirubinaemia 1356
activity assessment, serum

transaminases 1934
acute see hepatitis, acute 
anicteric 1227
autoimmune see autoimmune

hepatitis (AIH) 
chronic see hepatitis, chronic 
drug-induced cholestasis 1490
herbal medicines 1281–1282
histological features 429–430
immunogenetics 365t, 367–368, 370t
lichen planus 1643
Listeria monocytogenes 1002
subacute see subacute hepatitis 
viral see viral hepatitis 

hepatitis, acute
angiography 537
computerized tomography 512
drug-induced see drug-induced acute

hepatitis 
drug pharmacokinetics 1913
drug prescribing 1917
forms 1227–1229
gamma-glutamyl transpeptidase levels

464
hepatic blood flow 569
herpes simplex virus infections vs. 959
histological features 429
ultrasonography 501–502
vitamin B12 levels, serum 1769

hepatitis, chronic
alcoholic liver disease and 1154
autoantibodies 1252
cardiac drug-induced 1613t
computerized tomography 512
drug-induced 1214t, 1251–1253

drugs causing 1252–1253, 1252t
outcomes 1252

fibrosis risk, polymorphism and 357t,
358–359, 360t, 361

grading 435
osteoblast function 1831
pregnancy 1886
scoring systems 435
staging 435
thrombocytopenia 1771
treatment response, polymorphism

and 357t, 358, 360t
ultrasonography 502–503

hepatitis A 857–864
acute liver failure 1296
antibody response 857
children 859, 1851
cholestatic 861
clinical features 859, 859t

complications 861
diagnosis 860

stools 860
elderly 1871
epidemiology 858–859, 858t

high risk groups 858
hygiene 858
within population distribution

858–859
USA 904t

fulminant 861, 917
geographical distribution 2100–2104t
historical perspective 857–858
HIV coinfection 982
immunogenetics 365t, 367, 370t
incubation period 857
laboratory features 859–860
management 861

post-exposure prophylaxis 862, 862t
supportive 861

neurological manifestations 1824t
outbreaks 858
passive immunization 861–862
pathogenesis 860

cellular immune responses 860
pathology 860
pregnancy 1887
prevention 861–862

hygiene 861
relapsing 861
seasonal infections 858
serology 860, 860f
transmission 858

faecal–oral route 858
vaccine see hepatitis A vaccines 
virus see hepatitis A virus (HAV) 

hepatitis A vaccines 861–862, 899–907
administration routes 899–900
children 1851
chronic liver disease 1903
combination 899
composition 899–900
cost-effectiveness 904–905
dosage 899–900, 900t
endemic countries 903
future uses 904
HIV infection 901
immunogenicity 900–901

antibody levels 900
inactivated 899–900
indications 903
outbreak control 903
postexposure administration 903
production methods 899–900
protective efficacy 900–901

children 901–902
duration 901–902
maternal passive transfer 900–901
response rates 901

recommendations 903, 903t
at-risk groups 903

routine programmes 902–903
schedules 899–900, 900t

universal programmes 904
tolerability 900
transplant recipients 901
two-dose schedules 901

hepatitis A virus (HAV)
cell culture 857
definition 857
genome 857
historical background 821
infectivity 857

hepatitis B 865–874
acute 834–835, 869–870

acute liver failure 1296
antibody titres 837f
anti-hepatitis B surface antigen

antibodies 837
antiviral therapy 917
definition 865
diagnosis 869–870
disease course 869
fulminant hepatitis 870, 917
hepatocyte necrosis 868
onset 868
pathogenesis 868
physical signs 869
serology 869–870, 870f
viral persistance 868

Africa 2100t
alcoholic liver disease and 1169
Americas 2101t
aplastic anaemia 1667
apoptosis 341
arthritis–dermatitis prodrome 1806
Asia 867, 2102t
Australasia 2102t
children 1851

hepatocellular carcinoma
development risk 1851

chronic see hepatitis B, chronic 
cirrhosis

gene array data 409
hepatic venous pressures 568

classification 867–868, 867f
clinical course 834–836, 835f
clinical outcome 867
cutaneous manifestations 1806
definition 865
diabetes mellitus 1682
diagnosis 836–840, 865

anti-HbeAg antibody titres 837f,
838

asymptomatic infections 836
DNA detection 838, 839t
test programme selection 837t

elderly 1871
epidemiology 866
Europe 867, 2104t
fibrosis progression to cirrhosis 586
functional genomics 408t

gene array data 409, 410
proteomics data 413

geographical distribution 826f, 826t,
866–867, 2100t

glomerular abnormalities 1817t, 1818
Guillain–Barré syndrome 1826
haemodialysis 1653–1655
haemophilia 1666
hepatitis C coinfection 882

antiviral therapy 949
hepatitis D coinfection see hepatitis D,

hepatitis B virus coinfection 
hepatocellular carcinoma 1437

elderly 1874
gene array data 410
oncogene induction 393
proteomics data 413, 414
tumour suppressor inactivation

394
hepatocyte necrosis 868
histology 429
immune response, polymorphism and

369
immunopathogenesis 834–836

inapparent transient infection 835
infection, changing patterns of

866–867
iron metabolism, effects on 1769
Japan 867
leucocyte abnormalities 1770
liver transplantation

antiviral/antiretroviral drugs
2010–2011

immunoglobulin therapy 2011
lamivudine therapy 2010–2011
preoperative adefovir dipivoxil

therapy 2011
recurrence after 934, 1927,

2010–2012
malaria 1033
Mediterranean area 866–867, 867
membranous neuropathy 1818

adults 1818
children 1818

MHC/HLA associations 365t, 367, 370t
Middle East 2103t
mixed essential cryoglobulinaemia

1806
neurological manifestations 1818,

1824t
non-Hodgkin’s lymphoma 1664
North America 867
occult infection 840
pathogenesis 868–869
polyarteritis nodosa 1698, 1806, 1818,

1826
pregnancy 1887
pretransplant patients 1926–1927
reactivation 840
renal transplantation 1657
at risk groups 911
schistosomiasis 1042
scoring systems 436
serum sickness-like syndrome 1818
subclinical infection 837f
therapy

antiviral resistance 840
genotype effects 840
mutants, effects of 840
pretransplant patients 1927, 1928f
see also individual drugs

transmission 865–866
blood transfusions 865
non-sexual 866
parenteral exposure 865
perinatal 866
sexual 866
vertical 1851, 1887

vaccine see hepatitis B vaccine 
virus see hepatitis B virus (HBV) 

hepatitis B, chronic 835–836, 870–872
active infection 867–868
ANN fibrosis index 414
antibody titres 837f
antiviral drug-resistant mutants 922,

931–933
definition of 933
genotype resistance 931
long-term treatment 933
prevention/delay of 937
virological breakthrough 931

antiviral therapy 921–941
agents 924–927
animal models 924–925
CD8+ T cells 922
cell-culture models 924–925
children 936
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combination therapy 926–927
extrahepatic manifestations 936
HbeAg-negative carriers 923,

930–931, 931t
HbsAg immunoactive carriers 922
HbsAg immunotolerant carriers

922–923
HbsAg inactive carriers 923
health workers 936
immune response restoration 922
immunomodulation 925
liver transplantation 934
maintained response 923f
monitoring 933
pathobiology 921–922
pregnancy 936
relapse 924, 924f
response 923–924
TH1 response 922
treatment algorithm 936f
viral clearance 922
viral persistence 922
wild-type virus (HBeAg-positive)

923, 927–930, 927t
see also specific antivirals

autoantibodies 871
children 871
cirrhosis 871, 933–934
definition 865
disease course 871–872, 871f
drug prescribing 1918
extrahepatic manifestations 936
gene array analysis 409

hepatitis C vs. 409
glomerulonephritis 871
HBeAg-negative 870–872
HBeAg-positive 870
HBs antigenaemia 835
hepatocellular carcinoma 872

genome integration 872
immune responsiveness 871
immune tolerance 835–836, 867
inactive infection 868
laboratory tests 871
occult 868
pathogenesis 868–869

neonates 869
proteomics data 413, 414
reactivation, acute liver failure

1296–1297
serology 871f
staging 871
symptoms 871
T-cell tolerance 836
viral replication 869

hepatitis B core antigen (HBcAg)
antibody titres during infection

838–839
hepatitis B vaccine 909

hepatitis B surface antigen (HBsAg)
antibody titres during infection

836–838, 837f, 839–840
acute infections 837
clinical sensitivity 837
false negative results 838
as prognostic factor 837
vaccination 840

escape mutants 840
HIV–hepatitis B coinfection 976
identification 865
malaria 1033

hepatitis B vaccine 907–916
acute liver failure prevention 1303

acute lymphoblastic leukaemia 910
anti-hepatitis B surface antigen

antibodies 840
autoimmune diseases 910–911
blood product recipients 911
booster doses 910
chronic infection 925
chronic liver disease 1903
contraindications 910
current status 913, 913f
economics 913
efficacy 910

antibody testing 910
immune response 910

elderly 1871
haemodialysis patients 1654
hepatocellular carcinoma prevention

1450
high-risk group targeting 911–912
immunization strategies 911–913
injection safety 911
liver transplantation 2011
macrophagal myofasciitis 910
multiple sclerosis 910
neonates, HBsAg-positive mothers

1887
neurological manifestations 1824t,

1826
in pregnancy 911–912
preparations 907–910, 908t

adjuvants 909–910
combination 908–909
DNA vaccines 909
experimental 909–910
HBcAg as carrier 909
plasma-derived 907–908
preS epitope addition 909
recombinant 908

programme sustainability 913
renal transplantation 1657
safety issues 910–911

public confidence 911
schedules 908–909, 909t

birth dose 909
catch-up strategies 908
four-dose 909

thiomersal 911
universal vaccination 911, 912–913

Italy 912
Taiwan 912
WHO recommendations 912

hepatitis B virus (HBV) 823–840
carcinogenesis 393, 394
core protein 825–827

immunodominant epitope 826
Dane particles 823
DNA 824–825

closed form 825
DNA polymerase 829–830, 830f

resistance 830
reverse transcriptase domain

829–830
ribonuclease (RNase H) 829–830
terminal protein 829–830

genome 823, 827f
covalently closed form 825, 828f,

833
host genome integration 836
maturation 834f
sequencing 865

genotypes 824, 825t, 866–867
therapy prognosis 840

Hbe protein 827–828

conservation 827–828
function 827, 828
replication 827

historical background 821, 823
discovery 823

immunoglobulin, neonates 1887
incomplete particles 865
life cycle 831–836, 832f

attachment 833
entry 833
morphogenesis 833–834
replication 833–834
transcription 833
translation 833

L-protein 830–831
core particles 831

M-protein 830–831
mutations 866–867
S-protein 830–831, 831f
structure 823–831, 824f, 865
subgenotypes 824, 826t
subtypes 825t

geographical distribution 826f, 826t
subviral particles 831

structure 824f
surface proteins 830–831

see also specific proteins
taxonomy 823–824

phylogenetic tree 825f
hepatitis B virus X protein (HBx)

828–829
functions 828–829
hepatocellular carcinoma 393, 872
oncogene induction 393, 829
TP53 inactivation 394

hepatitis C 881–892
acute see hepatitis C, acute 
acute liver failure 1297
adaptive immunity 854–855

B-cell suppression 855
T-cell suppression 855

Africa 2100t
alcoholic consumption 1133
alcoholic liver disease and 1154, 1169
Americas 2101t
apoptosis 341
Asia 2102t
Australasia 2102t
autoimmune hepatitis and 1124
children 1851–1852

natural history 1852
prevalence 1851

chronic see hepatitis C, chronic 
cirrhosis 881–882

autoimmune hepatitis-related vs.
410

gene array data 409
clinical course 849
clinical outcomes 884–890, 885f
definition 881–882
dermatological disorders and

1806–1807
diabetes mellitus 1682
diagnosis 855, 881, 883–884

algorithms 885f
antiviral antibodies 883
children 1852
genotype determination 855–856,

884
immunoglobulin M assays 855
occasional screening 884
quantitative RNA assays 855
transcription-mediated

amplification 855, 884
viral components 855, 884

elderly 1872
epidemiology 882–883

high-risk groups 882, 882t
incidence 883
prevalence 882–883, 882f

essential mixed cryoglobulinaemia
1667

Europe 2104t
extrahepatic disorders 881
fibrosis progression to cirrhosis

585–586
functional genomics 408t

gene array analysis 407–409
proteomic analysis 412–413

geographical distribution 881, 882f,
2100t

glomerulonephritis 1817t
granulomas 1714
haemodialysis 1655–1656
haemophilia 1666
hepatocellular carcinoma 849, 881,

1437, 1438, 1987
elderly 1874
gene array data 409, 410–411
oncogene induction 393
prevention 1450
proteomic data 412–413
risks of 1438
tumour suppressor inactivation 394

histology features 429
idiopathic immune thrombocytopenia

258
incubation period 849, 850f
innate immunity 854

interferon resistance 854
signal transduction interference

854
iron metabolism, effects on 1769
leucocyte abnormalities 1770
lichen planus 1807
liver transplantation

contraindications 1990
living donor 1992
recurrence after see liver

transplantation, hepatitis C
recurrence 

lymphoproliferative disorders 1772
MHC/HLA associations 365t, 367,

368, 370t
Middle East 2103t
natural history 884–890, 885f
non-Hodgkin lymphoma 1772
polyarteritis nodosa 1806–1807
porphyria cutanea tarda 1807
pregnancy 1887–1888
pretransplant patients 1927–1928
prevention 883t
renal disease 1818–1819
renal transplantation 1657–1658
sarcoidosis 1714, 1807
schistosomiasis 1042
serology 849, 850f, 855
Sjögren syndrome 1697, 1806
therapy

children 1852
dialysis patients 1656
post-exposure prophylaxis 920
post-liver transplantation

recurrence 2012, 2013–2014
pretransplant patients 1927–1928,

1928t
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hepatitis C (continued)
response, proteomic analysis 412

transmission 849, 883
blood products 883
intravenous drug use 883
nosocomial 883
solid organ transplantation

1657–1658
vertical 1887–1888

type 2 mixed cryoglobulinaemia 1818
vanishing bile duct syndrome 1115
virus see hepatitis C virus (HCV) 

hepatitis C, acute
alanine transaminase 886
antiviral therapy 917–920, 920t

duration 919
early treatment 918
efficacy 918–919
genotype effects 920
interferon-α 917
postexposure prophylaxis 920
schedules 918
studies 919t
timing 919–920
wait-and-see strategies 920

chronic, progression to 886
definition 881
diagnosis 884, 884t
fulminant hepatitis 886
gene array analysis 407–409
histology 886
natural history 885–886

liver damage 886
viraemia persistence 886

outcome profiles 886, 886f
spontaneous clearance 920, 920t

hepatitis C, chronic 849, 887–888
acute, progression from 886
age, therapy predictor 947
alanine transaminase levels 887–888
antiviral therapy 941–956

adherence to 948
alanine aminotransferase levels 948
autoantibodies 949
autoimmune disease 945
cerebrovascular disease 945
cessation 947
children 949
Child–Turcotte–Pugh score 949
cirrhosis 948–949
combination therapy 944
comorbidities 950
contraindications 944–945
dermatological disease 945
diabetes 950
drug resistance 951–952
early virological response (EVR)

943
end-of-therapy virological response

(ETR) 941
genotype-specific schedules 944
haematological disorders 950
hepatitis B coinfections 950
historical aspects 941
ischaemic cardiac disease 945
mixed cryoglobulinaemia 949–950
Model for EndStage Liver Disease

score 949
monitoring 944
National Institutes of Health

recommendations 943
new treatments 951–952
patient choice 948–950

polymerase inhibitors 951
pregnancy 944
protease inhibitors 951
protocols 943–944
rapid virological response (RVR) 943
renal disorders 950
response detection 942–943
response predictors 947, 947t
retinopathy 945
retreatment 950–951
schedules 944t
serology 944
side-effects 945–947, 945t, 946t
transcription-mediated

amplification assays 943
treatment response, polymorphism

and 357t, 358, 360t
see also specific antiviral drugs

autoantibodies 485
biochemically active 887
children 890, 1852
cirrhosis 881–882
clinical course, renal transplants 889
compensated cirrhosis 887

staging of 887
compensated phase 887–888
definition 881, 887
diabetes mellitus type 2 887
diagnosis 884
drug prescribing 1918
endstage liver disease 888–889
ethnicity, therapy predictor 947
extrahepatic manifestations 889, 889t
fibrosis risk, polymorphism and 357t,

358–359, 360t, 361, 381
fibrotic progression 887, 888t
gender, therapy predictor 947
gene array analysis 409

hepatitis B vs. 409
hepatitis B coinfection 882
hepatocellular carcinoma 888
HIV coinfection see HIV–hepatitis C

coinfection 
immune complex disorders 889
liver biopsy 493f, 888
management 890

alcohol avoidance 890
fibrosis monitoring 890
intravenous drug users 890
staging 890

membranoproliferative
glomerulonephritis 889

metabolic abnormalities 887
mixed cryoglobulinaemia 889
non-Hodgkin’s lymphoma 889
obesity 887
palpable purpura 889
polymorphism and

fibrosis risk 357t, 358–359, 360t,
361, 381

treatment response 357t, 358, 360t
scoring systems 434–435

history of 434–435
steatosis 887
vasculitis 889
viral loads, therapy predictor 947

hepatitis C virus (HCV) 849–857
carcinogenesis 393, 394
clearance, gene array studies 408–409
E1 core protein 850
E2 core protein 850
fibrogenic activity 594
genome 849–851, 850f

open reading frame 850
translation 850

genotypes 849, 881
therapy predictor 947

historical background 821–822
immune response, polymorphism and

369
immunoglobulins 1772
model systems 853–854, 853f

infectious particles 854
‘minivariants’ 853
pseudoparticle system 854

NS2/3 protease 850
NS3/4A protease 854
NS5A protein 850
P7 protein 850
particle structure 851–852, 852f
platelet abnormalities 1771
receptors 852
replication 852–853, 852f

cell binding 852
hepatocytes 852
lymphocytes 852
membranous web 852f, 853
receptors 852
translation 853

replicative form 852f, 853
subtypes 849
translation 850

hepatitis D 875–881
acute liver failure 1297
anti-HD antibodies 844
atypical acute 878
chronic 878–879

autoantibodies 485
HIV coinfection 879, 982

diagnosis 843–844, 876
antigen detection 876
solid-phase immunosorbent tests

876
disease course 843–844, 877–879
drug addicts 877
elderly 1871
epidemiology 876–877

changes in 877
Europe 877
fulminant hepatitis 870, 878
haemodialysis 1655
hepatitis B virus coinfection 843–844,

870, 875
acute liver failure 1297
definition 875
disease course 875f, 877–878
liver transplantation 935–936
transmission 875
treatment 934–936
virulence dependence 875

histology 429
immunoglobulin M anti-HD

antibodies 844, 876
Mediterranean region 878–879
natural history 875
North America 877
pregnancy 1888
renal transplantation 1657
RNA detection 844
superinfection 844, 875–876

acute liver failure 917
antibody response 878
clinical presentation 878
definition 875
disease course 875f, 876, 878
hepatitis B clearance 878

liver failure 878
transmission

parenteral 876
sexual 876

hepatitis D virus (HDV) 841–844
genome

replication 843, 843f
structure 841, 842f

genotypes 842
disease course effects 842

HD proteins 841–842, 842f
assembly 843
immunogenicity 842

replication 843, 843f
genome expression 843
host/organ tropism 843

ribozyme activity 841
RNA editing 841
structure 841, 841f
taxonomy 841

hepatitis E 893–899
acute liver failure 1297
antibody response 895
case-fatality rates 894
children 1852
clinical features 894

signs 894
symptoms 894

definition 893
diagnosis 894
epidemiology 896–897

endemic regions 896–897
geographical distribution 896,

2100–2124t
nonendemic regions 897
travellers 897

experimental models 895
humoral immune response 896

incubation period 894
pathogenesis 895–896
pathology 894–895
pregnancy 917, 1888
prevention 897–898
self-limiting course 894
transmission

blood transfusions 897
faecal–oral route 896
vertical 1888

treatment 894
vaccines 897–898

hepatitis E virus (HEV) 893–894
genome 893, 893f
genotypes 893–894, 894t
morphology 893
reservoirs 897

hepatitis F virus (HFV) 822
hepatitis G virus (HGV)

acute liver failure 1297
historical background 822
HIV coinfection 982
pregnancy 1888

Hepatitis Quality of Life Questionnaire
2067

hepatitis syndrome of infancy see
infantile cholestasis

‘hepatobiliary cells’ 68
hepatobiliary disease

investigations 441–580
post-intestinal bypass surgery 1630

hepatobiliary trauma 1953–1962
hepatoblast(s) 65

differentiation 67–68, 67f
proliferation 66–67
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hepatoblastomas
angiography 537t
children 1864
drug-induced 1259t, 1261
histology 1864
human chorionic gonadotrophin 1763
imaging 1864
liver transplantation 1988
presentation 1864
progenitor cells 62
treatment 1864

hepatocellular adenoma (HA)
1430–1432

angiography 537t
clinical features 1431, 1431t
computerized tomography 515–516,

1432
cystic 815
definition 1430
diagnosis 1258–1259, 1431
drug-induced 1258–1259, 1259t,

1431, 1688–1689
epidemiology 1431
glycogen storage diseases 1372, 1373
intramural haemorrhage 515
magnetic resonance imaging 524
malignant transformation 1431
natural history 1431
pathogenesis 1431
pathology 1431
regression 1431
rupture 1432
treatment 1432
ultrasonography 505

hepatocellular bilirubinostasis 425
hepatocellular carcinoma (HCC)

1437–1456
aflatoxin-induced 1274, 1439, 1450
alcohol-related 1141–1142, 1142t

cirrhosis 1153, 1171
dose–effect relationship 1171
elderly 1873
hepatitis B in 1885
screening 1171

anabolic steroid-induced 1260, 1439,
1688

angiography 537t
animal models 61
apoptosis 341
arterial hypervascularization 506,

506f, 517
biliary hamartomas 798
biochemistry 1442
biomarkers

gene arrays and 411
proteomics and 413

Budd–Chiari syndrome 1407
carcinogenesis see carcinogenesis 
children 1864
chronic liver disease 1933
cirrhosis 391, 395–396, 608, 1438,

1439–1440, 1933
imaging 612–613

clinical manifestations 1441–1442
computerized tomography 517–518,

518f, 815, 1443
cutaneous manifestations 1808–1809
cyproterone acetate 1649, 1658–1659
cystic 815
diabetes mellitus 1682–1683
diagnosis 1442–1443

algorithm 1445f
diffuse type 1441

distinctly nodular type 1441
drug-induced 1259t, 1260
dysplastic nodules 1440
early 1441
elderly 1874
epidemiology 1437–1438

geographical differences 1437
erythrocytosis 1762–1763
expansive type 1441
fibrolamellar 518, 518f
functional genomics 408t

gene array data 409, 410–411
proteomic data 412, 413, 414
QTL analysis in inbred mice

379–380
future developments 1451
genetic basis 395f, 1440

genetic instability 391–392
heterogeneity and 379
oncogenes 392–393, 392t
tumour suppressors 393–395, 394t

glycogen storage diseases 1372, 1373
grading 1440
growth/progression 391
hepatic venous pressures 568
hepatitis B-related 872, 1437, 1933

children 1851
elderly 1874
gene array data 411
genome integration 836
proteomics data 413, 414

hepatitis B virus X-gene product 872
hepatitis C-related 849, 881, 888,

1933, 1987
gene array data 409, 410–411
proteomic data 412–413

heterogeneity 379
human chorionic gonadotrophin

1763
hypercalcaemia 1763
hyperthyroidism 1763
incidence 1987
indistinctly nodular type 1441, 1442f
infiltrative type 1441
intrahepatic cholangiocarcinoma vs.

1597
liver biopsy 497f, 498
liver sinusoidal endothelial cells 32
liver transplantation 1447–1448,

1987–1988
adjuvant interventions 1926
follow-up protocol on waiting list

1926
indications 1922
Model for EndStage Liver Disease

1988
survival rates 1987

magnetic resonance imaging
525–526, 526f, 527f, 1443

cirrhosis vs. 525–526
cystic 815
vascular invasion 525

malignant cells 1440–1441
malignant transformation predictors

1443
mouse models 379–380
NF-κB 106, 316
non-alcoholic fatty liver disease

1202–1203
oral contraceptive-induced 1260,

1439, 1689
p53 signalling pathway 279
pathogenesis 1440

pathology 1440–1441, 1441f
percutaneous treatment 551–555
positron emission tomography 564
pregnancy 1886
prevention 1450–1451
primary biliary cirrhosis 1075, 1439
primary sclerosing cholangitis 1627
progenitor cells 61–62
prognostic prediction 1443–1446,

1445t
resection 1446–1447, 1926, 1987
retinoid deficiency 217
risk factors 61, 62f, 1438–1440

HBV, children 1851
liver disease activity 1440

screening 1442–1443, 1444f, 1902
patient selection 1442–1443, 1443t

seeding, post-biopsy 497
spread 1441
staging 1442–1443

systems 1444, 1445t
symptoms 1441–1442
telomere shortening/senescence 279
testosterone 1763
thyroid hormones 1749
toxin-induced 1270t
treatment 1446–1450

algorithm 1446f
curative 1446–1448
feasibility 1446
future agents 1450
palliative 1448–1450
percutaneous 1448
retinoids 217
systemic 1450
transplantation see above
tumour burden evaluation 1446

tumour markers
gene arrays and 411
proteomics and 413

tumour necrosis factor 316
ultrasonography 504t, 506, 506f
vascular invasion 1441
very early (carcinoma in situ) 1444
vitamin D receptor expression 218

hepatocellular cholestasis 1484–1485
drug-induced 1241–1242
inflammatory 1491

hepatocellular damage
extrahepatic biliary obstruction

1501–1502
markers 451–454

hepatocellular liver injury see cytolytic
hepatitis

hepatocellular tumours
benign 1428–1436, 1428t
malignant 1437–1456
see also individual types

hepatocerebral degeneration 732
hepatocyte(s) 10–12, 96–101, 96f

acute fatty liver of pregnancy 1882
adaptive immune response 106
adherens junctions 22, 97
age-related changes 1870
alcoholic hepatitis 341, 1141, 1149f,

1150
apoptosis 335–347
arrangement 10, 10f, 12f
atrophy 424
basolateral membrane

biliary solute uptake 385–386
endocytosis 27

bile flow impairment 386, 387f

see also cholestasis 
bioreactors 2045–2046
canalicular (apical) membrane 11,

12f, 13f, 22–23, 96, 385–386
bile secretion 296–297
biliary solute uptake 385
inherited transport defects

1383–1385, 1383f
lipid composition 23, 96

cancer and 391
see also carcinogenesis; specific

cancers
cell–cell junctions 97

see also specific junctions
cell cycle 391
cell polarity 96

protein trafficking 96, 97f
cytokine receptors 312–313

proinflammatory 106
signalling networks 313
tumour necrosis factor family 313
see also specific receptors

cytoplasm 12
desmosomes 22, 97
development 65
differentiation 67, 67f
feathery degeneration 423
functions 89
gap junctions 22, 97

communication 93
signal transduction 97

glycogen content 12
ground-glass 423
heat stroke 1278
hepatitis C virus 852
hepatocellular carcinoma 1440–1441
hormone receptors 93
hypertrophy 282
injury 60
innate immune response 106
intermediate 60
intracellular vesicles 27, 27f
isolated 122–123
junctional complexes 11, 22, 22f
lateral membrane 11, 21–22

junctional complexes 22, 22f
liver function models 122–123
malaria 1031
maturation 68
metabolic disease 2039t
microvilli 20f, 21
mitogen-activated protein kinases 104
necrosis see necrosis 
nucleus 12, 20f, 22f, 24f, 27

inclusions 27
organelles 12, 23–27

morphometric data 13f
volumes 20t
see also individual organelles 

plasma membrane 20f, 21–23, 22f
receptors 93

polyploidy 282
progenitor cells

extrahepatic 284
hepatic 282–284
see also oval cell(s) 

prolapse 427
proliferation 281–284, 2088–2089

acute injury 281–282
chronic injury 282
cytokines 2088
growth factors 2088
healthy liver 281
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hepatocyte(s) (continued)
neural control 119
regulatory network mapping

2088–2089
transforming growth factor-α

2088, 2089, 2089f
vascular endothelial growth factor

2089
protection, ursodeoxycholic acid 1494
receptor-mediated endocytosis

98–99, 99f
replacement 281–284
retinoid metabolism 214
retinoid storage 214
selenium deficiency 235
signalling 93

calcium oscillations 93
sinusoidal (basal) membrane 10–11,

13f, 21, 96
biliary solute uptake 385
lipid composition 96

‘stem cell’ properties 59
stress-related replicative senescence

282
Toll-like receptors 106
transplantation see hepatocyte

transplantation 
transporter proteins see transport

proteins 
transport systems 110–113

amino acids 111–112, 142–143
bile salts 112f, 113, 385
chloride–bicarbonate exchanger

111, 111f
copper 112, 227t
drugs 112–113, 112f, 242–243, 244t
electrolytes 111f
glucose 111
glutathione 112
heavy metals 112
nucleosides 112
solutes 111f

ultrastructure 20–28, 20f
hepatocyte-contacting processes 44
hepatocyte growth factor (HGF)

antifibrotic activity 595
hepatoblast proliferation 66
hepatocyte proliferation 2088–2089,

2089f
liver regeneration 316
liver sinusoidal endothelial cells 32

hepatocyte nuclear factor 1α (HNF1α)
68, 301t, 387

hepatocyte nuclear factor 1β (HNF1β)
68, 69

hepatocyte nuclear factor 3 (HNF3) see
forkhead-box-factors

hepatocyte nuclear factor 4α (HNF4α)
67, 68, 301t

hepatocyte nuclear factor 6 (HNF6) 67,
69

hepatocyte transplantation 2032–2043
acute liver failure 2036–2037, 2036t,

2037t
models 2033
number of cells 2039

animal sources 2035–2036
pig hepatocytes 2035–2036
virus transfer 2036

cell lines 2036
cell preparation 2034–2036

hepatocyte isolation 2034
chronic liver failure 2037, 2038t

clinical experience 2036–2038
cryopreservation 2032
engraftment sites 2033

liver parenchyma 2033
peritoneal cavity 2033
subcutaneous tissue 2033

genetic modification 2032
human hepatic growth factor

expression 2040f
rejection prevention 2032

historical overview 2032–2033
human cell sources 2034–2035

adult hepatocytes 2034–2035
cadaver livers 2034–2035
fetal hepatocytes 2035
liver stem cells 2035
mesenchymal stem cells 2035
‘oval cells’ 2035
serial transplantation 2034

metabolic disorders 2032–2033, 2038,
2039

number of cells 2039–2040
rationale 2032
spleen 2033, 2034
techniques 2033–2034

newborns 2033–2034
hepatoduodenal ligament 4
hepatoerythropoietic porphyria (HEP)

1347, 1349, 1811
hepatogastric ligament 4
hepatoiminodiacetic acid (HIDA) scans,

post-cholecystectomy bile duct
injury 1959

hepatolithiasis see recurrent pyogenic
cholangitis (RPC)

hepatoma
cell lines, liver function models 123
toxin-induced 1274

hepatomegaly
alveolar echinococcosis 1052
ascariasis 1059
carcinoid tumours 1472
cystic fibrosis 1339
Gaucher’s disease 1361, 1363
glycogen-induced 1681
glycogen storage disease type 6

1373–1374
histoplasmosis 1015
hyperlipoproteinaemia 1367
juvenile rheumatoid arthritis 1696
myeloid metaplasia 1665
systemic lupus erythematosus 1694
Wolman disease 1366

hepatoportal microvascular fluid flux
extrahepatic causes 87

pathophysiology 88
intrahepatic causes 88

hepatoportal sclerosis 427
drug-induced 1257

hepatoprotectants, fibrosis 595
hepatopulmonary syndrome (HPS)

720–722
anaesthetic implications 1939
biliary atresia 1848
cirrhosis 606, 722
clinical features 606, 720
comorbidities 721
continuous oxygen, pretransplant

patients 1924
diagnosis 606, 720t
extrahepatic congenital portosystemic

shunt 1419
hypoxaemia 720

liver transplantation
contraindications 1989
postoperative management 1999
preoperative assessment 1996
preoperative management 1924

patent ductus venosus 1419
pathophysiology 722
physical examination 720
prognosis 722, 722f
pulmonary circulation 1726
pulmonary vascular dilatations 720
treatment 606, 722

hepatorenal ligament 4
hepatorenal reflex (HRR) 76
hepatorenal syndrome (HRS) 711–719

anaesthetic implications 1939
arterial underfilling 711
ascites 711–712
cardiovascular function 713
cirrhosis 605–606, 676
classification 608t
clinical findings 711–713
definition 711
diagnosis 713–714

algorithm 714f
differential diagnosis 714
laboratory findings 711–713
liver function 713
management 715–717

pretransplant patients 1924, 1928
pathogenesis 684–685, 711, 712f
peritoneovenous shunting 697
postoperative liver transplantation

1999
precipitating factors 712
prevention 717
prognosis 606, 676, 677f, 714–715
renal function 712–713
renal vasoconstriction 684–685
renin 678f, 679
type 1

clinical findings 712
laboratory findings 676, 712
management 715–716, 715t
presentation 676
prognosis 712, 713f, 714, 715f

type 2
clinical findings 712
diuretic-resistant ascites 692
laboratory findings 676, 712
management 716–717, 717t
prognosis 712, 713f, 714–715, 715f

hepatosplenic candidosis
clinical features 1012, 1013t
diagnosis 1012–1013
prognosis 1013
treatment 1013

hepatosplenic gamma/delta T-cell
lymphoma 1664

hepatosplenomegaly
relapsing fever 1007
vanishing bile duct syndrome 1116

hepatosteatosis see steatosis
hepatotoxic drugs/hepatotoxicity

definition 983
marketing 1211–1212
multiplicity 1213
readministration 1216
see also drug-induced liver injury;

individual drugs
hepcidin

Dcytb regulation 224
DMT1 regulation 224

ferroportin interactions 224, 1324
hereditary haemochromatosis 224
hypoxia 223
inflammation 223
iron metabolism 223–224
juvenile haemochromatosis 1324
mutations 224

hephaestin 222–223, 222f
Hepp–Couinaud biliary reconstruction,

bile duct injury 1960f
herbal medicines

acute liver failure 1298
hepatitis 1281–1282
hepatotoxicity 1281–1288, 1282t

diagnosis 1286, 1286t
mechanisms 1281–1282
risk factors 1282

pharmacovigilance 1281
primary biliary cirrhosis vs.

1077–1078
regulation 1281
see also individual types

hereditary coproporphyria (HC) 1344t,
1346

aminolaevulinic acid 1344
cutaneous manifestations 1811
diagnosis 1344
genetic defect 1346
homozygous 1348–1349
inheritance 1345
liver cell carcinoma, risk of 1346
penetrance 1345
photosensitivity 1347
porphobilinogen 1344

hereditary fibrinogen amyloidosis 1705,
1707

hereditary fructose intolerance
1860–1861

diagnosis 1861
symptoms 1861

hereditary haemochromatosis see
haemochromatosis

hereditary haemorrhagic telangiectasia
(HHT) 1419–1422, 1491

associated conditions 1421–1422
biliary disease 1420, 1422f, 1491
clinical features 1420
diagnosis 1420–1421
epidemiology 1420
genetics 1419–1420
hepatic disintegration 1420
hepatic vascular malformations 1420
intrahepatic cholestasis 1491
screening 1421
treatment 1422
type 1 1419
type 2 1419

hereditary lysozyme amyloidosis 1705
hereditary periodic fevers

AA amyloidosis 1703
serum amyloid A protein 1703

hereditary sitosterolaemia 1637
hereditary tyrosinaemia type 1 1860
hernia(s)

inguinal 448
umbilical 447, 1923

herpes simplex viral inclusions 424
herpes simplex virus infections

957–959
acute liver failure 1297
adults 958
diagnosis 958–959

histology 959
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polymerase chain reaction 959
serology 958–959

HELLP syndrome 958
immunocompromised 958
latency 957
latent infection reactivation 958
liver transplantation 958

children 1866
neonates 958
pregnancy 958, 1888
prevalence 957
therapy 959
visceral infections 958

herpesvirus infections 957–966
HERS disease (glycogen storage disease

type 6) 1373–1374
Hes-1 69
He-Shou-Wu ( Shou-Wu Pian),

hepatotoxicity 1282t, 1283
heterodimer and histone deacetylases

(HDACs) 216
Hex, liver bud expansion 66
hexachlorobenzene, hepatotoxicity 2111
γ-hexachlorocyclohexane (γ-HCH),

hepatotoxicity 2111
hexafluorodichlorobutene (HFCB),

hepatotoxicity 2111
hexokinase IV (glucokinase) 1370
hexokinases 1370
HFE gene/protein

fibrosis progression in hepatitis C 359
H63D mutation 1324, 1325
haemochromatosis 1323, 1324
HLA class I allele 365, 375
iron metabolism 223

high-density lipoprotein (HDL)
apolipoproteins 136, 139
characteristics 134t
cholesterol removal 139–141, 140f
echinocytes (burr cells) 1768
formation 139, 140f
hepatic uptake 140f, 141
metabolism 138–141
Tangier disease 1366

high-dependency unit (HDU), liver
trauma 1956

high-intensity focal ultrasound (HIFU),
hepatocellular carcinoma 554

highly active antiretroviral therapy
(HAART) 1380

AIDS-related cholangitis 1546
cutaneous side-effects 1807
hepatotoxicity 1380, 1807
HIV–hepatitis B coinfection 934
HIV–hepatitis C coinfection 979
mitochondria, effects on 1380
see also individual drugs

high-mobility group Box 1 (HMGB1),
ischaemia-reperfusion injury 39

high-performance liquid
chromatography (HPLC),
bilirubin 168, 459, 1353

Hijmans van den Bergh reaction 1353
hip fractures, osteoporosis 1829
hip/waist ratio, gamma-glutamyl

transpeptidase 464
histamine

carcinoid syndrome 1474–1475
flushing attacks 1474–1475

histamine antagonists, carcinoid tumours
1476

histamine receptors, hepatic
encephalopathy 737–738

histidine–tryptophan–ketoglutarate
(HTK) solution 352, 1966

histiocytoses 1618–1619, 1644–1645
classification 1645

histiocytosis X (Langerhans cell
histiocytosis) 1618–1619, 1645

histone deacetylases (HDACs) inhibitors,
fibrosis 596

Histoplasma capsulatum 1014
Histoplasma capsulatum capsulatum

1014
Histoplasma capsulatum var. duboisii

1014
histoplasmosis 1014–1015

African (large-form) 1014, 1015
classical (small-form) 1014
clinical features 1015
investigations 1015
pathogenesis 1014–1015, 1015t
pulmonary 1015, 1015t
therapy 1015

HIV infection 974–987
amoebic liver abscess 1021
biliary disease 985
cutaneous manifestations 1807
cytomegalovirus infection 983
drug-induced liver injury 983–984,

1213
hepatitis A coinfection 982
hepatitis A vaccines 901
hepatitis B coinfection see

HIV–hepatitis B coinfection 
hepatitis C coinfection see

HIV–hepatitis C coinfection 
hepatitis D coinfection 879, 982
hepatitis G coinfection 982
intrahepatic cholestasis 1492
liver transplantation 1922

contraindications 1990
liver tumours 984–985, 1438

metastases 984
Mycobacterium avium complex

coinfection 983
syphilis 1007
toxoplasmosis coinfection 983
tuberculosis 983

HIV–hepatitis B coinfection 974–978
antiviral therapy 934, 974–978

combination treatments 977
decision algorithm 977f
drug resistance 976
efficacy 974–976
HbeAg positive 977
HbsAg screening 976
liver biopsies 976–977
options 977t
preferred agents 976f
see also individual drugs

mortality 974
prevalence 974

HIV–hepatitis C coinfection 882,
978–982

antiretroviral therapy 978
liver toxicity 978–979

clinical course 889, 978–979, 979
liver fibrosis 979

diagnosis 978
endstage liver disease management

982
epidemiology 978
HCV therapy 979–982

alcohol abuse 981
antiretroviral agent interactions 981

CD4 count selection 980
compliance 981
contraindications 980
drugs of abuse 981
histological selection 979
monitoring/duration 980–981
pegylated interferon/ribavirin 979
ribavirin 981
special populations 980

hepatitis C genotype 978, 981–982
highly active antiretroviral therapy 979
laboratory markers 978
liver transplantation 982

antiretroviral/immunosuppressive
agent interactions 982

HLA (human leukocyte antigen) system
365

autoimmune hepatitis 365t, 366t, 367,
368, 368t, 1094, 1095, 1120

class I supercluster 365
class II supercluster 365
cystic fibrosis 1338
immunogenetic studies 365t, 366t,

369–370
MHC location 365
primary biliary cirrhosis 358, 367
primary sclerosing cholangitis 365t,

366–367, 366t, 1104
viral hepatitis 365t, 367–368, 370t
see also major histocompatibility

complex (MHC); specific
components

HLA 8.1
autoimmune hepatitis type 1 367
hepatitis C 368
primary sclerosing cholangitis 366

HLA A1-B8-DR3 482
HLA A11 1226
HLA B8 1226
HLA B alleles 365
HLA Cw alleles 365
HLA DP genes 365
HLA DQ genes 365

autoimmune hepatitis type 1 367
hepatitis C 367, 368
primary sclerosing cholangitis 366

HLA DR genes 365
autoimmune hepatitis type 1 367, 368t
drug-induced acute hepatitis 1226
primary biliary cirrhosis 358, 367
primary sclerosing cholangitis 366
viral hepatitis 367

HLA E alleles 365
HLA F alleles 365
Hlx, hepatoblast proliferation 66
Hodgkin’s disease

granulomas 1714
hepatic involvement 1662–1663

clinical features 1662–1663
frequency 1662
histology 1662, 1662f

intrahepatic cholestasis 1492, 1663
ultrasonography 505

HOE 077, fibrosis 597
homeostasis

anaesthetic implications, liver disease
1940

calcium 218, 1750, 1751f
extracellular matrix (ECM) proteins

270–271
glutathione (GSH) 199–200

homeostatic model assessment, non-
alcoholic fatty liver disease 1199

homocysteine
metabolism 146–147
production 146

homocystinuria 2139
homovanillic acid, hepatic

encephalopathy 737
Hopkins model, chronic graft-vs.-host

disease 1674
hormone(s)

across liver cell plates 91
cholangiocyte secretion regulation

53
gallbladder motility 306, 306t
hepatocellular carcinoma 1439
signalling, carrier proteins 251
see also individual hormones

hormone receptors, hepatocytes 93
hormone replacement therapy (HRT)

osteoporosis 1082, 1832
primary biliary cirrhosis 1902

hornet’s venom, hepatotoxicity 2111
Hospital Anxiety and Depression Scale

2029
Hounsfield units 510
4HPR 215f
H1069Q mutations, Wilson’s disease

1317, 1318
human chorionic gonadotrophin 

(hCG)
hepatoblastomas 1763
hepatocellular carcinoma 1763

human genome project 398
immune response gene identification

368
human granulocytotropic anaplasmosis

1006–1007
human granulocytotropic ehrichioses

1006–1007
human hepatic growth factor, hepatocyte

transplantation 2040f
human herpesvirus type 4 see

Epstein–Barr virus infection
human herpesvirus type 6 (HHV-6)

infection 963–964
acute liver failure 1298
transplantation 963–964

human herpesvirus type 7 (HHV-7)
infection 963–964

transplantation 963–964
human herpesvirus type 8 (HHV-8)

infection 966
immunocompromised 966
Kaposi’s sarcoma 966, 1644
transmission 966
treatment 966

human immunodeficiency virus (HIV)
see AIDS; HIV infection

human leukocyte antigen (HLA) system
see HLA (human leukocyte
antigen) system

human monocytotropic ehrlichiosis
1006–1007

human parvovirus B19 infection 968
humoral immune system

alcoholic liver disease 1140
drug-induced acute hepatitis

1223–1224, 1224f
hepatitis E 896
see also antibodies

Hunter syndrome 2139–2140
Hurler syndrome 2140
hyaluronate, uptake by liver sinusoidal

endothelial cells 30
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hyaluronic acid (HA) 270
alcoholic liver disease 1168
cystic fibrosis 1340

hydatid cysts 1047, 1048, 1048f
extrahepatic 1049
magnetic resonance imaging 530
rupture 1049
surgery 1049–1051
ultrasound classification 1049, 1049t
see also cystic echinococcosis

hydatid disease see cystic echinococcosis
(CE)

hydatid sand (granula) 1048
hydatid thrill 1049
hydralazine, hepatotoxicity 1235
hydrazines, hepatotoxicity 2111
hydrochlorofluorocarbons (HCFCs),

hepatotoxicity 1271
hydrogen peroxide

reactive oxygen species elimination
163

reduction, glutathione 201
hydropic swelling see ballooning,

hepatocytes
hydrops of the gallbladder, Kawasaki

disease 1645
3-hydroxy-3-methylglutaryl coenzyme A

reductase (HMGR) 195, 1520
3-hydroxyacyl-CoA dehydrogenase 91
β-hydroxybutyrate dehydrogenase

91–92
3β-hydroxy-C27-steroid

dehydrogenase/isomerase
deficiency 176, 1849

8-hydroxy-deoxyguanosine 1246
5-hydroxyindoleacetic acid

carcinoid syndrome 1475
carcinoid tumours 1472

hydroxymethylbilane 207f, 208
hydroxymethylbilane synthase deficiency

1346
hydroxymethylglutaryl-CoA (HMG)

reductase 92
hydroxymethylglutaryl-CoA (HMG)

synthase 92
16-hydroxyoestrone, feminization 1759
4-hydroxyphenol retinamide (4-HR,

fenretinide) 217
14-hydroxy-retro-retinol 215f, 217
11β-hydroxysteroid dehydrogenase 1752
5-hydroxytryptamine (5-HT) see

serotonin
5-hydroxytryptophan 1474
1α,25-hydroxyvitamin D3

(1,25(OH2)D3) 218
25-hydroxyvitamin D3 218

osteomalacia 1833, 1834
rickets 1833
structure 215f

hyperacute liver failure 1292t
hyperalbuminaemia 454
hyperammonaemia

cirrhosis 730
neurological manifestations 1822, 1823t
urea cycle defects 1862

hyperbaric oxygen, carbon tetrachloride
hepatotoxicity 1271

hyperbilirubinaemia 1352–1359
acquired 1356
bacterial cholangitis 1542
cholestasis 460–461
ciclosporin hepatotoxicity 1647
clinical chemistry 1352–1353

congestive heart failure 1612
extravasated blood resorption

1947–1949
genetic defects 1355–1356
hepatic metastases 1467
ischaemic hepatitis 1610
obstructive jaundice-associated acute

renal failure 1816
postoperative 1947–1949
primary biliary cirrhosis 1075, 1356
see also bilirubin

hypercalcaemia, tumour-induced 1763
hypercatabolism, cirrhotic patients 1837
hypercholesterolaemia

hepatocellular carcinoma 1442
oral xanthomas 1798

hypercoagulation
liver disease 1792
liver transplantation 259–260

preoperative assessment 1997
hypercortisolism 1686
hyperdynamic circulation

portal hypertension 634–636
circulatory vasodilators 634–635
local vasodilators 635–636

preoperative liver transplant
assessment 1996

splanchnic arterial vasodilation 684
hyperemesis gravidarum 1879–1880

clinical features 1885t
liver histology 1880
risk factors 1880

hypereosinophilic syndrome,
Budd–Chiari syndrome 1405

hyperfibrinolysis 1782, 1785, 1785f
liver transplantation 259

hypergammaglobulinaemia
alcoholic cirrhosis 1166
chronic liver disease 1771–1772

hyperglucagonism, portal hypertension
634–635

hyperglycaemia 1734
alcoholic liver disease development

1142
cirrhosis 1738
fasting 1734
glucagon suppression 1738
immunosuppressant-induced 2021
postoperative liver transplantation

2001
postprandial glycogen synthesis 130

hyperhomocysteinaemia, alcohol
consumption 1138

hyperinfection syndrome,
strongyloidiasis 1064, 1065

hyperinsulinaemia
alcoholic cirrhosis 1166
cirrhosis 1906
glucagon suppression 1738
postprandial glycogen synthesis 130

hyperkalaemia
diuretic-induced 691, 692
hepatorenal syndrome 713
spironolactone-induced 691

hyperlactaemia
anaesthetic implications, liver disease

1940, 1942
mitochondrial oxidative

phosphorylation deficiency 1380
hyperlipidaemia

acitretin-induced 1646
corticosteroid-induced 2021
glycogen storage diseases type I 1372

growth hormone deficiency 1690
hepatic fibrosis 1901
immunosuppressant-induced 2021
type 1 1366–1367
type 4 1366–1367
type 5 1366–1367
Zieve syndrome 1770

hyperlipoproteinaemia 1366–1367
hypernatraemia, intracranial pressure

1305
hyperestrogenism, alcohol abuse 1186
hyperparathyroidism

alcohol-related bone disease 1751
osteoporosis 1831

hyperprolactinaemia, cirrhosis 1760
hypersensitivity, immunoallergic

hepatitis 1226
hypersplenism 771–778

cirrhosis 605, 772–773, 1785
clinical consequences 774–775,

774f
definition 772
incidence 772
mechanisms 772–774

anaemia 774
granulocytopenia in 773–774, 773f
thrombocytopenia 772–773

risk factors 772
severe 772
thrombocytopenia 258
treatment 775–777
visceral leishmaniasis 1036

hypertension
immunosuppressant-induced 2021
intracranial see intracranial

hypertension 
portal see portal hypertension 
post-liver transplantation 1998

hyperthyroidism
definition 1684
drug-induced 1685, 1750
hepatic effects 1684
hepatocellular carcinoma 1763
hyperemesis gravidarum 1880

hypertriglyceridaemia
glycogen storage disease type 1 1373
non-alcoholic fatty liver disease 1197
non-alcoholic steatohepatitis 1197

hypertrophy
hepatocytes 282
liver remnants 1934

hyperuricaemia, glycogen storage
diseases type 1 1372

hyperventilation, acute liver failure 1293
hyphae, Candida albicans 1012
hypnozoites, Plasmodium 1029, 1030
hypoalbuminaemia 253, 454

bilirubin toxicity 170
obstructive jaundice 1505
total plasma calcium levels 1750

hypocalcaemia, liver transplantation
anaesthetic implications 1942
postoperative 2001

hypochloraemic acidosis, anaesthetic
implications 1940

hypocoagulation, liver transplantation
1997

hypocoagulation, post-liver
transplantation 1999

hypofibrinogenaemia
cirrhosis 260
disseminated intravascular coagulation

260

hypoglycaemia
acute fatty liver of pregnancy 1883
acute liver failure, children 1859
anaesthetic implications 1940
cirrhosis 612, 1740, 1754
fibrosarcoma 1460
glycogen storage diseases 1371, 1372,

1373
hepatocellular carcinoma 1744–1745

management 1745–1746
paracetamol overdose 1238

hypoglycaemic agents 1737
hypoglycin A 1272

pregnancy 1883
hypoglycin poisoning (Jamaican

vomiting sickness) 1272
hypogonadism

alcohol abuse 1186
cirrhosis 610, 1756–1758, 1759
drug-induced 1759
haemochromatosis 1761–1762

management 1761–1762
hyperprolactinaemia 1760
juvenile haemochromatosis 1326

hypoinsulinaemia, growth hormone
resistance 1741

hypokalaemia
anaesthetic implications 1939, 1942
diuretic-induced 691, 692

hypolipoproteinaemias 1366
hypomagnesaemia, anaesthetic

implications 1939, 1942
hyponatraemia

acute porphyric crisis 1344
anaesthetic implications 1939
cirrhosis 612, 612t, 676
diuretic-induced 691, 692
hepatorenal syndrome 713, 716
pretransplant patients, waiting list

mortality 1923
treatment in cirrhotic ascites

699–702
hypoparathyroidism, alcohol-related

bone disease 1751
hypophosphataemia, paracetamol

overdose 1238
hypotension

cirrhosis 1727
hepatic blood flow regulation 76
hepatorenal syndrome 711, 713

hypothalamic-pituitary axis dysfunction,
cirrhosis 610, 1760

hypothalamic-pituitary-gonadal axis
1686–1687

hypothalamus, liver function regulation
114

hypothermia
intracranial pressure 748
liver transplantation 1942–1943

hypothermic ischaemia see cold
ischaemia

hypothyroidism 1685
ascites 1685
bile acid synthesis 1685
congenital 1685
definition 1684
drug-induced 1750
haemochromatosis 1762
primary biliary cirrhosis 1749
urea synthesis regulation 183

hypovolaemia, obstructive jaundice-
associated acute renal failure
1816
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hypoxaemia, hepatopulmonary
syndrome 720

hypoxia 1616–1617
fibrosis 585
Kupffer cells 39
mitochondria, oxygen detection by

1616–1617
hypoxia-induced angiogenesis, fibrosis

1617
hypoxia-inducible factor (HIF) 90–91,

1617
hypoxia-responsive element (HRE) 90
hypoxic hepatitis see ischaemic (hypoxic)

hepatitis
hypoxic liver cell necrosis see ischaemic

(hypoxic) hepatitis
hypoxic vacuoles 424

I
ibuprofen

hepatotoxicity 1212
nephrotoxicity 702

ichthyosis-biliary atresia 2140–2141
ichthyosis-neutral lipid storage disease

2141
idiopathic adulthood ductopenia 1106
idiopathic haemochromatosis see

haemochromatosis
idiopathic immune thrombocytopenia

(IIP), hepatitis C 258
idiopathic thrombocytopenia (ITP)

773f
IFN see interferon-α (IFNα); interferon-γ

(IFN-γ)
ileum, bile salt absorption 174
imaging see specific methods
imidazoles 1038
imipenem, bacterial cholangitis 1543,

1543t
imipramine, hepatotoxicity 1235
immortalized cell lines, bioartificial liver

support 2045
immune attack, drug-induced acute

hepatitis 1222–1223
immune cell function, neural modulation

120
immune complexes

chronic hepatitis C 889
primary sclerosing cholangitis 1104

immune plasma, Argentine
haemorrhagic fever 990

immune reaction (IR) 312–331
innate see innate immune response 
lymphocytes see lymphocytes 

immune response (IR)
cellular see cellular immune response 
chronic hepatitis B 871
genetic studies see immunogenetics,

liver disease 
hepatitis B vaccine 910
humoral see humoral immune system 
immunogenetics

MHC components 368–370
non-MHC components 368–370

polymorphism 364
restoration, chronic hepatitis B

antiviral therapy 922
termination of 369–370
see also specific components/types

immune system
alcoholic liver disease 1139–1141

genetics 1143

drug-induced acute hepatitis 1222
hepatic 479–480, 479f

immunoallergic hepatitis
clinical characteristics 1226
drug-induced 1226

immunoassays
amyloidosis 1706
hepatitis C 883

immunocompromised patients
adenovirus infections 968
Bartonella henselae 1005
cytomegalovirus infection 962

diagnosis 960–961
Epstein–Barr virus infection 965
haemobilia 1553
herpes simplex virus infections 958
human herpesvirus type 8 infection

966
varicella-zoster virus infection 960

immunocytochemistry, malignant ascites
668

immunodepression, strongyloidiasis 1064
immunogenetics, liver disease 364–371

association studies 364
future study 370–371
inflammatory bowel disease and 366,

370
MHC genes 364–368, 365t, 369–370

areas of interest 365
autoimmune disease 365t,

366–367, 366t, 368, 368t
viral disease 365t, 367–368, 370t
see also HLA (human leukocyte

antigen) system; major
histocompatibility complex
(MHC) 

non-MHC genes 364, 368–370
candidate genes 368–369
early antigen presentation genes

369
immune response

termination/tissue repair genes
369–370

inflammatory response genes 369
innate immune response genes 370
late antigen presentation genes 369
weak associations 371

tissue repair 369–370
immunoglobulin(s)

cirrhosis 1771–1772
liver disease 328–329

immunoglobulin A (IgA) 325–329
alcoholic liver disease 328–329, 1772
antibody-dependent cell-mediated

cytotoxicity 328
bile 55, 326–328
catabolism 328
functions 328
giardiasis 1024
glomerular abnormalities, cirrhosis

329, 1817
hepatobiliary system 326–328
inflammation 328
isotypes 326
neuropathy, cirrhosis 1817–1818
opsonization 328
primary biliary cirrhosis 329
secretory chain 326
species differences 326–327
structure 326, 327f
synthesis 325–326

gut-associated lymphoid tissue 326
transport 326, 327f

immunoglobulin E (IgE), echinococcosis
1054

immunoglobulin G (IgG)
alcoholic liver disease 329
autoimmune hepatitis 1852
catabolism 328
glomerular abnormalities, cirrhosis

1817
hepatitis C virus 1772

immunoglobulin M (IgM)
catabolism 328
glomerular abnormalities, cirrhosis

1817
hepatitis B 839
hepatitis C 855, 1772
hepatitis D diagnosis 876

immunoglobulin receptors, B cells 325
immunohistochemistry (IHC)

amyloidosis 1706
ciliated hepatic foregut cyst 807–808
epithelioid haemangioendothelioma

1459, 1459f
liver biopsy 491, 491f
varicella-zoster virus infection 960
viral hepatitis 430

immunological investigations 479–488
autoimmune hepatitis 480–482
autoimmune polyglandular syndrome

type 1 485
chronic HCV infection 485
chronic HDV infection 485
limitations 479–480
overlap syndromes 485
primary biliary cirrhosis 484
primary sclerosing cholangitis 484

immunomodulation
chronic hepatitis B 925
primary biliary cirrhosis 1082–1083

immunophilin-binding drugs
2006–2008

immunostaining, hepatocellular
carcinoma 1440

immunosuppression
acute liver failure 1296–1297
amoebic liver abscess 1025
autoimmune hepatitis 1099, 1853
autoimmune hepatitis–primary biliary

cirrhosis overlap syndrome 1123
autoimmune sclerosing cholangitis

1124
chronic graft-vs.-host disease 1675
cutaneous manifestations 1809–1810
hepatitis C, post-transplant recurrence

2013
hepatocellular carcinoma induction

1260
liver transplant see

immunosuppression, liver
transplantation 

neurotoxicity 1826
peliosis hepatis induction 1658
post-transplantation bone disease

1833
split liver transplantation 1865, 1973

immunosuppression, liver
transplantation 2003–2009

acute rejection treatment 2004
adverse effects/complications

2004–2005, 2020–2023
arterial hypertension 2021
cardiovascular 2020–2021
in children 1867
chronic renal failure 2021–2022

diabetes mellitus 2021
disease recurrence 2004–2005
hyperlipidaemia 2021
infections 2004, 2022–2023
malignancy 2004, 2022
obesity 2020
opportunistic infections 2023
osteoarticular complications 2022
renal impairment 2005
weight gain 2020

agents 2005–2009, 2005t
antimetabolites 2008
cell interaction inhibitors 2009
immunophilin-binding drugs

2006–2008
lymphocyte depletion 2005
lymphocyte inhibitors 2006–2009
lymphocyte trafficking inhibitors

2008–2009
nucleotide synthesis inhibitors

2008
purine synthesis inhibitors 2008
pyrimidine synthesis inhibitors

2008
antiretroviral agent interactions 982
children 1865
chronic rejection treatment 2004
hepatitis C recurrence 2013
induction therapy 2004
maintenance regimes 2004
minimal immunosuppression

tolerance 2003
postoperative, cutaneous

manifestations 1809
pregnancy 2005
prope tolerance 2003
regimes 2003–2004

side-effect minimizing 2023
window for immunological

engagement 2003
withdrawal 2004
see also specific drugs

immunotherapy, hepatic metastases
1469

impila (Callilepsis laureola),
hepatotoxicity 1282t, 1285

impotence, haemochromatosis 1761
imprinting 1689
inbred mouse strains 372
incremental cost-effectiveness ratio 2084
Index of Well-being 2028
indicator dilution method, hepatic blood

flow measurement 569
indirect bilirubin see unconjugated

bilirubin
indirect haemagglutination (IHA),

amoebic liver abscess 1026
indirect immunofluorescence,

autoimmune hepatitis
1091–1092

indocyanine (ICG)
clearance 472
hepatic blood flow measurement 662
intrinsic hepatic clearance 470

indoles, hepatic encephalopathy 731
indomethacin 702
inducible NO synthase (iNOS)

cholangiocyte expression 55
liver sinusoidal endothelial cells 31

induction, acute fatty liver of pregnancy
1883

industrial toxins 1269
acute liver failure 1298
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infant(s)
biliary disease 1845–1850
hepatitis A vaccine 900–901
hepatitis B vaccine 908
liver disease 1845–1850
total parenteral nutrition-related liver

disease 1634, 1635
see also specific diseases/disorders

infantile cholestasis 1845–1847
alpha-1-antitrypsin deficiency 1332
causes 1845, 1846t
clinical examination 1876
clinical presentation 1845–1846
cystic fibrosis 1338
idiopathic 1850
imaging 1846–1847
incidence 1845
investigations 1846–1847, 1847t
management 1846–1847
spontaneous bleeding 1845

infantile haemangiomata 1862–1863
infantile obstructive cholangiopathy

1823t
infantile Refsum’s disease 2141

hepatocyte transplantation 2038
infection(s)

acute liver failure, children 1858, 
1859

angiography 537
bacterial see bacterial infection(s) 
cutaneous manifestations 1644,

1806–1808
extrahepatic biliary obstruction see

extrahepatic biliary obstruction 
fungal see fungal infection(s) 
geographical distribution 2099–2104
granulomas 1709, 1713–1714
hepatic encephalopathy 731
immunosuppressed patients 2004,

2022–2023
infantile cholestasis 1846t
obstructive jaundice 1505–1506
post-liver transplantation 2001

children 1866
immunosuppression 2022–2023

postoperative jaundice 1950
primary sclerosing cholangitis 1104
vanishing bile duct syndrome 1115
viral see viral infection(s) 
see also specific infections

inferior mesenteric vein
anatomy 623
portal hypertension 625
retrograde flow 625

inferior vena cava 4
compression

Budd–Chiari syndrome 1405
polycystic liver disease 791f, 793

congenital webs, ascites 670
stenoses, Budd–Chiari syndrome

1406
thrombosis, Budd–Chiari syndrome

1406
inferior venacavography, Budd–Chiari

syndrome 1408
inflammation

alcoholic liver disease 1143, 1159
angiography 537
cholangiocarcinoma 1584
fibrosis progression to cirrhosis 584
gallbladder motility disorders 1562
histological features 424–425
immunogenetics 369

immunoglobulin A (IgA) 328
non-alcoholic fatty liver disease 1199
non-alcoholic steatohepatitis diagnosis

1199
systemic AA amyloidosis 1703

inflammation-induced cholestasis see
cholestatic hepatitis

inflammatory bowel disease (IBD)
amyloidosis 1627
autoimmune hepatitis 1626
autoimmune sclerosing cholangitis

1853
cirrhosis 1626
drug-induced hepatitis 1628
extrahepatic biliary obstruction 1507
granulomas 1714
hepatobiliary complications 1622, 1622t
hepatobiliary disease prevalence

1622–1623
liver abscess 1628
liver disease immunogenetics and 366,

370
primary biliary cirrhosis 1628
primary sclerosing cholangitis 366,

370, 1103, 1104, 1489, 1624–1626
prevalence 1624–1626

steatosis 1627
vitamin D deficiency 218
without primary sclerosing cholangitis

1624–1625
see also Crohn’s disease; ulcerative

colitis (UC)
inflammatory carcinogenesis model, liver

cancer 316–317
inflammatory cystic diseases 810–813
inflammatory mediators, sepsis-induced

cholestasis 1946
inflammatory pseudotumours (IPT),

cystic 812
inflammatory tumours, benign 1596
infliximab

alcoholic hepatitis 1164–1165
hepatotoxicity 1647

Informal Working Group on
Echinococcosis (IWGE) 1049

informative censoring, prognostic
models 2057

inguinal hernias 448
inhalational anaesthetics, use in liver

disease 1941
liver transplantation and 1942

inherited prothrombotic disorders,
portal vein thrombosis
1395–1396, 1395t

inhibin 1687, 1755
inhibitor of apoptosis (IAP) family 340
initiator caspases, apoptosis 336
innate immune response

alcoholic liver disease pathogenesis
1139–1140

hepatocytes 106
immunogenetic studies 370

inosine triphosphate pyrophosphatase
(ITPase), azathioprine
intolerance 1647

inositol trisphosphate, cholangiocytes 53
INR see international normalized ratio

(INR)
in situ hybridization, viral hepatitis 430
insomnia, Wilson’s disease 1316
inspissated bile syndrome 1848
insulin 1681

actions 1734

clearance, liver disease 1734–1735
deficiency

growth hormone resistance 1741
insulin-like growth factor-1

production 1742
effects 129
hepatic degradation 129
hepatic glucose production 129
hypersecretion, non-diabetic cirrhotics

1734–1735
insulin-like growth factor binding

proteins regulation 1743, 1744
insulin-like growth factor-I production

regulation 1742, 1744
lipoprotein lipase 136
metabolism 1681
renal glucose production 129
resistance see insulin resistance 
secretion 129

alcoholic cirrhosis 1735
diabetic cirrhotics 1733f, 1735
hepatic modification 129
liver disease 1734–1735
non-diabetic cirrhotics 1734–1735

sex hormone binding globulin
regulation 1755

therapy 1737
urea synthesis regulation 183
see also diabetes mellitus (DM);

glucose
insulin-like growth factor(s) (IGFs)

1689, 1742–1746
extrapancreatic tumour

hypoglycaemia 1744–1746
management 1745–1746

growth hormone regulation 1739
liver disease 1743–1744
physiology 1742–1743
secretion, cirrhosis 1743
see also specific growth factors

insulin-like growth factor binding
protein(s) (IGFBPs) 1742–1743

cirrhosis 1740f, 1743
postoperative levels 1744
regulation 1743
synthesis 1742
see also specific receptors

insulin-like growth factor binding
protein 1 (IGFBP-1) 1742, 1743

cirrhosis 1740f, 1743
insulin-like growth factor binding

protein 2 (IGFBP-2) 1742
regulation 1743

insulin-like growth factor binding
protein 3 (IGFBP-3) 1742

cirrhosis 1740f, 1743
regulation 1743

insulin-like growth factor-1 (IGF-1) 1689
administration, cirrhosis 1909
Alagille syndrome 1741
alcoholic liver disease 1743
cholangiocyte proliferation 54
cirrhosis 1740f, 1741, 1743
extrapancreatic tumour

hypoglycaemia 1744–1746
growth hormone regulation 1739
physiology 1742–1743
plasma transport 1742–1743
postoperative levels 1744
production regulation 1742
receptor 1743
sex hormone binding globulin

regulation 1755

insulin-like growth factor-2 (IGF-2) 1689
extrapancreatic tumour

hypoglycaemia 1744–1746
growth hormone regulation 1739
physiology 1742–1743
plasma transport 1742–1743
precursor forms (big IGF-2)

growth hormone inhibition 1745
tumour-associated hypoglycaemia

1745
insulin-like growth factor receptor 2

(IGFR2) 394t
insulin resistance 1680

alcoholic hepatitis 1169
cirrhosis 132
free fatty acids 131
haemochromatosis 1761
interleukin-1β 317
interleukin-6 317
liver disease 1838
non-alcoholic fatty liver disease 132,

1681
obesity-associated 132
tumour necrosis factor 317
very-low-density lipoprotein secretion

136
integrins

extracellular matrix 270
hepatoblast proliferation 66
hepatoblasts 68
T cell mobilization 322

intensive care unit (ICU)
liver trauma 1956
postoperative liver transplantation

1998
intensive therapy unit (ITU), candidosis

1011
intercellular adhesion molecule-1

(ICAM-1), T cell mobilization
322

interendothelial slits (IESs), spleen 772
interface hepatitis

autoimmune hepatitis 1094
primary biliary cirrhosis 1077

interface myofibroblasts 47, 47t
interferon(s), T cell regulation 323
interferon-α (IFNα) 1450

carcinoid tumours 1477
children 949
dialysis patients 1654–1655
fibrosis 595, 596
hepatitis B 925

children 1851
chronic 925
cirrhosis 933
extrahepatic manifestations 936
membranoproliferative

glomerulonephritis 1818
renal transplantation patients 1657
wild-type virus (HBeAg-positive)

927
hepatitis C 941–942

acute 917
children 949, 1852
dialysis patients 1656
gene array data 408
hepatocellular carcinoma

prevention 1450
historical aspects 941
membranoproliferative

glomerulonephritis 1819
polymorphism and responses to

357t, 358, 360t
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renal transplant patients 1658
resistance to 854
ribavirin combination 942,

943–944, 944t, 949
hepatitis D-hepatitis B virus

coinfection 934–935
HIV–hepatitis B coinfection 974, 975,

975t
side-effects 927, 927t, 1477
thyroid dysfunction induction 1750

interferon-α 2a, chronic hepatitis C 941
interferon-α 2b, chronic hepatitis C 941
interferon-γ (IFN-γ)

alveolar echinococcosis 1056
chronic graft-vs.-host disease

pathogenesis 1674
Cryptosporidium 1024
fibrosis 596
inducible genes, gene array data

407–408
visceral leishmaniasis 1039

interferon-ribavirin combination,
hepatitis C dialysis patients
1656

interleukin(s) 312
interleukin-1 (IL-1)

acute graft-vs.-host disease
pathogenesis 1672

ischaemic injury 348
polymorphism, inflammatory

response and 369
urea synthesis regulation 183

interleukin-1β (IL-1β), insulin resistance
317

interleukin-1 receptor-associated kinase
(IRAK-1) 37

interleukin-2 (IL-2), acute graft-vs.-host
disease 1672

interleukin-4 (IL-4)
chronic graft-vs.-host disease

pathogenesis 1674
polymorphism, inflammatory

response and 369
interleukin-6 (IL-6) 313, 313t, 317–318

cirrhotic ascitic fluid 668
congestive heart failure 317–318
extrahepatic biliary obstruction 1506
fulminant hepatic failure 318
insulin resistance 317
ischaemia-reperfusion injury 40
liver regeneration 316, 317
multiple myeloma 317–318
polymorphism, inflammatory

response and 369
signal transduction 317, 317f

interleukin-10 (IL-10)
alcoholic liver disease 1143, 1159
fibrosis 596
ischaemia-reperfusion injury 40
polymorphism

IFN response in hepatitis C and 358
inflammatory response and 369

regulator T cells 323
interleukin-13 (IL-13), ischaemia-

reperfusion injury 40
interlobular bile ducts 17
interlobular ductules 1111
intermediate-density lipoprotein (IDL)

characteristics 134t
clearance 138

intermediate filaments
bile vesicular trafficking 298
hepatocyte cytoskeleton 97

intermediate hepatocytes 60
intermittent clamping 350, 351f

warm ischaemia prevention 350
intermittent inflow occlusion,

hepatectomy 1935
internal radiation, hepatocellular

carcinoma 1449–1450
internal ribosomal entry site (IRES),

translation initiation 195
International Ascites Club, refractory

ascites definition 692
International Autoimmune Hepatitis

Group scoring system
1090–1091, 1091t

International Autoimmune Hepatitis
Group (IAIHG) scoring system
1090–1091, 1091t, 1120

international normalized ratio (INR)
456, 1781

acute liver failure 1293, 1302
children 1859

heat stroke 1278
Model for EndStage Liver Disease

score 1786
variability between laboratories 1783,

1784f
international sensitivity index (ISI) 456
interobserver variation, liver biopsy

434
interval-specific haplotype analysis, QTL

analysis in inbred mice 377t,
378–379

interventional radiology
gastrointestinal bleeding, hepatic

origin 549–551
hepatocellular carcinoma 551–555

intestinal bacteria, obstructive jaundice
1504, 1506

intestinal bypass, gallbladder cancer-
associated intestinal obstruction
1579

intestines
ammonia production 181
ammonia source 181
bacterial translocation 762
cholesterol gallbladder stones 1520
decontamination, spontaneous

bacterial peritonitis prophylaxis
764–765, 764t

drug malabsorption 1916
hypoxia, eNOS upregulation 635
total parenteral nutrition-related liver

disease 1638–1639, 1639f
intoxicating pepper (kava),

hepatotoxicity 1282t, 1284–1285
intra-abdominal pressure (IAP)

abdominal compartment syndrome
87

assessment 1957
intra-arterial chemotherapy,

hepatocellular carcinoma 1449
intra-arterial digital subtraction

angiography (IADSA), liver
trauma 1955

intracranial aneurysms, polycystic liver
disease 796

intracranial hypertension
acute liver failure 740, 740f, 744,

1292–1293
management 1304–1305, 1305

hepatic encephalopathy 744
monitoring

bleeding risk 1788t

invasive 1304–1305
monitor placement complications

744
non-invasive 1304–1305

pressure reduction 1305
intractable ascites see refractory ascites
intraductal cholangiocarcinoma see

cholangiocarcinoma
intraductal ultrasound (IDUS), biliary

strictures 542
intrahepatic cholestasis see cholestasis,

intrahepatic
intrahepatic cholestasis of pregnancy

(ICP) 1880–1881
associated cholestases 1881
canalicular transport defects, inherited

1385
clinical features 1385, 1885t
fetal risks 1880
pruritus 1880
treatment 1495, 1880

intrahepatic pressure measurement 568
intraoperative radiation therapy (IORT),

gallbladder carcinoma 1580
intraportal ductules 1111
intrapulmonary shunts, carcinoid

syndrome 1474
intrasplenic pressure measurement 567
intravenous cholangiography (IVC),

extrahepatic biliary obstruction
1508

intravenous drug use see drug abuse
intrinsic coagulation pathway 1780,

1781f
intrinsic death pathway, apoptosis

338–339
intrinsic hepatic clearance 469–470,

1912
iodine 233t

deficiency 233t
iodine 131 (131I)-lipiodol, hepatocellular

carcinoma 1449–1450
iprindole, hepatotoxicity 1235
iproniazid

cirrhosis induction 1253
hepatotoxicity 1222, 1229–1230, 1235

Ireg1 see ferroportin
irinotecan 246
iron

absorption
dietary 220
non-haem iron 220

deficiency
ALA-synthase 2 translation 211,

211f
divalent metal transporter 221

deposition
adrenal cortex 1762
alcoholic liver disease 1168–1169
hepatocellular carcinoma 1439
magnetic resonance imaging 529
pituitary 1761

excretion 220
export 222–224
haem synthesis 209
loading, genetic background and 376
metabolism 220–225

chronic liver disease 1769
cirrhosis 1769

mobilization 222–224
overload

acute leukaemia 1664
alcoholic liver disease 1154

cirrhosis 585
liver biopsy 494
in liver disease 1901

storage 220
histological features 428

studies
alcoholic hepatitis 1163
non-alcoholic fatty liver disease 1199
non-alcoholic steatohepatitis 1199

supplementation, oxidative stress
1138–1139

transport 220–222
uptake mechanism 220–222

iron citrate 221
iron deficiency anaemia, post-liver

transplantation 1772
iron overload disorders 1323–1329

classification 1323t
see also individual disorders

iron regulatory protein 1 (IRP1) 220
iron-responsive elements (IRE) 220

haem synthesis regulation 211
iron-responsive elements binding protein

(IRE-BP) 211
iron storage disorders, liver biopsy 494
irradiation, veno-occlusive disease 1256
irritability 444–445
isabgol, hepatotoxicity 1282t
ischaemia

cold see cold ischaemia 
vanishing bile duct syndrome 1115
warm see warm ischaemia 

ischaemic heart disease
bilirubin levels 168
hepatic failure 1613t
hepatitis C treatment contraindication

945
ischaemic (hypoxic) hepatitis

1609–1611
acute liver failure 1299
cardiac disease 1945
clinical manifestations 1299, 1609
definition 1609
diagnosis 1949
hypotension 1945
incidence 1609
laboratory findings 1610–1611
liver chemistries 1617
pathogenesis 1609–1610
pathology 1610
postoperative jaundice 1945

ischaemic injury, necrosis 341–342
ischaemic preconditioning 350, 351f

cold ischaemia prevention 352–353
warm ischaemia prevention 350

ischaemic-reperfusion injury 348–355
Kupffer cell activation 39–40, 39f

Ishak scoring system 435, 436t
isocitrate 155
isocitrate dehydrogenase,

hyperthyroidism 1684
isoflurane, liver transplantation 1942
isolan (carbamate insecticide),

hepatotoxicity 2108
isolated cholangiocytes, liver function

models 123
isolated hepatocytes, liver function

models 122–123
isoniazid

acetylation 1235
elderly 1872
hepatotoxicity 1235–1236, 1239, 1253

acute liver failure, cause of 1298

Volume One pp. 1–1068; Volume Two pp. 1069 –2160

TTOD01  3/14/07  3:34 PM  Page xliii



xliv INDEX

isoniazid (continued)
rifampicin coadministration 1222,

1235–1236
neurological toxicity 1915

isosexual precocity, liver tumours 1763
isosorbide mononitrate

cirrhosis, drug-induced renal
impairment 703

variceal bleeding prevention 644, 646
isotope studies, carcinoid tumours 1473
isotretinoin 1646
Italy

hepatitis B vaccine 912
hepatitis D 877, 878

Ito cells see hepatic stellate cell (HSC)
itraconazole

hepatotoxicity 1648
histoplasmosis 1015
paracoccidioidomycosis 1016

Ivemark syndrome 2141–2142
ivermectin 1065

J
JAG1 (JAGGED1) gene mutations 1387,

1848
JAK2 gene mutations 1403
JAK/STAT signalling 393
Jamaican vomiting sickness (hypoglycin

poisoning) 1272
pregnancy 1883

Janus kinases (JNK)
interleukin-6 signal transduction 317
regulation 107

Japan, hepatitis B 867
Jarisch–Herxheimer reaction 1808
jaundice 444

acute liver failure 1292
ajmaline-induced 1230
alveolar echinococcosis 1052
anabolic-androgenic steroids induced

1242
anabolic steroid-induced 1687
bacterial infection 1001
bilirubin 460
causes 1352
cholestasis 1228
floxuridine induced 1254
halothane hepatitis 1235
Hodgkin’s disease 1663
intrahepatic cholestasis of pregnancy

1880
Kawasaki’s disease 1645
Legionnaire’s disease 1618
malaria 1031
neonatal 1355
non-Hodgkin’s lymphoma 1663
obstructive see extrahepatic biliary

obstruction; obstructive jaundice 
pneumococcal pneumonia 1618
postoperative see postoperative jaundice 
pregnancy 1879
primary biliary cirrhosis 1075
skin signs 446
thyroid storm 1684
ultrasonography indication 501t
urine colour changes 444

Jehovah’s Witnesses, marrow stimulants
1792

jejunoileal bypass surgery, post-operative
hepatic damage 1630

Jeune syndrome 2142
Jin Bu Huan, hepatotoxicity 1282t, 1283

JNK see Janus kinases (JNK)
juice aspiration cytology, biliary

strictures 542
Jumonji gene 68
c-Jun, liver cancer 275
junctional complexes, hepatocytes 11,

22, 22f
Junin virus infections see Argentine

haemorrhagic fever (AHF)
c-Jun N-terminal kinase 1 (JNK1) 104
c-Jun N-terminal kinase 2 (JNK2) 104
juvenile haemochromatosis 1324, 1325,

1326
juvenile rheumatoid arthritis 1696

K
Kahn syndrome 2142
kala-azar see visceral leishmaniasis (VL)
kallikrein 1474–1475
Kaposi’s sarcoma (KS) 1644

HIV infection 985
human herpesvirus type 8 966, 1644

Kaposi’s sarcoma herpesvirus (KSHV) 
see human herpesvirus type 8
(HHV-8)

Karnofsky Performance Status Scale 2028
Kartagener syndrome 2142–2143
Kasai portoenterostomy, biliary atresia

1847–1848
Katayama fever (acute schistosomiasis)

1041
Katz syndrome 2143
kava, hepatotoxicity 1282t, 1284–1285
kavapyrones 1284
Kawasaki’s disease 1645
Kayser–Fleischer ring 446

Wilson’s disease 1319, 1320, 1853
Keating syndrome (X-linked glycogen

storage disease) 2143
kepone (chlordecone), hepatotoxicity

2108
kernicterus 168, 1353, 1886

Crigler–Najjar syndrome 1355
neurological manifestations 1822

kerosene, hepatotoxicity 2111
ketoconazole

hepatotoxicity 1236, 1686
paracoccidioidomycosis 1016

ketogenesis, across liver cell plate 91–92
α-ketoglutarate 92
ketone bodies

acute liver failure 1302
hyperemesis gravidarum 1880
mitochondrial oxidative

phosphorylation deficiency 1380
ketoprofen, hepatotoxicity 1249
17-ketosteroids 1755
kidney(s)

ammonia regulation 186, 187f
bicarbonate regulation 186, 187f
bilirubin excretion 172
drug susceptibility, cirrhosis 1914
examination 448
extrahepatic bile circulation 293, 294f
parathyroid hormone clearance 1751
preoperative assessment 1996–1997
prostaglandin production 682
systemic AL amyloidosis 1704
see also entries beginning renal

KifC2, receptor-mediated endocytosis
100

kinase domain region (KDR) 30, 30t, 32

kinesin, receptor-mediated endocytosis
100

‘King herbs’ 1283
King’s College Criteria

emergency liver transplantation in
acute liver failure 1307, 1308t

fulminant hepatic failure, coagulation
tests 1786t

KIR genes 370
Klatskin tumour 505
Klebsiella spp.

bacterial cholangitis 1541
pyogenic liver abscess 1002

Klippel–Trenaunay–Weber syndrome
1429

knockin animals, QTL-localized gene
verification 380

knockout animals
NF-κB pathway 316
tumour necrosis factor receptor-1 316

Knodell score 435
Korsakoff syndrome 1185
Kozak sequence 192
k-ras gene

cholangiocarcinoma 1587
gallbladder carcinoma 1576–1577

Kruppel-like factor 6 (KLF6) 394t, 395
Kulchitsky cells, carcinoid tumours 1470
Kupffer cell reaction 428
Kupffer cells (KC) 13f, 14, 14f, 36–42, 36f

activation 37–38, 313
warm ischaemia 348, 351–352

ageing 1871
alcohol, effects on 40, 1140
alcoholic liver disease 1139–1140
bilirubinostasis 425
blood flow regulation 81
cholestasis 1484
cytokine receptors 313
development 36–37
distribution 36
drug-induced liver failure 40–41
fibrosis reversal 586
functions 37–38
Gaucher’s disease, type 1 1361
hepatic artery occlusion 1391–1392
hepatic stellate cell interactions 584
inflammatory mediator formation

37–38, 38f
iron metabolism 222
localization 36–37
malaria 1031
morphological characteristics 36–37
paracetamol overdose 41
pathophysiological role 38–41
phagocytosis 37, 335–336
‘worm-like structures’ 36, 36f

Kupffer cells, neural regulation 120

L
labelling, gene arrays 403
labetalol, hepatotoxicity 1236
labile cells 58
Labrea fever 428
lactate

cirrhotic ascites 667
mitochondrial oxidation 157–158,

1380
lactic acidosis

fulminant hepatitis 187
glycogen storage disease type 3 1373
liver disease 187

lactic dehydrogenase (LDH) 453–454
ascites

cirrhotic 669f
malignant 668–669, 669f
tuberculous peritonitis 670

assay 453–454
clinical usefulness 454
in disease states 454
distribution 453
isoforms 453
localization 453
normal values 454
postoperative hyperbilirubinaemia

1949
reactions 453
sepsis-induced cholestasis 1950
spontaneous bacterial peritonitis 763

lactitol, hepatic encephalopathy
746–747, 1839

persistent chronic 749
lactulose

acute variceal bleeding 649
hepatic encephalopathy 746–747,

1839
persistent chronic 749
precipitant-induced 749

obstructive jaundice 1511
lamin B receptor (LBR) autoantibodies

484
laminins 269

fibrotic liver 264
lamivudine, hepatitis B treatment

children 1851
chronic infection 925–926

adefovir dipivoxil combination 929
cirrhosis 934
extrahepatic manifestations 936
pegylated-interferon-α

combination 928, 930–931
precore mutant infection (HBeAg-

negative) 930
resistance 928, 930, 931–932, 932f
wild-type virus (HBeAg-positive)

927
dialysis patients 1655
hepatitis D coinfection 934–935, 935
hepatocellular carcinoma prevention

1450
hepatotoxicity 984
HIV coinfection 974, 975, 975t, 976
liver transplantation 934, 2010–2011

hepatitis B recurrence 2011–2012
pretransplant patients 1927

pregnancy 923, 1887
renal transplantation patients 1657
resistance 976

lamotrigine, hepatotoxicity 1299
Langerhans cell 1618
Langerhans cell histiocytosis (LCH)

1618–1619, 1645
laparoscopic splenectomy 776
laparoscopy 497–498

hepatic cysts, ADPKD 793–794
hilar (upper duct) cholangiocarcinoma

1593
indications 497t
liver trauma 1955
simple cyst of the liver 787–788

laparotomy, simple cyst of the liver 788
Laplace’s law 663
large cell dysplasia 430
large hepatic vein obstruction see

Budd–Chiari syndrome
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Larrea tridentata (chaparral),
hepatotoxicity 1282t, 1285

Larsen syndrome 2143
larva

Ascaris lumbricoides 1058
Capillaria hepatica 1066
Strongyloides stercoralis 1064

laryngeal cancer, alcohol consumption
and 1186

laser capture microdissection, protein
prefractionation and 404

laser lithotripsy, choledocholithiasis
1531

Lassa fever 988–990
clinical manifestations 989
diagnosis 989–990
epidemiology 988
laboratory findings 989
nosocomial infection 990
pathogenesis 989
pathology 989
swollen-baby syndrome 989
treatment 990

latent infection membrane proteins
(LMPs), Epstein–Barr virus 964

lateral hypothalamic area
liver function regulation 114
parasympathetic hepatic nerves

114–115
Laurence–Moon–Bardet–Biedl

(Bardet–Biedl) syndrome
2125–2126

Lawrence–Seip syndrome (Berardinelli
syndrome) 2126

l-dopa, hepatic encephalopathy 748
lead 233t

aminolaevulinic acid dehydrase 208
deficiency 233t
hepatotoxicity 1344, 2111

league tables, cost-effectiveness 2085
learning methods, unsupervised 406
lecithin 139
lecithin–cholesterol acyltransferase

(LCAT) 139, 140f
leflunomide

hepatotoxicity 1236, 1647–1648
liver transplantation 2008
mechanism of action 1647–1648

left gastric vein
anatomy 623
gastro-oesophageal varices inflow 627

left ventricular ejection fraction
ascites 1722
cirrhosis 1721

Legionella pneumophila 1002–1003
Legionnaire’s disease 1002–1003, 1618

allograft recipients 1618
treatment 1002–1003

leiomyosarcoma 1460–1461
Leishmania chagasi 1035t
Leishmania donovani 1035, 1035t
Leishmania infantum 1035t, 1036
Leishmania tropica 1035
leptin

non-alcoholic steatohepatitis 611
stellate cell fibrogenesis 594

Leptospira interrogans 1008
leptospirosis 1007–1008

animal hosts 1008
clinical features 1008
diagnosis 1008
geographical distribution

2100–2101t, 2104t

pregnancy 1888
treatment 1008

lesser omentum 4
Letterer–Siwe disease (Langerhans cell

histiocytosis) 1618–1619, 1645
leucine

macroautophagy regulation 148f, 149
protein synthesis regulation 148, 148f

leucocytosis 1770
leuconychia (white nails), cirrhosis 611
leucopenia 1770
leukaemia, hepatic involvement

1664–1665
leukocyte receptor complex (LRC)

cluster 370
leukocytes

abnormalities, liver disease and
1770–1771

periportal sinusoidal plugging 81
leukocytopenia, antiviral side-effects 946
leukotriene D4 682
leukotrienes C4 682
levamisole 1061
LeVeen shunts 695
L-γ-glutamyl-L-cysteinyl-glycine see

glutathione
lichen planus 1642–1643

hepatitis 1643
hepatitis C 945, 1807
primary biliary cirrhosis 1643

lifestyle
alcoholic cirrhosis 1132
non-alcoholic fatty liver disease

prevention/management
1203–1204

non-alcoholic steatohepatitis
prevention/management
1203–1204

ligamentum teres hepatis (round
ligament) 3

ligamentum venosum 3–4
ligandin see glutathione-S-transferases

(GSTs)
ligase chain reaction (LCR) DNA

amplification, Mycobacterium
tuberculosis 670

light chain (deposit) disease 428
limit dextrinosis see glycogen storage

disease (GSD), type 3
limited scleroderma 1697
limiting plate 10, 10f
Lind, James 572
linear regression analysis 2061
linear RNA amplification, gene array

analysis 402–403
line tracing test, hepatic encephalopathy

745
Linguatula serrata 1066
linkage analysis

gallstone disease 1524
mouse models of human liver disease

372
QTL and 375

synteny and 377–378
linkage disequilibrium (LD), genetic

polymorphism and liver disease
360, 361

lipid(s)
absorption 291
composition in membranes 96
digestion 291
hepatic stellate cells 44, 45f
metabolism

across liver cell plate 91–92
neural modulation 117
obstructive jaundice 1505

natural killer T-cells 321
as second messenger 103
total parenteral nutrition-related liver

disease 1636
lipidation 135
lipidosis

extracellular 1360–1369
intracellular 1360–1369

lipid peroxidation
drug-induced 1220
drug-induced steatohepatitis 1246
extracellular matrix production 592
non-alcoholic steatohepatitis 591–592

lipid peroxides, stellate cell activation
591–592

lipid radicals 1220
lipid storage diseases

drug-induced 1214t, 1242–1251,
1243t

drugs causing 1246–1251
macrovacuolar steatosis 1243

lipocytes see hepatic stellate cell (HSC)
lipofuscin 12, 428, 1870
lipogenesis, across liver cell plate 91
lipogranulomas 428, 1709, 1710f

macrovesicular steatosis 1148
LipoKinetix, hepatotoxicity 205, 1286
lipophilic vitamins, absorption in liver

disease 1916
lipopolysaccharide

alcoholic liver disease 40
Kupffer cells 37
liver injury induction

gene array data 410
proteomics 414

lipoprotein(s)
characteristics 134t
density 134
disorders 1366–1367
metabolism 91, 92, 133–142
size 134
structure 134–135, 134f
see also individual types

lipoprotein lipase (LPL) 136–137
expression, muscle vs. adipose tissue

136
lipotoxicity, non-alcoholic

steatohepatitis 1202
Listeria monocytogenes 1002
LITH gene/protein, gallstone disease

1525
Lith loci 376
lithotripsy, haemobilia 1551
Liv.52, hepatotoxicity 1286
liver

abnormalities, rare diseases with
2122–2160

age-related changes 1870–1871
functional 1870–1871
morphology 1870

biliary drainage 5
capsule stretching 443–444
divisions 5–7

1–2–20 principle 6–7, 6f
Couinaud concept 6, 6f
hemilivers 6
portal segments 6, 6f
vascular territories 6

drug-induced damage see drug-
induced liver injury 

embryology 65–71
cytokines 314t

external anatomy 3–4, 3f
extrahepatic infection 1001
functional organization 89–96
functional unit (lobule) 9–10, 9f, 11f,

80, 80f
functions see liver function 
as haematopoeitc organ 1767, 1767t
hilus (porta hepatitis) 3, 79
histological features 9–19, 9f,

423–432
hepatocellular changes 423
inflammation 424–425
necrosis 424–425
regeneration 430
storage phenomena 428–429
vascular changes 427–428

imaging 500–548
innervation 5, 114–121

extrinsic 16
intrinsic 16–17, 16f
nerve fibre types 16–17

internal anatomy 4–5, 4f
lobes 3, 3f, 5

atrophy, simple cyst of the liver 783
caudate (Spigelian) 3
left 3
quadrate 3
right 3

lymphatics see lymphatics 
macroscopic anatomy 3–8
morphology, functional aspects 17
neuropeptides 16–17
‘nutmeg’ appearance, congestive heart

failure 1612
percussion 447–448
peritoneal attachments 4
prostatic cancer and 1658–1659
pulsatile 447–448
radiation injury 1277–1278
regeneration see regeneration 
renal transplantation and 1657–1658
resection see hepatectomy 
scarring see fibrosis 
stress response, age-related changes

1871
structure 89
synthetic function 250–273
‘transcriptome’ 407
transplant see liver transplantation 
vascular development 69–70
volume, age-related changes 1870

liver adenomatosis
definition 1430
diagnosis 1431
management 1432

liver biopsy 489–499
acute fatty liver of pregnancy 1882,

1883
acute graft-vs.-host disease 1673, 1674f
alcoholic cirrhosis 1166
alcoholic hepatitis 1163
alcoholic liver disease 491–492, 1154
alpha-1-antitrypsin deficiency 1332,

1333
Amanita phalloides poisoning 1271
angiosarcoma 1458
bile duct injury, post-cholecystectomy

1959
biliary hamartomas 1574
bleeding risk 1788t
brucellosis 1003
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liver biopsy (continued)
Budd–Chiari syndrome 1406, 1408,

1409
cholesteryl ester storage disease 1366
cirrhosis 614
coagulation limits 1787
coeliac disease 1629
complications 495–497
congenital syphilis 1007
contraindications 489
cystic fibrosis 1340
diffuse lesions 489
drug-induced liver injury 1216
fatty liver disease 491–492, 492f
fixation 9
focal lesions 489, 490f
frozen section 491
granulomatous hepatic tuberculosis

1006
haemangioma 1427
haematopoietic stem cell

transplantation 1675–1676
haemobilia 1551, 1553
haemochromatosis 494, 496f, 1326
hepatic iron storage disorders 494
hepatitis C

chronic 493f, 888
recurrence, post-liver

transplantation 2014–2015
hepatocellular carcinoma 497f, 498
histoplasmosis 1015
HIV–hepatitis B coinfection 976–977
immunohistochemistry 491, 491f
indicated biopsies 494–495
indications 489, 489t, 1900
interpretation errors 490
intrahepatic cholestasis 1492
laparoscopic 497–498, 497f, 497t
Legionnaire’s disease 1618
lesional patterns 489
liver transplantation 494–495

post-operative 2019–2020
rejection 495, 1866

mastocytosis 1644
metabolic liver disease 494
methotrexate-induced hepatotoxicity

1646
molecular biology examinations 491
necessity 1900
Niemann–Pick disease 1365
non-alcoholic fatty liver disease

491–492, 1200–1201, 1200f
children 1855–1856

non-alcoholic steatohepatitis 492,
1200–1201, 1200f

non-invasive tests vs. 1900
‘normal’ 489–490
null biopsies 494
observer variation 434
paracoccidioidomycosis 1016
percutaneous 490
pregnancy 1879
primary biliary cirrhosis 1074
processing methods 490–491
protocol biopsies 495
puncture site 489
reports, changing patterns 433
Reye syndrome 1825
rheumatoid arthritis 1696
sample size 434, 489, 1900
sampling error 434
sampling variability 434
sarcoidosis 1711

scoring system 433–440
advantages 433–434
cohort studies 433–434
limitations 434
treatment decision making 433

sensitivity 1900
sinusoidal dilatation 1413
sinusoidal obstruction syndrome 1412
staining 491
storage 490–491
structural lesions 489
systemic amyloidosis 1705
techniques 490–491
tract plugging, collagen 1792
transjugular 490
viral hepatitis, chronic 492–494, 492f,

493f, 494f, 495f
wedge 490
Wilson’s disease 1299, 1317
Wolman’s disease 1366

liver bud 65–66
expansion 65–67, 66f

liver cell(s) 89
age-related changes 1870
dysplasia, histological features 430
plates see liver cell plates 
pleomorphism 429
primary carcinoma 1437–1456
proliferation control 274–280,

275–278
ageing liver 276
chronic liver disease 276
liver cancer 276–278, 277f, 278f

society 60–61, 61f
see also individual types

liver cell plates 89, 90f
compartmentalized gene expression

90–91
blood composition 90
blood oxygen level 90–91
hormones 91
microcirculation 90
regulation 90–91

gene expression 90–91
metabolic differences across 91–93

see also specific metabolic processes
liver cell rosettes 425

cholestatic 425
liver complex IV see cytochrome oxidase
liver disease

acute
chronic vs. 1899–1900
coagulation disorders 257–258,

1780t, 1785
hepatocyte apoptosis 340
liver function tests 476

alcohol consumption 1901
anaesthesia and see anaesthesia and

liver disease 
biochemical investigations 451–467

hepatic excretory function markers
459–465

hepatic synthetic function markers
454–459

hepatocellular damage markers
451–454

cardiopulmonary examination 447
cardiovascular manifestations

1721–1731
cell death targeting treatment

343–345, 343f
children 1845–1869
chronic

acute vs. 1899–1900
coagulation disorders 258, 1780t,

1785
contraception 1887
drug pharmacokinetics 1913
fibrinolysis see fibrinolysis 
hepatocyte apoptosis 340
iron metabolism 1769
liver function tests 476
liver sinusoidal endothelial cells

32–33
osteodystrophy 218
pregnancy 1886
Sjögren syndrome 1697
telomere shortening/senescence

276
vitamin K-dependent factors 258

complication prevention 1902–1903
diagnosis 1899–1901

extrahepatic manifestations
1900–1901

dietary management 1901
diminished energy requirements 1837
driving capacities 1902
drug prescribing 1912–1921

practical recommendations
1917–1919, 1918t

elderly 1870–1878
endocrine system, effects on

1732–1766
family history 445
follow-up 1902–1903

liver transplantation, need for 1903
genetic basis see genetics and liver

disease 
haemolysis 1769
hepatic removal kinetics 475
hepatic vs. cholestatic 1900
hepatotoxicity risk 1917, 1917t
immunoglobulins 328–329
increased energy requirements 1837
management 1897–1930
medical history, past 445
neurological examination 449
neurological manifestations

1822–1828, 1823–1824t
nutrition 1905–1911
oral manifestations 1798
palmar erythema 446
pathophysiological consequences

1938–1941
acid–base balance 1940
cardiovascular 1938–1939, 1942
coagulation 1940, 1943
electrolyte balance 1939
glucose homeostasis 1939–1940
hepatic encephalopathy 1940
renal 1939
respiratory 1939

patient general appearance 445
physical activity 1901
polygenic 371–383

approaches to study 372
pregnancy 1879–1896
rest 1901
sexual activity 1902
signs/symptoms 443–450
systems review 445
toxicity cofactors 1901
see also individual diseases/disorders

Liver Disease Quality of Life
Questionnaire (LDQOL 1.0)
2067

Liver Disease Symptom Index 2067
liver failure

acute see acute liver failure (ALF) 
chronic

cytokines 314t
hepatocyte transplantation 2037,

2038t
disseminated intravascular coagulation

(DIC) vs. 1782
fulminant see fulminant hepatic failure

(FHF) 
hepatitis D 878
postoperative see postoperative liver

failure (PLF) 
primary biliary cirrhosis 1081

liver flap see asterixis (flapping tremor)
liver flukes 1044–1047

cholangitis 1547, 1547t
definition 1044–1045
see also individual types

liver function 89–128
metabolism see metabolism 
neural modulation 114–121, 116f

anatomy 114–119
hemodynamics 115
immune cell function 120
metabolism 115–119
regeneration 119–120
sinusoidal hemodynamics 115
see also afferent hepatic nerves;

efferent hepatic nerves 
sexual dimorphism 1689
signalling see signal transduction 
tests see liver function tests 
transport processes 109–114
in vitro investigations 121–128

adult stem cells 123
cell hybrids 123
cloned proteins 124–125
hepatoma cell lines 123
isolated cholangiocytes 123
isolated hepatocytes 122–123
isolated subcellular fractions

123–124
liver slices 122
perfused liver 122

see also specific functions
liver function reserve

Child–Pugh classification 1934, 1934t,
1938

portal vein embolization and 1934
preoperative assessment 1933, 1934,

1938
liver function tests

acromegaly 1689
acute fatty liver of pregnancy

1881–1882
age-related changes 1870–1871
angiosarcoma 1458
coeliac disease 1628t, 1629
congenital hepatic fibrosis 782
cystic fibrosis 1339, 1340
diabetes mellitus 1681
Gaucher’s disease, type 1 1361
giant cell arteritis 1698
growth hormone deficiency 1690
hepatic removal kinetics 475–476,

475t
hepatitis B, acute 869
hepatocellular carcinoma 1446
Hodgkin’s disease 1663
intrahepatic cholestasis of pregnancy

1880
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Lyme disease 1644, 1808
mastocytosis 1644
myeloid metaplasia 1665
Niemann–Pick disease 1365
non-alcoholic fatty liver disease 1199

diabetes mellitus and 1682
non-alcoholic steatohepatitis 1199
obstructive jaundice 1507
oral contraceptive-induced

abnormalities 1688
peliosis hepatis 1412
polycystic liver disease 796
polymyalgia rheumatica 1698
pre-eclampsia 1884
pregnancy 1879
quantitative 475–476, 475t

surgical risk assessment 476
therapeutic response assessment

476
rheumatoid arthritis 1696
Rift Valley fever 991
syphilis 1007
systemic amyloidosis 1705
Wilson’s disease 1320
see also individual tests

liver injury
acute

hepatic stellate cell replacement
285–286

hepatocyte replacement 281–282
apoptosis 340
chronic

hepatic stellate cell replacement 286
hepatocyte(s) proliferation 282
hepatocyte replacement 282

drug-induced see drug-induced liver
injury 

heat stroke 1278
lipopolysaccharide-induced 410, 414
natural toxin-induced 2105–2121
non-drug chemical-induced

2105–2121
pharmacokinetics 1913
physical agent-induced 1277–1280
toxic see toxic liver injury 
traumatic see liver trauma 

liver/kidney microsomal (LKM)
autoantibodies

autoimmune polyglandular syndrome
type 1 485

type 1 (LKM-1), autoimmune hepatitis
481t, 482–483, 483f, 1090, 1091,
1092, 1093t, 1096–1097, 1101,
1120

type 2 (LKM-2), autoimmune hepatitis
1092, 1252

type 3 (LKM-3)
autoimmune hepatitis 483, 1092
chronic hepatitis C 485
chronic hepatitis D 485

liver-kidney transplantation
hepatic cysts, ADPKD 794
hereditary fibrinogen amyloidosis

1707
liver micro-organs 2045–2046
liver regeneration see regeneration
liver resection see hepatectomy
liver rupture, pregnancy 1884
liver sinusoidal endothelial cells (LSEC)

13–14, 14f, 29–35, 672–673, 672f
ageing 33
angiogenesis 30
antigen uptake 30

apoptosis, cold ischaemia 352
endocytotic mechanisms 29–30
endotoxin, response to 1140
extracellular matrix production 591
fenestrations (pores) 13, 29, 29f

loss 591
homeostatic role 29–30
hyaluronate uptake 30
hypothermia 352
immunity 30
inflammation 30
liver conditions 31–33
molecular biology 30–31
pseudocapillarization 33
sieve plates 13
signalling 30–31, 31f
as sphincters 81
vasculogenesis 30

liver slices, liver function models 122
liver–small intestine transplant, 

TPN-related liver disease
1638–1639, 1639f

liver stem cell niche 60
liver support 2044–2052

artificial systems 2047–2048
clinical practice implications 2049
mortality effects 2049t

bioartificial see bioartificial liver
support 

clinical practice implications
2048–2049

future prospects 2049–2050
historical aspects 2043–2044
ideal requirements 2043

detoxification 2043
synthesis functions 2043

limitations 2044
mortality effects 2049t
safety 2049
see also specific systems

liver tears, acute myocardial infarction
1611

liver transplantation 1963–2052
acute liver failure 1307–1309, 1986

children 1859–1860
indications 1307
patient selection 1307, 1307t, 1308t

adenovirus infections 968
alcoholic cirrhosis 1183–1184

testicular endocrine dysfunction
improvement 1758

alcoholic hepatitis 1183
alcoholic liver disease 1157, 1987

extrahepatic complications
1185–1186

alcoholism management 1183–1185
patient selection 1183–1184
post-transplant 1184–1185
pre-transplant 1183–1184

alpha-1-antitrypsin deficiency 1334,
1850, 1988

alveolar echinococcosis 1054
anaesthesia 1941–1943

acid–base balance 1942
blood loss/transfusion 1943
cardiovascular problems 1942,

1996, 1997–1998
coagulopathies 1943, 1997
consciousness levels 1997
electrolytes 1942, 1996–1997
emboli formation 1997
equipment 1997
intraoperative care 1997–1998

laboratory tests 1997
medications 1997
monitoring/venous access 1942,

1943
preoperative assessment

1996–1997
renal issues 1942, 1996–1997
respiratory issues 1996
specific problems 1942–1943
see also individual drugs 

anatomical abnormalities 1990
angiography 539
ascites 671
autoimmune hepatitis 1100–1101,

1987, 2016
auxiliary see auxiliary liver

transplantation 
bile duct anastomosis 1969–1970

hepaticocholedochojuejunostomy
1969

side-to-side 1969–1970, 1969f
biliary complications 2023

postoperative care 2000
bone disease, postoperative 1830t,

1832–1833
Budd–Chiari syndrome 1405, 1410,

1988
carcinoid tumours 1476
cardiac output changes 1722
children 1865–1867

acute liver failure 1859–1860
complications 1865–1867
indications 1865
surgical complications 1865

cholangiocarcinoma 1600, 1988
chronic hepatitis B antiviral therapy

934
cirrhosis 616

hepatic resection vs. 1933
testicular endocrine dysfunction

improvement 1758
cirrhotic cardiomyopathy 1185–1186
cold ischaemia 352
contraindications 1903, 1922,

1989–1990
advanced age 1989
anatomical abnormalities 1990

coronary artery disease 1989
cystic echinococcosis 1050–1051
cystic fibrosis 1855
cytomegalovirus infection 962–963
diabetes mellitus 1736, 1990
disease-specific indications

1986–1989, 1986t
elderly 1874
en bloc harvesting/preservation

1965–1966
epithelioid haemangioendothelioma

1460
epithelioid haemangioendotheliomas

1988
extrahepatic malignancies 1922
familial hypercholesterolaemia 1367
fibrolamellar carcinoma 1988
follow-up, ultrasonography 501t
Gaucher’s disease 1364
glycogen storage disease type 4 1861
grafts see grafts 
graft suitability 1965, 1965f
granulomas 1714
haemangiosarcoma 1988
haemochromatosis 1988
haemostasis 259–260

heat stroke 1278
hepatic artery lesions 1392
hepatic cysts 794
hepatic encephalopathy 748

persistent chronic 749
hepatic metastases 1469
hepatitis A vaccines 901
hepatitis B recurrence 2010–2012

lamivudine therapy 2011–2012
pre-transplant replication status

2010
hepatitis C recurrence 1990,

2012–2015
anti-HCV immune globulin 2014
antiviral therapy 2013–2014
gene array data 409
identification of 2012–2013
liver biopsy 2014–2015
living donor grafts 2013
natural history 2012, 2012f, 2013f
prevention 2013, 2014f
quality of life 2027
retransplantation 2015
treatment 2014–2015

hepatitis D–hepatitis B virus
coinfection 935–936

hepatoblastomas 1988
hepatocellular carcinoma 1447–1448

adjuvant therapies 1448
priority policies 1448
recurrence rate 1447
tumour size 1447

hepatopulmonary syndrome 722,
725t, 1989, 1996, 1999

hepatorenal syndrome 1999
type 1 715
type 2 716

hereditary haemorrhagic telangiectasia
1422

historical aspects 1984
HIV–hepatitis C coinfection 982
HIV infection 1922, 1990
hypersplenism 777
hypothermia 1942–1943
imaging

postoperative 2019
preoperative 1985

immunosuppression see
immunosuppression, liver
transplantation 

indications 1922
induction agents 1942
laboratory tests 1997
Langerhans cell histiocytosis

1618–1619
liver biopsy 494–495

indicated biopsies 494–495
null biopsies 494
protocol biopsies 495

living donor see living donor liver
transplantation (LDLT) 

malnutrition 1907, 1907t
medications 1997
minimal listing criteria 1985–1986

Child–Turcotte–Pugh 1985, 1985t
Model for EndStage Liver Disease

1184, 1448, 1912, 2070
paediatric endstage liver disease

1985–1986
neuroendocrine tumours 1988
non-alcoholic fatty liver disease 1202
number performed 1984f
nutritional therapy 1909–1910
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liver transplantation (continued)
obesity 1990
outcomes research 2069–2070
patient evaluation 1922
patient selection criteria 1922
pharmacological agents 1966
polycystic liver disease 1988
portal hypertension, children 1864
portal vein thrombosis 1968
portopulmonary hypertension

723–724, 725t, 1989–1990
postoperative care 1998–2001,

2019–2026
assessment 1998
biliary complications 2000
bleeding 1999–2000
cardiac issues 1998–1999
cutaneous manifestations 1809
drug-induced seizures 2001
electrolyte issues 1999
haematological abnormalities

1772–1774
histological changes 2024
imaging 507–508, 1998, 2019
infectious issues 2001
intensive care unit 1998
late mortality 2020
liver biopsies 2019–2020
long-term monitoring 2019–2020
mechanical ventilation 1999
medications 2000
metabolic issues 2001
neurological assessment 1998
neurological issues 1826–1827,

2000–2001
outpatient management 2019
patient education 2020
renal issues 1942, 1999
respiratory issues 1999
vascular complications 2000

pregnancy 1888–1889, 2024
preoperative assessment 1984–1985

alcohol abuse 1985
cardiopulmonary 725, 1985
drug abuse 1985
elderly 1874
imaging 1985
ultrasonography 501t, 507
viral serology 1985

preservation 1965–1966
organ viability maintenance 1966
pharmacological agents 1966

pretransplant patients
bridging to transplant 1923–1925
early post-transplantation mortality

1925–1926
long-term post-transplantation

outcome 1926–1928
management 1922–1930

primary biliary cirrhosis 1084,
1986–1987, 2015

primary sclerosing cholangitis 1106,
1108–1109, 1625

ulcerative colitis and 1625
progressive sclerosing cholangitis

1951
pulmonary disease 1989–1990
quality of life 2027–2031

employment 2030
future trends 2030
health limitations 2030
measurement 2027–2028
outcomes 2029–2030

pain 2030
psychosocial adaptation 2027
questionnaires 2028–2029
sleep alterations 2030
symptom relief 2030

recipient hepatectomy 1966–1967
bypass 1967

recipient transplantation 1967–1968
arterial reconstruction 1967, 1967f
vena cava anastomosis 1967, 1967f

recurrent disease 2010–2018, 2010t
alcohol abuse 2016–2017
autoimmune diseases 2015–2016
autoimmune hepatitis 2016
Budd–Chiari syndrome 2017
non-alcoholic fatty liver disease

2017
primary sclerosing cholangitis

2015–2016
see also specific diseases

rejection 2000
acute 1866
alcoholic liver disease 1184
children 1866–1867
chronic 2023
cytomegalovirus infection 962–963
elderly 1874
hepatocyte transplantation 2032
late acute 2023
liver biopsy 495, 1866
pregnancy 1889
treatment 2004
vanishing bile duct syndrome

1113t
renal failure 1990
sarcoidosis 1712
sequential harvesting 1966
smoking 1990
split liver see split liver transplantation 
surgical complications 2023
surgical techniques 1965–1983
systemic hereditary amyloidosis 1707
total parenteral nutrition-related liver

disease 1638–1639
type 1 glycogen storage diseases 1861
ultrasonography 507–508
vanishing bile duct syndrome 1116
viral serology 1985
waiting list numbers 1984f
Wilson’s disease 1319, 1853
see also hepatocyte transplantation;

specific types
liver trauma 1953–1958

angiographic embolization 1957
angiography 536, 536f, 1955, 1955f
blunt 1953, 1956
complications 1957, 1958t
diagnosis 1954–1956
haemobilia 1551–1552
imaging 1954–1956, 1955f
initial patient assessment 1953–1954
injury severity classification 1953,

1954t
investigations 1954–1956, 1954t
management 1956–1957

algorithm 1957f
conservative 1956, 1956t

mechanism of injury 1953
penetrating 1953
surgical intervention 1956–1957,

1957t
damage control 1956–1957
indications 1956, 1956t

liver tumours 1425–1478
benign 1427–1436

magnetic resonance imaging
523–525

Budd–Chiari syndrome 1405
children 1862–1864, 1863t
c-Jun 275
cytokines 314t
drug-induced 1214t, 1257–1261, 1259t
endocrine manifestations 1762–1763
extrahepatic biliary obstruction 1507
extrahepatic congenital portosystemic

shunt 1419
gonadotrophin secretion 1763
hepatic progenitor cells 61–63, 62f
HIV infection 984–985
hypercalcaemia 1763
initiation 1257–1258
isosexual precocity 1763
malignant 1437–1463

magnetic resonance imaging
525–527

metastatic 1464–1478
morphometry 438
mutations causing 1258
nodules 562
positron emission tomography

561–564
pregnancy 1886
promotion 1257–1258
radiation-induced 1278
status, hepatic resection and 1933
stepwise development 1258
telomere shortening/senescence

276–278, 277f, 278f
tumour necrosis factor (TNF) see

tumour necrosis factor (TNF) 
see also individual types

Liver Tumour Study Group, Societé
Internationale d’Oncologie
Pediatrique (SIOP),
hepatoblastoma guidelines 1864

living donor liver transplantation (LDLT)
acute liver failure 1308–1309, 1309t
adults 1990–1992
advantages 1991
biliary tract complications

bile leaks 1979, 1982
biliary strictures 1982–1983
donor 1979
recipient 1982–1983

children 1865
disadvantages 1991
donor evaluation 1977, 1992

blood typing 1992
medical examination 1977, 1992

donor outcome 1979
biliary complications 1992
mortality 1979, 1991, 1992
quality of life 1979, 1992

donor surgery 1977–1979
cholecystectomy 1978
graft removal 1979
hepatic venous system 1978, 1978f
liver dissection 1977–1978, 1977f
parenchyma transection

1978–1979, 1978f
hepatitis C recurrence, post-transplant

1992, 2013
hepatocellular carcinoma 1447–1448
historical aspects 1990–1991
number performed 1991f
patient management 1928–1929

pretransplant patients management
1928–1929

recipient evaluation 1980, 1991
recipient outcome 1980–1983, 1992

bacteraemia 1982
biliary infection 1982
complications 1980–1981
disadvantages 1991
graft dysfunction 1981
hepatic artery thrombosis

1981–1982
outflow obstruction 1982
portal vein thrombosis 1982
postoperative haemorrhage 1981

recipient surgery 1980
anhepatic phase 1980
native liver dissection 1980
revascularization 1980, 1981f

surgical techniques 1976–1983
LM autoantibodies, autoimmune

polyglandular syndrome 483f, 485
lobar pneumonia, hepatic involvement

1618
lobular disarray 429
lobular hepatitis, chronic 429
lobular inflammation, acute graft-vs.-

host disease 1673
lobule 9–10, 9f, 11f, 80, 80f
Loeffler syndrome 1059
logistic regression analysis 2061, 2062
loins, examination 448
long-chain-3-hydroxyacyl coenzyme A

dehydrogenase deficiency 1881
long-chain acyl-CoA dehydrogenase

(LCAD) 154
deficiency 2143

long-chain fatty acids
activation 152, 153f
mitochondrial β-oxidation 154–155,

154f
mitochondrial uptake 152–154, 153f

Long Evans Cinnamon (LEC) rat,
Wilson’s disease animal model
1320–1321

lonidamide 1217
loop diuretics

ascites 690–691
urea synthesis inhibitors 183

lopinavir, hepatotoxicity 983–984
lorazepam 1180
low-density lipoprotein (LDL)

abetalipoproteinaemia 1366
catabolism 136–137
characteristics 134t
cholesteryl ester storage disease 1365
clearance 138
familial hypercholesterolaemia 1367
formation 138
receptor 138

low-density lipoprotein receptor-related
protein (LRP) 138

low-molecular-weight heparin (LMWH)
acute portal vein thrombosis 1397
Budd–Chiari syndrome 1409

low phospholipid-associated
cholelithiasis syndrome (LPAC)
1385, 1491, 1495

low T3 syndrome 1748t, 1749
thyroid function tests 1748t

L-protein see hepatitis B virus (HBV)
LPS binding protein (LBP), Kupffer cells

37
LP-X, cholestasis 459
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LTD QOL, liver transplantation quality
of life 2029

luminal acid hydrolases 24
lung cancer

alcohol consumption 1186
hepatic involvement 1619

lung disease, liver in 1616–1621
lupoid hepatitis 1695
lupus anticoagulant test, antiphospholipid

antibody syndrome 1695
lupus pernio 1643
luteinizing hormone (LH) 1686–1687

alcoholics 1186, 1758
cirrhosis 1758, 1760
functions 1687
men 1754–1755
structure 1686

luteinizing hormone releasing hormone
(LHRH) antagonists, acute
porphyrias 1345

Lutz–Richner syndrome 2144
luxury perfusion 744
LX-1 line, hepatic stellate cells 48
LX-2 line, hepatic stellate cells 48
Lyme disease (LD) 1007, 1644, 1808
lymph 84–88
lymphangiectasia, chylous ascites 669
lymphangiogenesis 86
lymphangions 84
lymphangitis, portal hypertension 768
lymphatic cholangitis 425
lymphatic pump 86
lymphatics 5, 16, 79, 84–88, 673

biophysics 84–85
cannulation 85
central venous pressure 86–87, 86f
chylous ascites 669
contractions 85–86
diseases, effects on liver 1662–1670
dysfunction 87
flow increases 87–88

cirrhosis 88
functions 85
interaction 87

lymphatic valves 84–85
lymph nodes 85

bacterial translocation 762
hilar (upper duct) cholangiocarcinoma

vs. 1597
metastases, mass forming

cholangiocarcinoma 1586
lymphocyte proliferation assay

drug-induced liver injury 1224
immunoallergic hepatitis 1226

lymphocytes 14, 320–325, 320t, 479, 479f
definition 320
function 320, 323t
hepatitis C virus 852
inhibitors, immunosuppressive

therapy 2006–2009
liver fibrosis 323
localization 320
trafficking inhibitors,

immunosuppressive therapy
2008–2009

see also specific types
lymphocytic phlebitis, alcoholic hepatitis

1151
lymphocytic piecemeal necrosis 424
lymphogranuloma venereum 1004
lymphoid dendritic cells 321
lymphoid leukaemia, hepatic

involvement 1664

lymphoma(s)
B cell 1663
drug-induced 1259t, 1261
granulomas 1714
HIV infection 985
intrahepatic cholangiocarcinoma vs.

1597–1598
non-Hodgkin’s see non-Hodgkin’s

lymphoma 
ultrasonography 505

lymphoplasmocytic cholangitis 1596
lymphoproliferative disorders

Gaucher’s disease type 1 1361
HCV-associated 1772
post-transplant see post-transplant

lymphoproliferative disorder
(PTLD) 

lymph:plasma ratio, cirrhosis 675
Lypocodium serratum (Jin Bu Huan),

hepatotoxicity 1282t, 1283
lysine acetylsalicylates

cirrhosis, drug-induced renal
impairment 702

prostaglandin E2 levels 702
lysophosphatidylcholine 139, 140f
lysosomal acid lipase (LAL) deficiency

1365–1366
lysosomal storage disorders 1360–1366

children 1862
see also individual disorders

lysosomes 24–25, 25f
primary 25
secondary (mature) 25

lysyl hydroxylases 266
lysyl oxidases 266
lytic necrosis 424

M
macroautophagy 148–149, 148f
macrocytes, chronic liver disease

1768
macrocytic anaemia

alcoholic cirrhosis 1166
cirrhosis 610

macrocytosis
alcohol abuse 1187
chronic liver disease 1768

macronodular cirrhosis 604
macronodules 430
macrophagal myofasciitis (MMF),

hepatitis B vaccine 910
macrophages, fibrosis reversal 586
macrosteatosis see fatty liver disease

(FLD)
macrovesicular steatosis

alcoholic 1148, 1148f, 1159–1161,
1246

clinical manifestations 1160
diagnosis 1160
imaging 1160
laboratory values 1160
natural history 1160
pathogenesis 1160
treatment 1160

causes 1243
drug-induced 1243
histological features 428
total parenteral nutrition-related liver

disease 1634–1635
Maddrey’s discriminant function (DF),

alcoholic hepatitis 1163
Madelung’s disease 1186

magnesium
deficiency, renal tubular acidosis-

associated liver disease 1819
supplementation 1908

magnetic resonance angiography (MRA)
522, 522f

azygos blood flow measurement 570
hilar (upper duct) cholangiocarcinoma

1593
magnetic resonance cholangiography

AIDS-related cholangitis 1546
alveolar echinococcosis 1053
Caroli syndrome 805
cholecystolithiasis 1527, 1528f
choledocholithiasis 1527, 1528f, 1542
chronic portal vein thrombosis 1398,

1398f
magnetic resonance

cholangiopancreatography
(MRCP)

bile duct stones 541–542, 541f
endoscopic retrograde

cholangiopancreatography vs. 541
biliary hamartomas 799–800, 799f
biliary strictures 542
cholangiocarcinoma 530, 530f
extrahepatic biliary obstruction 1508,

1509
gallbladder dysfunction 1564
hilar (upper duct) cholangiocarcinoma

1593
intrahepatic cholestasis 1492
liver trauma 1956
peribiliary cysts 803, 804f
primary sclerosing cholangitis 1106,

1489
sphincter of Oddi pancreatic-type

dysfunction 1570
magnetic resonance imaging (MRI)

521–531, 1432, 1433f
alcoholic macrovesicular steatosis

1160
alveolar echinococcosis 1053, 1053f
amoebic liver abscess 530, 1025
angiomyolipoma 523–524
angiosarcoma 526–527
bile system 530–531
biliary cystadenoma 526, 814
biliary hamartomas 523, 799, 799f,

800f, 1574
biloma 817
Budd–Chiari syndrome 1408, 1409
carcinoid tumours 1473, 1473f
chemical shift imaging method 521
cholangiocarcinoma 526, 528f

hilar (upper duct) 1590f, 1591, 1592f
intraductal 1591
intrahepatic 526, 528f, 1595
periductal infiltrating 1591, 1593f,

1595
ciliated hepatic foregut cyst 808
cirrhosis 613, 613f
coils 521
contrast enhancement 522–523

extracellular agents 522–523, 529
hepatobiliary agents 523

cystadenocarcinoma 526
cystic metastases 815
diffuse liver disease 529
endoscopic retrograde biliary drainage

and 1936
extrahepatic biliary obstruction 1508,

1509

fat-suppressed imaging 521
fibrolamellar carcinoma 525, 525f
field strength 521
focal liver lesions 523–529
focal nodular hyperplasia 525, 525f,

1260, 1429–1430, 1430t
gallbladder carcinoma 1577, 1577f
gallbladder dysfunction 1564
haemangioma 524, 524f, 1427
haematoma 817
haemochromatosis 529
hepatic abscess 529–530
hepatic cysts 523, 523f
hepatic cysts, ADPKD 791–792, 791f

hemorrhagic 792, 792f
hepatic encephalopathy 732, 733f
hepatic metastases 1467–1468
hepatic steatosis 528f, 529
hepatic tumours, benign 523–525
hepatocellular carcinoma 525–526,

526f, 527f, 1443
cystic 815
percutaneous ablation 553

hepatosplenic candidosis 1012
hydatid cysts 530
hydatid disease 530
inflammatory liver disease 529–530
iron deposition 529
liver cell adenoma 524
liver metastases 527–529
liver trauma 1956
lower duct cholangiocarcinoma 1594
malignant hepatic tumours 525–527
nodular regenerative hyperplasia

1434
non-alcoholic fatty liver disease 1200

diabetes mellitus and 1682
non-alcoholic steatohepatitis 1200
opposed phase imaging technique 521
pancreatic pseudocysts, liver 811
paramagnetic contrast agents 522
peliosis hepatis 811–812
peribiliary cysts 803, 804f
post-liver transplantation 2019
primary biliary cirrhosis 1074
radiation hepatitis 1278
short time inversion recovery

technique (STIR) 521
simple cyst of the liver 784

haemorrhagic 785, 785f
sinusoidal dilatation 1413
superparamagnetic contrast agents

522, 523, 529
T1-weighted imaging 521
T2-weighted imaging 521
technical aspects 521–522
vascular imaging 521–522
visceral larva migrans 1063
Wilson’s disease 1316

magnetoencephalography, hepatic
encephalopathy 738, 738f

Ma-Huang, hepatotoxicity 1282t, 1283
Mainzer–Saldino syndrome 2144
major histocompatibility complex

(MHC) 364–365
clusters/superclusters 365
drug-induced acute hepatitis 1224,

1226
HLA alleles see HLA (human leukocyte

antigen) system 
immunogenetic studies 364–368,

365t, 369–370
areas of interest 365
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major histocompatibility complex
(MHC) (continued)

autoimmune liver disease 365t,
366–367, 366t, 368, 368t

viral hepatitis 365t, 367–368, 370t
liver sinusoidal endothelial cell

expression 30
natural killer cells 320
TNF cluster see tumour necrosis factor

(TNF) 
xMHC region 365
see also HLA (human leukocyte

antigen) system; specific
genes/regions

malabsorption
effects of liver disease 1801–1802
hepatobiliary system, effects on

1628–1630, 1628t
primary biliary cirrhosis 1079

malaria 1029–1034
aetiology 1030
cerebral 1030
clinical manifestations 1030–1031
diagnosis 1031–1032
endemic 1030
epidemic 1030
epidemiology 1029–1030
geographical distribution 1029–1030,

2100–2104t
hepatic dysfunction

anatomopathological findings 1031
clinical manifestations 1031

pathogenesis 1030
pigment granules 1031
pregnancy 1030, 1888
prevention 1033–1034
severe 1031
transmission 1029
treatment 1033
vaccine 1034

malarial hepatitis 1031
coexisting viral hepatitis

acute 1032–1033
chronic 1033

diagnosis 1032–1033
differential diagnosis 1032–1033
fulminant hepatic failure simulating

1033
treatment 1033
type A 1031
type B 1031

malaria pigment 429
malate 155
MALDI-TOF, protein identification 405
malignancies

Epstein–Barr virus infection 964
haemobilia 1553
post-liver transplant

immunosuppression 2004
vanishing bile duct syndrome 1114t,

1116
see also liver tumours; individual

tumours
malignant ascites 668–669

albumin serum–ascitic fluid gradient
668, 669f

cytology 668
malignant fibrous histiocytoma 1461
malignant haemangioendothelioma see

angiosarcoma
malignant mesenchymoma see

undifferentiated sarcoma
malignant rhabdoid tumour 1461

Mallory bodies 423
alcoholic hepatitis 1149–1150, 1150f

Mall space 16
malnutrition 445, 1836–1842

albumin levels 455
alcoholic cirrhosis 1165–1166
alcoholic hepatitis 1164

management 1839
alcoholic liver disease 1179, 1186
bilirubin toxicity 170
clinical outcome 1907
impact of 1838
insulin-like growth factor binding

proteins regulation 1743
insulin-like growth factor-1

1743–1744
liver transplantation outcomes 1907,

1907t
management 1838–1840
pathogenesis 1906
pharmacological therapy 1909
preoperative 1838
pretransplant patients 1925
prevalence 1905–1906, 1906f
pseudocholinesterase 457
recurrent pyogenic cholangitis 1545

malondialdehyde-acetaldehyde adducts
(MAA) 1141

malonyl-CoA 161
Malpighian corpuscles 771
MALT type B-cell lymphoma 1663
mangafodipir trisodium (Mn-DPDP)

523, 529
manganese 233t, 237

absorption 237
deficiency 233t

fatty liver disease 237
function 237
hepatotoxicity 2111
total parenteral nutrition-related liver

disease 1636
toxicity 237

hepatic encephalopathy 732, 737
mannitol

acute liver failure, neonates 1859
cerebral oedema 1305
hepatic encephalopathy 748
obstructive jaundice 1511
obstructive jaundice-associated acute

renal failure 1816
mannosidosis 2144–2145
manometry

sphincter of Oddi dysfunction 1567
biliary-type 1568–1569,

1569–1570, 1569f
pancreatic-type 1570

sphincter of Oddi motility 309–310,
309f, 310t

Marburg virus infections 991–992
aetiological agent 991–992
clinical manifestations 992
diagnosis 992
epidemiology 991–992
laboratory findings 992
pathogenesis 992
pathology 992
treatment 992

marginal cost-effectiveness ratio 2084
marginal zone (sinus), spleen 772

B cells 772
Margosa oil, hepatotoxicity 1282t
Markov models, decision analysis 2083
Maroteaux–Lamy syndrome 2145

mass forming cholangiocarcinoma see
cholangiocarcinoma

mass spectroscopy (MS), proteomics
399, 405, 414–415

mastocytosis
cutaneous 1644
hepatic involvement 1667

mathematical models 2055–2064
definition 2055
generic models 2055, 2055f
types 2055t
see also specific types

Mathias syndrome 2145–2146
matrix metalloproteinases (MMPs)

cancer metastasis 1465
extracellular matrix degradation 270
hepatic stellate cell activation 584
immunogenetics of liver disease

369–370
maturation arrest 61
Mauriac syndrome 1681
Mayo Clinic primary biliary cirrhosis

model 1080, 1786t, 1986–1987
McArdle disease 1370
MDM2 gene/protein 393–394
MDR1 p-glycoprotein (ABCB1) 113
MDR-related protein 2 (MPR2) see

ABCC2
mean wall thickness, bone 1831
measles 966–967

diagnosis 966–967
hepatitis 967

mebendazole (MBZ)
alveolar echinococcosis 1055
ascariasis 1061
cystic echinococcosis 1055

mechanical lithotripsy,
choledocholithiasis 1531–1533,
1532f

mechanical ventilation, post-liver
transplantation 1999

mechanic haemolysis, post-TIPS 1769
mechanism-based P450 inhibition 245
Meckel–Gruber syndrome

(dysencephalia splanchnocystica)
2146

meconium ileus, cystic fibrosis 1338,
1630, 1855

Medical Outcome Survey (MOS), liver
transplantation quality of life
2028

Mediterranean region
chronic hepatitis D 878–879
hepatitis B 866–867, 867

Mediterranean spotted fever 1006
medium-chain acyl-CoA dehydrogenase

deficiency 2146
pregnancy 1883

medium-chain fatty acids, hepatic
encephalopathy 731

medium-chain triglyceride supplements,
fulminant hepatic failure
1839–1840

medroxyprogesterone, primary biliary
cirrhosis 1909

mefloquine, jaundice induction 1032
megakaryocytes, myeloid metaplasia

1665
megakaryopoiesis, fetal liver 1767
megamitochondria 423
Meig syndrome 671
MELD see Model for EndStage Liver

Disease (MELD)

melioidosis 1003
melphalan 1707
MELS system, bioartificial liver

2046–2047, 2046f
membrane transport 109–113

basolateral 385–386
channels 109–110, 109f
CTR1 112
facilitated diffusion 109–110, 109f

carrier proteins 109f, 110
channels 109–110, 109f

molecular basis see transport proteins 
primary active transport 110

ATPases 110
secondary active transport 110

antiporters (countertransport) 110
symporters (cotransport) 110

simple diffusion 109, 109f
sinusoidal 385
see also carrier proteins; transport

proteins
membranoproliferative

glomerulonephritis, hepatitis C
889, 1819

membranous web, hepatitis C virus 852f,
853

memory B cells 325
meningitis

cryptococcosis 1014
cutaneous manifestations 1807

Menkes’ disease 228
menorrhagia, primary biliary cirrhosis

1759
menstruation, acute porphyrias 1344,

1345
Mentha pulegium (pennyroyal oil) 1282t,

1285–1286, 2114
mercaptans, hepatic encephalopathy 730
6-mercaptopurine, liver transplantation

2008
mercury vapour, hepatotoxicity 2111
meropenem, bacterial cholangitis 1543,

1543t
merozoites

Cryptosporidium 1022
Plasmodium 1030

mesenchymal sarcoma see
undifferentiated sarcoma

mesenchymal stem cells (MSCs),
hepatocyte transplantation 2035

mesenchymal tumours, malignant
1457–1463

mesenterico-portal bypass, portal
hypertension 1864–1865

mesocaval shunting, Budd–Chiari
syndrome 1410

mesothelial cells, ascites reabsorption
688

mestranol 1258
meta-analysis 2073–2079

absolute risk reductions 2074
advantages 2073
diagnostic tests 2078–2079, 2079f
dropouts 2077
Forrest plot 2076, 2076f
functions 2073
Galbraith plot 2076, 2076f, 2077
number needed to treat 2075–2076
odds ratios 2074
outcome definition 2073–2074
pooled odds ratio 2074
pooled risk difference 2074
principles 2073–2074
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article choice 2074
search definitions 2074

publication bias 2074–2075
assessment 2075, 2077
funnel plots 2075, 2075f
unpublished studies 2075

quality scores 2077, 2077t
random effects models 2074
representations 2077, 2078f
risk differences 2074
search definitions 2074
study design 2073
subgroup analysis 2077–2078, 2078f

metabolic acidosis
acute liver failure 1131, 1304

children 1859
diuretic-induced 691
urea synthesis 186

metabolic alkalosis
anaesthetic implications 1940
cirrhosis 186–187
urea synthesis 187

metabolic bone disease, chronic liver
disease 1802

metabolic disorders
acute liver failure 1131

children 1858, 1859
auxiliary liver transplantation 1865
bile acids 174–176
children 1860–1862
hepatocyte transplantation

2032–2033, 2038, 2039, 2039t
infantile cholestasis 1846t
liver biopsy 494
neonatal acute liver failure 1857
neurological manifestations 1822,

1823t
see also individual disorders

metabolic encephalopathy 1292
metabolic syndrome

cirrhosis 610–611
hepatic iron overload 494
non-alcoholic fatty liver disease

1195
non-alcoholic steatohepatitis 1195

‘metabolic zonation’ 90
metabolism 91–93, 129–249

age-related changes 1870–1871
amino acids 142–149
ammonia 180–191
bile acids 174–180, 384
bilirubin 165–174, 384
carbohydrates 129–133
copper 225–232, 226f
drugs 240–248, 1912
energy formation 149–165
glucose 1680–1681
iron 220–225
lipoproteins 133–142
neural regulation 115–119
protein 142–149

degradation 191–198
synthesis 191–198

QTL analysis in inbred mice 379
retinoids 214
trace elements 232–240
urea 180–191
vitamin D 217–218
see also specific metabolic processes

metabolomics 2093
metadoxine 1160
metalloproteome 414
metallothionein 1319

copper toxicity 226
trace element toxicity prevention

238
metal stents

biliary stricture
benign 558
malignant 556, 556f

complications 546
expandable 545
plastic stents vs. 545–546

metastatic efficiency index 1465
metastatic liver disease 1464–1470

angiography 537t
biology 1465

cell attachment 1465
malignant cell detachment 1465

cirrhotic vs. non-cirrhotic livers
1464–1465

clinical signs 1466–1467
computerized tomography 518–519,

519f
cystic 815
hypervascular 519, 519f, 528
hypovascular 527–528
imaging 1467–1468
incidence 1464–1465
laboratory tests 1466–1467
magnetic resonance imaging

527–529
near isovascular 528–529
pathology 1466
positron emission tomography 564
primary sites 1464, 1464t
prognostic determinants 1467
treatment 1468–1469
ultrasonography 504t, 505
umbilication 1466, 1466f

METAVIR scoring system 435, 435t
metformin

hepatotoxicity 1683
non-alcoholic steatohepatitis 1203t

methaemalbumin 671
methicillin-resistant Staphylococcus

aureus, pretransplant patients
1926

methimazole, hepatotoxicity 1236, 1685
methionine

hepatic encephalopathy 730
metabolism 145–147, 146f

alcohol consumption 1138
parenteral nutrition 1635–1636

methionine synthase 146–147
methodological quality, randomized

trials 573, 573t
methotrexate

fibrosis induction 1249, 1413
hepatotoxicity 1213, 1249, 1646

alcohol and 1170
non-alcoholic fatty liver disease

1917
patient monitoring 1646

juvenile rheumatoid arthritis 1696
primary biliary cirrhosis 1083
psoriasis 1212
rheumatoid arthritis 1249
sarcoidosis 1712

2-methyl-4-chlorophenoxyacetic acid
(MCPA), hepatotoxicity 2112

methylation, carcinogenesis and 393
methyl bromide, hepatotoxicity 2112
methyl chloride, hepatotoxicity 2112
methyldopa, hepatitis induction 1236,

1253

methylene dianiline (MDA),
hepatotoxicity 1272, 2112

3,4-methylenedioxymethamphetamine
see ecstasy

methylprednisolone
acute graft-vs.-host disease 1674
acute (cellular) rejection 2004

children 1866
pregnancy 1889

methyltestosterone, tumorigenicity
1258

methyltransferases 145–146
methysergide

carcinoid tumours 1475–1476
side-effects 1475–1476

metoclopramide 1915
metronidazole

amoebiasis 1026
bacterial cholangitis 1543t
giardiasis 1026
hepatic encephalopathy 747
total parenteral nutrition-related liver

disease 1637, 1950
mevalonate, hepatotoxicity 1217
mevalonic aciduria 2146–2147
mezlocillin 1542, 1543t
MHC see major histocompatibility

complex (MHC)
MIAME guidelines 399–400, 402
MICA genes 365

primary sclerosing cholangitis
366–367

short tandem repeats 366
MICB genes 365
mice models see mouse models of human

liver disease
Michaelis–Menten kinetics

in vitro 468, 469f
in vivo 468–469

micocavitation, hepatic encephalopathy
732

microalbuminuria, glycogen storage
diseases type I 1372

microarrays see gene arrays
microbodies see peroxisomes
microcysts, congenital hepatic fibrosis

781
microfilaments

bile vesicular trafficking 298
hepatic stellate cells 45

microhaemorrhage, acute fatty liver of
pregnancy 1882

microhamartoma see biliary hamartomas
micronodular cirrhosis 604
micronodules 430
microorganisms, bacterial cholangitis

1541
microsatellites see simple repetitive

sequences (SRSs)
microsomal enzyme induction, 

reactive metabolite formation
1221–1222

microsomal ethanol-oxidizing system
(MEOS) 1136

microsomal triglyceride transfer protein
(MTP) 135, 136f

ethanol-induced downregulation
1137

non-alcoholic liver disease 356
microtubules 98

bile vesicular trafficking 297–298
receptor-mediated endocytosis 99, 

99f

microvesicular steatosis 1243–1244
acute fatty liver of pregnancy 1882
acute liver failure 1132
alcohol-induced 1148–1149, 1149f,

1246
clinical presentation 1161
definition 1161
natural history 1161
pathogenesis 1161

alternative energy sources 1244
drug-induced 1244, 1244f
fatty acid mitochondrial α-oxidation

impairment 1243
genetic defects 1243
histology 428, 1243
total parenteral nutrition-related liver

disease 1635
microvilli, hepatocytes 20f, 21
microwave ablation

hepatocellular carcinoma 553–554
liver injury 1278

micturition, changes in 444
midarm circumference (MAC) 1905
Middle East, infectious liver diseases

2103t
middle hepatic artery 532, 1391
midodrine 716, 716t
miglustat

adverse reactions 1364
Gaucher’s disease 1364

migrating motor complex (MMC),
gallbladder motility 306, 1562

Milan criteria, liver transplantation
indication 1922

miliary granulomas, strongyloidiasis
1064, 1065f

‘milky’ ascites 669
miltefosine, leishmaniasis 1038, 1038t,

1039
Milwaukee classification, sphincter of

Oddi biliary-type dysfunction
1567, 1568t

mineral oil granuloma 428
mineral supplementation, glycogen

storage disease type I 1373
mini-asterixis

examination 741
hepatic encephalopathy 738f, 741

minilaparoscopy 498
minimal (subclinical) hepatic

encephalopathy 608, 728t, 729,
743

treatment 750
minimal immunosuppression tolerance

(MIST), post-liver transplant
2003

‘minivariants,’ hepatitis C virus model
systems 853

minocycline, hepatotoxicity 1236–1237,
1648

miracidium, Schistosoma 1040
Mirizzi syndrome 1527, 1534–1535, 1596

endoscopic retrograde
cholangiography 1535, 1535f

mitochondria 24f, 25–26, 149–165,
1377–1378

ageing 163f, 164
reactive oxygen species 164, 164t

alpha-1-antitrypsin deficiency
1331–1332, 1331f

apoptosis 338–339
aspirin-induced injury 1824
biogenesis, nuclear control 160–161
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mitochondria (continued)
disorders see mitochondriopathies 
DNA see mitochondrial DNA

(mtDNA) 
extrahepatic biliary obstruction 1501,

1502
fatty acid α-oxidation 152–155, 153f

fasting states 161
overfed states 161–162

fuel oxidation regulation 159–160
fuel use

fasted state 161
fed state 161
overfed state 161–162

giant (megamitochondria) 423
glutathione see mitochondrial

glutathione (mGSH) 
impairment, drug-induced acute

hepatitis 1217
inner membrane (IM) 25–26
matrix 26
membranes 150
necrosis 341
nuclear control 160–161
origins 150, 150f
outer membrane (OM) 25
permeability translation 1220, 1221f
protein importation 152, 153f
pyruvate oxidation 156–158, 157f
reactive oxygen species elimination

162f, 163
reactive oxygen species formation

162–163, 162f
size 91
structure 150
tricarboxylic acid cycle 155–156, 155f
ultrastructure 24f, 25–26, 26f
urea synthesis regulation 182
Wilson’s disease 1317

mitochondrial AST (mAST) 452
mitochondrial-cytopathy-diabetes

mellitus-ataxia-renal tubular
abnormalities 2147

mitochondrial dehydrogenases 1377,
1378

mitochondrial DNA (mtDNA) 26,
150–152, 1377, 1377f

depletion syndromes 1379
displacement loop (D-loop) 151
hydroxyl radical, effects of 351
mutation 1378–1379
replication 151f, 152
transcription 151f, 152

mitochondrial glutathione (mGSH)
201–202

alcohol-induced liver damage 204
cell death 203–204, 203f
cirrhosis 204
depletion, alcohol-induced 205
hepatotoxicity 205
reactive oxygen species control 201
transport 201–202

membrane lipid content 202,
204–205

regulation 202
mitochondrial monamine oxidase

(MAO) 1235
mitochondrial outer membrane

permeabilization (MOMP) 339
apoptosis 337

mitochondrial oxidative phosphorylation
(OXPHOS) 1377

biochemical features 1377, 1378f

deficiency
diagnosis 1380–1381
differential diagnosis 1381
polarographic studies 1380–1381
therapeutic management

1381–1382
genetic defects 1378–1379

mitochondrial permeability transition
pore 1220

mitochondrial single-stranded binding
protein (mtSSB) 152

mitochondrial transcription factor A
(mtTFA) 152

mitochondrial transcription factor B
(mtTFB) 152

mitochondriopathies 1377–1382
causes 1862
children 1862
diagnosis 1380–1381, 1862
drug-induced 1379–1380
inherited 1378–1379

delayed-onset 1378, 1381
neonatal 1378

investigations 1862
management 1862
symptoms 1862
therapeutic management 1381–1382
see also individual diseases/disorders

mitochondriosis 423
mitogen-activated protein kinases

(MAPKs) 104–105, 149
bile secretion regulation 302
docking interactions 104–105
hepatocyte signal transduction 104
as oncogene 392

HBx and 393
Smad protein regulation 2090
specificity 104–105

physical interactions 104
scaffolding proteins 104

mitomycin C, gallbladder carcinoma
1580

mitosis, acute injured livers 281
mitotic catastrophe 342, 342f
mitral valve disease 1613–1614

polycystic liver disease 796
mixed clots, haemobilia 1554, 1554f
mixed cryoglobulinaemia, hepatitis C

889, 949–950, 1772, 1818
mixed function oxidases 241
mixed hepatitis, drug-induced 1229,

1230
mizoribine 2008
Model for EndStage Liver Disease

(MELD) 1985, 1986t, 2055, 
2056

acute liver failure 1303
alcoholic hepatitis 1163–1164
chronic hepatitis C antiviral therapy

949
cirrhosis 615–616

drug pharmacokinetics 1913
coagulation tests 1786, 1786t
definition 2056, 2057
hepatocellular carcinoma 1988
hepatorenal syndrome 713, 713f
international normalized ratio 1786
liver transplantation 1922, 2070

patient priority 1448
pre-transplant alcoholics 1184

living donor liver transplantation
1991

recipient evaluation 1980

transjugular intrahepatic
portosystemic shunt 2056, 2056t

UNOS system 1985
validation 2059–2060, 2059t, 2060f

concordance statistic limitation
2060

Molecular Adsorbents Recirculating
System (MARS) 2047

acute liver failure 1305–1306
clinical studies 2047
Crigler–Najjar syndrome 1355
hepatorenal syndrome, pretransplant

patients 1924
mechanism of action 2047, 2048f
Wilson’s disease 1315, 1770

molecular biology 101–109
molecular chaperones 194
molecular genetics, Gaucher’s disease

1364
molecular mimicry

autoimmune hepatitis 1097
primary biliary cirrhosis 1072–1073

molybdenum 233t, 238
copper interactions 238
deficiency 233t, 238

monoamide oxidase A, hepatic
encephalopathy 737

monobromoethane, hepatotoxicity 2112
monochloromethane, hepatotoxicity

2112
monoclonal chimeric anti-TNF-α

antibody, alcoholic hepatitis
1163

monoclonal gammopathies
hepatic involvement 1664
systemic AL amyloidosis 1703–1704

mononeuritis, viral hepatitis 1826
Monte Carlo simulations, economics

2084
Moore–Federman syndrome 2147–2148
Morinda citrifolia (noni juice),

hepatotoxicity 1286
morphine, use in liver disease 1940
morphine provocation (Nardi) test,

sphincter of Oddi biliary-type
dysfunction 1568

morphometry 437–438
applications 437
cholestasis 438
cirrhosis 438
errors 438
fibrosis 438
fully automated analysis 437
limitations 438
liver disease 438
liver tumours 438
sampling errors 438
steatosis 438
technical considerations 437
tissue processing 438
uses 437

Morula cells 428
morulae 1006
MOS Short Form SF-36, quality of life

studies 2066
motilin, gallbladder motility 306–307,

1562
motor neuropathy, acute porphyric crisis

1344
mouse fetal liver kinase (Flk-1) 30, 30t, 32
mouse mammary tumour virus

(MMTV), primary biliary
cirrhosis 1073

mouse models of human liver disease
371–383

advantages/utility 372, 381
complex (multifactorial) disease 372,

372f
evolutionary conservation 381
hepatocellular carcinoma 379–380
inbreeding 372, 373, 373f

QTL analysis see quantitative trait
locus (QTL) analysis in inbred
mice 

recombinant inbred strains
376–377

linkage analysis 372
transgenic mice 380
workflow for gene discovery 380–381,

381f
mouth, in liver disease 1798
moxifloxacin, bacterial cholangitis 1543,

1543t
M-protein, hepatitis B virus 830–831
MRCP see magnetic resonance

cholangiopancreatography
(MRCP)

mRNA, translation to protein 191–192,
192f

mTOR 148–149
MTP1 see ferroportin
mucins 300
mucochloric acid, hepatotoxicity 2113
mucolipidosis type IV 2148
mucopolysaccharidosis

type 1H (Hurler syndrome) 2140
type 2 (Hunter syndrome)

2139–2140
type 3 (Sanfilippo syndrome)

2154–2155
type 1S (Scheie syndrome) 2155
type 4 (Maroteaux–Lamy syndrome)

2155
type 7 (β-glucuronidase deficiency)

2148
type 7 (di Ferrante syndrome)

2148–2149
mucormycosis 1013
mucous membranes in liver disease 1798
Muehrcke’s line 447
Mulibrey nanism 2149
multidetector computed tomography

(MDCT) scanners 509
multidrug resistance protein 2 (MDR2)

see ABCC2
multidrug-resistance protein 3 (MDR3)

see ABCB4 gene/protein
multidrug resistance-related proteins

(MRPs), bile acid uptake 295,
295f, 385

multidrug-resistant 1 (MDR1) gene
product 385

adaptive changes in cholestasis 386,
387f

multidrug-resistant 4 (MDR4) gene
product 385–386

multifactorial cholestasis, premature
infants 1849–1850

investigations 1847t, 1850
Multihance 529
multilobar cirrhosis, cystic fibrosis 1339
multinucleated hepatocytes 430
multiple myeloma 1664

interleukin-6 317–318
multiple sclerosis, hepatitis B vaccine

910
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multiple sulphatase deficiency
2149–2150

multiplexin collagens 267t, 268
multispecific organic anion transporter

(MOAT) see ABCC2
multivariate analysis 2084
multivesicular bodies (MVB) 24f, 25, 25f
Mulvihill syndrome 2150
Murphy’s sign 448, 1507
Murr1 228

copper regulatory protein 227t
Wilson’s disease 1318

muscle
amino acid release 144–145
ammonia homeostasis in liver disease

185
cirrhosis

blood flow 1725
insulin insensitivity 1734

cramps 444
diuretic-induced 692

glutamine synthesis 730
nutritional status assessment 1905
rigidity, persistent hepatic

encephalopathy 743
muscle phosphorylase deficiency 1370
muscle-specific phosphorylase kinase

deficiency (glycogen storage
disease type IXd) 1374

muscular midarm circumference
(MMAC)

nutritional status assessment 1905
prognostic value 1907

musculoskeletal diseases, effects on liver
1694–1701

mushrooms, poisonous, hepatotoxicity
1271–1272

MxA gene 358
mycetoma 1017
myc gene 1587
mycobacterial infections 1005–1006
Mycobacterium avium complex, HIV

coinfection 983
Mycobacterium avium intracellulare 1005
Mycobacterium genavense 1005
Mycobacterium tuberculosis 1005

ascites 669–670
HIV coinfection 983

mycophenolate mofetil, liver
transplantation 2008

children 1865
Mycoplasma pneumoniae 1005
mycotoxicosis 1011
MyD88-dependent signalling pathway

37–38
myeloablative therapy, sinusoidal

obstruction syndrome induction
1411

myelodysplasias, hepatic involvement
1666

myelofibrosis, primary (agnogenic
myeloid metaplasia) 1665

myeloid dendritic cells 321
myeloid leukaemia, hepatic involvement

1665–1666
myeloid metaplasia, hepatic involvement

1665
clinical features 1665
histology 1665, 1665f

myeloma, AL amyloidosis 1704
myeloperoxidase

cirrhosis 774
hypersplenism 774

myeloproliferative disorders
Budd–Chiari syndrome 1403
chronic, hepatic involvement 1665
diagnosis 1403
portal vein thrombosis 1395, 1395t

myocardial damage, lactic dehydrogenase
454

myocardial infarction, acute 1611
myofibroblasts (MF)

endothelin, response to 82
fibrosis progression to cirrhosis 584
immunohistochemistry 47
interface 47, 47t
portal 47, 47t
septal 47, 47t

myoinositol, hepatic encephalopathy
732–733, 733f

myosin, hepatocyte cytoskeleton 98
myosin II, Entamoeba histolytica 1023
myxoedema ascites 671

hypothyroidism 1685
myxoedema coma 1685

N
N-acetyl-p-benzoquinone imine

(NAPQI) 205, 246
N-acetyltransferases (NAT) 242t
nadolol, variceal bleeding prevention 644
nails

changes in liver disease 1804
discoloration 447
examination 446–447
white, cirrhosis 611

Na2+,K+ ATPase see sodium pump
(Na2+,K+ ATPase)

naloxone, hepatic encephalopathy 738
naltrexone

alcohol abstinence 1182
alcoholic cirrhosis 1167
duration of administration 1182
recommended dose 1182
vanishing bile duct syndrome 1117

β-naphthylamine, hepatotoxicity 2107
nasogastric feeding

childhood acute liver failure 1858
cirrhosis 616

National Institute of Diabetes and
Digestive and Kidney Diseases
(NIDDK) Liver Transplant
Database QOL Survey 2029

National Institutes of Health, chronic
hepatitis C antiviral therapy
recommendations 943

natriuretic peptide, effects on
cholangiocytes 53

natural killer (NK) cells 320–321, 479, 479f
acute graft-vs.-host disease

pathogenesis 1672
alcoholic liver disease 1140
apoptosis induction 320
cytotoxicity 320
functions 323t
HLA class I alleles 365
major histocompatibility complex 320
receptors 320

natural killer T-cells (NKT) 320–321,
479, 479f

alcoholic liver disease 1140
CD1 molecules 321
functions 323t
lipids 321
T-cell receptor 320

natural toxins, liver injury causing
2105–2121

nausea and vomiting
acute fatty liver of pregnancy 1881
hepatitis, drug absorption alterations

1917
hyperemesis gravidarum 1879–1880

necrapoptosis 349, 350f
necrosis 341–342

acute liver failure 1299
alcoholic hepatitis 1151–1152
biliary piecemeal 424
central–central bridging 424
cholangiocyte proliferation 54
coagulative 424
confluent 424
drug-induced chronic hepatitis 1251
ductular piecemeal 425
extrahepatic biliary obstruction 1501
fibrous piecemeal 424–425
focal 425
hepatitis B 868
histological features 424–425
hyperthyroidism 1684
hypoxic 1299
lymphocytic piecemeal 424
lytic 424
mitochondria 341
piecemeal 424
portal–central bridging 424
sclerosing hyaline 426
spotty 425
subacute hepatitis 1251
surgical 424
toxin-induced 1270–1272, 1270t
vitamin B12 levels, serum 1769
warm ischaemia 348–350

necrotizing angiitis, drug-induced 1255t,
1256

nefazodone, hepatotoxicity 1237
negative predictive value, diagnostic

models 2062
Neisseria gonorrhoeae 1003
Neisseria meningitidis 1807
nematode cholangitis 1547, 1547t
neocholangiolar cells see oval cell(s)
neomycin, hepatic encephalopathy 747,

749
neonatal cholestasis see infantile

cholestasis
neonatal haemangiomatosis 1806
neonatal haemochromatosis 1327

acute liver failure 1857
antioxidants 1857, 1857t
causes 1857
inheritance 1857
with multiple malformation

2138–2139
neonatal hepatitis syndrome see infantile

cholestasis
neonatal kernicterus see kernicterus
neonatal sclerosing cholangitis 1848
neonates

acute liver failure 1856–1858
alpha-1-antitrypsin deficiency

screening 1333
chronic hepatitis B 869
cytomegalovirus infection 962
herpes simplex virus infections 958

neoplasms
angiography 536, 536f
cutaneous manifestations 1808–1809
cystic 813–816

post-liver transplant, children 1867
seeding, post-liver biopsy 497
see also liver tumours

nephrogenic ascites 671
nephrogenic hepatic dysfunction

syndrome 1653
nephrolithiasis, congenital portosystemic

shunt 1419
nephropathy

diabetic 1736
immunoglobulin A 329

nephrotic syndrome
albuminuria 455
HBV-associated membranous

neuropathy 1818
nerve growth factor, cholangiocyte

proliferation 54, 284
nervous system, effects on liver disease

1822–1828, 1823–1824t
net metabolic clearance 473

positron emission tomography tracers
562

network-forming collagens 267–268, 267t
neuroaminidase and β-galactosidase

deficiency 2133
neuroendocrine tumours

cystic metastases 815
liver transplantation 1988

neurofibromatosis type 1 1645
neurofibromatosis type 2 1645
neurological examination 449

postoperative liver transplantation
1998

neuromuscular blocking drugs, use in
liver disease 1941

neuromuscular disorders, post-liver
transplantation 1826–1827

neuropathy 449
acute porphyric crisis 1344
alcoholism 1185
diabetic 1736
hepatitis B virus-associated 1818
systemic AL amyloidosis 1704

neurosteroids, hepatic encephalopathy
737

neurotoxins, effects on astrocytes
734–735

neutropenia, alcohol abuse 1187
neutrophil(s)

count, spleen size and 773, 773f
intrahepatic cholestasis 1484
spontaneous bacterial peritonitis

762–763
neutrophilia, acute fatty liver of

pregnancy 1881
neutrophilic cholangitis 1485
nevirapine

cutaneous side-effects 1807
hepatotoxicity 984, 1299

newborns
bilirubin assays 460
hepatocyte transplantation

2033–2034
physiological jaundice 460
see also neonates

Nezelof syndrome 2150–2151
NF-κB 106

alcohol-induced liver disease 40
apoptosis regulation 340
cell cycle regulation 106
DNA binding, glutathione and

202–203
hepatocellular carcinoma 106
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NF-κB (continued)
prosurvival signal 315
as signal factor 106
structure 106, 315
tumour necrosis factor (TNF) see

tumour necrosis factor (TNF) 
niacin see nicotinic acid
nickel 233t
nicotinamide adenine dinucleotide (NAD)

alcohol oxidation 1136
post alcohol absorption 1246

nicotinamide adenine dinucleotide
(NADH)

ethanol metabolism 1246
formation 154–155, 154f
glycolysis 157
oxidative phosphorylation 158
post-alcohol absorption 1246

nicotinamide adenine dinucleotide
dehydrogenase (NADH-
ubiquinone oxidoreductase) 158

nicotinamide adenine dinucleotide
phosphate dehydrogenase
(NADPH)

alcohol-induced liver disease 40
Kupffer cells 38

nicotinamide adenine dinucleotide
phosphate dehydrogenase
(NADPH) cytochrome P-450
reductase 209, 1218

nicotinamide adenine dinucleotide-
ubiquinone oxidoreductase
(NADH dehydrogenase) 158

nicotinamide supplementation,
carcinoid syndrome 1475

nicotinic acid
acute hepatitis induction 1237
deficiency, carcinoid syndrome 1474

NIDDK LTD QOL, quality of life studies
2067

Niemann–Pick disease (NPD) 1365,
2151

type A (NP-A) 1365
type B (NP-A) 1365
type C (NP-C) 1365

nifedipine, acute hepatitis induction
1237

nilutamide
acute hepatitis induction 1237
mitochondrial energy production

impairment 1217
niravoline 681

hyponatraemia in cirrhotic ascites 702
niridazole, neurological toxicity 1915
nitazoxanide 1055–1056
nitrates, drug-induced renal impairment

703
nitric oxide (NO)

acute graft-vs.-host disease
pathogenesis 1672

hepatic blood flow regulation 77, 82
hepatic stellate cells contractility 593
hyperdynamic circulation 635–636
insufficient production, cirrhosis 631,

632f
portal hypertension 635–636
as second messenger 103
sinusoidal endothelial cells 31, 82
splanchnic arterial vasodilation 684
vasodilative effects 82

nitric oxide synthases (NOS)
cirrhosis 1728
hepatic encephalopathy 735

splanchnic arterial vasodilation 684
see also individual types

2-(2-nitro-4-trifluoromethylbenzoyl)-
1,3-cyclohexanedione (NTBC)
1860

nitrofurantoin
cirrhosis induction 1253
hepatitis induction 1237, 1253

nitrogen
malnutrition associated alcoholic

hepatitis 1839
metabolism across liver cell plate 92
nutritional management 1907

nitroglycerin, acute variceal bleeding 649
2-nitropropane, hepatotoxicity 2113
nitrosamines, cholangiocarcinoma 1584
N-nitroso-morpholine, tumorigenicity

1258
N-methyl-D-aspartate (NDMA)

receptors, hepatic
encephalopathy 735, 737

Nocardia asteroides 1017
Nocardia brasiliensis 1017
Nocardia caviae 1017
nocardiosis 1017
nodular regeneration 430
nodular regenerative hyperplasia (NRH)

1432–1434
antiphospholipid antibody syndrome

1695
children 3581–3582
clinical features 1434
definition 1432
diagnostic workup 1434
drug-induced 1257
epidemiology 1432
Felty syndrome 1696
hereditary haemorrhagic telangiectasia

1422
histological features 430
imaging 1434
myeloid metaplasia 1665
natural history 1434
nodules 1434
pathogenesis 1432
pathology 1432–1434
post-haematopoietic stem cell

transplantation 1677
treatment 1434

nodular transformation, nodular
regenerative hyperplasia
1432–1434

non-alcoholic fatty liver disease
(NAFLD) 1195–1208

aetiology 1681
alcoholic liver disease and 1153–1154,

1154t, 1169–1170
children 1198, 1202, 1855–1856
cirrhosis 610–611
classification 1195–1196

categories 1196t
clinical assessment 1198–1199
clinical features 1197–1199
cortisol 1753
definition 1195–1196

alcohol consumption 1196
diabetes mellitus 132, 1195, 1197,

1681–1682
diagnosis 1199–1201

anthropometrics 1199
children 1855–1856
clinical 1199
homeostatic model assessment 1199

liver tests 1199
metabolic tests 1199

differential diagnosis 1203
drug hepatotoxicity 1917, 1917t
drug prescribing 1918
elderly 1873
epidemiology 1196–1197
functional genomics 408t

gene array data 410
proteomics 413

genetic polymorphisms 356, 357t, 360t
hepatectomy and 1936
hepatocellular carcinoma 1202–1203
imaging 1200
insulin resistance 132, 1681
iron studies 1199
liver biopsy 491–492, 1200–1201

children 1855–1856
decision algorithm 1200f

liver transplantation 1202
postoperative recurrence 2017

metabolic tests 1199
natural history 1201

steatosis 1201
‘non-obese’ 1197
obesity 1195, 1197
pathogenesis 1201–1202
pathology 1195–1196
presentation 1198–1199

children 1855
prevalence 1195, 1196, 1197, 1197t

children 1855
prevention/management 1203–1205,

1682
children 1856
early intervention 1204
lifestyle changes 1203–1204
pharmacological 1682
public health measures 1203–1204
weight reduction 1204–1205

risk factors 356, 1195, 1197–1198,
1198t

central obesity 1197–1198
children 1855
genetic factors 1198, 1201
visceral adiposity 1195

severity predictors 1198, 1198t
see also non-alcoholic steatohepatitis

(NASH)
non-alcoholic steatohepatitis (NASH)

356, 1195–1208
cardiac drug-induced 1613t
children 1855
cirrhosis 610–611, 1201
classification 1195–1196
clinical assessment 1198–1199
clinical features 1197–1199
Cushing syndrome 1686
definitions 1195–1196

alcohol consumption 1196
diagnosis 1199–1201

anthropometrics 1199
clinical 1199
homeostatic model assessment

1199
liver tests 1199
metabolic tests 1199

differential diagnosis 1203
epidemiology 1196–1197
fibrosis 586, 591–592, 594
gene array data 410
genetic polymorphism 356
grading 492

hepatic stellate cell activation 591–592
hepatocellular carcinoma 1439
hepatocyte apoptosis 341
imaging 1200
iron metabolism 1769
lipotoxicity 1202
liver biopsy 492, 1200–1201

decision algorithm 1200f
metabolic tests 1199
natural history 1201
oxidative stress 1202
pathogenesis 1201–1202
pathology 1195–1196
pharmacological treatment 1203t,

1204–1205
presentation 1198–1199
prevalence 1196, 1197, 1197t
prevention/management 1203–1205

early intervention 1204
lifestyle changes 1203–1204
public health measures 1203–1204
weight reduction 1204–1205

risk factors 356, 1195, 1197–1198,
1198t

genetic factors 1198
visceral adiposity 1195

scoring systems 436, 436t
secondary 1196t
severity predictors 1198, 1198t
staging 492
total parental nutrition-induced

cholestasis 1950
non-azotaemic cirrhosis, with ascites

loop diuretics 690–691
prognosis 689, 689f

non-caseating granulomas 1709, 1710f
sarcoidosis 1711

non-collagenous proteins, extracellular
matrix 268–270

non-drug chemicals, liver injury causing
2105–2121

non-fibrillar collagens 267–268, 267t
non-Hodgkin’s lymphoma

chronic hepatitis C 889
hepatic involvement 1663–1664

clinical features 1663–1664
frequency 1663
histology 1663, 1663f

hepatitis B 1664
hepatitis C 1772
ultrasonography 505

noni juice hepatotoxicity 1286
non-nucleoside reverse transcriptase

inhibitors (NNRTI)
elimination, cirrhosis 1916
hepatotoxicity 984
side-effects 1807

non-parasitic cyst of the liver see simple
cyst of the liver

non-small cell lung cancer, hepatic
involvement 1619

non-steroidal anti-inflammatory drugs
(NSAIDs)

cholesterol gallbladder stone
formation, animal models
1522–1523

cirrhosis, drug-induced renal
impairment 682, 702–703

contraindication in liver disease 1940
diuretic-resistant ascites 693
elderly 1872
hepatotoxicity 1695, 1696

viral hepatitis 1917, 1918
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mitochondrial energy production
impairment 1217

non-hepatic toxicity, increases in 1916
renal blood flow, cirrhotics 682

non-suppurative destructive cholangitis
1485, 1485f

nonthermic ischaemia see warm
ischaemia

non-transferrin-bound iron (NTBI) 221
noradrenaline

hepatic blood flow regulation 77
hepatorenal syndrome 716, 716t

pretransplant patients 1924
renal hypoperfusion 1725
renal perfusion 682, 683f
renal prostaglandin production 682
sympathetic nervous system activity

assessment 679
cirrhosis 679

norethinodrel, tumorigenicity 1258
norethisterone, tumorigenicity 1258
norfloxacin

acute variceal bleeding 648
resistance 766–767
spontaneous bacterial peritonitis

prophylaxis 765
North America

hepatitis B 867
hepatitis D 877

North Italian Endoscopic Club (NIEC)
index, variceal bleeding predictor
640

nortriptyline 245
norursodeoxycholic acid (norUDCA),

intrahepatic cholestasis 1496
nosocomial pneumonia 767
Notch signalling pathway

Alagille syndrome 1387
hepatoblast differentiation 67–68

Nottingham Health Profile 2028
Novosphingobium aromaticivorans

infection, primary biliary
cirrhosis 1072–1073

NPC1 gene mutation 1365
NPC2 gene mutation 1365
Nramp-2 see divalent metal transporter 1

(DMT1)
NS2/3 protease, hepatitis C virus 850
NS3/4A protease, hepatitis C virus 854
NS5A protein, hepatitis C virus 850
nuclear bodies, hepatocytes 27
nuclear receptor drugs, intrahepatic

cholestasis 2920–2921
nuclear receptors

bile acid homeostasis 106, 384, 385t,
386–387, 388f

classes 384t, 386
drug-metabolizing pathway regulation

244
structure 106
transcription factors 106–107
see also individual types

nuclear respiratory factor 1 (NRF-1)
160–161

nuclear respiratory factor 2 (NRF-2)
160–161

nuclear vacuolation 424
nucleoside analog therapy

chronic hepatitis B 925–927
hepatitis D-hepatitis B virus

coinfection 935
nucleoside reverse transcriptase

inhibitors (NRTIs)

elimination, cirrhosis 1916
hepatotoxicity 984, 1247–1248, 1380
mechanism of action 1248
mitochondrial toxicity 1380

nucleoside transport, hepatocytes 112
5′-nucleotidase 464–465

cholestasis 1487
clinical usefulness 464–465
detection assays 464
distribution 464
normal values 464–465

nucleotide analogs, chronic hepatitis B
925–927

nucleotide synthesis inhibitors, post-liver
transplant 2008

number connection test (NCT),
encephalopathy 745

number needed to treat (NNT), 
meta-analysis 2075–2076

Nurses Health Study 1688
nutrition

biliary disease 1905–1911
cirrhosis 609
deficiencies

alcoholic liver disease 1810, 1836
growth hormone resistance 1744
insulin-like growth factor-1

production 1744
enteral see enteral nutrition 
insulin-like growth factor-1 regulation

1742
liver disease 1836–1842, 1905–1911
management 1838–1840, 1907–1909

alcoholic cirrhosis 1167
artificial feeding 1908–1909
cirrhosis 616
cystic fibrosis-associated liver

disease 1340
energy requirement 1907
guidelines 1840
infantile cholestasis 1846
liver resection 1840
liver transplantation 1909–1910
micronutrients 1908
minerals 1908
nitrogen requirement 1907

obstructive jaundice 1505
pretransplant patients 1925
status assessment 1838, 1905

nylon membranes, gene array platforms
403

O
obesity

alcoholic liver disease 1142
chronic hepatitis C 887
fibrosis 1901
hepatocellular carcinoma 1439
hepatosteatosis 1936
liver transplantation

contraindications 1990
postoperative immunosuppression

2020
non-alcoholic fatty liver disease 1195,

1197
children 1856

non-alcoholic steatohepatitis 1195,
1197

obstructive sleep apnoea 1617
post-bypass surgery hepatobiliary

disease 1630
obliterative endarteritis 427

observer variation, liver biopsy 434
obstructive jaundice

bone disease 1505
cardiovascular effects 1503
clinical features 1506–1507
coagulation 1506
cryptococcosis 1014
endotoxaemia 1504
gastrointestinal changes 1504–1505
hepatectomy in 1935–1936
histology 1503
imaging 1507–1509
infection, response to 1505–1506

cellular response 1506
laboratory investigations 1507
lipid metabolism 1505

cell membranes 1505
fat absorption 1505

liver function tests 1507
malignant causes, stenting 555
management 1511–1512

infection prophylaxis 1511–1512
preoperative non-surgical biliary

drainage 1512
metastatic liver cancers 1467
nutrition 1505
pancreatic changes 1504–1505
pathophysiology 1501
peribiliary cysts 803
polycystic liver disease, ADPKD 793
pruritus 1502–1503, 1506–1507

management 1512
renal effects 1503–1504
renal failure 1504, 1815–1816

correction 1511
risk prediction 1512
vitamin K 1511
wound healing 1505
see also extrahepatic biliary obstruction

obstructive sleep apnoea 1617–1618
non-alcoholic fatty liver disease 1617

OC-2, bile duct morphogenesis 69
occlusive venous lesions, alcoholic

hepatitis 1151
occult hepatitis B 840, 868
octanoic acid, hepatic encephalopathy 731
octreotide

acute variceal bleeding 649–650
carcinoid syndrome 1809
cholelithiasis induction 1689
portal hypertension 635

oculoencephalohepatorenal syndrome
2151

odds ratios (ORs)
logistic regression analysis 2061, 2062
meta-analysis 2074

oedema
cerebral see cerebral oedema 
cirrhotic ascites 667
pulmonary, hepatorenal syndrome

713
oesophageal cancer, alcohol

consumption 1186
oesophageal devascularization plus

splenectomy (EGDS),
schistosomiasis 1044

oesophageal strictures 1799
oesophageal varices

anatomy 626–628
bleeding see variceal bleeding 
chronic portal vein thrombosis 1397
congenital hepatic fibrosis 782–783
development 640

endoscopic ligation see endoscopic
band ligation (EBL), variceal
bleeding 

follow-up 643
hepatectomy contraindications 1934
hereditary haemorrhagic telangiectasia

1420
incidence 640
indicators, spleen size/platelet ratio

1771
inflow 627, 627f
portal hypertensive gastropathy 1799
pressure measurement 568, 663

limitations 663
prognostic value 663

schistosomiasis 1044
sclerotherapy see endoscopic injection

sclerotherapy (EIS), variceal
bleeding 

screening 643–644
small to large progression 640

oesophagus, in liver disease 1798–1799
ofloxacin, spontaneous bacterial

peritonitis 764, 764t, 765
Ohm’s law 630
oil of cloves, hepatotoxicity 1282t
OKT3, liver transplant in children 1865
oligomenorrhoea 1759
oligosaccharyl transferase (OST) 193
oltipraz, aflatoxin toxicity 1450
Omenn syndrome 2151–2152
omentoplasty, cystic echinococcosis

1050
oncogenes 392–393

cellular homologues (proto-
oncogenes) 392–393

viral disruption 393
definition 391
discovery 392
hepatocellular carcinoma 392–393,

392t
see also individual genes

oncosis see necrosis
Oncostatin M 68
oncotic functions

albumin 253
carrier proteins 253

oncotic necrosis see necrosis
oncotic reflection coefficient (ORC)

672–673
ondansetron, carcinoid tumours 1476
1–2–20 principle, liver divisions 6–7, 6f
Onecut factors, hepatocyte maturation

68
‘onion skin’ lesions, primary sclerosing

cholangitis 1485
Onshidou–Genbi–Kounou,

hepatotoxicity 1283
OPC-31260, cirrhotic ascites 699–700
open reading frame (ORF), hepatitis C

virus 850
operating costs 2081
opiate antagonists, pruritus 1082, 1496,

1804
κ-opioid receptors, hyponatraemia in

cirrhotic ascites 701–702
opioids, use in liver disease 1940

hepatic resection and 1941
Opisthorchis felineus 1046

cholangitis 1545, 1546, 1547t
treatment 1547

Opisthorchis infections,
cholangiocarcinoma 1584
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Opisthorchis viverrini 1046
cholangitis 1546, 1547t

treatment 1547
clinical features 1046
diagnosis 1046
pathogenesis 1046
recurrent pyogenic cholangitis 1545

opportunistic infections, post-liver
transplantation 2023

opsonization, immunoglobulin A 328
oral cancer, alcohol consumption 1186
oral contraceptives

hepatotoxicity 1649, 1688–1689
induced-conditions

arterial intimal hyperplasia
1255–1256

Budd–Chiari syndrome 1257, 1405
cholestasis 1241–1242
epithelioid haemangioendothelioma

1460
focal nodular hyperplasia 1260,

1428, 1430
hepatocellular adenoma 1259,

1431, 1688–1689
hepatocellular carcinoma 1260,

1439, 1689
liver transplantation 1889
portal vein thrombosis 1255
sinusoidal dilatation 1256, 1413
use in liver disease 1901–1902

oral feeding, childhood acute liver failure
1858

oral litholysis, cholecystolithiasis 1530
oral xanthomas 1798
organic anion transporters (OATs)

hepatocytes 112
sinusoidal biliary transport 385

adaptive changes in cholestasis 386,
387f

organic anion-transporting peptides
(OATPs)

hepatocytes 112
sinusoidal biliary transport 385

organic brain syndromes 1825
organic cation transporters (OCTs) 112,

385
organic ion transporters, bile acid uptake

294–295, 295f
organic ion transporters, hepatocellular

bile secretion 295f
organic solute transporter (OST) 113
organic solute transporter (OST)-α 113,

177
organic solute transporter (OST)-β 113,

177
organ injury scale 1953
organogenesis, liver sinusoidal

endothelial cells 31–32
organ viability maintenance, liver

transplantation 1966
oriental cholangiohepatitis see recurrent

pyogenic cholangitis (RPC)
ornipressin 1725
ornithine aminotransferase 144
ornithine-aspartate, hepatic

encephalopathy 747
ornithine carbamoyl transferase

deficiency 1883
ornithine metabolism 144
ornithine transcarbamylase (OTC)

182
deficiency

children 1862

hepatocyte transplantation 2038,
2039t

neurological manifestations 1822
oropharyngeal cancer, post-liver

transplantation 2022
orthotopic liver transplantation (OLT)

see liver transplantation
Osler–Weber–Rendu syndrome 1798
osmolar clearance, cirrhosis 676
osmotic principle, bile formation 292,

292f
osteocalcin 1752

primary biliary cirrhosis 1752
osteomalacia 1833–1834

cholestasis 1487
clinical features 1833
definition 1833
diagnosis 1833
histology 1833
liver disease and 1802, 1834

prevention 1834
treatment 1834

obstructive jaundice 1505
prevention 1833
secondary hyperparathyroidism 1751
see also rickets

osteopenia, World Health Organization
classification 1830

osteoporosis 1829–1833, 1901
alcoholic liver disease 1831
cholestasis 1487
chronic liver disease associated 1802,

1830–1831
management 1831–1832, 1832t
pathogenesis 1831, 1831t
pathophysiology 1831
risk assessment 1831–1832

clinical manifestations 1829
clinical risk factors 1830
definition 1829
diagnosis 1829–1830
fragility fractures 1829
haemochromatosis 1762
hormone replacement therapy 1082,

1832
post-transplant 1830t
pre-transplant 1830
primary biliary cirrhosis 1075, 1082,

1830
radiology 1830
risk assessment 1829–1830
treatment 1082, 1831–1832, 1832t
World Health Organization

classification 1830
outcome maximization, resource

allocation 2080
outcomes, definition 2073–2074
outcomes research 2065–2072

bile duct injury 2070
chronic viral hepatitis 2068–2069

SF-36 2068–2069
vitality scale 2069

cirrhosis 2069
definition 2065
endpoints 2065
endstage liver disease 2069
future work 2070
in healthcare policy 2065–2066
health-related quality of life studies

2065, 2066–2067, 2067t
general health measures 2066
liver-specific 2067, 2067t
measurement 2066, 2066t

reliability 2066
standardization 2066
validity 2066

health utility assessments 2066–2067
standard gamble 2067
time-tradeoff utility 2067

liver transplantation 2069–2070
primary biliary cirrhosis 2069
surrogate endpoints 2065
treatment effects 2065

outlet (efferent) sphincters, sinusoids
79f, 80

outpatient management, post-liver
transplantation 2019

oval cell(s) 23, 23f
activation 59–60
CXCR-4 283
cytokeratins 283
fate 283–284
γ-glutamyltranspeptidase 283
hepatocyte transplantation 2035
neural control 119
origins 283–284
phenotype 283
regulatory factors 283
as stem cells 283
telomerase activity 283
transforming growth factor-like

inhibitor of apoptosis 60
tumour development 1258

oval cell reaction 59
ovarian adenocarcinomas, cystic

metastases 815
ovarian dysfunction 1759–1760
ovarian hyperstimulation syndrome 671
overdose

non-hepatic toxic effects 1915–1916,
1915t

paracetamol see paracetamol overdose 
overlap syndromes 1120–1126

autoantibodies 485
autoimmune hepatitis–autoimmune

cholangitis 1122t, 1124
autoimmune hepatitis–primary biliary

cirrhosis 1104–1105, 1122–1123,
1122t, 1123f

alkaline phosphatase 1122
autoantibodies 1123
differential diagnosis 1123
γ-glutamyl transferase 1122
immunosuppressants 1123
prevalence 1122
therapy 1123
ursodeoxycholic acid 1123

autoimmune hepatitis–primary
sclerosing cholangitis see
autoimmune sclerosing
cholangitis (ASC) 

definition 1120
vanishing bile duct syndrome 1113t

oxaloacetate 155
oxamniquine 1044
oxandrolone 1909
oxazepam 1180
oxidative energy metabolism, liver cell

plate 91
oxidative phosphorylation 158–159

complexes 158
oxidative stress

alcoholic hepatitis 1161, 1169
alcoholic liver disease 1138–1139,

1138t
animal models 1138–1139

dietary manipulation 1138–1139
genes influencing 1143

bilirubin 1353
ischaemic-reperfusion injury 351–352
non-alcoholic steatohepatitis 1202

oxindol 731
2-oxo acid dehydrogenase complexes 

(2-OADC) 484
∆4-3-oxosteroid 5β-reductase deficiency

(AKR1D1) 176, 1849
11-oxo-steroid reductase 1752
oxygen, mitochondrial origin and 150,

150f
oxyphenisatin, hepatotoxicity 1253
oxysterols 133

P
P2X receptors 53
P2Y receptors 53
P7 protein, hepatitis C virus 850
p16 394t
p21 275
p27 275
p53

aflatoxin B1-induced mutation 1274
apoptosis defects 341
apoptosis regulation 339
cholangiocarcinoma 1587
gallbladder carcinoma 1576
hepatocellular carcinoma 279
normal function 393
tumour development 1257
as tumour suppressor 393–394, 394t

p53 mitogen activated protein kinase 104
p63 63
p68 359
pacemaker activity, sphincter of Oddi

1566
paclitaxel, gallbladder carcinoma 1580
Paediatric EndStage Liver Disease

(PELD) score, liver
transplantation 1985–1986,
1986t

Paeonia, hepatotoxicity 1282t, 1283
pain

amoebic liver abscess 1024
liver transplantation patients, quality

of life 2030
obstructive jaundice 1506
pancreatic pseudocysts, liver 811
post-liver biopsy 495
pre-eclampsia 1884

pain provocation tests, gallbladder
dysfunction 1563

pain relief, acute porphyric crisis 1345
palliative treatment

alveolar echinococcosis 1053–1054
cholangiocarcinoma 1600–1601
hepatocellular carcinoma 1448–1450
malignant bile duct obstruction

555–556
palmar erythema 446, 1804

alcoholic hepatitis 1162
alcoholic liver disease 1809
cirrhosis 611

feminization 1758
palpable purpura, chronic hepatitis C

889
pamidronate

osteoporosis 1832
post-transplantation bone disease

1833
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pancreas
alcoholic damage 1735
effects of liver disease on 1800–1801
exocrine insufficiency, cirrhotic

patients 1837
obstructive jaundice 1504–1505

pancreatic adenocarcinoma 1185
pancreatic ascites 671
pancreatic pseudocysts 811

pancreatic ascites 671
pathogenesis 811
percutaneous drainage 811
symptoms 811

pancreatitis
alcohol consumption 1185
alcoholic liver disease 1800
biliary, gallstone disease 1534
extrahepatic cholangiocarcinoma 1589
fulminant hepatic failure 1801
haemobilia 1553, 1554
primary biliary cirrhosis 1800–1801
primary sclerosing cholangitis 1801
sphincter of Oddi dysfunction 1566

pancytopenia, visceral leishmaniasis
1036

panlobular hepatitis 1675
pantoyl-γ-aminobutyrate, hepatotoxicity

1247
papaverine, hepatotoxicity 1253
‘paper-money skin’ 1804
papilla of Vater

anatomy 305
ascariasis 1059
biliary tree 1111

papillomas, ascariasis 1059, 1061f
paracentesis

bleeding risk 1788t
cirrhotic ascites 693–695

complication avoidance 693
peritoneovenous shunting vs; 697
plasma renin activity, post-

procedure 694, 694f
plasma volume expansion 693–694
renal function, post-procedure 694
technique 693
TIPS vs. 698t

hepatorenal syndrome induction 712
spontaneous bacterial peritonitis 763

paracentesis-induced circulatory
dysfunction 694–695

disease course, effects on 695
plasma volume expansion 694–695
prevention 695
removed ascitic fluid volume

694–695, 694f
paracetamol

childhood acute liver failure 1858
hepatotoxicity 1237–1238, 1295–1296

alcoholic liver disease 1170, 1917
dose-related 246, 246f
glutathione depletion 205, 1221
idiosyncratic 246–247
postoperative 1949–1950

postoperative hepatic injury induction
1946

uses in liver disease 1940–1941
paracetamol overdose 1237–1238

acute liver failure 1295–1296
Kupffer cells 40–41
multiorgan failure 1296
pregnancy 1888
symptoms 1238, 1296
treatment 1237–1238, 1296

Paracoccidioides brasiliensis 1015
paracoccidioidomycosis 1015–1016

clinical features 1016
disseminated 1016
epidemiology 1015–1016
pathogenesis 1015–1016
pulmonary 1016
therapy 1016

paracrine stimulation, intrahepatic signal
propagation 117

parallel channel sign 507
paraoesophageal varices 628
paraptosis 342, 342f
paraquat, hepatotoxicity 1272, 2113
parasitic infections

cholangitis 1546–1547, 1547t
recurrent pyogenic cholangitis 1545

parasitized red blood cells (pRBCs)
malaria 1030
malarial hepatitis 1031

parasympathetic nervous system
carbohydrate metabolism regulation

117–118, 118f
cholangiocyte proliferation 54
hepatic blood flow regulation 76
lateral hypothalamic area 114–115

parathion, hepatotoxicity 2114
parathyroid hormone (PTH) 1750–1752

biological actions 1750, 1751f
cirrhosis 1751
clearance 1751
liver disease 1751–1752
liver tumours 1763
measurement 1751
osteoporosis 1751
primary biliary cirrhosis 1751
rickets 1833
secretion 1750

parathyroid hormone related peptide
(PTHrP), cholangiocarcinoma
1763

paraumbilical veins 3
recanalization, portal hypertension 503

parenchymal cells
hepatocyte transplantation 2033
immunoglobulin A catabolism 328

parenchymal giant cells 430
parenchymal liver disease, elderly

1871–1872
parenteral nutrition

efficacy 1909
indications 1909

parkinsonian symptoms, Wilson’s
disease 1316

paromomycin
cryptosporidiosis 1026
visceral leishmaniasis 1038

paroxysmal nocturnal haemoglobinuria
(PNH) 1666

Budd–Chiari syndrome 1403–1404,
1666, 1769

diagnosis 1404
partial nodular transformation of the

liver 1399–1400
patent ductus venosus 1419

partial thromboplastin time, cirrhosis 258
parvovirus B19-related aplastic anaemia

968, 1298, 1667
passive immunization, hepatitis A

861–862
passive septa 426
patent ductus venosus (PDV), congenital

portosystemic shunts 1419

patient education, post-liver
transplantation 2020

paucity of intrahepatic bile ducts see
ductopenia

Pearson syndrome 2152
pegvisomant, hepatotoxicity 1689–1690
pegylated interferon

hepatitis C
pretransplant patients 1927
ribavirin combination 943–944

HIV–hepatitis C coinfection 981
pegylated-interferon-α

chronic hepatitis B therapy 925
lamivudine combination 928,

930–931
wild-type virus (HBeAg-positive)

927
chronic hepatitis C therapy 942

historical aspects 941
retreatment 951

hepatitis D-hepatitis B virus
coinfection 935

side-effects 927
pegylated interferon α2a, dialysis patients

1656
pegylated interferon/ribavirin

combination, HIV-hepatic C
coinfection 979, 980t

pegylated recombinant human
megakaryocyte growth and
development factor (PEG-
rHuMGDF), hypersplenism 776

peliosis 427
peliosis hepatis 1412

in AIDS 1412
anabolic steroid-induced 1687–1688
angiography 537t
associated conditions 1412, 1412t
Bartonella henselae 1005
cystic 811–812
drug-induced 1255t, 1256, 1412
pathogenesis 1412
renal transplantation 1658
sinusoidal dilatation vs. 1412–1413

pellagra
alcoholic liver disease 1810
carcinoid syndrome 1474, 1809

pemoline, hepatitis induction 1238
penetrating trauma, haemobilia 1552
penicillamine

adverse reactions 1318
antiangiogenic effects 229, 230
cutaneous side-effects 1811
fulminant Wilson’s disease 1299–1300
hepatitis induction 1238
pregnancy 1886
teratogenicity 1319
Wilson’s disease 1318, 1854

penicillin, actinomycosis 1017
penicillinosis 1017
Penicillium marneffei 1017
pennyroyal oil, hepatotoxicity 1282t,

1285–1286, 2114
pentachlorophenol (PCP), hepatotoxicity

2114
pentastomiasis 1066–1067

calcifications 1067
clinical features 1066–1067
epidemiology 1066
pathology 1066
treatment 1067

pentoxifylline
alcoholic hepatitis 1165

fibrosis 595
hepatorenal syndrome prevention 717

peptic ulcers 1800
peptide mass fingerprinting (PMF) 405
peptide thrombopoietin mimetics,

hypersplenism 776
peptidyl α-amidating monooxygenase

(PAM) 228, 228t
percussion, ascites 666
percutaneous ablation, hepatocellular

carcinoma 552, 1448
efficacy control 553
pretransplant patients 1926, 1927t
recurrence 553

percutaneous acetic acid injection (PAI),
hepatocellular carcinoma 552

percutaneous angioplasty, Budd–Chiari
syndrome 1409

percutaneous aspiration
amoebiasis 1026, 1026f
with sclerotherapy, simple cyst of the

liver 787
percutaneous biliary drainage (PBD)

555–556, 557f
bacterial cholangitis 1544
entry site 556, 557f
haemobilia 1551

percutaneous catheterization, venous
outflow obstruction 550

percutaneous cholecystostomy,
cholecystitis 1534

percutaneous drainage
alveolar echinococcosis 1053–1054
cystic echinococcosis 1050
liver trauma complications 1957

percutaneous ethanol injection (PEI)
computerized tomography guidance

552
hepatocellular carcinoma 552, 1448
radiofrequency ablation vs. 552, 1448
ultrasound guidance 552

percutaneous puncture drainage and
curettage, cystic echinococcosis
1051

percutaneous transhepatic
catheterization, portal vein
658–659

percutaneous transhepatic
cholangiography (PTC)

bacterial cholangitis 1544
extrahepatic biliary obstruction 1509
hilar (upper duct) cholangiocarcinoma

1591
living donor liver transplantation 1982
obstructive jaundice, malignant causes

555
percutaneous transhepatic portal

venography 534
percutaneous transhepatic puncture,

portal pressure measurement
567

percutaneous transhepatic venography
535

percutaneous transjugular
catheterization, portal vein
658–659

percutaneous treatment, biliary strictures
benign 556–558

access 558
metallic stents 558
surgery vs. 557–558
technique 558

malignant 555–556
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perfused liver, liver function models 122
perfusion, age-related changes 1870
perhexilline maleate

lipid storage disease induction 1250
phospholipidosis induction

1244–1245
steatohepatitis induction 1246

peribiliary cysts 802–805
associated conditions 802–803
biliary hamartomas vs. 801
clinical presentation 803
differential diagnosis 803–804
imaging 803
liver transplantation 803
pathogenesis 802–803
pathology 802
polycystic kidney disease 792, 802

peribiliary glands 802
cystic dilatation see peribiliary cysts 
distribution 802
functions 802
heterotopic pancreas 802
histology 802
polycystic liver disease 796

pericanalicular cytoplasm 23
pericellular fibrosis see perisinusoidal

fibrosis
pericholangitis 426, 1626
periductal infiltrating

cholangiocarcinoma see
cholangiocarcinoma

perihepatitis, Chlamydia trachomatis 1004
perinatal varicella-zoster virus infection

959
perinuclear antineutrophil nuclear

antibodies (pANNA)
autoimmune sclerosing cholangitis

1853
primary sclerosing cholangitis 484

perinuclear-staining antineutrophil
cytoplasmic antibodies
(pANCAs) 482t, 484

periodic acid–Schiff (PAS) stain, liver
biopsy 491

peripheral arterial vasodilation
hypothesis 636–637, 683–684,
683f

peripheral benzodiazepine receptor
(PBR), hepatic encephalopathy
736–737

peripheral neuropathy, alcoholism 1185
peripolesis 425
periportal fibrosis, schistosomiasis 1042,

1043, 1043f
periportal hepatitis 429
periportal sinusoids, transient leucocyte

plugging 81
perisinusoidal cells see hepatic stellate cell

(HSC)
perisinusoidal fibrosis 426

alcoholic hepatitis 1151, 1151f
drug-induced 1246
peliosis hepatis 1412
renal transplant patients 1658
sinusoidal dilatation 1413

perisinusoidal stellate cells see hepatic
stellate cell (HSC)

peritoneal biopsy, tuberculous peritonitis
670

peritoneal cavity, hepatocyte
transplantation 2033

peritoneal dialysis, platelet dysfunction
1791

peritoneovenous shunting
cirrhotic ascites 695–697

benefits of 695–696
paracentesis vs. 697

complications 696
hepatorenal syndrome 697
pretransplant patients 1923

peritonitis
liver trauma 1954
spontaneous bacterial see spontaneous

bacterial peritonitis (SBP) 
tuberculous 669–670

perivenous scavenger cells 730
ammonia detoxification 183–184

perivenular fibrosis 426
perlecan 270
permanent cells 58
peroxidase-antiperoxidase immune

complex method, viral hepatitis
detection 430

peroxisomal enzymes 26
peroxisome proliferator-activated

receptor alpha (PPAR-α)
bile secretion regulation 301t
ethanol, effects on 1137
mitochondrial β-oxidation 162

peroxisome proliferator-activated
receptor gamma (PPAR-γ)
agonists, non-alcoholic
steatohepatitis treatment 1204

peroxisome proliferator-activated
receptor γ coactivator 1 (PGC-1)
160–161

peroxisome proliferator-activated
receptors (PPAR), hepatic stellate
cell activation 593

peroxisomes 24f, 26–27, 26f
biogenesis 26–27
enzymes 26
proliferation 26–27

peroxynitrite 40–41
persistent (chronic) encephalopathy

728t, 729
persorption, candidosis 1012
pesticides, hepatotoxicity 2114
petroleum distillates, hepatotoxicity

2114
PGA index, fibrosis in alcoholic liver

disease 1168
pH

regulation 185–187
urea synthesis regulation 183

phaeochromocytomas 1645
phagocytosis

apoptotic bodies 335–336
Kupffer cells 37
obstructive jaundice 1505
splenic 772

phalloidin, hepatotoxicity 1271–1272,
1298

pharmacodynamics, anaesthetic drugs
1940–1941

pharmacogenetics
definition 244
drug metabolism 244–245, 244t

pharmacokinetics, liver disease
1914–1917

anaesthetic drugs 1940–1941
decreased therapeutic effects 1915
exaggerated therapeutic effects

1914–1915
increased non-hepatic toxicity

1915–1916

increased susceptibility 1916, 
1916t

overdose 1915–1916, 1915t
protein binding competition

1916
modifications, without clinical

consequences 1914
see also drug(s)

pharyngeal cancer, alcohol consumption
1186

phenazone (antipyrine) 471t, 472
phenindione, hepatitis induction 1238
phenobarbital

Crigler–Najjar syndrome 1355, 1845
hepatotoxicity 1827

phenols
hepatic encephalopathy 730–731
hepatotoxicity 2114

phenotype gel analysis, alpha-1-
antitrypsin deficiency 1333

phenprocoumon, hepatitis induction
1238

1-phenyl-4,5-chloropyridason-6,
hepatotoxicity 2114

phenylalanine
catabolism 144
hepatic encephalopathy 731
macroautophagy regulation 149

phenylalanine hydroxylase 144
phenylbutazone, hepatitis induction

1238
phenylbutyrate, hepatic encephalopathy

747
phenylethylbarbiturate 1888
8-phenyl-theophylline 76
phenytoin

cerebral oedema 1305
hepatotoxicity 1226, 1238–1239,

1299, 1827
thyroid hormones 1749–1750

phlebosclerosis 427
phlebotomy

haemochromatosis 1326
hypersplenism 777
porphyria cutanea tarda 1347

phosphate
homeostasis and vitamin D 218
osteomalacia 1834

phosphatidate phosphohydrolase (PAP)
1136

phosphatidylcholine synthesis 146
phosphatidylinositol 3,4,5-triphosphate

(PIP3) 105
phosphatidylinositol 3-kinases (PI3Ks)

105
bile secretion regulation 301–302
phosphatidylinositol 3,4,5-

triphosphate generation 105
platelet-derived growth factor 2090
tumorigenesis 105

phosphatidylserine (PS)
apoptosis 335, 336–337
distribution defects 177

phosphoenolpyruvate carboxykinase
(PEPCK) 91

phosphofructokinase 156–157
phospholipase A 103
phospholipase C 103
phospholipidosis

drug-induced 1244–1245
cardiac drugs 1613t
post drug withdrawal 1245

histological features 428

phospholipids
hepatobiliary disease 458–459
obstructive jaundice 1502

phospholipid transfer protein (PLTP)
139, 140f

phosphorus
acute liver failure 1302
hepatotoxicity 2114
supplementation 1908

phosphorylase kinase 1370
deficiency 1374

photodermatosis
congenital erythropoietic porphyria

1347
erythropoietic protoporphyria 1347,

1348
photometers, bilirubin measurement

168
photosensitivity

hepatoerythropoietic porphyria 1811
hereditary coproporphyria 1811
porphyria cutanea tarda 1810
porphyrias 1346–1347
variegate porphyria 1810

phototherapy
Crigler–Najjar syndrome 1355, 1845
erythropoietic protoporphyria 1348
graft-vs.-host disease (GvHD) 1808
physiological jaundice 1355

phrenic nerve, right 5
physical activity/exercise

alanine aminotransferase levels 453
albumin synthesis 454
aspartate aminotransferase levels 453
liver disease 1901
osteoporosis 1832

physiological jaundice 460, 1355
phytosterol excess, total parenteral

nutrition-related liver disease
1637

piecemeal necrosis 424
drug-induced chronic hepatitis 1251

piggy-back technique, liver
transplantation 1968–1969,
1968f

vena cava stenosis 1969
venovenous bypass 1968–1969
venovenous bypass, without 1969

pioglitazone
hepatotoxicity 1240–1241, 1683
non-alcoholic steatohepatitis 1203t,

1682
pipecolic acidaemia 2152
piperacillin 1542, 1543t
piperazine 1061
Piper methysticum (kava), hepatotoxicity

1282t, 1284–1285
piroxicam, hepatotoxicity 1299
pirprofen, hepatotoxicity 1239, 1250
pit cells 14
pityriasis rotunda 1808
PKD1 gene mutations 789–790
PKD2 gene mutations 789–790
PKHD1 gene mutations 69
placenta, intrahepatic cholestasis of

pregnancy 1880
plasma

nutritional status assessment 1905
porphyrin precursor excretion 212t
porphyrins excretion 212t

plasma cells 325
plasma exchange, liver support 2044
plasma infusion, cirrhotic patients 1789
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plasma membrane, hepatocytes 20f,
21–23, 22f

receptors 93
plasma osmolality, antidiuretic hormone

secretion 680
plasma transfusions, haemostatic

abnormalities 260–261
plasma volume distribution, cirrhosis

1727–1728
plasma volume expansion

paracentesis-induced circulatory
dysfunction prevention 694–695

portal hypertension 636–637
plasminogen

cirrhotic ascitic fluid 668
haemostasis 256
synthesis 257

plasminogen activator inhibitor-1 
(PAI-1)

acute liver disease 257–258
fibrinolysis 256, 258

plasminogen activator inhibitor-2 
(PAI-2) 256

Plasmodium 1029
life cycle 1030
see also malaria

Plasmodium falciparum 1029
Plasmodium malariae 1029, 1030
Plasmodium ovale 1029
Plasmodium vivax 1029
plastic anaemia, post-liver

transplantation 1772
plastic membranes, gene array platforms

403
plastic stents

metal stents vs. 545–546
occlusion 545

platelet(s)
abnormalities

cirrhosis 773, 1785–1786, 1786t
liver disease 1771

aggregation deficiency 1786
cholesterol loading, cirrhosis 1786
clot formation 1780
dysfunction, haemodialysis 1791
function

abnormalities 259
assessment 1771
post-liver transplantation 1773

platelet-associated immunoglobulin
(PAIgG), cirrhotic patients 773

platelet count
acute liver failure 1131
alcoholic liver disease 1168
cirrhosis 610
hypersplenism 772
liver biopsy, safe limits for 1771
spleen size 772, 773f
variceal bleeding 775, 775f

platelet-derived growth factor (PDGF)
liver fibrosis 2090, 2091f
stellate cell proliferation 592

platelet function assay (PFA) 1782, 1783t
platelet transfusion 261, 1789

acute variceal bleeding 648
hypersplenism 773f, 775
side-effects 1789

pleconaril 967
pleomorphic cholangitis 425
plethoric facies, alcohol misuse 1809
pleural effusions

ascites 724
cirrhosis 671–672

plexiform neurofibromas, hepatic 1645
pneumococcal pneumonia, hepatic

involvement 1618
pneumonia

hepatic involvement 1618
portal hypertension 767

Poiseuille’s law 630
POLG1 gene mutations 1379
polyarteritis nodosa (PAN) 1698

hepatic artery aneurysms 1393
hepatitis B 1698, 1806, 1818, 1826

therapy 1818
hepatitis C 1806–1807

polybrominated biphenyls (PBB),
hepatotoxicity 2114

polychlorinated biphenyls (PCB),
hepatotoxicity 1272–1273, 2115

polychloroprene, hepatotoxicity 2115
polycystic kidney disease

adult see adult polycystic kidney
disease (ADPKD) 

Budd–Chiari syndrome, secondary
1405

liver cysts in 789–795
peribiliary cysts 802
vanishing bile duct syndrome 1112

polycystic liver disease (PCLD) 795–797
cholangiocyte 54
clinical features 796
complications 796
development risk factors 796
diagnosis 796
ER translocation mutations 193
genetics 796
liver transplantation 1988
molecular biology 796
natural history 796
pathogenesis 796
pathology 796
peribiliary cysts 802
pregnancy 1886
progression risk factors 796
renal cystic disease see adult polycystic

kidney disease (ADPKD), hepatic
cysts and 

ultrasonography 504
vanishing bile duct syndrome 1112

polycystin-1 789
polycystin-2 790
polycythaemia vera 1665
polyenylphosphatidylcholine (PPC),

alcoholic hepatitis 1908
Polygonum multiflorum ( Shou-Wu

Pian), hepatoxicity 1282t, 1283
polymerase chain reaction (PCR)

echinococcosis 1055
enterovirus infection diagnosis 967
granulomatous hepatic tuberculosis

1006
hepatitis B 838
hepatitis C 855, 884
hepatitis D 876
hepatosplenic candidosis 1012
herpes simplex virus 959
liver biopsy 491
Mycobacterium tuberculosis 670, 1713
Q fever 1004
varicella-zoster virus infection 960
viral hepatitis 430

polymerase inhibitors, chronic hepatitis
C 951

polymorphism see genetic polymorphism
and liver disease

polymorphonuclear (PMN) count,
spontaneous bacterial peritonitis
763

polymyalgia rheumatica, hepatic
involvement 1698

polymyositis 1697–1698
polymyxin B 1511
polyneuropathy-organomegaly-

endocrinopathy-M protein-skin
changes (POEMS) 2152

polypectomy, haemostasis risk 1788t
polyploidization 275

chronic liver injury 282
polyprenoic acid 217
pooled odds ratio (ORp) 2074
pooled risk difference (RDp) 2074
population stratification 360
porcine hepatocytes

bioartificial liver support 2044–2045
hepatocyte transplantation

2035–2036
porocephalosis see pentastomiasis
porphobilinogen (PBG)

acute porphyrias 1344, 1345
excretion 212, 212t
synthesis 208

porphobilinogen deaminase 208
haem synthesis regulation 210f, 211
housekeeping 211
structure 211f

porphyria(s) 1343–1351
acute (hepatic) 1343–1346

crises 1343–1344
chronic 1345
prevention 1345
recurrent 1345

diagnosis 1344, 1344t
inheritance 1345
neuronal damage 1345
pathogenesis 1345–1346
penetrance 1345

cutaneous manifestations 1810
dual 1349
homozygous forms 1348–1349
liver cell carcinoma, risk of 1346
mixed forms 1348–1349
non-acute 1346–1348
photosensitivity 1346–1347

therapy 1347
pregnancy 1886
see also individual types

porphyria cutanea tarda (PCT) 1347
alcohol abuse 1186
cutaneous manifestations 1810
diagnosis 1810
familial 1810
hepatitis C virus 1807

hepatocellular carcinoma, risk of
1438

mixed forms 1349
photosensitivity 1347
symptoms 1347
treatment 1347, 1810
triggering factors 1347
type 1 1347
type 2 1347
type 3 1347
visceral leishmaniasis 1037

porphyria variegata (PV) 1344t, 1346
aminolaevulinic acid 1344
diagnosis 1344
genetic defect 1346
homozygous form 1348

inheritance 1345
liver cell carcinoma, risk of 1346
penetrance 1345
photosensitivity 1347
porphobilinogen 1344

porphyrinogens 207
excretion 212, 212t

porphyrins
bile secretion 213
excretion 207, 212–213, 212t
precursors

excretion 212–213, 212t
synthesis 208

structure 207, 207f
portacaval shunt

congenital hepatic fibrosis 782
familial hypercholesterolaemia 1367
glucagon levels, cirrhotics 1737–1738

porta hepatis 3, 79
portal biliopathy 1397
portal cavernoma 1397–1399
portal–central bridging necrosis 424
portal fibrosis 426

schistosomiasis 1041, 1041f
toxin-induced 1270t, 1273–1274

portal hepatitis 429
portal hypertension

anatomy 625–629
angiography 537–538

indications for 537–538
ascites

cirrhotic 672–675
pathogenesis 687–688

azygos blood flow 662
measurement 570, 663
therapeutic response assessment

663
bacterial infections 761–770
biliary atresia 1848
carcinoid tumours 1472
children 1864–1865
cirrhosis 605–606
clinical features 606
complications 605–606
congenital arterioportal malformation

1418
congenital hepatic fibrosis 781–782
drug metabolism 247
extrahepatic, children 1864
Felty syndrome 1696
glycogen storage disease type 4

1374
haemodynamic assessment 658–665
haemorrhage 550
hepatic arterioportal fistulae 1394
hepatic venous pressure gradient

measurement 660–661, 661f
therapeutic response assessment

661
hepatocellular carcinoma, surgical

resection 1447
hepatosplenic schistosomiasis

1042–1043, 1044
hereditary haemorrhagic telangiectasia

1420
hyperdynamic circulation 634–636
intestinal protein loss 1837
intrahepatic vascular blood flow 685
management 642–643

pretransplant patients 1923–1924
rationale for 642–643, 642f

mesenteric inflow 1724–1725
myeloid metaplasia 1665
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portal hypertension (continued)
oesophageal epithelium, blood-filled

channels 628, 629f
pathogenesis 630–639, 636f

blood flow–vascular resistance
interplay 630–637

collateral resistance 633–634
hepatic vascular resistance

630–633
vasoconstrictors 632–633
vasodilators 631–632

peribiliary cysts 802
polycystic liver disease 791f, 792t, 793
portal blood flow 570
portal vein stenosis 1399–1400
presinusoidal

cirrhotic ascites 674
hepatic venous pressure gradient

568
primary biliary cirrhosis 1079
pulmonary complications 720–727

emboli 724
liver transplantation 725, 725t
pleural /diaphragm effects of ascites

724–725
vascular 720–724

renal transplant patients 1658
sarcoidosis 1712
splanchnic arteriolar circulation 675
splanchnic transmicrovascular fluid

exchange 673–674
trans-sinusoidal fluid exchange

672–673
treatment

drug-induced renal impairment
703

rationale 642–643
ultrasonography 503–504

cause identification 503–504
collateral portosystemic pathways

503
diagnosis 503

variceal haemorrhage prevention
643–647

variceal haemorrhage treatment
643–647

wedged hepatic venography 533
portal hypertensive colopathy 1802
portal hypertensive gastropathy (PHG)

653, 1799–1800
bleeding 653, 1799
endoscopic appearance 1799
mild 653
mucosal changes 1799
peptic ulcers 1800
prevalence 653
severe 653
vascular congestion 1799

portal myofibroblasts 47, 47t
portal pressure

alcoholic hepatitis 1162
ascites, post-peritoneovenous

shunting 695–696
definition 567
gradient 658
measurement 567–568, 658–662

direct methods 567, 658–659
indirect methods 567–568,

659–660
paper recordings 660, 660f
scientific basis 658
technique 658–662

portal spaces, congenital hepatic fibrosis
781

portal tracts 9
portal vein 5, 79, 89

anatomy 534, 549, 623–625
gastro-oesophageal junction

623–625
aneurysms 1399, 1400f

diagnosis 1399
spontaneous rupture 1399

blood flow measurement 568–569
cavernous transformation 626, 626f
compression

ciliated hepatic foregut cyst 808
extrinsic 1399–1400

congenital stenosis 1399
development 69
drug-induced lesions 1255, 1255t
embryology 623
hepatocellular carcinoma 1441
interventional radiology 551, 552
left branch 5
malarial hepatitis 1031
obstruction 1395–1402

Budd–Chiari syndrome 1407
portal hypertension 625–629

collateral pathways 625–626, 625f,
626f

right branch 5
thrombosis see portal vein thrombosis

(PVT) 
ultrasonography

post-liver transplant assessment
508

preoperative patency assessment
507

portal vein embolization (PVE)
cirrhosis 1934
obstructive jaundice 1936

portal vein thrombosis (PVT)
1395–1399

acute episodes 1396–1397
diagnosis 1396
imaging 1396
prognosis 1397
treatment 1396–1397

aetiology 1395–1396, 1395t
Budd–Chiari syndrome 1407
cavernomas 626, 626f, 1397–1399
chronic 1397–1399

diagnosis 1398
prognosis 1399
treatment 1398–1399

cirrhosis 1396, 1792, 1793f
clinical presentation 1396, 1397
congenital hepatic fibrosis 782
definition 1395
Doppler ultrasound 503
drug-induced 1255, 1255t
liver transplantation 1968

postoperative 1396, 1982
pretransplant management

1925
portal hypertension 503

portal venography 532–535
Budd–Chiari syndrome 538
direct 532
indications 532, 533
indirect 532
patent umbilical vein 534, 534f
percutaneous transhepatic 534
technique 533
transjugular transhepatic 534, 535f

portal venous inflow 1724–1725
portal venous system arteriovenous

fistulae 1400

portal venules 79
blood flow regulation 80
blood pressure 81
thrombosis 630–631

portocaval shunting
Budd–Chiari syndrome 1409–1410

post-shunt encephalopathy 1410
cirrhotic ascites 697–699
hepatic encephalopathy 749
hepatorenal syndrome 697
peptic ulcers 1800
portal hypertensive gastropathy 1799
recurrent variceal bleeding prevention

647
portopulmonary hypertension 722–724

clinical presentation 723
diagnosis 722t, 723
liver disease and 1938–1939
liver transplantation

contraindications 1989–1990
preoperative patients 1924–1925,

1996
mean pulmonary artery pressure 722t,

723
pathophysiology 723
prognosis 723
screening 1924
treatment 723

portosystemic anastomoses, hepatic
encephalopathy induction 743

portosystemic circulation, quantification
of 570

portosystemic encephalopathy 444–445,
729

portosystemic encephalopathy index 744
portosystemic shunts (PSS)

angiography 538
cirrhosis

insulin-like growth factor binding
proteins 1744

insulin-like growth factor-1 1744
congenital 1418–1419

clinical presentation 1419
intrahepatic 1419
treatment 1419

cystic fibrosis 1340–1341
extrahepatic congenital 1418–1419

associated conditions 1419
misclassification 1418–1419
type 1 1418, 1419
type 2 1418, 1419

hypersplenism 777
positional cloning (forward genetics) 372
positive predictive value, diagnostic

models 2062
positron emission tomography (PET)

561–566
alveolar echinococcosis 1053, 1053f
carcinoid tumours 1473
cholangiocarcinoma 562–564

hilar (upper duct) 1592–1593
intrahepatic 1595

cirrhosis 564, 613
clearance measurements 474
dynamic scanning 472, 561

liver tumours 562, 562f
endogenous substrate metabolism 564
exogenous substrate metabolism 564
hepatic metastases 564, 1468, 1468f

colorectal carcinoma 562, 563f
hepatocellular carcinoma 564
liver perfusion, regional variations

564
liver tumours 561–564

regional liver metabolism
measurements 472–474

arterial equilibration model 473
compartment models 472f,

473–474
hepatic dual-input function

472–473, 472f, 473f
microvascular models 473–474
variations in 564

standardized uptake value 562
static scans 472, 561

liver tumours 562
surgical risk assessment 476
tracers 561

‘post-cholecystectomy syndrome’ 1535
post-cholecystectomy syndrome 1570
post-embolization syndrome 554, 1449
post-kala-azar dermal leishmaniasis

(PKDL) 1036
diagnosis 1037
treatment 1039

postoperative jaundice 1611, 1945–1952
assessment 1948t
bilirubin overproduction 1945–1947
clinical appearance 1945
diagnostic algorithm 1948f
diagnostic clues 1947–1951
differential diagnosis 1947–1951
early 1947, 1948t
examination 1947
history 1947
iatrogenic 1951
late 1947, 1948t
pathophysiology 1945–1947, 1946f
pre-existing liver disease and 1947
surgical problem related 1947
treatment 1947–1951

postoperative liver failure (PLF)
assessment 1935
cirrhotic patients 1935
fatty liver patients 1936
liver transplantation and 1301

postpartum haemorrhage, acute fatty
liver of pregnancy 1883

post-peritoneovenous shunting,
intravascular coagulation 696

post-reperfusion syndrome 552, 1942
posttranslational modification (PTM),

proteomics 403, 405, 411
post-transplant lymphoproliferative

disorder (PTLD) 1773–1774
children 1866
clinical features 1866
early 1774
Epstein–Barr virus infection 965
immunosuppression post-liver

transplantation 2022
incidence 1773
late-onset 1774
pathophysiology 1774f
risk factors 1773–1774, 1866
therapy 1774
tumour onset 1773

postural change, cardiac output in
cirrhosis 1721, 1728

potassium
hepatorenal syndrome 713
obstructive jaundice 1504

potassium canrenoate, sexual
dysfunction males 1759

potassium channel, bile secretion
1337

power Doppler 501
metastases 505
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praziquantel
alveolar echinococcosis 1052
Clonorchis sinensis 1046
fascioliasis 1045
schistosomiasis 1044

prazosin, drug-induced renal
impairment in cirrhosis 703

prebiotics, liver transplantation 1910
pre-β migrating high-density lipoprotein

(pre-β-HDL) 139
precipitant-induced encephalopathy see

episodic (precipitant-induced)
encephalopathy

precipitin bands, histoplasmosis 1015
prednisolone

amyloidosis 1707
autoimmune hepatitis 1099, 1100
carcinoid tumours 1476
clearance, cirrhosis 1753
liver transplantation 2004
pregnancy 1889
tumour-associated hypoglycaemia

1745
prednisone, alcoholic hepatitis 1164
pre-eclampsia

acute fatty liver of pregnancy 1881
acute liver failure 1300
clinical features 1885t
hepatic abnormalities 1883–1884

pregnancy
acute fatty liver see acute fatty liver of

pregnancy (AFLP) 
adenomas 1886
alcoholic liver disease 1886
alkaline phosphatase 463, 1879
autoimmune hepatitis treatment 1099
benzimidazole avoidance 1055
biliary disease 1888
biliary obstruction 1888
Budd–Chiari syndrome 1405, 1885
cholangiocarcinoma 1886
chronic hepatitis 1886
cirrhosis 1885–1886
drug toxicity 1888
Dubin–Johnson syndrome 1886
familial hyperbilirubinaemia 1886
focal nodular hyperplasia 1886
gallbladder 1879
gallstones 1888
Gilbert syndrome 1886
glutathione 1221
glycogen storage diseases 1372, 1373
haemangioma 1886
haemochromatosis 1886
HELLP syndrome 1770, 1884–1885
hepatitis A 1887
hepatitis B 1887

antiviral therapy 936
vaccine 911–912

hepatitis C 1887–1888
treatment contraindication 944

hepatitis D 1888
hepatitis E 917, 1888
hepatocellular carcinoma 1886
hereditary haemorrhagic telangiectasia

1422
herpes simplex virus infections 958
hypertension-associated liver

dysfunction 1883–1885
immunosuppression

contraindications 2005
intrahepatic cholestasis see

intrahepatic cholestasis of
pregnancy (ICP) 

jaundice 1879
liver biopsy 1879
liver diseases 1879–1896

pre-existing 1885–1887
liver histology 1879
liver rupture 1884
liver transplantation 1888–1889

graft rejection 1889
hypertensive disease 1889

liver tumours 1886
malaria 1030
normal 1879
paracetamol-induced hepatitis 1238
polycystic liver disease 1886
porphyrias 1886
post-liver transplantation 2024
primary biliary cirrhosis 1886
primary sclerosing cholangitis 1886
Rotor syndrome 1886
spider naevi 446
variceal bleeding 1887
vascular abnormalities 1887
viral hepatitis 1887–1888
Wilson’s disease 1319, 1886

pregnane X receptor (PXR)
bile acid homeostasis 106, 178, 301t,

386, 387, 388f
bilirubin transport 1354–1355
intrahepatic cholestasis 1483
rifampicin acid as ligand 387–388
UGt1A1 regulation 1354
ursodeoxycholic acid 387, 1493

pregnane X receptor (PXR) agonists,
intrahepatic cholestasis
2920–2921

preload, cirrhotic patients 1722, 1723f
premature infants

multifactorial cholestasis 1849–1850
total parenteral nutrition-related liver

disease 1634
preoperative percutaneous transhepatic

biliary drainage (PTBD),
obstructive jaundice 1935–1936

‘pressure waves’ 740, 740f
preterm infants, TPN-associated

cholelithiasis 1637–1638
previtamin D3 218
primaquin 1033
primary biliary cirrhosis (PBC)

1071–1088
ABCB4 gene mutations 1384–1385
abdominal discomfort 1075
associated conditions 484, 1075–1076

non-hepatic malignancy 1076
asymptomatic 1080
autoantibodies 484

antimitochondrial antibodies 1120
autoimmune disease 1075–1076
autoimmune hepatitis vs. 1078t
autoimmune thyroid disease 1076
bilirubin 461
bone changes 1078–1079, 1831
causes/mechanisms 1072t, 1482, 

1714
characteristics 1714t
cholestatic sarcoidosis vs. 1077, 1078t
coeliac disease 1629, 1801
complications 1078–1079
CREST syndrome 1697, 1798
cutaneous manifestations 1808
definition 1071
diagnosis 1074, 1074t, 1120–1121,

1121t, 1488
antimitochondrial antibodies 1074

antimitochondrial antibody-
negative see autoimmune
cholangitis (AIC) 

liver biopsy 1074
differential diagnosis 1077–1078, 1078t

antimitochondrial antibodies 1077
drug-induced cholestasis 1077,

1078t
herbal remedies 1077–1078

elderly 1872
eosinophils 1770
epidemiology 1071–1072

environmental factors 1072
familial clustering 1073–1074
gender 1071
geographical clustering 1071–1072
migration influences 1072
twin concordance studies

1073–1074
fatigue 443, 1074–1075, 1081
functional genomics

gene array data 410
proteomics data 413

genetics 357t, 358, 360t, 1073–1074
granulomas 1710, 1714
granulomatous destructive cholangitis

vs. 1485
hepatobiliary transporter changes 386
hepatocellular carcinoma 1075, 1439
histology 1076–1077
historical aspects 1071
hyperbilirubinaemia 1075, 1356
imaging 1074
immunogenetics 365t, 366t

weak HLA association 358, 367
immunoglobulin A 329
infectious aetiology 1072–1073, 1714
inflammatory bowel disease 1628
intrahepatic cholestasis 1488
investigations 1076–1078

antimitochondrial antibodies 1076,
1488

γ-glutamyltransferase 1076
liver histology 1076–1077
serum alkaline phosphatase 1076
serum cholesterol 1076

jaundice 1075
lichen planus 1643
liver failure 1081
liver transplantation 1084, 1986–1987

Mayo Clinic PBC model
1986–1987

recurrence 1073, 2004, 2015
malabsorption 1079
menorrhagia 1759
migration influences 1072
natural history 1079–1080
neurological manifestations 1824t
non-hepatic malignancy 1076
oral manifestations 1798
osteoblast function 1831
osteocalcin 1752
osteoporosis 1075, 1082, 1830
outcomes research 2069
overimmunosuppression 1073
overlap syndromes see overlap

syndromes 
pancreatitis 1800–1801
parathyroid hormone 1751
pathogenesis 1072–1074

antimitochondrial antibodies 1072
biliary epithelial cells 1072
halothane 1073
infections 1072–1073

molecular mimicry 1072–1073
overimmunosuppression 1073

peptic ulcers 1800
platelet abnormalities 1771
portal hypertension 1079
pregnancy 1886
primary sclerosing cholangitis vs.

1077, 1078
prognostic scores 1080, 1081t
pruritus 1075, 1081–1082, 1804
Raynaud syndrome 1082
renal associations 1076, 1817t, 1819
rheumatoid arthritis 1076
scleroderma 1697, 1798
scoring systems 437t, 1080, 1081t
Sicca syndrome 1082
Sjögren syndrome 1076, 1697
steatorrhoea 1082
symptomatic 1080

genetic studies 1080
Mayo model 1080

symptoms 1074–1075
systemic lupus erythematosus 1695
thyroid hormones 1749
treatment 1081–1084, 1081t

preventative 1082
symptomatic treatment 1081–1082

Turner syndrome vs. 1078, 1078t
ulcerative colitis 1628
vanishing bile duct syndrome 1113t,

1115–1116
vanishing bile duct syndromes 1078t
vitamin A deficiency 1802
Wnt signalling cascade and 410
xanthelasma 1075
xanthoma 1075

primary collapse, fibrosis 426
primary haemochromatosis see

haemochromatosis
primary module 10, 11f
primary nonfunction, post-liver

transplantation 1301
primary sarcoma see undifferentiated

sarcoma
primary sclerosing cholangitis (PSC)

1103–1110, 1488–1490,
1623–1626

associated diseases 1104–1105, 1105t
autoantibodies 480t, 484
biliary dysplasia 1623f
biliary strictures 1106
causes 1103, 1103t, 1482
cholangiocarcinoma 413, 563, 1106,

1584, 1596, 1626–1627, 1987
cholecystectomy 1106
cholelithiasis 1106
clinical course 1104
clinical features 1104–1105
coeliac disease 1629
colonic dysplasia 1623f
colorectal cancer 1625

post liver transplant 1625
complications 1106–1107
Crohn’s disease 1623, 1626
definition 1103
diagnosis 1104–1105, 1121

cholangiographic features 1106
criteria 1105, 1121t

differential diagnosis 1106
epidemiology 1103–1104

age 1490
functional genomics

gene array data 410
proteomics data 413
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primary sclerosing cholangitis (PSC)
(continued)

glomerulonephritis 1817t
histology 1106
immunogenetics 365t, 366–367, 366t
inflammatory bowel disease

association 366, 370, 1103, 1104,
1489

prevalence 1623–1624, 1624–1626,
1624t

laboratory tests 1105–1106
liver transplantation 1106,

1108–1109, 1987
postoperative granulomas 1714
recurrence 1625, 2015–2016
survival rates 1987

natural history 1103–1104
neurological manifestations 1824t
‘onion skin’ lesions 1485
onset 1624
outcome 1624
overlap syndromes see autoimmune

sclerosing cholangitis (ASC) 
pancreatitis 1801
pathogenesis 366, 484
pathophysiology 1104, 1106

environmental exposure 1104
genetic factors 1104
infections 1104

pregnancy 1886
primary biliary cirrhosis vs. 1077, 1078
pruritus 1106
radiography 1105
secondary sclerosing cholangitis vs.

1106
smoking 1624
staging 1105, 1105t
surgery 1108
symptoms/signs 1104
therapy 1107–1109, 1495
thyroid hormones 1749
ulcerative colitis 366, 1623–1626
vanishing bile duct syndrome 1113t,

1115–1116
vitamin deficiencies 1106

primary sclerosing cholangitis–
inflammatory bowel disease
1625t

Primovist 529
Pringle manoeuvre, warm ischaemia 348
prisoners, hepatitis B vaccine 912
pro-apoptotic signalling cascades,

tumour necrosis factor 314–316
probiotics

hepatic encephalopathy 747
liver transplantation 1910

problematic ascites see refractory ascites
pro brain natriuretic peptide (BNP),

cirrhosis 1723
procoagulant factors 1788t
procollagen III aminopeptide (PIIINP)

1646
proctocolectomy, primary sclerosing

cholangitis 1108
Profile of Mood States Scale 2029
progesterone

gallbladder motility disorders 1562
intrahepatic cholestasis of pregnancy,

triggering factor 1880
progestogens, carcinogenicity 1649
prognostic models 2055–2060, 2055t

accuracy 2057–2059, 2058f
calibration 2058–2059, 2058f
discrimination 2057–2058

censoring 2057
Child–Turcotte–Pugh score 2060
Cox regression analysis 2055–2056
definition 2055
diagnostic models vs. 2061
informative censoring 2057
precision 2057–2059, 2058f

definition 2059
model generalizability 2059, 2059t

proportional hazards 2055–2056
example 2056, 2056t
hazard ratio 2056

programmed cell death (PCD)
caspase-independent 342
see also apoptosis

progressive familial intrahepatic
cholestasis (PFIC) 1383, 1849

diagnosis 1487
genetics 1386, 1524
histology 1849
management 1849
treatment 1495
type 1 (Byler’s disease) 177, 1384,

1849
type 2 177, 1384–1385, 1524, 1849

gallstone formation 1385
hepatocyte transplantation 2038

type 3 177, 1384, 1524, 1849
gallstone formation 1385

type 4 1386
progressive sclerosing cholangitis

critically ill patient 1947
diagnosis 1951
post septic shock 1951

proinflammatory cytokines
Argentine haemorrhagic fever 989
intrahepatic cholestasis 1491
Lassa fever 989
receptors 106

prolactin 1760
haemochromatosis 1762

proliferating cell nuclear antigen
(PCNA), hepatocellular
carcinoma 1440

prolonged Q-T interval, chronic liver
disease 1722

prope tolerance, immunosuppression
2003

propofol
acute liver failure 1304
liver transplantation 1942
pruritus 1804

proportional hazards, prognostic models
2055–2056

propoxyphene, acute hepatitis induction
1239

propranolol
azygos blood flow 663
drug-induced renal impairment 703
pharmacodynamic effects in cirrhotic

patients 1914
portal hypertensive gastropathy 653,

1799
schistosomiasis 1044
side-effects 644
thyroid function 1750
variceal bleeding prevention 644

propressophysin 680
propylthiouracil

hepatotoxicity 1239, 1299, 1685
liver enzyme abnormalities 1685

prostacyclin
hepatic blood flow regulation 77
portal hypertension 636

portopulmonary hypertension 723
splanchnic hyperaemia 636
synthesis 682

prostaglandin(s) (PGs)
carcinoid syndrome 1475
compensated cirrhosis 682
formation 680–681
gallbladder fluid transport 306
non-azotaemic cirrhotics with ascites

682–683
obstructive jaundice-associated acute

renal failure 1816
renal haemodynamics 682, 683f

prostaglandin E2 (PGE2) 682
non-azotaemic cirrhotics with ascites

682–683
prostaglandin G2 (PGG2) 681–682
prostaglandin GI2 (prostacyclin) see

prostacyclin
prostaglandin H2 (PGH2) 681–682
prostanoids, as second messenger 103
Prostata, hepatotoxicity 1286
prostate, alcoholic cirrhosis 1820
prostatic cancer

alcoholic cirrhosis 1820
liver 1658–1659

prostheses
covered 551, 551f
uncovered 551

protease inhibitors (PI)
chronic hepatitis C antiviral therapy

951
elimination, cirrhosis 1916
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signal transduction 103, 104
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progressive familial intrahepatic

cholestasis type 4 1386
treatment, opioid antagonists 1082,

1496
pruritus gravidarum 1880
pseudoalcoholic hepatitis 1170, 1246
pseudoaneurysm, angiography 536, 536f
pseudocapillarization, liver sinusoidal

endothelial cells 33
pseudocapsule, biloma 817
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157f
mitochondrial oxidative

phosphorylation deficiency 1380
pyruvate kinase 91, 156–157, 156f

Q
Q cycle theory 158, 159f
Q fever 1004

granulomas 1713
Q-T interval, chronic liver disease 1722
quadriplegia, acute porphyric crisis 1344
quality of life

decreases in 443
donor, living donor liver

transplantation 1979, 1992
economic considerations 2082
indices 2082
scales 2082
standard gamble methods 2082
time tradeoff 2082
visual analog scale 2082

Quality of Well-being Scale 2082
quality scores (validation) 2077, 2077t
quantitative trait locus (QTL) analysis

371–383
in inbred mice see quantitative trait locus

(QTL) analysis in inbred mice 
molecular basis 379

see also genetic polymorphism and
liver disease 

principles 371–372
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retinoid receptors 214–217, 216f
retinoids 213

functions 214
hepatic stellate cells 45
hepatocellular carcinoma

chemoprevention 217
hepatotoxicity 1646
metabolism 214
natural 214, 215f
side-effects 1646
storage 214
synthetic 215f
see also individual types
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signal transduction 105
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historical aspects 941
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pegylated interferon combination
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981

Lassa fever 990
Rift Valley fever 991
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829–830
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ribozymes, hepatitis D virus 842
rickets 1833–1834
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hereditary tyrosinaemia type 1 1860
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rickettsial infection 1006–1007
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RIZ1 394t
rK39 1037
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amplification 402–403
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quality/source 402, 402f
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RNA editing, hepatitis D virus 842f
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Rome II criteria
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dysfunction 1567
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hepatotoxicity 1240–1241, 1683
non-alcoholic fatty liver disease

1917
non-alcoholic steatohepatitis 1203t,

1682
Rotor syndrome 1356

pregnancy 1886
rough endoplasmic reticulum,

hepatocyte 23, 24f
round ligament 3
Roux-en-Y hepaticojejunostomy, bile

duct injury 1960f
roxithromycin, acute hepatitis induction

1234
rubella hepatitis 967
rubs 448–449

S
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S-adenosylhomocysteine (SAH) 146
S-adenosylmethionine 145–146

alcoholic liver disease 1138, 1167
alcohol-induced glutathione

regulation 200f, 204
intrahepatic cholestasis of pregnancy

1880–1881
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Salla disease 2154
Salmonella 1003–1004
Salmonella paratyphi 1003
Salmonella typhi 1003
salpingitis, Chlamydia trachomatis 1004
salt restriction, ascites 1908
sampling variability, liver biopsy 434
sanded nuclei 423
sandfly, leishmaniasis vector 1035
Sanfilippo syndrome
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2154–2155

saralasin 679
sarcoidosis 1643

characteristics 1714t
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neurological manifestations 1823t
portal hypertension 1712
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sarcoidosis (continued)
recurrence, post-liver transplantation

1712
treatment 1712
vanishing bile duct syndrome 1113t,
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sarcoma, undifferentiated see
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sassafras, hepatotoxicity 1282t
satavaptan 701
satiety regulation, liver, role in 1836
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protein kinases 104
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Scedosporium infections 1013
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course 1044
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pathophysiology 1042
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pathogenesis 1041
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prognosis 1044
treatment 1044

schistosomulae 1040
schizogony

Cryptosporidium 1022
Plasmodium 1030

schizont, Plasmodium 1030
schwannomin 1645
scintigraphy

amyloidosis 1706
cirrhosis 613
focal nodular hyperplasia 1430
hepatopulmonary syndrome

720–721, 721f

hepatosplenic candidosis 1012
infantile cholestasis 1846–1847

scleral jaundice 445–446
scleroderma 1697

primary biliary cirrhosis 1798
sclerosing cholangitis

cryptococcosis 1014
cryptosporidiosis 1025
cystic fibrosis 1855
drug-induced 1254–1255

strictures 1255
fascioliasis 1045
Langerhans cell histiocytosis 1618
neonatal 1848
primary see primary sclerosing

cholangitis (PSC) 
secondary

causes 1489–1490, 1489t
primary sclerosing cholangitis vs.

1106
sclerosing hyaline necrosis 426

alcoholic hepatitis 1151–1152
SCO1 gene mutations 1379
scoring systems 433–450

alcoholic hepatitis 436
autoimmune hepatitis 436,

1090–1091, 1091t
cholestatic liver disease 436, 437t
chronic hepatitis B 436
chronic hepatitis C 434–435, 435t, 436
morphometry 437–438
non-alcoholic steatohepatitis 436, 436t
primary biliary cirrhosis 437t, 1080,

1081t
Wilson’s disease 1316
see also individual systems

Scott-like syndrome (Goldstein
syndrome) 2137–2138

scratch test 447
scurvy, alcoholic liver disease 1810
seborrhoeic eczema, alcohol misuse 1810
SEC63 mutations, polycystic liver disease

796
secondary collapse, fibrosis 426–427
second messengers

bile secretion regulation 300, 301t
G protein-coupled receptors 103

secretin
cholangiocytes 53
cystic fibrosis transmembrane

conductance regulator 1336
hepatic blood flow regulation 76

sedation, acute liver failure 1304
‘seed and soil’ hypothesis, cancer

metastasis 1465
segmental ducts 17
seizures, post-liver transplantation 1826
SELDI-TOF protein identification 405,

415
selective portal decompression (SPD)

233t
schistosomiasis 1044

selenium 233t, 234–237
biological functions 234
deficiency 233t, 235–237

alcoholic liver disease 1138
associated-disease states 236
total parenteral nutrition-related

liver disease 1636
excretion 237
recommended daily allowance 235
sources 235
supplements 236–237
toxicity 237

selenocysteine 234
selenomethionine (Se-met) 234
selenoproteins

biological functions 235, 236t
synthesis 234–235, 234f

self-help groups, alcohol abstinence
1181

self-organizing map (SOM) 406, 406f
selinide, excretion 237
Senecio, hepatotoxicity 1273, 1282t,

1283–1284
Senecio disease 1283
senile cardiac amyloidosis see senile

systemic amyloidosis
senile systemic amyloidosis 1704

management 1707
pathogenesis 1702
prevalence 1703

senile transthyretin amyloidosis see senile
systemic amyloidosis

senna, hepatotoxicity 1285
Senning procedure, Budd–Chiari

syndrome 1409
sensitivity analysis, economics

2083–2084
sensory evoked potentials

hepatic encephalopathy
acute liver failure 744
cirrhosis 745

neurological status assessment 1305
sensory polyneuropathy, systemic AL

amyloidosis 1704
SEN virus (SENV) 822
sepsis

cirrhosis 609
clinical features 609
inflammatory response 609

sepsis-induced cholestasis 1491, 1946
diagnosis 1950
histology 1950
incidence 1950
management 1950
pathology 1946
prognosis 1950

septal ducts 1111
septal fibrosis 426
septal myofibroblasts 47, 47t
septic shock, progressive sclerosing

cholangitis 1951
sequence comparisons, QTL analysis in

inbred mice 377t
sequestration 137–138
serine catabolism 145
serine phosphorylation, insulin receptor

substrates 132
serotonin

carcinoid syndrome 1475, 1475f, 1809
carcinoid tumours 1475–1476

serotoninergic neurotransmission,
hepatic encephalopathy 737

serotonin uptake inhibitors, Wilson’s
disease 1316

Serrenoa serrulata, hepatotoxicity 1286
serum amyloid A protein (SAA) 1703
serum amyloid P component (SAP)

1702
serum-ascites albumin gradient

(S–AAG), cirrhosis 615
serum sickness-like syndrome, HBV

1818
severe liver failure 1292t
sex hormone-binding globulin (SHBG)

1687, 1755–1756
cirrhosis 610, 1756–1757, 1757t

women 1760
haemochromatosis 1761
production 1755

sex hormones 1686–1689, 1754–1760
altered end-organ sensitivity, cirrhosis

1759
effects on liver 1687
hyperprolactinaemia 1760
liver disease

men 1756–1759, 1757t
women 1757t, 1759–1760

osteoporosis 1831–1832
physiology 1686–1687, 1754–1756
transport in blood 1755–1756
tumorigenicity 1258
see also individual hormones

sexual activity, alcoholic liver disease
(ALD) 1902

sexual activity, liver disease and 1902
sexual dimorphism, liver function 1689
sexual dysfunction, liver disease and

1756–1759, 1902
sexual partners, hepatitis B vaccine 912
sexual transmission

hepatitis B 866
hepatitis D 876

SGLT transporters
cholangiocytes 53, 113
hepatocytes 111

shaking chills (rigor) 444
shear stress

eNOS upregulation 635
liver sinusoidal endothelial cells 31

Shigella 1004
shock liver 1609
short-chain acyl-Co-A dehydrogenase

deficiency 1881
short-chain fatty acids, hepatic

encephalopathy 731
Short Form-36 Health Status Survey 

(SF-36)
chronic viral hepatitis 2068–2069
liver transplantation 2028, 2069
quality of life 2082

short gastric veins
anatomy 623
gastro-oesophageal varices inflow 627,

627f
short heterodimer partner (SHP),

intrahepatic cholestasis 1483
short interventions, alcoholic liver

disease prevention 1182
short tandem repeats (STRs) see simple

repetitive sequences (SRSs)
Sho saiko-to, hepatotoxicity 1282t
‘shoulder pad’ sign 1704
Shou-Wu Pian, hepatotoxicity 1283
Shou-Wu-Pian, hepatotoxicity 1282t
shrinking necrosis see apoptosis
shunts

acute variceal bleeding 651
hepatic removal kinetics 475
hereditary haemorrhagic telangiectasia

1420
obstruction, post-peritoneovenous

696
portal hypertension, children

1864–1865
pregnancy 1887
see also individual types

Shwachman syndrome 2155
sialic acid storage disease 2155–2156
sialidosis type 2 2156
sialuria 2156
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Sicca syndrome 443
primary biliary cirrhosis 1082

sickle-cell disease 1666
Sickness Impact profile (SIP), liver

transplantation 2028
sideroblastic anaemia, hepatic

involvement 1666
side-to-side anastomosis, bile duct

1969–1970, 1969f
Siegler syndrome 2156–2157
signal peptidase 193
signal recognition particle (SRP) 193,

196
signal transduction 102–105, 102f

bile 291
carcinogenesis

oncogene induction 392–393, 392t
viral HBx protein 393

cascade activation 104–105
cell surface receptors 102–103
cytokine receptors 313
G protein-coupled receptors

102–103, 105
hepatocyte gap junctions 97
interference with, hepatitis C 854
interleukin-6 317, 317f
ion channels 102–103, 103
mapping see regulatory network

mapping 
mitogen-activated protein kinases

104–105
phosphatidylinositol 3-kinases 105
protein kinase A 103, 104
protein kinase C 103, 104
receptor tyrosine kinases 103, 105
Rho GTPases 105
second messengers 103–104

calcium 103
lipids 103
nitric oxide 103
prostanoids 103–104

see also specific pathways
sildenafil 724
silencer of death domain (SODD),

caspase cascade 314
silicon 233t

deficiency 233t
silicon dioxides, hepatotoxicity 2116
silicone particles, dialysis patients

1656–1657
silymarin

alcoholic cirrhosis 1167
fibrosis 596

simple cyst of the liver 783–789
biliary hamartomas vs. 801
clinical examination 784
complications 785
course 785
cystadenoma vs. 787, 787t
diagnostic criteria 784
differential diagnosis 785, 787t
fluid 783
growth 785, 785f
hydatid disease vs. 786–787, 787t
imaging 784–785
intracystic bleeding 785, 786f
malignant transformation 785
manifestations 783–784
microscopic appearance 783
multilocular 783
pathogenesis 783
pathology 783
prevalence 783–784
spontaneous rupture 785, 786f

symptoms 783–784
treatment 787–788

simple repetitive sequences (SRSs)
as markers in QTL analysis 373, 

375
MICA genes 366

simple sequence length polymorphisms
(SSLPs) see simple repetitive
sequences (SRSs)

Simpson–Golabi–Behmel syndrome
2157–2158

simulation models 2055, 2055t
simulect 1865
simvastatin, primary biliary cirrhosis

1084
single cell acidophil necrosis see apoptotic

bodies
single nucleotide polymorphisms (SNPs)

frequency 356, 362
gene array analysis 414
liver disease and see genetic

polymorphism and liver disease 
as markers in QTL analysis 373, 

375
sinusoidal capillarization 85, 427

cirrhosis 88, 674
cirrhosis progression 585
histological features 427
insulin-like growth factor binding

proteins 1744
insulin-like growth factor-I 1744
liver sinusoidal endothelial cells 31
portal hypertension 630

sinusoidal cell activation 428
sinusoidal congestion 427

radiation hepatitis 1277
sinusoidal dilatation 1412–1413

acinar zone 1 427
associated conditions 1412t, 1413
causes 1412
clinical features 1413
diagnosis 1413
differential diagnosis 1413
drug-induced 1255t, 1256
peliosis hepatis vs. 1412–1413

sinusoidal endothelial cells see liver
sinusoidal endothelial cells
(LSEC)

sinusoidal epithelium, antigen
presentation 321

sinusoidal fibrosis 1413
sinusoidal hemodynamics, neural

modulation 115
sinusoidal lining cells, as sphincters 80
sinusoidal obstruction syndrome (SOS)

see veno-occlusive disease (VOD)
sinusoidal portal hypertension

hepatic venous pressures 568
trans-sinusoidal fluid exchange

672–673
sinusoidal pressure

Budd–Chiari syndrome 1406
lymph production 673

sinusoidal syndrome see veno-occlusive
disease (VOD)

sinusoidal zonation 474
sinusoid network organization 80, 80f
sinusoids 9f, 10f, 12–13, 13f, 79, 79f, 89

blood flow regulation 80–81
blood pressure 15
cells 13–15

see also individual cell types
development 31–32, 69
diameter 13

disorders 1411–1413
histological features 427–428
infiltration 1413
microcirculation 15, 16
non-parenchymal cell organization

20–21, 20f
perfusion regulation, vasoactive

mediators 81–83
steady-state substrate removal rate

469, 469f
tone regulation, hepatic stellate cells

49, 81
wall structure 672–673

sirolimus
dosages 2007
fibrosis 597
liver transplantation 2007–2008

children 1865
macroautophagy 149
mechanism of action 2007
post-liver transplant

immunosuppression 2004
side-effects 2007–2008

Sjögren syndrome 1697
chronic liver disease 1697
clinical features 1697
diagnosis 1697
hepatitis C 1697, 1806
primary 1697
primary biliary cirrhosis 1076, 1697
secondary 1697

skeletal deformity, rickets 1833
skin

alcohol abuse 1186
carcinoid syndrome 1473–1474
effects of liver disease 1804–1814

autoimmune conditions 1808
chemicals effects 1810–1811
congenital disorders 1805–1806
drugs effects 1810–1811
immunosuppression 1809–1810
infections 1806–1808
neoplastic conditions 1808–1809

examination of 446
systemic AL amyloidosis 1704

skin cancer 1644–1645
alcohol abuse 1186
post-liver transplantation 1809, 

2022
skin diseases, liver in 1642–1652

antiviral therapy contraindication
945

autoimmune disorders 1643
drug hepatotoxicity 1646–1649
infectious diseases 1644
inflammatory 1642–1643

skp/cullin/F-box (SCF) multiprotein
complex 274

SLC11A3 mutation 1327
sleep disturbances 444–445

hepatic encephalopathy 741, 743
liver transplant patients, quality of life

2030
Wilson’s disease 1316

Smad proteins
hepatoblast proliferation 66
regulation by MAP kinases 2090
stellate cells, effects on 592
transforming growth factor-β 2090

small cell carcinoma of the lung, hepatic
involvement 1619

small cell dysplasia 430
small duct primary sclerosing cholangitis

pericholangitis 1626

small hepatic vein obstruction see veno-
occlusive disease

small heterodimer partner-1 (SHP-1)
178

small intestine
ascariasis 1059
function

effects of liver disease 1801–1802
mucosal abnormalities 1801

obstruction, post-peritoneovenous
shunting 696

strongyloidiasis 1064
smoking

alcoholics 1183
alpha-1-antitrypsin deficiency 1333,

1334
focal nodular hyperplasia 1260
hepatocellular carcinoma 1439
liver transplantation contraindications

1990
primary sclerosing cholangitis 1624
ulcerative colitis 1624

smooth endoplasmic reticulum 23–24,
24f

drug detoxification 24
function 23–24

smooth muscle autoantibodies (SMA)
autoimmune hepatitis 480, 482, 1090,

1090f, 1091, 1092, 1093t, 1120
autoimmune sclerosing cholangitis

1853
chronic hepatitis C 485, 949

smooth muscle isoform of α-actin 
(α-SMA), hepatic stellate cells 47

SN-38 246
snail-track ulcers, syphilis 1807
snake venom (reptilase) tests 1783t
sodium

hyponatraemia in cirrhotic ascites
699

obstructive jaundice 1504
renal tubular acidosis-associated liver

disease 1819
sodium benzoate, hepatic

encephalopathy 747
sodium beta-lactamins 1916
sodium bicarbonate, glycogen storage

disease type I 1373
sodium deoxycholate, obstructive

jaundice 1511
sodium-dependent bicarbonate

transporter (NCB1) 113
sodium-dependent taurocholate

cotransporting polypeptide
(NTCP) 176–177

functional expression cloning 124
sinusoidal biliary transport 385

adaptive changes in cholestasis 386,
387f

sodium-independent transporters,
amino acids 142–143

sodium-linked transporters, amino acids
142–143

sodium pump (Na2+, K+ ATPase)
aldosterone 678
cerebral oedema 734
hepatocytes 110, 111f

sodium restriction
cirrhotic ascites 689
diuretic-resistant ascites 689

sodium retention
anaesthetic implications 1939
cirrhosis 675

aldosterone, role in 678
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sodium retention (continued)
sympathetic nervous system

involvement 680
hepatorenal syndrome 712–713
portal hypertension 636
splanchnic arterial vasodilation 684

sodium stibogluconate 1039
sodium (Na+)/taurocholate

cotransporter 294, 295f
sodium valproate

toxicity, childhood acute liver failure
1858

urea synthesis inhibition 183
solid-organ transplantation,

cytomegalovirus infection 962
solid-phase immunosorbent tests,

hepatitis D diagnosis 876
solitary cyst of the liver see simple cyst of

the liver
soluble-liver antigen/liver pancreas

antigen autoantibodies (SLA/LP),
autoimmune hepatitis 481, 481t,
483, 1093, 1093t

solute carrier (SLC) transporters 242
somatic hypermutation, antibodies

325
somatostatin/somatostatin analogues

1689
acromegaly 1689
acute variceal bleeding 649
carcinoid tumours 1476, 1476f, 1477
cholangiocytes, effects on 53
drug-induced renal impairment 703
gallbladder lesion induction 1689
growth hormone release 1739
insulin-like growth factor binding

proteins regulation 1743
portal hypertension 635, 643
portal hypertensive gastropathy 653
side-effects 649, 1476

sorafenib (BAY 43-9006) 1450
sorbitol clearance 471t, 472

hepatic blood flow measurement 662
space of Disse 15, 15f, 48

cirrhotic ascites 673
compression 15
congestive heart failure 1612
histological features 427–428

Spain, hepatitis D 877
spatiotemporal regulation, proteomics

2092–2093
spectrophotometric assays

alanine aminotransferase 452
aspartate aminotransferase 452
mitochondrial oxidative

phosphorylation deficiency 1381
spermatogenesis, effects of alcohol on

1756
spherules, Coccidioides 1016
sphincter ampullae 305
sphincter choledochus 305
sphincterectomy

choledocholithiasis therapy 1531
sphincter of Oddi biliary-type

dysfunction 1569
sphincter of Oddi 18

anatomy 305, 1566, 1566f
bioactive agents 309t
innervation 305–306, 1566
motility 307–310

animal models 307–308
cineradiographic studies 308–309
in humans 308–310
manometry 309–310, 309f, 310t

phasic contractions 308
vagus nerve 308

mucosa 305
physiology 1566

interdigestive phase 1566
pacemaker activity 1566

tonic contraction 1561
sphincter of Oddi dysfunction 1561,

1565–1570
biliary-type 1567–1570

classification 1567–1568
clinical presentation 1567
epidemiology 1567
examination 1567
investigations 1568–1569
manometry 1568–1569,

1569–1570, 1569f
Rome II criteria 1567
sphincterectomy 1569
surgery 1569–1570
treatment 1569–1570

disease association 1566
dyskinesia 1567
gallstones 1567
pancreatic-type 1570

clinical presentation 1570
investigation 1570
manometry 1570
treatment 1570

pathophysiology 1563t, 1566–1567
bile passage resistance 1566

recurrent pancreatitis 1566
stenosis 1567

sphincterotomy, ascariasis 1061
sphincter pancreaticus 305
sphincters, sinusoids, blood flow

regulation 81
spiculated erythrocytes 1768
spider angiomas

alcoholic cirrhosis 1165
alcoholic hepatitis 1162
cirrhosis 611

spider naevi 446, 1804
alcoholic liver disease 446, 1809
cirrhosis 1758

spinal afferent hepatic nerves 114
spinal demyelination, hepatic

encephalopathy 732
spirochaetal infections 1007–1008
spironolactone

antiandrogenic activity 692
ascites 690
dosage 690
hepatorenal syndrome type 2 716
hepatotoxicity 1649
hyperkalaemia induction 691
mechanisms of action 690
metabolism 690
non-azotaemic cirrhotics with ascites

690–691
sexual dysfunction 1759
side-effects 692

splanchnic arterial vasodilation
cirrhosis 674, 675, 683–684
decompensated cirrhosis 686

splanchnic blood flow measurement
568–570

splanchnic capillaries, porosity 672
splanchnic circulation, effects of liver

disease on 1724–1725
splanchnic haemodynamic investigations

567–571
splanchnic hyperaemia, portal

hypertension 634, 643

splanchnic vasodilation, portal
hypertension 634–636

spleen
blood supply 771
defensive role 772
function 772
hepatocyte transplantation 2033, 2034
Hodgkin’s disease 1662
liver disease and 771
microcirculation 771–772
palpation 448, 771
percussion 448
red pulp 771
resting blood flow 771
segments 771
structure 771–772
visceral leishmaniasis 1036, 1037f
white pulp 771

spleen size/platelet ratio, oesophageal
varices 1771

splenectomy
cirrhosis and hepatoma 776
congenital hepatic fibrosis 783
Gaucher’s disease 1364
hypersplenism 776
laparoscopic 776
partial 776
portal hypertension 776
schistosomiasis 1044

splenic arterial bruits 448
splenic arterioles 771
splenic artery 771

portal hypertension 503
splenic embolization

hypersplenism 776–777
platelet numbers, cirrhosis 1771
side-effects 776
thrombopoietin levels 1771

splenic vein 771
anatomy 623
thrombosis 1399

gastro-oesophageal varices
627–628

splenomegaly
angiosarcoma 1458
congestive heart failure 1612
Gaucher’s disease 1363
glycogen storage disease type I

1371–1372
liver disease and 771
portal hypertension 606
type 1 Gaucher’s disease 1360–1361

splenoportography 533
complications 533

splenorenal shunt, schistosomiasis 1044
splenorenal shunts, portal hypertension

503
split liver transplantation 1970–1976

adult–adult 1971
donor liver 1971–1972

ex situ bipartition 1971, 1972t
left lateral segments 1970, 1971f
right lobe 1970, 1971f
in situ bipartition 1971–1972,

1972t, 1973f
donor selection 1971
future work 1975
graft size 1973–1974

adults 1973
Child status 1973–1974
functional liver mass 1973

historical aspects 1970
immunosuppression 1973
reasons for 1970

recipient 1972–1973
adults 1972–1973
children 1972

results 1974–1975
adult–adult 1974–1975, 1975t
adult–child 1974, 1974t
graft survival 1974

surgical techniques 1971–1973
donor liver 1971–1972
recipient 1972–1973

spongiocytes 428
spontaneous bacteraemia, portal

hypertension 767
spontaneous bacterial empyema,

cirrhotic hydrothorax 672
spontaneous bacterial peritonitis (SBP)

761–767
bacteria responsible 763t
cirrhotic ascites 667
cirrhotic patients 1807
clinical characteristics 763
diagnosis 763
hepatorenal syndrome 712

prevention 717
intravenous albumin infusion 764
laboratory data 763
microbiological data 763
Neisseria meningitidis 1807
pathogenesis 761–763

ascitic fluid opsonic activity
depression 762

bacterial translocation 761
hepatic reticuloendothelial system

depression 761, 762
iatrogenic factors 763
neutrophil leucocyte dysfunction

762–763
post-peritoneovenous shunting 696
pretransplant patients 1923
procedural-induced 763
prophylaxis 764–767

gastrointestinal haemorrhage
764–765

indications 765–766
treatment 763–764, 764t

sporozoites, Plasmodium 1030
spotty necrosis 425
S-protein, hepatitis B virus 830–831,

831f
spur cell haemolysis 1785
spur cell haemolytic anaemia 1770
squamous cell carcinoma (SCC)

ciliated hepatic foregut cyst 808
epidermoid cysts, liver 811
post-liver transplantation 1809
simple cyst of the liver 785, 816

squawmint oil (pennyroyal oil),
hepatotoxicity 1282t,
1285–1286, 2114

SR-121463, hyponatraemia in cirrhotic
ascites 699–700

St John’s Wort (Hypericum perforatum),
drug interactions 1283

stabile cells 58
stab injuries, liver 1953
standard gamble methods

health utility assessments 2067
quality of life assessment 2082

standardized uptake value (SUV),
positron emission tomography
562

stanozolol, hepatotoxicity 1649
Staphylococcus aureus

parenteral nutrition 1909
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pretransplant patients 1926
toxic shock syndrome 1002

starvation
amino acids metabolism 144–145, 145f
haem oxygenase 210
paracetamol-induced hepatitis 1238
pseudocholinesterase 457

STAT3, liver regeneration 317
STATS, bile secretion regulation 301t
stavudine

antiretroviral agent interactions 981
hepatotoxicity 1248

steatohepatitis
alcoholic see alcoholic hepatitis 
computerized tomography 511, 512f
diabetes mellitus 1681
drug-induced 1170, 1245–1246, 1247

histology 1245
pathogenesis 1245
with phospholipidosis 1245–1246
without phospholipidosis 1246

steatorrhoea
alcoholic liver disease 1801
cholestasis 1487, 1496, 1801
cirrhosis 1837
non-alcoholic cirrhosis 1801
primary biliary cirrhosis 1082

steatosis
alcoholic 1150, 1159–1161

natural history 1160
surgery 1171
treatment 1160–1161

causes 1936
chemotherapy-induced 1936
chronic hepatitis C 887
Crohn’s disease 1627
cystic fibrosis 1339, 1855
diabetes mellitus 1681, 1936
genetic factors 1143
hepatectomy and 1936
histological features 428
inflammatory bowel disease 1627
macrovesicular see macrovesicular

steatosis 
magnetic resonance imaging 528f, 529
microvesicular see microvesicular

steatosis 
morphometry 438
non-alcoholic fatty liver disease 1201
non-alcoholic steatohepatitis 1201
obesity and 1936
pathogenesis 1136–1138

tumour necrosis factor α
1137–1138

post-jejunoileal bypass surgery 1630
systemic lupus erythematosus 1695
toxin-induced 1270t, 1272
ulcerative colitis 1627
ultrasonography 502, 502f
Wilson’s disease 1317

stellate cells
hepatic see hepatic stellate cell (HSC) 
pancreatic 48

stellate cell system 48
stem cells 58–64

asymmetrical division 58, 58f
bioartificial liver support 2045
blood 58–59
haematopoietic transplantation see

haematopoietic stem cell
transplantation (HSCT) 

hepatocyte transplantation 2035
liver function models 123
niches 58–59

symmetrical division 58, 58f
types 58–59

stents/stenting
bile duct obstruction 555, 555f
cholangiocarcinoma 1600
metallic see metal stents 
occlusion 556
plastic 545–546, 556

steroids
autoimmune sclerosing cholangitis

1853
liver transplantation, children 1865
metabolism in cirrhosis 1758

sterol response element-binding 
protein-1c (SREBP-1c) 161

alcoholic liver disease 1138
Steven–Johnson syndrome 1807
stillbirths, acute fatty liver of pregnancy

1881
Still’s disease 1696
stomach

effects of liver disease 1799–1800
fundal varices 628
see also entries beginning gastric

stools 444
acidification, hepatic encephalopathy

746
colour

biliary atresia 1847
infantile cholestasis 1846

hepatitis A diagnosis 860
storage phenomena 428–429
strawberry gallbladder 1529
strawberry tongue 1645
Streptococcus pneumoniae 1001
streptozotocin, carcinoid tumours

1477
‘stress’ conditions, albumin 455
stress-related replicative senescence,

hepatocytes 282
striae 447
Strongyloides stercoralis 1064
strongyloidiasis 1064–1065

clinical features 1064–1065
diagnosis 1065
epidemiology 1064
hyperinfection 1064
pathology 1064
treatment 1065

strontium ranelate 1832
study design, meta-analysis 2073
styrene, hepatotoxicity 2116
subacute hepatitis

autoantibodies 1252
bridging necrosis 1251
drug-induced 1214t, 1251–1253

drugs causing 1252–1253, 1252t
outcomes 1252

histology 1251
subacute liver failure 1292t
subclinical encephalopathy see minimal

(subclinical) hepatic
encephalopathy

subfulminant liver failure 1292
subjective global assessment (SGA),

nutritional status 1838, 1905
substrate reduction therapy, Gaucher’s

disease 1364
succinate 155
succinate dehydrogenase 91
sulbactam, bacterial cholangitis 1543t
sulindac, hepatotoxicity 1239
suloctidil, hepatotoxicity 1239
sulphadoxine-pyrimethamine 1033

sulphamethoxazole, acute hepatitis
induction 1232

sulphite oxidase 238
sulphonamides

acute hepatitis induction 1239–1240
hepatotoxicity 1226, 1239–1240
immunoallergic hepatitis induction

1226
sulphone syndrome 1233
sulphonylurea agents

diabetes 1737
exaggerated therapeutic effects,

cirrhotic patients 1914, 1915t
hepatotoxicity 1683
thyroid function 1750

sulphotransferases 242t
sunflower cataracts 446
superior mesenteric vein 623
superoxide anion formation 162–163,

162f
supervised learning methods 406
surgery

abdominal compartment syndrome
1957

acute liver failure 1301
alcoholic liver disease 1170–1171
anaesthetic aspects see anaesthesia and

liver disease 
analgesia and 1940–1941
biliary strictures, benign 557–558
chronic portal vein thrombosis

1398–1399
complications

postoperative jaundice see
postoperative jaundice 

postoperative liver failure see
postoperative liver failure (PLF) 

cystic echinococcosis 1049–1051
haemobilia 1553, 1557
hepatic artery aneurysms 1393
obstructive jaundice-associated acute

renal failure 1815
perioperative outcome/mortality

1938
improvements in 1933
parenchymal damage and 1933

portal pressure measurement 567
risk assessment 1938

liver function tests 476
see also individual

techniques/indications
surgical gene therapy, amyloidosis 1707
surgical necrosis 424
surrogate endpoints, outcomes research

2065
sustained virological response (SRV),

dialysis patients with hepatitis C
1656

suturing, hepatic vessels 1956–1957
Swedish Twin Registry, gallstone disease

1524
swine hepatitis E virus 894
swollen-baby syndrome 989
Symmers’ fibrosis 1041, 1042
sympathetic nervous system

anaesthetic blockade, sodium
excretion 680

cholangiocyte proliferation 54
cirrhosis 679–680
cirrhotic ascites 679–680
dysfunction, cardiovascular

manifestations 1728
hepatic blood flow regulation 76
ventromedial hypothalamus 114

Symphytum (comfrey), hepatotoxicity
1273, 1282t, 1284

symporters (cotransport), membrane
transport 110

syncytial-giant cell hepatitis 1300
syndrome of multiple FNH 1429
syndrome X see metabolic syndrome
syndromic paucity of intrahepatic bile

ducts see Alagille syndrome
synthetic function 250–273

markers 454–459
see also specific proteins

syphilis 1007
cutaneous manifestations 1807–1808
latency 1007
secondary 1007, 1807

system A, amino acid transporter 143
macroautophagy regulation 149

system ASC, amino acid transporter
143

systemic AA amyloidosis 1703
hepatic involvement 1705
organ enlargement 1703

systemic availability 475
systemic lupus erythematosus (SLE)

1694–1695
aetiopathogenesis 1694
Budd–Chiari syndrome 1695
diagnosis 1694
liver abnormalities 1643, 1694–1695

fatty changes 1695
liver enzymes 1694–1695
prevalence 1694
primary biliary cirrhosis 1695

systemic mastocytosis 1644
systemic nocardiosis 1017
systemic sclerosis see scleroderma
systemic vascular resistance (SVR), liver

disease and 1938, 1942
systemic vasculitis 1698
system L, amino acid transporter 143
system N, amino acid transporter 143
system X–

AG, amino acid transporter
143

system X−c, amino acid transporter
143

system y+, amino acid transporter 143
systolic dysfunction 1721–1722

T
tachycardia, thyroid storm 1684
tachypnoea 445
tacrine

acute hepatitis induction 1240
mitochondrial energy production

impairment 1217
tacrolimus

hepatotoxicity 1677
post-liver transplantation 2004,

2006–2007
children 1865

pregnancy 1889
side-effects 2007, 2021

Taiwan, hepatitis B vaccine 912
tamoxifen

hepatocellular carcinoma 1450
lipid storage disease induction 1250

Tangier disease (familial
analphalipoproteinaemia) 139,
1366

‘tardus–parvus profile’ 507–508
targeted isotope therapy, carcinoid

tumours 1477
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taurine
hepatic concentration 143t
hepatic encephalopathy 735
intracellular/extracellular ratios 143t
total parenteral nutrition-related liver

disease 1636
tauroursodeoxycholic acid,

cholangiocyte apoptosis 54
Tay syndrome 2158
tazobactam, bacterial cholangitis 1543t
3TC, mitochondrial toxicity 1380
T-cell receptor (TCR), natural killer 

T-cells 320
T cells 322–323

αβ T-cells 322–323
activation 322
autoimmune hepatitis 1099
B220 expression 322

activation 322
B7-H1 322

B cell differentiation 325
chronic hepatitis B 868–869
effector functions 322–323, 323t
extrahepatic biliary obstruction 1506
γδ T-cells 322

autoimmune hepatitis 1099
effector functions 322
structure 322

graft-vs.-host disease 1672, 1674
liver disease immunogenetics 369
mobilization 322
nocardiosis 1017
regulation 323

interferons 323
neural 120

suppression, hepatitis C 855
tolerance, chronic hepatitis B 836

technetium labelled macroaggregated
albumen (99TcMAA) scans,
hepatopulmonary syndrome
720–721, 721f

telangiectasias, oral 1798
telbivudine, chronic hepatitis B therapy

926
wild-type virus (HBeAg-positive) 929

telomerase 276
‘oval cells’ 283

telomerase reverse transcriptase (TERT)
276

telomerase RNA component (TERC) 276
telomeres

shortening/senescence
cirrhosis 277f
hepatocellular carcinoma 279
liver cell proliferation control

275–278
structure 275–276

temazepam, liver transplantation and
1941

tenascin 69, 269
tendon xanthomas 1367
tenofovir

hepatitis B 926
lamivudine resistance 931–932
pretransplant patients 1927
wild-type virus (HBeAg-positive)

929
hepatotoxicity 984
HIV–hepatitis B coinfection 975,

975t, 976t
mitochondrial toxicity 984, 1380

terbinafine, hepatotoxicity 1240, 1648
terlipressin

acute variceal bleeding 649

hepatorenal syndrome 715–716, 716t
pretransplant patients 1924

renal hypoperfusion 1725
terminal deoxynucleotidyl transferase-

mediated deoxyuridine
triphosphate nick end labelling
(TUNEL) assay, apoptosis 336

terminal hepatic venule (centrolobular
vein) 9, 9f, 10f

terminal protein (TP), hepatitis B virus
829–830

Terry’s nails 447
testicles

atrophy, cirrhosis 1756
examination 448

testosterone 1687
cirrhosis 1756, 1757t

feminization 1759
women 1760

degradation 1755
liver tumours 1763
men 1687, 1754–1755
physiology 1754–1755
transport in blood 1755–1756
tumorigenicity 1258
women 1687, 1754

testosterone enanthate, hepatocellular
adenoma induction 1259

testosterone replacement therapy
endstage liver disease 1909
gynaecomastia induction 1762
haemochromatosis 1762
osteoporosis 1832

tethering proteins, bile vesicular
trafficking 298

2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), hepatotoxicity
2116–2117

1,1,2,2-tetrachloroethane, hepatotoxicity
2117

tetrachloroethylene, hepatotoxicity 2117
tetrachloromethane see carbon

tetrachloride
tetracycline derivatives

fatty liver of pregnancy induction
1883, 1888

hepatotoxicity 1249
tetrahydrofolate 145
tetramisole 1061
tetrathiomolybdate (TM)

antiangiogenic effects 229, 230
antifibrotic therapy 230
anti-inflammatory therapy 230
cancer therapy 229–230

clinical studies 229
mechanism of action 229–230
preclinical studies 229

copper availability reduction 229–230
lung cancer 229
mammary tumours 229
prostate cancer 229
tumour necrosis factor α inhibition

230
Wilson’s disease 1319

Teucrium chamaedrys (germander),
hepatotoxicity 1282t, 1284,
2110–2111

Teucrium polium, hepatotoxicity 1282t,
1284

thalassaemia 1666
chronic hepatitis C antiviral therapy

950
thalidomide, amyloidosis 1707
thallium hepatotoxicity 2117

T-helper cells
drug-induced acute hepatitis 1224
type 1

acute graft-vs.-host disease
pathogenesis 1672

chronic hepatitis B antiviral therapy
922

granuloma formation 1711
type1/type 2 balance, liver fibrosis 323
type 2, granuloma formation 1711

theophylline 1916
toxicity 247

thiabendazole
strongyloidiasis 1065
visceral larva migrans 1063

thiamazole (methimazole),
hepatotoxicity 1236, 1685

thiamine
alcohol withdrawal syndrome 1180
deficiency in alcoholism 1185

thiazolidinediones
fibrosis 596
hepatotoxicity 1683

thick blood smear, malaria 1031
thick (true) macrocytes, chronic liver

disease 1768
thin blood smear, malaria 1031–1032
thin macrocytes, chronic liver disease

1768
thiomersal, hepatitis B vaccine 911
thiopental, cerebral oedema 1305
thiopentone, liver transplantation

1942
thiopurine methyltransferase (TPMT)

245, 1647
thioredoxin reductase (TrxR) 235
thoracentesis

ascites-induced dyspnoea 725
bleeding risk 1788t

thoracic duct 673
lymph flow

cirrhosis 674–675
normal 673

thoracic surgery, postoperative jaundice
1945

Thorotrast 1458
angiosarcoma 1457, 1458

imaging 1458
granuloma formation 1710

thrills, hereditary haemorrhagic
telangiectasia 1420

thrombin
clot formation 1780
injections, gastric variceal bleeding

652–653
topical 1792

thrombin-activatable fibrinolysis
inhibitor (TAFI) 1780

thrombin time, mucosal bleeding
1786–1787, 1787f

thrombocytopenia 258–259
alcohol-induced 1187, 1786
chronic hepatitis 1771
cirrhosis 258–259, 1771, 1785–1786
Gaucher’s disease 1361, 1363
hypersplenism 258, 772–773, 773f
mechanisms 259
post-liver transplantation 1773
prevalence 258
thrombopoietin therapy 259

thromboelastogram 1781–1782, 1783f,
1783t

thromboembolic events, estrogen
therapy-induced 1688

thrombolysis, Budd–Chiari syndrome
1409

thrombopoietin (TPO)
acute liver failure 1131
cirrhosis 773
fetal liver 1767
hypersplenism treatment 776
post-liver transplantation 1773
splenic embolization 1771, 1786
thrombocytopenia 259, 261

thrombosis, cirrhosis 585
thrombotic thrombocytopenic purpura

(TTP) 1882
thromboxane A2 682, 1816
thymidine kinase gene (TK2) mutations

1379
thymus, chronic graft-vs.-host disease

1674
thyroid function tests, liver disease

1748t
thyroid gland

disorders, hepatic effects of
1684–1685

dysfunction, antiviral side-effects 946
haemochromatosis 1762
physiology 1684

thyroid hormone receptor 1746f
thyroid hormones 1746–1750

binding proteins 1747, 1747t
cirrhosis 1748–1749, 1748t
drug-induced metabolism changes

1749–1750
growth hormone regulation 1739
hepatic uptake 1747
hepatocellular carcinoma 1749
insulin-like growth factor-1 regulation

1742
liver disease 1747–1750
metabolism 1746–1747, 1746f
normal physiology 1746–1747
secretion 1746
sex hormone binding globulin

regulation 1755
see also individual hormones

thyroid-stimulating hormone (TSH)
1684

autoimmune liver disease 1749
cirrhosis 1748
drug-induced suppression 1750
haemochromatosis 1762
viral hepatitis 1748

thyroid storm 1684–1685
clinical manifestations 1684
treatment 1684

thyrotoxicosis 1684
drug-induced 1750
primary biliary cirrhosis 1749

thyrotropin-releasing hormone (TRH)
1684

autoimmune liver disease 1749
cirrhosis 1748

growth hormone secretion 1740
thyroxine (T4) 1684, 1746, 1746f

alcoholic cirrhosis 1749
cirrhosis 1748
clearance 1747
deiodination 1746
excretion 1747
hepatocellular carcinoma 1749
phenytoin 1749–1750
primary biliary cirrhosis 1749
viral hepatitis 1748

thyroxine-binding globulin (TBG) 1684,
1688, 1747, 1747t
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chronic viral hepatitis 1748
cirrhosis 1748
hepatocellular carcinoma 1749
primary biliary cirrhosis 1749

thyroxine-binding prealbumin 1747,
1747t

cirrhosis 1748
tianeptine, hepatotoxicity 1249–1250
tick typhus (Mediterranean spotted

fever) 1006
ticlopidine, hepatotoxicity 1240
ticrynafen see tienilic acid
tienilic acid

cirrhosis induction 1253
hepatitis induction 1253

immune response 1222, 1223
hepatotoxicity 1230, 1240

tight junctional protein 2 (TJR2) gene
mutations 1386

tight junctions
bile formation 298
cholangiocytes 53
hepatocytes 22, 97
inherited defects 1386–1387
intrahepatic cholestasis 1482

time horizon, economics 2082–2083
time-tradeoff

health utility assessments 2067
quality of life 2082

timolol 644
tin 233t

deficiency 233t
tinidazole

amoebiasis 1026
giardiasis 1026

tin-mesoporphyrin 166
tin-protoporphyrin 166
tissue factor (TF), haemostasis 255–256,

1780, 1782f
tissue factor pathway inhibitor (TFPI)

256, 1780
tissue inhibitors of metalloproteinases

(TIMPs)
extracellular matrix degradation

270–271
hepatic stellate cell activation 584
liver disease immunogenetics

369–370
tissue-type plasminogen activator 

(tPA)
fibrinolysis 258
haemostasis 256

T-lymphocytes see T cells
TNM staging, gallbladder carcinoma

1578, 1578t
tobacco see smoking
tolazamide, acute hepatitis induction

1240
tolbutamide

acute hepatitis induction 1240
diabetes 1737

tolcapone, acute hepatitis induction
1240

Toll-like receptor 4 (TLR)
alcoholic liver disease 1139–1140
Kupffer cells 37, 38f

Toll-like receptors (TLRs)
cholangiocytes 55
hepatocytes 106
Kupffer cell activation 37
stellate cell expression 593

toluene, hepatotoxicity 2117–2118
topical agents, coagulation disorders

1791–1792

TOR inhibitors
liver transplantation 2007–2008
see also sirolimus

Toronto alcoholic liver disease index,
coagulation tests 1786t

total decreased donor transplantation,
acute liver failure 1307–1308

survival rates 1307, 1309t
total parenteral nutrition-related liver

disease 1634–1641
bacterial overgrowth 1637
biliary complications 1637–1638
cholestasis 1947

diagnosis 1950
treatment 1950

histology 1634–1635
liver transplant indications

1638–1639
pathophysiology 1635–1637

nutrient deficiencies 1635–1636
nutrient excess 1636–1637

post-haematopoietic stem cell
transplantation 1677

prevalence 1634
prevention 1638

total serum bilirubin 461
total van den Bergh reaction, bilirubin

167
toxaemia, acute fatty liver of pregnancy

1881
Toxascaris 1062
toxic epidermal necrolysis, nevirapine

induced 1807
toxic liver injury 1269–1276

acute liver failure 1298
childhood 1858

apoptosis 340–341
environmental toxins 1269
exposure duration 1269
exposure types 1269
hepatotoxicity types 1269
industrial toxins 1269
injury patterns 1269, 1270t
route of exposure 1269
sinusoidal obstruction syndrome

1411
toxic oil syndrome 2118
toxic shock syndrome 1002
Toxocara antibodies 1062
Toxocara canis 1062
Toxocara cati 1062
toxoplasmosis

fetal 2132
HIV coinfection 983

TP53 gene
carcinogenesis and 393–394

HBx protein effects 394
mechanisms of inactivation

393–394
chromosomal location 393
as tumour suppressor gene 393–394

trace elements 232–240, 233t
elimination 238
toxicity 238
see also individual elements

tranexamic acid (TA) 261, 1790–1791
transaminases see aminotransferases
transaminitis 1227
transaminitis, protease inhibitor-induced

1807
transarterial chemoembolization (TACE)

hepatocellular carcinoma 554, 554f,
1444, 1449, 1449f

contraindications 1449

pretransplant patients 1926, 1927t
therapeutic efficacy 554

post-procedure fever 1449
side-effects 554, 1449

transarterial embolization (TAE)
haemobilia 1556, 1557
hepatocellular carcinoma 1449

transcatheter embolization
bacterial infections 767
hepatic artery aneurysms 1393

transcriptase-mediated amplification
(TMA), hepatitis C 855, 884

transcriptional data, regulatory network
mapping 2091

transcription factors 105–107
definition 105
Forkhead (HNF3) family 106
nuclear receptors 106–107
see also specific transcription factors

‘transcriptome’ 398f, 399
assumptions 412
liver 407
proteome vs. 403, 405

transduodenal sphincteroplasty, biliary-
type sphincter of Oddi
dysfunction 1569–1570

transferases 241
transferrin 220

neonatal haemochromatosis 1857
transferrin receptor (TfR) 328
transferrin receptor 1 (TfR1) 220–221

haemochromatosis 1324
transferrin receptor 2 (TfR2) 221

haemochromatosis 1324, 1325
non-HFE haemochromatosis (type 3)

221
transforming growth factor-α (TGF-α)

hepatocyte proliferation 2088, 2089,
2089f

liver regeneration 316
transforming growth factor-β (TGF-β)

apoptosis 338
fibrotic granulomas 1711
hepatoblast differentiation 68
hepatoblast proliferation 66
inhibition, antiapoptotic therapy 344
liver fibrosis 2090, 2091f
regulator T cells 323
signalling pathway 2090

Smad proteins 2090
transforming growth factor-β1 (TGF-β1)

collagen I production 592
fibrosis progression in HCV and 359

transforming growth factor-β (TGF-β)
antagonists, fibrosis 597

transforming growth factor-like inhibitor
of apoptosis (TWEAK) 60

transfusion-related lung injury (TRALI),
post-liver transplantation 1999

transgenic mice
hepatic stellate cell replacement 286
QTL verification 380

transglutaminases
apoptosis 336
collagen cross-linking enzymes 266

trans-Golgi network (TGN) 24
transitional cells 590
transjugular intrahepatic portosystemic

shunt (TIPS) 1340–1341
ascites, pretransplant patients 1923
bleeding risk 1788t
Budd–Chiari syndrome 1410
cirrhotic ascites 697–699

complications 698

paracentesis vs. 698–699, 698t
renal function impairment 698
systemic haemodynamic

impairment 698
complications 550–551

bacterial infections 767
gastric variceal bleeding 653
hepatic encephalopathy induction 743
hepatic hydrothorax 725
hepatorenal syndrome 716–717

pretransplant patients 1924
hypersplenism 777
model for endstage liver disease 2056,

2056t
portal hypertension 550–551
portal vein thrombosis, acute 1397
portal venous pressure 698
pregnancy 1887
shunt dysfunction 698
thrombocytopenia 777
variceal bleeding

acute 651–652
pretransplant patients 1923, 1924t
prevention 647

transjugular transhepatic portal
venography 534, 535f

complications 534
translocating chain-associating

membrane (TRAM) 193
translocon 193
translocon-associated protein (TRAP)

193
transmission disequilibrium test (TDT)

360
transplants see liver transplantation
transport proteins 176–177, 384

ABC superfamily 385
basolateral membrane 385–386
bile acids 295f
cellular cholestasis and 384–390

compensatory changes 386, 387f
molecular regulation in 386–387,

388f
therapeutic perspectives 387–388

cholestasis and 384–387, 1481, 
1482f

functional expression cloning 124
polar expression 125

nuclear receptors and 384
see also carrier proteins; nuclear

receptors; specific types
transpulmonary gradient (TPG),

portopulmonary hypertension
723

trans-sulphuration pathway 199, 200f
transthyretin (TTR) 214, 1684
transvaginal echography, ascites 667
transverse fissure (porta hepatitis) 3, 79
Traube’s space, percussion 448
travellers, hepatitis B vaccine 912
travellers, hepatitis E 897
T-regulatory cells, autoimmune hepatitis

1097–1098
trematodes see liver flukes
tremors, Wilson’s disease 1316
Treponema pallidum 1007
triacylglycerol 45

alcohol consumption 1136
triangular cord sign, biliary atresia 1847
triangular ligaments 4
tricarboxylic acid cycle 155–156, 155f
triceps skinfold thickness (TST),

nutritional status assessment
1905
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1,1,1-trichloroethane, hepatotoxicity
2118

trichloroethylene, hepatotoxicity
2118–2119

trichloromethane (chloroform),
hepatotoxicity 1271, 2119

trichloromethyl free radical 1271
trichloromethylperoxy free radical 1271
2,4,5-trichlorophenol (TCP),

hepatotoxicity 2119
Trichosporon beigelii 1013
trichrome stains, liver biopsy 491
triclabendazole 1045
tricyclic antidepressants, hepatotoxicity

1230
trientine

pregnancy 1886
Wilson’s disease 1318, 1854

trifunctional β-oxidation complex
(TOC) 154

trigeminal neuritis, viral hepatitis 1826
triglycerides

chylous ascites 669
ethanol-induced decrease in export

1137
hepatobiliary disease 458–459
obstructive jaundice 1502
supplementation, intrahepatic

cholestasis 1496
transportation 133, 135–138

tri-iodothyronine (T3) 1684, 1746, 1746f
alcoholic cirrhosis 1749
cirrhosis 1748
hepatocellular carcinoma 1749
reverse see reverse tri-iodothyronine

(rT3) 
viral hepatitis 1748

trimethoprim, acute hepatitis induction
1232

trimethoprim-sulphamethoxazole,
spontaneous bacterial peritonitis
765

resistant bacteria 766–767
trinitrotoluene, hepatotoxicity 2119
triorthocresyl phosphate, hepatotoxicity

2119
trisectionectomy, gallbladder carcinoma

1578–1579
troglitazone

canalicular bile export pump
inhibition 1240–1241

hepatotoxicity 1240–1241, 1683
troleandomycin, hepatotoxicity 1241,

1242
trophozoite

Entamoeba histolytica 1022
Giardia 1022
Plasmodium 1030

tropical pyomyositis 1063
tropical spruce, hepatic dysfunction 1629
trovafloxacin, acute hepatitis induction

1241
true (thick) macrocytes, chronic liver

disease 1768
Trx-1 236t
Trx-2 236t
TrxR-1 235
TrxR-2 235
tryptophan, hepatic encephalopathy 731
TSST-1 toxin 1002
TT virus (TTV) 822
tuberculomas 1005, 1006
tuberculosis

drug-induced hepatitis risk 1213

granulomas 1005–1006, 1713
hepatic abscess 1006
nodular hepatic 1006

tuberculous peritonitis
ascites 669–670
clinical features 669
diagnosis 670
peritoneum 670

tularaemia 1004
tumorigenesis, phosphatidylinositol 

3-kinases 105
tumour ablation, hepatocellular

adenoma 1432
tumour cell lines, bioartificial liver

support 2045
tumour dormancy 1465
tumour necrosis factor (TNF) 313–314

anti-apoptotic signalling cascades
314–316

apoptosis 338
glutathione levels 202
mitochondrial glutathione 203

caspase cascade 314–315, 315f
cirrhotic ascitic fluid 668
extrahepatic biliary obstruction 1506
fulminant hepatic failure 313–314
hepatocellular carcinoma 316
hepatocyte apoptosis 313–314
insulin resistance 317
liver cancer 316–317

inflammatory carcinogenesis model
316–317

liver regeneration 316
partial hepatectomy models 316

MHC location 365
NF-κB pathway

activation 315–316
adenovirus blockade 315
knockout animals 316

polymorphism
fibrosis progression in hepatitis C

359
inflammatory response 369

pro-apoptotic signalling cascades
314–316

tumour necrosis factor α (TNF-α)
acute graft-vs.-host disease

pathogenesis 1672
alcoholic liver disease 1140, 1159
autoimmune hepatitis 1094–1095
hepatic encephalopathy 731
immunomodulators, hepatotoxicity

1647
inhibition 351
Kupffer cells 37
non-alcoholic steatohepatitis 611
polymorphism, inflammatory

response and 369
steatosis pathogenesis 1137–1138
warm ischaemia 348, 349f

tumour necrosis factor receptor 1
apoptosis 338
caspase cascade 314
knockout mice 316
warm ischaemia 349

tumour necrosis factor receptor 2
apoptosis 338
caspase cascade 314

tumour necrosis factor receptor-
associated death domain 314,
338

tumour necrosis factor receptor-
associated factor-1 (TRAF1)
315

tumour necrosis factor receptor-
associated factor-2 (TRAF2) 315

tumour necrosis factor receptor-
associated factor-6 (TRAF6) 37

tumour necrosis factor-related
apoptosis-inducing ligand
(TRAIL) 338

tumour necrosis factor-related
apoptosis-inducing ligand
receptor 1 (TRAIL-R1) 338

tumour necrosis factor-related
apoptosis-inducing ligand
receptor 2 (TRAIL-R2) 338

tumours see liver tumours
tumour suppressor genes (TSGs)

393–396
carcinogenesis 393–396

hepatocellular carcinoma 393–395,
394t

recessive loss of function mutations
393

viral disruption 394
definition 391
normal functions 393
see also individual genes

Turner syndrome, primary biliary
cirrhosis vs. 1078, 1078t

TWEAK (transforming growth factor-
like inhibitor of apoptosis) 60

12-step programme 1181
twin-cell plates 430
twin studies

alcoholic liver disease 358
cholecystolithiasis 376
gallstone disease 1524
primary biliary cirrhosis 358,

1073–1074
TWNT-4 line, hepatic stellate cells 48
2-dimensional electrophoresis,

proteomic analyses 404–405,
404f

2-dimensional gel electrophoresis,
proteomic analyses 404–405,
404f

type B encephalopathy 729
typhoid hepatitis 1003
typhoid nodules 1003
typical ductules 426
tyrosinaemia type I 2158
tyrosine

macroautophagy regulation 149
phosphorylation, insulin receptor

substrates 131–132
tyrosine kinase inhibitors, hepatocellular

carcinoma 1450

U
ubiquinol 154–155, 154f, 158
ubiquinone 158
ubiquitin 194
UGT1A 170
UGT1A1 1354, 1355–1356
ulcerative colitis (UC)

autoimmune hepatitis 1626
biliary cancer 1625
Budd–Chiari syndrome 1405, 1628
colorectal cancer 1625
immunogenetics 370
liver disease prevalence 1622–1623
pouchitis 1625–1626
primary biliary cirrhosis 1628
primary sclerosing cholangitis 366,

1623–1626, 1623t

liver transplantation 1625
onset 1624
pouchitis 1625–1626
prevalence 1623–1624, 1623t

smoking 1624
steatosis 1627

‘ultrasonic Murphy sign’ 507
ultrasonography 500–508

AIDS-related cholangitis 1546
alcoholic macrovesicular steatosis

1160
alveolar echinococcosis 1053, 1053f
amoebic liver abscess 504, 1025
angiosarcoma 1458
ascariasis 1060–1061
ascites 667
bile duct dilatation 507
bile duct injury, post-cholecystectomy

1958
biliary atresia 1847
biliary cystadenoma 814
biliary disease 506–507
biliary hamartomas 798, 1574
biliary sludge 1522f
biloma 817
‘bright liver pattern’ 502, 502f
Budd–Chiari syndrome 503–504,

1408
carcinoid tumours 1473
Caroli syndrome 805
cholangiocellular carcinoma 505
cholecystitis 507, 1522f, 1529
cholecystolithiasis 1527
choledocholithiasis 1527, 1542
ciliated hepatic foregut cyst 808
cirrhosis 502–503, 503f, 506, 

612–613
comet tail-echoes, biliary hamartomas

798
contrast-enhanced (CEUS) 501
cryptosporidiosis 1025
cystic echinococcosis 1049, 1049t
cystic fibrosis-associated liver disease

1339–1340
Doppler see Doppler ultrasonography 
dysplastic nodules, cirrhotic liver

504t, 506
echinococcal cyst 504
endoscopic see endoscopic

ultrasonography (EUS) 
epidermoid cysts, liver 811
epithelioid haemangioendothelioma

1459
extrahepatic biliary obstruction 1507,

1508
fascioliasis 1045
fibrosis 502–503
focal nodular hyperplasia 504t, 505,

1429
gallbladder 506
gallbladder carcinoma 507
gallbladder dysfunction 1562–1563
gallbladder polys 507
gallstone disease 506–507, 1522f
haemangioma 504t, 505, 1427
haematoma 505, 1954

cystic transformation 817
haemobilia 1556
haemoperitoneum 1954
hepatic steatosis 502, 502f
hepatitis

acute 501–502
chronic 502–503

hepatocellular adenoma 505, 1432
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hepatocellular carcinoma 504t, 506,
506f, 1443

percutaneous ablation 553
hepatosplenic schistosomiasis 1042
hilar (upper duct) cholangiocarcinoma

1592
indications 501t
intracranial pressure monitoring 1305
intrahepatic cholangiocarcinoma

1595
liver abscess 504
liver cysts 504, 504t

ADPKD 790–791, 792–793
liver disease

chronic 502–503
diffuse 501–503

liver masses 504–506, 504t
liver transplantation 507–508

post-operative arterial occlusion
507–508

liver trauma 1954–1955
lymphoma 505
malarial hepatitis 1032
melioidosis 1003
metastases 504t, 505, 1467
nodular regenerative hyperplasia 1434
non-alcoholic fatty liver disease 1200

diabetes mellitus and 1682
non-alcoholic steatohepatitis 1200
normal liver parenchyma 501, 502f
peliosis hepatis, cystic 811–812
peribiliary cysts 803, 803f
physical principles 500–501, 500t
polycystic liver disease 504
portal hypertension 503–504
portal vein thrombosis 1396
posterior acoustic shadowing 500,

500t
pyogenic liver abscess 504
radiation hepatitis 1277–1278
schistosomiasis 1043, 1043f
simple cyst of the liver 783–784, 784,

784f
haemorrhagic 785, 785f

starry-night liver pattern 501–502
tuberculous peritonitis 669
undifferentiated sarcoma 1460
visceral larva migrans 1063
‘waterlily sign’ 504

umbilical cord stem cells, hepatocyte
replacement 284

umbilical hernia 447
pretransplant patients 1923

umbilical sulcus 3
umbilical vein

portal hypertension 625–626, 626f
recanalization in 503

portal pressure measurement 567
right 623

umbilication, metastatic liver cancers
1466, 1466f

unconjugated bilirubin 1353
abnormal values 460
albumin binding 170
brain, effects on 1353
gastrointestinal absorption 171–172
light, effects of 168
measurement 1352–1353
metabolism 459
production 459
quantification 168
structure 459
toxicity 168, 1822
transport 170, 459

unconjugated hyperbilirubinaemia 460,
1355

infants 1845
uncoupling protein 2 162
undifferentiated sarcoma 1460

clinical features 1460
cystic 816, 1460
pathology 1460
treatment 1460

unilocular cyst of the liver see simple cyst
of the liver

United Network of Organ Sharing
(UNOS)

liver transplantation quality of life
2028

Model for EndStage Liver Disease
1985

United States see USA
universal vaccination, hepatitis B vaccine

911, 912–913
University of Wisconsin (UW) cold

preservation solution 352, 1966
liver transplantation 1965–1966

unpublished studies, publication bias
2075

unsupervised learning methods 406
uraemia

aspartate aminotransferase 452
platelet defects 1786

uraemia-associated coagulopathy 1785
uranyl acetate, hepatotoxicity 2119
urate 117
urea

cirrhosis 612
intestinal hydrolysation 181
metabolism, liver disease and 185
production 181–183
synthesis

age-related changes 1871
bicarbonate removal 185
pH control 185–186
regulation 182–183

transporters 181
urea cycle 181–182, 182f

enzymes 181–182
urea cycle defects 185

children 1862
neurological manifestations 1822,

1823t
pregnancy 1883
treatment 747

uridine 5′ disphosphate-
glucuronosyltransferase 2B4
(UGT2B4), intrahepatic
cholestasis 1483

uridine diphosphate-acetylglucosamine
(UDP-glucNac) 171

uridine diphosphate-
glucuronosyltransferases 459,
1353–1354

autoimmune liver disease 482, 483f
bilirubin conjugation 170–171, 171f,

1353
deficiency 1353–1354
drug metabolism 242t
phase II drug metabolism 241, 242f
regulation 1354

uridine diphosphate-glucuronyl
transferase

across liver cell plate 92
deficiency, Crigler–Najjar disease

syndrome 1845
uridine diphosphoglucose

pyrophosphorylase 1370

uridine phosphate-
glucuronosyltransferase,
cholestasis 1487–1488

urinary catheters, spontaneous bacterial
peritonitis induction 763

urinary tract infections
cirrhosis 767
portal hypertension 767

urine
bilirubin in 169
colour changes 444

acute porphyria 212, 1344
galactosaemia 1860
porphyrin precursor excretion 212,

212t
porphyrins excretion 212–213, 212t

urobilin 172
urobilinogens 172, 459
urogenital diseases, liver in 1653–1661
urogenital tract, effects of liver disease

1815–1821
uroporphyrin 207

crystals 429
excretion 212, 212t

uroporphyrinogen decarboxylase
(UROD) 208

porphyria cutanea tarda 1347, 1810
uroporphyrinogen III 208
uroporphyrinogen III cosynthase 208
uroporphyrinogen III cosynthetase 208
uroporphyrinogen III synthase defects,

congenital erythropoietic
porphyria 1347–1348

ursodeoxycholic acid (UDCA)
AIDS-related cholangitis 1546
anticholestatic mechanism 387
autoimmune hepatitis–primary biliary

cirrhosis overlap syndromes
1123

autoimmune sclerosing cholangitis
1124, 1853

Caroli syndrome 806
cholangiocyte proliferation 54
cholecystolithiasis 1530
cholestatic liver disease 178
cystic fibrosis 1340, 1630, 1855
dosage 1493
efficacy 1494–1495
familial hypercholanaemia 1386
fibrosis 595
gallstone prevention 1529
graft-vs.-host disease 1495
intrahepatic cholestasis 1493–1496
intrahepatic cholestasis of pregnancy

1495, 1880
low phospholipid-associated

cholelithiasis syndrome 1495
mechanisms of action 1340,

1493–1494, 1494f, 1495f
animal models 1493
cholehepatic shunt theory 1494
hepatocyte protection 1494
pregnane X receptor 1493

multifactorial cholestasis, premature
infants 1850

non-alcoholic steatohepatitis 1203t,
1204

portal vein thrombosis, chronic 1398
primary biliary cirrhosis 1083, 1495
primary sclerosing cholangitis 1106,

1495
progressive familial intrahepatic

cholestasis 1495, 1849
pruritus 1804

sepsis-induced cholestasis 1950
therapeutic uses 1494–1495
total parental nutrition-induced

cholestasis 1950
vanishing bile duct syndrome therapy

1117
ursodiol 1638
urticarial reactions, alcohol abuse 1186
urticaria pigmentosa 1644
USA

alcohol consumption 1129, 1130
cirrhosis mortality rates and alcohol

consumption 1130, 1131f
hepatitis A epidemiology 904t
hepatitis A vaccines 903

usnic acid, hepatotoxicity 205, 1286
UV-damaged DNA binding protein 1

(DDB1), HBx binding 829

V
V2 receptor antagonists, hyponatraemia

in cirrhotic ascites 699–701
vaccine/vaccination

Argentine haemorrhagic fever 990
hepatitis A see hepatitis A vaccines 
hepatitis B see hepatitis B vaccine 
hepatitis E 897–898
malaria 1034
Rift Valley fever 991
yellow fever 998

vagotomy, cholangiocyte proliferation 54
vagus nerve 16, 1681

afferent hepatic neurons 114
dysfunction 1728
hepatic blood flow regulation 76
sphincter of Oddi motility 308

valerian, hepatotoxicity 1282t
Valeriana officinalis, hepatotoxicity 1286
valproate

hepatotoxicity 1250, 1379
prevention 1250

mitochondria, effects on 1379
valproic acid, acute liver failure 1299
vanadium 233t
vancomycin 767
vanishing bile duct disorders 426
vanishing bile duct syndrome

1111–1119
Alagille syndrome 1112, 1114t, 1115
alpha-1 antitrypsin deficiency 1114t,

1117
autoimmunity 1115–1116
autosomal dominant polycystic disease

1112
bile duct atresia 1114t
biliary hamartomas 1112
Caroli’s disease 1112
causes 1112–1116, 1113–1114t

congenital errors 1112, 1114t
drug-induced 1114t, 1115, 1115f
infections 1115
ischaemia 1115
malignancies 1114t, 1116

choledochal cysts 1112
clinical forms 1253–1254
congenital defects 1112, 1114t
congenital hepatic fibrosis 1112
cystic fibrosis 1112, 1114t
definition 1111
diagnosis 1116–1117
differential diagnosis 1117
drug-induced 1253–1254, 1254f

mechanisms 1254
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ductopenia of the child 1115
epidemiology 1111
fibropolycystic liver disease 1112, 1114t
graft-vs.-host disease 1113t, 1116
histology 1116–1117
Hodgkin’s disease 1663
injuries 1112
laboratory features 1116
overlap syndromes 1113t
pathophysiology 1112

antiapoptotic genes 1112
‘ductular reaction’ 1112
growth factors 1112
injuries 1112

polycystic kidney disease 1112
polycystic liver disease 1112
post-liver transplant 1113t, 1116
primary biliary cirrhosis 1078t, 1113t,

1115–1116
primary sclerosing cholangitis 1113t,

1115–1116
sarcoidosis 1113t, 1116
sequelae 1117
symptoms/signs 1116
therapy 1117

variant specific surface proteins (VSPs),
Giardia 1024

variceal bleeding
acute bleeding episodes 640–642

clinical features 640–641
definition 648
endoscopic therapy 650
infections in 648–649
initial control 641
initial treatment recommendations

650–651, 651f
management algorithm 651f
pharmacological therapy 649–650
prognostic factors 640–641
rescue therapies 651–652
treatment 647–652

alveolar echinococcosis 1052
chronic portal vein thrombosis 1397
cirrhosis 609
clinical course 640–642
diurnal rhythm 641
early rebleeding 641

prognostic indicators 641
first bleeding

endoscopic therapy 644–645
incidence 640
pharmacological therapy 644
prevention 643–645, 646f
prophylactic therapy 643–645
risk indicators 640

hypersplenism 774, 774f
long-term recurrent bleeding

641–642
mortality 641
natural history 640–642
nodular regenerative hyperplasia 1434
platelet count 775, 775f
post-peritoneovenous shunting 696
pregnancy 1887
pretransplant patients 1923–1924,

1924t
prevention 1902
recurrent bleeding prevention

646–647
algorithm 647
drug therapy 646
endoscopic therapy 647, 647f
TIPS 647

risk of 627
sarcoidosis 1712

variceal ligation, haemostasis risk 1788t
varicella-zoster virus infection 959–960

acute liver failure 1297
complications 959–960
diagnosis 960
haematopoietic stem cell transplants

960
immunocompromised 960
immunohistochemistry 960
perinatal 959
polymerase chain reaction 960
post-liver transplantation, children

1866
primary 959
reactivation 960
therapy 960
visceral involvement 960

variegate porphyria (VP) 1810
vascular abnormalities/anomalies

congenital malformations 1418–1423
haemobilia 1553
pregnancy 1887

vascular cell adhesion molecule-1
(VCAM-1), T cell mobilization
322

vascular diseases 1389–1423
childhood acute liver failure 1858

vascular endothelial growth factor
(VEGF)

chronic liver disease 32
collateral formation 634
expression 30f
hepatocellular carcinoma 32
hepatocyte proliferation 2089
liver sinusoidal endothelial cells

30–31, 32
portal hypertension 32–33

vascular endothelial growth factor
receptor (VEGFR)-1 30, 30t, 32

vascular endothelial growth factor
receptor (VEGFR)-2 30, 30t, 32

vascular endothelial growth factor
receptor (VEGFR)-3 30

vascular hyporeactivity 1723–1724
pathophysiology 1724, 1724f

vascular laceration
gastrointestinal haemorrhage 549
pseudoaneurysm and 549–550

vascular lesions, drug-induced 1214t,
1255–1257, 1255t

vascular obstruction, cirrhosis 583
vascular resistance 1724

calculation 567
portal hypertension pathogenesis

630–633
vascular system, effects of liver disease on

1723–1727
vascular adaptation dysregulation

1727
vascular tone, cirrhosis 631, 1791
vasculitis

chronic hepatitis C 889
liver disease 1698

vasculogenesis, liver sinusoidal
endothelial cells 30

vasoactive inhibitory polypeptide (VIP)
cholangiocytes, effects on 53
gallbladder fluid transport 306

vasoconstriction
endothelin-1 induced 82
hepatic artery

humoral control 77
intrinsic mechanisms 75–76
neural control 76

obstructive jaundice 1503
renal, in cirrhosis 680

vasoconstrictors
hepatorenal syndrome 712f, 715–716,

716t
pretransplant 715

paracentesis-induced circulatory
dysfunction 695

vasodilatation
chronic liver disease 1724
endothelin 82
hepatic artery, humoral control 76
portal hypertension 634–636
sodium retention 636

vasodilators
deficit, cirrhosis 631–632
hyporesponse, cirrhosis 631–632
portal hypertension pathogenesis

634–635
renal hypoperfusion 1725
renal perfusion, cirrhotic ascites 685
splanchnic arterial vasodilation 684

vasopressin
acute liver failure 1304
acute variceal bleeding 649
hepatic blood flow regulation 77
hepatorenal syndrome 715–716
portal hypertension 643

vegetarian diet
albumin synthesis impairment 454
hepatic encephalopathy 746

vena cava anastomosis, liver
transplantation 1967, 1967f

vena cava stenosis, piggy-back liver
transplantation 1969

vena cava thrombosis, post-
peritoneovenous shunting 696

venesection
hypersplenism 777
hypogonadism 1761

Venezuelan haemorrhagic fever (VHF)
988–989

veno-occlusive disease (VOD)
1411–1412

acute form 1256
acute liver failure 1301
alcoholic hepatitis 1151, 1151f
causes 1411
drug-induced 1255t, 1256–1257
histology 427, 1411
onset 1411
post-bone marrow transplantation

1256
post-haematopoietic stem cell

transplantation 1676–1677
prognosis 1412
pyrrolizidine alkaloid-induced

1283–1284
radiation reduced 1278
severity 1412
toxin-induced 1270t, 1273
see also Budd–Chiari syndrome

venous hum 448
venous occlusion plethysmography,

cirrhosis 1725
venous sinuses, spleen 772
venous thromboembolism (VTE),

cirrhosis 1792
venovenous bypass (VVB), liver

transplantation 1942

ventromedial hypothalamus 114
vertebral deformity 1830
vertebral fractures, osteoporosis 1829
very-long-chain acyl-CoA dehydrogenase

(VLCAD) 154
very-low-density lipoproteins (VLDL)

abetalipoproteinaemia 1366
apolipoprotein C-II 136
assembly 135, 136f
catabolism 136–137
characteristics 134t
clearance 138
hyperlipidaemia type IV 1367
remnants 137, 138
secretion 92, 135–136, 136f
triglyceride hydrolysation 136
ultrastructure 24, 24f

vesicle, endoplasmic reticulum 192f, 194
vesicles

alveolar echinococcosis 1051, 1052
bile acids transport 295, 296f
canalicular membrane 23
secretory, Golgi complex 24

vesicular tubular clusters (VTCs) 194
vidarabine

adenovirus infection treatment 968
chronic hepatitis B 936

vincristine, hepatotoxicity 1257
vinyl chloride exposure

angiosarcoma 1273, 1458
cutaneous manifestations 1811
epithelioid haemangioendothelioma

1460
hepatotoxicity 1273, 1458, 

2119–2120
‘violin string’ adhesions, Chlamydia

trachomatis 1004
viral haemorrhagic fevers 988–998

acute liver failure 1298
see also specific types

viral hepatitis 821–956
acute

aplastic anaemia 1769
postoperative 1951
pregnancy 1887
thyroid hormones 1748, 1748t

acute liver failure 1296–1297
acute therapy 917–921

supportive care 917
aplastic anaemia 1666–1667
apoptosis 341
carcinogenesis and

oncogene induction 393
tumour suppressor inactivation

394
children 1850–1852
chronic

cirrhosis 495f
drug hepatotoxicity 1917, 1917t
grading 492–494, 493f
liver biopsy 492–494, 492f, 493f,

494f, 495f
staging 492–494, 494f

systems 493–494
thyroid hormones 1748

cirrhotic nodules 494f
diabetes mellitus 1682
drug-induced acute hepatitis vs. 1227
elderly 1871–1872
fulminant (massive necrosis) 493f
granulomas 1714
haemophilia 1666
historical background 821–822
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HIV co-infection, drug prescribing
1918

infiltrates 492f
MHC associations 365t, 367–368,

370t
mononeuritis 1826
neurological manifestations 1824t
neuropathies 1826
nomenclature 821–822
post-cardiac surgery 1611
pregnancy 1887–1888
recurrence, post-transplant 2004
total serum bilirubin 461
see also specific infections; specific

viruses/types
viral-induced bone marrow aplasia

1769
viral-induced mixed cryglobulinaemia

1771–1772
viral infection(s)

acute liver failure 1296–1298
autoimmune hepatitis 1101
childhood acute liver failure 1858
drug hepatotoxicity 1213
graft-vs.-host disease vs. 1677
neonatal acute liver failure

1856–1857
paracetamol-induced hepatitis 1238
post haematopoietic stem cell

transplantation 1677
post-liver transplantation, children

1866
primary biliary cirrhosis 1073
Reye syndrome 1824
see also specific infections; specific viruses

‘virtual liver’ 2093
visceral adiposity, non-alcoholic

steatohepatitis 1195
visceral larva migrans 1062–1064

clinical features 1063
control 1064
diagnosis 1063
epidemiology 1062
imaging 1063
inflammatory reaction 1062–1063
laboratory findings 1063
nodules 1062, 1062f
pathogenesis 1062–1063
pathology 1062–1063, 1062f
prevention 1064
pulmonary symptoms 1063
serology 1063
transmission 1062
treatment 1063–1064

visceral leishmaniasis (VL) 1035–1039
clinical features 1035–1036
clinical variants 1035–1036
coinfections 1035
diagnosis 1036–1037
epidemiology 1035, 1035t, 1036f
geographical distribution 1035, 1035t,

1036f, 2100–2104t
laboratory parameters 1036–1037,

1037f
serology 1037
transmission 1035
treatment 1037–1039, 1038t

Visual Analog Scale (VAS), quality of life
assessment 2028, 2082

visual evoked potentials, hepatic
encephalopathy 745

vitality scale, chronic viral hepatitis 2069
vital signs 445

vitamin A 213–220
antifibrotic therapeutic uses 597
deficiency

cholestasis 1487
chronic liver disease 1802
primary biliary cirrhosis 1802

hepatotoxicity 1250–1251
sinusoidal fibrosis 1250–1251, 1413

supplementation, cholestasis 1496
vitamin B

deficiency, homocysteine 147
supplementation 1901, 1908

vitamin B1

deficiency, alcoholic liver disease
1823t

supplementation 1908
vitamin B6 supplementation 1908
vitamin B12 238

chronic liver disease 1768–1769
vitamin D

deficiency
cholestatic liver disease 1802
inflammatory bowel disease 218
osteomalacia 1834
parenchymal liver disease 1802
primary biliary cirrhosis 1079
rickets 1833

function 217–218
immune system 218
malabsorption, cholestasis 1487
metabolism 217–218
osteoporosis 218
structure 215f, 217–218
supplementation 1901, 1908

intrahepatic cholestasis 1496
osteomalacia 1834
osteoporosis 1082, 1832

vitamin D3

production 218
structure 215f

vitamin D receptor (VDR) 216f, 218
bile secretion regulation 301t
drug-metabolizing pathway regulation

244
hepatobiliary transport regulation

388
hepatocellular carcinoma 218
intrahepatic cholestasis 1483
primary biliary cirrhosis 358

vitamin D-responsive element (VDRE)
218

vitamin E
deficiency 1825

cholestasis 1487, 1802, 1825–1826
neurological manifestations 1823t,

1825–1826
primary biliary cirrhosis 1079
total parenteral nutrition-related

liver disease 1636
fibrosis inhibition 596
non-alcoholic steatohepatitis

treatment 1203t, 1204
normal serum levels 1825
supplementation, cirrhosis 1908
Wilson’s disease 1319

vitamin K
cirrhosis 610
clotting factor synthesis 257
deficiency 1802

anaesthetic implications 1940
cholestasis 1487, 1824t
primary biliary cirrhosis 1079

obstructive jaundice 1511

prothrombin time 456
supplementation

coagulation disorders 260, 1789
intrahepatic cholestasis 1496
intrahepatic cholestasis of

pregnancy 1880
vitamin K2, hepatocellular carcinoma

prevention 1451
vitamin K antagonists

Budd–Chiari syndrome 1409
cirrhosis 1914, 1915t

vitelline veins 623
left 623
right 69, 623

vitiligo 446
volatile anaesthetics, hepatic blood flow

77
volume adaptation, liver disease

1728–1729
volume depletion, obstructive 

jaundice-associated acute renal
failure 1816

volume distribution, effects of liver
disease on 1727–1728

volume expansion
cirrhosis 1728
stroke volume 1728

vomiting see nausea and vomiting
von Gierke disease see glycogen storage

disease (GSD), type I
von Meyenburg complexes see biliary

hamartomas
von Recklinghausen’s disease

(neurofibromatosis type 1) 1645
von Willebrand factor binding domain,

cirrhosis 1771
VPA-985

hyponatraemia in cirrhotic ascites
700–701, 700f, 701f

side-effects 701
VPS33B mutations 1386

W
wait-and-see policy, choledocholithiasis

therapy 1533
Waldenstrom’s macroglobulinaemia

1664
warm ischaemia 348–352

cell death 348–350
cold ischaemia vs. 352
mechanisms 348, 349f
protective strategies 350–352

pharmacological 350–352
surgical 350

water absorption, gallbladder 306
waterlily sign, ultrasonography 504
‘watermelon stomach’ (gastric antral

vascular ectasia) 1799–1800
water overload administration, cirrhosis

676
water restriction, hyponatraemia in

cirrhotic ascites 699
water retention, anaesthetic implications

1939
Ways of Coping Scale 2029
weakness 443
wear and tear pigment (lipofuscin) 12,

428, 1870
wedged hepatic retrograde portography

660, 661f
wedged hepatic venography 533–534,

534f

cirrhosis 537
portal hypertension 533

wedged hepatic venous pressure
(WHVP) 658

communicating hepatic veins 659,
660f

measurement 568, 659, 659f
portal hypertension 533–534

Wegener’s granulomatosis 1643
weight see body weight
Weil’s disease 1008
Werner syndrome 2158–2159
Wernicke’s encephalopathy 742, 1185
Western blots, echinococcosis 1054
wheezing, carcinoid syndrome 1474
Whipple procedure, cholangiocarcinoma

1594
Whipple’s disease

granulomas 1713
liver in 1629

white blood cell (WBC) count
alcoholic hepatitis 1163
cirrhotic ascites 667
hypersplenism 772

white nails (leuconychia), cirrhosis 611
WHOQOL-100, liver transplantation

outcome research 2070
wild-type transthyretin (TTR) amyloid

deposits 1704
‘willingness to pay’ notion, economics

2085
Wilson’s disease 226, 228, 1315–1322

4193delC mutations 1317
acute liver failure 1299–1300, 1315
animal models 1320–1321
biochemical markers 1315

treatment monitoring 1320
biochemical tests 1317
chelating agents 1315, 1318–1319,

1853–1854
children 1853–1855
clinical presentation 1315–1316

liver disease 1315
psychiatric disease 1316

computerized tomography 512
cutaneous manifestations 1811
diagnosis 1316–1317, 1853

initial strategies 1316–1317, 1316f
scoring system 1316

dietary copper restriction 1319
fulminant 1319

treatment 1299–1300
hepatocellular carcinoma 1439
histological features 429–430
histology 1853
Kayser–Fleischer ring 1319, 1320
liver function tests 1320
liver transplantation 1853
metalloproteome 414
molecular genetics 1317–1318
as monogenic disorder 372
neurological manifestations

1315–1316, 1823t
liver transplantation 1319

non-ceruloplasmin-bound copper
1320, 1853

pathophysiology 1315
pregnancy 1319, 1886
prevalence 1853
prognosis 1854–1855, 1854t
renal tubular acidosis 1819
therapy 1318–1319
treatment 1315, 1853–1855
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Wilson’s disease acute haemolytic
syndrome 1769–1770

window for immunological engagement
(WOFIE), immunosuppression
2003

Wnt-3a, hepatoblasts 66, 68
Wnt signalling cascade

hepatocellular carcinoma 1440
oncogenesis 392–393, 392t

HBx and 393
primary biliary cirrhosis and 410
target genes 392

Wolman disease 1365–1366, 2159
clinical presentation 1365

World Health Organization (WHO),
hepatitis B vaccine
recommendations 912

wound healing, obstructive jaundice
1505

WY14,643 1137

X
xanthelasma, primary biliary cirrhosis

1075
xanthine oxidase 238
xanthoma

familial hypercholesterolaemia
1367

glycogen storage disease type 1 1372
primary biliary cirrhosis 1075

xanthomatous biliary cirrhosis see
primary biliary cirrhosis (PBC)

xanthomatous cells 425
xenobiotics 1218, 1226–1227

excretion in bile 291
metabolism 92–93
toxicity investigations 122

xenogenic extracorporeal liver perfusion,
acute liver failure 1306

xenon, cerebral blood flow measurement
744

XIAP 227t, 228
X-linked glycogen storage disease

(Keating syndrome) 2143
X-linked liver phosphorylase kinase

deficiency (glycogen storage
disease type IXa) 1374

X-linked lymphoproliferative disease,
Epstein–Barr virus infection 965

X-rays
amoebic liver abscess 1025
cystic echinococcosis 1049
Gaucher’s disease type 1 1361
granulomatous hepatic tuberculosis

1006
Mycoplasma pneumoniae 1005
osteoporosis 1831

primary sclerosing cholangitis 1105
pyogenic liver abscess 1002

X-ray venography, Budd–Chiari
syndrome 1408, 1409

xylene, hepatotoxicity 2120

Y
yeast two-hybrid system, proteomics

2092
yellow fever 996–998

aetiological agent 996
clinical manifestations 996–997, 997f
diagnosis 997
epidemiology 996
geographical distribution 2100t, 2101t
histology 996
laboratory findings 997
liver involvement 996
pathogenesis 996
pathology 996
prevention 997–998
treatment 997–998
vaccinations 998

Yersinia 1004
Y-protein see glutathione-S-transferases

(GSTs)
Yu-Cheng outbreaks (oil disease) 1273
Yusho outbreaks (oil disease) 1273

Z
zafirlukast, hepatotoxicity 1241
zalcitabine, hepatotoxicity 1248
zeiosis 335
Zellweger syndrome 176, 2159–2160
zidovudine see azidothymidine 

(AZT)
Zieve syndrome 1770
Zimmermann–Laband syndrome

2160
zinc 233t, 237

antioxidant function 237
deficiency 233t

alcoholic cirrhosis 1166
excretion 237

Wilson’s disease 1320
functions 233t
pregnancy 1886
supplementation 237

alcoholic cirrhosis 1166
cirrhosis 185, 237
hepatic encephalopathy 747, 749,

1839, 1908
uptake 237
Wilson’s disease 1318–1319, 1320,

1855
zonula occludens see tight junctions
zygomycosis 1013
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Plate 1.8.1 Cytokeratin 7 immunohistochemical stain illustrating liver
progenitor cells (long arrows) and intermediate hepatocytes (short arrows)
in a liver after severe hepatocyte damage.

Plate 2.1.3.1 Photograph of the liver (on the left) covered with ascites
fluid. The portal vein runs across the field flowing from right to left into the
liver. A large number of translucent lymphatics are seen exiting the liver at
the hilus, coursing over the portal vein and flowing from left to right in the
photograph. Lymphatic valves can be seen as points of constriction in some
of lymphatic vessels. One of the large lymphatics in the photograph has
been cannulated for the purposes of lymph collection. The lymphatic
catheter is tied in place with lengths of black suture. A large lymph node can
be seen at the right of the photograph.

(a) Comparative mapping (b) Combined crosses

(c) Haplotype
 analysis

Primary
candidate
gene

Candidate

genes
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(f) Gene expression

(e) Sequence comparison

(d) Genome-wide haplotype association

Plate 3.3.3.1 Integrated bioinformatics strategy for narrowing mouse QTLs. (a) Rodent QTLs can initially be narrowed through comparative genomics and
(b) combined cross-analysis. (c) Those QTLs identified in multiple crosses can be narrowed by haplotype analysis. Combining experimental QTLs narrowed
using steps a–c with results from genomewide haplotype association (d) can further narrow the QTL to a region < 5 Mb. (e) The number of candidate genes
can be reduced further using sequence databases (f) and expression databases to identify primary candidate genes that are differentially expressed in liver or
contain a coding sequence polymorphism. Reproduced with permission from ref. 45.
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eQTL signature and assess
significance of overlap
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(a)

(b)

Plate 3.3.3.2 Intersecting perturbation signatures in gene expression data to map genes for complex traits. (a) QTLs for complex traits are mapped in an
experimental cross. A genetic locus at G1 is highlighted as being linked to a trait of interest in the F2 population. An SNP in G1 is highlighted as the causal
variant underlying the complex trait. Hepatic expression levels are monitored using microarrays. Expression traits found to be genetically linked to the G1 locus
are determined. The transcriptional network on the left highlights expression traits linked to the G1 locus (blue nodes), in addition to expression traits
interacting with genes linked to the G1 locus (white nodes), with G1 denoted by the red node. (b) Livers from mice genetically engineered with respect to 
G1 are profiled (e.g. knockout mice in this case). Genes that are differentially regulated between the perturbed and unperturbed system are identified.
Highlighted to the left is the portion of the network that is observed to change when gene G1 is perturbed. This signature is compared with the eQTL
signature defined in (a). If expression traits controlled by the G1 locus are enriched for expression traits that are differentially regulated as described in (b) 
(blue nodes), then this matched pattern of expression provides direct experimental support that G1 is the gene underlying the linkage to the complex trait in
the F2 population. Reproduced with permission from ref. 58.
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Plate 3.3.3.3 Gene expression profiling of human HCCs and comparative functional genomics to identify best-fit mouse models for the study of human
cancer. (a) Hierarchical cluster analysis of human HCCs. The data are presented in matrix format in which rows represent the individual gene and columns
represent individual tissue. The red and green colours in cells reflect high and low expression levels, respectively, as indicated in the scale bar (log2 transformed
scale). (b) Significant association of gene expression patterns with patient survival. Kaplan–Meier plot of overall survival of HCC patients grouped on the basis
of gene expression profiling shown in (a). (c) Hierarchical cluster analysis of integrated human and mouse HCCs. The data are presented as a dendrogram. Red
and blue bars represent human and mouse HCCs respectively. The identity of each HCC tissue is shown at the end of each row (see ref. 59 for details). 
(d) Phenotypical similarities between HCCs generated in the transgenic mouse models and subclass A and B of human HCCs. These models should be
particularly valuable for both testing potential therapeutic targets and preclinical trials of drugs. Reproduced with permission from ref. 60.

Survival (months)

Cluster B
n = 49 (19 deaths)

Cluster A
n = 40 (33 deaths)

P = 4.31 x 103

Pr
o

b
ab

ili
ty

(a) (a)Cluster A

Cluster B

Mouse HCC

Cluster A (Hs)
Cluster B (Hs)
Myc (Mm)
E2f1 (Mm)
Myc/E2f1 (Mm)
Myc/Tgfa (Mm)
Acox1–/– (Mm)
Ciprofibrate (Mm)
DENA (Mm)

Human HCC

Human HCC

Subclass A

Proliferation
Apoptosis
Ubiquitination

Subclass B

High
Low
High

Low
High
Low

(c)

(d) Mouse HCC

Myc/Tgfa

b-Catenin activation
Genomic stability
Ubiquitination
Apoptosis
Proliferation

Myc/E2f1

Low
High
High
Low
High

H
Low
Low
Low
Low

Myc

L
Low
Low
High
Low

E2f1

H
Low
Low
High
Low

TTO_Plate_1  3/9/07  5:02 PM  Page 3



HCC animal models Human HCC

Integration of gene expression data
Supervised and unsupervised analysis of data

Identify conserved
gene expression

patterns in mouse
and human HCC

Clinicopathological
data

Histology
Tumour grade

Recurrence
Survival

Liver function
Metastasis

Vascular invasion

Identify potential
therapeutic targets

in human HCC

Validation of targets
in vitro

Cell lines

Validation of targets
in vivo

Mouse models

Clinical trials

Identify conserved
gene expression

patterns in mouse
and human HCC

Identify best-fit
mouse models for
each subclass of

human HCC

Test
hypothesis

Stratify HCC patients
(molecular classification)

Treatment without
molecular classification

Build
hypothesis

Array CGH and
independent gene

expression signatures

Stem cells
Liver regeneration
Signaling pathways

Oncogenes
Micro RNA

HCC cell lines

Plate 3.3.3.4 Framework for integrative functional genomics and future clinical implications. In addition to the comparative functional genomics approach
that combines gene expression data from primary human HCCs and mouse HCC models, gene expression signatures unique for different physiological
condition such as liver development and liver regeneration as well as hepatic stem cells are collected and integrated into the gene expression patterns from
human HCCs. This approach will further help not only to uncover the molecular pathways involved in HCC pathogenesis but also to stratify patients for the
most beneficial target-specific therapies. Reproduced with permission from ref. 60.
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Plate 4.1.1 Liver biopsy from a patient with chronic hepatitis B. Numerous
ground-glass hepatocytes with homogeneous, pale pink cytoplasm can be
seen [haematoxylin and eosin (H&E) × 65].

Plate 4.1.3 Liver biopsy from a patient with alcoholic liver disease. The
picture shows some steatosis vacuoles, two pale, swollen hepatocytes
containing an irregularly shaped Mallory body, and several parenchymal
cells with one or more round, eosinophilic inclusions: megamitochondria
(H&E × 104).

Plate 4.1.5 Surgical liver biopsy. ‘Surgical necroses’ are represented by
clusters of accumulating polymorphonuclear neutrophils (H&E × 65).

Plate 4.1.6 Liver biopsy from a patient with chronic active hepatitis B,
characterized by piecemeal necrosis. The portal tract (lower left corner) shows
dense mononuclear cell infiltration, which extends into the surrounding
parenchyma, creating an irregular connective tissue–parenchymal
interphase. A longer extension (up to right upper corner) represents an 
early stage of active septum formation (H&E × 65).

Plate 4.1.4 Liver biopsy from a patient with chronic persistent hepatitis B.
Small focus of focal (or ‘spotty’) necrosis, with accumulation of lymphocytes
and mononuclear cells around a dying liver cell, of which only two small
eosinophilic fragments (apoptotic bodies) are recognizable (H&E × 104).

Plate 4.1.2 Liver biopsy from a patient with acute hepatitis B,
characterized by liver cell pleomorphism and parenchymal inflammation.
Pleomorphism of hepatocytes is reflected in unequal size and staining
quality. Ballooned hepatocytes appear swollen and pale, especially in the
peripheral part of their cytoplasm. Two small eosinophilic apoptotic cell
fragments lie close to lymphocytes (H&E × 104).
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Plate 4.1.7 Liver biopsy from a patient with post-hepatitic cirrhosis.
Hepatitic liver cell rosettes represent small groups of sequestrated
hepatocytes, surrounded by fibrosis and inflammatory infiltration [Masson’s
trichrome (collagen appears blue) × 104].

Plate 4.1.8 Liver biopsy from a patient with acute hepatitis B. The picture
shows liver cell pleomorphism and ballooning, and interrupted continuity 
of liver cell plates. Note the presence (centre) of a lymphocyte, surrounded
by a narrow clear halo, in the cytoplasm of a ballooned hepatocyte:
emperipolesis (H&E × 104).

Plate 4.1.9 Liver biopsy from an infant with billary atresia. The picture
shows bilirubin granules in a couple of hepatocytes (hepatocellular
bilirubinostasis), coarse bilirubin-stained casts in dilated canaliculi
(canalicular bilirubinostasis), and coarse bilirubin deposits in hypertrophic,
red-stained (PAS-positive) Kupffer (Kupffer cell bilirubinostasis (PAS–Schiff
after diastase digestion (PAS-D) × 104).

Plate 4.1.11 Liver biopsy from a 9-year-old child with incomplete
obstruction of the common bile duct by annular pancreas. Chronic
cholestasis is reflected in the appearance of cholestatic liver cell rosettes:
groups of hepatocytes arranged around a central lumen. In this instance,
there are no obvious bile concrements in the lumina (H&E × 104).

Plate 4.1.12 Liver biopsy from a patient with long-standing extrahepatic
bile-duct obstruction. The picture shows part of a large paraportal bile
infarct (compare with the appearance of relatively normal parenchyma on
the right side). The central part of the necrotizing area (left side of picture) 
is most heavily impregnated with bilirubin pigment (H&E × 65).

Plate 4.1.10 Liver biopsy from a severely jaundiced patient with monilia
sepsis. The picture shows an obliquely cut portal tract, extending from the
upper left to lower right corner. The upper and lower border is lined by a
large number of extremely dilated ductules containing bile concrements in
varying degree of inspissation (ductular bilirubinostasis) (H&E × 26).
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Plate 4.1.13 Liver biopsy from a patient with primary biliary cirrhosis. 
The picture shows a cross-sectioned interlobular bile duct, lying amidst a
densely lymphoplasmocytic infiltrate. Note the focal rupture of the bile duct
lining (near 10’clock) and the development of an epithelioid granuloma on
the rupture side of the duct (H&E × 65).

Plate 4.1.15 Liver specimen from a 20-week-old human fetus with
Meckel syndrome. The picture shows a portal vein with two short side
branches surrounded with mesenchyme. Adjacent to the latter lies a double
layer of small, darkly-staining cells which form numerous cross-sectioned
tubular structures. Persistence of these structures indicates lack of
remodelling of the ductal plate, i.e. the ductal plate malformation. The
primitive hepatocytes are weakly stained, with stronger positivity near the
cell periphery. Interspersed haematopoietic cells are negative for keratin
(immunoperoxidase stain for cytokeratins (antibody CAM 5.2, which stains
cytokeratins -8, -18, and -19): counterstain with Harris haematoxylin, 
× 65).

Plate 4.1.16 Liver biopsy from a patient with primary sclerosing
cholangitis. The portal tract in the centre appears oedematous; an increased
number of ductular profiles can be seen extending into the surrounding
parenchyma, with a sprinkling of polymorphonuclear and mononuclear
inflammatory cells (cholangiolitis) ( H&E × 65).

Plate 4.1.17 Liver biopsy from a patient with inactive macronodular
cirrhosis. A passive septum appears as a sharply delineated blue-stained line.
Note the presence of vessels and the absence of inflammatory cells in the
septum. The nodular parenchyma appears hyperplastic, with plates of
thickness of two or more cells (Masson’s trichrome stain × 65).

Plate 4.1.14 Liver specimen from a 16-week-old human fetus. The picture
shows a portal vein branch surrounded with mesenchyme. Adjacent to the
latter lies a partly double layer of smaller and darker stainng cells (the ductal
plate). A tubular lumen has formed in one of the double layered segments
(upper left). The primitive hepatocytes are weakly stained, with stronger
positivity near the cell periphery. Interspersed haematopoietic cells are
keratin negative (immunoperoxidase stain for cytokeratins (antibody 
CAM 5.2, which stains cytokeratins -8, -18, and -19): counterstain 
with Harris haematoxylin × 65).
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Plate 4.1.18 Liver biopsy from a patient with venous outflow block 
(heart decompensation). Note the dilatation of the sinusoids, engorged 
with erythrocytes, and the thinning of the liver cell plates in acinar zone 3
(right side of picture) (H&E × 65).

Plate 4.1.20 Liver biopsy from a patient with light chain deposit disease.
A terminal hepatic venule (centre vein) is located in the lower right corner.
The Disse space between sinusoidal lumina and liver cell plates contains
material which is immunoreactive for kappa light chains of immunoglobulin
(immunoperoxidase stain for kappa light chains: counterstain of nuclei with
H&E × 65).

Plate 4.1.21 Liver biopsy from a patient with tetracycline intoxication. 
The picture shows part of the parenchyma, characterized by small droplet
steatosis. The hepatocytes contain numerous small fat droplets, and retain
their nucleus in central poition. Granular bilirubin pigment also accumulates
between the fat vacuoles (hepatocellular bilirubinostasis) H&E × 104).

Plate 4.1.22 Liver biopsy from a patient with alcohol abuse. Most
hepatocytes contain single, large fat vacuoles, pushing the nucleus to the
periphery of the cell. Some adjacent vacuoles fuse to larger ‘fatty cysts’ 
(H&E × 65).

Plate 4.1.23 Liver biopsy from a patient with vitamin A intoxication.
Numerous clear spaces occur between the hepatocytes: they correspond to
hyperplastic Ito cells (so-called fat storing cells); they contain fat droplets in
their cytoplasm which indent the contour of their nucleus (H&E × 65).

Plate 4.1.19 Liver biopsy from a pregnant patient with eclampsia. A small
portal tract is located near the lower right corner. Several paraportal
sinusoids are blocked with pink fibrin clots (centre and upper right). Note
the early stage of ischaemic necrosis of parts of the parenchyma (left side),
with increased eosinophilia of the cytoplasm and pyknosis of the nuclei
(H&E × 65).
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Plate 4.1.24 Liver biopsy from a patient with idiopathic (genetic)
haemochromatosis. Blue-stained haemosiderin granules accumulate in the
pericanalicular region of the hepatocytes (which is a typical localization of
lysosomes) (Prussian blue stain for iron; neutral red counterstain × 104).

Plate 4.1.25 Liver biopsy from a patient under chemotherapy for
leukaemia. Reticulendothelial siderosis: blue-stained haemosiderin granules
accumulate in hyperplastic Kupffer cells; the parenchymal cells are negative
(Prussian blue stain for iron; neutral red counterstain × 104).

Plate 4.1.26 Liver biopsy from a patient with liver cirrhosis and 
a1-antitryspsin deficiency. Part of a cirrhotic nodule is shown; red-stained
(PAS-positive) inclusions of variable size are present in hepatocytes,
especially in the nodular periphery near a connective tissue septum 
(upper part) (PAS-D × 65).

Plate 4.1.27 Liver biopsy from a patient with Dubin–Johnson syndrome. 
A terminal hepatic venule (central vein) is located near the upper left corner.
The hepatocytes contain numerous brown pigment granules, especially in
acinar zone 3 (H&E × 65).

Plate 4.1.28 Liver specimen from a patient with erythropoietic protoporphyria. Brown–black deposits of variable size are seen in hepatocytes, canaliculi, and
hyperplastic Kupffer cells. (a) H&E × 104. (b) The same area under polarized light: the deposits show birefringence, in Maltese cross configuration in the larger
deposits. (Specimen courtesy of Dr B. Portmann, London.)

(a) (b)
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Plate 4.1.29 Liver biopsy from a patient with hepatitis B virus-positive 
liver cirrhosis. The upper right half of the picture shows hepatocytes with
enlarged cytoplasmic and nuclear size (dysplastic cells). Ground-glass
change of the cytoplasm is seen in some of the dysplastic and non-dysplastic
cells (H&E × 104).

(a) (b)

(a)

Plate 5.5.1 Examples of normal hepatic structures. (a) Part of a portal tract
(bottom) and the adjacent periportal parenchyma (top). Cholangiocytes are
selectively stained (brown) by use of cytokeratin-19 staining. The normal
portal tract space usually contains one interlobular bile duct, an artery (not
shown) and small portal vein branches (the triad). The figure also shows few
ductules. Close to the latter, a rim of hepatocytes forms the transition
between lobular parenchyma and the portal tract. This is the limiting plate, a
crucial structural and functional compartment border. (b) Centre of the
lobule. The ovoid space is the terminal or central vein. The identification of
this vein, together with portal tracts, serves to estimate the normal or
abnormal geometry of the liver lobule. (c) Silver stain of normal
parenchyma. The black structures are reticulin fibres located to the
perisinusoidal space. This stain is best suited to show the normal
configuration of hepatocyte plates and the geometry of sinusoids.
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(a) (b)

(c) (d)

Plate 5.5.2 Immunohistochemistry in liver biopsies. (a) Selective immunohistochemical demonstration of bile ducts and ductules (cytokeratin-19). This is an
example of ductular proliferation (ductular reaction) preferentially seen in bile duct obstruction and hepatic remodelling. The amount and distribution of
ductules are not reliably detectable in H&E stains. (b) In this cytokeratin-19 preparation, few ductules are visualized, but an interlobular bile duct is absent. 
This represents a ductopenic state, in this case Alagille syndrome. (c) Although less important than the cytokeratin-19 immunostain, demonstration of
cytokeratin-8 expression may be useful for the identification of parenchymal cell damage – in the present example piecemeal necrosis (interface lesions). 
(d) This ubiquitin immunostain depicts several fully developed Mallory bodies in ballooned hepatocytes. 
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(a) (b)

(c)

Plate 5.5.3 Immunohistochemical demonstration of viral antigens. 
(a) Chronic hepatitis, H&E stain. Note that this biopsy exhibits several
ground-glass cells suggesting accumulation of HBV surface antigen. This
feature shows up in the form of hypogranular cells with a displaced nucleus.
(b) Immunohistochemistry for HBV surface antigen. The hypogranular part
of the hepatocyte cytoplasm seen in ground-glass cells (a) is markedly
reactive for this antigen (in red). (c) Immunohistochemistry for HBV core
antigen. Numerous hepatocyte nuclei are markedly positive (in red), and
there is also some staining of the cytoplasm in a minority of the cells. 
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(a) (b)

(c) (d)

Plate 5.5.4 Alcoholic fatty liver disease. (a) In addition to marked macrosteatosis, this biopsy shows intralobular accumulations of neutrophils, indicating
acute alcoholic steatohepatitis (H&E stain). (b) Ballooned hepatocytes with numerous Mallory bodies, visualized as markedly dense and eosinophilic structures
in a pale cytoplasm. In this case, Mallory bodies are easily identifiable, and there will be no need of immunohistochemsitry (H&E stain). (c) Alcoholic liver
disease. This collagen stain (sirius red) shows a pathological accumulation of collagen fibres around hepatocyte cords. This is perisinusoidal fibrosis. The lattice
seen in this section is called chicken fence fibrosis. (d) In advanced alcoholic liver fibrosis, the hepatic lobular architecture is effaced, and only spheroid
remnants of the former lobule (yellow) are noted (sirius red stain). 

(a) (b)

Plate 5.5.5 Chronic viral hepatitis: the piecemeal necrosis (interface lesion). (a) Portal tract in chronic viral hepatitis. In contrast to the left side of the figure,
the adjacent parenchyma to the right of the portal tract is partially destroyed, and the limiting plate is no longer seen. This interface lesion is an important
feature for assessing inflammatory activity (H&E stain). (b) The geometry of an interface lesion is depicted here by use of a PAS stain. Note the atrophy of
former zone 1 cells. 

TTO_Plate_1  3/9/07  5:03 PM  Page 13



(a) (b)

(c)

Plate 5.5.6 Chronic viral hepatitis: staging. (a) Chronic hepatitis with
slighty activity. A thin fibrous septum extends from the portal tract seen to
the right, but its precise geometry is not clearly seen in this H&E stain. (b)
Portal tract in chronic hepatitis; sirius red stain. The portal tract is enlarged
and deformed, caused by incipient septal fibrosis. (c) Portal tract in chronic
hepatitis, chromoaniline blue stain. In this stain, blue septa, both incomplete
and complete, are noted. 

Plate 8.2.2.1(b) Cystadenoma: periodic acid–Schiff (PAS) mucus staining
is shown in the lower right corner. See Fig. 1, p. 813 for part (a).

Plate 9.4.1 Dengue virus antigen in liver tissue visualized by
immunohistochemical staining with anti-DEN polyclonal antibodies.
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Plate 9.4.2 YF histological findings in 
the liver. (A) Midzonal necrosis, 
(B) oil-red positive staining for steatosis, 
(C) Councilman bodies and microvesicular
steatosis, and (D) immunohistochemical
staining of YF antigen.

(a)
(b)

(d)(c)
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Plate 11.1.1 Primary biliary cirrhosis (later stage) shows severe portal
inflammation. Portal vein tributaries and hepatic artery branches can 
be identified but interlobular bile ducts are absent [stained with 
haematoxylin and eosin (H&E)].

(a)

(b)

Plate 11.2.1 (a) Portal and periportal lymphocyte and plasma cell
infiltrate, extending to and disrupting the parenchymal limiting plate
(interface hepatitis). Swollen hepatocytes, pyknotic necroses and acinar
inflammation are present. H&E staining (picture kindly provided by 
Dr Alberto Quaglia). (b) Bridging collapse of the hepatic stroma following
hepatocellular necrosis. Reticulin staining (picture kindly provided by 
Dr Alberto Quaglia).
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Plate 11.4.1 A portal tract from a liver biopsy specimen of a patient who
was treated with terbinafine. The bile duct, which is typically present in the
portal tract, is lacking.

Plate 16.3.1 H&E and periodic acid–Schiff + diastase (PAS-D) digestion 
of liver from a PIZZ, a1AT-deficient individual. Liver biopsy from a PIZZ
individual stained with H&E on the left and PAS-D on the right. Arrows
show inclusions within hepatocytes of eosinophilic and ‘PAS-positive’
globules, respectively, representing a single cisternae of dilated ER
membranes engorged with polymerized a1AT mutant Z protein.

Plate 16.5.1 Typical porphyria-induced blisters (patient with variegate
porphyria).

Plate 18.2.2.1 Immunohistochemical techniques may help in the
diagnosis. Cells of epithelioid haemangioendothelioma are immunoreactive
for vimentin and factor VII-related antigen, negative for cytokeratins and
positive for Ulex europaeus I lectin.
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(a) Pre-stimulation 20 min post-stimulation

Plate 19.6.1 Cholescintigraphy using 99mHIDA to demonstrate gallbladder ejection fraction (GBEF). (a) Initially, 99mHIDA accumulates in the gallbladder prior
to stimulation with cholecystokinin-octapeptide (CCK-OP). A normal response shows complete gallbladder emptying with efflux of 99mHIDA into the small
intestine 20 min after stimulation with CCK-OP. Dyskinesia of the gallbladder results in pronounced retention of 99mHIDA in the gallbladder despite
stimulation with CCK-OP. (b) Response curves generated by quantification of 99mHIDA levels in the gallbladder. Quantification of 99mHIDA levels in the
gallbladder after stimulation with CCK-OP is used to calculate the GBEF, with significant abnormality in response resulting in a GBEF < 40%.

Plate 19.9.1 Representative
photomicrographs. (a) A mass-forming
cholangiocarcinoma showing an expansile
mass (within oval) The native duct is
indicated by an arrow (× 40). (b) A
scirrhous constricting cholangiocarcinoma
with malignant glands spreading along 
a narrowed duct (arrow) (× 40). 
(c) Moderately differentiated
cholangiocarcinoma with fibrotic
(desmoplastic) surrounding stroma 
and perineural invasion (long arrow). 
A malignant tumor duct is also indicated 
(short arrow) (× 100). (d) Poorly
differentiated cholangiocarcinoma with
invading single cells and with some signet
ring cells (arrows) (× 400). (e) Papillary 
well-differentiated cholangiocarcinoma
with arborizing intraductal growth (× 40).
(f) Papillary well-differentiated
cholangiocarcinoma on higher power with
crowded, columnar lining cells (× 200).

(a)

(c)

(e)

(b)

(d)

(f )
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Plate 20.1.1 Central ischaemic coagulation necrosis 48 h after an episode
of cardiac arrest. Of note are the intense eosinophilia and relatively sharp
borders of the necrotic zones, the preservation of the plate patterns, the
absence of any inflammatory reaction and the intact periportal basophilic
parenchyma. Reproduced from Klatskin G, Conn HO, Histopathology of the
Liver, with permission from the authors and publishers.

Plate 25.8.1 Progressive repopulation of the liver by transplanted hepatocytes following preparative hepatic irradiation and adenoviral vector-mediated
expression of human hepatic growth factor (Ad-HGF): C57Bl6 mice were injected intravenously with 5 × 109 infectious units of Ad-hHGF 2 days before
irradiation of the liver (50 Gy), shielding other organs and the caudate lobe of the liver. Two days after irradiation, the mice were transplanted with
hepatocytes from congeneic ROSA26 mice that are transgenic for the Escherichia coli b-galactosidase gene (LacZ). (a–d) Histochemical staining of frozen liver
sections (left anterior lobe) for b-galactosidase expression, 1, 4, 8 and 20 weeks after hepatocyte transplantation. Note the progressive repopulation of the
recipient liver by the donor cells (blue). Sections from recipients that received hepatocyte transplantation after hepatic irradiation without Ad-HGF or (e) or Ad-
hHGF without hepatic irradiation (f) showed engraftment of donor hepatocytes (stained blue) but no significant repopulation. (g) Sections of the caudate lobe
of mice receiving preparative irradiation plus Ad-hHGF before hepatocyte transplantation, 20 weeks after the procedure (as in d). Note the lack of
repopulation in the caudate lobe, which had been shielded during irradiation for technical reasons. (h) An H&E-stained section of the tissue shown in (d). Note
that the liver architecture is normal with a normal relationship between liver sinusoids and single cell-thick liver chords. The results indicate that both a mitotic
stimulus (HGF in this case) and prevention of proliferation of host hepatocytes (by hepatic irradiation in this example) are needed for massive repopulation of
the liver by transplanted hepatocytes. Reprinted with permission from ref. 11.

(a) (b) (c) (d)

(e) (f ) (g) (h)
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